megawin

MG32-MO

MG32F02A132/A072/A032
User Guide

Version 4.6
Date 2024/11/11



megawin MG32-MO0 User Guide V4.6

MG32-MO0 User Guide Page-2



megawin MG32-MO0 User Guide V4.6

List of contents

I B To Yot B[ 4 =T o O L7 o Lo TP PTTT PRI 29
1.1, DOCUMENLALION COMVENTIONS .....eiiiiiiieiiiiiie ettt e ettt e ettt et e e e b bt e e st e e s b e e e ok bt e e aa bt e e aa b et e e e ah b et e e amb e e e e e asbe e e e anbr e e e anbneeennnns 29
1.2, BIOCK DIBQIAM GIOSSAIY .. .ueetiieieeeeeiiitte e e e ettt e e e oottt e e e 4o ek bbb ettt e e e e e s h b b e et e e e e 2 e asab b b et e e e e e e e nb b b et e e e e e e sanbbbb b e e eeeesannnnnreeeas 29
1.3.  Power Operation MOOE INGICALOT........coiuiiiiiiiie ettt e bt e e e st e e e be e e e ab bt e e aabb e e e eb b e e e e asbr e e e anbneeennnes 29
P O [ o J=T o Lo IS} £S] €= 1 E OO TP OPPPPTPP 30
b B O 111 o @ 1Y =T = O PO TP UP PP PPPPPRPPPRPIN 30
A o] o] Tor= o] L= O o1 o J PP PUPPPTN 31
2.2.1. Chip Implementation Summary
PR T O o1 o Y/ F= U o I =1 o T o -G OO PUPPPRNt
2.3.1. MG32F02A132/072 Main Block
2.3.2. MG32F02A032 MAIN BIOCK ......eeiiiieiiiteitit ettt ettt ekttt e s bt eeab e sh bt e nab e e s sb e e naneessneennnee e
2.3.3. MG32F02A128/U128/A064/UDB4 MaIN BIOCK........ciiiiiiiiiiiiiie ittt e s e e 35
2.3.4. MG32F02V032 MAIN BIOCK ......eeiitiiiiieiiii ettt etttk et e s kbt esab e sb bt e sab e e s st e e saneessneennnee e 36
S O = U 0o} (= PSPPSRSO 37
241, CPU FRAIUIES ...t e et et et e e e e e oo e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaaaaaaaaaaaaaaaas 37
2.4.2. ARM COIEX-IMO PIOCESSO .....uutieiieiiiiiitttette e e ettt e e e e ettt e e e e ettt e e e e e s et e et e e e e e s a e b e et e e e e s e e st nne e e e e e e e aaatnrneeeeeeenns 37
A T |V =100 1o g Y @1 o F- T 4= L1 o H PO PUPPPRNE 38
2.5.1. CPU MEIMOIY IMBP ...itteiiiieeiiitee ettt ettt e e e e ettt e e o2 et ettt e e e e e s s aEE e et e e e e e e e e b e e et e e e e e aabnr e et e e e e e eabnrneeeeeneas 39
2.5.2. Peripheral MEMOIrY BOUNGAIY ........coiiiuuiiiiiiaaiaiiiiiee ettt e e ettt e e e e e e e et bttt e e e e e s aaabbe et eaaeeeaanbbbeeeeaeeeaannbeneeaeaaaaan 40
2.5.3. Boot Modes
PR S - T o W 0o Lo [ o o] QTP TUT T RRTPPPRPT 46
b G T O o] o 1 B T=] o 18 o O T PSP PP PP PPPPPRPPPPPIN 47
P2 ST R O 1 ol B = T T TP U PP PP PUPPTPRRUPRTRR 47
2.6.2. SWWD INEEITACE. .. .eie ittt ittt ekttt e e bt e e sttt e oo bt e e ek b et e e e a et e e e b e e e ekt e e e et e e anne e e e nrr e e e e a7
2.6.3. SWD aNnd ICP INLEIFACE CIICUIL....c.ceiiiiieiiiiiee ettt e e ettt e e e e e e ettt e e e e e e s abbe et e e e e e e aanbbbeeeaaeeeaannbnneeaaeeaann 48
e Sy S I P OW T ... ——————— 49
R 7% I [ 1 To [F i o] IR PUPPPTN 49
I e LU (=T TSP T PP PPUPPRPPPPIN

3.3. Implementation

3.3.1. Power Device IMPIEMENTALION ........uiiiiiiie ittt et e e et bt e e st e e sb et e e et b et e e anbe e e e snneeeannbeeeeanes 49
R o YT @ o T=T =i [o] o Y, (o Lo [= PO PUPPPRNt 49
R ST o 1Y) g S U o] o PP PP PP PP PPPPPRPPPPPIN 51
I T o VYT @fo] 11 70] | [= gl = (o Tod PO PUPPPRNt 52
O B o 1Y Y (o] 7= o T3 B L] = o) A T PP P PP PP UPPRPPRPPPPPIN 53
3.7.1. POR/LVR DEEECLON ......eeeiieiieitieiet e e ettt e e ettt e e e e oo e b bttt e e e e e e s ab b e et e e e e e e aanbbe et e e e e e e s nbbbe e e e e e e e e nsbbeeeaeeeesannbbneaaaeaaann 53
3.7.2. BIOWN-OUL DEIECION .. .o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaeaaaaes 53
3.7.3. Power Voltage Detection ThreSNOId. .........cooo et e e e e e e e e n e e e e e e aan 54
3.8. Interrupt and Reset .............
3.8.1. PW Interrupt Flags....
3B.8.2. PV RSBt EVBNES . it
RIS B S =T [y (=] gl e (] (=T ox o= g (o I I Tox QPO PUPPPRN 56
3.10. Chip POWET MOAE CONLIOl ........ieiiiiieee ettt e et e e e e e e et e e e e e s satba et eeaeessassbbeaeeaeeesasntaeeeaeessaasnsbsaeeeaeeennnnres 57
3.10.1. CPU POWET DOWIN ...ttt e e oo et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaaaaaaaaas 57
3.10.2. INterNal DEVICES CONIO.......iiiiiiiiiieitie sttt sttt e st e s ar e st bt e s b e e se bt e ser e e s eneesin e e seneesenee e 57
3.10.3. Device Power Enable Control in POWEr-DOWN MOAES ..........ooiiiiiiiiiiiiiiee ettt e e e e e e e e eneeaeeeae e 58
3.10.4. System POWETr OPEIAtION FlOW........ciiiiiiiiiiie ettt e e e ettt e e e e e e et e e e e e e e s st b b et eaaeasssssabareaaeeesstbraaeaaeeeaan 60
0 I VL= 0 o J O o] L1 o U PUPRRTN

3.11.1. Wakeup Event Sources

MG32-MO0 User Guide Page-3



megawin MG32-MO0 User Guide V4.6

0 VLY 1T 0 o J=Ta o 1 (=T (U o) U UR S SPPPPT 62
3.11.3. CPU Power Down and Wakeup CONIrOI FIOW .........coiii ettt e e e e e et e e e e e e s eneeaeeaaaeeann 67
BT 2 o o1 ol =0 )V =T @AY o] o] oF= i [o ) T @ T o U | ST PUPRPRRNt 69
4. SYSTEIM RESEL ...ttt ettt e e oottt e e e e oo e et e e e e e e e E e et e e e e e o e e et e e e e e n e e et e e e e e aa e e e e e e e e e e aan
4.1. Introduction
4.2, FRAIUIES ...ttt ettt ettt ettt ettt e et et et e e et aeeeaaaaaes
e T (=Yoo T0 (o=l @o o1 (] |1 TSRO 71
S O 71 oI 2 LTS = PSP PPPPPPR 75
R O o 1 2= ET=) A Y=Y PP EPRRTPPP 75
4.4.2. Power-On Reset and Chip RESEE TIMING ...veiiuiiieiiiiie ittt e s e s an e s e e e nnneeeas 76
e T (=] (g T Ul =TT = T 1 o PSR RTPPP 76
4.5, RESEEEVENL.....ccii ittt 78
4.5.1. RESELEVENT SOUICE ...ttt e oottt e e oo oo bttt e e e a4 o s bbb ettt e e e e o s b b e et e e e e e aan bbb e e e e e e e e e asnnnneeeas 78
I S (oL YT o | A @] 11 (] R PEPR R 78
4.6. Register Protect and Lock
o G V(o To (U1 T= =] PRSP PPPR
A.7.1. MOQUIE SOFIWAIE RESEL......eeiiiitiiieiitii ettt ettt e e sttt e e ettt e e s bt e e s ah b et e e anb bt e e e nbeeeeanbeeeeanbbeeesanbeeeeanbeeeean 81
o R € o (O I = =TT o] @ o] o1 1 o] PR 82
4.7.3. USB SOftWare RESEE CONMIOL.......ccciiuiiiiiiiiii ittt ettt e et e e ettt e e s ne e e e snbn e e e enbbe e e s anteeeesnbeeeean 82
4.8. External ReSet APPIICALION CIFCUIL .......oiiiiiiiitiieii ettt e e e ettt e e e e e e tb et e e e e e e e e taeeeeeaaeeaasaesaeeeaaeeaansbaeeeaaeeaaansanneeaaaaann 83
LT 21 (=] 14 I 4 (oY o G PP PPPPPRPTOP 84
L0 I [ 1 To 11 X 1o o T RSO PUPRRRRN 84
LT T LU ] (=T PO T PP PP PPPPPPORt

5.3. Implementation

5.3.1. Embedded CIock PLL IMPIEMENTALION .......ciuiiiiiiiiee ettt ettt et e e et e e e snbae e e s aaeeesnebeeeeanes 84
L O (o ol (S To 10 (ot I @ o] g1 (o] | T RSP PUPRPRN 85
Lo ST (01 (=] (0] o1 = U (ol o LT =] SO R PP RPPPRN 87
R T B 01 O [ L= 1] o] B o =T [ OO PURPPPPPRP 87
T 0 O 01 (o 012 = L 11 PP RP TP 87
5.5.3. CSC RESEE EVENLS ... a e e 88
LN T = =Y 155 (=L g ol (o] (=T o o= g o I Yo SR PUPRPRRRt 88
5.7, SYSIEM CIOCK CONIIOL....cciiiiiiiiiiii ettt ettt e e ettt e e st e e e a Rt e e e s et e e ae et e e s ne e e e e nn et e e anne e e e nnnneeesasreeennnn 88
B5.7.1. SYSIEM CIOCK SOUICE.....c.ccii ittt i e et ettt e e ettt e e e e e e e e e e e e e e e st e et eaeesasatbeeteaeeesssasbbaeeaaeeesansaaaseeeeeesatbraaeaeeeaaan
5.7.2. High Speed Clock and Low Speed Clock
L A T = I I 1 T Tox PSP RPRTTPRN
5.7.4. INTEINAI SYSLEM CIOCKS .....etiiitiieeiiiiee ittt e e et e e st e e st e e e s e e e e s et e e s nn e e e e abn e e e e aann e e e snneeeaanneeenanns 91
Lo S T Y oo [¥ ] S0 o o ot Tt @ [ Tod [ O 4 i o ] SO PPUPPPPRPN 92
5.8.1. MOAUIE ProCESS CIOCK SEIECLE .....c.oo ittt e e e e ettt e e e e e e ettt e e e e e e e e aansateeeeaeeeaannnnneaaaaeeann 92
5.8.2. Module Process ClOCK ENADIE .........cooiiiiiiiiiiii ittt st st e et e e e s et e e sbneeesnebeeeeanes 93
5.8.3. Device Clock Enable Control in POWEr-DOWN MOUES ..........ooiiiiiiiiiiiiiiee ettt e ettt e e e e e et e e e e e e s anneeeeaaeeeenn 95
Lo Y o To [ I V=Y o | 4 oo GO UPRPPPRN 96

5.10. Internal Clock Output Control
5.11. Crystal Oscillating Circuit

6. SYStEM COMMON CONTIOL ..iiiiiiiiiiii ittt e e e e e s s e et e e et s st eereeeeesaas s aeeereaeesaaassntaeeeeaeeesannsnsnneeeaeeeannnnnnenns
L2 I [ 1 7o [ Tox 1T o PO U PO PR PPRRTPPPPR 98
(O o (U] (=T PO POUPPRPPPPPN 98
(OIS T 1 (=T 10T o 1A= Tg o I V=T o | P PP PO PPPPPPRRt 99
6.4.  ChiIP MANUFABCTUIE D ....eiiiiiiiieiieie ettt ettt ettt oo h e e e e b et e e bt et e o1 a R et e o4k b et e e s b et e e s abs e e e e b b et e e anb et e e snnneeeaabbeeennne 99
6.5, SYSIEM BACKUD REGISIEN ... iiieiieiiei ettt ettt e e e e oottt e e e e o e o a b bttt e e e e e e aa bbb b et e e e e e e e s bbb e e e e e e e eansnbbbeeeeaeeaannnnes 99

MG32-MO0 User Guide Page-4



megawin MG32-MO0 User Guide V4.6

S} VAT (= 0 (Y =T 0 4 o PP UPP PP PP 100
% R 1 To [F i o] o [ TSP PURTPRIN 100
A =T LT PR 100

47 B = a1 o T=Te (o T=To 1Y [=T0 Vo] oY 2R UUT 100
7.2.2. Memory Controller .... .100
RS T | o] 1= 09T T o 1 v= Vo o DT PPURRPRN 100
7.3.1. Embedded Memory IMPIEMENTALION ...........iiiiiiiiiiiiiee e e e e e e e e e st e e e e e s s et b b e e e e e e e e sasaaareeeeeesenannneeeas 100
|V =T 43T T YA @] 11 ]| = SRR UUUPUURTPRIN 101
A T =t = Vo] [T o =T aTo @ (ool QTSRO PPRRPRRIN 102
A T 1 (= 0 o 1A= g o N V=Y o | RO PUURTPRN 102
7.6.1. Memory Controller Interrupt Control @nd RESEL ........coiiiiiiiiiiiiie e e e e e eearaaee s 102
LS /| =Y I T (=T g 10 o1 =T [P EUR S
A B = -0 1) (=L o (o] (=T o o= g o I I Tod ST PRRPRRN
R T = oo - aTo @ 0 B 11 o I 1V =T s 4 To ] o VTR PPURRPRIN
7.8.1. Memory Boot Modes...................
7.8.2. On-Chip Flash Memory
7.8.3. ON-ChiP DAt RAM ....oiiiiiie ittt e e e et e e e e et et e et e e e e e e s aeb e et eaeeaaaatbaeeeeeeesasasbbaseeaeeesasaasseeeeeesansassreeeas
R R\ =T 03T T Y @] 11 ]| [= gl U e 1T o IR PUURTPRIN
7.9.1. FlaSh MEMOIY ACCESS. ....iieiiiitiitit e e et ettt e e e ettt e e e e e e e e e e e e e e st be et eaeeeasatbeetaeeeeeaaasbaaseeaeeesasaaaseeeeeesansasneeeeas
7.9.2. Hardware Option Byte FIaSh MEMOIY ........ooiii ittt e e e ettt e e e e e sttt e e e e e e e esabeeeaeeeesannnneeeeas 108
7.9.3. ICP/ISP/IAP fOr FIASh IMEMOIY ....ciiii ittt e e ettt e e e e e st e e e e e e e e s eatbaaeeaaeeesasabareeeeessennaraaeeeas 109
7.9.4. MeMOIY ACCESS RESIIICIION. ... ..ueiiiiieeiiieei e e e ettt e e e ettt e e e e e e e aeae et eaeeaaantbeeeaeaeasansbeeeeeaeaeaansnsseeaaeeesaannnnneeens 109
7.9.5. CPU Code EXeCUION @Nd HOIO.........c..oiiiiiiiiiiii ettt ettt ettt ettt nnee s 110
7.9.6. Memory Access Error Management .110
7.10. Flash Memory Configuration for DIifferent PrOGUCT ..........cooiiiiiiiiie ittt e e e e e e e e e e st raeeeeeeesenes 111

T o F= 1o (VT T =T @ ] o o PR PTPPPN 112
S0 I [ 011 7T [V od oo EOO T T O O T P T PO P T ST OPPOU PP U PRSP PP UPP PPN 112
8.2, HArAWAIE OPLON BYLE ...ttt ettt et e e ettt e e bt e e o a et e e ettt e e e s et e e e R e e e e e R n et e e et e e nnn e e e e e e na 112
T T O R @ o) (o] I 2 =0 ) (=] PSP UPURPPPR 114

8.3.1. CFG Register ProteCt @nd LOCK .........coccuuiiiiiiiieiiiiie ettt ettt et e s e e e et e s e e e e nnnnee s 114
8.3.2. Manufacturer ADC CaliDration VAIUE ..........c.cciuiiiiiiiiieiie ettt ettt et nnee s 114
8.3.3. Manufacturer Temperature Sensor Calibration ValUe .............coouiiiiiiiiiiiiic e 114

R €] o (O (ST g L=t - U U1 o Lo 1T =T (O ) I TP PPURPP PP 115
9.1. Introduction
0.2, FBALUIES ...ttt e n e E e e e e et e e a e e e e e e s et e s a e e e s n e
LS T [ 4T o1 1= g T=T 01 v= i o o F PP PUP PP TPPRPPPPPRP 116

(SRS T B €1 = (@ I ] o] [=T o g T=T o1 e= i {0 o PP SUPPT RPN 116
LS I 0o o1 o] I =1 (o o3 QPP SRTUPPRP 116
9.5, IO MOUE ...ttt etttk E ke bRt E R et Rt Rt R e R et e Rt R Rt e eh e e e R et e bt e s b n e e et et e e e 117
1S ST N (@ Y/ [ o (= @] 4 11 ] N 2] Lo - EUR S 117
LS BT (@ B @o] 4o U= 1o ] s PP UUR RO 118
[ T (O 1 {01 (U = TR 119
9.6.1. Analog IO Structure .120
9.6.2.  DIgItaAl INPUL STFUCTUIE. ... .teii ettt ettt e et e e ettt e e bt et e e ek b et e e ettt e e sb et e e aa b et e e ab b e e e e e e e e nnnreeean 120
9.6.3. PUSN-PUIl OUIPUL STFUCTUIE ...ttt ettt e ettt e e e e e bbbttt e e e e e s ab b ettt e e e e e saabbbb e e e e e e e s annnnneeeas 120
9.6.4.  OPEN-Drain OULPUL SEIUCTUIE ....ceeiiiiieiiiii ettt e ettt s bt e aa bt e e ettt e s ae et e e e be e e e ab b e e nnrneeennnreeeas 121
9.6.5. QuUASI-BIdireCtioNal IO StIUCLUIE........cccie i e e e e e 122
0.7, 1O PO ACCESS ..o ittt e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaas 123
A T €1 o (O I (@ 0o ] o1 (o] T T T T T TP P TS OT PP U ST RUPPPPPTN 123

MG32-MO0 User Guide Page-5



megawin MG32-MO0 User Guide V4.6

9.7.2. St @Nnd ClEAI CONIIOI ..ottt ettt b ettt e b e e e s b et e e be e e sk e e e abe e e sbe e e nbe e e nbeeenree s 123

LS I RS T = | I (N (@ 2 @] 11 (o] PP U 123

9.8, AIErNALE FUNCLON SEIECE .......iiiiiiitit ittt ekt b e b et e be e e sk b e e sas e e sbb e e aae e e sbneesaneenbneesanee e 124
9.8.1. Alternate FUNCLION SEIECE CONIOI ... ... ettt e e e e ettt e e e e e e s nbbeeeeeae e e e ansaeseeeeaeeaannnnneeeas 124
9.8.2. Alternate Function Select of Special Pins .124
0.8.3. GPIO AFS LOCKING ... .t eutteittteittte ittt eitt ettt ettt ettt ekt eae e e h bt e ehe e e sk et ek e e e ek st e bb e e eb st e eb bt e ehb e e b b e e eb b e e abe e e nbbeebneenbneenne s 126

(e R ] (@ 1Y o] o] o= 4 o) s W @1 T od U | ST ET PO PPPPRPRRINS 127
LS B €1 = (@ I o] o1 U 1 =T g o I 1011 01U | SRR EUR R 127

L B €1 = (@ I o] o 10 |l 1] (= RO UUR PP 128
9.9.3. GPIO Output High Speed and Drive SIreNGtN ... ......oooi e e e e e e e et e e e e e e s e nneneeeeas 128

O T oL =T o T o TR PT TR 129
00 O 1o o o [T 1 o o TP PR R 129
F0.2. FRAIUMNES .....eeiiiitiie ettt e s bt e et e oo bt e oo e b e e e e e Rt e oo R e e e R e e e e e R e e e et e a e e e e b e et e e s a e e e s e e e e 129
10.3. INTEITUPE SEIUCTUIE ...eeeeiiie ettt e e e e et e e e e e e st et e e e e e e s a e et e e e e e e s s s e e e e e e e e e s ansnnn e e e e e e e sansnnneeeeeeesannnnneeeas 130
10.3.1. Interrupt Sources .130
O T o Cot=T o] (o] g TN Y o 1= TR 131
0T T T e Cot=T o] 1 o] g T a = 1o Lo | 1= £ PSPPSR 132
ORI [ 1 (=T U o] B = o] 1 YRR 132
10.3.5. LOCKUP ON COMEX-MO.......coiiiiiiiiie e ittt e ettt e e e e et e e e e e e e et e e e e eeeeeaaatbaeeeaeeeassasbbeseeeeeassasbaaseeeeeesanssaaaeaaeeanan 132
10.4. INTETUPE CONIOI BIOCK. ... ..eiiiitiiie ittt e et e e s et e e e b et e e e st e e sabe e e e s b b et e e ann et e e s snneeeaasneeennne 133
10.5. Nested Vectored INterrupt CONTIOIET ...........ci it e e e e e e e e e e et e e e e e e s s e bbb e e e e e e e e s ansaabaeeeeeesansnanaeeeas 134
O RN N LY L@ ¥ Vo (o o PR TSORTPPPRR 134
10.5.2. NVIC EXCEPLON CONLIOl ... ..uiiiiiiieiiiiiiiit e et e et e e e e ettt e e e e e et a e e e e e e e aasatbbeeeeeeeasiasbaaseaeeeesansaaaaeaaeeaaan 134
10.5.3. Level-sensitive and pulse interrupts .135
10.5.4. Hard Fault NANAING........ooiiiiiei et e e e e e ettt e e e e e et a e e e e e e e e aatbbaeeeeeeassasbaeseaaeeesansaaaaeaaeeanan 136
10.6. WaKeup INTEITUPE CONIOIIET ......eei ittt et e ket e e s h e e e ettt e e s et e e sane e e e e b b e e e e ann e e e e snnneeesasneeennne 136
10.7. EXternal INtErrUPt CONTIOIET .......coiiiiie ittt ettt e oottt e s at et e e s h b et e e ettt e e e st e e e e aabb e e e ebbeeeeanbeeeesrbbeeeaanbeeenanee 137
10.7.1. EXIC INTEITUPE CONTIOL.....eiiiiiiieeiiiit etttk e e et e e st e e e s e e e e st et e e s nn e e e e s be e e e anbn e e e snneeesnnneeennae 137
10.7.2. EXtErnal PoOrt INPUL INEEITUPE ....ceiiitiie ittt e ettt e e ettt e e e aate e e e sabb e e e et b e e e s anbeeeesnnbeeesnnbeeeannes 139

11. GPL (GENEral PUIPOSE LOGIC) .eiiiiiiiiiiiiiiiie ittt ettt ettt ettt e sttt e sttt e e s bt et e e s abbe e e e sabbe e e e s sbe e e e snbneeesnnneeeas 141
I I [ oo [F ot o] o I T TP T O TP P PP PP PRRPPRORRPON 141
R T LN £ TN 141
B C T [0 T o1 =T o g =T o = o o PR RPPPTPRPOt 141
11.3.1. Chip Implementation .141
I oo i do] I =] o To! T T T T O T T O T PP PP PP P PRRPPROPRPON 142
ST O (o T PP PP OPRORPON 143
11.5.1. GPL CIOCK CONIOL ...ttt ettt et e e bt e b et et et e ket e bt e e nbe e e ne e e nbeeenee s 143

i G 1 = I ¥ o Tox 1o o I @ o o o] ST PERR PP 144
I T 23 (I @ (o LT @1 o= T o L= PRSPPI 144
G = O (o [T g O g - Lo o [PPSR PPPRP PP 145
e T 1= = B 1 =T TP PURPTPII 145
G T - 1] Y O = o PP SPSPPPRPPPPRT 145
11.6.5. Cyclic Redundancy Check . 146
ST o F= o 1V T = 11 To = SRRSO UTPPPRR 147
A €1 I B Y N @) o= = 1o o TP PUPT PP 148
11.7.1. DMA MOGUIE CONFIGUIE ...ttt ittt ettt e ke et e e s bt e e ek et e e st et e e s nb e e e ek b e e e e anbe e e e snreeeeabbeeenaae 148
10.7.2. GPL DMA CONIOl ...ttt ettt e et ettt e bt e ke e et et et e ebe e e nbe e e bt e nbeeennee s 148

12. DMA (DIir€CT MEIMOTY ACCESS) cuuuutiiiiieeeetiiiitteeeteee st iseteteeeeeeesaassteaereeeeesaasataeeeeaessaasssateeeeeeeassastsanneeeeeseansnrnnnneeens 149
2 I 1o o o 0T 1o o RO OO PUPP PP 149

MG32-MO0 User Guide Page-6



megawin MG32-MO0 User Guide V4.6

D2.2. FRALUIES ....eeeeeeieei ittt ettt e ettt e o4 ookttt e e e o4 s aE ettt e 4444 aa e e et e e 4444 e R R e e et 444 o4 e AR e e e et e e o4 e e e ettt e e e e e e r e e e e e e e e e s 149
2 T 12T o1 =T 44 T=T o 7 1T o TP PT SR 149
2 T @ o 11 o I 00T o] L=T g g T=T 01 =i o] o IR 149
2 S o] 11 7ol =] (ool TP PR P 150
12.5. 10 Lines .151
2T I [ B o = RPN 151
L12.5.2. 10O CONFIQUIE.....iieitiei ettt e e e e et e e e e e e s et b e et e e e e e e s e taebeeeeeeeeaasatbaeeeeeeeaasasbbaseeeeeassasbaeseeaeeesansaaaeeaaeeanan 151
o =P o] [T To =T To o Tox GO PP PSP POPRPPPPPRPE 151
B B 10 =T g o A= TaTo I A =T o | SRS PU PRSP 152
12.7.1. DMA INterrupt CONrOl ANG STATUS .....ouveiiiiiieee ittt e et e st e e s n e e e s s e e s asbn e e e snreeeeanneeenanee 152
i Y VR [ 10T U] o) F= o PSPPSR 152
2 T 1Y @o o o ST PR PR 154
12.8.1. DMA SOUICE @and DESHNALION ......utiieiiiiie ittt ettt e et e et e e s bt e e ettt e e e aabee e e snbeeeeabbeeesanbeeeesneeeesanbeeeeanes 154

12.8.2. DMA Channel Arbitrator
12.8.3. DMA Channel Operation
12.8.4. DIMA SRAM USINQ ..etteiiuiitieitiiee ittt e asttteesstseaeaatteeesasseteessseeaeaasseeeaasssseessseeeaassseeaanssssesssseeesassseessnseseessssesesnssseesnes
e T B LY N I - 1 T T 1o PRSP RPPPPPRNt
12.9.1. DMA Transaction Configuration and SEOUENCE ...........uiiiriiieiiiiee ittt e e st esanre e e e e s s e e nnaee 160
12.9.2. DMA Transaction UNAEr SLEEP .............oi ittt ettt e sttt e e ab e e e st b e e s anbaeeesbbeeesanbeeeeanes 160
12.9.3. Peripheral DMA RX Request and ACKNOWIEAGE ........uviiiiiiiieiiiie ettt e e e 161
12.9.4. Peripheral DMA TX Request and ACKNOWIEAGE..........ocuuiiiiiie e e e e e e e e e e e e e e 162
12.9.5. Peripheral DMA TranSaction HOIG. ..........ooi ittt e e e e ettt e e e e e e s et e et e e e e e e s annaneeeaaaaaaan 162
12.9.6. Peripheral Interrupt Flag CONLIOl............ooiiiiiiiiiiee e e e e e e e et r e e e e e e st b b e e e e e e e e s staaaeeeaeeaean 163
12.10. DMA External Request Trigger Input
13. EMB (EXternal MEMOIY BUS) ...ttt ettt e e e e e bbbttt e e e e e s e be bt e e e e e e e e s aanbbbeeeeaeeaeannbneeeaaaens
200 O 1o o o [T i o o SR PR R
L3.2. FRALUIES ....eeeeeeie ettt ettt ettt oo 4ottt e e a4 44 aa kb ettt e e 444 a R e b e et e 44444 oA AR R e e e e e e e o4 A AR e e et e e e o4 e e R R R R e et e e e e n R nne e e e e e e e e e nnnnneeeas
B JRC T 4 T o] =T o g =T o1 = (T o I PP PP TPPRPPPPPPRP

TR I @ o1 o N [ ] o] =T £ 4 T=T 01 7= Lo o SR PPTPRRIN
R S @] 11 70 =] (o o) TSR PR PP
TR (O 2 I T PSP RPRPPPROE

R TR I [ 2 ST To o = PSP SPPPPP PRI

13.5.2. 10 Configure
13.6. Enabling and Clock

13.6.1. EMB GIOD@I ENGDIE........ooiiiiiiiiiiii ettt b ettt ettt
13.6.2. EMB CIOCK CONIOL....cciiiiiiiitiiee ittt e ke e ettt e st e e e st e e et et e e s ann e e e e b b et e e annn e e e snneeesnnneeennan
BT ) (=T (0 o] A= g Lo I Y= o PSP PP RPPPRPOt
13.7.1. EMB INterrupt CONLrOl QNGO SEALUS .......vvviiiiiieeiiiie ettt e et e st e e sn e e e st e e s anbn e e e snreeeeanneeenanee 171
R T Y = o1 (=T (O] o A F= T PSP TPPPOTPRRN 171
RS A =Y 12 (@ O] o i o] PO P PP OPROPRPON 172
13.8.1. EMB Clock and Command SignalS CONIOL...........eiiiiiiiiiiiiie e e e e e e e e e s r e e e e e s st b e e e e e e e e ssaarareeaeeaaan 172
13.8.2. EMB Address and Data SigNalS CONTIOl .........cooviiiiiieiiiiiiie et e et e e e e e e s e e e e 175
13.8.3. Signal Mapping Suggestion for External Devices .175
13.9. EMB MEMOTY CONIOl ...ttt ettt e e ekt e ekt e 41 h b et e e ek et e e st e e aabe e e e et b e e e e anb et e e ssnneeeaabneeenane 176
13.9.1. EMB MEIMIOIY SPEICE .....uuutuiuiuiniuiniuiniaesisiatsssbabse s 176
13.9.2. AHB to EXternal Memory TrANSACHONS .........eeeiiiriteiiiiieeiitee ettt e et e e st e e e st e e e sbe e e e st b et e e anbeeeesnreeessnneeenaaes 176
13.9.3. EMB WIEE PrOTECHION.......oiiiiiiiiiiiiiiie ittt e e e st e e s n e e e e et e e e s aann e e e snr e e e s aeneeeenan 178
13.9.4. EMB TIMING CONIOL ...tttk e sttt e s bt e e ek et e e st et e e s abe e e e ek b e e e e anb e e e e s nneeesnnbeeenaes 178
13.10. EMB Address and Data INterface MOAE ..........c.oviiiiiiiiiiiiieie e ane 180

MG32-MO0 User Guide Page-7



megawin MG32-MO0 User Guide V4.6

13.10.1. EMB 16bit MA @Nd 16DIt IMD .......coiiiiiiiiiiie ettt ettt e e et e e s bt e e et bt e e e aabe e e e sbbe e e e anbeeenaae 182
13.10.2. EMB 16bit MA and multiplexed 16DIt IMD ..........ooi it e e e e e e e e e e e e e e annneeeaaaeaan 183
13.10.3. EMB Multiplexed 16bit MAD with 2 AAAreSS PRASE .......ccuiiiiiiiiiiiiiic ettt e e e e e e 184
13.10.4. EMB 16bit MA @Nd 8Bt IMD ........ciiiiiiiie et e et e et e et e e e st e e e stee e e et aeeeeaneeeeeanneeeeaasteeeeanseneeenaeeeeanaeeeeann 185
13.10.5. EMB 16bit MA and multiplexed 8hit MAD .186
13.10.6. EMB Multiplexed 8bit MAD With 2 AAAreSS PhaSe .........ooiiiiiiiiiiiiii ettt a e e ee e e e 187
13.11. EMB DeVice INterface and TiMINGg ... .uuieiie ettt e e e sttt e e e e et e e e e e s st e e e e e e e s e bbsaaeaeeessatbaseeeeeeesansaabeeeeeeesansnnsaneeas 188
13.11.1. SRAM Interface and ACCESS TIMING.......cuuteeiiiiieiiieie et e et e e e e et e e s s br e e e anr e e e s et reeesanseeeesnreeesanneeenanee 188
13.11.2. NOR-Flash Interface and ACCESS TiMING ......uuuiiiiiiiiiiiiiiie e e e e e e e e e e e e s st e e e e e e e e s st baereaaesesatbrareaaeeanan 191
13.11.3. NAND-Flash Interface and ACCESS TIMING .....uuitiiiaiiiiiiiiiei e et e e e e e ettt e e e e e e s s aatbe et eaaeaaasnsbaeeeaaeeeaansnnneeaaaeaaan 194
13.11.4. LCD INterface and ACCESS TIMINQG .. .uuuiieiiiiiiiiiieee e e e ieittt et e e e e e estr e e e e e e s s traeaeeeesaasatbaareeaeeasssbasseaeeeesassaareeaeessan 196
R 2 V[ B B 1Y N @ =T =i [o ] o BT PEPT P 199
13.12.1. DMA MOAUIE CONFIQUI.....ueiiieeeiiiiiieei et e ettt e e e e e e e e e e e e e et a e e e e e e e e aaatbaeeeeaeeassasbaaseaeeeesasaaaaeeaeeaaan 199
13.12.2. EMB DIMA CONLIOL..c...utiiiiiitiiee sttt e eseteestteee s tteeesasteteessateeeaasseeeaasseeeeassseaeasseeeeanseeeesnsseeeeasseeesansaneesnseneansseeennnes 199
13.12.3. EMB Interrupt Flag Control during DMA .199
R 20 e T =1V, 230N o] o] %= o] o 1 Ao (= ST R RSP 199
13.13.1. Pin Suggestion for EMB SIgNal..........ooiiiiiiiiiiiiiii ettt e e e e e e et e e e e e e e et r e e e e e e st raraaaeea s 199
13.13.2. EMB and SPI FIash t0 LCD TranSACHON .........uutiieaiiiiiiiiiaee ettt e e e e e ettt eeea e e e s aatbeeeaaaeaaasnsbaeeeaaeeesansnnneeaaaaaaan 201
14. APB (APB COMMON CONTIOI) 1ttt ettt et e e e e ettt e e e e e e s e bt be e et e e e e e s anbbbeeeeaeeaeannbneeaeaaeas
I O 1o o o [T 1 o o TP PR PR
T2, FRALUIES .....eeeeeie ettt ettt e oottt e a4 oot bttt e e 444 s et bttt e e 4424 a st b e et e e 4444 e ARk R e e et e 44 o4 AR E R e e e e e e e o4 A e R R R e e e e e e e e e e hnbe e e e e e e e e nnnnreeeas
I T 12T o1 =T 4 T=T o) 71 1T o TP PR PP
e T @ o T o B 00T o L= g g 1=T 01 =i o] o IR OOPPPPPRR
14.4. Interrupt and Event..........ccccoovvveeeinee e
14.4.1. APB Interrupt Control and Status
14.4.2. APB INTEITUPE FIAGS ... ecieteiii ittt ettt e ke e ettt e et e e et e e e e an et e e s b e e e e ek b et e e anse e e e snneeeennneeennan
T 114 T=T g @o] 0T (o] o IO 4 i o PP RPPPPROt
14.5.1. Timer Synchronous ENABIE CONIIOL ...........cuiiiiiiiiieiiie et e e e e e s e e naee 204
14.5.2. Timer Common Trigger/ClOCK SOUICE SEIECT........ccciiiiiiiiiiie e e e e e e e st e e e e e e s etaraaeeaeeaean 205
T @ =1V B @o] o i (o | LTS PR R

14.6.1. OBM Output Channel
14.6.2. OBM Break ChANNEL .......ovueiiiiiieeee ettt et e e e ettt e e e e e e e e et e e e e e e e ea s e e e e e e eeestaaeeeeeeessbanaaeaees

14.6.3. OBM Operation Mode
14.7. IR CONLrOl ...ceeeeieeiiiiiiiii e

14.7.1. IR Control Interface

14.7.2. IR TranSMISSION MOAUIATION......ceeiiiiiiiiei ettt et e e oottt e e e e e et e e e e e e e e sntbe et eaaeeeansbseeeaaeeeaannnnneeaaaaaan 210
T4.8. NCO CONIOL....utiiiiieiet ettt ettt et et e et a e e e a bt e eh bt oo et e e eh bt e s ab e e e h bt oo e bt e na bt e et e e e e b e e et e e e bt e e e e e e e enneenanes 210

14.8.1. NCO BIOCK @NA CIOCK INPUL ....eeeiiiiieiieie ettt e e et e e et e e s e e e s s e e e aabn e e e snneeeesnneeenaaee 210

I 2 N[0 2 1 (o T @ 1 U 1 10| SR PPOTPRRN 211

S o (gL (=Tl e L a=Te = 1= B O T o T ) SRR 212

BTN [ o 1o [8 ot o] o I T T T T O T PP P PP P PRRPPROPRPON 212
T T LN £ N 212
15.3. Implementation .213

15.3.1. Chip IMPIEMENTALION .....eeiii itttk e et e e st e e et bt e e e st et e e s b e e e e ekt et e s anbe e e e snreeeannneeenaae 213

15.3.2. MOTUIES  FUNCLIONS ...ttt ettt et e e ookt bttt e e e oo e s bbb e et e e e e e e sab b b et e e e e e e anbbb e e e e e e e e aanbbnneeeaeeenan 213
T S O] 11 7o N =] (o o) ORI 214
T ST [ 2 I T T T T TP TP P PP PP PPPOPRON 214

T TR N [0 2 ST To o = T T OO TP PP PP PPPPPOPPRPIN 214

15.5.2. 1O CONTIQUIE ...ttt ettt e oo ookttt e e e e e ok bt bttt e e e 4o e s h bbbttt e e e e e s n bbb et e e e e e e anbbb e e e e e e e e e nnbnneeeaeeeaan 214

MG32-MO0 User Guide Page-8



megawin MG32-MO0 User Guide V4.6

ST ST =Yoo o] 1T - T To [ @4 (o Tt 2 SRS PEPR PP 215
15.6.1. 12C GIODAI ENADIE .....cooi ettt e e e ookttt et e e e e e e s a e te et e e e e e e e nsbe et eaaeeesansbaeeeaaeeeaansnnneeaaaaaaan 215
15.6.2. 12C CIOCK CONIIOL.....ciiiiiiiiei ittt ekt at e e s e bt e e et bt e e e aabe e e e s abb e e e e bbb e e s anbaeeesnbbeeeenbbeeeenne 215

T A 101 = g o A= Ta Lo [ YT o | TSR PR PR 216
15.7.1. 12C Interrupt Control and Status .216
15.7.2. 12C SUDBFANGE INTEITUDL.....eeiiteeeeiitie ettt ettt e e ekt e e sttt esa bt e e e s e e e e se et e e e ann e e e e b b e e e e annn e e e snneeeannneeennnn 216
T AR T D O [ 01 (=T U] o) = F= o PRSPPI 217
T A T 1 O O g o] I =T [ TP SPS PP PR OPPRR 218

15.8. 12C ConNeCtion fOr APPIICALION ... ..ccoiiiiiiet et e e e e e et e e e e e e st e e e e e e e e satb e et eaeeessasaaaseeaeessansaabaeeeeessansnssaneeas 219

15.9. 12C FUNAAMENTAI CONLION ... eeieiieee ettt e e e oottt e e e e e e st bttt e e e e e e e n e te et eeaeeeaamsbe et eeeaee s e ssaneeeaeeesansnssseaeeeeeannnnneeens 220
15.9.1. 12C FUNAAMENLAI PTOOCO ......eiiiiiiiiiiiiie ittt ettt ettt e st e e et e e e abe e e e sabe e e e et b e e e s anbeeeesnnbeeesnnbeeeeanes 220
RSN I O @e ] i £o ] 1Y (oo = PRSPPI 220
ST G T P OS] - 1Y I Ao [0 | £ TSP PPOTPRN 220
15.9.4. 12C Data Register and Shift BUFFET ..........ooi it e e e et e e e e e e et e e e e e e s annnneeeeaaaaaan 220

15.9.5. 12C Access Command
15.9.6. 12C START/STOP/Data-Change
15.10. 12C BYLe MOUE CONMIOL. ... .iiiiiiiie ettt e e e ettt e e e et e e e e e e et e e e e e e e e s tbaeeeeeeeesaatbsaseaeee e s s saasseeeeeesansasbaeeeeessansnsnaneeas
15.10.1. 12C Byte Mode TransSmit ANA RECEIVE...........uuiiiiieei ittt e e ettt e e e e e s e ettt e e e e e e aanbbaeeeaaeeeaansnaneeaaaeaaan
L0 O T 2 O V=T o | A o o [P TPPP PR
15.10.3. 12C Byte MOUE CONLIOI FIOW ......eiiiiiiiiiieeie ettt e et e e e e et e e s enbe e e e snr e e e s anneeenanee
15.11. 12C BUFFEF MOOE CONIIOl .....uviiieiitiee ettt ettt ettt e skttt e e s e bt e e ettt e e s s bt e e e anbb e e e ettt e e e ambeeeesrbaeeeeanbeeenane
15.11.1. 12C BuUffer MOde Data BUFFEI ...........ueeiiieieiiiee ettt e e e e e ettt e e e e e e e bbe e e e e e e e e annnnneeaaaeaan
15.11.2. 12C Data BUfEr CONLIOL.......eiiiiiiiiiiiiie ittt ettt e e bt e e et e e s s abe e e e sabb e e e et b eeesanbeeeesnnbeeesnnbeeeeanes
15.11.3. 12C Buffer Mode Access Command
15.11.4. 12C Master TranSmit @N0 RECEIVE..........uuiii ittt ettt e et e sttt e e s ba e e e e st b e e s snbaeeesbbeeesanbeeeenaes
15.11.5. 12C Slave TranSmit QN0 RECEIVE........ooii ittt e ettt e e e e e ettt eaaeaaaatbeeteaaeaaaansbseeeaaeeaaansnnneeaaaaaaan
ST 2 o O ¥ [ g Tex 1 1o o I @0 11 (o PRSP PP PTPRPOE
15.12.1. 12C Signal Drive CONIOl TIMING ...couveiiiirieeeiiiee ettt e e e et e e s ase e e e snn e e e s asre e e s annneeesnneeesanneeennnes
15.12.2. 12C SIaVE SCL SIrEICIING ..vviiieiiiiiiiiii e e e ettt e et e e e e e e et e e e e e e e et b e et eeeeeaaatba et eeeesassasbaaseeaeeesasaraeeeaeeasan
15.12.3. WaKEUP fTOM STOP ..ottt ettt e et e e st e e et et e e st e e e s s e e e e b b et e e annn e e e snreeeeanneeenann
15.12.4. 12C TiMEOUL TIMEE CONLION..cccittiiiiiiiieiitiee ettt e ettt ettt e e ettt e ettt e e s b et e e et bt e e e sbe e e e anbbeeeabbeeesanbeeeesnnaeeeannbeeeannes
15.12.5. 12C NACK CONIOl ... uuiiiiiitiee ettt et ste e e et e e e st e e s e e e e st e e e amteeeesssseeeasaeeeeanseeeesnseeaeaasseeesansaneesnsenennnseeeennes
S o T 1 @ =T (0T g 1V =V g =T =T 0 T o N
15.13.1. 12C Bus Error Event
15.13.2. 12C Master Transmission NACK Detect

15.13.3. 12C Slave Data Overrun under SCL Stretching DiSabIe ..........ccoiiiiiiiiiiie e 243
ST L Ol B AN @] o 1= = 4o o F PSP PP PPPRPOE 244
15.14.1. DMA MOAUIE CONFIQUIE ... ..eiiiiiiiie ittt e e et e e e st et e e s e e e ek b e e e anbe e e e snneeeannneeenanee 244
15.14.2. 12C DIMA CONIIOL ...ttt ettt ettt e et et e ettt ettt e bt e e ke e et et e b et e bt e e ebe e e be e e nbeeenee s 244
15.14.3. 12C Interrupt Flag Control duriNg DMA ..ottt e e st e et e e e e e s e e e aaee 244
16. UART (Universal Asynchronous Receiver TranSMItIEr) . ... it e e 245
16.1. Introduction
16.2. Features.............oeeuuvneeen.
16.3. Implementation
16.3.1. Chip IMPIEMENTALION ...ttt ettt e e e e e st e ettt e e e o e b bbbttt e e e e e e abbb et e e e e e e aabbb b e e e e e e e aanbnnneeeaeaaan 246
16.3.2. MOAUIES' FUNCLIONS ...ouitiieiiteee etttk e ekt e 2 sttt e sa bt e o4k bt e e e s ket e oo ab b e e e ek b e e e e anbe e e e snreeeennbeeennan 247
SR o] o o] I =1 (o o] TP P PP PPPRRPPPPR 248
16.4.1. Advanced UART CONIOl BIOCK ........coiuiiiiiiiiiieiiiit ettt ettt e e e et e e st e e e snr e e e s anbeeeeaae 248
16.4.2. BasiC UART CONIOI BIOCK ......ccciiiiiiiiiiiiiiiiie ettt e et e e s e e s e e s eeeaan 249

MG32-MO0 User Guide Page-9



megawin MG32-MO0 User Guide V4.6

TR (O 2 I T PO PP PP PPRPPPROt 249
GRS T0 I [ 21 o = 1 PP SOUPPRRT 249
GRS TZ N (@ @000 U1 = PP 250

G ST =Yoo o] 1T =T To [ @1 o T 2 TP PR R 250
16.6.1. UART Global Enable . 250
16.6.2. UART ClOCK CONLIOL. ...t ie ettt ettt e e oottt et e e e e e ekttt et e e e e s e s ae b e eeeaaeeaannsbeeeeaaeeeansbseeeaaeeesansnnneeaaeaaan 250
16.6.3. UART PSC Timeout SigNal OULPUL .......ciiiiiiiiiiiiiieeee ettt e sttt e e e e e e et e e e e e e s s e atb b e e e e e e e e ssasbaaseeeeeesansaraseaaeeaaan 253

G 101 =T g o A= TaTo [ =T o | TSP PR P 254
16.7.1. UART INterrupt CONrol @nd STATUS ........coeiiiiiiiiiiiie e e ettt e ettt e e e e et e e e e e e s et b e e e e e e e e ssatbaeeeaeeeesasaaaaeeaeeanan 254
16.7.2. UART Subrange Interrupt
16.7.3. UART INTEITUPL FIAQS ..ottt ie ettt e e e e e ettt e e e e e e e bt b e e e e e e e e e s sntbbeseeaeeassasbaaseaeeeesnnsarareaaeeanan

16.8. UART MOAUIE 1O CONLIOL. ... .eeeeeieeee ettt ettt e e e oottt e e e e e e a e bttt e e e e e e s amebeeeeeeae e s e saan et eaeeesasnsnseeaaeesannnnneeens
GRS N = I (O 2 @] o o] TSP PP PR
ISR 2 AN = 1 1/ Yo SRRSO
16.8.3. UART Loop Back Mode ..............

16.9. UART Connection for Application
16.9.1. UART Connect for UART/IFTDA MOUE .......oiuiiieiiiiie ettt ettt ettt sttt e e sttt e e bt e e et e e s enbae e e snbeeesnnbeeeennes 261
16.9.2. UART CONNECL FOF LIN IMOTE ...ttt ettt e e e ettt e e e e e e sat e et e e e e e e s nsbbeeeaaeeeaansnnneeeaaeaan 261
16.9.3. UART Connect for SMArtCard MOE ............eeeiiuiiiiiiiiie ettt ettt e e ettt e bb e e s st b e e s snbaeeesnbeeesanbeeeeaaes 262
16.9.4. UART CONNECL FOF SPI MOUE ...ttt ettt e e e oo ettt e e e e e s natb e et e e e e e e e nsbbeeeeaeeeaansnnneeaaaaaan 262
16.9.5. UART CONNECE fOr SYNC MO .....coeiiiiiiiiiiiee ittt ettt ettt e st e e ettt e e s sttt e e saba e e e e et beeesanbaeeesnnbeeesanbeeeannes 263

16.10. UART CharaCter FOIMMAL ........ooiii ettt e e ettt e e e e e et bttt e e e e e e e a e be et eeaeeeaamebeeeeaaaeesansnaseeeaeeesansnssseaeaeesannnnnneeens 264
16.10.1. UART Data Character FOrMAat SELNG........ccuvuiiieiii ittt e e e e e e e st r e e e e e s st a e e e e e e s e satbbaaeeaeeaaan 264
16.10.2. UART Parity Bit........cccceevevvreenne.

16.10.3. UART Idle-Line Format Setting
16.10.4. UART Break Condition FOrMat SELHNG .......cccuviiiiiiiieiiiiee ettt e e e st e e s e e e snn e e e s anneeeeaaee 265

16.11. UART FUNAAMENTAI CONLIOL....cciiiiiieiiiiie ittt ettt e sttt e e skttt e e sh b et e e ettt e e e sbe e e e anbb e e e ettt e e e anbeeeesrbbeeesanbeeenanee 266
16.11.1. UART CONrOl MOOE SEING. ... veieiiiiieiitiie ettt et e e et e e st et e e s e e e st e e e anbae e e snneeeaanneeenanee 266
16.11.2. UART OpPEeration MOOE SEEHNG .. .ceoueiiiiiiieeiiiiee ettt ettt e e sttt e e sttt e e s ssbe e e e s baeeeeabbeeesanbeeeesnbeeeaanbeeeaanes 266
L 0 O T 0 7Y = I - U 3 SRRSO 267
T U 7Y = I =T ot =Y = TSP PP PPN 268

16.12. UART DAta BUFFET ...eeeeiiiiiieiiiie ettt st e et e e sttt e e s st e e e et e e e st e e e sstee e e e steeeeamsaeeeanneeeeaseeeeeanseeaesrsaeaeansneneennes 269
16.12.1. UART Data BUfEr CONLIOL....cciiiiiiiiiiiiiiiiie ettt ettt et e e sttt e e e sttt e e sabb e e e et be e e s anbaeeesnbeeesanbeeeannes 270
16.12.2. UART Data Inverse .270
16.12.3. UART SHift BUFFEI ...ttt ettt et e e ekt e e e s abe e e e s abb e e e et b e e e s enbaeeesnnbeeeaanbeeeaanes 270
16.12.4. UART Data BUFfEr CIEAT......coiiiiiieiiiii ettt e e e e ettt et e e e e e s sa bbbt e eaae e e e nsbaeeeaaeeeaansnnneaaaaeaan 270

16.13. UART MUII-PTOCESSO .....iiiiuttieeiitiee ettt e sttee ettt e ettt e e s st e e e st b et e e aa bt e e e s ate e e e aR b e e e e aab bt e e e mbe e e e aabb e e e ettt e e e anbeeeesnbbeeesanbeeenanee 271
16.13.1. UART Multi-Processor OPEration MOGE ...........oeiiiieiiiiiiiie ittt e et e s e e e snn e e e s e e e e naee 271
16.13.2. UART Multi-Processor and MULE MOGE. .......ccuuuiiiiiiiiiiiiie ettt et ee ettt e sttt e e s nb e e st eessnbeeeesnbeeessnbeeeeanes 271
16.13.3. UART Multi-ProcesSSOr AQOIrESS SEIING ....ceeiiiriieiiiieeiiiee ettt s st et e e s bee e e snr e e e s snneeeennee 271
16.13.4. UART Multi-Processor Slave ADAreSs TraNSMIL ........cocuueieiiiire it iiieeessiiee ettt e e sbeeeesstbeeessbeeeesaeeeessnneeeenaes 272

16.14. UART Break Condition Transmit

16.15. UART Baud-Rate Control..........cccccoevuivieiieeinnnninnnen.

16.15.1. UART Baud-Rate Timer On/Off Control

16.15.2. UART Baud-Rate CaliDration .............oooiiiiiiiiiiiiieii ittt e e e ettt e e e e e st b b et e e e e e e s anennneeaaeeaaan
16.15.3. UART BR TimeOouUt SIgNal OULPUL........coiiuiiieiiiiteiiiie ettt et e e s e e e ettt e s et e e e snreeessnneeenaaes
16.15.4. UART Baud-Rate Setting EXAMPIES ......ccoouiiiiiiiiiiiiiiie ettt e ettt e e e e e et b e e e e e e s anbbnneeeaeeaaan

16.16. UART Data RECEIVE N0 SAMPIING ..eouviiiiiiieee ittt ettt e e et e e e s st e e s bt e e et b et e e anbe e e e snreeesanreeenane
16.16.1. UART Data SAmMPIING .. . .eeeeeiiieiiiiiiiiiie ettt e e e e sttt e e e e e e s bbb et e e e e e s s sbb b e et e e e e s e aabbbeeeeeeeeaanbbnneeeaeeanan

MG32-MO0 User Guide Page-10



megawin MG32-MO0 User Guide V4.6

16.16.2. UART RECEIVE NOISE CRATACIEL .....viiiiiiiiie ittt ettt e ettt e st et e e s bb e e e et b e e e anbe e e e sbbeeessnbeeeeanes 277
16.16.3. UART RECEIVE OVEISAMPIING ... ..eeiiiiiiiei ettt ee ettt et e e e e e et te et e e e e s e aatbe et eaaeaaaansbaeeeaaeeesansnnneeaaaaaan 278
16.16.4. UART Receive Bit TiMe ErTOr TOIEIANCE ......c.uiiiiiiiiiiiiiei ettt sttt e et e e s snbe e e e sbb e e e s sebeeeenaes 278
16.17. UART TMO TIMEOUL CONIOL ...ttt ettt e e oottt e e e e e ettt e e e e e e s aebeeeeeaeeeaamsbeeeeeae e e e asaaeeeeaeeeaasnssseeeaeesaannnnneeens 280
16.17.1. UART TMO Timeout Timer On/Off Control ... .281
16.17.2. UART Guard Time and TimMeOUt DEECLION .......c.coii it e ettt e e e e e e st e e e e e e e annnaeeeeaaeeean 281
16.17.3. UART AUtO CaliDration TIMEOUL.........iiiiiiiieiitiee ettt ettt e e sttt e e sbe e e e s bbe e e e st beeesanbeeeesnbeeeannbeeeeanes 282
16.17.4. UART Break Condition TIMEOUL........cooi i iiiiiiiiie ettt e e ettt e e e e e e et e e e e e e e aaatbeeeeeaeeaaansbeeeeaaeeesansnnneeaaaaaaan 283
16.17.5. UART TMO TimeoUt SIgNal OULPUL.......ccoiiiiiiiieee e ettt ee e e sttt e e e e et e e e e e e s e st b e e e e e e e e s ssatbaeeeeeesesasaaaaeeaeeaaan 283
16.18. UART EFTON IMBINAGEIMENT ....uiuiuiuitiiitiaitiaiaiaiaesiststsass s s 284
16.18.1. UART Break and Parity/Frame Error DEIECON ..........uvviiiiiei ittt e et e e e etaaae e e e e e 284
16.18.2. UART TX Error Detect and ReSENA CONLIOL.........coiiiiiiiiiiie ettt e e e e et e e e e e e e eeaaeeeeaeeaean 285
16.18.3. UART RX Parity Error Detect and Retry Control (for SmartCard) ..........ccvvevieeiiiiiiiiiiee e 286

16.19. UART Mute Mode Control
16.20. UART Synchronous Mode

16.20.1. UART Synchronous MOAE CONFIQUIE ........ceiiiiiiiiiiiiie ittt s st e e st e e s e e e snn e e e s anneeenanee 288
16.20.2. UART Synchronous MOGE TiMINQ . .....eeeeieiiiiiiiieee e e s iiiiiet e e e e s eeiaite et e e e e e seataa e s e e e e s asatbaeseaaesassasbaaseaaeessassaaseaaeeasan 288
16.20.3. UART Synchronous MOAE NSS CONTIOL......cccuuiiiiiiiiiiiiiie ettt e et e e s ebne e e snr e e e s snneeenaaee 290

16.21. UART SMartCard CIOCK OULPUL .......uuiiiiiie et ee e e ettt e e e e et e e e e e s et e e e e e e e s aabb b s e e e e e e s santbasseeaeeesansaabseeeeessansnnsaneeas 292
16.21.1. SmartCard Clock Frequency CalCUIRLION ...........coiieiiiiiiiieiie et et e e e e e e s eeeaaee 292
16.21.2. UART SmartCard Clock Output Setting EXaMPIES.........coiiieiiiiiiiiiiie et e e e e s e e e e e 293

16.22. UART IFDA CONLIOL. ...ttt ettt ettt sttt e et e st e h e ea bt e ea bt e e a bt e eh bt e o ab e e ea ke e Sa b e e oAbt e emb e e ea b e e et e e eab e e enbeeenbeeenbeennnes 294
16.22.1. UART IFDA TIMNG 1.ttt sttt ettt et e e bt e et e e b et e ket e b et et e e e bt e e sbe e e be e e nbeeenee s 294
16.22.2. UART IrDA Data Sampling . 296
16.22.3. UART IFDA BUSY FIAQ .. eteitiiiiiieitie ittt ettt et e e bttt e bt e e be e e bt nbeeenee s 296

16.23. UART DE CONMIOL. ...ttt ettt ettt ettt et e s st ea bt e s bt e e ab e e ah bt e o a b e e oh b e e eab e e eH ke e Sab e e ea bt e e ab e e ea bt e et e e s et e e embeennbeeenbeennnes 297

16.24. UART Hardware FIOW CONIOL........couiiiiiiiiieiiie ittt sttt s e e s e e re e e e 298
16.24.1. UART Connection for Hardware FIOW CONIOl ...........uuiiiiiiiei et e e e e e e eeeae e 298
16.24.2. UART CTS Hardware FIOW CONIOL..........ciiiuiiiiiiiiieiiie ettt ettt nee s 298
16.24.3. UART RTS Hardware FIOW CONIOL........ooi ittt ettt e e e e ettt e e e e e e ettt e e e e e e e s annnnneeeaeaaean 299
16.24.4. UART SOftware FIOW CONLIOL .........oiiiiiiiiiiiie ittt ettt b ettt e et nbe et eenee s 300

16.25. UART Receive Hardware Hold and Capture CONIOl ..........ceiiiiiiiiiiiiieiiece e 300

16.26. UART DIMA OPEIALION .. .eiiiiuttieeiittiee ettt e stteee s stteeeasbeeeessteeeaasbeeeaaatbeeesateeeeasbeeeeaatbeeeaambeeeeambbeeeabbeeeeanbeeeesrbeeeeansteeesanee 301
16.26.1. DMA Module Configure .301
16.26.2. UART DIMA CONIIOL. ..ottt ettt ettt e e e e b e e e b et e ket e bt e e nbn e e be e e nbeeenee s 301
16.26.3. UART Interrupt Flag Control duriNg DMA..... ..ottt e e e s e e 302

17. SPI (Serial Peripheral INTEITACE). ... ..ui i ittt e e et e e e e e e s bbb e e e e e e e e e snnbeeeeeaaens 303

0 O 1o o o [T i o o TSP PR P 303

L7.2. FRAIUIES .....eeiiiitiie ettt ettt okt e e et e o bt e oo e b e e e e R e e e R Rt e R e e e e b e e e a e e e E e e e b e et e e s e e e e st e s e 303

B T 4 g o] =T o g =T o1 = (T o IO PPPRPPPPPPRP 304
RS I @ o 1 o N [ ] o] (=T 4 T= 01 7= Lo ] o TSP PPOTPRRN 304
17.3.2. Module's Functions

17.4. Control Block...................

S T 1 I = ST PE PR
T [ B ST o [ = 1 OO PTPT R UORPPPPRRTN
T (@ O o o U T T PP TP PP PPPPPPPPRPN

ST =Yoo o] 1o =T o To I @4 (o T QPP UPT PP
O TS o I ] o] o T= T =t =T o L= SRRSO UTPPPRR
17.6.2. SPI CIOCK CONLIOL.......ciiieiiiiititei ettt e ettt e e 4ok bttt e e e e e ek bbb e et e e e e e e snb bbbt e e e e e e anbbb e e e e e e e e aanbbnneeeaeeenan

MG32-MO0 User Guide Page-11



megawin MG32-MO0 User Guide V4.6

O R 101 =T g o A= TaTo I =T o | TSP PR 308
17.7.1. SPI Interrupt CONLrol AN SEALUS .........eeiiiiiieiii ittt e ettt e e e e e e et te et e e e e e aaaebeeeeaaeaaaansbaeeeaaeeeaansnnneeaaaaaan 308
i S o I T (= (U o1 =T £ PR PT SO RTPPPPR 308

R Y o I Y [ To [N [ (@ I @] o | TP PR P 310
17.8.1. SPI 10 Control . 310
S 2 I @ 1Yo T [ SRS 311
R TR TS = I o To] o J 27 Tod [ V.o Lo = PR PTPPPPPRR 311

17.9. SPI CoNNECHiON fOr APPICALION ... .iiieiiiii ittt et e e e e et e e s st e e sa b e e e s b b e e e e anne e e e s nneeesanneeenane 312
17.9.1. Full DUPIEX COMMUNICALION ....eiiiiiiiiiiiiet e e e ee ettt e e e e e sttt e e e e e e s et e e e e e e e sasataaeseeeeeaasntbaeeeeeesassasbaeseaeeeesansaaaeeeaeeanan 312
17.9.2. SIMPIEX COMMUINICATION ......tieiiiie ettt ee e e ettt e e e e ettt et e e e e e s e saeeeeeeea e e e saeeeeeaaaeaaasntbseeeaaeaaaansbseeeaaeeeaanssnneeaaaaanan 312
17.9.3. Half DUPIEX COMMIUNICALION. .. ..ciiiiiiiiiiei e e ee et e e et e e e e e e et e e e e e e e e ab e e e e eeeeeaaatba et eeeeeassasbaaseaeeeesasaaaeeeaeeaaan 313
17.9.4. MUlti-SIaVve COMIMUIMICALION ......iiiiiiiiiiieiiee ettt e e e e ettt et e e e e e e e eaeeeeeee e e e e s aeeeeeaaaeaaasnsbseeeaaeeaansbseeeaaeeeaansnnneeaaeaean 314
17.9.5. TWO MaSter COMMUNICALION ...ceeittiieiiiiieiitiee e ittt ettt e et e e e kbt e s sabe e e e sab bt e e e bbe e e s aabeeeesnbeeeeebbeeesanbaeeesnnbeeeannbeeeeanes 315

17.10. SPIFUNAAMENTAI CONLIOL.......eeiiieiiiieiei ittt e e e e oottt e e e e e e a b et e eeae e e e amtbeeeeeaaee s e saaneeeaeaesannsbseeeaeesannnnnneeens 316
17.10.1. SPI Clock .316
0 0 T2 S o i I =V g = 0 SRRSO 317
L17.10.3. SPIRECEIVE ..cceiuitiie ittt ettt ettt e ettt e oo bttt e ek bt e e at et e e sab bt e e et bt e e e anbe e e e aabb e e e et b e e e e enbee e e nnbeeeeanbreeeane 317
17.10.4. SPIFUNAAMENTAI TIMING....eetiiiiiieiiiiie ittt e s e e st e e e st et e e san e e e e e s e e e e anbn e e e snneeesanneeennnee 318
17.10.5. SPI High SPeEd OPEIAtiON......ccciiuiiiiiiiee i ei ettt e e e ettt e e e e e e ettt e e e e e e et e et e e e e s asatbaeteeeeaassasbaeseaeeeesasaaaeeeaeeaaan 319
17.10.6. SPIDTR MOGE .....cciiiiiiieitiiee ittt e eeeeeesetteaeastteeesssteeeessaaeeeaasteeeaanseeeeassseaeasseeeeansseeeansseeeeasseeeeansaneesnsenesnnseeeennes 322
L17.00.7. SPINSS MOUE .....ceiiiiiiiiiitiee ittt ettt ettt e ettt e e s bt e e ek bt e e aat et e e sab b e e e et bt e e e ambe e e e sabbeeeebbeeeeanbeeeesnnbeeeennbeeeennes 323

A N Y I B = - T = U 1= TP PR PR 325
17.11.1. SPI Data BUFfer CONIOL.......ccoiiiiiiiiiie ettt et e e ettt e e s bt e e e st b e e s enbaeeesbbeeesnnbeeeennes 325
17.11.2. SPI Data Frame . 326
17.11.3. SPI Transmitted Data FramE SIZE .......cccuiiiiiiiiiiiiiie ettt et s et e e bt e e e st e e s snbaeeesbbeeessnbeeeeanes 326
17.11.4. SPI Received Data FIamMe SIZE ........coiiiiiiiiiiiiiie ettt e e e e ettt e e e e e e et be et e e e e e e s nsbaeeeaaeeeaansnnneeaaaeaan 327
17.11.5. SPI Data BUfEr CIEATI. ... eeiieiiiiie ettt ettt e bt e e et e e e e at et e e sabb e e e et be e e s anbeeeesnbbeeesanbeeeenne

Y o I B = T 1Y (o o [ TSP RR SRR
17.12.1. SPIDAtA MOUE — SPl ...ttt ettt e e s bt e e b bt e e e ate e e e aabb e e e et b e e e s anbeeeesbbeeeennbeeeeaae
17.12.2. SPIDAta MOUE — SPI-L.....eeiieiiiiie ittt e e st e e st e e et e e e aste e e e ssatea e et teeeeansaeeeansaeeeeasseeeeansaneesnseneannseeenane
17.12.3. SPIDAtA MOUE — SPI-2.... ettt et e e s bt e e et bt e e aabe e e e sabb e e e et b eeeeanbeeeesbaeeeeanbeeeeaae
17.12.4. SPI Data Mode — SPI-2C
17.12.5. SPIDAtA MOUE — SPI-4 ...ttt ettt e s bt e e et bt e e e e abe e e e sabb e e e et b e e e s anbeeeesnbeeeannbeeeeane

17.12.6. SPI Data Mode — SPI-4C
17.12.7. SPI Data Mode — SPI-4D
17.12.8. SPIDAIA MOAE — SPI-8......uiiiiiiiiiie ittt b et e e bttt e e bt e e be e e b et e ke e ettt e abeeebe e e nbeeenee s
17.13. SPI SUPPOTEd SErAl FIASH . ....ccoiiiiiiii et e ettt e sttt e e s bt e e et b e e e enbe e e e s bbeeeanraeeeeane
17.14. SPIRECEIVE OVEITUN ....ueeiiiiteiee ittt e ettt ettt e st e e ettt e e st e e as st a2 aa s et e e 2Rt et a4 1h R et e e ek et e e e s be e e e aaRn e e e e s b e e e e anne e e e asnneeesasneeennn
17.15. SPITIANSIMIE EFTOF ...ttt et e et h e e e bt e ee bt e e et e e sh e e e bt e e e b e e e e bt e e a b e e et e e e e b e e et e e s s bt e e e e e b e e enneenanes
17.16. SPI Master MOAe ChanQe DELECT ........uuiiiiiiiee ittt ettt e s e e e et e e s st e e s e e e st et e e aane e e e nnneeesanneeennne
L17.17. SPI DIMA OPEIALION. ..cccuttteeiutteeeatteeeeateeeesteeeesatbeeeaaabateesseeeeaasbeeaaaateeeesateeeessbeeeeaasbeeeaambeeeeambeeeeabbeeeeanbeeeeanbaeeesasbeeenanee
17.17.1. DMA MOAUIE CONFIQUIE ......eeieiiiiie ittt ettt e e et e e et et e e s et e et e e e anbn e e e snn e e e s anneeenaae
17.17.2. SPI DMA Control
17.17.3. SPI Interrupt Flag Control during DMA

RS Yoo g (1T o L= = I T2 =T ) TP UTP TP
B T ) (oo [V Tox o] o EO OO PP PPP PP PPPPPPPPPO
L8.2. FRALUIES ...ttt e et e oo e s e b e e e e e e e e e e e e eE e e e e a e e e e e s a e e e e e
BT T 0 ] o] =T o g =T o1 v= (o] I TP P PP PP PPPPPPPPPPPPOE

18.3.1. Chip IMPIEMENTALION ...ttt e ettt e e e e ok b e bttt e e e e e e s bbb e et e e e e e e sab b b et e e e e e e aabbb e e e e e e e e aanbbnneeaaeeaan

MG32-MO0 User Guide Page-12



megawin MG32-MO0 User Guide V4.6

18.3.2. MOAUIES' FUNCHIONS ...ttt ettt et e b s b et e b e s e b e e e bt s e nbe e e nbe e e nbeeenee s 340
SR S O] 11 7o =] (o) PP SPERT P 341
L8.5. 1O LIMES ..ttt ettt h et e a e h e R e h e eR e eh e e e e R e e R R e e R b e e e bt e e e b et e e re e 344

RS RN I [@ J S o = TP 344

18.5.2. 10 Configure .344
BRI =1 P o] [T To =T To I o Tox GO PPP PP PPPRP 345

18.6.1. TIMEI ENADIE.........eoiiiiiii ittt ettt ettt e bt et et et et e b et e bt e e e be e e bt e nbeeenee s 345

18.6.2. TIMEr ProCeSS ClOCK CONIION ....ccciiieiieiiie ettt oottt e e e e e ettt e e e e e e natbe et eaaeaaansbaeeeaaeeeaansnnneaeaaeaan 345

18.6.3. Timer Module CIOCK and TrQQEN SOUICE...........uuuiieeeeeiiiiiietee e e e e eeere e e e e e e et e e e e e e s e et b aeeeeaesasstbaeseeeeeesstsaaeeaaeeanan 345
S 1o =T g o A= TaTo I =T o | TSR PR RS 347

S 0 1 1= T W oo F= L (= Y= o | PSPPSR 347

18.7.2. Timer INterrupt CONLIOl @NA STATUS ........oviiiriieeiiiie ettt e st e et e e e s b e e e s as e e s snb e e e e snreeesanneeenanee 347

18.7.3. TIMET INEITUPL FIAGS ... o ittt e et e e e e e e e e e e e e e e e b ea e et eaeeeaaatbbaeeeeeeassasbaaseaaeeesansaaaseaaeeasan
SRS T 0 4 T= T @ o 1= - 11T o TSP PR PP

18.8.1. Timer Operation Mode.................

18.8.2. Timer and Counter Control

18.8.3. Timer Operation Mode and Control Validation .............ccouiiiiii it e e e e e e e 351

18.8.4. REPELIION COUNTET ....cciuitiiiiiteiee ittt ei et e st e e ekt e e sttt e st e e ekt e e e st et e e sas et e e e s Re e e e sb et e e n s e e e e e s b e e e e anbeeeesnnneeeannneeeanane 352
18.9. Timer Trigger CONIOI BIOCK .......ciii ittt e e e e e e e e e e e s et e e e e e e e s e tbb et e e eeeesansaabaeeeeeseansnasaeeeas 353

18.9.1. TIMer TrQGQEr INPUL EVENTS......oi ittt e e oottt e e e e e e et e et eaa e e e nntbe et eaaeaeansbseeeaaeeeaansnnneaeaaeaan 353

18.9.2. TImer Trigger OULPUL EVENLS .. ..ccciiiiiiiii et e et e e e e et e e e e e e s e s at b e et e e e e s e ssasbbeeeaaeeesasaaareaaeeanan 354
18.10. Timer INPUL/OULPUL CRANNEIS ... .iiieiiii ettt e e e e st e e ettt e s s et e e sa b e e e s s e e e e annn e e e ssnneeesanneeenane 355

18.10.1. TM3x Timer Input/Output Channels BIOCK ...........cooiiiiiiiiiiic e a e 355

18.10.2. TM2x Timer Input/Output Channels Block .... . 356

18.10.3. Timer INPut ChanNEl CONLIOL........coiiiiiiiiiee ettt e e et e e e s aee e e e sabb e e e e bt eesenbeeeesnbeeeaanbeeeennes 356

18.10.4. TIMET ClOCK OULPUL .....eiiiitieeeiitit e ettt e st e ettt e et e e et e e e st e e san et e e e s ne e e e st et e e s ann e e e e s re e e e ansn e e e snneeeannneeennan 357
18.11. Timer Capture and COMPATE BIOCK ..........iiuiiiiiiiiie ettt e ettt e e s st e e e e ssbe e e e abb e e e anbeeeesrbbeeesanbeeeeane 359

18.11.1. Timer ChAnNEl IMOUE. .......eeeeiiieieiiet ettt e e e ettt et e e e e e e s aet e et e e e e e e sntbe et eaaeeeansbbeeeaaeeeaansnnneeaaaaaan 359

18.11.2. Software Input Capture and Output Compare GENETALION ........cccuuiiiiiiiee e riiee e seee et e e e sareeessrbeeeeaaes 359

18.11.3. Timer Capture and Compare RegiSter CONIIOL...........ciiuiiiiiiiiie et 359
T2 12 T [ o0 O T o U (= PRSP RPPPPRE 360

18.12.1. Capture Data and EAQe SEIECHON..........cuuiieiiiie e e et e e st e e e s e e e s anreeenaaee 360

18.12.2. CaptUre DAIA OVEITUN ... ..utiiiiee ettt e e e ettt e e e e ettt e e e e s bbbt ettt e e e aaa s s bbbttt e e e e e sn bbb et e e e e e e anbbb e et e e e e e aanbnneeeeaeeenan 360

18.12.3. Capture Control and Status . 361

18.12.4. DULY CAPIUIE CONIOl ...iiiiiiiieiiiiie ettt ettt e et bt e ettt e e s ab et e e et bt e e e aate e e e snbb e e e et beeesanbaeeesnnaeeesnnbeeeannes 365
18.13. Timer Output COMPAre ANG PWIM ........ooiiiiiiiie ittt et e e et e e et e e s e e e st e e e aane e e e snneeesanneeenane 367

18.13.1. COMPAre REIOAU REGISET .....ciitiiiiiiiie ittt ettt ettt e e bt e e et bt e e e aabe e e e sabb e e e st beeesanbeeeesbbeeesanbeeeeanes 367

18.13.2. COMPAre OULPUL STALE ......oeeiieiiiiiiiieii et e e e e e e e e e s e et e e e e e e s e e e e e e e e e s e e e e e e e e snsnnneeeeeeenan 367

18.13.3. 16-Dit COMPArE/PWM IMOUE........ciiiiiiiiiiiiie ettt et e ettt e e s bt e e et bt e e e aabe e e e aabbeeeabbeeeeanbaeeesnnbeeeaanbeeeannes 367

18.13.4. Two 8-bit COMPAIrE/PWIM MOUE ........eeiiiiiiieiiiee ettt ettt e st e e s e e s b e e s b ee e e snr e e e s snneeeeaaee 368

18.13.5. Output Compare/PWM CoNtrol aNd STALUS .......ccoiiueiiiiiiiieiiiiee ettt et e e s stbeeessnbee e e snaeeessrbeeeenaes 368

18.13.6. Timer Output Compare and PWM TiMINQG .....c.vvriiieieiiiiee et e e st e e s snne e e snreeessnneeesnaee 369

18.13.7. PWM Dead-Time Control .373
18.14. Timer OULPUL CONIOI BIOCK .......couiiiiiiiii ittt e et e e s e e et e e et e e e s nn e e e s anneeeeane 374

18.14.1. TM2x Timer OUutPUt CONLIOI BIOCK .......cccoiiiiiiiiiiiee ettt e e e e e e e e e e ne e e e e e e ean 374

18.14.2. TM3X Timer Output CONIOl BIOCK ............uiiiiiiiieeei et e e e e e 375

18.14.3. Timer Output Enable Preload CONMIOl ............ueiiiiiiiiiie et e e e e e e ee e e e e 376
18.15. Timer Break CONTIOl BIOCK .........coiiiiiiiiiiie ettt e e e e e sttt e e e e e ettt e e e e e e s ne bt et e e ae e e s e saabeeeaeeesasnsbeeeeaeesannnnnneeens 377

18.15.1. Break Enable and EVENT SOUICES .......cccooiiuiiiiiiiiaee ittt e e e e e e bbbt e e e e e e st b be e e e e e e e s anbbneeeeaeaanan 377

MG32-MO0 User Guide Page-13



megawin MG32-MO0 User Guide V4.6

18.15.2. Break CONLIOI IMOGE .....ccoiiiiieiiiie ettt ettt ekttt e e s bt e e ekt e e e st et e oo abb e e e e bbb e e e anba e e e sbbeeeenbbeeeeanes 377
RS G T @ T = @0 o1 o) N =] o Tod S 379
S0 T @ ] = I @] a1 (o] 1Y, [ Lo = PRSPPI 379
18.16.2. QEIINPUL SIGNAIS ..ottt ettt et e e e oottt et e e e e e e s bt beeeeaa e e e e nsbeeeeeaeaaansbbeeeaaeeeaansnnneeaaaaaan 380
18.16.3. QEI CONLIOl MOUE 1, 2 ...uiiiiiiiieeeiiiiiiet e e e ettt e e e e e ettt e e e e e e s ettt et e e e e s e satbaetaaeeaaasstbseseaeeeassasbbeseaaeeesanssaaaeaaeaenan 380
18.16.4. QEI CONIOl MOUE 3, 4, 5 ..eeiieiiiiiieeeiite e stite e ettt e e st e e s taee e e tbeeeaasteeeesssaeeeasteeeaansaeeeansaeaeeasseeeeansaeeesneeneannseeeennes 381
18.17. Timer DIMA OPEIALION .......uiviriiiieeiiiiiiteee e e e e e e ettt e e e e e s et a et eeeeaeaiatbeseeaeeeasaatbaseeeeeessaasbseseaeeeesasaasseeeeeesanssstsaeeeessansnssaneens 382
18.17.1. DMA MOAUIE CONFIQUIE ......eeiiieieiieitiii ettt e e e e e e ettt e e e e e e e s aeeeeeeaaeaaanntteeeeaaeaeansbseeeaaeeeaansnnneaaaeaaan 382

S T A 114 1= g 1Y N @0 L1 (| PP PPTPRIN 382
18.17.3. Timer Interrupt Flag Control dUuriNg DIMA ........oiii ittt e e e e e s e e aae 383

19. IWDT (Independent WatChDOG TIMEI) ... .ttt e e e e e et b bt et e e e e e st b be e e e e e e e e annbeeeeeaaeas 384
0 O 1o o o [T i o o TSR 384
F19.2. FRALUIES .....eeeeeieei ittt ettt oo oottt oo 4ottt e e e 444 a et b ettt e e 424 a et e et e 444444 R e R e e £ e e 44 o4 AR e e e et e oo 4o e R R R e e e et e e e na b nnn e e e e e e e e e nnnnreeeas 384
S JC T @] 1170 =] (o o) TP PR SRR 384
R S o o o] g T = T aTo I @4 (o To 2O PUPRPPP 385
IS I O LYY 1 (o oY= T = g - o RSSO 385
19.4.2. IWDT CIOCK CONIOI ...iiiiiiiiiiee ettt ettt ettt e ettt e e s ab e e et bt e e e mbe e e e sabb e e e et beeeeanbeeeesnnbeeeennbeeeaanes 385
ST o1 =T g o A= Vo Lo [ YT o | TSR RR P 385
19.5.1. IWDT Interrupt CoNtrol QN0 STALUS ........cviiiiiiiiiiiiiee et e e e e e e e e e e st e e e e e e s aaat b b et e eeesassatbaeseeaesesassraeeeaeeasan 385
19.5.2. IWDT INEITUPE FLAGS ...ttt ee ettt e ettt e e ettt et e e e e e ekttt et e e e e e e s s ebeeeaaaeeaannsbe et eaaeaeansbaeeeaaeeeaansnnneeaaaaaan 385
19.6. REQISTEr PrOtECt @NU LOCK ... .uuiiiiiieiiiiiitiii ettt e e e et e e e e e e st e e e e e e e e s e tbeaeeeeee e s e saaeeeeeeeesansaabaeeeeessansnnnaeeeas 386
19.7. IWDT FUNCHON CONIOL ...ttt ettt et e e e e ettt e e e e e e e a e teeeeeaeeeaamsee et eeaaee e e saaeeeeaeeesasnssseaaaeesannnnneeens 386
e T B LY B 0 =T @0 L o TSP PP PRI 386
19.7.2. OPEIALION iN STOP ....eiiiieii ittt ettt e st e e ek et e e st et e e aa b et e e et e e e e abe e e e sann e e e e s b e e e s annneeesnreeeaannreennan 387
19.7.3. WAKEUP FrOM STOP ...ttt ettt ettt bt e ettt e e sab bt e e et bt e e mte e e e aabb e e e et bt e e e anbeeeesnnbeeeeanbeeeennes 387
19.7.4. IWDT EVENE TIMNG ...eeiiteiiiiteie ettt e sttt e st e e st e e et e e e st et e e san et e a4 s Rt e e e sbe e e e s anne e e e s be e e e anbeeeesnneeeeanneeennan 387

20. WWDT (WIiNdoW WatChDOG TIMEE) ...ttt ettt e e e e e b et e e e e e e s s a bt et e e e e e e e e s nbabeeeeeaeeeaannnreees 388
{0 I | 1 To 11 X o] o T TR PURRPN 388
I - LT £ TP TP P POPPPPPTPPIN 388
b4 I T 0o o1 o] I =1 (o o] G TR PPURTPRN 388
{0 I S =t =Yl [T o =T aTo I @4 (o o) QR ST PO PPPRRPRRIN 389
20.4.1. WWDT GIODAI ENADIE .......ciiiiiiiieiiiiee ettt e e e e st e e e st e e e et e e e ss b e e e ansaeeeesnseeeeasseeeeannteeeeansaeeesnneneenn 389
20.4.2. WWDT CIOCK CONIOl ...ttt ittt ettt ettt e ekttt e e e s bt e e s bttt e e ab b e e e e amtb e e e e nbe e e e anbeeeeanbbeeesnteeeennneeeean 389
Ao T (01 (=T (0] o1 A= T ol V=T o | OO PUP PP PRI 389
20.5.1. WWDT Interrupt CONLrol @A STALUS .......ueieiiiiiieiiiiiee ettt e st et e ettt e e sttt e e s aste e e e ssbe e e e abbeeessnbeeeesnbeeeean 389
20.5.2. WWDT INEEITUDPL FIAOS ...ttt ettt ettt et e ekt e e ettt e s sn et e e as et e e ettt e e nnn e e e nnnneee s 389
20.6. WWWDT REGISIEI PrOLECE ......ciiiiiiiii e e ettt ettt e e e e ettt e e e e et tb it e e e e e e e e s e tbaaeeeeeeeeaasaasaeeeeeeeaasssareseeeesaasssbnseaeeseannsres 390
20.7. WWDT FUNCHON CONIOI ..t ee ettt oottt e e e e e ettt et e e e e e s tb et e eeaeeeaameaeseeeaeeeaansneteeeeeeeeannnsaseeeaaeaaannsssneeaaeaaannnens 390
20.7. 1. WWDT TIMEE CONLIOL. .. uttiieiiiieee ettt ettt ettt ettt ettt e e s bt e e bttt e e aabe e e e s bt e e e e ah bt e e e ambe e e e e abeeeeasbeeeeanbbeeesnbeeeesnneeeean 390
20.7.2. WWDT MOAUIE RESEL CONIOL......ceiiiiiiiiiiiiieee ettt e e e e ettt e e e e e e s et et e eeaeeeaansbeeeaaaeaeaansnbneeaeaeesaannnneeeens 390
20.7.3. WWDT WINAOW THMHNQ ..teeeiiiiiiiiit e e ettt e e e e e e ettt e e e e e e et e e e e e e s e ssataeeeeeeeeasatbaesaeeeesssassasseaaeaesansaasseeeeessansnnnneeeas 391

P o g MO (T= T | I T L= O Lo o ) PO 392
30 | 1 To [F Tod o] o I TR PP TT R OPOPPPPPTPPIN 392
DA A - 111 | (=1 T U TP TP TP TP TRPPPP 392
b3 B o] o1 (o] I =1 (o o) QPO T O POPPPPPTPPIN 392
22 O S 1@ B Y OSSR 393
P2 T o O (@ IS o o ST PP UUTP PP 393
P (@ I ©fo 1o [V S SO OP PP PUPPP PRI 393
b4 ST =1 g F= Vo] [T To =T To @4 (o o) QTP PP POPPPPPTPPIN 393

MG32-MO User Guide Page-14



megawin MG32-MO0 User Guide V4.6

21.5.1. RTC GIOD@I ENADIE ..ottt h e bbbt e e ekttt e e ab et e e asbb e e e eabb e e e e nbeeeesnbaeeean
P R T = O O (o ol S O o o o] IR
b3 G ) (=T8T o 1= a Lo I V=T o | TSRO PPUPRIN
21.6.1. RTC Interrupt Control and Status
21.6.2. RTC Interrupt Flags
P T T = 3 N O O (o o3 Q] = L (1 TR RRR
b3 R = =T 1Y (=T o (o (=T o o= g (o I I Tod USRS POPPPRTPRIN
21.8. RTC FUNCLON COMNIIOL.....eiiiiiiiiiiieii ettt e e e oottt e e e e e ottt et e e e e e e tbeeeeeaeeeaamsaeeeeeaeaeeasaeeeeeeaeeaannseseeeaaeeaannsbaneeaaeaaannnens
P2 0 T O = O A = g1 PSR SUPPT TP
P R T = O 1 g L= TS = 2 ] o IR
21.8.3. RTC Timer Capture and REIOAM ...........c.uuuiiiiiiii ettt e e e e e e e e e et e e e e e e s st abar e e e e e s s aeanaaeeeas
2108 T S = O o1 OSSR
21.8.5. OPEIAtION IN STOP ... ..uiiiiiie ittt e e e e e ettt e e e e s et eeeeee e s e s ataeeeeaeesasatbaeseeeeesaaasbbaseeaeeesasassseeeeeesanssreeeeeas
21.8.6. WAKEUP FrOM STOP ...ttt ettt e h e e et e e e b et e e ek et e e e b et e e e sn et e e asne e e e abne e e nnrneeennnneeeas
22. ADC (ANAlOQ-tO-Digital CONVEITEI) ....eiiiiiiiiiiiiteeiie ettt ettt e e e e e e bttt e e e e e e e aa bt e e e e e e e e e e e anbabeeeeeaeeeaannnbnees
b4 W | 1 To 11 i o] o T TR PUURRPRN
A - LU £ TP TP POPPPPPPPPIN
b T | 1o =109 1T o L v= Vo o DT PPURTPRN
PG T B O o 1T o B ] o1 (=T aaT=T a1 v= i [o] o PP UUR P
P T Y, (o To [N]SR U g o 1T LR EUR S
P o a1 o =] [ Tod G ORI
DS T (O B N 1= TR PUURTPRN
P T O (@ IR o o = OO URR RSP
22.5.2. 10 Configure
P T = 1N ] = 14 o I 1 o T - ORI
P ST N AN B T O =0 V=T G @ o] o (o IR EUR S
P I N L O 1 (o o1 @o 11 1 (o PSPPI
P R (01 (= (] o= T (o V=T o | PO PPPRP PRI
22.7.1. ADC INtErrupt @nd RESEE EVENT.......uiiiiiiiii ittt ettt e et e a et e sttt e e e eate e e snbe e e e asbe e e e anbbeeesanbeeeesnbeeeean
22.7.2. ADC INTEITUPE FIBGS ..reeeeeieieeiieee ettt ettt et e e ettt e et e e ek et e e e s et e e e mn et e e asne e e e abr et e nnrn e e e nnnreeeas
P T D O @ o 1T - 1 o] [ O OUPPPTPI
22.8.1. Single-End and DIfferentiall MOGE ...........ooiiiiiiieiiee et e e e et e s e e e nnnee s 405
22.8.2. ADC INPUL CRANNEIS ..ottt ettt h bt e e ettt e e s bttt e e eh b et e e anbb e e e e abe e e e anbeeeeanbbeeesnbeeeesnbeeeean 405
22.8.3. Input Dynamic Voltage Range and Code Range
P B N B L O e 4 1Y/ =T (=1 o o PSPPSRI 408
22.8.5. ADC PGA CONLIOI ...ttt ettt etttk a ekt e s he e e ek et ek et e e b bt e he e oo b st e b b e e she e e b b e e sbb e e abe e e nbeeenbneeabneennne s 409
R N A AN B O O 111 o] =i o] o PSP STPPT I 410
22.8.7. ADC OpPEration iN SLEEP .......ooiiiiiiiii ettt et e e et e s et e e n et e e e e s e s 410
22.9. ADC CONVEISION SEOUEIICE ......eveieiiiieeeiuitteesteeeesatteeesasttteesasteeeaasbeeeaatteeessbeeeaasbeeeeaatbeeesanbeeeeasbseeeaabbeeesanseeeesnbbeeeansbeeenns 411
22.9.1. ADC Conversion Configuration and SEQUENCE .........cccuuiiiiiiiie ittt e e s 411
22.9.2. ADC CONVEISION HOI ... ittt ettt e e et e e e bttt e e e b b et e e aabb e e e abe e e e anbe e e e anbbeeesnbeeeesnbeeeean
22.9.3. ADC Conversion Overrun
22.10. ADC Conversion Mode

22.10.1. One Shot and CONtINUOUS CONVEISION .......eiiiiiuitieeeeeeeiieteeteeeeeaaatteeeaaessassatbeetaaaeasaasssaeesaeaesaassssseeaeessaanssseeens 412
22.10.2. ChanneEl SCAN CONVEISION ......cttiiiiiiiiiteieee e ettt e e e e et ae ettt e e e e e ate e et e e e e e s s st b e et e e e e e s anbbe et e e eeeeaanbbbbeeeeeeeaannnnneeeas 414
P2 (O T S o= W Mo To] o J @0 01V /=T {10 ] o TR O TP PP PR PPPPP PPN 415
22.10.4. INPUL ChANNEl CRANGE ... ...t ettt e e oo ettt e e e e e s a bbb et e e e e e e e abbb e e e e e e e e aanbbbb e e e e e e e e annnnneeeas 415
22.10.5. ADC CONVEISION FIOW.........ieiiiiiiie ettt e ettt e e e e ettt e e e e e e sat b et e e e e e e e ansbeeeeaaeeeaanssaseeaeeeeaannnsnneeens 416
22.11. ADC OULPUL CONLIOL .....eiiieiiiiiiie ettt oottt e e e ookttt e e a4 o sk bbbttt e e e e e e bbbt e et e e e e e e nnbb b et e e e e eaannbbnneeeeeeaannres 417

MG32-MO0 User Guide Page-15



megawin MG32-MO0 User Guide V4.6

P O B B I o 1 v= @ {1 Yo 18 1] (= PP URR O 417
P ST [ 01 To M @0 Lo [l @] V=T 4 1= PP RUT 418
22.11.3. Resolution and Data AlIGNMENT...........uiiiiiie ettt e e e e e e e e e e e s stb e e e e e e e e sssbaaeeaaeaessssaaseeaeeesaasnrareeeas 419
P R S A\ B LG B -\ - o =T ] (= PP UUT 419
22.11.5. Voltage Window Detect .420

P o L ST @ 101 011 | A @ o [N 1N 4 3 R RRR 421
A N D O B - 1 r= IS U o R TP PP P POPPPPPPPPIN 422
22.12.1. ADC Data SUM ACCUMUIBLE ......ceeiei it ee ettt e e e e e ettt e e e e e e s atbe et eeaeaeaansbeeeeaaeaeaansnsseeaaeeeaaannnnneeeas 422
22.12.2. ADC DAta SUM REQISIET .. ..uiiiiiiee i ittt e e ettt e e e e e ettt e e e e e e s atb e et eeeeesssatbaaeeeaeeessasaaaaeeeeeesansannaeeeas 423
22.12.3. ADC DAta SUM OVEITUN .. .ceieiei e e et et et et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaaaaaaaaaaaaaas 423
22.12.4. ADC Conversion Timing Of Data SUM .........cciiiiuiiiiiie e e et e e e e st r e e e e e s s st e e e e e e e s starrreeeeeeseaasaaeeeas 424
22.13. ADC Wat @0 AULO-OFF ...ttt bttt b ettt b e be e e bt e e s ket e b et e ek bt e eh b e e e b b e e aab e e ebb e e aabeeebbeenabeearbeennnee e 426
22,04, TEMPEIAIUIE SENSON ..iiiii it it i i et ettt ettt ettt ettt et e et et et et e e et et et et et et e e et e et e et et et e e e e e e e e e e e e e e e e eeaaeeeeaeaeeeeeaaaeaeaaaaaaeaaaaaanaeananaes 428
22.15. ADC DIMA OPEIALION .....ceeeeiiiititeeteaeeeaaetieetea e e e e e ataeeeeaaeaaaaatteeeaeaeaeaantaeeeaeaeaeaansaeseaeaaeesaasnsseeeeaaesaannseseeeaaeaaanssnneeaaeeaannsens 429
22.15.1. DMA Module Configure .429
22.15.2. ADC DIMA CONLIOL ...ttt ettt ettt ettt ettt ettt h bt e s he e e sk et e ahe e e sk bt e abe e e ob s e e be e e e be e e abb e e nbbeeabe e e abbeenbneenbneenneas 429
22.15.3. ADC Interrupt Flag Control during DMA ...ttt e e e e e e e e e e e e e s et bbb e e e e e e s eearaaeeeas 429
A T AN B L O Y o] o] [ ToF=Y i o] o W O | (ol U | TP PPRRTRRN 431
23. CMP (ANBIOG COMPAIALOT) ..eeiiieiiiiiiiieiieaae e e ettt et eeeae e e s e bebe e e e e e e e e s abebeeeeaeeaaaaasbeseeeeeeasaanbbeeeeeeaeaaaanssbeaeeaaeseaaanrnnnees 433
b2 T I | 1 To 11 X o] o [T PURRPRIN 433
A B - LT (=T O TP P PP POPPPPPPPPIN 433
p22C T T | o] 1= 09 T<T o 1 v= Voo DU PURRRRRIN 434
P2 TG T I O 1T o T ] o1 (=T a0 T=T a1 v= i [0 o PP UURRP 434
23.3.2. Modules' Functions .434
b2 S o a1 7o = [ Tod G ORI 435
P2 TS T (@ B 4 T TSRO PR PP RUPRPN 436
P22 T8 I (@ IR o 4 = PP UUR PP 436
23.5.2. 10 CONTIGUI......eeeeeiitie ettt e et e ettt e e bt e e oo h bt e e aa e et e e s et e e as R et e e e R et e e e nR et e e anRn e e e e R e e e e e e e e nree s 436

P2 N ST = 1] = 14 o I 1 o T - O OTPPPTPI 436
23.6.1. CIMP POWET COMNIIO ....eeiiiiei ittt ee ettt ettt e e e e oo ekttt et e e e e e s aae b e et e e e e e e aantbe et aeaeeeaansbeeeeeaeaeaansnnseeaaeeesannnnnneeenn 436
23.6.2. CIMP CIOCK CONIIOI ....eiiiiiiie ettt ettt e et e bttt e e e a bt e e s bt e e e eh b et e e eabb e e e s nbe e e e anbb e e e anbbeeesnbeeeesnneeeean 436

A I (01 (= (] o1 A= T (o V=T o | PP O PP PPP PRI 437
P2 B O 41V | o [ (=T (V] o) O] 11 (o | PSPPSRI 437
23.7.2. CMP Interrupt Flags .438
AR R OV | =N F= (oo @] ] o F= L= L (o] S SO PROUPPPTPI 438
23.8. 1. INPUL CRANNEIS ....cee ittt e et oot e e h et e e e s b et e e b e e e e as R et e e e R e et e e sne e e e asne e e e an et e nnnn e e e nnnneeeas 438
23.8.2. Internal Voltage REfErENCE @Nd SOUICE ......c.cciiiiiiiiiiii ettt e e e st e e e e e e s st e e e e e e sst b aaeeeeeeseearaaeeeas 438
23.8.3. ANAIOY COMPATALOI-0.......eeiiiiieeeeeiitie et st e et e e sttt e st e e e s as b et e e aaE et e e anee e e e as R et e e aaE e et e e sne e e e asne e e e anneeennrneeennnreeeas 439
23.8.4. ANAIOG COMPATALOI-1/2/3 ... eieee ittt e ettt e e ettt e e e bttt e e ah b et e e aabb e e e sanbe e e e asbeeeeanbbeeesanteeeesnbeeeean 439
23.8.5. RESPONSE TIME SEIECT......eiiiiiiiieiiiie ettt e e ettt e et e e e e et e e e st e e s sne e e e es b et e e abne e e nnrn e e e nnnneeeas 440
23.8.6. COMPATALON OULPUL ......eeiieeiiiititiee e e e ettt e e et e e e e e s s bbb ettt e e e e e h st e ettt e e e e e s s bbb et e e e e e e aabbe e e e e e e e e s b bbnseeeeeeaannnnneeeas 440
23.9. CMP INternal VORAGE REFEIENCE ........eiiiiiiii ettt e s e n e e s e e e s b et e s e e e e nnreeeas 440
23.9.1. IVREF and IVREF2 . 440
23.9.2. IVREF OUIPUL VOIBGE. .....ceiiiiieeeeiitee ettt ettt e ettt e et e ekt e e ettt e s s b et e e e e bt e e eab et e e e e e e nnnreeeas 441
23.10. CMP INPUL HYSEEIESIS VOIAGE ....ceiiiiiiiiiiiiiiie ettt ettt e e e oottt e e e e e ek bbb e et e e e e e e snbb b et eeeeaaasnbbbeeeeeeaeannres 442
2310, CIMP INPUE NEIWOTKS ..ottt etttk s bt e e ekt e e sttt e1as et e e o s bt e e aa ket e e e be e e e e eabe e e e anbne e e nmnneeennnreeeas 443
24. DAC (Digital-t0-ANal0G CONVEITEI) ...ueiiiiiiiiiiiitiieee ettt e e e ettt e e e e e s e b ee e e e aa e e s s aasbeeeeeaaeeaaanbabseeeaaaeesannrnreees 445
b 1 o To 11 1 o] o [ RO PPRTRRN 445
24.2. FRAIUIES ...t e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaas 445

MG32-MO0 User Guide Page-16



megawin MG32-MO0 User Guide V4.6

b T 4 o1 =10 T T 1 = io o DTS POPPPPRPRIN
P2 T I @ 1T o I 1 ] o] (=0 1T 1 v= i [0 o PP UUP R
P S ©e T g1 7o =] o Tod TP P P OPPPPUPP
24.4.1. Current DAC Control Block
24.4.2. Voltage DAC Control Block
B T (O B N 1= T UOPPURRRPRIN
P2 T8 I (@ IR o o - RO UURR RO
24.5.2. 10 CONTIGUI......eeeeeiitie ettt ettt et e e ettt e e b et e ook b et e e e aE et e e s e et e e aa R et e e e R et e e e nn e e e e anRe e e e e R et e e e e e e nrree s
P T o1V g 14 o IO o T - TP PPTPI
b R 1 (=0T o 1A= g o I V=Y o | RO PUURTPRN
P D Y YO (01 (=T ¢ (] ) A @Xo] 41 {o | PP UUR RO
P D Y S O (01 (=T (1] ) G = Vo LR RUR S
24.8. DAC OULPUL VOIAGE ... evviiiiee ittt e ettt e e e e e ettt e e e e e e s e tb e e e e e e e e e saataaseeeaeee s s saasaeseeeesaasssaseseeeesasssbbneeeeeeeannsres
24.8.1. Current DAC Output
24.8.2. Voltage DAC Output

224.9. DAC CONVEISION ...iitiiiitee e e ettt e e e e e et et eeae e e e e aeue et aeaeaaaanebeeeeaaeaeaantaeeeeeaeeeaamsaeseeeaeee e nsaeseeeeeeeaannnseeneaaeeeaannsssneeaaeeaannsens
24.9.1. DAC Data Register Written
P e D Y O V=T o Iy o 1= SRR
24.9.3. DAC Data Resolution and AlIGNMENT ..........iii e e e e e e e e et e e e e e s s et b e e e e e e e satarrreeeeeesaasarnreeeas 452
24.10. DAC DIMA OPEIALION .....eeieeieiitttieteaeeeaaeteeeteaa e e s e atteeeeeaeaaaataeeeaeaeaaaantseeeaaaeaeaansseseeeaaeesaasnsseeeeaaeaaannseseeeaaeaaannssnneeaaeseansens 453
24.10.1. DMA MOAUIE CONFIGUIE......ueiiiiiiee ettt et e e e e e e e e e e e e e e e s atb e e e eeeeessaatbbaaeeaeeesasaasaeeeeeesansannaeeeas 453
24.10.2. DAC DIMA CONLIOL ...ttt ettt ettt et ab e h bt s b et e sk et e ket e sb bt e abe e e ob st e be e e ebb e e ebb e e sbbeeabeeesbbeenbneenbneenneeas 453
24.10.3. DAC Interrupt Flag Control during DMA ... ...t e e e e e e et e e e e e e s et aa e e e e e e s e aeaaeeeas 453
24.11. DAC Application Circuit .454
24.11.1. Current DAC APPICALION ... ..eiieiitiee ettt ettt e et e e s bttt e e st bt e e aabb e e e s nbe e e e anbeeeeabbeeesanbeeeeanbaeeean 454
24.11.2. VOIAgE DAC APPIICALION ... ..eeieiiiiteiiieie ettt et e et e st e s as s et e e as et e e s sre e e e anne e e e abre e e nnre e e e nrreeens 454
AT Y o] oT=TaYe [=To I o] o] o 00 F= 14T 0] [PPSR PR 455
25,0, WOTT GIOSSANY.....eeeeeiitite ettt e et e ettt e e sttt o1 bt e oo et e e st et e e 2a R et e oo E b e e e e n R et e e e R e e e e e e R R e e e e e b et e e n e e e nnreeean 455
AR Y (ol [ ] (ST g1 (] (ot 1 T=T o 1 o I O PROTP PRI 456
26. REVISION HiSTOTY .oiiiiiiiiiiiiiiiie ettt ettt s a bttt e e a b bt e o a b bt e e e aa s bt e e e e m kbt e e e amnbe e e e eanbe e e e ennbeeeeennbeeeeennnes 457

MG32-MO0 User Guide Page-17



megawin MG32-MO0 User Guide V4.6

List of figures
Figure 1-1. Block Diagram Glossary

Figure 1-2. Power Operation MOAE INGICALON ..........ouiiiiieiiiiiie ettt e ekttt e e sb e e st et e e st et e e s bneeeaasneeenn 29
Figure 2-1. Chip Main BIOCK — MG32F02AL32/072......ceeee ettt ettt e e e e e e s bbbt et e e e e e snbb b et e e e e e e s nnnneeas 33
Figure 2-2. Chip Main BIOCK — MG32F02A032 .......ooiiiiitiiiiiite ittt a bttt ettt et e e et et e s aab et e e sbe e e e e bt et e s anbe e e e sbreeeaasbeeeen 34
Figure 2-3. Chip Main Block — MG32F02A128/U128/A064/UDBA .........cccueiiiieiieeiiee ettt ettt 35
Figure 2-4. Chip Main BIOCK — MG32F02V032 .......coiiitiiiiiiiite ittt e ettt ettt e e et et s bt e e sab b e e e e abb et e e anbe e e e sbreeeansbeeeean 36
Figure 2-5. ARM COMEX-MO PrOCESSO .......uuuitiieaiiitiiiet e ettt e e e e e ettt e e e e e e o atbeeeeaae e e aaa bbb e eeeeeasaabbbbeeeeaaeaaanbbbeeeaaesaannrseeas 37
Figure 2-6. Memory OrganiZAtION IMBP ......c.ouuiiiiiieee ittt ettt e ettt e ettt e e se b et e e e bbb e e e ab et e e sabe e e e ebb et e e anbe e e e snbreeeaabbeeenan 38
Figure 2-7. CPU Debugging Connection BIOCK DIAGram ............eiiiiiiiiiiiiiie ettt e e e e e st e e e e e e e e neeneeas 47
Figure 2-8. SWD and ICP Interface Circuit ...48
FIGUIE 3-1. POWET IMOOE SEALE ......eeeiiiiiiiiiiiiiiei ettt ettt et e e oo et bttt e e e e e e s et bttt e e e e e e s a b bttt e e e e e e e e sbbbeeeeeaeeaannbbbeeeaaeeeannnneeas 50
Figure 3-2. POWET SUPPIY DIBGIAMN ....ceiiiiieiiiii ettt ettt e ettt e e bt e e ea b et e e e bbbt e e ab et e e sabe e e e ebb et e e anbe e e e snbreeeabbeeeean 51
Figure 3-3. Power Controller - MG32F02AL132/A072/A032.......o ettt e e et e e e e e e ettt e e e e e e s nnbneeas 52
Figure 3-4. Power Controller - MG32F02A128/U128/A064/UOBA/NVO32.......cccoiuuiieiiiieieiiiie ettt e s 53
FIgUre 3-5. POWET VOIAGE DEIECT .....cceiiiiiiiiiiii ettt ettt ettt e e e oo ettt e e e e e e o a b bttt e e e e e e e e sbbbeeeeeaeeaannbbbeeeaaeeeannrneeas 54
Figure 3-6. Power Controller Interrupt and RESEL EVENT .........ooiuiiiiiiiiii ittt e e 55
Figure 3-7. Internal POWET LDO CONIOL...... ..ottt ettt e e e e e ettt e e e e e s bbbt e e e e e e e aanbbbbeeeeeaeeaannbbbeeeaaeeeannbneeas 58
Figure 3-8. Device Power Enable Control in POWEr-DOWN MOOES ........ccooiuiiiiiiiiie ettt 59

Figure 3-9. System Power Operation Flow

Figure 3-10. STOP Wakeup Time ..........c........

Figure 3-11. Wakeup and Interrupt Control — MG32F02A132/072

Figure 3-12. Wakeup and Interrupt Control — MG32F02A032........ccoiuiiiiiiiiieiiiiee ittt ettt e e e s sibee e 64
Figure 3-13. Wakeup and Interrupt Control - MG32F02A128/U128/A064/UDBA .........ccooiiiuiiieieaaiiaiiiieee et 65
Figure 3-14. Wakeup and Interrupt Control - MG32F02V032 ........coiiuiiiiiiiiieiiiee ittt ettt e e b e e s sibee e 66
Figure 3-15. CPU Power Down and Wakeup CONLIOl FIOW.........c.ooai ittt e e e 67
Figure 3-16. WFE CONtrol FIOW EXBMPIE. ......uiiiiiiiiie ettt ekt e e st e e et et e e enbe e e e sbreeeanbbeeeen 68
Figure 3-17. POWET SUPPIY CIICUIL ....eee ittt ettt e oo e ettt e e e e e e et bttt e e e e e e o a b bttt e e e e e e e e sbbbeeeeeeeeaannbbbeeeaaeeeannrneeas 69
Figure 4-1. Reset Source Controller — MG32F02AL132/072 .....cocuuuiiiiiiee ettt ettt et e e e e s sbbe e e 71
Figure 4-2. Reset Source Controller - MG32F02A032 w72
Figure 4-3. Reset Source Control Main BIOCK..........cciiiiiiiiiiii ettt ettt e e sttt e st e e st e e e e nbbeeeen 73
Figure 4-4. Reset Source Control Main BIOCK ...............oiiiiiiiiiii ettt e e e e e et e e e e e e e s nneeeeas 74
Figure 4-5. Chip RESEE TIMING ...eeiiutieieiitiie ettt ettt e e ekt e e b b et e e ah b et e e e bbbt e o sttt e e sabb e e e e b bt e e e anbe e e e snbbeeeanbbeeeean 76
Figure 4-6. EXtErnal RESET TIMNG. .. ..ceeui ittt ettt ee e e e ettt e e e e e e e ae bttt e e e e e e e a b bee e e e e e e e aaabbe e e eeeea e e e s bbbeeeeeaeeaannbbbeeeaaeeeannrneeas 77
FIgure 4-7. MOAUIE SOTIWAIE RESEL ....c..uviiiiiiiiie ittt e e e et e e et et e e sttt e e sabb e e e e b b et e e anbe e e e sbreeeaabbeeeean 81
FIgUre 4-8. GPIO RESEE CONIIOL......eiiiiiiiiiiiieiei ettt e e oo ettt e e e oo e et bttt e e e e e e o a b bt bt e e e e e e e e sbbbbeeeaeeeaannbbbeeeaaeeeannbneeas 82
o0 =R R T =T O | o1 | O PP P PP PPPPTPPPR 83
Figure 5-1. ClIOCK SOUICE CONLIOI BIOCK .........ctiiiiiiiiiiiii ettt e e e e e sttt e e e e e et bb b et e e e e e e e aanbbbeeeaaeeaannbneeas 85
Figure 5-2. Clock Source Control Block............... ....86
Figure 5-3. Clock Source Controller Interrupt .87
FIQUIE 5-4. PLL CONLIOI BIOCK ...ttt ettt ekt e e et e ek et e e sttt e s b bt e e e b bt e e e anbe e e e snbreeeanbbeeenan 90
FIQUIE 5-5. PLL CONEIOI BIOCK .......eeeiiiiiiiiieei ettt ettt e e e oottt e e e oo o a b bttt e e e e e e e e s bbbe e e e e e e e e annbbb et eeaeeeannnneeas 90
Figure 5-6. ModUule ProCeSS ClOCK SEIBCT ... ...iiiiii ittt e e e e e e e ettt e e e e e et bt b e et e e e e sessssbaeaaaaesesnnsrseees 92
Figure 5-7. Module Process Clock Control — Unsupported Clock RUNNIiNg in STOP .......ccuiiiiiiiiiiiiee e 93
Figure 5-8. Module Process Clock Control — Supported Clock RUNNinNg in STOP ........cooiiiiiiiiiii e 94
Figure 5-9. XTAL OSCIllAtiNG CIICUIL ..o eeieeiee i ettt ee ettt e e e e ettt e e e e e et bee e e e e e e e aaa s bt e eeeaaaeaaannsteeeeaaeeaanseseeeaaeeeaannenneas 97
Figure 6-1. SYStem INTEITUPL CONIOL......c. ittt e e et e e e e e e st a e e e e e e e sstb e s e e eeeeeeasasbreeaaeeeesstbseeaeaesesnnssseees

Figure 7-1. MemOory CONIrOl BIOCK ... ettt e e e e ettt et e e e e e e et b e e e e e e e e e nsbaeeeeaeeeannnneeas

Figure 7-2. Memory Interrupt/Reset Event Control

MG32-MO0 User Guide Page-18



megawin MG32-MO0 User Guide V4.6

o [N oI e Y (@ W = ToTo 1 1Y oL [ TSP PRPR PP
Figure 7-4. Flash Memory AdAreSS MaPPING ...ccooiuueeeieeeeae ittt e ettt e e e e e ettt e e e e e e e e s aeeeeeeaaeeaansbeeeeaaeeaaansbeneeaaeeaaannnnees

Figure 7-5. Option Byte Memory Mapping and Register Load
Figure 7-6. Hardware Option Byte LOAO SEOUENCE ......cccoiiiuiiiiiiee ettt e e e ettt e e e e e e e et e e e e e e e e aatbeeeeaaeeeaansbaeeeaaeeaaansnneeas
Figure 7-7. ICP/ISP/IAP Access Memory Restriction
Figure 7-8. Memory ACCESS ErrOr MAN@GQEMIENT .........eiiii i iiiiieieee ettt e e e e e e ettt e e e e e e e satbeeeeeaeeaaasbeeeeaaeeeannsbaeeeaaeeeaansnnees
Figure 7-9. Flash Memory Size and Configuration for Different Product............ccceeviieiiiiiiiiiiiee e 111
FIgure 9-1. GPIO CONLIOl BIOCK ......c.iieiiiieiiiiiie ettt oottt e e e oo ekttt et e e e e e e s aebe et e e e e e e e nsbeeeeaeeeeansbaneeaaeeeaannnneeas
Figure 9-2. 10 M0Ode CONLIOl BIOCK.........c.uiiiiiiee ettt e e e e e e e e e et e et e e e e e e aratb b e e eeeeseanntbaeseeaeeeannsreeees
Figure 9-3. 10 CoNtrol SIFUCTUIE DIAGIAIM .......vviiiiiiie it ee ettt et e e st e e sttt e s e e e s s r e e e et et e e snr e e e s asrn e e e anne e e sanreeeennnreeas
Figure 9-4. 10 Pad Structure — ANAIOG 1O .....oiii ittt e e e et e e e e e et e e e e e e e s s atbreeeeeesesaatbaeseeaeesannsraeees
Figure 9-5. 10 Pad Structure — DiIgital INPUL ..ot e e e e e e et e e e e e e e s e aeb e e e e e e e eeansbaneeaaeeaannnneeas
Figure 9-6. 10 Pad StruCture — PUSN-PUIL............ooi e e e e e et e e e e e e e st e e e e e e e e snnsraaees
Figure 9-7. 10 Pad StruCture — OPEIN DIaAIN.......coiiiiiiiiieee ettt e e ettt e e e e e e et ee et e e e e e aasaeeeeeaaaeaaansbeeeaaaesaaansbaneeaaeeeaannnnees
Figure 9-8. 10 Pad Structure — Quasi-Bidirectional
FIgure 9-9. 10 POIt ACCESS BIOCK ......cciiiieitiii ettt ettt e e e e ookttt et e e e e e e naeb e et e e e e e e e ntbseeeeaeeeansbaneeaaeeeannnneeas
Figure 9-10. Pin Alternate FUNCION SEIECE BIOCK .........iiiiiiiiiiieiiie et e e e e st e e e e e e st ae e e e e e e e s enareeees

Figure 9-11. Alternate Function Select Of SPECIal PiNS.......... . e e e e e e e 125
Figure 9-12. GPIO INpUt APPlICALION CIFCUIL ... .eciiiiiiiiiiee e et e e e e e e e e e e et e e e e e e s e e atb e e e eeeesasantbaeseeaeessnnsseeees 127
Figure 9-13. GPIO Output APPlICALION CIFCUIL ....ceiiiieiiieee ettt ettt e e ettt e e e e e e e e atbe e e e e e e e e aasbeeeeeeeeeansbeneeaaeeeannnnneeas 127
Figure 10-1. INterrupt FUNCHON BIOCK..........uuiiiiiiiiiiiiii ettt e e e e e e e e et e e e e e e s e s atb b e e e e e e s e ssntbaeseaaeeesnnsseeees 133
Figure 10-2. NVIC EXCeption CONIOl BIOCK .......coiieiiiiiiie ettt ettt ettt e e e e e ettt e e e e e e e e e baeeeaaeeeanenneeas 134
Figure 10-3. NVIC INTEITUPE CONMIOL ....cciiiiiiiiie ettt e et e e e e e et e e e e e e s et atb e e e e e e e s aaatbreeeeeesesaatbaeseeaeessansreeees
Figure 10-4. WIC Control Block .............c........

Figure 10-5. External Interrupt Controller
Figure 10-6. GPIO STOP Mode WaKEUP BIOCK ........cooiiiiiiiiiie ettt e e es 138
Figure 10-7. External Port INtErTUPE BIOCK ..........oiiuiiiiiiiiie ettt ettt e e st e e nbb e e e et e e e s nnne e e e snbeeeas 140
Figure 11-1. GENEral PUIPOSE IOQIC . .ceiuriieiiiiiieiiiee ettt e et e e s s e e sk bt e s et e e sas et e e asne e e e e b ne e e s nre e e e nnnree s 142
Figure 11-2. GPL Process CIOCK CONIIOl ........ccciiiiiiiiiiie e et e sttt e et e e e e e e e et e e e e e e e s e atbe e e e e e e s e ssntbaeseaaeessnnsseeees 143
Figure 11-3. Byte Order Big/Little Endian Change DIiagram ..........ccuoiurieeiiiiieiiieie e e s s 144
Figure 11-4. Bit Order Reverse Change DIAQIaM ............coiiiiiiiieie ettt e e e e et e e e e e e e st e e e e e e s e siatbrereeeesesstbaereaaeeesansrneees 145
Figure 11-5. CRC CONLIOI BIOCK.........eiiiiiiieeiiiit ettt ettt e e ek e e et e e s s et e e aa et e e e e e e s ennr e e e nnnree s 146
Figure 11-6. CRC POIYNOMUAIS........eiiieiiiiiiiiit e e ettt e e e e e e e e et e e e e e e s et e e e e e e e e s s satb e e e aeeesaaasbseseeeesessasbaeseaaeessnnsrenees 146
Figure 11-7. Hardware Divider
Figure 11-8. GPL DMA CONLIOl BIOCK.........uviiiiieiiiiiiiit e ettt e e e et et e e e e e et e e e e e e s s aatb b e e eeeesessntbaeseeaeesannsseeees
Figure 12-1. DMA CONLIOI BIOCK ......eeieiiiiieiiiiie ettt ettt e ek e e et e e s s et e e s s e e e e e e e s annr e e e nnnnee s
Figure 12-2. DMA Process CIOCK CONLIOl .........cciiiiiiiiieee e ee ittt ettt e st e e e e e e e et e e e e e e s e satba e e e e e e eessatbaeseeaeeeannsseeees
Figure 12-3. Module Process CIOCK CONIOl — DIMAL........ooo ittt e st e et e s e e e nnnee s
Figure 12-4. DMA INEEITUPE CONTIOL ....iiiiiiieiiiiie ettt ettt et bt e e st e e s bt e e et bt e e e ambe e e e s bbe e e e ambe e e e anbbeeesnbeeeesnbeeeas
Figure 12-5. DMA Source and Destination CONTIOL ...........cioriiiiiiiiieiieie ettt e e e e st s e e e nnnee s
Figure 12-6. DMA Channel SEIECE PrIOTILY ....ciiiiiiiiiiiiii it e ettt e e e e e e e e e et e e e e e e s e s atbaeeeeeesesintbaeseeaeessnnsreenes
Figure 12-7. DMA SRAM USING SUGUESTION ....eiiiiiiiiiiiiiieeiiiit ettt ettt e e st e e s st e e ssne e e s asn e e e s anne e e s anneeeennnreees
Figure 12-8. Peripheral DMA RX Request and Acknowledge Control Timing

Figure 12-9. Peripheral DMA TX Request and Acknowledge Control Timing
Figure 12-10. DMA External Request Trigger INPUL TIMING .......uiiiiiaiiiiieieee it e e e e e e e e e neneeees
Figure 13-1. External Memory BUS CONIOIET .........eiiiiiiiieiiie ettt e e et e e e e e nnneee s
Figure 13-2. EMB ProCess CIOCK CONTIO ........ceiiiiiiiiiiiie ettt ettt e e e e e ettt e e e e e e st b e e e e e e e e anennees
Figure 13-3. EMB INEITUPE CONTIOL.....ciiiiiiiiiiit etttk ettt e s e e e b bt e e et et e e s b e e e as bt e e e b b e e e s annr e e e nnnree s
Figure 13-4. EMB Module 10 Control - MCLK, MWE, MOKE ........cccoiiiiiiiia ettt e e e

MG32-MO0 User Guide Page-19



megawin MG32-MO0 User Guide V4.6

Figure 13-5. EMB Module 10 Control — MCE, MALE, MALE2, MBWO, MBW1, MAM1
Figure 13-6. EMB Clock and Control SignalS POIArtY ............eeeiiiie et e e e e e et e e e e e e e e neneeeas
Figure 13-7. EMB Module 10 CONtrol — MA, IMAD........iiiiiiiiiiieiee et e e e e e e et e e e e e s e s st e e aeeesessstbaaseaaeessansreeees
Figure 13-8. EMB MEMOIY IMAP .....ceiiieiiiiiiiiii e e e ettt e e e e ettt e e e e e e et bttt e e e e e e e e b aeeeeeeae e e e s aeeeeeeeaeeaannsbseeeaaeeaaansbeneeaaeeeaannnneeas
Figure 13-9. EMB AHB to External Memory Transactions ....
Figure 13-10. EMB Access CoNtrol TIMING SEALE ........ciiiiiiiiiiiiiieie ettt e e e e s ettt e e e e e e e e aeb e e e e e e e eansbeereaaeeeannnnnees
Figure 13-11. EMB Address/Data Interface — 16bit MA + 160Iit MD .........ooiiiiiiiiiiiiiiie e
Figure 13-12. EMB Address/Data Timing — 16bit MA + 16DIt MD..........ccoiiiiiiiiiiii e
Figure 13-13. EMB Address/Data Interface — 16bit MA + 16DIit MAD ........cccooiiiiiiiiiiie e
Figure 13-14. EMB Address/Data Timing — 16bit MA + 16DIt MAD ........ccoiiiiiiiiiee e
Figure 13-15. EMB Address/Data Interface — 16bit MAD with 2 Address PhasSe ..........cccccvveiiee i
Figure 13-16. EMB Address/Data Timing — 16bit MAD with 2 Address Phase..........cccceiviiiiiiiiiciee e
Figure 13-17. EMB Address/Data Interface — 16bit MA + 8Dt MD .........oviviiiiiiiiiiiiiice e e
Figure 13-18. EMB Address/Data Timing — 16bit MA + 8Dit MD .........cuuiiiiiiiiiiiiic e e
Figure 13-19. EMB Address/Data Interface — 16bit MA + 8bit MAD
Figure 13-20. EMB Address/Data Timing — 16bit MA + 8Dit MAD ........ooiiiiiiiiiii e
Figure 13-21. EMB Address/Data Interface — 8bit MAD with 2 Address Phase ............ccccviieiiie i
Figure 13-22. EMB Address/Data Timing — 8bit MAD with 2 Address Phase.........ccccvviiiiiieiiiiiie e
Figure 13-23. EMB SRAM INEITACE........c..uiiiiiii ettt et e e et e e e e e e s ettt e e e e e e e e s bbb e e eeeeeessntbaeseaaeeesnnsseeees
Figure 13-24. EMB SRAM 16-Dit DAtA TIMING ...cocuveiiiiiiieeiiiie ettt e et e st e e s sre e e s ssn e e e ann e e e s anneeeennnneees
Figure 13-25. EMB SRAM 8-bit Data WItE TIMNG ......cceieiiiiiiiiieieee s ittt e e e e s eeatee e e e e e e s ssatb e e e e e e e s s satbreseeeessssntbaeseeaeessansreeees
Figure 13-26. EMB NOR-FIASH INTEITACE ......ooiiiiiiiiei et e ettt e e e e e s ettt e e e e e e e nsbaeeeaaeeeannnneeas
Figure 13-27. EMB NOR-Flash 16-bit Data TimiNg ..........cciiiiiuiiiiieeeiiiiiiie e et e e s e st e e e e e e e s st e e e e e e e e siasbaereeeeessansrneees
Figure 13-28. EMB NOR-Flash 8-bit Data Timing
Figure 13-29. EMB NAND-FIASH INTEITACE .......ccciiiiiiiiiiee ettt e e e e e e e e e e s e st r e e e e e e s e s satbaeeeeaeeeaaasreeees
Figure 13-30. EMB NAND-Flash 8/16-Dit Data TimMiNGg .......ccuuteirriieiiiiiee et e e e e e s e s e e s nnneees
Figure 13-31. EMB LCD INTEITACE.......cciiiuiiiiiie e e ettt ettt e e e e et e e e e e e e et e e e e e e e e e e tat b e e e e e e e e e aatbreseeeesesaasbaeseaaeeesnnsseeees
Figure 13-32. EMB LCD Register 16-bit BUS ACCESS TIMING ...eoouvviiiiiiieeiiiie ettt esnneee s
Figure 13-33. EMB LCD Register 8-bit BUS ACCESS TIMING ....uvviiiiiiiiiiiiiiei et e e e et e e e e e e e st e e e e e e e sstbaereeaeessanareeees
Figure 13-34. EMB LCD GRAM 8/16-bit BUS ACCESS TIMING ...ciuveiiiiriieeiiiiee et e et e et e e s e e s s e e s e e e nnnnees
Figure 13-35. EMB and SPI Flash to 8-bit LCD CONNECHION .......cccciiiiiiiiieie e ettt e e e et e e e e e e stbae s e e e e e e s enannees
Figure 14-1. APB INtEITUPE CONIOL......ciuiiiiiiiiie ettt e ek e e s et e e s s et e e as et e e e e e e s enne e e e nnnree s
Figure 14-2. Timer Synchronous ENabIe CONLIOl ............coiiiiiiiiiiie e e e e e e st e e e e e e e st e e e e e e e e senareees
Figure 14-3. Timer Common Trigger/Clock Source Selection
Figure 14-4. Output Signal Break and Modulation CONEIOL.............uiiiiiiieiiiiie et snee e e saeee s
Figure 14-5. IR CONLIOI INTEITACE.......eii ittt e e ek e e s ettt e s s et e e e ab et e e e b e e e s annr e e e nnnree s
o U oI I S T N[O @ I = (o Tod P PPRPRRPPP
o0 oI By A N LI I @ 111 o 11 | S PO PPPPRP PR
Figure 15-1. 12C Main Control BIOCK — I2C0/L .........uuiiiiii ittt e e e e e et e e e e e s e e bbb e e e e e e s e s sntbaeseaaeeesansreeees
Figure 15-2. 12C ProCeSS ClOCK CONLIOL.....ccc.iiiiiiiiiie ittt ettt e ek e e st e e s e e s ann e e e snn e e s e e e e nnnnee s
Figure 15-3. 12C Status and Interrupt CONtrol — 12C0/L.........uiiiiiiiiie ettt et e et e e s b e e e snneee s
Figure 15-4. 12C Subrange Interrupt CoNtrol — 12C0/1 ........c.viiiiiiii et s e e e es
Figure 15-5. 12C Connection for Single Master Communication
Figure 15-6. I12C Connection for Multi-Master or Slave Mode COMMUNICALION ...........eeeiiiiiiiiiiie e
Figure 15-7. 12C FUNDAMENTAI PIOTOCOI ........ciiiiiiiiiiiei ettt ettt e e e e s st b e et e e e e e e anbbae e e e e e e e s nennees
Figure 15-8. 12C START/STOP/Data-Change TiMING .....cccocuurieeiiiieeiiiie ettt e sttt e ssre e e e anbe e s abre e s anneeeesnnneees
FIgUre 15-9. FIOW CRAIT GIOSSAIY .....ccoiiiiiiiiiiiie ettt ettt et e e e ookttt e e e e e e e b bbb e et e e e e e e asab b b et e e e e e aanbbbeeeeeesaannnnees
Figure 15-10. 12C Master Transmitter Mode FIOW CRAIt..........coouiiiiiiiieiie e
Figure 15-11. 12C Master Receiver Mode FIOW CRArt .............uiiiiiiii e e e e

MG32-MO0 User Guide Page-20



megawi

n MG32-MO User Guide V4.6

Figure 15-12.
Figure 15-13.
Figure 15-14.
Figure 15-15.
Figure 15-16.
Figure 15-17.
Figure 15-18.
Figure 15-19.
Figure 15-20.
Figure 15-21.
Figure 15-22.
Figure 15-23.
Figure 15-24.
Figure 15-25.
Figure 15-26.

Figure 16-1. Advanced UART Main Control Block — URT0/1/2/3
Figure 16-2. Basic UART Main Control Block — URT4/5/6/7

12C Slave Transmitter Mode Flow Chart
12C Slave Receiver Mode Flow Chart

12C Slave Receiver General Call Mode Flow Chart
12C Data Buffer Mode Control Block — 12C0/12C1
12C Access Command Bits

12C Master Transmit Access Sequence

12C Master Receive Access Sequence
I12C Slave TranSMit ACCESS SEOUENCE .......cuiiiirreeeiitite et e e st e e sttt e s st e e s nee e e s asbe e e e ana e e e s anneeesanreeeeaneeeennnes
12C SIaVe RECEIVE ACCESS SEOUEICE .....eieieiiuiiitieee et e sttt e e e e e s ettt e e e e e e s et e a et e eeesasattaeteaeessasstbaeseeeeeaanasreeees
I12C Signal Drive Control Timing
12C Slave SCL Stretching
12C TMO Timeout Timer Control
[2C BUS EFTON EVEINT....oiiiiitiieei ettt ettt e e 4ottt e e a4 e bbbttt e e e e e sn b b e et e e e e e e e nnbb e e e e e e e e e anennnes
12C Master TransmiSSION NACK DEIECT ... .ieiiiiieeii ittt e e e e e e ettt e e e e e e annbaeeeaaeeeannnnnees

12C Slave Data Overrun under SCL Stretching Disable

Figure 16-3. UART ProCeSS CIOCK CONIOL.......iiiiiiiiiiiiiee ettt e ettt e e e e e e aeb et e e e e e e annebeeeaaeeeeansbeeeeaaeeeaannnnees
Figure 16-4. Advanced UART Clock Control = MG32F02AL132/072.......uuueiieeiiiciiiieeie e e e et e e e e sitiree e e e e e e stbaer e e e e e e s saaaees
Figure 16-5. Advanced UART Clock Control — MG32F02A032.......coiiiuiiieiea e aaieieeee e e e e et ee e e e e s st e e e e e e e ansbeeeeaaeeeaanenneeas

Figure 16-6. Advanced UART Clock Control - MG32F02A128/U128/A064/U064/V032

Figure 16-7. Basic UART CIOCK CONIOl — URTA/S/B/7 ......ccureeeeeeee ettt e e

Figure 16-8. UART Status and Interrupt Control — URT0/1/2/3
Figure 16-9. UART Status and Interrupt Control — URT4/5/6/7

Figure 16-10.
Figure 16-11.
Figure 16-12.
Figure 16-13.
Figure 16-14.
Figure 16-15.
Figure 16-16.
Figure 16-17.
Figure 16-18.
Figure 16-19.
Figure 16-20.
Figure 16-21.
Figure 16-22.
Figure 16-23.
Figure 16-24.
Figure 16-25.
Figure 16-26.
Figure 16-27.
Figure 16-28.
Figure 16-29.
Figure 16-30.
Figure 16-31.
Figure 16-32.
Figure 16-33.
Figure 16-34.

UART Subrange Interrupt Control — URT0/1/2/3
UART Subrange Interrupt Control — URT4/5/6/7
UART RX/TX IO Control - MG32F02A132/072
UART RX/TX IO Control — MG32F02A032
UART RX/TX IO Control - MG32F02A128/U128/A064/U064/V032
UART Other 10 Control
UART Connect for UART/IrDA Mode
UART Connect for LIN Mode
UART Connect for SmartCard Mode
UART Connect for SPI Master Mode

UART CONNECE TOr SYNC MOGE....ccciitiiiiiiiie ettt ettt ettt e e e ssb e e e ettt e e s bbe e e e anbeeeeenbeeeesnees

UART CharaCter FOIMAL.........oiiiiiiiiiiii ettt e ettt e e e e e e ettt e e e e s e eaeteeeeaeeeaasnebeeeeaaeee s nnbeeeeaaeeeannnnneeas

UART Idle-Line and Break Condition FOIMAL..........cuuviiiiiiieiiiiee et e s e 265
UART Data TranSmit @N0 RECEIVE ........eiiiiiiiiiiiiiiee ettt e e e e e e ettt e e e e e e s nete et eaaeeeansbaeeeaaeeeannnnnees 268
UART Data Mode Control — URTO/LI2/3......cooiiieiiiee ettt sttt e e e e s 269
UART Data Buffer Mode CoNtrol — URTA/IS/B/7 .......coi ittt a e e 270
UART Multi-Processor OPeration MOE ..........c.ueieiiiiiieiiiiiee et ettt sttt e st e e s nbe e e s snbaeessnbeeeesnees 271
UART Multi-Processor Address Setting EXAMPIE .......ocoiiiiiiiiiieeiiee et 272

UART Multi-Processor Slave Address Transmit
UART Break Condition Transmit
UART Baud-Rate Timer CoNtrol BIOCK............uuiiiiiiiii et
UART Auto Baud-Rate Control Mode Timing
UART Receive Data Sampling

UART Receive Oversampling Majority POINS. ......c.cviiiiiiiiieiiiiee et

UART Receive Bit Time Error Tolerance

MG32-MO0 User Guide



megawi

n MG32-MO User Guide V4.6

Figure 16-35.
Figure 16-36.
Figure 16-37.
Figure 16-38.
Figure 16-39.
Figure 16-40.
Figure 16-41.
Figure 16-42.
Figure 16-43.
Figure 16-44.
Figure 16-45.
Figure 16-46.
Figure 16-47.
Figure 16-48.
Figure 16-49.
Figure 16-50.
Figure 16-51.
Figure 16-52.
Figure 16-53.
Figure 16-54.
Figure 16-55.
Figure 16-56.
Figure 17-1.
Figure 17-2.
Figure 17-3.
Figure 17-4.
Figure 17-5.
Figure 17-6.
Figure 17-7.
Figure 17-8.
Figure 17-9.
Figure 17-10.
Figure 17-11.
Figure 17-12.
Figure 17-13.
Figure 17-14.
Figure 17-15.
Figure 17-16.
Figure 17-17.
Figure 17-18.
Figure 17-19.
Figure 17-20.
Figure 17-21.
Figure 17-22.
Figure 17-23.
Figure 17-24.
Figure 17-25.
Figure 17-26.
Figure 17-27.

SPI Simplex Communication
SPI Half Duplex Communication
SPI Half Duplex Communication with 8 Data Lines

UART Receive Bit Time Error Tolerance Examples
UART TMO Timeout Timer Control Block
UART Guard Time and TiMeEOUL DEIECLION. .........eiiiiiiie ittt re e e e e
UART Auto Calibration Timeout Error Detection

UART Break and Parity/Frame Error Detection
UART TX Error Detect and Resend Control
UART RX Parity Error Detect and Retry Control
UART Mute Mode Control Timing
UART Synchronous SYNC Mode Timing — 1 bidirectional data line
UART Synchronous SPI Mode Timing
UART Synchronous Mode Hardware NSS Timing — MG32F02A132/072/032
UART Synchronous Mode Hardware NSS Timing — MG32F02A128/U128/A064/U064/V032
UART SmartCard Clock Output
UART IrDA Timing — MG32F02A132/072
UART IrDA Timing — MG32F02A032/A128/U128/A064/U064/V032
UART Busy and IrDA Busy Status
UART Drive Enable Timing
UART Connection for Hardware Flow Control
UART CTS Hardware Flow Control Timing
UART RTS Hardware Flow Control and RX Overrun Timing
UART Software Flow Control
UART Receive Hardware and Capture Hold Event

SPIMaIN CONIOI BIOCK.....ceiitiiiiiiiiiie ittt ettt e e s bttt e e s tb e e s ettt e e s bt e e e e snbeeeeanbeeeesnnees
SPI Process Clock Control
ST I = LU 3= U o I ) (=T € U] o] PRSP RPPPPR
SPI Data 10 Control
SPI Clock/NSS 10 Control
SPI Full Duplex Communication

SPI Multi-Slave Communication

SPI TWO MaSter COMMUNICALION ......cutiiieiiiieeeiieee et e ettt e sttt ettt e e abbe e e s sabe e e e ssbbeeeatbeeesnbeeeesnbeeeeanneeeesnees
SPI Master and Slave Swap Communication
SPI Master Clock Output and Input
SPI Fundamental Timing with NSS
SPI Fundamental Timing without NSS
SPI Master High Speed Connection Delay
SPI Master High Speed Timing
SPI Slave High Speed Timing
SPI Master DTR Mode Timing
SPI Master Mode Hardware NSS TimMiNg.......ceeoureeeiireeeiiiieessieee e e s e snre e e s e e s snnneeesnreeessnneeenns
SPI Data Buffer Mode Control — SPI0

SPI Transmitted Data Frame Size Control

SPI Received Data Frame Size Control
SPI Data Mode - separated I/O (SPI)
SPI Data Mode - 1 Bidirectional data line
SPI Data Mode — 2 Bidirectional data lines with spread data..............ccoovviiiiiiiic i

SPI Data Mode — 2 Bidirectional data lines with copied data

MG32-MO0 User Guide

Page-22



megaw

Figure 17-28.
Figure 17-29.
Figure 17-30.
Figure 17-31.
Figure 17-32.
Figure 17-33.
Figure 17-34.

Figure 18-1.
Figure 18-2.
Figure 18-3.
Figure 18-4.
Figure 18-5.
Figure 18-6.
Figure 18-7.
Figure 18-8.
Figure 18-9.
Figure 18-10
Figure 18-11
Figure 18-12
Figure 18-13
Figure 18-14
Figure 18-15
Figure 18-16
Figure 18-17
Figure 18-18
Figure 18-19
Figure 18-20
Figure 18-21
Figure 18-22
Figure 18-23
Figure 18-24
Figure 18-25
Figure 18-26
Figure 18-27
Figure 18-28
Figure 18-29
Figure 18-30
Figure 18-31
Figure 18-32
Figure 18-33
Figure 18-34
Figure 18-35
Figure 18-36
Figure 18-37
Figure 18-38
Figure 18-39
Figure 18-40
Figure 18-41
Figure 19-1.

N MG32-MO0 User Guide V4.6
SPI Data Mode — 4 Bidirectional data lines with spread data.............ccccveeeiiiiiiiiiiee e 331
SPI Data Mode — 4 Bidirectional data lines with copied data............c..eeiiieiiiiiiii e 332
SPI Data Mode — 8 Bidirectional data lines with two duplicated 4 data lin€s ...........cccccccvvvieeeeiiiiiiiiienee e, 332

SPI Data Mode — 8 Bidirectional data lines with spread data

SPI Receive Overrun

SPI SIave MOUE TIraNSIMIE EFTOF ....ceeiiiiiieiiiiee e ettt e ettt e e e e e et ee e e e e e e s at bt eeeaaeeaaansbaeeeaaeaesasanneeaaeaeaannes
SPI Master Mode Change DELECT..........uuiiiiii et e e e e e e e e e s st e e e e e e e e s stbbaaeaaeeesanes
Timer Main BIOCK ~ TIMOX/TIMLX .....ueeiiiiiee ettt ee ettt e e e ettt e e e e e ettt e e e e e e e sn e e e e e e e e e e snseseeeaaeeaannsnneeeaaens
TIMEr MAIN BIOCK ~ TIM2X 1.ttt ettt ettt ettt ettt ettt b et e b e e e e e reenane s
TIMEr MAIN BIOCK ~ TIM3X ...eeiieei ettt ee ettt oottt e e e e ettt e e e e e e et et e e e e e e e e amsbeeeeeaae e e e nnssseeaaaeeaannssneeeaaens
TIMer ProCeSS ClOCK CONLIOL ......ccuuiiiiiiiii ettt e e s
TIMer ClOCK @nd TrIGQEI SOUICE .......uuiiiiiiiiee ettt e ettt e s e e et bt e e et e s s e e e e aare e e e abr e e s anneeeennnreeas
Timer Event Control and TIMEr FIAGS ......cooiuiiiiiie ettt e et e e e e e e et e e e e e e e e s aaaaeeaaeeas
Timer Status and Interrupt Control — TMOX/1x
Timer Status and Interrupt Control — TM2x/3x
Timer Operation Mode Control - CasSCade MOUE ..........ueiiiiiiiiiiie e e e e e e e e e neeeeeaae s
. Timer Operation Mode Control - Separate MO ............vveiiiiiiiiiiei e e e e e e sarrees
. Timer Operation Mode Control - FUll-COUNtEr MOE ..........ooiiiiiiiiiie e e e
. Timer Repetition Counter Control BIOCK.............ooiiii i e
. Timer Trigger INPUt CONEIOI BIOCK ........ooiiiiiiiiiiiiii ettt e e e e e et e e e e e e s e s nnbeeeeaeeeeannnneeas
. Timer Clock and Trigger CONIIOL ... ....uuiiiie e e e e e e e s e e e e e s e et e e e e e e s e e atbaeeeeeeesannsreeees
. Timer Trigger OutpUt CONLIOI BIOCK ......c.ciiiiiiiiiiii ettt e e e e et e e e e e e s e e e e e e e e e e e nnneeeas
. Timer Input / Output Channels ~ TM3x
. Timer Input / Output Channels ~ TM2x
. TIMEr CIOCK OULPUL BIOCK .....citieieiiiie ettt ettt et e ettt e e st e e e s nbb e e e e bt e e e e nnbaeaennneeeas

. Timer CKO CIOCK OULPUL TIMING . c.ciuttereiiieieeireee ettt ssie et e et e s e e e e s st e s asnn e e e ssnn e e e ann e e e e snnneeennneees

. Timer Input Capture and Output CompPare BIOCK.............ccoiuiiiiiiiiiiiie e

. TIMEr INPUL CaPtUIE BIOCK ........veeeeiiiie ettt et e e e et e s e e e nnnee s

. Timer Input Capture Timing for Full-Counter Mode — MG32F02A132/072.......cccuueiiieieiiiieeeaniieeenieee e 362
. Timer Input Capture Timing for FUll-CoUNtEr MOE............cooouiiiiiiiieie e 363
. Timer Input Capture Timing for Cascade and Separate MOUES ..........c.eeeiiiiiiiiiiiiee e 364
. Timer Duty Capture Timing for FUll-CouNter MOGE ............ooouiiiiiiiiie e 365
. Timer Duty Capture Timing for Cascade and Separate MOUES. .........cccuviiiiiiieiiiiie e 366
. Timer 16-bit Output Compare/PWM Block
. Timer Two 8-bit Compare/PWM Output Block
. Timer Output Compare Timing With UpP COUNTING.......coiuriiiiiiieeiiiii e e s 369
. Timer Edge Aligned PWM Timing With Up COUNTING .......ciiiiiiiiiiiiiee ettt e s s 370
. Timer Edge Aligned PWM Timing With DOWN COUNTING.........vutiiiiiieiiiee et 371
. Timer Center AlIGNed PWM TiMlNG .....vveiieeiiiiiiies e e e eeeiie et e e e e e ettt e e e e e e sstbbe e e e e e e e s assnsareeeeeesaasssbsereesesesnnssenees

. Timer PWM Dead-time CONtrol TIMING ......cooiriieiiiie et e e e e s e e e e s

. Timer OutpULt CONIrOl BIOCK ~ TIM2X....iiiuiiiiiiiiiee ittt e et ee ettt ettt e ettt e e s enbe e e e snbb e e e abbeeeennbaeeennneeeas

. Timer Output CoNtrol BIOCK ~ TIMBX....iciuiiiiiiiiie ettt ettt s et e e e e b e e e e e e nnnee s

. Timer OC Output Enable Preload Control
. TIMEr Break INPUL SOUICE .....ciiiiiieiiiie ettt ettt et e st e e ettt e s ab et e e s b e e e e bt e e e enbneeennnnee s

. Timer Break EVent CONIOl TIMING .....ueieiii ettt e e e e e e s s e e e e e e s e neb e e e e e e e e e anennees
. TIMEr QEI CONIOI BIOCK .....ueiiiieeei ittt ettt e e e e e et e e e e e e et bt et e e e e e e s e sbtaeeeeeeeeaannsbbeeeaaeeeanssnnes
. Timer QEI CONIOl IMOUE L, 2 ...uueii e
. TIMer EXUD CoNntrol MOOE 3, 4, 5 ...ttt e e e e et e e e e e e et e e e e e e e e bbb e e e e e e eeraaans
IWDT CONEIOI BIOCK ...ttt e ettt e e e oo ettt e e e e e e e nb bbb e et e e e e e anbb b e e e e e e e e annnnneeas

MG32-MO User

Guide Page-23



megawin MG32-MO0 User Guide V4.6

Figure 19-2. IWDT ProcCess ClOCK CONTIOL ........cciiiiiiiiieee e ettt e e e e e e e e e s e tb et e e e e s s aatb e e e aaeeseasnsbaaseeaessannsaeeees 385
(o U I K e T VAV I YT o | 0 11 o S PRRR R 387
Figure 20-1. WWDT System WIindow WatCh DOG TiMIEE .........uuiiiiieeiiiiiiiet ettt e ettt e e e e e e st r e e e e e e s asbaeaeeaeessnnsraeees 388
Figure 20-2. WWDT Process Clock Control

Figure 20-3. WWDT Window Timing...............

Figure 21-1. RTC Real TIMeE CIOCK CONTIOL.......ciiiiiiiiiiie ettt e e e e e ettt e e e e e s e et et e e e e e e e anebeeeeaaeeeannnneeas
Figure 21-2. RTC ProCeSS ClOCK CONIOL.......iiiiiiiiiiiii ettt e e e e e e e e e et e e e e e e s s s atbr e e e e e e e e ssntbaereeaeeesnnsseeees
Figure 22-1. ADC Block Diagram with Differential MOGE............oooiiiiiiiiiiie et a e e e e 399
Figure 22-2. ADC Block Diagram with Single-ENd MOGE ...........ooiiiiiiiiiiiieii e e e e e 400
Figure 22-3. ADC ProCeSS ClOCK CONIIOL.......cciiiiiiiiiiiiiee ettt e e e e e ettt e e e e e e s aebe e e e e e e e aantbeeeeeaeeeaansbaneeaaeeeaannenees 402
Figure 22-4. ADC INPUL CIOCK ....uuiiiiiiee ittt oottt e e e e et e e e e e et e e e e e e s et bt e e e e e e e e s e satbeeeaeeeeeaasbseseeeesessasbaaseeaeeesnnsreeees 402
Figure 22-5. ADC INEITUPE CONTIOL ...ttt et e e e e e ekttt et e e e e e e s aebeeeeaaeaaansbseeeeaeeeansbaneeaaeeeaannnneeas 404
Figure 22-6. ADC and Analog INPUL MUILIPIEXET ........vuiiiii it e e e e e e e e s e et e e e e e e e e st b aeseeaeeesansaeeees 405
Figure 22-7. ADC INPUL frOM DAC OULPUL.....eeiieiiiiiiiiei e e e ettt e e e e ettt e e e e e e e e taee e et aaeeaaasaeeeeeaaaesaansbeeeaaeeeaaanssaneeaaeeeaanseneees
Figure 22-8. ADC Dynamic Voltage Range

Figure 22-9. ADC CONVEISION SEOUENCE ......vviieitteeeaiireteeatrieesasteeeesssseee st se e e s et et e e sne e e e s s be e e s aasee e e snseeesasbe e e e anneeesanneeeennnreees
Figure 22-10. ADC PGA CONMIOI ..uuiiiiieiiiiiiieit ettt e e ettt e e e e e ettt e e e e e e s e ta e et e e e e e e s e satb e et eeeeeaaasbseseeeesessasbaeseaeeessnnsreeees
Figure 22-11. ADC CONVEISION SEAIt CONTIOL.........cuueiiiiieieeiiiit ettt e et e e s st e e s e e e s asr e e s atn e e e s annreeennnree s 411
Figure 22-12. ADC Conversion Mode — Single ChannEl.............coooiiiiiiiiiiiii e e e e e 413
Figure 22-13. ADC Conversion Mode — ChanNel SCAN..........oiiiiiiiiiiiiiee ittt e e s 414
Figure 22-14. ADC Conversion MoAE — SCAN LOOP ..uuviiiiiiiiiiiiiiiee ettt e e e e e et e e e e e e e e st e e e e e e e e s satbaeeeeaeesaansreeees 415
Figure 22-15. ADC CONVEISION FIOW.........uiiiiiiiei ittt ettt e e e oo ekttt et aa e e e e saebeeeeaaeaaasnsbeeeeaaeeeansbaneeaaeeeannnneeas
Figure 22-16. ADC OULPUL CONEIOI BIOCK ......ciiieiiiiiiiiii e ettt e e e e e e e et e e e e e e s e st e e e e e e s e sntbaeseeaeesaansreeees
Figure 22-17. ADC Voltage Window Detect ....

Figure 22-18. ADC OULPUL COOE LIMIE .....eeeiiiiiieiiiiie s iieee ettt e et e et e e s bt e e e stb e e e amte e e e sabbe e e e anbeeeeenbbeeesanneeeesnneeeas
Figure 22-19. ADC Data Sum Mode — One Shot or Channel Scan DiSCONtINUOUS ..........cuuveiririieriieee e 424
Figure 22-20. ADC Data Sum Mode — Channel/LOOP SCAN ......ocuuiiiiiiiiieiiiie ettt ettt e et nnne e e e snaeee s 425
Figure 22-21. ADC Wait WithOUt AUO-OFf IMOE ........coiiiiieiiii ettt e e s 426
Figure 22-22. ADC Wait with AUtO-Off MOAE TIMING ...eeeiiiiiiiiiiiee e e e e e e e e e et e e e e e e e st b a e e e e e e e e sanareeees 427
Figure 22-23. ADC INPUL FTOM TS OULIPUL....c..eriieiiiiie stttk e e sk e e s st e e s s e e e s ntn et e e e e e e s anneeeennnree s 428
Figure 22-24. ADC Application Circuit With VREF+ PiN.....cocuiiiiiiiiiiie ettt naee e e snaeee s 431
Figure 22-25. ADC Application Circuit WithOUt VREF+ PiN.........ooiiiiiiiiiiiiia et e e e e et e e e e e e 431
Figure 23-1. CIMP Malin BIOCK ........oeiiiiiiiiiiii ettt e e et e e e e e et e e e e e e e e bbbt e e e e e e s eaatbaeeeeaeseaantbaeseeaeeesnnsreeees
Figure 23-2. CMP Process Clock Control

Figure 23-3. CMP INEEITUPE CONIIOL.....ci.iiiiiiiiiii ettt ettt e s bttt e et bt e e e ambe e e e s bt e e e e ambe e e e enbbeeesanteeeesnneeeas
Figure 23-4. CMP Analog Comparator CMPO BIOCK .........cccuuiiiiiiiiiiiieee sttt 439
Figure 23-5. CMP Analog Comparator CMPL/2/3 BIOCK ........cceiiuiiiiiiiiie ettt sttt e e 439
Figure 23-6. CMP Comparator IVREF Ladder BIOCK ..........cuiiiiiiiiiiiiiieeiie et e e s 440
Figure 23-7. CMP IVREF Output External Control BIOCK ...........ccuuiiiiiiiieiiiiie ettt e s s 442
Figure 23-8. CMP Comparator HYStEreSiS VOIAGE .........eviiiiiieiiiieeiie ettt e e e es 442
Figure 23-9. CMP INPUL NEIWOTKS EXAMPIE ......coiiuiiiiiiiiiii ittt ettt et e e s bt e e e sbb e e e e bt e e e e anneeeesnbeeeas 443
Figure 24-1. DAC Main BIOCK — CUITENE DAC .......uieiiiiiiieeee ettt e ekt e et e e s e e e asr e e e s b e e e s nnnr e e e nnnnee s 446
Figure 24-2. DAC Main Block — Voltage DAC

Figure 24-3. DAC ProCess CIOCK CONIOL........uiiiiiiiieiiieee ettt e ettt e s e e e s ab bt e e st e e s nnre e e e nanreeas
Figure 24-4. DAC INTEITUPL CONIOL ...ttt ettt e e ookttt e e e e e e e bbb e et e e e e e s e sabb b et e e e e e e anbbaeeeeeeeaannnneeas
Figure 24-5. DAC Output Voltage — CUITENT DAC .....couiiiieiiiiee ettt e sttt e st e e et e e s e e e nnree s 449
Figure 24-6. DAC Conversion — Output Update by Data Register WIEN .............eiiiiiiiicee e 451
Figure 24-7. DAC Conversion — Output Update DY EVENE TIHGGET .......uuiieiiiiieiiiiie ettt 452
Figure 24-8. DAC Application CirCuit — CUIMENE DAC .....ccooiiiiiiieie ettt e e e e s e e e e e e sab e e e e e e e e s neneeeas 454

MG32-MO User Guide Page-24



megawin MG32-MO0 User Guide V4.6

Figure 24-9. DAC Application Circuit — VOIAGE DAC ......ccoi ittt e e et e e e e e s e st e e e e e e e st b aareaaeeesnnsrseees 454

MG32-MO0 User Guide Page-25



megawin MG32-MO0 User Guide V4.6

List of tables
Table 2-1. Chip Implementation Table

Table 2-2. CPU MeMOIY AGUIESS IMAP ... ceeiuiiiieiiieie ittt ettt et e ekt e e ettt e s b et e e e e b et e e e bb e e e s sbn e e e anbr e e e anbeeeennnes 39
Table 2-3. Peripheral Memory Boundary Address — MG32F02A132/072..........uuuiiiiiaiiiiiieee et 40
Table 2-4. Peripheral Memory Boundary Address — MG32F02A032.......cccceiiiiiiiieeeeeeiiiiiiieeeeesseiiareeeeeesssneaeeeaeeesssssnneeeeess 41
Table 2-5. Peripheral Memory Boundary Address — MG32F02A128/U128/A064/UQDBA ..........ccooiuueieeiaeiiiiiieeeee e 43
Table 2-6. Peripheral Memory Boundary Address — MG32F02V032.......ccceiiiiiriiiiieeeeiiiiiieee e e s seiiiaeeee e e e s esneareeeeeesennsaneeeeees 44
Table 3-1. Power DeviCe IMPIEMENTALION. .......ooi ittt e e e e ettt e e e e e e s e bbb et e e e e e e e e nnbteeeeeeeeaannreeeeaaeeas 49
Table 3-2. POWET OPEIAtiON IMOOE ........veiiiiiiiieiitee ettt sttt et bt e e ettt e e b b et e e e h b b e e e e bb e e e e bbe e e e anbr e e e enbneeennnnee 50
Table 3-3. Voltage DeteCt TRIESHNOIA ... ...ttt e ettt e e e e e e st e et e e e e e e e naee e e e e e e e e aannrtneeeaeeas 55
Table 3-4. Sleep and DeepSleep Entering .57
Table 3-5. POWETN MOUE SEIECLION ...ttt e e oottt e e e e e s bbbttt e e e e e s e bbbe e e e e e e e e e anbeeeeeeeeaannnnbneeeaaeas 57
Table 3-6. Internal DeVICE POWET CONIOL.........coiiiiiiiiiie ettt e bbbt e et e e et bt e e s b e e e anb e e e anbneeesneee 58
Table 3-7. DeVICE POWET-ON CONTIOL.........u ittt oottt e e e e e e bbbttt e e e e e s b bttt e e e e e e saabbbeeeeeeeeaaasneeeeeeeeeeaannsbneeaaaeas 59
Table 3-8. WaAKEUP EVENTS SOUICE .......c.uuiiiiiie e i iiiiiieet e e e e e e ettt e e e e e e st aeeeeaeeasaatbaeeeaaeae s sbesseaaeeesanssbaseeeaeesanssseseeaeeesanssssneeaaenns 61
Table 3-9. WFI and WFE Action for Wakeup and ISR ...ttt e e e e s 62
Table 3-10. WFE Events for Setting EVENt REGISTE......ccciiiiiiiiiie ettt e e sbn e 67
Table 4-1. Reset Control Function for Different RESEt LEVEL ........coouiiiiiiii i 75
TADIE 4-2. RESEL EVENT SOUICE ......eiiiiitiie ettt ettt ettt ekttt e ook bt e e et et e e ek bt e e e ah b bt e e e bbbt e sbbe e e e anbr e e e enbneeennnnee 78
Table 4-3. Reset VS Lock FUNCtion for MOAUIES' REGISIEIS ......ccoiiiiiiiiiiiie ettt e e e e e e e e e e s 80
Table 5-1. Embedded PLL Implementation ...............cccceu.e.

Table 5-2. Module Running and Clock Enable Control

Table 5-3. Modules' Available ClOCK ENaDIE REGISTET .........uvii i
Table 5-4. Internal DEVICE ClOCK CONIIOL.........ciiiiiiiiiii ettt e e e e ettt e e e e e s bbb et e e e e e e e e nnbereeeeeeeasnnrnneeaaaeas 95
Table 5-5. Modules' Available Input Event CIOCK SOUICES TabIE .........viiiiiiiiiiiiiiee e ee e e e 96
Table 5-6. Internal Total Equivalent Capacitance for XOSC CIFCUIL.........cuiiiaiiiiiiiiie et e e s 97
Table 5-7. Reference Capacitance of C1 & C2 for crystal 0SCIllating CIFCUIL...........cueiiiiiiiiiiiiie e 97
Table 7-1. Embedded Memory IMPIEMENTALION. ..........ci ettt e e e e e e s e bt e e e e e e s et ba e e e e e e e e anebeeeas
Table 7-2. MemMOry BOOt MOAE SEIECT.........uiiiiiiiiiiiiii ettt e e e et e e e e e e s tb et e e e e e s sa b taaeeeeeeseasnsbaaeeeeeessnnsseeees

Table 7-3. Flash Memory Access Control and Key
Table 7-4. Memory Access ReStrCtion VS BOOT IMOUE .........uiiiiiiiiiiiiiee ettt et e e e st e e
Table 7-5. CPU Hold Control under FIash MEMOIY ACCESS......uuitiaiiiiiiiieiiae ettt e e ettt e e e e s e abbe e e e e e e s e sntbbeeeeaeeasnebeeeas
Table 9-1. GPIO IMPIEMENTALION. ......ci ittt e e bt e e s bt e e e bbb e e e st et e e s be e e e ek be e e e anbe e e e annneeeanbbeeenans
Table 9-2. O Operation MOAE CONTIO .........cii ittt e e e e et e e e e e st bt e e e e e e e s e abbe e e e e e e e s aannsbaeeeaeeeaansbeeeas
Table 9-3. Port C 10 MOdE DEfaUIt SEHING ... .eciiiriiiiiiie ettt e e e st b e e e abe e e e snn e e e anbbeeenans
TADIE 10-1. INTEITUDPE SOUICES ... .eeetieeeeeiittieeee e e ettt et e e e e e att ettt e e e e e s aatbe et e e e e e e s aebeeeeeae e e onbbee e e e e e e e eannbeseeeeeeaeannbbbneaaeeeeansbneeas
Table 10-2. CPU LOCKUD EXIt EVENS ......ciiitiiieiiieie ittt sttt et e sttt e e ettt e e e st e e s b bt e e e ek b e e e e anbeeeesnnbeeeanbbreenan
Table 10-3. Hard Fault Handling EVeNntS 0N COMEX-IMO..........uuiiiiiiiiiiiiii ettt e et e e e e e s et e e e e e e e e snebeeeas
Table 11-1. GPL Implementation....................

Table 12-1. DMA Implementation ..................

Table 12-2. DMA Memory Source Support
Table 12-3. DMA Channel Source ReqUESE SEIECHION...........uuuiiiiieiiiieii ettt e e e e s et e e e e e e e e e nebeeeas
Table 12-4. DMA Channel Destination REQUESE SEIECTION ........ciiiiiiiiiiiiieee ettt e st e e e e s et r e e e e e e sneaaeees
Table 12-5. DMA Channel Operation TYPE SUPPOIT ....ceie et iieaeeea ittt e e e e e e aattee e eaaeeaaatbeeeeeaaaasaanseseeeaaesaaanseeneaaaaeaaanseeeees
Table 12-6. DMA Transfer Number/Start Address and Burst Size Setting NOtE .........ccooiiiiiiiiieei i
Table 12-7. Peripheral Module Interrupt Flag Control for DMA — MG32F02A132/072 ......uuueeiiaaiiiiiieeee e
Table 12-8. Peripheral Module Interrupt Flag Control for DMA — MG32F02A032 .......ccoiciiiiiiee e
Table 12-9. Peripheral Module Interrupt Flag Control for DMA — MG32F02A128/U128/A064/U064
Table 12-10. Peripheral Module Interrupt Flag Control for DMA — MG32F02V032

MG32-MO0 User Guide Page-26



megawin MG32-MO0 User Guide V4.6

Table 13-1. EMB IMPIEMENTALION ......cciiiiiiii ettt e e e e et e e e e e s et e et e e e e e e saatbtaeeeeeesseasataseeeaeeaeantbaneeeeeessnsseeees 168
Table 13-2. EMB Interface and DeviCe Pin MapPing.......o oo uueeiiiaae ettt e e ettt e e e e e e s e aeeeee e e e e s e snnbaeeaaaeeesannneeeas 175
Table 13-3. EMB AHB to External Memory Supported TranSACHONS ........cccciiiiiiiiiieee et e e e e e e e e e e aaaees 177

Table 13-4. EMB Address/Data Interface Mode Setting
Table 13-5. EMB Internal and External Signal Mapping

Table 13-6. EMB Interrupt Flag Control fOr DMA FUNCHON ........ciiiiiiiiiiii ettt e e e e s et e e e e e e e neaeeeas 199
Table 13-7. EMB Interface Signal and Suggestion Pin Table ... 199
L o) (o R e R o 2 B o T o (=70 =T [ = i {o o PP PTR PSP 202
Table 14-2. Timer Common ITR6/ITR7 Signals TaBIE .........c.uuviiiiie e e e e e e e 205
Table 14-3. OBM Block Output Channel Signals Table ............oiiiiiiii e e e e 207
Table 14-4. OBM Block Break Channel Signals TabIe ............uviiiiiiiiiiiiicee et e e e e 208
Table 14-5. IR Clock/Data SIgNalS TabIE .........ociiiiiiiiiiie e e e e st e e s s e e e snr e e e ansneeenns 210
L o] (T R I oL O '] o] 1= 4 1T o = i o o PP UPPRPPP 213
Table 15-2. 12C MOAUIES' FUNCLIONS ...... ..ttt ettt e e e e ettt e e e e e st be e eeeaeeeaamtbeeeeeaaeeaannteeeeeaeeeaannsbaneaaeaesannnneeas 213
Table 15-3. 12C Event Code Table

Table 15-4. 12C Master Transmitter Mode EVENt TADIE ..........oeiiiiiii et e e e e 223
Table 15-5. 12C Master Receiver Mode EVENE TABIE ........ocuuiiiiiiiiice e 225
Table 15-6. 12C Slave Transmitter Mode EVENE TADIE ...t e e s e e e e e e 227
Table 15-7. 12C Slave Receiver Mode EVENE TADIE .......ccooiiiiiiiiiii ettt e e e e nbbeeeens 229
Table 15-8. 12C Miscellaneous EVENE TADIE ........ ..ottt e e e e e e ettt e e e e e e e et e e e e e e e e annaeeeas 231
Table 15-9. 12C Signal OULPUL DrivING SEHING......uviiiiii i e e e e e e s s e e e e e e e s et b e e e e e e s e s atbanreeeeesannsreeees 239
Table 15-10. 12C TMO Timeout Timer ON/Off CONIOL ...........uiiiiiie e e e e e s et e e e e e e e neneeeas 241
Table 15-11. 12C Interrupt Flag Control for DMA FUNCHON ........oiiiiiiiiiiiice ettt e e e e et e e e e e e e s eaaaaees 244
Table 16-1. UART Implementation...................

Table 16-2. UART Modules' Functions

Table 16-3. UART Pin Swap FUNCHON MAPPING ....eviiiriiieiiiiee ettt e s e e st e e s snnn e e e snneeesasneeenans 259
Table 16-4. UART Data Character FOrmMat SEHING ......c...ciiiiiuiiiiiie et e et e e st e e e e e e s et e e e e e s e st ra e e e e e e e e snsaeeees 264
Table 16-5. UART Parity Bit DEfINItIONS. .........viiiiiieiiieie ettt e st e e s e e e et et e s anrn e e e snneeesasreeenans 265
Table 16-6. UART Control Mode vs. Character Data Control REQISTEr...........cociviiiiiiee it 266
Table 16-7. UART Module vs. Character Data CONtrol REGISIET .........cueiiiiiiiiiie et 266
Table 16-8. UART OpPeration MOOE SEHING ... ..coiuuiiiitiieeiiiieeeiieie et ee e et e e st e e sbt e e e e tb e e s aate e e e sbeeeeaabbeeesanteeeesnbeeeansbeeenans 266
Table 16-9. UART TX Stop Bit LENGIN SEHING.......viiiiiiiieiiiie ettt e et e s s e e e s e e e s nsneeeeans 267
Table 16-10. UART Break Condition Send and DeteCt CONLIOL...........eiiiiiiiiiiiiiie it ee e rbee e et e e sebee e e 273
Table 16-11. UART BR Baud-Rate Timer On/Off Control

Table 16-12. UART General Using Baud-Rate Setting EXamPIES........ccoiuiiiiiiiiiiiiiie et 276
Table 16-13. UART Received Data Oversampling and NOIS€ DeECHON ........cc.eviiiiiiieiiiiie et 277
Table 16-14. UART TMO Timeout Timer ON/Off CONTIOL.......ccoiuuiiiiiiieeiiiiie ettt e e st e e s snte e e snseeeansbeeeens 281
Table 16-15. UART Calibration TimeoUt CONMItION.........ciiiieiiiii ettt e e e e e e et e e e e e e s e s nneaeeeaaeeeansneeeas 282
Table 16-16. UART Calibration TIMEOUL TIMIE .......uiiiiuiieeiiiiieeeiiete et ee ettt e s sttt e st e e st e e s aatee e e s beeeeasbbeeeeanteeeesnseeeansbeeeaans 283
Table 16-17. UART Multi-Processor Address Matched vs Mute Mode CONIOl ..........oooiiiiiiiiiia e 287
Table 16-18. UART Synchronous Clock Mode Table .........c.uuiiiiiiiiiiiiiice ettt e e e e e e e e
Table 16-19. UART Synchronous Mode NSS TimiNg TADIE ........vviiiiiieeiiie et

Table 16-20. UART SmartCard Clock Output Setting Examples
Table 16-21. UART IrDA Received Data Oversampling and Sampling Mode

Table 16-22. UART Data Buffer vs RHF Status when Multi-Processor Address Unmatched ...........cccceeeiiiiiiiiiieeeinniiinee, 301
Table 16-23. UART Interrupt Flag Control for DMA FUNCHON ........ooiiiiieiiiiie ittt sttt e e e 302
Table 17-1. SPIIMPIEMENTALION ......oeiiiiiiiiii ettt e e ettt e e e e e e et ettt e e e e e o a bbb et e e e e e e s s bnbe e e e e e e e s e annbba et eeeeeeannbeeeas 304
Table 17-2. SPI MOAUIES' FUNCHONS. ... ..iiiiieiee ettt ettt e e e e ettt e e e e e e s st e e eeeaeee s tbeseeeaaeesasnteseeeaaesaannstaneaaeeessnnseneees 305
Table 17-3. SPI ClOCK MOE TaDIE ...ttt e e e e st e e e e e e s et e e e e e e e e s nebeeeas 316

MG32-MO0 User Guide Page-27



megawin MG32-MO0 User Guide V4.6

Table 17-4. SPINSS CONIOl TADIE ... .eieiiiiie ettt sttt e e s bt e e e st b e e e anbe e e e sbbeeeenbbeeeeans
Table 17-5. SPI Master NSS Timing Table

Table 17-6. SPI Data CoNtrol TABIE .........cooiiiiiiiiiie ettt e e s bt e e e st b e e e aabe e e e sbbeeeanbbeeeeans
Table 17-7. SPI FIASI TYPE LISt ...eeiiieiiiiiiiiiei ettt ettt e e e e e et bttt e e e e e e o aa s beeeeeaaee e e mnseeeeeaaeeaannsbaneaaaeeeannnneeas
Table 17-8. SPI Flash Control Table

Table 17-9. SPI Interrupt Flag Control for DIMA FUNCHON .........uiiiiiiiiiiiiii et e e e e et e e e e e e e anntaeeeaaeeeaneeeeeas 337
Table 18-1. TiImer IMPIEMENTALION ...t e e e e e e e s e e e e e e e e s e bt s e e e eeeeseaataaeeeeeeseantbaneeeeeeesnnsreees 339
Table 18-2. TIMer MOAUIES' FUNCLIONS ........eiiiiiiiiiiiiiei ettt e e e ettt e e e e e e ettt e e e e e e s e tbeeeeeaaee e e sntaeeeeaaesaannsbeneaaeeeeansneeeas 340
Table 18-3. Timer Operation Mode and Control Validation..............cooiiuiiiiee i e e 351
Table 18-4. Timer Internal Trigger SIgNAIS TADIE ........ooii e e e e e e et e e e e e e e e e e e e e e e e neneeeas 354
Table 18-5. Timer Channel INPut SIGNaAIS TabIE.........uiiii i e e e e s e st e e e e e e e s eaaarees 357
Table 18-6. Timer Capture and Compare RegiSter CONLIO ...........ooiiiuiiiiiiiie e e e e 360
Table 18-7. Timer Input Capture Mode — MG32F02AL32/072 ......ccociiiieeeeee ettt e e et e e e e e s e st e e e e e e e e e naraees 361
Table 18-8. Timer Input Capture Mode — MG32F02A032/A128/U128/A064/U0B4/NVO32 ........vvveiiueeeeeiiieeesireesieeeaneieeaenns 361

Table 18-9. Timer Output Compare/PWM Mode
Table 18-10. Timer Output Break or Stop Control

Table 18-11. Timer QEI External Input Up/Down COontrol MOE ...........uviiiiieiiiiiiiiiiee et e e e e e 379
Table 18-12. Timer QEI ENCOUETN StAteS........ccooiiiiiiiiiee e 381
Table 18-13. Timer QEI ENcoder State TranSItION ...........ciiiiiiiiii e e e ceeiiii e e e e e e e e e e e s e e e e e e s e atar e e e e e e s e satbaneeeeeesssnsreeees 381
Table 18-14. Timer Interrupt Flag Control for DMA FUNCHION .......cooiiiiiiiiiee et e e e e s e e e e e e e s neeeeeas 383
Table 19-1. IWDT Register Write ProteCtion TabIE ..........cciiiuiiiiiie et e e e et e e e s e st r e e e e e e s eanaeees 386

Table 22-1. ADC Implementation-1
Table 22-2. ADC Implementation-2
Table 22-3. ADC Module Functions

Table 22-4. ADC Channel DefiNItiONS............oiiiiiiiiit ettt et ekt b et e st e e b e sbneeaneeens 406
Table 22-5. ADC GaiN CAlCUIALION ..ottt e ettt e e e e e ettt e e e e e e e e ebeeeeeaaeeaaasnteeeeeaaesaannsbeneeaaeeeannnneeas 409
Table 22-6. ADC CoNVErsion MOUE CONIION .......iuiiiitiiiiieiti ettt ettt b et e e e re e e st e e nne e e sbneenneeens 412
Table 22-7. ADC Digital OffSEt PIOCESS .....cvviieiiiie ittt e e st e s e e et et e e sne e e e snneeeaasneeenans 417
Table 22-8. ADC Single-End Data Format DefinitioNS.........c..uviiiiiei it e e s e e e e e e e eaaaees 418
Table 22-9. ADC Differential Data Format DefinitiONS .........c..uuiiiiieiiiie et e e e e e e e e e e e e e e e e e neeeeeas 418
Table 22-10. ADC Data Alignment DEfiNIIONS .........uuuiiiiieiiiiiiiir e e e e e e e e s e e e e e e e s eeaba e e e e e e s e satbaneeeeeeesansseeees 419
Table 22-11. ADC Data COUE EXAMPIE ....cciiiiieiiiieiii ettt ettt e et e e e et e e s n e e e e s bt e e anne e e e snneeeaanneeenans 419
Table 22-12. ADC Data Sum and Conversion Mode CONLIOL ..........ooiiiiiiiiiiiiiit ettt 422
Table 22-13. ADC Data Sum Flags vs. Conversion Mode

Table 22-14. ADC SUM ValU RANGE ......uuiiiiiiiiiiiiiiiiit ettt e e e e et e e e e e s e st e e e e e e e e s e tbtaseeeeeesaatbtaaeeeaeeseaattanraeeeessnnsseenes
Table 22-15. ADC Auto-Off Mode Start-Up Cycle vS. CONVEISION MOUE ........ccvuviiiiiiieiiiiie et 427
Table 22-16. ADC Interrupt Flag Control for DMA Function — MG32F02A132/072 .....ccccuutiiiiiieiiieee it niieee e 429
Table 22-17. ADC Interrupt Flag Control for DMA FUNCHION ........oiiiiiiiieiiie et 430
Table 22-18. ADC DMA Mode VS. CONVEISION IMOUE........coiuiiiiiiiiiieitie ettt ettt ettt ettt nb et et e b nineennee e 430
Table 23-1. CMP IMPIEMENTALION ......ciireiieiiiie ettt e e ekt e st e e s e e e st e e e e s et e e sn e e e e e b ne e e e annn e e e nnneeeeanneeenans 434
Table 23-2. Analog Comparator MOAUIES' FUNCHIONS.........iuuiiiiiiieeiiiee ettt e et e e st e e s bt e e s sbbe e e e snbeeeesnreeeanbbeeeeans 434
Table 23-3. CMP Comparator IVREF R-Ladder OULPUL .........coccueiiiiiiieeiiiiie e e et e e e nsnee e 441
Table 24-1. DAC Implementation ....................

Table 24-2. DAC Data Alignment Definitions

Table 24-3. DAC Interrupt Flag Control for DIMA FUNCLION ........eiiiiiiiiiiii ettt e et e e e e e e eeeeeeas 453
TADIE 25-1. WOIT GIOSSANY .....veeeiieiieiiitiee ettt ettt et o e e e ekt e e sttt e o1 e s et e ook et e e aa b et e e e be e e e e bbb e e e anbe e e e snnbeeeenbbreenan 455
Table 25-2. Modules INterconNECtioN TaDIE.............uiiiiii et e e e e e 456

MG32-MO0 User Guide Page-28



megawin

MG32-MO User Guide V4.6

1. Document Using
1.1. Documentation Conventions

The following signed text examples are used to indicate special signification in this document.
: Pin name in dark-green foreground color

: GPIO AFS 10 name in orange foreground color

: Register name in dark-red foreground color

. Internal signal in blue foreground color

PA[15:0]
DAC TRGO
I2Cx_EN
CK_HS
[Notify]

: The following descriptions of the *

TNotify]” in underline and italic are used to notify user.

1.2. Block Diagram Glossary

Figure 1-1. Block Diagram Glossary

[X] pPAO

O CK_SYS

CMPO_OUT
—

CK_I2Cx

<Note>: General descriptions to notify for this diagram.

Chip Pin and Pin Name

AFS |0 and 10 Name

Module 10 and IO Name

Module External Signal

Module Internal Signal

Register Name and Control
Indicated Line

Rising , Falling Edge Signals

Pulse, Level Signal

<Note-1> and description

See <Note-1>, <Note-2> below block
diagram for more information

@ @ Voltage, Current Reference Source

| AMUX || MUX | Analog, Digital Multiplex

o0 On/Off Switch - default Enable

O/O On/Off Switch - default Disable
Digital Comparator

DIV Clock Divider

Signal Inverter/Polarity Control
Signal Toggler

Flag set (blue) and clear (red)

» © Branch Item

@ @ @ Step or Separated Iltem

1.3. Power Operation Mode Indicator

The following diagram is showing the power operation mode indicator of module.

Figure 1-2. Power Operation Mode Indicator

(O ON

() SLEEP

(3) stop

Power Operation Modes

Indicator

CPU is able running in full speed.

ON SLEEP STOP The module can be running in

all power operation modes.

CPU is stopped and all peripheral modules
can be configurable to continue running.

ON |SLEEP STOP The module can be running in

ON and SLEEP modes only.

CPU and all peripheral modules are stopped
except analog comparator, RTC and IWDT
modules can be configurable to continue
running.

STOR The module can be running in
ON |SLEEP ON and SLEEP modes but can
wakeup| yakeup from STOP mode.
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2. Chip and System

2.1. Chip Overview

The MG32F02A series is the single-chip 32-bit microcontroller based on a high performance Core ARM®
32-bit Cortex®-M0 CPU with embedded Nested Vectored Interrupt Controller (NVIC).

The MG32F02A series has up to 132K bytes of embedded main flash memory for code and data,
programmable memory size of embedded system flash memory for boot load code and 64 bytes of embedded
option-byte flash memory for chip configuration. The all flash memory can be programmed either in serial writer
mode (ICP, In-Circuit-Programming). Also, the main flash memory can be programmed in ISP (In-System
Programming) mode or SRAM (Boot on SRAM) mode. ICP and ISP allow the user to download new code
without removing the microcontroller from the actual end product; IAP means that the device can write
non-volatile data in the flash memory while the application program is running. There needs no external high
voltage for programming due to its built-in charge-pumping circuitry.

The MG32F02A series retains all features of the ARM® 32-bit Cortex®-MO0 with maximum 16K bytes of
SRAM, 5 /O ports, 32 external interrupts source with 4-level interrupt controller and seven 8/16-bits
timer/counters. In addition, the MG32F02A series has a System Tick Timer, two Watchdog Timers, three
Advance timer modules with IC/OC/PWM, four Basic timer modules for universal using, on-chip crystal oscillator
for 32.768 KHz to 25MHz, two high precision internal oscillators IHRCO for 11.059/12MHz and ILRCO for 32
KHz, one 12-bit ADC, four programmable threshold comparator, one 10-bit current mode DAC.

Also, the MG32F02A series support multiple and flexible communicate interface for production application. It
provides alternate function pins those are including of GPIO, 12C, SPI, UART, Timer with IC/PWM, ADC, Analog
Comparator, DAC, EMB, NCO and SWD(on chip debug). It has maximum 73 GPIO pins and provides
programmable IO type - quasi-bidirectional , push-pull output , open-drain output , input only(Hi-z) with optional
pull-high. In addition, it is built-in internal de-bounce circuit to deglitch noise for worse signals.

One direct memory access (DMA) controller is used to improve data transfer between peripherals and
memory and memory to memory. The data can be transfer by DMA controller and does not cost any CPU time.

One external memory bus (EMB) controller is used to access external SRAM, NOR/NAND flash or 8080
interface LCD display panel. It supports multiple address bus and data bus multiplex modes. Also it supports
synchronous or asynchronous timing with programmable cycle time for external devices.

For power management and reset control, the MG32F02A series is built-in a power supervisor including of a
Low Voltage Detector(LVD), maximum three Brown-out Detectors(BOD0/BOD1), a Power-On Reset(POR) , a
Low-voltage Reset(LVR). The MG32F02A series has multiple power-down modes to reduce the power
consumption: Sleep mode and Stop mode.

In the Sleep mode the CPU is frozen while the peripherals and the interrupt system are still operating. In the
Stop mode the RAM and SFRs’ value are saved and all other functions are inoperative; most importantly, in the
Sleep mode the chip can be waked up by many interrupt or reset sources(POR/LVR/BOD0/BOD1).
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2.2. Applicable Chips
This past version user quide is majorly descripted about chip functions of MG32F02A132/A072/A032 but it

dose not maintain continuously for other chips. This User Guide is applicable to the chips in following.

2.2.1.

MG32F02A132/A072
MG32F02A032
MG32F02A128/U128/A064/U064 (Refer version 5.x or later User Guide for updated information.)
MG32F02V032 (Refer version 5.x or later User Guide for updated information.)

Chip Implementation Summary

The following table is showing the implemented functions and modules of chips.

Table 2-1. Chip Implementation Table

. MG32F02A128 MG32F02U128
Chip MG32F02A132|MG32F02A072|MG32F02A032 MG32F02V032 Comment
. MG32F02A064 MG32F02U064
Functions
with one NVIC and one
CPU Core ARM Cortex MO | ARM Cortex MO | ARM Cortex MO | ARM Cortex MO | ARM Cortex MO | ARM Cortex MO | . o
single-cycle 32-bit multiplier
Flash ROM 132KB 72KB 32KB 128KB; 64KB 128KB; 64KB 32KB memory space of AP+IAP+ISP
MG32F02A064: 8KB,
SRAM 16KB 8KB 4KB 16/8 KB 16KB 4KB
MG32F02U064: 16KB
LQFP48, QFN32| LQFP80/64; LQFP80/64; [LQFP32, QFN32
Package LQFP80/64 LQFP64/48 Q Q Q Q Q Q
TSSOP20 LQFP64/48 LQFP64/48 TSSOP20
10 Number 73/59 59/44 44/29/17 73/59; 59/44 70/56; 56/41 29/29/17 10 number by package
independently external edge
Max. Ext. Interrupt 63/59 59/44 44/29/17 73/59; 59/44 70/56; 56/41 29/29/17 . .
detect interrupt lines
Max. CPU
48MHz 48MHz 48MHz 48MHz 48MHz 48MHz
Frequency
Internal Clock 12MHz(default) & 11.059MHz
ILRCO+IHRCO | ILRCO+IHRCO | ILRCO+IHRCO | ILRCO+IHRCO | ILRCO+IHRCO | ILRCO+IHRCO .
Source option for IHRCO
Low Voltage Reset (LVR),
Voltage Detector LVR+BODO0/1 LVR+BODO0/1 LVR+BODO/1 | LVR+BODO0/1/2 | LVR+BODO0/1/2 | LVR+BODO0/1/2 |BOD1: 4.2/3.7/2.4/2.0V, BOD2:
1.7V
16-bit*2: 16-bit*2: 16-bit*2: 16-bit*2: 16-bit*2: 16-bit*2:
Ti TMO00/01 TMO00/01 TMO00/01 TMO00/01 TMO00/01 TMO00/01 support Full-Counter, Cascade ,
imers
32-bit*5: 32-bit*5: 32-bit*3: 32-bit*5: 32-bit*5: 32-bit*4: Separate modes
TM1x/2x/36 TM1x/2x/36 TM10/16/36 TM1x/2x/36 TM1x/2x/36 TM1x/20/36
) . . . . . IC: Input Capture, OC: Output
IC/OC/PWM 8-CH (16-bit) or | 8-CH (16-bit) or | 4-CH (16-bit) or | 8-CH (16-bit) or | 8-CH (16-bit) or | 6-CH (16-bit) or
. ) . . : . Compare (support normal +
Channels 16-CH(8-bit) 16-CH(8-bit) 8-CH(8-bit) 16-CH(8-bit) 16-CH(8-bit) 12-CH(8-bit)
complement output)
Complement PWM 7-CH 7-CH 3-CH 7-CH 7-CH 5-CH
QEI : Quadrature Encoder
QEI Support Mode Mode 1,2,5 Mode 1,2,5 Mode 1,2,3,4,5 | Mode 1,2,3,4,5 | Mode 1,2,3,4,5 | Mode 1,2,3,4,5 Interf
nterface
o ) . . Repetition counter for CKO and
Repetition Counter - - = 8-Bit 8-Bit 8-Bit
PWM
IWDT: Independent Watch Dog
WDT IWDT+WWDT IWDT+WWDT IWDT+WWDT IWDT+WWDT IWDT+WWDT IWDT+WWDT |Timer, WWDT: System Window
Watch Dog Timer
RTC 32-Bit 32-Bit 32-Bit 32-Bit 32-Bit 32-Bit
12-Bit, 16-CH | 12-Bit, 16-CH | 12-Bit, 12-CH | 12-Bit, 16-CH | 12-Bit, 16-CH 12-Bit , 8-CH
ADC at room temperature
400Ksps 400Ksps 800Ksps 1.5Msps 1.5Msps 1.0Msps
ADC Differential . . .
support support - - - - ADC input differential mode
Mode
fast rail-to-rail analog
ACMP Units 4 4 2 2 2 - comparators with two R-ladder
voltage reference
DAC current DAC current DAC - voltage DAC voltage DAC - current DAC: programmable
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10-Bit, 1-CH

10-Bit, 1-CH

12-Bit, 1-CH

12-Bit, 1-CH

0.5/1/2 mA full-scale output
current

voltage DAC: 02V ~ VDD-0.2V
full scale range with output
buffer on

DAC Conversion
Rate

100Ksps

100Ksps

1Msps

1Msps

DAC Output Buffer

yes

yes

12C Units

optional Byte/Buffer mode,
with/without clock stretching

UART Units

Advanced *4

Advanced *4

Advanced *2

Advanced *3
Basic *4

Advanced *3
Basic *4

Advanced *2
Basic *1

URTO0~3 can configurable to
UART, Multi-processor, SPI,
IrDA, LIN, ISO-7816
(SmartCard) and support
Hardware flow control; URT4~7
are basic UART.

UART as SPI

Master *4

Master *4

Master *2

Master/Slave *3

Master/Slave *3

Master/Slave *2

configurable and shared in
advanced UART module

SPI Units

master/slave mode with or
without NSS control

USB Units (**1)

USB Device *1

MG32F02A series is not
supported for USB function.
USB full speed device is with
USB 2.0 compliant and
embedded 3.3v LDO for USB

operation power.

UsB
Endpoints/Buffer

8/512-Bytes

all endpoints are with both IN
and Out directions

EMB

16-Bit Bus

16-Bit Bus

16/8-Bit Bus

16/8-Bit Bus

support SRAM,NOR/NAND
flash,8088 LCD IF

DMA Channels

3-CH

3-CH

1-CH

5-CH

5-CH

4-CH

single/block/demand mode for
external pin trigger

DMA Memory
Source

SRAM, EMB

SRAM, EMB

SRAM, Flash

SRAM, EMB

SRAM, EMB

SRAM, Flash

Flash is not supported as DMA
destination; EMB: external
memory through EMB interface

CRC

CRC8+16+32

CRC8+16+32

CRC8+16+32

CRC8+16+32

CRC8+16+32

CRC8+16+32

CRC8/CRC16/CCITT16/CRC32
fixed polynomial

HW Divider

32bit/8-clocks

32bit/8-clocks

signed/unsigned hardware
divider (Dividend and Divisor
Bits/Cycles)

OBM Units

Output Signal Break and
Modulation

NCO Units

numerically controlled oscillator,
Output frequency <= 1/2 Input
frequency

CCL Units

configurable custom logic

ASB Units

4-CH

ARGB LED serial bus

Flash Regions

AP,IAP,ISP

AP,IAPISP

AP,IAP,ISP

AP,IAP,ISP

AP,|IAP,ISP

AP,IAP,ISP

Application flash,
In-Application-Programming
data flash,
In-System-Programming flash
(ISPD: In-System-Programming
data flash)

Flash Program IF

ICP,ISP,CPU

ICP,ISP,CPU

ICP,ISP,CPU

ICP,ISP,CPU

ICP,ISP,CPU

ICP,ISP,CPU

In-Chip-Programming
interface(U1 writer),
In-System-Programming
interface(UART), CPU firmware
directly programming

<Note>

: not supported or not implemented
**1: Only MG32F02Uxxx series is supported of USB function.
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2.3. Chip Main Block

The following diagrams are showing the block of internal devices in the chip.

There are one embedded ARM® Cortex®-MO0 processor with NVIC (Nested Vectored Interrupt Controller)
and DAP (Debug Access Port); AHB lite bus with SRAM/Flash memory, Power/Reset/Clock system controllers,
GPIO control blocks and GPL (General Purpose Logic); APB bus with UART/SPI/I2C communication controllers,
timers of general timer / IWDT / WWDT / RTC and analog control block of ADC / analog comparators / DAC;
analog devices of POR (power on reset), BOD0/BOD1/BOD2 (Brown-Out Detectors), ILRCO (Internal
Low-frequency RC Oscillator)/IHRCO Internal High-frequency RC Oscillator)/PLL.

2.3.1. MG32F02A132/072 Main Block

Figure 2-1. Chip Main Block - MG32F02A132/072
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2.3.2. MG32F02A032 Main Block

Figure 2-2. Chip Main Block — MG32F02A032
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2.3.3. MG32F02A128/U128/A064/U064 Main Block
The USB module is only implemented for MG32F02U series.

Figure 2-3. Chip Main Block — MG32F02A128/U128/A064/U064
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2.3.4. MG32F02V032 Main Block

Figure 2-4. Chip Main Block — MG32F02V032
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2.4. CPU Core

The chip is embedded a CPU core of Cortex®-MO0 processor. The processor is a configurable, multistage,
32-bit RISC processor. It has an AMBA AHB-Lite interface and includes an NVIC component. It also has
optional DAP hardware debug functionality.

The processor can execute Thumb code and is compatible with other Cortex®-M profile processor. The
profile supports two modes -Thread mode and Handler mode. Handler mode is entered as a result of an
exception. An exception return can only be issued in Handler mode. Thread mode is entered on Reset, and can
be entered as a result of an exception return.

2.4.1. CPU Features

ARM® 32-bit Cortex®-M0 CPU
Operation frequency up to 48MHz
Built-in one NVIC for 32 external interrupt inputs with 4-level priority
Built-in one 24-bit system tick timer
Built-in one single-cycle 32-bit multiplier
Built-in one SWD serial wire debugger with 2 watch points and 4 breakpoint
The ARMv6-M Thumb® instruction set

2.4.2. ARM Cortex-MO Processor

The following diagram is showing the block of ARM® Cortex®-MO0 Processor. Refer the ARM® “Cortex-M0
Devices Generic User Guide” for more information about Cortex®-M0 CPU.

Figure 2-5. ARM Cortex-M0 Processor
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2.5. Memory Organization

There are maximum 16K bytes of SRAM built in the chip. The chip has up to 132K bytes of embedded main
flash memory for code and data, programmable memory size of embedded system flash memory for boot load
code and 64 bytes of embedded option-byte (OB) flash memory for chip configuration. Others, there are many
modules’ independent hardware control registers and locate at the memory space of AHB/APB devices. Please
refer the chip Data Sheet for the actual embedded SRAM and flash memory size.

Please refer the table of “Chip Implementation Table” in the section of “Applicable Chips” for more detail
information about MCU chip embedded flash and SRAM configuration.

User can configure the whole flash to store for his Application Program (AP) code, In-System-Program (ISP)
code and In-Application-Program (IAP) memory. User can adjust the size for the three flash memories.

The following diagram is showing the memory organization map of CPU with total 4G bytes address space.
There are separated eight memory blocks and the memory size is 512M-byte for each block. The block is signed
“XN” which is not able to execute code. The USB RAM is embedded only for MG32F02U series.

Figure 2-6. Memory Organization Map

Block/Type CPU Address Linear Logical Address Size
Device System Device 512MB
XN ori Cerioheral B Space
OXE000 0000 rivate Peripheral Bus
External
Device External Device SlGB
pace
XN
. __0xA000 0000
1GB
External RAM External RAM Space
0x6000 0000
Peripheral AHB/APB Devices 512MB
XN Space
0x4000 0000
0x3000 0000 _ || USB RAM [ - e
Space
0x2000 0000 I SRAM
0x1FF4 0000 _
0x1FF3 0000 I 0B2 Elash |
0x1FF2 0000 I OB1Rlash |
0x1FF1 0000 I OBQ Flash |
Ox1FF0 0000 || ISPD Flash |
0x1C00 0000 ISP Flash
Code ( 512MB
(R 10) I N . Space
.
_ox1a000000 i !APFlash
AP Flash
0x1800 0000
Relocated Boot
Memory Space
0x0000 0000 (no physical memory) J

<Note-1>: XN ~ eXecute Never
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2.5.1. CPU Memory Map

The following table is showing the memory address map of CPU. The block is signed “XN” which is not able

to execute code.

Table 2-2. CPU Memory Address Map

Block| Block Boundary address Size
XN Address Space Note
Index | Name Start address| End address P
s 0xE010 0000 |0xFFFF FFFF| 511MB |[VENDOR_SYS
7 DySt-em XN Private Peripheral  |MO Reserved
evice . .
e e T Bus(PPB) Cortex MO internal peripherals
6 Egé?/'irgg" XN | 0xC000 0000 |OXDFFF FFFF| 512MB |Reserved External memory (SRAM, Flash)
5 ES‘;%EQS' XN | 0xA000 0000 |OXBFFF FFFF| 512MB |Reserved External memory (SRAM, Flash)
4 E)Igirl\’)la' 0x8000 0000 |0X9FFF FFFF| 512MB |Reserved External memory (SRAM, Flash)
3 E)Igfma' 0x6000 0000 |0X7FFF FFFF| 512MB |Reserved External memory (SRAM, Flash)
2 |Peripherall XN | 0x4000 0000 |OX5FFF FFFF| 512MB |APB/AHB APB/AHB modules
0x3000 0200 |0X3FFF FFFF| 256MB |Reserved
0x3000 0000 | 0x3000 01FF | 512B |USB SRAM (*2)
1 SRAM 0x2000 4000 |0x2FFF FFFF| 256MB |Reserved
0x2000 3800 | 0x2000 3FFF | 2KB SRAM (*2) Upper 2K-byte suggestion for DMA
0x2000 0000 | 0x2000 37FF | 14KB
Ox1FF3 0400 |0x1FFF FFFF| 831KB |Reserved
Ox1FF3 0040 | Ox1FF3 03FF | 960B
X X OB Flash-2 (*2) :
Ox1FF3 0000 | Ox1FF3 003F | 64B Hardware Option byte-2 (64-byte)
Ox1FF2 0400 |0X1FF2 FFFF| 63KB |Reserved
Ox1FF2 0050 |Ox1FF2 03FF | 944B
Ox1FF2 0040 | OxIFF2 004F | 16B |OB Flash-1 (*2) Unique ID (16-byte)
Ox1FF2 0000 | Ox1FF2 003F | 64B Hardware Option byte-1 (64-byte)
Ox1FF1 0400 |OX1FF1 FFFF| 63KB |Reserved
0x1FF1 0040 |0x1FF1 03FF| 960B
OB Flash-0 (*2 -
Ox1FF1 0000 | Ox1FF1 003F | 64B (*2) Hardware Option byte-0 (64-byte)
0x1FF0 0400 [0OX1FFO FFFF| 63KB |Reserved
0 Code Ox1FF0 0000 | 0x1FF0 03FF | 1KB |ISPD Flash (*2) ISP data flash
0x1C02 1000 |0x1FEF FFFF| 63MB |Reserved
0x1C00 0000 | 0x1C02 OFFF | 132KB [ISP Flash (*2) SBlgg; Pl e el (Eemi L il
0x1A02 1000 |0x1BFF FFFF| 32MB |Reserved
0x1A00 0000 |0x1A02 OFFF| 132KB |IAP Flash (*2) gi‘g’)‘ R EEmET] {(EmiIE
0x1802 1000 |0x19FF FFFF| 32MB |Reserved
- Application Flash memory
0x1800 0000 | 0x1802 OFFF | 132KB |AP Flash (*2) (configurable size by chip option)
0x0002 1000 |Ox17FF FFFF| 384MB |Reserved
Relocated memory |Interrupt Vector
0x0000 0000 | 0x0002 OFFF | 132KB |J - .7 OX0000 00C0-0X0000 0000

XN : eXecute Never , 1 Block = 512MB
*1: Relocated memory space : Main flash memory, Boot flash memory or SRAM depending on BOOT configuration
*2: The table lists the maximum value. Refer the “Chip Selection Table” of Data Sheet about actual memory size.
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2.5.2. Peripheral Memory Boundary

The following tables show the peripherals’ boundary address in the related chip.

® MG32F02A132/072 Peripheral Memory Boundary Address

Table 2-3. Peripheral Memory Boundary Address — MG32F02A132/072

U ] | i, | e | e
eripheral
0x5F00 0100 |Ox5FFF FFFF| 16MB Reserved
0x5F00 0000 | 0x5F00 00FF 256B APB APB APB module global control
O0x5E00 0000 |OX5EFF FFFF| 16MB |Reserved Reserved
0x5D04 0100 |[0x5DFF FFFF| 16MB Reserved
0x5D04 0000 |0x5D04 O0FF| 256B RTC Real Time Clock
0x5D01 0100 {0x5D03 FFFF| 192KB Reserved
WDT/RTC : :

0x5D01 0000 |0x5D01 O0FF| 256B WWDT Window WatchDog Timer
0x5D00 0100 [0x5D00 FFFF| 64KB Reserved
0x5D00 0000 | 0x5D00 00FF| 256B IWDT Independent WatchDog Timer
0x5C08 0100 (0X5CFF FFFF| 15MB Reserved
0x5C08 0000 | 0x5C08 OOFF| 256B e DAC Digital-to-Analog controller
0x5C00 0100 [0x5C07 FFFF| 512KB Reserved
0x5C00 0000 | 0x5C00 O0FF 256B CMP Analog Comparator 0,1,2,3
0x5B00 0100 |0x5BFF FFFF| 16MB Reserved
0x5B00 0000 | 0x5B00 O0FF 256B ADC ADCO Analog-to-Digital controller
0x5700 0000 [OX5AFF FFFF| 64MB  |Reserved Reserved
0x5686 0100 |0x56FF FFFF 8MB Reserved
0x5686 0000 | 0x5686 O0FF 256B TM36 16+16-bit Timer with 4 IC/OC/PWM
0x5606 0100 | 0x5685 FFFF 8MB s Reserved
0x5606 0000 | 0x5606 00OFF 256B TM26 16+16-bit Timer with 2 IC/OC/PWM

APB 0x5600 0100 [ 0x5605 FFFF| 384KB Reserved
0x5600 0000 | 0x5600 OOFF 256B TM20 16+16-bit Timer with 2 IC/OC/PWM
0x5586 0100 |0x55FF FFFF 8MB Reserved
0x5586 0000 | 0x5586 00FF 256B TM16 Basic16+16-bit Timer/Counter
0x5580 0100 [0x5585 FFFF| 384KB Reserved
0x5580 0000 | 0x5580 00FF 256B i TM10 Basic16+16-bit Timer/Counter
0x5501 0100 [Ox557F FFFF 8MB Reserved
0x5501 0000 | 0x5501 O0FF 256B TMO1 Basic 8+8-bit Timer/Counter
0x5500 0100 [0x5500 FFFF| 64KB Reserved
0x5500 0000 | 0x5500 00FF 256B TMO00 Basic 8+8-bit Timer/Counter
0x5400 0000 |Ox54FF FFFF| 16MB |Reserved Reserved
0x5300 0100 |0x53FF FFFF| 16MB Reserved
0x5300 0000 | 0x5300 00FF 256B SPI SPIO SPI bus controller with data buffer
0x5203 0100 |Ox52FF FFFF| 16MB Reserved
0x5203 0000 | 0x5203 00FF 256B URT3 Advance UART bus controller
0x5202 0100 [0x5202 FFFF| 64KB Reserved
0x5202 0000 | 0x5202 00FF 256B URT2 Advance UART bus controller
0x5201 0100 [0x5201 FFFF| 64KB UART Reserved
0x5201 0000 | 0x5201 OOFF 256B URT1 Advance UART bus controller
0x5200 0100 [0x5200 FFFF| 64KB Reserved
0x5200 0000 | 0x5200 00FF 256B URTO Advance UART bus controller
0x5101 0100 |Ox51FF FFFF| 16MB |[I2C Reserved
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0x5101 0000 | 0x5101 OOFF 256B 12C1 12C bus controller
0x5100 0100 | 0x5100 FFFF| 64KB Reserved
0x5100 0000 | 0x5100 OOFF | 256B 12C0 12C bus controller
0x5000 0100 |Ox50FF FFFF| 16MB Reserved
EXT Interrupt
0x5000 0000 | 0x5000 00FF 256B EXIC External Interrupt Controller
0x4FF0 0100 |Ox4FFF FFFF| 1024KB Reserved
0x4FF0 0000 | Ox4FFO OOFF | 256B Chip CFG Hardware option (NVR0/1/2)
0x4F00 0100 |Ox4FEF FFFF| 15MB Reserved
0x4F00 0000 | 0x4F00 OOFF 256B WRI Writer Interface Control
0x4E00 0000 |Ox4EFF FFFF| 16MB |Reserved Reserved
0x4D02 0100 |0x4DFF FFFF| 16MB Reserved
0x4D02 0000 | 0x4D02 00FF| 256B Memory EMB External Memory Bus Controller
0x4D00 0100 |0x4D01 FFFF| 128KB Reserved
AHB | 0x4D00 0000 |0x4D00 OOFF| 256B MEM Internal Memory Controller
0x4C03 0100 |0x4CFF FFFF| 16MB Reserved
0x4C03 0000 | 0x4C03 00FF| 256B SYS System and Chip Control
0x4C02 0100 [0x4C02 FFFF| 64KB Reserved
0x4C02 0000 | 0x4C02 OOFF| 256B System PW Power Management Controller
0x4C01 0100 [0x4CO01 FFFF| 64KB Reserved
0x4C01 0000 | 0x4C01 00FF 256B CsC Clock Source Controller
0x4C00 0100 [0x4C00 FFFF| 64KB Reserved
0x4C00 0000 | 0x4C00 00FF 256B RST Reset Source Controller
0x4BF0 0100 |0x4BFF FFFF| 1024KB Reserved
0x4BF0 0000 | 0x4BFO 00FF 256B DMA Direct memory access
General Purpose
0x4B00 0100 |0x4BEF FFFF| 15MB Reserved
0x4B00 0000 | 0x4B00 OOFF 256B GPL General Purpose Logic
0x4500 0000 [Ox4AFF FFFF| 96MB  |Reserved Reserved Reserved for future design
0x4404 0100 |Ox44FF FFFF 16MB Reserved
0x4404 0000 | 0x4404 OOFF | 256B PE
0x4403 0100 |0x4403 FFFF| 64KB Reserved
0x4403 0000 | 0x4403 OOFF | 256B PD
0x4402 0100 | 0x4402 FFFF 64KB i Reserved
10 Configure
0x4402 0000 | 0x4402 OOFF | 256B PC
0x4401 0100 |0x4401 FFFF| 64KB Reserved
0x4401 0000 | 0x4401 OOFF | 256B PB
0x4400 0100 | 0x4400 FFFF| 64KB Reserved
0x4400 0000 | 0x4400 OOFF | 256B PA
0x4200 0000 |0x43FF FFFF| 32MB |Reserved Reserved for future design
0x4100 0200 |Ox41FF FFFF| 16MB |Reserved
0x4100 0000 | 0x4100 01FF| 512B |GPIO IOP 10 Port Input/Output
0x4000 0000 |Ox40FF FFFF| 16MB |Reserved Reserved for future design

® MG32F02A032 Peripheral Memory Boundary Address

Table 2-4. Peripheral Memory Boundary Address — MG32F02A032

Boundary address _ Sections /
Aqr()j/:)ee'ss Start address|End address Sl Gr_oups e Note
Peripheral
0x5F00 0100 |Ox5FFF FFFF 16MB APB Reserved
0x5F00 0000 | 0x5F00 00FF 256B APB APB module global control
APB | 0x5E00 0000 |OX5EFF FFFF| 16MB |Reserved Reserved
0x5D04 0100 |Ox5DFF FFFF| 16MB WDT/RTC Reserved .
0x5D04 0000 | 0x5D04 00FF 256B RTC Real Time Clock
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0x5D01 0100 |0x5D03 FFFF| 192KB Reserved
0x5D01 0000 | 0x5D01 00FF 256B WWDT Window WatchDog Timer
0x5D00 0100 |0x5D00 FFFF| 64KB Reserved
0x5D00 0000 | 0x5D00 00FF 256B IWDT Independent WatchDog Timer
0x5C00 0100 |0x5CFF FFFF| 16MB CMPIDAC Reserved
0x5C00 0000 | 0x5C00 00FF 2568 CMP Analog Comparator 0,1
0x5B00 0100 |Ox5BFF FFFF| 16MB ADC Reserved
0x5B00 0000 | 0x5B00 O0FF 256B ADCO Analog-to-Digital controller
0x5700 0000 |OX5AFF FFFF| 64MB  |Reserved Reserved
0x5686 0100 |0x56FF FFFF 8MB Reserved
0x5686 0000 | 0x5686 O0FF 256B  [TM2x/3x TM36 32-bit Timer with 4 IC/OC/PWM
0x5600 0000 | 0x5685 FFFF 8MB Reserved
0x5586 0100 |0x55FF FFFF 8MB Reserved
0x5586 0000 | 0x5586 O0FF 256B TM16 Basic32-bit Timer/Counter
0x5580 0100 | 0x5585 FFFF| 384KB Reserved
0x5580 0000 | 0x5580 O0OFF 2568 TMOX/1x TM10 Basic32-bit Timer/Counter
0x5501 0100 |0x557F FFFF 8MB Reserved
0x5501 0000 | 0x5501 O0OFF 2568 TMO1 Basic 16-bit Timer/Counter
0x5500 0100 | 0x5500 FFFF 64KB Reserved
0x5500 0000 | 0x5500 00FF 256B TMO0 Basic 16-bit Timer/Counter
0x5400 0000 |Ox54FF FFFF| 16MB |Reserved Reserved
0x5300 0100 |0x53FF FFFF| 16MB Pl Reserved
0x5300 0000 | 0x5300 00FF 256B SPIO SPI bus controller with data buffer
0x5201 0100 |0x52FF FFFF| 16MB Reserved
0x5201 0000 | 0x5201 O0OFF 256B UART URT1 Advance UART bus controller
0x5200 0100 | 0x5200 FFFF 64KB Reserved
0x5200 0000 | 0x5200 00FF 256B URTO Advance UART bus controller
0x5100 0100 |Ox51FF FFFF| 16MB 120 Reserved
0x5100 0000 | 0x5100 00FF 256B 12C0 I12C bus controller
0x5000 0100 |Ox50FF FFFF| 16MB Reserved

EXT Interrupt

0x5000 0000 | 0x5000 O0FF 256B EXIC External Interrupt Controller
Ox4FF0 0100 |Ox4FFF FFFF| 1024KB Reserved
Ox4FFO0 0000 | 0x4FFO OOFF 256B Chip CFG Hardware option (NVR0/1/2)
0x4F00 0100 |Ox4FEF FFFF| 15MB Reserved
0x4F00 0000 | 0x4F00 OOFF 256B WRI Writer Interface Control
0x4EO00 0000 |Ox4EFF FFFF| 16MB |Reserved Reserved
0x4D00 0100 |0x4DFF FFFF| 16MB Memory Reserved
0x4D00 0000 | 0x4D00 00FF 256B MEM Internal Memory Controller

AHB 0x4C03 0100 |0x4CFF FFFF| 16MB Reserved
0x4C03 0000 | 0x4C03 00FF 256B SYS System and Chip Control
0x4C02 0100 |0x4C02 FFFF| 64KB Reserved
0x4C02 0000 | 0x4C02 O0OFF 256B System PW Power Management Controller
0x4C01 0100 |0x4CO1 FFFF| 64KB Reserved
0x4C01 0000 | 0x4C01 O0FF 256B CsC Clock Source Controller
0x4C00 0100 |0x4C00 FFFF| 64KB Reserved
0x4C00 0000 |0x4C00 O0OFF 256B RST Reset Source Controller
0x4BFO0 0100 |0x4BFF FFFF| 1024KB Reserved
0x4BF0 0000 | 0x4BFO 00FF 256B General Purpose DMA Direct memory access
0x4B00 0100 |0x4BEF FFFF| 15MB Reserved
0x4B00 0000 | 0x4B00 OOFF 256B GPL General Purpose Logic
0x4500 0000 |Ox4AFF FFFF| 96MB  |Reserved Reserved Reserved for future design
0x4403 0100 |Ox44FF FFFF| 16MB Reserved
0x4403 0000 | 0x4403 00FF 256B PD
0x4402 0100 | 0x4402 FFFF 64KB Reserved
0x4402 0000 | 0x4402 O0FF 256B |0 Configure PC
0x4401 0100 | 0x4401 FFFF 64KB Reserved
0x4401 0000 | 0x4401 OOFF 256B PB
0x4400 0100 | 0x4400 FFFF 64KB Reserved
0x4400 0000 | 0x4400 O0FF 256B PA
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0x4100 0200 |0x43FF FFFF| 48MB |Reserved Reserved for future design
0x4100 0000 | 0x4100 O1FF 512B |GPIO IOP 10 Port Input/Output
0x4000 0000 |0x40FF FFFF| 16MB |Reserved Reserved for future design

® MG32F02A128/U128/A064/U064 Peripheral Memory Boundary Address

Table 2-5. Peripheral Memory Boundary Address — MG32F02A128/U128/A064/U064

Boundary address

Sections /

Address g

Type |Start address|End address S peGrriglﬁgfm HoellE Note
0x5F01 0100 |OX5FFF FFFF| 16MB Reserved
0x5F01 0000 | Ox5F01 OOFF 256B APB APX APB module extended control
0x5F00 0100 [Ox5F00 FFFF| 64KB Reserved
0x5F00 0000 | 0x5F00 00FF 256B APB APB module global control
O0x5E00 0000 |[OX5EFF FFFF| 16MB |Reserved Reserved
0x5D04 0100 |0x5DFF FFFF| 16MB Reserved
0x5D04 0000 | 0x5D04 00FF 256B RTC Real Time Clock
0x5D01 0100 |0x5D03 FFFF| 192KB WDT/RTC Reserved
0x5D01 0000 | 0x5D01 00FF 256B WWDT Window WatchDog Timer
0x5D00 0100 |0x5D00 FFFF| 64KB Reserved
0x5D00 0000 | 0x5D00 00FF 256B IWDT Independent WatchDog Timer
0x5C08 0100 |0X5CFF FFFF| 15MB Reserved
0x5C08 0000 | 0x5C08 00FF 256B CMP/DAC DAC Digital-to-Analog controller
0x5C00 0100 |0x5C07 FFFF| 512KB Reserved
0x5C00 0000 | 0x5C00 00FF 256B CMP Analog Comparator 0,1
0x5B00 0100 |Ox5BFF FFFF| 16MB ADC Reserved
0x5B00 0000 | 0x5B00 O0FF 256B ADCO Analog-to-Digital controller
0x5700 0000 |OX5AFF FFFF| 64MB  |Reserved Reserved
0x5686 0100 |0x56FF FFFF 8MB Reserved
0x5686 0000 | 0x5686 O0FF 256B TM36 32-bit Timer with 4 IC/OC/PWM
0x5606 0100 | 0x5685 FFFF 8MB TM2x/3x Reserved
0x5606 0000 | 0x5606 O0FF 256B TM26 32-bit Timer with 2 IC/OC/PWM
0x5600 0100 | 0x5605 FFFF| 384KB Reserved
0x5600 0000 | 0x5600 O0FF 256B TM20 32-bit Timer with 2 IC/OC/PWM

APB 0x5586 0100 |Ox55FF FFFF 8MB Reserved
0x5586 0000 | 0x5586 00FF 256B TM16 Basic32-bit Timer/Counter
0x5580 0100 | 0x5585 FFFF| 384KB Reserved
0x5580 0000 | 0x5580 00FF 256B TMOX/1x TM10 Basic32-bit Timer/Counter
0x5501 0100 |0x557F FFFF 8MB Reserved
0x5501 0000 | 0x5501 O0FF 256B TMO1 Basic 16-bit Timer/Counter
0x5500 0100 | 0x5500 FFFF 64KB Reserved
0x5500 0000 | 0x5500 00FF 256B TMOO0 Basic 16-bit Timer/Counter
0x5401 0000 |Ox54FF FFFF 16MB |Reserved Reserved
0x5400 0100 | 0x5400 FFFF 64KB USB Reserved
0x5400 0000 | 0x5400 O0FF 256B USB USB bus controller
0x5300 0100 |0x53FF FFFF| 16MB SPI Reserved
0x5300 0000 | 0x5300 00FF 256B SPIO SPI bus controller with data buffer
0x5207 0100 |Ox52FF FFFF| 16MB Reserved
0x5207 0000 | 0x5207 O0OFF 256B URT7 Basic UART bus controller
0x5206 0100 | 0x5206 FFFF 64KB Reserved
0x5206 0000 | 0x5206 O0FF 256B URT6 Basic UART bus controller
0x5205 0100 | 0x5205 FFFF 64KB Reserved
0x5205 0000 | 0x5205 00FF 256B UART URT5 Basic UART bus controller
0x5204 0100 | 0x5204 FFFF 64KB Reserved
0x5204 0000 | 0x5204 00FF 256B URT4 Basic UART bus controller
0x5202 0100 | 0x5203 FFFF| 128KB Reserved
0x5202 0000 | 0x5202 00FF 256B URT2 Advance UART bus controller
0x5201 0100 | 0x5201 FFFF 64KB Reserved
0x5201 0000 | 0x5201 00FF 256B URT1 Advance UART bus controller
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0x5200 0100 | 0x5200 FFFF| 64KB Reserved
0x5200 0000 | 0x5200 00FF 256B URTO Advance UART bus controller
0x5101 0100 |Ox51FF FFFF| 16MB Reserved
0x5101 0000 | 0x5101 OOFF 256B 120 12C1 12C bus controller
0x5100 0100 |0x5100 FFFF| 64KB Reserved
0x5100 0000 | 0x5100 OOFF 256B 12C0 I2C bus controller
0x5000 0100 |Ox50FF FFFF| 16MB Reserved

EXT Interrupt

0x5000 0000 | 0x5000 O0FF 256B EXIC External Interrupt Controller
0x4FF0 0100 |0x4FFF FFFF| 1024KB Reserved
0x4FF0 0000 | 0x4FFO O0FF 256B Chip CFG Hardware option (NVRO0/1/2)
0x4F00 0100 |Ox4FEF FFFF| 15MB Reserved
0x4F00 0000 | 0x4F00 O0FF 256B WRI Writer Interface Control
0x4E00 0000 |OX4EFF FFFF| 16MB |Reserved Reserved
0x4D02 0100 |0x4DFF FFFF| 16MB Reserved
0x4D02 0000 | 0x4D02 00FF 256B Memory EMB External Memory Bus Controller
0x4D00 0100 |0x4D01 FFFF| 128KB Reserved

AHB | 0x4D00 0000 |0x4D00 00FF| 256B MEM Internal Memory Controller
0x4C03 0100 |0x4CFF FFFF| 16MB Reserved
0x4C03 0000 [0x4C03 OOFF| 256B SYS System and Chip Control
0x4C02 0100 |0x4C02 FFFF| 64KB Reserved
0x4C02 0000 | 0x4C02 O0FF 256B System PW Power Management Controller
0x4C01 0100 |0x4C01 FFFF| 64KB Reserved
0x4C01 0000 |0x4C01 OOFF| 256B CsC Clock Source Controller
0x4C00 0100 |0x4CO00 FFFF| 64KB Reserved
0x4C00 0000 | 0x4C00 O00FF 2568 RST Reset Source Controller
0x4BF0 0100 |0x4BFF FFFF| 1024KB Reserved
0x4BF0 0000 | 0x4BFO O0OFF 2568 General Purpose DMA Direct memory access
0x4B00 0100 |Ox4BEF FFFF| 15MB Reserved
0x4B00 0000 | 0x4B00 O0OFF 256B GPL General Purpose Logic
0x4500 0000 |Ox4AFF FFFF| 96MB |Reserved Reserved Reserved for future design
0x4404 0100 |Ox44FF FFFF 16MB Reserved
0x4404 0000 | 0x4404 00FF 256B PE
0x4403 0100 | 0x4403 FFFF| 64KB Reserved
0x4403 0000 | 0x4403 O0FF 256B PD
0x4402 0100 | 0x4402 FFFF| 64KB 10 Configure Reserved
0x4402 0000 | 0x4402 O0OFF 256B PC
0x4401 0100 | 0x4401 FFFF| 64KB Reserved
0x4401 0000 | 0x4401 OOFF 256B PB
0x4400 0100 | 0x4400 FFFF| 64KB Reserved
0x4400 0000 | 0x4400 OOFF 256B PA
0x4100 0200 |Ox43FF FFFF| 48MB |Reserved Reserved for future design
0x4100 0000 | 0x4100 01FF 512B |GPIO IOP 10 Port Input/Output
0x4000 0000 |Ox40FF FFFF| 16MB |Reserved Reserved for future design

® MG32F02V032 Peripheral Memory Boundary Address

Table 2-6. Peripheral Memory Boundary Address — MG32F02V032

Boundary address _ Sections /
Aqr?/;;’%ss Start address|End address Sl Gr_oups Mgl M5
Peripheral
0x5F01 0100 |OX5FFF FFFF 16MB Reserved
0x5F01 0000 | Ox5F01 O0FF 256B APB APX APB module extended control
0Ox5F00 0100 | 0x5F00 FFFF 64KB Reserved
0x5F00 0000 | 0x5F00 00FF 256B APB APB module global control
APB | 0x5E00 0000 |OX5EFF FFFF| 16MB |Reserved Reserved
0x5D04 0100 |Ox5DFF FFFF| 16MB Reserved
0x5D04 0000 |0x5D04 00FF 256B WDT/RTC RTC Real Time Clock
0x5D01 0100 |0x5D03 FFFF| 192KB Reserved
0x5D01 0000 [0x5D01 O0FF 256B WWDT Window WatchDog Timer
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0x5D00 0100 |0x5D00 FFFF| 64KB Reserved
0x5D00 0000 | 0x5D00 00FF 256B IWDT Independent WatchDog Timer
0x5B00 0100 |0Ox5CFF FFFF| 32MB ADC Reserved
0x5B00 0000 | 0x5B00 O0FF 256B ADCO Analog-to-Digital controller
0x5700 0000 |OX5AFF FFFF| 64MB |Reserved Reserved
0x5686 0100 |0x56FF FFFF 8MB Reserved
0x5686 0000 | 0x5686 00FF 256B TM2x/3x TM36 32-bit Timer with 4 IC/OC/PWM
0x5600 0100 | 0x5685 FFFF 8MB Reserved
0x5600 0000 | 0x5600 O0FF 256B TM20 32-bit Timer with 2 IC/OC/PWM
0x5586 0100 |Ox55FF FFFF 8MB Reserved
0x5586 0000 | 0x5586 00FF 256B TM16 Basic32-bit Timer/Counter
0x5580 0100 | 0x5585 FFFF| 384KB Reserved
0x5580 0000 | 0x5580 O0FF 256B TMOx/1x TM10 Basic32-bit Timer/Counter
0x5501 0100 |0x557F FFFF 8MB Reserved
0x5501 0000 | 0x5501 O0OFF 2568 TMO1 Basic 16-bit Timer/Counter
0x5500 0100 | 0x5500 FFFF 64KB Reserved
0x5500 0000 | 0x5500 00OFF 2568 TMOO0 Basic 16-bit Timer/Counter
0x5401 0000 |Ox54FF FFFF| 16MB |Reserved Reserved
0x5300 0100 | 0x5400 FFFF| 16MB Reserved
0x5300 0000 | 0x5300 00FF 256B SPIO SPI bus controller with data buffer
0x5204 0100 |0x52FF FFFF| 16MB Reserved
0x5204 0000 | 0x5204 00FF 256B Pl URT4 Basic UART bus controller
0x5201 0100 | 0x5203 FFFF| 192KB Reserved
0x5201 0000 | 0x5201 O0OFF 256B URT1 Advance UART bus controller
0x5200 0100 | 0x5200 FFFF 64KB Reserved
0x5200 0000 | 0x5200 00FF 256B URTO Advance UART bus controller
0x5101 0100 |Ox51FF FFFF| 16MB Reserved
0x5101 0000 | 0x5101 O0FF 256B 120 12C1 I12C bus controller
0x5100 0100 | 0x5100 FFFF 64KB Reserved
0x5100 0000 | 0x5100 00FF 256B 12C0O I12C bus controller
0x5000 0100 |Ox50FF FFFF| 16MB Reserved

EXT Interrupt

0x5000 0000 | 0x5000 O0FF 256B EXIC External Interrupt Controller
0x4FFO0 0100 |Ox4FFF FFFF 1MB Reserved
0x4FF0 0000 | 0x4FFO O0FF 256B Chip CFG Hardware option (NVR0/1/2)
0x4F00 0100 |Ox4FEF FFFF| 15MB Reserved
0x4F00 0000 | 0x4F00 O0FF 256B WRI Writer Interface Control
Ox4E00 0000 |Ox4EFF FFFF| 16MB |Reserved Reserved
0x4D00 0100 |0x4DFF FFFF| 16MB Reserved
0x4D00 0000 | 0x4D0O0 O0OFF 256B MEM Internal Memory Controller
0x4C03 0100 |0x4CFF FFFF| 16MB Reserved
0x4C03 0000 | 0x4C03 00FF 256B SYS System and Chip Control
0x4C02 0100 |0x4C02 FFFF| 64KB Reserved
0x4C02 0000 | 0x4C02 00FF 256B System PW Power Management Controller
0x4C01 0100 |0x4CO1 FFFF| 64KB Reserved
0x4C01 0000 | 0x4C01 00FF 256B CsC Clock Source Controller

AHB | 0x4C00 0100 |0x4C00 FFFF| 64KB Reserved
0x4C00 0000 | 0x4C00 00FF 256B RST Reset Source Controller
0x4BF0 0100 |0x4BFF FFFF 1MB Reserved
0x4BF0 0000 | 0x4BFO O0OFF 256B General Purpose DMA Direct memory access
0x4B00 0100 |0x4BEF FFFF| 15MB Reserved
0x4B00 0000 | 0x4B00 O0OFF 256B GPL General Purpose Logic
0x4500 0000 |Ox4AFF FFFF| 96MB |Reserved Reserved Reserved for future design
0x4403 0100 |Ox44FF FFFF| 16MB Reserved
0x4403 0000 | 0x4403 00FF 256B PD
0x4402 0100 | 0x4402 FFFF 64KB Reserved
0x4402 0000 | 0x4402 O0FF 256B  |IO Configure PC
0x4401 0100 | 0x4401 FFFF 64KB Reserved
0x4401 0000 | 0x4401 O0FF 256B PB
0x4400 0100 | 0x4400 FFFF 64KB Reserved
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0x4400 0000 | 0x4400 OOFF 256B PA

0x4100 0200 |0x43FF FFFF| 48MB |Reserved Reserved for future design
0x4100 0000 | 0x4100 O1FF 512B |GPIO IOP 10 Port Input/Output
0x4000 0000 |0x40FF FFFF| 16MB |Reserved Reserved for future design

2.5.3. Boot Modes
During chip startup, the hardware configuration option-byte (OB) is used to select one of the three boot
options as follows.
® Boot from User Application Program (AP) Flash
® Boot from In-System-Program (ISP)
® Boot from embedded SRAM

Refer the register setting of MEM_BOOT_MS in the section of “Memory Boot Modes” and the hardware
configuration of BOOT_MS in the section of “Hardware Option Byte” for more information.

2.5.4. Flash Code Lock

The flash code is default unlocked when the chip is manufactured from megawin manufactory. User can lock
or unlock and program the flash by through the megawin ICP programmer. Refer the hardware configuration of
LOCK_DIS in the section of “Hardware Option Byte” for more information.
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2.6. Chip Debug
The chip is embedded the Cortex®-M0 CPU which is built-in the hardware a complete hardware debug
solution, with extensive hardware breakpoint and watch-point options. This provides high system visibility of the
processor, memory and peripherals through a 2-pin Serial Wire Debug (SWD) port.
Refer to the “Cortex-M0 Technical Reference Manual” for more information.

2.6.1. Chip DAP

The chip is implemented the Debug Access Port (DAP), Break point unit (BPU) and Data watch-point trigger
(DWT) for hardware debug solution. The DAP can control the SWD interface. It connects to the debug interface
of Cortex®-M0O CPU and Bus Matrix through AHP interface to internal peripheral modules.

User can allow stopping the core either on a given executing instruction (breakpoint) or data access
(watch-point) by through the SWD interface. When the chip is stopped, user can monitor or access the CPU
internal state. Also user can monitor or access the chip memory domain or the registers of any released
peripheral module. The chip will restore the system state and resume the CPU instruction execution when user
finish the monitoring and release the DAP.

The following diagram is showing the CPU debugging connection block diagram.

Figure 2-7. CPU Debugging Connection Block Diagram
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2.6.2. SWD Interface
The SWD interface is including of SWCLK and SWDIO on PC4 and PC5 two pins.

® SWCLK
Serial wire clock input signal.

® SWDIO
Serial wire data input/output bidirectional signal.

These two pins of SWD are assigned as dedicated pins with internal pull-up for the chip debugger after
Power-on reset or Cold reset. User can disable the SWD pins and release as GPIO or other alternate function

pins in hardware option register of SWD_PIN by programming the hardware configuration OB flash. Refer the

sections of “Hardware Option Byte", “Alternate Function Select of Special Pins” for more information about SWD

pin setting.
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2.6.3. SWD and ICP Interface Circuit

The MCU chip implements an on-chip megawin proprietary “SWD” interface to allow both standard
Cortex®-MO0 Serial Wire Debug (SWD) interface and megawin In-Chip-Programming (ICP) interface. The SWD
and ICP share the same interface to use a clock signal (SWCLK) and a bi-directional data signal (SWDIO) to
transfer information between the MCU chip and a host system. The SWD interface is able to connected to the
“‘megawin ARM ICE Adapter” for system debugging or the “megawin ARM Writer” to do ICP programming
function for In-Chip flash memory and hardware configuration. The ICE adapter also supports ICP programming
function. Refer the sections of “Hardware Option Byte Flash Memory” and “Hardware Option Byte” for more
information about hardware configuration.

The SWD interface allows the SWCLK (PC4) and SWDIO (PC5) pins to be shared with user functions so
that In-Chip flash memory programming function could be performed. This is practicable because ICP
communication is performed when the device is in the halt state, where the on-chip peripherals and user
software are stalled. In this halted state, the ICP interface can safely ‘borrow’ the SWCLK and SWDIO pins. In
most applications, external resistors are required to isolate ICP interface traffic from the user application. A
typical isolation configuration is shown in following diagram.

[Notify]: It is strongly recommended to build the SWD interface circuit on target system. It will reserve the
whole capability for software programming and device options configured.

After power-on, the PC4 and PC5 pins are configured to SWCLK and SWDIO for SWD debugging function.
This is possible because SWD communication is typically performed when the CPU is in the halt state, where
the user software is stalled. In this halted state, the SWD interface can safely ‘use’ the SWCLK and SWDIO pins.
As mentioned SWD interface isolation in following diagram, external resistors are required to isolate SWD
interface traffic from the user application.

If user gives up the SWD function, software can configure the SWCLK and SWDIO to GPIO pins or other
AFS (Alternate Function Select) 10 function pins. When user would like to regain the SWD function, user can
predict an event that triggers the software to switch the PC4 and PC5 pins back to SWCLK and SWDIO.

Refer the sections of “Alternate Function Select of Special Pins” for more information about SWD pin setting.

Figure 2-8. SWD and ICP Interface Circuit
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3. System Power
3.1. Introduction

The module can be running in

ON |SLEEP| STOP all power operation modes.

The chip power is implemented only by single power supply input and embedded one LDO to supply the
internal core logic power. The chip supports one power controller (PW) to manage Power-on reset circulit,
Low-voltage reset circuit, Brown-Out Detectors (BODO0/1/2), power down control and wakeup control.

It supports power-down modes: SLEEP mode and STOP modes. The power-down modes reduce chip
power and provide the different power-saving scheme for chip application.

3.2. Features

® Built-in one embedded power regulator for core logic power
— 1.8V output regulator for MG32F02A132/A072/A032
— 1.5V output regulator for MG32F02A128/U128/A064/U064/V032
® Built-in three brown-out detectors — BODO, BOD1, BOD2
® Built-in a power management controller with power-down and wakeup control
® Support three power operation modes
= On(Normal) mode and SLEEP , STOP power down modes

® Support wake-up from SLEEP/STOP modes via multiple sources
- \Wake-up sources come from GPIO pins, IWDT, RTC, analog comparator, 12C, BOD

3.3. Implementation
3.3.1. Power Device Implementation

The following table is showing the implemented embedded power devices of chips.

Table 3-1. Power Device Implementation

Embedded Power Regulator Embedded Power Detector
Chip VRO/VCAP (Core LDO)| V33 (USB LDO) BODO Threshold BOD1 Threshold BOD2 Threshold
MG32F02A132/A072
MG32F02A032 1.8V ) LV i
MG32F02A128/A064 ] Aéi\\// ?2’6\\//
MG32F02V032 1.5V 1.4V T 1.7v
MG32F02U128/U064 3.3V

3.4. Power Operation Mode

There are three power operation modes of ON, SLEEP, STOP to be supported in the power controller. The
PW_STATE register provides the status of current operation mode for debugging.

ON |SLEEP| STOP

® ON mode

In ON mode, the CPU is able running in full speed. All peripheral modules can use full power to do normally
full function operation. These modules can enable or disable independent to save power consumption.

® SLEEP mode

In SLEEP mode, only the CPU is stopped and entering CPU sleep mode. All peripheral modules can be
configurable to continue to operate or sleep.

In this mode, the chip can be waked up by the related interrupt or event occurs. Refer the section of
“Wakeup and Interrupt” for more information.

® STOP mode
The STOP mode provides the lowest power consumption. The different from SLEEP mode is that CPU is
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entering CPU deep-sleep mode and all peripheral modules are disabled except some special modules or
devices. These modules or devices can be configurable to continue to operate in STOP mode or not. They
include of IWDT, RTC, CMP modules and LVR, BODO, BOD1, BOD2 devices. The internal voltage regulator is
also running in low power mode.

Refer the section of “Power Device Implementation” about the chip support of Brown-Out Detectors.

In this mode, the chip can be waked up by some of the external input lines (GPIO) and some events
detection. Refer the section of “Wakeup and Interrupt” for more information.

Figure 3-1. Power Mode State
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to SLEEP to STOP
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1 4 AHB Clocks | ' 4 AHB + 16 APB Clocks,

______________________________________

Generally the ILRCO start-up time is about 2~30us by chip independent. Refer the sections of “Chip Power
Mode Control” and “Wakeup Control” for more information about power down control and wakeup control.

The following table is showing the status of internal devices in different operation modes.

Table 3-2. Power Operation Mode

Power Operation Mode Normal Power-Down
Internal Device ON SLEEP STOP
Current Consumption full low very low
ARM32 Cortex-M0 Normal mode Sleep mode Deep Sleep mode
Core LDO full/low power (*1) full/low power (*1) full/low power (*2)
CPU Clock run stop stop
AHB/APB/IHRCO Clock run run stop
XOSC/ILRCO normal normal Hardware Configure
IO Pins normal normal normal
Peripheral Modules normal configurable disabled except configurable
IWDT,RTC,CMP,12C,USB
Enter Power Mode Execute WFI/WFE instruction |Execute WFI/WFE instruction
command + SLEEPDEEP=0 |command + SLEEPDEEP=1
Wake up Events All Interrupts or wakeup LVR, BOD0/BOD1/BOD2,
events CMP,RTC(from CK_LS,CK_UT),
EXINT External interrupt pins
(only level), IWDT(CK_ILRCO),
I12C(slave address detection)

Note *1: LDO can select normal or low power mode by PW_LDO_ON register setting.
*2: LDO can select normal or low power mode by PW_LDO_STP register setting.

MG32-MO0 User Guide Page-50




megawin MG32-MO0 User Guide V4.6

3.5. Power Supply

The chip power is implemented only by single power supply input for easy application PCB design. It is
embedded one internal low dropout linear regulator (LDO) to generate the +1.8 volt voltage power VDDC for
core logic power supply.

The VDD pin(s) is/are using for IO power supply input and internal LDO input. The VSS pin(s) is/are used to
connect the external ground for internal reference ground of internal LDO, hard macros and digital logic. The
VRO (VCAP) pin is the LDO output and it needs to connect bypass capacitors for normal operation. The VREF+
pin is the input of ADC reference voltage which can connect to VDD pin for general application. The VREF+
(ADC reference voltage) will be internally connected with VDD power if the chip package is without VREF+ pin.

For MG32F02U series, the chip is embedded an on-chip 3.3V LDO regulator to provide the internal USB
device power. The V33 pin is the LDO output and it needs to connect bypass capacitor(s) for normal operation.

Refer the section of “Chip Power Application Circuit” for more information.

The following diagram is showing the power supplies of chip.

Figure 3-2. Power Supply Diagram
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3.6. Power Controller Block

The chip supports one power controller (PW) to manage Power-on reset (POR) circuit, Low-voltage reset
(LVR) circuit, Brown-Out Detectors (BODO0/1/2), power down control and wakeup control.

¢ MG32F02A132/A072/A032
The following diagram is showing the MG32F02A132/A072/A032 Power control block.

Figure 3-3. Power Controller - MG32F02A132/A072/A032
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7
L X4

MG32F02A128/U128/A064/U064/V032

The following diagram is showing the Power control block.

Figure 3-4. Power Controller - MG32F02A128/U128/A064/U064/V032
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3.7. Power Voltage Detect
3.7.1. POR/LVR Detector

The chip is embedded a power-on reset (POR) and a Low-voltage reset (LVR) circuits which are always

active.

When the chip is powered up, the internal RC reset circuit will be active at the voltage threshold 0.7 volt
(variant 0.6~0.8 volt by chip) of VDD. During power on state, the RC reset circuit needs to be restarted when
VDD power drops below 0.3 volt and powers up again. Also the LVR can monitor the core power VDDC to
protect chip for core logic operation. When core power drops below 1.60 volt, the LVR will be active until the core
powers up upon 1.65 volt. The PORF flag (PW_PORF) is used to indicate the chip in power reset state.

3.7.2. Brown-Out Detector

In the chip, there are two or three Brown-Out Detectors (BOD0O, BOD1 and BOD2) to monitor chip power.
User can enable the BODO, BOD1 or BOD2 detector independently in PW_BODO_EN, PW_BOD1_EN or
PW_BOD2_EN register. Refer the section of “Power Device Implementation” about the chip support of

Brown-Out Detectors.

BODO services the fixed detection level at core power VDDC=1.7V or 1.4V. It uses to monitor the core power
for internal flash memory write protection. When the core power voltage is below the BODO voltage threshold, it
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means the flash write function will be failed under this condition. Associated flag PW_BODOF is set when BODO
meets the detection threshold level. BODO provides the capability to interrupt CPU or to reset CPU by software
configured.

[Notify]: The BODO threshold is 1.7V for MG32F02A132/072/032.

[Notify]: The BODO threshold is 1.4V for MG32F02A128/U128/A064/U064.

If SYS_IEA is enabled in SYS module and PW_BODO_IE is enabled in PW module, the BODOF flag
asserted event will generate a system flag interrupt. It can interrupt CPU either CPU in ON mode or SLEEP
mode. The detect event also wakes up CPU in STOP modes if PW_WKSTP_BODO is enabled.

In the chip also there is an extra Brown-Out Detector (BOD1) to monitor VDD power. They are same control
as BODO for PW_BOD1_IE and PW_WKSTP_BODL1 registers. It is different from BODO that BOD1 provides the
programmable detection level at VDD=2.0/2.4/3.7/4.2V by setting PW_BOD1_TH register. Another one is that
user can select the trigger edge of BOD1 output from rising edge, falling edge or dual edge for interrupt by
setting PW_BOD21_TRGS register. Also it provides a status bit of PW_BOD1_S for the BOD1 comparator
output.

One another Brown-Out Detector (BOD2) is also used to monitor VDD power. They are same control as
BOD1 for PW_BOD2_IE and PW_WKSTP_BOD?2 registers. It is different from BOD1 that BOD2 provides the
fixed detection level at VDD=1.7V. Another one is that user can select the trigger edge of BOD2 output from
rising edge, falling edge or dual edge for interrupt by setting PW_BOD2_TRGS register. Also it provides a status
bit of PW_BOD2_S for the BOD2 comparator output.

[Notify]: The BOD2 is not supported for MG32F02A132/072/032.

3.7.3. Power Voltage Detection Threshold

The following diagrams are showing the power voltage detection threshold during power up or power down
cycle.

There is a time delay about 32ms or 4ms after POR reset for internal hardware configuration. The time delay
is set by the hardware configuration OB. Refer the section of “Power-On Reset and Chip Reset Timing” in Reset
chapter for more detail information. The power-on time start from POR reset start to CPU working is about 36ms
or 8ms. The power-on time before the POR reset start is based on system power design.

Figure 3-5. Power Voltage Detect
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Detect Event BOD1F BODOF

<Note-1>: The POR/RC input buffer voltage threshold is not trimming and variant 0.6V~0.8V by chip.

<Note-2> : The POR/LVR voltage threshold is set by hardware default after power-on reset. Initial other power/clock devices.

<Note-3>: The POR/LVR voltage threshold is set by load OB (manufacture trimming) after internal reset of RST_POR/RST_C.
<Note-4>: The (PW_POREF) flag is set during power-up or VDD power drops below POR/LVR threshold. The flag must clear by firmware.
<Note-5>: The POR/RC circuit restart threshold low voltage is 0.3v. The power voltage needs drop down below it and restart POR.
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The following table is showing the voltage detect threshold of chips. The hysteresis of LVR detect threshold
voltage is about 50mV.

Table 3-3. Voltage Detect Threshold

Chip VRO/VCAP BODO BOD1 BOD2 LVR Falling LVR Rising
Voltage (volt) | Threshold (volt) | Threshold (volt) | Threshold (volt) | Threshold (volt) | Threshold (volt)

MG32F02A132/A072

MG32F02A032 1.8 1.7 2.0/2.4/3.7/14.2 - 1.6 1.65

MG32F02A128/A064

MG32F02U128/U064 1.6V 1.4 2.0/2.413.7/4.2 1.7 1.25 1.3

MG32F02V032

3.8. Interrupt and Reset

There are several signals of INT_PW, RST_POR, RST_BODO0 and RST_BOD1 to be generated in this PW
control module. INT_PW sends to External Interrupt Controller (EXIC) to do as an interrupt event. RST_POR,
RST_BODO, RST_BOD1 and RST_BOD2 send to Reset Source Controller to do as a reset event.

[Notify]: The BOD2 function is not supported for MG32F02A132/072/032.

Figure 3-6. Power Controller Interrupt and Reset Event
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3.8.1. PW Interrupt Flags

The interrupt of INT_PW is OR with the voltage detection flags of BODO, BOD1, BOD2 and wakeup event
flag. It is outputted as one of the interrupt events of the system interrupt of INT_SYS. Refer the section of
“Interrupt and Event” in the chapter of System Common Control for more information about system interrupt.

These interrupt flags are using for the interrupt service routine (ISR) flow control. Generally these flags are
set by hardware and software clears them when the serviced job is completed in the related ISR. Each interrupt
flag has one interrupt enable bit. User can enable or disable it. There is one interrupt all enable bit of PW_IEA to
enable or disable all the interrupt sources for this module.

Generally these interrupt flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related interrupt flags and interrupt enable bits.

® BODOF

BODO brown-out detection interrupt flag (PW_BODOF). There is a related interrupt enable register bit of
PW_BODO_IE. The flag is active when the power voltage is lower than BODO threshold.

® BODI1F

BOD1 brown-out detection interrupt flag (PW_BOD1F). There is a related interrupt enable register bit of
PW_BOD1_IE.

® BODZ2F

BOD2 brown-out detection interrupt flag (PW_BOD2F). There is a related interrupt enable register bit of
PW_BOD2_IE.
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® WKF

System received wakeup event flag (PW_WKF). There is a related interrupt enable register bit of
PW_WK_IE.

3.8.2. PW Reset Events

RST_POR, RST_BODO and RST_BOD1 signals send to Reset Source Controller (RST) to do as the warm

reset events or cold reset events. These reset events can be enabled to reset the chip by setting the registers in
RST.

Refer the descriptions of System Reset chapter for more information about the reset events and control.
® PORF

Power-On reset status flag (PW_PORF). The PORF flag is set during power-up or VDD power drops below
POR/LVR threshold. Usually this flag can clear by firmware after power-on and use to indicate that the firmware
flow is first time loop from power-on.

® BODOF, BOD1F, BOD2F

These three flags are BODO, BOD1 and BOD2 brown-out detection interrupt flag (PW_BODOF, PW_BOD1F
and PW_BOD2F).

3.9. Register Protect and Lock

After Power controller domain reset, all PW registers are write-access protected except PW_STA, PW_KEY
registers. Write 0xA217 value to the PW_KEY register to unprotect the registers and process the control
continuously. Oppositely write other value except 0xA217 value to protect the registers. Read the PW_KEY
register to get the register value is Protected (=1) or Unprotected (=0).

Refer the table and descriptions of “Register Protect and Lock” in System Reset chapter for more
information.

Special for hardware function control, the register of PW_WKSTP_IWDT is locked control by the
IWDT_LOCK register. Another, the register of PW_WKSTP_RTC is locked control by the RTC_LOCK register.
Refer the “Register Protect and Lock” in IWDT and RTC chapter for more information.
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3.10. Chip Power Mode Control

There are three power operation modes of ON, SLEEP, STOP to be supported in the power controller. Refer
the section of “Power Operation Mode” for more detail information.

3.10.1. CPU Power Down

For chip entering power down mode, the firmware must execute WFI or WFE instruction to force the CPU
enters sleep mode or deep sleep mode. Then the chip will enter the power down mode of SLEEP or STOP. User
can configure the CPU sleep mode by setting CPU register of SLEEPDEEP after firmware executes WFI or
WEFE instruction. Refer to the “Cortex-M0 Technical Reference Manual” for more information.

The following table is showing the CPU power down entering and wakeup conditions.

Table 3-4. Sleep and DeepSleep Entering

Event SLEEPDEEP=0|SLEEPDEEP=1 Wakeup Conditions Description
Enabled Interrupts or all Interrupts(SEVONPEND=1) request,
CPU External event request (RXEV),
WFE CPU Sleep DeepSleep |Debug request event,

Wait Interrupts

execution or Events Wait Interrupts |Sleep mode reset (CPU reset),
or Events Event register=1 (not enter CPU Sleep or DeepSleep; interrupts or
events have happened before WFE execution)
WFI
: CPU Enabled Interrupt request,
execution CPU Sleep DeepSleep |Debug request event,

Sleep-on-exit | Wait Interrupts

execution
<Note-1> WFE(Wait for Event) / WFI(Wait for Interrupt) : CPU instructions

<Note-2> Sleep-on-exit: CPU SLEEPONEXIT bit =1, indicates CPU entering sleep when returning from Handle to Thread mode.

<Note-3> SLEEPDEEP: CPU SLEEPDEEP bit, 0= Sleep mode, 1=Deep sleep mode.

Wait Interrupts |Sleep mode reset (CPU reset),

The following table is showing the relationship between CPU and system chip about power down modes.

Table 3-5. Power Mode Selection

Chip CPU Register
Power Mode CPU SLEEPDEEP Status
ON Run X Normal
SLEEP sleep 0 All modules can operate by configuration.
All modules are disabled except configurable IWDT, RTC,
STOP deep sleep 1 and CMP. The voltage regulator can be set normal or low
power mode.

<Note> Enter SLEEP or STOP mode after execute WFI or WFE instruction command.

3.10.2. Internal Devices Control

¢

*%* Internal Power LDO

The chip is embedded one internal low dropout linear regulator (LDO) to supply the internal core logic power.
The LDO has two operation mode of normal and lower power. User can set the LDO operation mode in
PW_LDO_ON register for ON mode and SLEEP mode. Also user can plan to set it in PW_LDO_STP register
beforehand entering STOP mode. Refer the section of “Device Power Enable Control in Power-Down Modes”
for more information about power enable control of other internal devices.

For normal mode, the LDO is able to supply core power about maximum 30mA. For low power mode, the
LDO is able to supply core power about maximum 0.5mA. User can select lower power mode for power saving
when core power of the chip is operation below 0.5mA.
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Figure 3-7. Internal Power LDO Control
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** Internal voltage reference

The chip is built in an internal voltage reference (VBUF) source for ADC and analog comparator analog part.
User need to enable the IVR for ADC or analog comparator operation in PW_IVR_EN register.

3.10.3. Device Power Enable Control in Power-Down Modes

The PW controller supports the power control planning ability for the internal devices in SLEEP or STOP
modes. User can plan the internal devices are independently power-on or power-off beforehand entering SLEEP
or STOP modes. When the CPU enters sleep mode or deep sleep mode by firmware execution WFI or WFE
instruction, the chip will enter the power down mode of SLEEP or STOP.

The following table is showing the power control of internal devices in different operation modes.

Table 3-6. Internal Device Power Control

Internal Device ON SLEEP STOP
Core LDO on (normal or low-power) on (normal or low-power) on (normal or low-power)
Power-On Reset on on PW Reg presetting
BODO Detector Reg setting Reg setting PW Reg presetting
BOD1/2 Detector (*2) Reg setting Reg setting PW Reg presetting
ILRCO/XOSC Reg setting Reg setting Hardware setting (*1)
IHRCO/PLL Reg setting Reg setting off

Analog COMP Reg setting PW Reg presetting PW Reg presetting

USB Reg setting PW Reg presetting PW Reg presetting

Note *1 : Hardware auto set on/off by ILRCO or XOSC clock using
Note *2 : BOD2 Brown-out Detector is not supported for MG32F02A132/072/032

® POR
User can plan the power enable control of POR in STOP mode by presetting the PW_STP_POR register.
® BODO/BOD1/BOD2

User can plan the power enable control of BODO, BOD1 and BOD2 independently in STOP mode by
presetting the PW_STP_BODO, PW_STP_BOD1 and PW_STP_BOD?2 registers.

® Analog Comparators

User can plan the power enable control of analog comparators independently in SLEEP mode by presetting
the PW_SLP_CMPn registers. Also user can plan that in STOP mode by presetting the PW_STP_CMPn
registers. (n ={0, 1, 2, 3})

® USB

User can plan the power enable control of USB macro independently in SLEEP mode by presetting the
PW_SLP_USB registers. Also user can plan that in STOP mode by presetting the PW_STP_USB registers.
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The following diagram is showing the power enable control of internal devices.

Figure 3-8. Device Power Enable Control in Power-Down Modes
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The following table is showing internal device power state by different power mode and related power control
registers’ setting.

Table 3-7. Device Power-On Control

PcI)DV\e;\élr(-:gn Power-On Power-On

Signal . Enable Enable .

Device Support Enable in SLEEP in STOP Device

in SLEEP/STOP| Register State
PW_BODn_EN [PW_SLP_CMPn
Power Mode PW_SLP|PW_STP| PW_PD *1) PW SLP USB PW_STP_zzz
X 1 X X Off
N

© 0 0 0 X 0 X X On
X 1 X X Off
SLEEP 1 0 1 Yes 0 0 X Off
Yes 0 1 X On
No X X X Off
Yes 1 X X Off
STOP 0 1 1 Yes 0 X 0 Off
Yes 0 X 1 On

<Sign> x: Don't care, n: Device index, zzz: Device Name {BOD0,BOD1,BOD2, ...}
<Note> *1: BOD2 is not supported for MG32F02A132/072/032
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3.10.4. System Power Operation Flow

When CPU executes the WFI or WFE command, the chip is entering hardware process for going SLEEP or
STOP mode. Also the CPU is entering Sleep or DeepSleep state until the chip detects a wakeup event. The chip
will be waking up and CPU will run the next instruction of previously executed WFI or WFE. Refer the section of

“Wakeup Control” for more information about chip wakeup control.
The following figure is showing the system power operation flow chart.

Figure 3-9. System Power Operation Flow
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3.11. Wakeup Control

The PW controller supports programmable and flexible wakeup source control from SLEEP or STOP modes.
User needs to plan the wakeup source beforehand entering SLEEP or STOP modes. Refer the section of
“RXEV and TXEV Control” of Interrupt chapter for more information about the RXEV wakeup function.

3.11.1. Wakeup Event Sources

For SLEEP mode, all the interrupt events are able to do as the wakeup events as long as the related
interrupt enable bits of module and NVIC are enabled. All the GPIO pins which are only PA/PB/PC/PD port and
can configure as external interrupt are can do as the SLEEP wakeup source. The chip can detect edge or level
trigger of input signal in EXIC module setting.

For STOP mode, the chip provides the wakeup sources of BODO, BOD1, BOD2, analog comparators, RTC,

IWDT, 12C, SWD debugging and GPIO pin trigger.

® BODO/BOD1/BOD2

User can enable to wake up by BOD0/BOD1/BOD2 voltage detection from STOP mode in
PW_WKSTP_BODO, PW_WKSTP_BOD1 and PW_WKSTP_BOD?2 registers.

® SWD/Debug
User can enable to wake up by SWD debugging communication from STOP mode in PW_WKSTP_DBG

register.
® GPIO

User can enable to wake up by only level trigger detection of external interrupt GPIO pins from STOP mode
in EXIC interrupt enable registers. Refer the “Wakeup Control” function of “EXIC Interrupt Control” section in
Interrupt chapter for more information about the wakeup function.

® Analog Comparators

User can enable to wake up by analog comparator CMPn voltage detection independently from STOP mode
in PW_WKSTP_CMPn registers. (n={0, 1, 2, 3})

® RTC

User can enable to wake up by RTC module events from STOP mode in PW_WKSTP_RTC register.

® [WDT

User can enable to wake up by IWDT module events from STOP mode in PW_WKSTP_IWDT register.

® [2C

User can enable to wake up by 12C slave address detection from STOP mode in PW_WKSTP_I2Cx
registers. (x = module index)

[Notify]: The I12C wake up function is not supported for MG32F02A132/072.

® USB

User can enable to wake up by USB bus state detection from STOP mode in PW_WKSTP_USB registers.

The following table is showing the wakeup event source in SLEEP and STOP operation modes.

Table 3-8. Wakeup Events Source

Internal Device

SLEEP

STOP

Wakeup Enable

Wakeup Event

Wakeup Enable

Wakeup Event

Comment

BODO interrupt enable  |enabled interrupt [PW Reg presetting BODO event
setting event detection
BOD1/2 (*1) interrupt enable  |enabled interrupt [PW Reg presetting BOD1/2 event
setting event detection
SWD/Debug interrupt enable  |enabled interrupt |PW Reg presetting SWD
setting event communication
detection
Ext INT pins interrupt enable  |enabled interrupt |interrupt enable setting enabled Interrupt

setting

event
(detect edge/level)

event
(detect level only)

Analog Comparator

interrupt enable
setting

enabled interrupt
event

PW Reg presetting

Comparator
output state
change detection

RTC interrupt enable  |enabled interrupt [PW Reg presetting RTC events CK_LS,CK_UT in
setting event detection STOP

IWDT interrupt enable  |enabled interrupt [PW Reg presetting IWDT events CK_ILRCO in STOP
setting event detection
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12Cx interrupt enable  |enabled interrupt [PW Reg presetting Slave address
setting event detection only

USB interrupt enable  |enabled interrupt [PW Reg presetting USB
setting event Rest/Resume

Other Modules interrupt enable  |enabled interrupt |[Not support STOP wakeup Not support STOP
setting event wakeup

<Note> *1 : BOD2 Brown-out Detector is not supported for MG32F02A132/072/032

3.11.2. Wakeup and Interrupt

After wakeup sources are configured and the chip has entered power down mode by firmware execution
WFI or WFE instruction, the chip will monitor these enabled wakeup source. PW controller will control these
signals except external interrupt trigger events that can pass or inhibit to send to EXIC controller for wakeup
control.

EXIC connects the wakeup signals to NIVC by through interrupt path to trigger wakeup process. When the
WIC (wakeup interrupt controller) receives the valid wakeup signal, it will recover the clock system and wake
up CPU. User can select the wakeup delayed time from 45~150us for steadying clock from STOP mode by
setting PW_WKSTP_DSEL register. Also user can set the wakeup mode for steadying clock from SLEEP
mode by setting PW_WKSLP_MDS register. When selects 'Normal', the MCU wakeup from SLEEP mode is
about 5 AHB clock and MCU current consumption is normal in SLEEP mode. When selects 'Low Power’, the
MCU wakeup from SLEEP mode is slower (>20us) but MCU current consumption is lower in SLEEP mode.

[Notify]: The PW_WKSLP MDS register is not supported for MG32F02A132/072/032.

The following diagram is showing the wakeup time diagram from STOP mode. When the ILRCO is not
disabled during STOP mode for RTC, IWDT or others working, the ILRCO wakeup time is not necessary.

Figure 3-10. STOP Wakeup Time
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<Note-1> : The wakeup time can be delayed by setting (PW_WKSTP_DSEL) register.

The following table is showing the CPU wakeup conditions by the CPU instructions of WFI and WFE. Refer
to the “Cortex-MO Technical Reference Manual” for more information

Table 3-9. WFI and WFE Action for Wakeup and ISR

Request
Execution | PRIMASK [SEVONPEND Priority of interrupt Wakeup ISR
Execution
0 « requested interrupt > current interrupt (*4) yes yes
WEFI requested interrupt < current interrupt no no
Sleep-on-exit 1 < requested interrupt > current interrupt (*5) yes no
requested interrupt < current interrupt no no
0 0 requested interrupt > current interrupt (*4) yes yes
requested interrupt < current interrupt no no
requested interrupt > current interrupt (*4) yes yes
0 1 after
requested interrupt < current interrupt (*6) yes current
WFE ISR exit
1 0 requested interrupt > current interrupt no no
requested interrupt < current interrupt no no
1 1 requested interrupt > current interrupt (*5) yes no
requested interrupt < current interrupt (*7) yes no
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<Note-1>
<Note-2>
<Note-3>

<Note-4>
<Note-5>
<Note-6>
<Note-7>

x: Don't care
PRIMASK: CPU interrupt mask register bit, 1= prevents the activation of all exceptions with configurable priority.
SEVONPEND: CPU SEVONPEND bit, 0O=only enabled interrupts or events can wakeup CPU
1=only enabled events and all interrupt can wakeup CPU
wakeup and execute requested interrupt ISR
wakeup and return thread mode to execute next instruction
wakeup and return to next instruction of current interrupt ISR, then execute requested interrupt ISR
wakeup and return to next instruction of current interrupt ISR, then return thread mode to execute next instruction

When the chip was waked up from power-down mode, the WKF flag will be asserted and user will be notified
by interrupt if the PW_WK_IE bit is enabled. User can get the information which the system wakeup from which
power-down mode (SLEEP or STOP) from PW_WKMODE register.

% MG32F02A132/A072

The following diagram is showing the system wakeup and interrupt control connection diagram for
MG32F02A132/072.

Figure 3-11. Wakeup and Interrupt Control - MG32F02A132/072
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«* MG32F02A032

The following diagram is showing the system wakeup and interrupt control connection diagram for

MG32F02A032.

Figure 3-12. Wakeup and Interrupt Control - MG32F02A032
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% MG32F02A128/U128/A064/U064

The following diagram is showing the system wakeup and interrupt control connection diagram for
MG32F02A128/U128/A064/U064.

Figure 3-13. Wakeup and Interrupt Control - MG32F02A128/U128/A064/U064
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< MG32F02V032

The following diagram is showing the system wakeup and interrupt control connection diagram for
MG32F02V032.

Figure 3-14. Wakeup and Interrupt Control - MG32F02V032

Interrupt Enable wiIC

(PW_BOD2_IE)| (PW_WK_IE)

Wak
o0 Ol O v on

(PW_BOD1_IE)
BOD1F "ok Q—> oges
(Pw_Bopo_I)[~ (PW_IEA)

BODOF O—
I: 0~ PW External Interrupt NVIC

Controller

System Interrupt

(SYS_IEA)
INT_SYS
oo NS N || s
WUP_SYS \) 070
» 1
o

= INT_MEM

-CS < INT_CSC

v

-IWDT INT_IWDT
— INT_RTC STOP
Wakeup Enable
(PW_WK STP_BODO)
WUP_BODO
) > o IRQ3
(PW_WK STP_BOD1) EXINTO | ———ry
WUP_BOD1 f6 . » EXIC_ID3 'ode >
~ |
(PW W}?S:P BOD2) — Q| EXINTL w— ggt
WUP_BOD2 " = = 2 » EXIC_ID4 O >
—0°C ol EXNT2 | ———— IRQS -
wup ot PW-WKSTP_IWDT) g » EXIC_ID5 'ode >
IWDT = O O0—> = | EXINT3 IRQ6
wup_rrc (PW-WKSTP RTC) > EXICIDe] oge >
RTC = O O0—>

INT_I2CO
200 | = pfenc ozl || | mazs
WUP_12C0 ) oge >
(PW_WKSTP_I2C0)
INT_I2Cx
12CO WUP_12€0 'oge > 12C1 = ﬁ IRQ29
(PW_WK STP_I2C1) WUP_[2Cx 00 >
12C1 WUP_I2C1 O/O > > 1

STOP

MG32-MO0 User Guide Page-66




megawin MG32-MO0 User Guide V4.6

3.11.3. CPU Power Down and Wakeup Control Flow

The following figure is showing the CPU power down and wakeup flow chart by WFI, WFE and
Sleep-on-exit control. There is a CPU Event register to record the interrupt input state for WFE control flow.
The CPU register SLEEPDEEP is set to control whether the CPU uses Sleep or Deepsleep as its low power
mode. The CPU register SLEEPONEXIT is set to control whether the CPU enters Sleep/Deepsleep or not when
CPU returns from an ISR to thread mode. Refer to the “Cortex-M0 Technical Reference Manual” for more

Figure 3-15. CPU Power Down and Wakeup Control Flow
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The following table is showing the WFE events for setting CPU Event register.

Table 3-10. WFE Events for Setting Event Register
Item Event Description
1 The arrival of an interrupt request that needs servicing (enabled interrupts)
An exception(ISR) entrance and exception(ISR) exit
New pending interrupts (only when SEVONPEND=1), even if the interrupts are disabled
An external event signal from on-chip hardware (RXEV in)
Execution of a Send Event (SEV) instruction (TXEV out)
Debug event

OO |WIN
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The following figure is showing the WFE using control flow example. For the example, there are two control
flows for the application system those ‘With WFE’ is using WFE control flow and ‘No WFE’ is not. The chip power
consumption of ‘With WFE’ will be less than ‘No WFE'.

Figure 3-16. WFE Control Flow Example
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Next Work Next Work
Power
A
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No WFE Initial Get Peripheral
» Time
Power
A
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. ", Get Get
With WFE Initial | peripheral Sieep Peripheral Sieep R Time
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3.12. Chip Power Application Circuit

To have the chip work with power supply varying from 1.8V to 5.5V, adding some external decoupling and
bypass capacitors is necessary on VDD/VSS power pins, as shown in following figure. Also the same application
suggestion on VDD2/VSS2 power pins for LQFP80 package. There is one extra ground pin VSS1 for LQFP80
and LQFP64 packages. The VRO (VCAP) pin is the embedded LDO voltage output as internal core logic power
supply. It needs to place one 0.1uF capacitor and one 4.7uF capacitor to be closed the pin. For USB series chip,
one external decoupling and bypass 4.7uF capacitor is necessary on V33 power pin.

Strongly suggests one bulk decoupling 10uF capacitor is built in the power supply source for VDD power.
One bypass 0.1uF capacitor is built and placed close to each VDD pin. The bypass capacitor can store an
electrical charge that is supplied stable voltage to the power line of VDD.

In order to improve the ‘Power Integrity’ and reduce the VDD power nhoise, the external power capacitors of
10uF and 0.1uF must placement and route by the ‘10uF-then-0.1uF’ order from the VDD power source to MCU

VDD pin.

Figure 3-17. Power Supply Circuit
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<Note>: 1. VSS1 pin is implemented on LQFP64/80 packages only.
2. VDD2/VSS2 pins are implemented on LQFP80 packages only.
3. V33 pinis implemented on USB series chip packages only.
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4., System Reset
4.1. Introduction

The module can be running in

ON |SLEEP| STOP all power operation modes.

During reset, all Registers are set to their initial values, and the program starts execution from the Reset
Vector. The chip includes a reset source controller (RST) to manage multiple sources of reset and generates
Warm reset and Cold reset signals to chip system and internal modules. This controller also provides the reset
event flags for firmware, which are used to recognize the reset occurred source.

Notify: The sign of (OB = hardware configuration Option Byte flash memory) is using in the descriptions of
this chapter.

4.2. Features

® Built-in embedded POR(power-on reset)/LVR(low-voltage reset) circuit
® Built-in one reset source controller

— Programmable chip cold reset and warm reset for reset source

— Independent software reset control for internal modules
® Provide multiple reset sources

- POR/LVR/BOD /External reset pin input/Software force reset

- |[WDT/WWDT/ADC/Comparator

— |AR(Illegal address error reset)/Flash access protect error reset

= Missing clock detect (MCD) reset
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4.3. Reset Source Controller

% MG32F02A132/A072
The following diagram is showing the MG32F02A132/A072 Reset source control block.

Figure 4-1. Reset Source Controller - MG32F02A132/072

Cold Reset Switch ~ Warm Reset Switch  Reset Event Flag RST POR
PW >
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% MG32F02A032
The following diagram is showing the MG32F02A032 Reset source control block.

Figure 4-2. Reset Source Controller - MG32F02A032
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¢ MG32F02A128/U128/A064/U064
The following diagram is showing the MG32F02A128/U128/A064/U064 Reset source control block.

Figure 4-3. Reset Source Control Main Block
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% MG32F02V032
The following diagram is showing the MG32F02V032 Reset source control block.

Figure 4-4. Reset Source Control Main Block
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4.4. Chip Reset
4.4.1. Chip Reset Levels

The chip provides three reset levels — POR reset, Cold reset and Warm reset. POR reset is the highest
priority reset and is generated by chip hardware. Cold reset is the 2" priority and Warm reset is the lowest

priority reset.

When POR reset occurred, it will cause to generate Cold reset to chip. Also when Cold reset occurred, it will
cause to generate Warm reset to chip. User can read the status of CRF (RST_CRF) and WRF (RST_WRF) flags
to get the previous reset level information. Refer the diagram of Reset Source Controller for the detail.

The following table is showing the reset control function for different reset level.

Table 4-1. Reset Control Function for Different Reset Level

Reset Level

Chip Function

Warm Reset
(Priority Normal)

(1) Reset all chip blocks and restart from the address of reset entry in vector table.

(2) Reset flag and Cold Reset enable bits do not be cleared.

(3) Some Option Byte flash (OB) data load into Hardware Option Byte Control registers (OR).

(4) Some hardware OR data load into related Module Control registers and module other
registers reset to default value.

(5) Keep the 10 setting of Non-Reset 10 pins those are able to configure for Reset or Non-Reset. .

(6) Lock function is kept.

Unlocked Condition Locked Condition
It clears Warm Reset enable bits. It does not clear Warm Reset enable bits.
Key function is disabled. Key function is kept.

Cold Reset
(Priority High)

Same as "Warm Reset" except following difference:

(1) All Option byte flash (OB) data load into Hardware Option Byte Control registers (OR).
(2) Reset the 10 setting of all 10 pins.

(3) Lock/Key function is disabled.

POR/LVR Reset
(Priority Highest)

Same as "Cold Reset" except following difference:
(1) Reset flag and Cold/Warm Reset enable bits are cleared.

® Power-On Reset

Power-on reset (POR) is used to internally reset the chip and also the CPU during power-up. The chip will
keep in reset state and will not start to work until the VDD power rises above the voltage of Power-On Reset.

And, the reset state is activated again whenever the VDD power falls below the POR threshold voltage. During a
power off cycle, VDD must fall below the POR threshold voltage before power is reapplied in order to ensure a
power-on reset.

The POR reset only sends to RST controller and is not using for other modules. It will clear the reset event
source flags, Cold reset source enable bits and Warm reset source enable bits in RST controller.

Refer the section of “Power Voltage Detect” in System Power chapter for more information about the POR
reset.

® Cold Reset

Cold reset is the 2™ priority reset. The Cold reset is also generated and caused by POR reset occurred. It
sends to some modules like as IWDT, WWDT ... to do deep level module reset. It will cause to reload all
hardware configurations OB and disable the register lock function for the modules which are support the register lock
function.

® Warm Reset
Warm reset is the lowest priority reset. The Warm reset is also generated and caused by Cold reset
occurred. It sends to all modules to clear flags and hardware circuit. It will cause to reload some hardware

configuration OB and reset the registers of module to default value if the module is unlocked or not supported
lock function. It will clear Warm reset source enable bits in RST controller if the RST controller is unlocked.
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4.4.2. Power-On Reset and Chip Reset Timing

During power-up, the internal POR circuit will generate the POR reset to start up the ILRCO clock circuit and
low voltage detector. The POR reset will release at the time which is controlled by the discharging of internal RC
and voltage detection of power voltage detector for different power-up slop rate. Also the PORF (RST_PORF)
reset flag will asserted at the end of POR reset.

At the same time, the POR reset causes the Cold reset to reset other internal devices. It will force to reload
the hardware configuration setting from hardware configuration OB. For waiting stable ILRCO clock, which will
be started after about 1ms time delay of Cold reset released in the following Warm reset.

The Warm reset will reset CPU and all the internal modules. It will be released after Cold reset end by a time
delay about 32ms or 4ms. The time delay is set by the hardware configuration OB.

The chip is built-in BOD0/BOD1/BOD2 and POR/LVR voltage detectors to monitor the chip power voltage in
order to protect the chip flash memory content and insure the operation correction for the chip product. Refer the
section of “Power Voltage Detect” in System Power chapter for more information.

Figure 4-5. Chip Reset Timing
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<Note-1> : The POR/RC input buffer voltage threshold is not trimming and variant 0.6V~0.8V by chip.

<Note-2> : The power-up time may change by hardware configuration OR (CFG_PON_MDS) and is default about 32ms.

<Note-3> : The end(falling-edge) of internal reset signals are synchronous by ILRCO clock.

<Note-4> : The hardware configuration ORs are loaded from flash memory before the start of internal warm reset RST_W.

<Note-5> : The (RST_POREF) flag is set during power-up or VDD power drops below POR/LVR threshold. The flag must clear by firmware.
<Note-6> : The reset events of BODO0/1/2 voltage detection can be configured as Cold or Warm reset source.

4.4.3. External Reset Timing

The chip provides an external hardware reset input from RSTN pin, which is accomplished by holding low
level for the RSTN pin. The RSTN pin is configured to as external reset pin or others (GPIO ...) by hardware
configuration OB. To ensure a reliable power-up reset, then the hardware reset from RSTN pin is necessary.

When the RSTN pin is connected to VDD pin directly and the input voltage of external reset signal is below
0.15 VDD (operation power voltage of VDD pin), the external reset is happened. When the input voltage of
external reset signal is above 0.75 VDD, the external reset will release after 16 ILRCO clock delay. The EXF
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(RST_EXF) reset flag is asserted at the end of external reset.

For chip external reset detection, the active low pulse width of external reset signal must be kept >= 48 AHB
clock (CK_AHB) cycles to guarantee that the chip can detect the external reset event. When chip detects the
external reset event, also the external reset causes the chip internal reset to reset other internal devices. It will
force to reload the hardware configuration setting from hardware configuration OB.

Refer the section of “External Reset Application Circuit” for more information.

Figure 4-6. External Reset Timing
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<Note-1> : The capacitance of external capacitor is case [B] larger than case [A].
<Note-2> : The condition is enabled the external reset as cold reset source by (RST_EX_CE)=1.

<Note-3>: The RST_C signal end(falling-edge) is same as RST_POR end(falling-edge) for case [A]
and is delayed by RST_EXT from for case [B].
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45. Reset Event
45.1. Reset Event Source

The chip support multiple reset source those include power-on reset, external reset, software reset, memory
illegal address reset, memory access error reset, WDT reset, MCD reset, ADC window detect reset, Analog
comparator reset and brown-out reset. User can read the reset event flags to recognize the reset occurred
source.

Usually these reset events are also used to do as interrupts source in the related source module and can be
configured as the system interrupts. Refer the chapters of related source module for more information.

The following table is showing the event source of warm/cold reset and the interrupt capability.
[Notify]: The CMP2/CMP3 Reset functions are only supported for MG32F02A132/072.

Table 4-2. Reset Event Source

Cold Warm
Reset Source Function Reset Flag Reset Reset C";tpe;tr)lijlﬂty
Gating Gating
POR Power-On Reset yes mandatory | mandatory
BODO Brown-Out Reset yes yes yes yes
BOD1/2 (*1) Brown-Out Reset yes yes yes yes
CSC MCD Error Missing clock detect Reset for XOSC yes yes yes yes
MEM IA Error Flash/SRAM illegal address error Reset yes yes yes yes
MEM RP Error Flash/SRAM read protect error Reset yes yes yes yes
MEM WP Error Flash/SRAM write protect error Reset yes yes yes yes
IWDT Reset Independent Watch-Dog Time-out Reset yes yes yes yes
WWDT Reset Window Watch-Dog Time-out Reset yes yes yes yes
ADC Reset ADC voltage window detect Reset yes yes yes yes
CMPO/1 Reset Analog Comparator voltage detect Reset yes yes yes yes
CMP2/3 Reset (*2) |Analog Comparator voltage detect Reset yes yes yes yes
EXT Reset External input Reset from RSTN pin yes yes yes
SW Reset Chip Software Reset by setting RST_SW_EN bit yes yes yes
Low Power Mode |The chip is reset instead of entering STOP mode when
Reset processes into STOP. yes yes yes
CPU Reset CPU Reset event by setting SYSRESETREQ bit yes yes yes

<Note> *1: BOD2 is not supported for MG32F02A132/072/032
*2 : CMP2/3 Reset are only supported for MG32F02A132/072

45.2. Reset Event Control

The RST controller can configure the reset events to decide which reset source can trigger Cold reset or
Warm reset. When one reset event is occurred and the related Cold reset or Warm reset enable bit is enabled,
the RST controller will asserted the related reset event flag to recognize the reset occurred source.

Generally these reset flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related reset flags and reset enable bits.

® Power-On Reset

There is one PORF (RST_PORF) flag to indicate this reset event source. Power-on reset (POR) is
generated by internally hardware RC and voltage detection circuits and is no software enable control bit.

® External Reset
The chip provides an external hardware reset input from RSTN pin to ensure a reliable power-up reset.
There is one EXF (RST_EXF) flag to indicate this reset event source. Use can enable the reset event to
trigger Cold reset or Warm reset by setting RST_EX CE or RST_EX_WE registers.
® Software Reset

User can trigger the chip to restart by the software reset function, which is writing “1” on RST_SW_EN
register bit.

There is one SWF (RST_SWEF) flag to indicate this reset event source. Use can enable the reset event to
trigger Cold reset or Warm reset by setting RST_SW_CE or RST_SW_WE registers.

® Memory Read/Write Protect Error and lllegal Address Reset
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When occurs memory access protection error or software program runs to illegal address on internal Flash
or SRAM memory such as over program memory limitation, which may triggers a Reset.

There is one MEMF (RST_MEMF) flag to indicate this reset event source. Use can enable the reset event to
trigger Cold reset or Warm reset by setting RST_MEM_CE or RST_MEM_WE registers.

® IWDT/WWDT Reset

When IWDT or WWDT is enabled to start the counter, the overflow flag will be set by IWDT or WWDT
overflow. If RST_IWDT_WE or RST_WWDT_WE is enabled, the IWDT/WWDT overflow will trigger a system
Warm reset. If RST_IWDT_CE or RST_WWDT_CE is enabled, the WDT overflow may trigger a hardware Cold
reset. There are one IWDTF (RST_IWDTF) flag and one WWDTF (RST_WWADTF) flag to indicate these two
reset event sources.

® MCD Reset
When missing clock detection on XOSC clock or external input clock is occurred, it may trigger a Reset.

There is one CSCF (RST_CSCF) flag to indicate this reset event source. Use can enable the reset event to
trigger Cold reset or Warm reset by setting RST_CSC_CE or RST_CSC_WE registers.

® ADC Voltage Window Detection Reset

When the ADC voltage windowed detection event is occurred, it may trigger a Reset.

There is one ADCF (RST_ADCEF) flag to indicate this reset event source. Use can enable the reset event to
trigger Cold reset or Warm reset by setting RST_ADC_CE or RST_ADC_WE registers.
® Analog Comparator Reset

When occurs any of analog comparator comparison event, which may trigger a Reset.

There are four CMPnF (RST_CMPnNF) flags independently to indicate the reset event source for analog
comparator CMPn (n={0, 1, 2, 3}). Use can enable the reset event to trigger Cold reset or Warm reset by setting
RST_CMPn_CE or RST_CMPn_WE registers.

® Brown-Out Reset

There are three Brown-Out Detectors (BOD0/BOD1/BOD2) to monitor chip power. If core power drops
below BODO monitor level or VDD power drops below BOD1/BOD2 monitor level, which may trigger a Reset.

There are one BODOF (RST_BODOF) flag, one BOD1TF (RST_BOD1F) flag and one BOD2TF
(RST_BODZ2F) flag to indicate these three reset event sources. Use can enable the reset event to trigger Cold
reset or Warm rest by setting RST_BODO0_CE, RST_BODO_WE, RST_BOD1 CE, RST BOD1 WE and
RST_BOD2_CE, RST_BOD2_WE registers.

[Notify]: The BOD2 function is not supported for MG32F02A132/072/032.
® CPU System Reset

When the CPU SYSRESETREQ system reset bit is set by software, which may trigger a Reset. This bit is
only can write 1 to set and is no effect by writing 0.

There is one CPUF (RST_CPUF) flag to indicate this reset event source. Use can enable the reset event to
trigger Cold reset or Warm reset by setting RST_CPU_CE or RST_CPU_WE registers.

® Low Power Mode Reset

When the chip enters the low power STOP mode and the Cold reset or Warm reset enable bits is set in
RST _LPM_CE or RST_LPM_WE registers, the chip will trigger a Reset to replace entering STOP mode.

There is one LPMF (RST_LPMF) flag to indicate this reset event source.

MG32-MO0 User Guide Page-79



megawin MG32-MO0 User Guide V4.6

4.6. Register Protect and Lock

All RST registers are write-access protected except RST_STA, RST_KEY registers. Write 0xA217 value to
the RST_KEY register to unprotect the registers and process the control continuously. Oppositely write other
value except 0xA217 value to protect the registers. Read the RST_KEY register to get the register value is
Protected (=1) or Unprotected (=0).

It also provides the register lock function after Warm reset condition. Write value 0x712A to the RST _LOCK
register to lock the register write access except RST_STA, RST_KEY registers. When registers lock, the
registers cannot change event through the system warm reset until the hardware cold reset. Write other value
except Ox712A is no effect. Read the RST_LOCK register to get the register value is Locked (=1) or Unlocked
(=0).

The locked function of register write-access is supported for RST, RTC and IWDT modules after Warm reset.
Other modules of CSC, CFG, PW, MEM and WWDT are only supported write-access protected function.

® Cold/Warm Reset VS Lock Function for Modules

Table 4-3. Reset VS Lock Function for Modules' Registers

POR | Cold Warm Reset Comment

Module Functions Reset | Reset [ynjocked]| Locked

<

Reset Status flags clear Only clear to default by POR reset

Lock register clear \%

Cold reset enable registers reset to

RST default Only clear to default by POR reset

Warm reset enable registers reset to
default

Key register / Protected registers reset

CsC Status flags clear No Lock function

Key register / Protected registers reset

Status flags clear No Lock function

CFG - -
Key register / Protected registers reset

Status flags clear No Lock function

PW - -
Key register / Protected registers reset

Status flags clear No Lock function

MEM

< I <IK<IKIK<IKIK|I<K

Key register / Protected registers reset

Lock register / Status flags clear

RTC - -
Key register / Protected registers reset

Lock register / Status flags clear

IWDT

Key register / Protected registers reset

< K< IKIK<IKIKIKIKIKIKIKIKIKIK| < < <
< I K< IKIK<IKIKIKIKIKIKIKIKIKILK| <

Status flags clear \% No Lock function

WWDT

Key register / Protected registers reset \ \% \%

<Sign> V: Indicates the function is allowed. Blank: Indicates the function is not allowed.
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4.7. Module Reset

For each AHB or APB control module, it can receive the system Warm reset signal to reset the module’s
control flags, registers and logical circuit. For some modules of IWDT, WWDT, RTC, PW, CSC and MEM, they
can receive the Cold reset to unlock the register locked function and reset the module.

4.7.1. Module Software Reset

There is one independent software reset enable bit for each AHB or APB control module. User can directly
set the RST_XXX_EN register bit to reset the related module independently (‘XXX’: indicates a module name). It
is like as which the module is receiving the Warm reset signal but only resets the related module. Refer the
register descriptions for more information about the software reset of modules.

The following diagram is showing the software reset enable control of modules.
[Notify]: The DAC module is not supported for MG32F02A032/V032.

Figure 4-7. Module Software Reset

Module Block
System Reset Input
Reset Input Module Control Logic

Internal Warm pot w — [12Cx |[URTx|[ SPIx |
Reset Signal RST XXX IN

Software Reset Enable i Mc:dule_Reset > |ADCX|| TMx || GPL |

(RST_XXX_EN) — GPIO| -------

Reset Enable Register Bit

Reset Source Controller

Module Block
System Reset Input Reset Input Module Control
Internal Cold ¥ Cold Reset Logic
Reset Signal RST_C a®
Lock

Internal Warm Control
Reset Signal RST_W— Unlock | [ IWDT | WWDT|

Software Reset Enable g ": O [ RTC || CSC |

(RST_XXX_EN) — RSTOOOIN o | PW |[ MEM |

Reset Enable Register Bit

<Note> XXX = Module Name, x = Module Index
<Note> Unlock : Lock disable from (XXX_LOCK) setting
if the module is with Lock control function.
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4.7.2. GPIO Reset Control

The chip provides that the GPIO output data bit and IO mode configuration can be disabled to be reset by
system Warm reset for some GPIO pins. These GPIO pins are including of PA[3:0], PA[11:8], PB[3:0],
PB[11:8], PC[3:0], PC[11:8], PD[3:0],PD[11:8], PE[3:0] and PE[9:8].

They are separated to 10 groups which are 4 pins and have one independent control register bit for each
group. User can configure the Warm reset disabled function for each group independently by setting the
RST_PA_DISO, RST_PA_DIS1, RST_PB_DIS0, RST_PB_DIS1, RST_PC_DIS0, RST_PC_DIS1,
RST_PD_DISO, RST_PD_DIS1, RST_PE_DISO or RST_PE_DIS1 registers.

[Notify]: The PE reset control functions is not supported for MG32F02A032/V032.

The following diagram is showing the GPIO reset control for data output bit and 1O mode configuration.

Figure 4-8. GPIO Reset Control

Reset Control Block PA[3:0] GPIO Pin Control
IOP IOM
10 Port Access Control | 10 Pad Mode Control
RST_W OutData| o
- Latch ”
System Warm WRE atc
Reset Output A

A |

Warm reset disable A
< Reset : i Reset 10 _
(RST_PA_DISO) Qe S " Mode Setting
[ ) -
(RST_PA_DIS1) >OReset PA[11:8] GPIO Pin Control |
[ - ;
(RST_PB_DIS0) —>¢Reset PB[3:0] GPIO Pin Controll
[ - n
(RST_PB_DISI) —>OReset PB[11:8] GPIO Pin Control |

(RST_PC_DISO) PC[3:0] GPIO Pin Control |

(RST_PC_DIS1) >OReset PC[11:8] GPIO Pin Control |

o

(RST_PD_DIS0) —>¢Reset PD[3:0] GPIO Pin Controll

(RST_PD_DIS1) —>¢Reset PD[11:8] GPIO Pin Controll

(RST_PE_DISO0) —>OReset PE[3:0] GPIO Pin Control |

....... —>OReset PE[9:8] GPIO Pin Control |

|
}
}
|
}..
}..
}
|
|
}

(RST_PE_DIS1)

4.7.3. USB Software Reset Control

As same as other modules, there is one independent software reset enable bit RST_USB_EN to reset the
USB module independently. For the software reset specially, the USB module have two reset control levels to
reset the USB module by setting RST_USB_RCTL register. When this register is selected 'All', chip will auto
reset USB all blocks and registers. When this register is selected 'LV1', chip will reset all blocks and registers
except the registers’ control of USB_EN, USB_XTR_EN, USB_V33_EN and USB_DPU_EN.

Refer the section of “USB Reset Control” in USB chapter for more information.
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4.8. External Reset Application Circuit

Normally, the power-on reset can be successfully generated during power-up. However, to further ensure
the MCU a reliable reset during power-up, the external reset is necessary. The following diagram shows the

external reset circuit, which consists of a capacitor Cexr connected to VSS (ground) and a resistor Rext
connected to VDD (power supply).

In general, Rext is optional because the RSTN pin has an internal pull-high resistor (Rrst). This internal
diffused resistor to VDD permits a power-up reset using only an external capacitor Cexr to VSS.

Strongly suggestion, the RSTN pin must set to output mode if it is used to do as both chip reset and GPIO
functions in application. In this condition, the pin input low may make chip reset locked error if it set to GPIO
input mode.

For ESD issue, it is very important that the Rexr must connect from the “VDD Cap” point. The “VDD Cap”
point is at the PCB trace behind the 10uF and 0.1uF capacitors from the VDD power source to MCU VDD pin.

Figure 4-9. Reset Circuit

[External RC Reset] [External Trigger Reset]
Power Power
VDD Cap
"""""" > K o VDD M VDD
(optional)
10uF o1url 4K BEXT (Internal (Internal
—_— -E RRrst pull-up RRrsT pull-up
-1 = resister) L/_ resister)
I g
=3 =5 Cd RSTN ° g RSTN
4.7uF| Cext
VSS —] vss
Megawin MCU -1 Megawin MCU

<Note>: MCU VDD PCB layout trace must route from 10uF, 0.1uF capacitor to VDD pin. Rexr must connect to the point “vVDD Cap”
which is close VDD pin after 10uF/0.1uF capacitors’ layout trace for ESD consideration.
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5. System Clock

5.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The chip builds in a clock source controller (CSC) for system clock source management. There are four
clock sources for the system application: Internal High-frequency RC Oscillator (IHRCO), Internal crystal
oscillator (XOSC), Internal Low-frequency RC Oscillator (ILRCO) and External Input Clock (EXTCK).

One XOSC oscillator is embedded for external Xtal circuit. One PLL is embedded to multiply the frequency
of clock source and output clock for CPU and other peripheral modules. One missing clock detector (MCD) is
built-in to monitor the clock of external Xtal or external clock source.

Notify: The sign of (OB = hardware configuration Option Byte flash memory) is using in the descriptions of
this chapter.

5.2. Features

® Built-in embedded ILRCO (internal low frequency RC oscillator) by 32KHz
® Built-in embedded IHRCO (internal high frequency RC oscillator)
— Trimmed to 11.059 or 12MHz +1% at +25C

® Built-in embedded PLL clock output for system clock

® Built-in embedded XOSC oscillator with MCD for external 32KHz or 4 to 25MHz Xtal
® Support external clock input up to 36MHz

® Built-in a clock source controller with clock enable control for modules

® Support internal XOSC oscillator and internal ILRCO/IHRCO clock output

5.3. Implementation
5.3.1. Embedded Clock PLL Implementation

The following table is showing the implemented embedded PLL of chips.

Table 5-1. Embedded PLL Implementation

Embedded PLL Clock Source | Embedded Clock Device | External Input
Chip Input Range | Multiplier | PLL VCO Max. | Clock MUX | ILRCO | IHRCO XOSC EXTCK
MG32F02A132/A072
MG32F02A032 5~7 MHz x16, x24 150MHz LS/HS Loso ok ; i
MG32F02A128/A064 _ _ 32KHz | 0 Of zan '
MG32F02U128/U064 4~85MHz | x4 ~x32 180MHz LS/HS/HS2 12MHz | 4 ~ 25MHz 36MHz
MG32F02V032 4.2 ~85MHz | x4 ~x32 180MHz LS/HS/HS2
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5.4. Clock Source Controller

** MG32F02A132/A072/A032
The following diagram is showing the MG32F02A132/A072/A032 Clock source control block.

Figure 5-1. Clock Source Control Block

1NOX

NIX

O
EXTCK

External
Clock
Source

Ol

<
r CK_IHRCO
Y LRrco s » CK_IHRCO
11.059/12MHz » CK_PLL
CK_HS CK_PLLO > Internal logic
32\I)(Hz~25MHz 2 :,.-',1’2’4’6 11234 F » CK_MAIN
€ i o)
ck_xosc | |i B Lo ; x » CK_SYS
X0SC >(01 o DIV {o{ PLL [é]DIV (511 = J
APB
—»10 » » CK_APB APB device
oK EXT CK PLLIyIN, prescaler =
_ 11 AHB device
> CK HS AHB device
00 /124816 CPU core
A A GPIO,RST
: : PW,Memory
(CSC_HS_SEL) (CSC_MAIN_SEL) - SCLK
0 > | NVIC
AHB = | Clock
» 01 prescaler —» Gating LIEEI »| | Core
Control
CK LS DCLK
¢>10 = /1,2,4.8,.512 P | Debug
CPU
|1 > CK LS RTC, TMx,
A URTx
(CSC_LS_SEL) » CK_ILRCO| GPIO, IWDT
CK_ILRCO 18,16,32,128
i rco EIR_ERGY) > DIV » CK UT WWDT, RTC
g il “1 — 12Cx
32KHz
CSC CKO EN AHB/APB Module
( v -EN) G- Process Clock ~ . Process
i /1248 l«——— CK_AHB | Module Clock > > o
v ot M v [wm OCl
U [«—— CK_APB Management | Event Clock <l o e
v [ ]
. : X [«—— CK_HS e = !l x Event
x H le———CK_LS (CSC_xxx_EN) Clock
;) ICKO_INT ¢ CK_XOSC (CSC_xxx_CKS)
©) :
(CSC_CKO_SEL) HCLK CK ST | Svstem Tick Timer
oK XOSC CK_LS DIV2 — External Clock
CK_EXT MCD MCDF (CSC_ST_SEL)
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Clock Source Controller

Internal Clock Source
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% MG32F02A128/U128/A064/U064/V032
The following diagram is showing the MG32F02A128/U128/A064/U064/V032 Clock source control block.

Figure 5-2. Clock Source Control Block

S
Oirco |—gmnc® __,JCK_IHRCO
x
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— XOSC »(01 DIV [o{PL L [#] DIV 10 = J
i APB )
L0 CK_PLLI —>» CK_APB APB device
1 P = »l01 prescaler — I
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Z | ' 00 gres st CPU core
_ ' 7y GPIO,RST
o) -1 (CSC_PLLI_SEL) § v
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32KHz
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0O Ml ck_apB Management | Event Clock [—> L | |
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If v ¢ CK_LS (CSC_xxx_EN) Clock
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CK XOSC CK_LS —{piv2
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5.5. Interrupt and Reset

There are two signals of INT_CSC and RST_CSC to be generated in this PW control module. INT_CSC
sends to External Interrupt Controller (EXIC) to do as an interrupt event. RST_CSC sends to Reset Source
Controller to do as a reset event.

Figure 5-3. Clock Source Controller Interrupt

(CSC_XOSC_IE)

XOSC clock Stable XOSCF O O—>]

F- - - T |
| > RST_CSC CL—) Reset
| | Source
Controller
: Vissing clock detect (CSC_MCD_IE) :
ISSIng CIOC etec C
| failour MCDF O |
| (CSC_PLL_IE) |
| PLL clock Stable PLLF O O0O——> | Svst
ystem
| (CSC_IHRCO_IE) (CSC_IEA)  |NT csc | | interrupt
| HRCO clock Stable IHRCOF O0— O O — > )
Clock Source
| (CSC_ILRCO_IE) |
= = Control Interrupt
| ILRCO clock Stable ILRCOF O O——> P |
| |
| |
| |
| |

5.5.1. CSC Interrupt Flags

The interrupt of INT_CSC is OR with the clock stable status of XOSC, IHRCO, ILRCO, PLL and miss clock
detection event flag. It is outputted as one of the interrupt events of the system interrupt of INT_SYS. Refer the
section of “Interrupt and Event” in the chapter of System Common Control for more information about system
interrupt.

These interrupt flags are using for the interrupt service routine (ISR) flow control. Generally these flags are
set by hardware and software clears them when the serviced job is completed in the related ISR. Each interrupt
flag has one interrupt enable bit. User can enable or disable it. There is one interrupt all enable bit of CSC_IEA
to enable or disable all the interrupt sources for this module.

Refer the register descriptions for more information about the related interrupt flags and interrupt enable bits.
® XOSCF

XOSC clock stable and ready detect flag (CSC_XOSCF). There is a related interrupt enable register bit of
CSC_XOSC_IE. The flag is active when the XOSC oscillator output clock is stable.

® |LRCOF

ILRCO clock stable and ready detect flag (CSC_ILRCOF). There is a related interrupt enable register bit of
CSC_ILRCO_IE. The flag is active when the ILRCO RC oscillator output clock is stable.

® |HRCOF

IHRCO clock stable and ready detect flag (CSC_IHRCOF). There is a related interrupt enable register bit of
CSC_IHRCO_IE. The flag is active when the IHRCO RC oscillator output clock is stable.

® PLLF

PLL clock stable and ready detect flag (CSC_PLLF). There is a related interrupt enable register bit of
CSC_PLL_IE. The flag is active when the internal PLL output clock is stable.

® MCDF

XOSC missing clock detect failure event flag (CSC_MCDF). There is a related interrupt enable register bit of
CSC_MCD_IE. The flag is active when the missing clock detector has detected the clock missing on XOSC
oscillator output or external clock input.

5.5.2. CSC Clock Status
There are some read only status flags to indicate the clock source status or the clock switching status.
Generally these flags are set and cleared by hardware control.
® XOSC_STA
XOSC clock stable and ready status after XOSC enabled (CSC_XOSC_STA). The flag is active when the
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XOSC oscillator output clock is stable after XOSC enabled. The flag is inactive when the XOSC oscillator is
disabled.

® [LRCO_STA

ILRCO clock stable and ready real time status after ILRCO enabled (CSC_ILRCO_STA). The flag is active
when the ILRCO RC oscillator output clock is stable after ILRCO enabled. The flag is inactive when the ILRCO
is disabled.

® |[HRCO_STA

IHRCO clock stable and ready real time status after IHRCO enabled (CSC_IHRCO_STA). The flag is active
when the IHRCO RC oscillator output clock is stable after IHRCO enabled. The flag is inactive when the IHRCO
is disabled.

® PLL STA

PLL clock stable and ready real time status after PLL enabled (CSC_PLL_STA). The flag is active when the
internal PLL output clock is stable after PLL enabled. The flag is inactive when the PLL is disabled.

® PLLI_STA

Input PLL clock source select MUX (CK_PLLIX) switching status (CSC_PLLI_STA). It will report the current
switched clock source or in switching for the clock source MUX.
® LS STA

Input low speed clock source select MUX (CK_LS) switching status (CSC_LS STA). It will report the current
switched clock source or in switching for the clock source MUX.
® HS STA

Input high speed clock source select MUX (CK_HS) switching status (CSC_HS_STA). It will report the
current switched clock source or in switching for the clock source MUX.
® HS2 STA

Input high speed clock source select MUX (CK_HS?2) switching status (CSC_HS2_STA). It will report the
current switched clock source or in switching for the clock source MUX.
® MAIN_STA

System main clock source select MUX (CK_MAIN) switching status (CSC_MAIN_STA). It will report the
current switched clock source or in switching for the clock source MUX.

5.5.3. CSC Reset Events

RST_CSC signal sends to Reset Source Controller (RST) to do as the warm reset event or cold reset event.
This reset evens can be enabled to reset the chip by setting the registers in RST.

® MCD Detect Event

When the missing clock failure event has detected, the RST_CSC signal will be active and the CSC will
asserted the MCDF flag.

5.6. Register Protect and Lock

After clock source controller domain reset, all CSC registers are write-access protected except CSC_STA,
CSC_KEY registers. Write 0xA217 value to the CSC_KEY register to unprotect the registers and process the
control continuously. Oppositely write other value except OxA217 value to protect the registers. Read the
CSC_KEY register to get the register value is Protected (=1) or Unprotected (=0).

Refer the table and descriptions of “Reqister Protect and Lock” in System Reset chapter for more
information.

Special for hardware function control, the following registers of CSC_IWDT_EN, CSC_SLP_IWDT and
CSC_STP_IWDT are locked control by the IWDT_LOCK register. Another, the following registers of
CSC_RTC_EN, CSC_SLP_RTC and CSC_STP_RTC are locked control by the RTC_LOCK register. Refer the
“Register Protect and Lock” in IWDT and RTC chapter for more information.

5.7. System Clock Control
5.7.1. System Clock Source

There are four clock sources for the system application: Internal High-frequency RC Oscillator (IHRCO),
Internal crystal oscillator (XOSC), Internal Low-frequency RC Oscillator (ILRCO) and External Clock Input
(EXTCK). Software can select the one of the four clock sources by application required and switches them on
the fly. But software needs to settle the clock source stably before clock switching.
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® |HRCO and ILRCO Clock

The chip is embedded one Internal High-frequency RC Oscillator (IHRCO) and one Internal Low-frequency
RC Oscillator (ILRCO). It always boots from IHRCO on 12-MHz or ILRCO on 32-KHz by configurable hardware
option byte (OB).

The built-in IHRCO provides two kinds of frequency for software selected by setting CSC_IHRCO_SEL
register. One is 12MHz and another frequency is 11.059MHz. Both two kinds of frequency in IHRCO provide
high precision frequency for system clock source. User can enable or disable the IHRCO circuit by setting
CSC_IHRCO_EN register.

One IHRCOF (CSC_IHRCOF) flag and One ILRCOF (CSC_ILRCOF) flag will be set by hardware to indicate
the clock output of IHRCO and ILRCO Oscillators are stable.

® XOSC Clock

The chip is embedded one internal crystal oscillator (XOSC) for external Xtal circuit. The XOSC oscillator is
support the external Xtal frequency for 32K-Hz or 4 to 25-MHz. In the XOSC crystal mode, user needs to
configure the XOSC pins of XIN and XOUT as external crystal input and output by setting GPIO AFS registers.
Also user can reserve the XOSC crystal pins as GPIO function by IO AFS setting for application.

When both XIN and XOUT pins are configured as external crystal input and output, the internal XOSC
oscillator will be enabled by hardware and the external crystal is oscillating. One XOSCF (CSC_XOSCF) flag will
be set by hardware to indicate the external crystal oscillating is stable for software to switch the clock source.
Software must poll this bit before switching the crystal oscillator as system clock source.

User can adjust the XOSC oscillator control gain for different external Xtal by setting CSC_XOSC_GN
register.

The chip can boot to enable the XOSC crystal and configure XIN and XOUT pins as external crystal input
and output by configurable hardware option byte (OB).

Refer the section of “Xtal Oscillating Circuit” for more information.

® EXTCK Clock

The chip supports to input external clock frequency up to 36MHz. In the external clock input EXTCK mode,
the clock source comes from XIN pin. User needs to configure it as external crystal input pin by 10 AFS setting.

® Missing Clock Detector

One missing clock detector (MCD) is built-in to monitor the clock of internal XOSC oscillator with external
Xtal. The MCD is default enabled and user can disable it by setting CSC_MCD_DIS register. When it is enabled
and user selects the clock source from XOSC for CK_HS or CK_LS clock select MUX, the MCD will start and
monitor the clock source status. When MCD has detected the missing clock event, the CSC will automatically
assert the MCDF flag and switch to IHRCO clock for CK_HS clock select MUX or to ILRCO clock for CK_LS
clock select MUX.

[Notify]: The missing clock detect function is only supported for CK_HS clock select MUX and not supported
for CK_LS clock select MUX in MG32F02A132/072.

User can configure the missing clock detection duration cycle time in CSC_MCD_SEL register.

5.7.2. High Speed Clock and Low Speed Clock

The high speed clock CK_HS is obtained from one of these four clock sources of IHRCO, ILRCO, XOSC
and EXTCK through the high speed clock selector by setting CSC_HS_SEL register. The high speed clock
selector is default set to CK_IHRCO or CK_ILRCO by hardware option byte (OB) setting. The CK_HS can send
to the PLL as the reference clock input or directly output as one of the system main clock CK_MAIN by the
selection of main clock selector.

There is another high speed clock CK_HS2 which is obtained from one of these three clock sources of
IHRCO, XOSC and EXTCK through the high speed clock selector by setting CSC_HS2_SEL register. Usually
this clock is using for USB application, user can select the clock CK_HS as system main clock CK_MAIN for
CPU system clock and select the clock CK_HS2 as PLL input clock CK_PLLIX for generation USB request
48MHz clock.

[Notify]: The CK_HS2 clock is not supported for MG32F02A132/072/032.

The low speed clock CK_LS is obtained from one of these three clock sources of ILRCO, XOSC and
EXTCK through the low speed clock selector by setting CSC_LS_SEL register. The low speed clock selector is
default set to CK_ILRCO. The CK_LS can send to the RTC and TMx modules as the timer clock for low speed
operation.
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5.7.3. PLL Clock

One PLL is embedded to multiply the frequency of high speed clock source CK_HS or CK_HS2. It can be
enabled by setting CSC_PLL_EN register. The clock frequency of CK_HS or CK_HS2 will be divided by the PLL
input divider and outputs as the PLL reference clock input CK_PLLI. User must set the valid divider value of 1, 2,
4, and 6 to fit the PLL input frequency range by setting CSC PLLI DIV reqgister.

As the chip operation speed limitation, the PLL output clock can be down-converted by divided of 1, 2, 3 and
4 through the PLL output divider in CSC_PLLO_DIV register. It outputs the clock of CK_PLLO as one of the
system main clock CK_MAIN by the selection of main clock selector.

X/
X4

e MG32F02A132/A072/A032

The PLL input frequency range is 5~7 MHz, so user must set the valid divider value to fit this frequency
range by setting CSC_PLLI_DIV register.

The PLL can multiply the PLL input clock frequency by 16 or 24 in CSC_PLL_MUL register and output clock
CK_PLL up to 96-MHz or 144-MHz.

The following diagram is showing the MG32F02A132/A072/A032 PLL control block.

Figure 5-4. PLL Control Block

MUX x16/24 » CK_PLL

/1,2,4,6 Phase Loo /1,2,3,4
CK_IHRCO —»{00 Eily PLL MUX
CK_HS

PLLI Detector % FLLE
Charge = »
CK_XO0SC —»01 IDIV |—<>( At —\| > »{ DIV »{10

CK_ILRCO —»10 e CK_MAIN

9ounogeq

CK_EXT —p11 Divider |~
CK_PLLI_ o
: K_HS *
: CKAS oo
LY
(CSC_HS_SEL) Clock Source Controller (CSC_MAIN_SEL)

** MG32F02A128/U128/A064/U064/V032
The following diagram is showing the MG32F02A128/U128/A064/U064/V032 PLL control block.

Figure 5-5. PLL Control Block

MUX  CK_PLLIX » CK_PLL
CK_IHRCO —»|00 ' Phase Loop PLL 11,234 "
CK XOSC Ci e Detector Filter 91| PLLO =
_ —>{01 > Charge Voolerir] £ S JLCKPLLO |
Pump c >
CK_ILRCO —>»{10 3
()
14,5,6,7~32
CK_EXT —»l11 26,7732 | g
- T Divider CK MAIN
— -
(CSC_HS_SEL) 5 CKPLLIJ
(CSC_HS2_SEL) CKHS Lo
—> E A CSC_MAIN_SEL
R i *° (CSC_PLLI_SEL) (CSC_PLL_LOCK) U(SB AL
CK_XOSC —»{01 S Chs » M 48MHz oK USB
CK_EXT —l1| ~ ok svs —{x| =1 =
Clock Source Controller (csc uss.cks)

There is a clock input multiplex to select the clock source CK_HS or CK_HS2 for PLL input clock CK_PLLIX.
User can select the clock source in CSC_PLLI_SEL register. The PLL input frequency range is about 4~8 MHz,
so user must set the valid divider value to fit this frequency range by setting CSC_PLLI_DIV register. Also the
PLL output clock frequency of CK_PLL can be up to 180-MHz.
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The chip supports two types of PLL frequency multiplication by setting CSC_PLL_MDS register. When the
register is selected ‘MUL’, the PLL can multiply the PLL input clock frequency by 16 or 24 in CSC_PLL_MUL
register that it is as same as the descriptions of previous paragraphs. When the register is selected ‘MULX’, the
PLL can multiply the PLL input clock frequency from 4 to 32 in CSC_PLL_MULX register (value range 3 to 31)
under the PLL output frequency limitation. The PLL VCO output frequency is as following formula.

PLL VCO Output Frequency = CK_PLLI * (N+1) | N: CSC_PLL_MULX register value

The previous formula must fit the PLL input clock frequency range, the PLL VCO output clock frequency
range and PLL multiplication value range. Please refer the related chip Data Sheet about PLL input clock
frequency range and PLL VCO output clock frequency range.

For MG32F02U series, the USB SIE process clock can come from the PLL. The PLL clock output can be
divided by the USB divider by setting CSC_USB_DIV register.

5.7.4. Internal System Clocks

® System Main Clock

The system main clock CK_MAIN is obtained from CK_HS through the PLL clock dividers, PLL and system
main clock selector. The system main clock CK_MAIN can select from one of these three clock sources of
CK_HS, CK_PLLI and CK_PLLO through the main clock selector by setting CSC_MAIN_SEL register. The
clock is used for internal control logic and the clock source of AHB and APB for peripheral modules.

The user can program the PLL input divider and output divider control bits to get the desired system main
clock. The system main clock selector is default set to CK_HS and is bypassing the PLL dividers.

® AHB Clock

The clock of CK_AHB provides the operation clock for AHB devices and divides by 1, 2, 4, 8, 16, 32, 64, 128,
256 and 512 from the APB clock of CK_APB through the AHB prescaler by setting CSC_AHB_DIV register.
® APB Clock

The clock of CK_APB provides the operation clock for APB devices and divides by 1, 2, 4, 8 and 16 from the
system main clock CK_MAIN through the APB prescaler by setting CSC_APB_DIV register. This clock is also to
do as the system clock of CK_SYS for internal logic.

® Unit Clock

The clock of CK_UT provides the unit clock time about 1ms for internal modules of WWDT, RTC and 12C. It
can divide from the CK_ILRCO clock by 8, 16, 32 and 128 through the unit clock divider by setting
CSC_UT_DIV register.
® System Tick Clock

The ARM® CPU is built-in a 24-bit down-count system tick timer (SysTick). The clock of CK_ST provides
the external reference clock input for the system tick timer if the control bit of CLKSOURCE is set in the CPU
register of SYST_CSR. It can select the clock source from the CPU clock HCLK divided by 8 or CK_LS divided
by 2 by setting CSC_ST_SEL register.
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5.8. Module Process Clock Control

The CSC module is able to do the process clock enable setting and select the process clock source for
internal modules. User must select the module process clock and enable the module process clock before
configure the module for operation normal.

5.8.1. Module Process Clock Select

User can select the process clock source of a module which is coming from AHB clock (CK_AHB) or APB
clock (CK_APB). User can select the module process clock independently for each module by setting the
independent register of CSC_xxx_CKS. ("xxx’: internal module name like as IWDT, RTC, and CMP ...)

Refer the register descriptions for more information about the module process clock select bits.

The following diagram is showing the process clock selection of modules.

[Notify]: Please refer the table of “Chip Implementation Table” in the section of “Applicable Chips” about
MCU chip supported peripheral modules.

Figure 5-6. Module Process Clock Select

CK_APB —M]
ok AHB T—>1™ ek _cpL_PR GPL - U ck_tzcx PR [ 12Cx_|
i“ - - CK_AHB —> X ?:D_ - - -
+- Gate_Off L—' .. Gate_Off
GPL Process Clock (CSC_I2Cx_CKS) 12C Process Clock Select
cK_APB —M]
‘ _
CK_EMB_PR EMB u CK_URTX PRW
+- Gate_Off L +- Gate_Off
EMB Process Clock (CSC_URTx_CKS) UART Process Clock Select
cK_APE —|M]
L » CK_MEM_PR MEM - u CK_SPIx PRm
— .- Gate
Memory Process Clock (CSC_SPIx_CKS) - SPI Process Clock Select

CK_APB —>

[Mm]
CAPE A>3 Y—cKkwpT_PR-[ IWDT U CK_TMx_PR TMx
+- Gate_Off —— +- Gate_Off )
IWDT Process Clock (CSC_TMx_CKS) Timer Process Clock Select
CK_APB —M]
‘ _
CK_WWDT_PR- WWDT u CK_ADCx PRm
+- Gate_Off L .. Gate_Off
WWDT Process Clock (CSC_ADCx_CKS) ADC Process Clock Select
cK_APB —|M]
— CK_RTC_PR RTC - U CK_CMP_PR CMP
_:D—_ - - CK_AHB —»X_:D_ - -
i- Gate_Off L . Gate_Off
RTC Process Clock (CSC_CMP_CKS) - CMP Process Clock Select
CK_PLL M CK_APB —[M]
- CK_USB_PR USB - ur 3 )-ck_pAC_PR DAC
CK_SYS x| CK_AHB —»|x| i
+- Gate_Off ' .. Gate_Off
(CSC_USB_CKS) USB Process Clock Select (CSC_DAC_CKS) DAC Process Clock Select

—[V]
(CSC_IOPA_EN) _ClockGate Off reymi=/5/E CK_APB "
IOPA = {IOPA/B/C/DIE} CK_AHB u _:D- CK_APX_PR APX
L L. Gate_Off
GPIO Clock Gate Off Control (CSC_APX_CKS) - APX Process Clock Select

<Note>: 1. Gate_Off control signal is from the combinational control logic circuit of (CSC_SLP_XXX), (CSC_STP_XXX), (CSC_XXX_EN).
~ XXX = Module name {GPL, IWDT, RTC, -}
2. x = Module index
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5.8.2. Module Process Clock Enable

User can enable the module process clock independently for each module by setting the independent
register of CSC_xxx_EN.

The chip also support the clock enable preset function for SLEEP and STOP modes. User can plan to
enable the process clock for keeping operation in SLEEP or STOP operation mode beforehand entering SLEEP
or STOP mode by setting CSC_SLP_xxx and CSC_STP_xxx registers. Only the IWDT and RTC modules
support the clock enable preset function for STOP mode. (‘xxx’: internal module name like as IWDT, RTC, and
CMP ..))

Refer the register descriptions for more information about the module process clock enable and SLEEP /
STOP modes’ clock enable bits. The following table is showing module running state by different power mode
and related clock control registers’ setting.

Table 5-2. Module Running and Clock Enable Control

. Module  |Module Clock | o0 Enape Register
Signal Enable :
9 Rﬁ;f‘ﬁ]‘;”m TR in SLEEP/STOP Mode M&g;’e'e
Power Mode PW_SLP PW_STP STOP CSC_xxx_EN | CSC_SLP_xxx | CSC_STP_xxx

ON 0 0 X 0 X X Stop
X 1 X X Running

X 0 X X Stop

SLEEP 1 0 X 1 0 X Stop
X 1 1 X Running

No X X X Stop

Yes 0 X X Stop

S 0 1 Yes 1 X 0 Stop
Yes 1 X 1 Running

<Sign> x: Don't care, xxx: Module Name {ADC,I2C0,SPI0,TM36, ...}

® Unsupported Clock Running in STOP

The following diagram is showing the process clock enable control of modules which are unsupported clock
running in STOP mode.

Figure 5-7. Module Process Clock Control — Unsupported Clock Running in STOP

Clock Source Controller

CK_APB —>V| >\ CK_xxx_PR
>/ Process Clock

Y

xxX Control Module

CK_AHB —{Xx
(CSC_xxx_CKS)

Module Clock Select i Power Mode | CSC_xxx_EN [CSC_SLP_xxx [Module Clock
: ON 0 X Stop
: 1 X Running
PW_SLP ! 0 X Stop
- o : (8 SLEEP 1 0 Stop
! E | 1 1 Running
(CSC_SLP_xxx) i >>>§< STOP X X Stop
PW_STP S <Note>
é xxx : internal module {SPI0, I2C1, URTO, ---}
(CSC_xxx_EN) --- (CSC_xxx_EN) : Module Clock Enable
Module Clock Enable (CSC_xxx_CKS) : Module Clock Select

Unsupported Clock Running in STOP (CSC_SLP_xxx) : SLEEP Mode Clock Enable
CK_xxx_PR : Module Process Clock Signal
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® Supported Clock Running in STOP

The following diagram is showing the process clock enable control of IWDT and RTC modules which are
supported clock running in STOP mode.

Figure 5-8. Module Process Clock Control — Supported Clock Running in STOP

Clock Source Controller

CK_APB

CK_xxx_PR

PW_SLP —:1

(CSC_SLP_xxx)
PW_STP

(CSC_STP_xxx)

(CSC_xxx_EN) ---
Module Clock Enable

MO XXX ISD

<Note>

Process Clock

IWDT /RTC
Control Module

xxx : internal module {IWDT,RTC}
(CSC_xxx_EN) : Module Clock Enable
(CSC_SLP_xxx) : SLEEP Mode Clock Enable
(CSC_STP_xxx) : STOP Mode Clock Enable
CK_xxx_PR : Module Process Clock Signal

The following table is the available of clock enable control of modules by register setting for

ON/SLEEP/STOP operation modes.

Table 5-3. Modules' Available Clock Enable Register

Register

Module Name

CSC_xxx_EN

CSC_SLP_xxx

CSC_STP_xxx

EMB

\Y,

\Y

Px

GPL

DMA

12C0/1

SPIO

URTO0/1/2/3

URT4/5/6/7

USB

TMOx

TM1x

TM2x

TM3x

ADCO

CMP

DAC

IWDT

WWDT

RTC

MR« L4 i< E N E G R E N RN E G RS R E R R

I K| KIS IS <K<K K<L

APX

V

\Y

<Note> Px: GPIO port modules = {PA,PB,PC,PD,PE}
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5.8.3. Device Clock Enable Control in Power-Down Modes

The CSC controller supports the power control planning ability for the internal devices in SLEEP or STOP
modes. User can plan the internal devices are independently power-on or power-off beforehand entering SLEEP

or STOP modes.

The following table is showing the power control of internal devices in different operation modes.

Table 5-4. Internal Device Clock Control

Internal Device

ON

SLEEP

STOP

ARM32 Cortex-M0 on off off

System Core Clock on on off

(AHB,APB)

SWD/Debug CSC Reg setting CSC Reg presetting CSC Reg presetting
Ext INT pins CSC Reg setting interrupt enable setting interrupt enable setting

Analog Comparator

CSC Reg setting

CSC Reg presetting

CSC Reg presetting

RTC

CSC Reg setting

CSC Reg presetting

CSC Reg presetting

IWDT

CSC Reg setting

CSC Reg presetting

CSC Reg presetting

12Cx

CSC Reg setting

CSC Reg presetting

off (slave address detect using
external SCL clock)

Other Modules

CSC Reg setting

CSC Reg presetting

off
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5.9. Module Event Clock

The peripheral modules’ event clock is used as the clock source of module internal timers, timing generator
and related control logic. The following table is the available input event clock sources table of modules.

[Notify]: Please refer the table of “Chip Implementation Table”in the section of “Applicable Chips” about
MCU chip supported peripheral modules.

Table 5-5. Modules' Available Input Event Clock Sources Table
High Speed Clock Low Speed Clock Timer Output as Clock
Module Name CK_AHB CK_APB CK_LS CK_ILRCO CK_UT TMOO_TRGO | TM01_TRG1
SYS
CFG
PW
RST
MEM
EMB
IOP
Px
AFS
GPL
DMA
EXIC
12C0/1
URTO0/1/2/3
URTA4/5/6/7
SPIO
USB
TMOx
TM1x
TM2x

I <IK<I<I<|I< <K<K

TMO

<

< I <|I<|I<
<
< <I<|I<

< I <I<IK<I<I< <<

<I<|I<|I<
<|I<|I<|I<

TM3x

IWDT Vv
WWDT V V
RTC V \' V Vv
APB Vv
APX \' \'

<Note> Px: GPIO port modules = {PA,PB,PC,PD,PE} ; the selected clock is using for filter only
CK_LS: clock source from {CK_XOSC, CK_ILRCO or CK_EXT}
TMO: use CK_UT as one of I2C time-out timer clock source

5.10. Internal Clock Output Control

The CSC module is able to output the internal system clock of CK_MAIN, CK_AHB, CK_APB, CK_HS,
CK_LS and CK_XOSC to external from ICKO pin. User can enable the output function in CSC_CKO_EN
register and select the output clock source by setting CSC_CKO_SEL register.

For the speed limitation of ICKO pin, user can divide the frequency of selected clock source by 1, 2, 4 and 8
through the internal clock output divider by setting CSC_CKO_DIV register.
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5.11. Crystal Oscillating Circuit

To achieve successful and exact oscillating (up to 24MHz), the capacitors C1 and C2 are necessary, as
shown in following diagram. Normally, C1 and C2 have the same value.

Figure 5-9. XTAL Oscillating Circuit

R1 0SS ouT
C]__L (optional)
o_1_ (Internal
f:l:l Rs feedback f E
5 —1— resister)
C2 =
(close chip) x OSC_IN
C1/C2 = xtal CL*2 - (1~5 pF)
R1 : drive limit resister Megawin MCU

The following table lists the chip internal total equivalent capacitance (Cxin / Cxout) of internal oscillator
circuit, bounding pad, bounding wire, lead frame.

Table 5-6. Internal Total Equivalent Capacitance for XOSC circuit

Component Capacitance Value
Cxour 1.5pF (0.9~2.0pF)
Cxin 2.3pF (2.2~2.4pF)

The following table lists the suggested C1 & C2 value for the different capacitor load crystal application.
Refer the capacitor load (CL) value in crystal manufacture specification for the final matching capacitor of C1 &
Cc2.

Table 5-7. Reference Capacitance of C1 & C2 for crystal oscillating circuit

Crystal C Load

C1, C2 Capacitance

12.5pF 20pF (18~22pF)
20pF 36pF (33~39pF)
32pF 62pF (56~62pF)

About the crystal placement and routing, the component placement needs to place optional feedback
resister (R10) at the first, crystal capacitors (C13/C16) at the second and crystal component at the last on the
path from MCU to crystal component. Others, suggests an independent ground plane with guard ring for the
crystal circuits and avoids any other signal is routing through this area on top or bottom side.
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6. System Common Control
6.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The chip embeds one system control (SYS) module for system common control. It is including of one system
event interrupt global enable control, chip manufacture identification code.

6.2. Features

® System interrupt global enable control for system interrupt source
® Chip manufacture identification code - Device ID, Product ID, User ID, Module Options
® 32-bit non-reset backup register

[Notify]: The 32-bit non-reset backup register is not supported for MG32F02A132/072.
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6.3. Interrupt and Event

The system interrupt global enable control from the interrupt events of RTC, MEM, CSC, PW, IWDT, APB,
EMB modules. The system interrupt signal INT_SYS is sent to External Interrupt Controller (EXIC) to do as an
interrupt event. SYS_IEA is the system interrupt global enable register.

[Notify]: Please refer the table of “Chip Implementation Table”in the section of “Applicable Chips” about
EMB module is supported MCU chip.

Figure 6-1. System Interrupt Control

Modules [ |
I Nt RTC |

RTC } > |

I |

DT : INT_IWDT , :
| INT_MEM |

MEM : > !
I System Interrupt |

INT_CSC

csc | INT_ R SYSIEY Nt svs |
[ MCD_] : OR oge > :
I |

PW | |
WKE [ INT_PW |
©>BODNF|| | | ” |
I |

I |

| INT_APB |

APB , > |

| INT_EVB - I

EMB | > Interrupt Control |
e e e e e e e e e e e e e e e e e e e e e e e M d

6.4. Chip Manufacture ID

User can read the SYS_MID register to get the chip manufacture identification code about Device ID,
Product ID, User ID and Module Options. The manufacture ID code is only for MG internal using.

6.5. System Backup Register

This 32-bit register is used for application firmware without any hardware control. It can be written or read
but not reset by POR or other cold/warm reset.

[Notify]: The reqister is not supported for MG32F02A132/072.
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7. System Memory
7.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The chip has separate address spaces for program and data memory. The logical separation of program
and data memory allows the memory to be accessed by 32bit addresses, which can be quickly stored and
manipulated by the CPU. The chip supports one memory controller (MEM) to manage the internal flash memory
and SRAM access operation.

7.2. Features
7.2.1. Embedded Memory

® Built-in embedded max. 132K bytes main flash memory for application code
— Main flash is shared for AP, IAP and ISP flash
= Provide fixed 1K or 512 bytes ISPD flash memory as ISP private data
® Built-in embedded max. 16K bytes main SRAM
= Support private 2K bytes option for DMA operation to improve access performance
® Built-in embedded independent 512 bytes SRAM as USB packet buffer for MG32F02U series

7.2.2. Memory Controller

® Support ICP (In-circuit program) for ISP boot code update through SWD interface

® Support ISP (In-system program) for application code update
= Support programmable ISP flash memory size for ISP boot code

® Support IAP (In-application program) for application data update
= Support programmable IAP flash memory size

® Support flash memory page erase in 1K or 512 bytes

7.3. Implementation

7.3.1. Embedded Memory Implementation

The following table is showing the implemented embedded memory of chips.

Table 7-1. Embedded Memory Implementation

Embedded Flash (total = Main + ISPD Flash) Embedded SRAM (Main + DMA + USB SRAM)
Chip Main Flash ISPD Flash Flash Page Size | Main SRAM DMA SRAM USB SRAM
MG32F02A132 132KB 1KB 1KB 14KB 2KB -
MG32F02A072 72KB 1KB 1KB 8KB - -
MG32F02A032 32KB 1KB 1KB 4KB - -
MG32F02A128 128KB 512B 512B 14KB 2KB -
MG32F02U128 128KB 512B 512B 14KB 2KB 512B
MG32F02A064 64KB 512B 512B 8KB 2KB -
MG32F02U064 64KB 512B 512B 14KB 2KB 512B
MG32F02V032 32KB 512B 512B 4KB - -
<Note> Main Flash is shared for AP, IAP and ISP. ISPD Flash is the independent flash for ISP.

Main SRAM is used for application software. DMA can access all of the Main, DMA and USB SRAM.
DMA SRAM is the private DMA access buffer to improve the DMA data transaction performance.

USB SRAM is the private and independent buffer for USB packet buffer.

Both DMA SRAM and USB SRAM can also use as general SRAM for software using.
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7.4. Memory Controller

A memory controller is supported to access on chip flash memory, SRAM on AHB bus. It includes ICP
(In-Circuit Programming)/ ISP (In-System Programming)/ IAP (In-Application Programming) circuits for flash
memory accessing, option byte loader for hardware option registers loading and an external memory bus EMB
interface with the capability of accessing external program memory.

The following diagram is showing the Memory controller block.

Figure 7-1. Memory Control Block

Internal Flash Memory Load into
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Option Bytes Data A ORO
' User Option
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= Boot Loader Code . OR2
n 3o '
I3 Programmable ' Reserved
=@ ey :
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T 3 User Application 0
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7.5. Enabling and Clock

There is a global enable bit of MEM_EN for all functions of this module. When this bit is disabled, all the
MEM functions are not working.

The module process clock is using for the interface control logic between AHB bus and memory controller. It
is always coming from CSC (Clock Source Controller) module and is no any gating off control register.

7.6. Interrupt and Event

There are two signals of INT_MEM and RST_MEM to be generated in this MEM control module. INT_MEM
sends to External Interrupt Controller (EXIC) to do as an interrupt event. RST_MEM sends to Reset Source
Controller to do as a reset event.

7.6.1. Memory Controller Interrupt Control and Reset

® |[nterrupt Events

INT_MEM signal sends to External Interrupt Controller (EXIC) to do as an interrupt event. These interrupt
flags are using for the interrupt service routine (ISR) flow control. Generally these flags are set by hardware and
software clears them when the serviced job is completed in the related ISR. Each interrupt flag has one interrupt
enable bit. User can enable or disable it. There is one interrupt all enable bit of MEM_IEA to enable or disable all
the interrupt sources for this module.

There are some status bits those are reading only to provide internal control status. One busy flag of
MEM_FBUSYF is used to indicate the flash memory access busy status. One error flag of MEM__ IAPSEF is
used to indicate IAP flash memory size setting error. Refer the register descriptions of the related status bits for
more information.

® Reset Events

RST_MEM signal sends to Reset Source Controller (RST) to do as the warm reset events or cold reset
events. These reset events can be enabled to reset the chip by setting the registers in RST.

The MEM can detect the memory code execution illegal address error, flash memory write protect error and
flash memory read protect error. There are independent reset event enable bits of MEM_IAE_RE,
MEM_WPE_RE and MEM_RPE_RE for these reset events.

Refer the descriptions of System Reset chapter for more information about the reset events and control.

Figure 7-2. Memory Interrupt/Reset Event Control

: (MEM_IAE_RE) :
I I
I (MEM_RPE_RE) |
| Oo—> RST_MEM |
I (MEM_WPE_RE) |
| S |
I

I I
| Memory code (MEM_IAE_IE) |
| execution illegal -| IAEF O 0O——> |
| address error (MEM_RPE. IE) |
| Read protected RPEF = . (MEM_IEA) |
| address error |
I write protected LS EIE11S) O"O> INT_MEM |
I address error -IE oge I
I (MEM_EOP_IE) |
| End of processing flag -| EOPF |
| Event Control |

7.6.2. MEM Interrupt Flags

Generally these interrupt flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related interrupt flags and interrupt enable bit.

® EOPF
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Flash memory end of processing flag (MEM_EOPF). There is a related interrupt enable register bit of
MEM_EOP_IE. This flag indicates the previous flash memory access command is finished.

® |AEF

Memory code execution illegal address error detection flag (MEM_IAEF). There is a related interrupt enable
register bit of MEM_IAE_IE.

® WPEF

Flash memory write protect error detection flag (MEM_WPEF). There is a related interrupt enable register bit
of MEM_WPE_IE. When write or erase the flash memory, this flag will be asserted if the operated command
setting, address area is error or IHRCO device is disabled.

® RPEF

Flash memory read protect error detection flag (MEM_RPEF). There is a related interrupt enable register bit
of MEM_RPE_IE. When read the flash memaory, this flag will be asserted if the operated command setting or
address area is error.

7.7. Register Protect and Lock

After memory controller domain reset, all MEM registers are write-access protected except MEM_STA,
MEM_KEY registers. Write 0xA217 value to the MEM_KEY register to unprotect the registers and process the
control continuously. Oppositely write other value except OxA217 value to protect the registers. Read the
MEM_KEY register to get the register value is Protected (=1) or Unprotected (=0).

Specially, the registers of MEM_ISP_WEN and MEM_ISP_REN are write-access protected by MEM_KEY2
register. Write 0xA217 value to the MEM_KEY2 register to unprotect the registers and process the control
continuously. Oppositely write other value except 0xA217 value to protect the registers. Read the MEM_KEY2
register to get the register value is Protected (=1) or Unprotected (=0).

Refer the table and descriptions of “Reqister Protect and Lock” in System Reset chapter for more
information.

7.8. Boot and On-Chip Memory
7.8.1. Memory Boot Modes

The chip can select the boot memory to boot from User Application Program (AP) Flash, In-System-Program
(ISP) and embedded SRAM. During chip startup, the hardware configuration option-byte (OB) is loaded to
MEM_BOOT_MS register and uses to select one of the three boot options as following table.

Table 7-2. Memory Boot Mode Select

Register
Boot Mode Memory BOOT MS
AP Application Flash 0
ISP ISP Boot Flash 1
SRAM Embedded SRAM 2

<Note> The selected boot memory is re-mapped at 0x0000 0000 by hardware.

Figure 7-3. MCU Boot Modes

CPU Address Memory Space Size
SRAM } 512MB
Space
0x2000 0000 | SRAM | 2
(3 Boot from SRAM Code
Mapping 0x2000000 (Flash)
to 0x00000000
0x1C00 0000 ISP Flash
(@ Boot from ISP
Mapping 0x1C00000 . 512MB
to 0x00000000 AP Flash Space
0x1800 0000
(M Boot from AP
Mapping 0x18000000 Relocated Boot
to 0x00000000 Memory Space
0x0000 0000 (no physical memory) )
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7.8.2. On-Chip Flash Memory

The main block is including of application program flash memory (AP-memory and IAP-memory), boot flash
memory (ISP-memory), user configurable hardware option byte (OB) and ISP program private data flash
memory (ISPD-memory). The OB flash memory and ISPD flash memory are located at the fixed upper 2K-byte
space of main block. The information block is storing the internal chip and manufacture information.

There can be up to 132K bytes of user program on-chip flash memory which is including of AP-memory,
IAP-memory and ISP-memory. The extra flash memory of ISPD-memory is used as the data flash memory for
ISP program privately.

These memory blocks are able to map to independent CPU address area. The relocated boot memory
space (base address at 0x00000000) is remapping the AP flash, ISP flash or SRAM data content by boot
configuration setting. It is no physical flash memory actually.

The following diagram is showing the flash memory address mapping for different flash memory block. The
physical flash is embedded in chip.

Figure 7-4. Flash Memory Address Mapping

Physical Flash CPU Address
Memory
s (""" .. - - R
3 . 2 Ox1EF4 0000 Linear Logical Address
3 Information Block
X 24
w °
> Option Byte-1 (64B) 0x1FF2 0000 _ || OB1 Flash o
= Chip Hardware Option 0x1FF1 0000 || OBO Flash 2
=~ - @
Option Byte-0 (64B) Ox1FF0 0000 || ISPD Flash o
User Hardware Option » S
@
ISP Data Flash
---------- 0x1C00 0000 ISP Flash
Main Flash
Upper ®
Boundary
Z ISP Flash =
. %‘ Boot Loader Code 0
(§ g* (Programmable ISP Size) §
SN I N
wo | W TN e (0]
x IAP Flash e AP Flash |
User Application Data 0x1A00 0000
Main § [}..Programmable IAP Size) 1) -~ “
\ N
Flash \ =
\\ . w
\ (9]
(R L L L R R YR o
AP e \;_ . |AP Flash (alias-1) i | 2
---------- o
o AP Flash
S ] User Application Code || , 0x1800 0000
w
s3]
g
Relocated Boot Memory Space %
. feccccccccccccccccans " 0
g physical memory)@ : IAP Flash (alias-0) || | S
" o
---------------- @ . L] o)
0x0000 0000 |+ SRAM (Alias) E ISP Flash (alias) E. AP Flash (Alias) E
\ J 7
Y

Chip Boot is configurable from (1)AP flash (2)ISP flash (3)SRAM.

<Note-1>: Main Flash Upper Boundary is decided by manufacture for different product.
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® Boot Flash Memory
ISP-memory is used to store the boot loader program for ISP (In-System Programming). When MCU is
running in ISP region, MCU could modify the AP and IAP memory for software upgraded.
= ISP Memory
The flash of ISP memory is located at the base address of 0Ox1C000000. There can be programmable size
and up to whole flash memory size and the IAP memory size is defined by the value of CFG_ISP_SIZE register.
The CFG_ISP_SIZE register value is configured by hardware option byte (OB) flash.
When the chip configures to boot-from-ISP, the ISP-memory will be relocate at the base address of
0x00000000 and the content is the duplicated of the physical flash memory at the base address of 0x1C000000.
— ISPD Memory
The fixed 1K bytes ISPD flash memory is a private data flash memory for ISP function (boot from ISP mode).
Also the ISPD is able using for boot-from-AP or boot-from-SRAM mode by setting MEM_ISPD_WEN and
MEM_ISPD_REN registers. The MEM_ISPD_WEN is only able to change when boots from ISP mode. The
MEM_ISPD_REN is only able to set when boots from ISP mode. And it can clear or disable for all boot modes.
® Program Flash Memory
The program flash memory is partitioned into AP-memory and IAP-memory. AP-memory is used to store
user’s application program and IAP-memory is used to store the non-volatile application data. If MCU is running
in AP region, software could only modify the IAP memory for storage data updated.
= AP Memory
Application program memory is the memory which stores the program codes for the CPU to execute. The
flash of AP memory is located at the base address of 0x18000000.

When the chip configures to boot-from-AP, the AP-memory will be relocate at the base address of
0x00000000 and the content is the duplicated of the physical flash memory at the base address of 0x18000000.
After reset and the chip is boot-from-AP, the CPU begins execution from the location of reset interrupt

vector (0x00000004) addressing, where should be the starting of the user’s application code. To service the
interrupts, the interrupt service locations (called interrupt vectors) should be located in the address
0x000000C0~0x00000000.
— |AP Memory

The flash of IAP memory is located at the base address of 0x1A000000. The IAP memory size is defined by
the value of MEM_IAP_SIZE register. User can program this register in unit of 1K-byte or 512-byte. Value 0
indicates the IAP memory size OK-byte and value 1 indicates the IAP memory size 1K-byte or 512-byte. This
register write access is no effect when MEM_IAP_AEN=0. The MEM_IAP_AEN is used to do the
MEM_IAP_SIZE register access enable bit. Refer the section of “Embedded Memory Implementation” about
flash memory page size and related chip Register Definition Guide for MEM_IAP_AEN register setting.

The chip supports a code execution option for the IAP flash memory by setting MEM_IAP_EXEC register.

The MEM_IAP_SIZE register value is able to initialize by hardware option byte (OB) flash after power-on or
cold reset or software programming.
® Option Bytes Flash Memory

There can be up to 64 bytes of on-chip Option Bytes Flash memory.

Option Bytes is used to store the hardware option configuration setting. For example, CFG_BOOT_MS for
system cold reset program starting memory selection and CFG_HS_SEL for CK_HS default source selection.

7.8.3. On-Chip Data RAM

These is embedded SRAM up to 16K bytes as data memory. Also user can run code on the SRAM memory.
The SRAM memory is located at the base address of 0x20000000. Refer the section of “Embedded Memory
Implementation” or related chip Data Sheet for the detail information about embedded SRAM memory.

When the chip configures to boot-from-SRAM, the SRAM will be relocate at the base address of
0x00000000 and the content is the duplicated of the physical flash memory at the base address of 0x20000000.

In order to improve the performance of DMA data transaction, the SRAM memory space is designed to
separate to two block — upper 2K-bytes SRAM and lower SRAM. Strongly suggests user to arrange the upper
2K-bytes SRAM for DMA transaction and lower SRAM for software using. The upper 2K-bytes SRAM is located
at the fixed base address of 0x20003800. Refer the section of “DMA SRAM Using” for more information.

Certainly, user can plan any memory space of SRAM for software using or DMA transaction and no
hardware limit.
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7.9. Memory Controller Function
7.9.1. Flash Memory Access

The chip has up to 132K bytes of embedded main flash memory for code and data, programmable memory
size of embedded system flash memory for boot load code and 64 bytes of embedded option-byte flash memory
for chip configuration.

The memory controller (MEM) supports to Read/ Program (Write)/ Erase the flash memory by setting
MEM_MDS register. User can directly read the data from flash memory by CPU read instruction commands and
do not need through any register. For “Program” mode, MEM provides the 32-bit data write operation into flash
memory for new data updated. For “Erase” mode, the Erase address is only valid at low 10-bit CPU address=0
(X...X00 0000 0000B) and is addressing 1K-byte alignment for MG32F02A132/072/032. For other chips, the
Erase address is only valid at low 9-bit CPU address=0 (X...XX0 0000 0000B) and is addressing 512-byte
alignment. If the low 9-bit or 10-bit address erased start address is not all ‘0’, this erased process is no effect.

The following table is showing of the flash memory access control command and sequence key setting
value.

Table 7-3. Flash Memory Access Control and Key

Register
Flash Access Mode SKEY SKEY
MDS Access Enable 1st ond
we e oa o
AP_WEN=1 0x46
AP Flash Erase Single 0x2 - X 0xB9
Multiple OxBE
Read Both directly read by memory access instructions
Write Slngle Ox1 OxB9
Multiple IAP_WEN=1 0x46 OxBE
IAP Flash Erase Single ox2 - N 0xB9
Multiple OxBE
Read Both directly read by memory access instructions
wio ot | o e
ISPD_WEN=1 0x46
ISPD Flash e Single oo - X 0xB9
Multiple OxBE
Read Both - ISPD_REN=1 X X
Register
Flash A M
a ccess ode MDS Access Enable SKEY2 SKEY2
1st 2nd
wio ot | oo g
- ISP_WEN=1 0x9867
ISP Flash Erase Single 0x6 - X 0xB955
Multiple OXBEAA
Read Both - ISP_REN=1 X X

<Sign> Both: Single or Multiple data access
X: no protected key sequence request ; - : no necessary
-: directly access by memory instructions and has no register necessary
<Note> Write (MEM_SKEY) by any value to lock function for multiple write.
SRAM Program belongs to AP Program level.
If ISP_REN=0), ISP flash only enable to read data when chip boot from ISP mode.

When user wants to program or erase the on-chip flash memory, the first needs to unlock the MEM register
protection by setting MEM_KEY register and enable the MEM controller by setting MEM_EN. The second needs
to set the flash access mode by setting MEM_MDS register and enable the flash write enable bit by setting
MEM_AP_WEN, MEM_IAP_WEN, MEM_ISP_WEN or MEM_ISPD_WEN register. The third needs to unlock
the flash access sequence key by setting MEM_SKEY or MEM_SKEY?2 register. Following user can do flash
program or erase process.

The access sequence key of MEM_SKEY is used for AP/IAP/ISPD flashes and the access sequence key of
MEM_SKEY?2 is used for ISP/OB flashes.
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The following sections are descripting the examples of AP/IAP/ISP/ISPD/OB flash program or erase
sequence.

® AP/IAP Flash Program/Erase Sequence
(1) Unlock Register Protection ~ (MEM_KEY) = 0xA217
(2) Enable Memory Controller ~ (MEM_EN) =1
(3) Set Flash Write Enable ~ (MEM_AP_WEN/MEM_IAP_WEN) =1
Set Flash Access Mode ~ (MEM_MDS) (=1: Write Flash, =2: Erase Flash)
(4) Unlock Flash Access Sequence Key ~ (MEM_SKEY) = 0x46
(5) Single Write Access or Multiple Write Access
(a) Single Write Enable ~ (MEM_SKEY) = 0xB9
(b) Multiple Write Enable ~ (MEM_SKEY) = 0xBE
(6) Flash Access ~ Write Flash or Erase Flash commands
(Directly CPU write data access at CPU address for trigger Flash Program/Erase)
(7) Repeat (6) if Multiple Write
(8) Lock Flash Access ~ (a) Single Write ~ Hardware auto locked after Single Write Access
(b) Multiple Write ~ (MEM_SKEY) = 0x64 (any value)
® |SP Flash Program/Erase Sequence
(1) Unlock Register Protection ~ (MEM_KEY) = 0xA217, (MEM_KEY?2) = 0xA217
(2) Enable Memory Controller ~ (MEM_EN) =1
(3) Set Flash Write Enable ~ (MEM_ISP_WEN/MEM_ISPD_WEN) =1
Set Flash Access Mode ~ (MEM_MDS) (=5: Write Flash, =6: Erase Flash)
(4) Unlock Flash Access Sequence Key ~ (MEM_SKEY?2) = 0x9867
(5) Single Write Access or Multiple Write Access
(a) Single Write Enable ~ (MEM_SKEY2) = 0xB955
(b) Multiple Write Enable ~ (MEM_SKEY2) = OXxBEAA
(6) Flash Access ~ Write Flash or Erase Flash commands
(Directly CPU write data access at CPU address for trigger Flash Program/Erase)
(7) Repeat (6) if Multiple Write
(8) Lock Flash Access ~ (a) Single Write ~ Hardware auto locked after Single Write Access
(b) Multiple Write ~ (MEM_SKEY?2) = 0x1234 (any value)

For flash memory read access, user can directly read the data from flash memory by CPU read instruction
commands. User needs to set the read access wait state control in the register of MEM_FWAIT by different AHB
operation clock CK_AHB frequency for the flash memory. This register selects the latency timer of the AHB
clock period to the flash access time as following list.

=— Zero : Zero wait state if CK_AHB < 25 MHz
=— One : One wait state if 256MHz <CK_AHB< 50 MHz
— Two : Two wait state if 50MHz <CK_AHB< 75 MHz
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7.9.2. Hardware Option Byte Flash Memory

There can be up to 64 bytes of on-chip Option Bytes Flash memory. It is used to store the hardware option
configuration setting.

The following diagram is showing the flow and sequence that the Option Byte flash memory (OB) load into
chip configuration Option Register (OR) and load into the module register during warm reset or cold reset cycle.

Figure 7-5. Option Byte Memory Mapping and Register Load

Load into Load into after
. after Warm Reset or Control Module
OB Option Byte Cold Reset OR Hardware Cold Reset only

. . Register(s
Flash Memory > Option Register 9 ()

Alias register

in Module

Control %
Manufactory Option i
5 UID Gobyo)] CFG_OR1x 1
i OB1 (32-byte Directly ™. i
: (32-byte) Control _y| Hardware Device

User Hardware Option CFG_OROX @ -------- [[
OBO (32-byte)

< Unique ID code data(16-byte) place at the offset address 0x040 of
the OB1 start address

The following diagram is showing the Option Byte flash memory (OB) load timing during warm reset or cold
reset cycle.

Figure 7-6. Hardware Option Byte Load Sequence

[Hardware Option Byte load sequence during Cold Reset cycle]

RST C End of
— Cold Reset
Cold Reset ,
RST W : End of
— : Warm Reset
Warm Reset : —

(All) OR load to MREG-2

( OB load to OR X OR load to MREG-1 )

[Hardware Option Byte load sequence during Warm Reset cycle]

RST W End of
- Warm Reset
Warm Reset

EEh OR load to MREG-2 } |
(Partial)

<Note>

OB : Option Byte Flash (internal flash memory)

OR : Option Byte Register (in CFG module)

MREG-1 : Module Registers which load default on Cold or Warm Reset
MREG-2 : Module Registers which load default on Warm Reset only

MG32-MO User Guide Page-108




megawin

MG32-MO User Guide V4.6

7.9.3. ICP/ISP/IAP for Flash Memory

There are 3 flash access modes are provided in chip for ICP, ISP and IAP application. ICP is allowed to
update the entire contents of the flash memory by using the hardware SWD interface and no any firmware
request. Others, User can use these two modes of ISP and IAP to update new data into flash storage and get

flash content by a firmware flash memory access handler.

The following diagram is showing the ICP/ISP/IAP flash memory access and memory access restriction.

Figure 7-7. ICP/ISP/IAP Access Memory Restriction
ICP Memory ISP Memory AP Memory
Restriction Restriction Restriction

Flash Memory Flash Memory Flash Memory
v OB Flash <
9 Option Bytes Date k‘ .

DAP - . UART e

SWD ) ! [ USB /)

nterface | / |¥_.I1SPDataFlash || (i ISP DataFlash « il S[L...1SP DataFlash ___

ﬁ ISP / Boot Flash ISP/ Boot Flash [} :
i Boot Loader Code Flash Access '
w."x"- > Handler Pisg
icp ISP/IAP ..
Control 1., IAP Flash IAP Flash |- contre! “u IAP Flash
'\ “*t13  User Application User Application <« \ User Application
“‘ Non-volatile Data Non-volatile Data '," Non-volatile Data
Nh ~‘ "' :_ ___________________ :
User Application Code User Application Code GPIO \HaSh Access
12C/SPI H Handler :

R/W Allowable AP Flash AP Flash AP Flash

indication

et ¥  Allflash memory access to Only IAP/AP flash memory Only IAP flash memory

be allowable. access to be allowable. access to be allowable.
Directly access flash Flash access handler can Flash access handler can
memory by hardware ICP access flash memory by access flash memory by any
control and does not need UART/USB interface through interface through ISP/IAP
any firmware request. ISP/IAP control. control.

7.9.4. Memory Access Restriction

When the chip boots from AP, ISP or SRAM memory, there are different memory access restrictions by
hardware or user control. User can protect the write access of AP or IAP flash memory by setting
MEM_AP_WEN or MEM_IAP_WEN register.

For ISP flash memory, user can protect the write or read access by setting MEM_ISP_REN or
MEM_ISP_WEN register. Also user can protect the write or read access of ISPD flash memory by setting
MEM_ISPD_REN or MEM_ISPD_WEN register. These registers of MEM_ISP_REN, MEM_ISP_WEN and
MEM_ISPD_REN are only able to set when boots from ISP mode. And it can clear or disable for all boot modes.
The register of MEM_ISPD_WEN is only able to change when boots from ISP mode.

The following table is showing the flash memory read/write access restriction with boot mode setting.

Table 7-4. Memory Access Restriction vs Boot Mode
Boot from Access Enable
Memor CPU Start Add :
emory art Address AP Flash ISP Flash SRAM Register
Relocated Memory 0x0000 0000 Alias of AP Alias of ISP Alias of SRAM
Space Read only Read only Read only
. joining with
Alias-0 of IAP Boot Code Read only
Read only Read only AP_WEN=0
AP Flash 0x1800 0000 Read onl =
X cad only Read/Write Read/Write AP_WEN=1
. joining with Read only Read only IAP_WEN=0
Alias-1 of IAP R I
as-10 AP Flash ead only Read/Write Read/Write IAP_WEN=1
Read only Read only Read only IAP_WEN=0
IAP Flash 1A =
as 0x1A00 0000 Read/Write Read/Write Read/Write IAP_WEN=1
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ISP_WEN=0

. X ISP_REN=0

Write only Write only IéIF;—\gENN_:é

ISP Flash 0x1C00 0000 Read only ISP_WEN_=O
Read only Read only ISP:RENzl

: . ISP_WEN=1

Read/Write Read/Write ISP_REN=1
ISPD_WEN=0
x Readienly X ISPD_REN=0
Read/Write llzig—\ggmzzol
ISPD Flash Ox1FF0 0000 mead onl ISPD:WEN=O
Y ISPD_REN=1

Read only Read only = =
Read/Write (SFID) HEN=

ISPD_REN=1

SRAM 0x2000 0000 Read/Write Read/Write Read/Write

<Sign> X: access not allowed
<Note> ISPD_WEN/ISPD_REN register bits are only able to change when boots from ISP mode.

7.9.5. CPU Code Execution and Hold

The CPU can run code on AP/ISP flash memory or embedded SRAM. Also the CPU supports to run code on
the IAP flash memory for an option for by setting MEM_IAP_EXEC register.

When chip boots from AP or ISP flash memory, the MEM_HOLD register bit is used to enable or disable
CPU holds control under flash memory write access. Default is enable hold control and CPU will hold until the
end of flash memory write access. When CPU runs code on flash memory, the CPU must hold if the flash
memory is execution program or erase access at the same time. When CPU runs code on SRAM, the CPU does
not need to hold and the firmware can disable the CPU hold control during the flash memory is execution
program or erase access.

Table 7-5. CPU Hold Control under Flash Memory Access

Register
Boot Mode CPU Hold G
Hold 0
AP/SP Normal 1
SRAM Normal X (don't care)

<Note> HOLD ~ CPU will hold until the end of flash memory access.

7.9.6. Memory Access Error Management

The memory controller is designed an error management control block to manage the memory access error
of CPU execution code at illegal address, CPU read data at read-protected address and CPU write data at
write-protected address.

User can enable to generate CPU HardFault exception for flash memory write or read protection error in
MEM_HF_EN register. When memory data read error has happened and MEM_RPE_IE / MEM_RPE_RE
registers are disabled, it will induce HardFault if this bit is enabled. When memory data write error has
happened and MEM_WPE_IE / MEM_WPE_RE registers are disabled, it will induce HardFault if this bit is

enabled.

The following diagram is showing the management of memory access error. User can select to do “Chip
Reset”, Generate “Interrupt”, Generate “HardFault” or do “Nothing”.
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Figure 7-8. Memory Access Error Management

Cortex-M0 CPU

CPU execution

N

AHB
Bus

code at illegal
address

R
CPU read data

address

Ox3FFF FFFF

Memory

[ SRAM

CPU write data

Flash

V4

address

r

0x0000 0000

at Read-protected

at Write-protected

RPEF

WPEF

/(1) Chip Reset if MEM_IAE_RE=1 h
(2) Enter IAE ISR if MEM_IAE_RE=0, MEM_IAE_IE=1

(3) HardFault if MEM_IAE_RE=0, MEM_IAE_IE=0

N\ J
/(1) Chip Reset if MEM_RPE_RE=1 R
(2) Enter IAE ISR if MEM_RPE_RE=0, MEM_RPE_IE=1

(3) HardFault if MEM_RPE_RE=0, MEM_RPE_IE=0, MEM_HF_EN=1
\(4) Nothing if MEM_RPE_RE=0, MEM_RPE_IE=0, MEM_HF_EN=0

/(1) Chip Reset if MEM_WPE_RE=1 R
(2) Enter IAE ISR if MEM_WPE_RE=0, MEM_WPE_IE=1

(3) HardFault if MEM_WPE_RE=0, MEM_WPE_IE=0, MEM_HF_EN=1
\(4) Nothing if MEM_WPE_RE=0, MEM_WPE_IE=0, MEM_HF_EN=0

<Note-1>: MEM_xxx_RE : Reset Enable Bit, MEM_xxx_IE : Interrupt Enable Bit, MEM_HF_EN : HardFault Enable Bit

7.10. Flash Memory Configuration for Different Product

There are optional memory size flashes of 32K, 64K, 72K, 128K or 132K bytes by different product. The
following diagram is showing the flash memory size and configuration for different product.

Figure 7-9. Flash Memory Size and Configuration for Different Product

132K Flash 128K Flash 72K Flash 64K Flash 32K Flash
Memory Memory Memory Memory Memory
Structure Structure Structure Structure Structure
-1 Programmable
w 5| ISP Size ISP Flash ISP Flash ISP Flash ISP Flash ISP Flash
S 2| 0x1C000000
S W ;
Q 0
2
<&
E
| Programmable
w | AP Size IAP Flash IAP Flash IAP Flash IAP Flash IAP Flash
2 2| 0x1A000000 A
2> >
2 ol
2ot
< ol §
=| Overlay and
H Same Content -
| Upper Boundary = |
i 132K 0x0002 OFFF »: Total Flash Size - |
|AP Flash 128K OXO00LFFFE | | et ; ISP Flash Size |
.‘ TR | R | I | R N = 5 A
H (alias) APFlash || | || Y '
> oo @ias) || | ;
-1 &0001 1FFF .
72K H
AP Flash J 64K 0x0000 FFFF |
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8. Hardware Option
8.1. Introduction

The hardware option defines the chip default behavior those are not volatile after power off. There are up to 64
bytes of on-chip option bytes (OB) flash memory which are used to configure the hardware option and stored into
embedded flash memory. The hardware option byte (OB) can only be configurable by a universal programmer,
the “megawin ARM Writer” or the “megawin ARM ICE Adapter” (The ICE adapter also supports ICP
programming function).

After whole-chip erased, all the hardware options are cleared to default state and there is no ISP-memory
and IAP-memory configured. The option byte flash memory (OB) will load into chip configuration option registers
(OR) for hardware configuration control during warm reset or cold reset cycle. Refer the section of
Hardware Option Byte Flash Memory” in System Memory chapter for more information about option byte flash
memory (OB) and chip configuration option registers (OR).

8.2. Hardware Option Byte

The user configurable hardware option bytes are listed as following: (M ~ suggestion)

® BOOT_MS
System cold reset boot memory select and memory is mapped at 0x0000 0000.
L1: Application Flash
: Boot Flash
[J: Embedded SRAM
® LOCK_DIS
[1: Enable. Code dumped on a universal writer or programmer is locked to OXFFFFFFFF for security.
: Disable. Not locked.
® |AP_SIZE

The IAP_SIZE specifies the user defined IAP memory size. Value 0 indicates the IAP memory size OK-byte.
Value 1 indicates the IAP memory size 1K-byte for MG32F02A132/072/032 and 0.5K-byte for
MG32F02A128/U128/A064/U064/V032.

® |SP_SIZE

The ISP_SIZE specifies the ISP memory size which contains the boot loader code. Value 0 indicates no ISP
flash memory and value 1 indicates ISP total memory size 1K-byte for MG32F02A132/072/032 and 0.5K-byte
for MG32F02A128/U128/A064/U064/V032.

® BOD1 TH
BOD1 detect voltage threshold select.
[1: Select BODL1 to detect 2.0V.
[1: Select BODL1 to detect 2.4V.
[1: Select BODL1 to detect 3.7V.
[1: Select BODL1 to detect 4.2V.
® BODO WE

BODO trigger warm reset enable. When enables, BODO will trigger a reset to CPU if the voltage threshold
detect event happened.

[1: Enable. BODO will trigger a reset event to CPU.
[1: Disable. BODO cannot trigger a reset to CPU.
® BOD1 WE

BODL1 trigger warm reset enable. When enables, BOD1 will trigger a reset to CPU if the voltage threshold
detect event happened.

[I: Enable. BOD1 will trigger a reset event to CPU.
[1: Disable. BOD1 cannot trigger a reset to CPU.
® BOD2 WE

BOD2 trigger warm reset enable. When enables, BOD2 will trigger a reset to CPU if the voltage threshold
detect event happened. (This bit is not supported for MG32F02A132/072/032.)

[1: Enable. BOD2 will trigger a reset event to CPU.
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[1: Disable. BOD2 cannot trigger a reset to CPU.
® |[WDT_EN

[I: Enable. IWDT will enable after power-on.

[1: Disable. IWDT is not enabled automatically after power-on.
® |WDT_WP

IWDT registers write protected enable.

[J: Enable. The IWDT registers will be write-protected.

[J: Disable. The IWDT registers are free for software writing.
® |WDT_WE

IWDT reset generation enable option.

[I: Enable. Enable to generate a system reset for IWDT events.

[1: Disable. Disable to generate a system reset for IWDT events.
® |[WDT_SLP

IWDT counting control when chip in SLEEP mode.

[1: Stop. Stop counting and disable IWDT running.

[1: Keep. Keep counting and enable IWDT running.
® |WDT_STP

IWDT counting control when chip in STOP mode.

[J: Stop. Stop counting and disable IWDT running.

[J: Keep. Keep counting and enable IWDT running.
® |WDT DIV

IWDT internal clock input divider select. When IWDT_EN is enabled, these bits will be loaded to IWDT input
divider control register.
® PC IOM

Port C default IO mode select after power-on. All the port-C PCn pins are default AIO mode or QB mode by
this setting except PC4/5/6/13/14 pins. The 10 modes of PC4/5/6 pins are always default QB mode. The 10
modes of PC13/14 pins are directly control by chip if XOSC_EN is enabled. When XOSC_EN is disabled, the 10
modes of PC13/14 pins are control by this register setting. (This bit is not supported for MG32F02A132/072.)

M: AlO. Port-C pins’ default is Analog 10.

[1: QB. Port-C pins’ default is Quasi-Bidirectional output.
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8.3. CFG Option Register

The option registers (OR) are using for chip hardware configuration control. They are loaded from the option
byte flash memory during warm reset or cold reset cycle. Refer the section of “Hardware Option Byte Flash
Memory” in System Memory chapter and the CFG register descriptions in related chip Register Definition Guide
for more information.

8.3.1. CFG Register Protect and Lock

After chip reset, all CFG registers are write-access protected except CFG_KEY registers. Write OxA217
value to the CFG_KEY register to unprotect the write access of registers. Oppositely write other value except
0xAZ217 value to protect the registers. Read the CFG_KEY register to get the register value is Protected (=1) or
Unprotected (=0).

Refer the table and descriptions of “Register Protect and Lock” in System Reset chapter for more
information.

8.3.2. Manufacturer ADC Calibration Value

There are three items of ADC reference voltage top, middle and bottom those can be adjusted by the ADC
calibration. The manufacturer provides the default calibration value in CFG_ADCO_REFT, CFG_ADCO0_REFM
and CFG_ADCO_REFB registers. The three registers are loaded default from option byte flash memory after
chip reset. User can update these registers after ADC calibration.

[Notify]: The CFG _ADCO REFT, CFG _ADCO REFM and CFG ADCO REFB registers are only supported
for MG32F02A132/A072.

8.3.3. Manufacturer Temperature Sensor Calibration Value

The ADC is embedded one temperature sensor to measure the internal junction temperature of chip for
product application.

There are two ADC codes those are recorded the voltages of temperature sensor at two temperatures in the
chip configuration option registers (OR) of CFG_TEMP_CALO and CFG_TEMP_CAL1. The two registers are
loaded from the option byte (OB) flash memory after chip reset. These two OR registers are calibrated and
stored in the OB flash memory during the chip is manufactured from megawin manufactory. User can update
these registers after user on system temperature calibration. Please contact megawin about temperature sensor
chip configuration for chip manufacture option.

There are two read only registers of ADCO_TCALO and ADCO_TCAL1 in ADC module those are aliased to
CFG_TEMP_CALO and CFG_TEMP_CAL1 registers. Refer the section of “Temperature Sensor” in ADC
chapter for more information.

[Notify]: The CFG TEMP_ CALO and CFG TEMP_CAL1 registers are not supported for
MG32F02A132/072/032.
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9. GPIO (General Purpose 10)

9.1. Introduction

The module can be running in

ON |SLEEP| STOP all power operation modes.

The MG32x02z series has PA, PB, PC, PD and PE I/O ports and is including the pins of PA[15:0], PB[15:0],
PC[14:0], PD[15:0], PE[0:3][8:9][12:15]. Support maximum 73 GPIO pins for LQFP80 package. PC4, PC5 and
PC6 pins are specially implemented with the alternated function of SWCLK, SWDIO and RSTN. If select
external crystal oscillator as system clock input, PC13 and PC14 are configured to XIN and XOUT. The exact
number of I/O pins available depends upon the package types.

The chip has built in several IO mode control (PA/PB/PC/PD/PE) modules for each GPIO port. These
modules are used for GPIO pin IO mode control, alternated function selection, driver strength setting, input
inverse selection, pull-high enable, deglitch filter setting and high speed enable. Also one 10 Port access control
(IOP) module is built-in to control the input and output state of GPIO mode for all GPIO ports.

Notify: The sign of (Px = module {PA, PB, PC, PD, PE}, n= input/output pin index number, OB = hardware
configuration Option Byte flash memory) is using for Registers, Signals and Pins/Ports in the descriptions of this
chapter.

9.2. Features

® Support general purpose 10 pins for application
=— Maximum 73 GPIO pins for LQFP80 package
=— Maximum 59 GPIO pins for LQFP64 package
= Maximum 44 GPIO pins for LQFP48 package
= Maximum 29 GPIO pins for LQFP32/QFN32 package
= Maximum 17 GPIO pins for TSSOP20 package
® Provide selectable IO modes by pin independent
= Push-Pull output
=— Quasi bidirectional (PC pins only)
= Open-drain output
— Input only with high impedance
= Analog IO
® Flexible pin alternate function selection
® Support programmable drive strength by pin independent
— Programmable 2-level drive strength for all GPIO pins except 4-level pins and RSTN,XIN,XOUT
— Programmable 4-level drive strength for some special pins
Support 10 deglitch filter by pin independent
Support input inverse selection by pin independent
Support pull-high option by pin independent
Support high speed option by pin independent except RSTN,XIN (except MG32F02A132/072)
GPIO pin state and 10 mode setting keep optional after reset
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9.3. Implementation
9.3.1. GPIO Implementation

The following table is showing the implemented GPIO function of chips.

Table 9-1. GPIO Implementation

10 Pin Drive Strength Port C
Chip Package IO Number | High Speed 4-Level High Extended Anl_tg;(l';g:m Power-on Mode
MG32F02A132 LQFP80/64 73/59 PC[3:0], - - QB
PC14, PE[3:0
MG32F02A072 LQFP64/48 59/44 PD[3:0] [3:0] - - QB
LQFP48, AIro.
MG32F02A032 QFN32, 44,29, 17 ';BD[[%;%]][[%%]]' ; - QB or PP
TSSOP20 AL
MG32F02A128/A064 | LQFP80/64/48 73/59/44 All 10 pins | PB[5:0][9:8], - - QB or PP
except PD[5:0][8:7],
MG32F02U128/U064 | LQFP80/64/48 70/56/41 RS')FN F))<|N I[DE[:!:[O] ] - - QB or PP
LQFP32, .Alra-
MG32F02V032 QFN32, 29, 29, 17 PEI[DT'ZQ]O[]%;]’]' PAS, PA10 | PB[3:0] QB or PP
TSSOP20 )
<Note> QB: Quasi bidirectional, PP: Push-Pull output

QB or PP: Port C pins can be set the default IO mode except PC4/5/6/13/14 by hardware option OB flash.

9.4. Control Block

The GPIO Control block includes IOM, IOP and AFS (Alternate Function Select) blocks. The IOM block is
used to set the 10 operation mode. The IOP block is used to control the GPIO port read and write access. The
AFS block is used to select the 10 alternate function. All GPIO pins can set the IOM, IOP and AFS functions by

independent control blocks and registers.

The GPIO output data bit and IO mode configuration of some GPIO pins can be disabled to be reset by
system Warm reset. Please refer the “GPIO Reset Control” section in System Reset chapter.

The following diagram is showing the GPIO Control block.

Figure 9-1. GPIO Control Block

Pin

Digital Domain
GPIO Control Block
IOM 10P AFS » Module O
Alternate
10 Mode 10 Port Access Functl?cl_ie_l_e_c_t _________
Control Control H ;
: AFS Matrix Module 1
Select |
o <
Y Out Dat 5 [« A :
L. ut Data o | >
« 0 < -»| Latch ol s a E
‘ < =3 i ]
B Output | u 3 H '
< 3 e HE N EE :
(o) === — (]
Input 3 =\ !
: | Module
[, N N-1
:I EXIC I External Interrupt .
Sl (PXx_AFSn) » Module N
»|nternal Blocks (CCL, ...)
(Px_OUTn)>
(Px_INn) ;< Register Bus >
y .
ADC , Comparator , ... Analog Domain

<Note> 1: Px={PA,PB,PC,PD, ...} IO Port
2: n=10 Pin index number
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9.5. IO Mode

The 10 operating modes are supported analog 10 (AlIO), digital input (DIN), push-pull output (PPO), and
open-drain output (ODO), quasi-bidirectional (QB). Provide selectable IO modes by pin independent.

9.5.1. 10 Mode Control Block

The 10 mode control block supports programmable 1O operation modes, output high speed option, pull-high
option, output drive strength, 10 deglitch filter and input inverse selection by pin independent.

The following diagram is showing the 10 Mode Control block.

Figure 9-2. 10 Mode Control Block

IOM Control Block I0_PU , , (I) i1
Pull-high option '4 ------ (PA_PUN)
1O Pad I0_QB IO Mode Select {*2;
10 OEH Open-Drain Output
_I Pull Up I IO OEL Push-Pull Output | 5 (pa joMN)
= Quasi Bi-direction -
_10_AIO Input-only with Hi-Z
< Analog 10
I0_HS -
Slew rate option ------O (PA_HSn)
. 10_0ODC i
Pin e, _ Output drive current strength j; (PA_ODCn)
X " out Buffer < QO PA_On
(Output Data)
I0_AIO
S ' Input Invert enable | (PA_INVN)
1 *3 1
r——————........—————(}\ PA_In
- v _
In Buffer C)—@—> Deglitch - (Input Data)
' Ul : Input Register
i Clock | »QO (PA_INN)
: : Deglitch clock divider
"""" L D i © B (=N = p1\V/2))
vV Filter Deglitch clock source select\ (PA_FCKS)
Port Clock Source
/1 |JM «—— CK_AHB
4 1pivie—H U f«—— ck_ILRCO
/16 X
l«—— TM00_TRGO
LI10_AD
}J
ADCx_I0 _ Analog Domain
ADCx_I1 “| >
s < our ADC
ADCx_I15 >
>
CMP_CO = L
I CMP_C1 i< 4
CMPx_I0 > > X CMPXx
CMPx_I1 > < >
> C L
X
. { DAC
<Note-1> 1: PA={PA,PB,PC,PD, ...} IO Port

2: n=10 Pin index number
3: x= Analog device index number
<Note-2>: General 10 default is Analog Input mode.
<Note-3> : Bypass input filter if (PA_FDIVn)=0 or hardware auto set bypass during STOP for chip.
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9.5.2. 10 Configuration

The chip provides independent modules for IO mode configuration of PA, PB, PC, PD and PE ports. Refer
the descriptions of pin definition for more detail information.

® |O Mode Control

All the GPIO pins can be configure the 10 operation mode by pin independently. User can set the 10
operating modes of analog 10, digital input, push-pull output and open-drain output by setting Px_IOMn register
for each GPIO pin. The quasi-bidirectional operation mode is only supported on port C (PC) pins.

The following table is the register setting for IO mode, pull-high and high speed control.

Table 9-2. 10 Operation Mode Control

IO Mode Pull High High Speed IO Configuration
Px_IOMn Px_PUn Px_HSn
0x0 - - Analog 10
0 0
0 1 . High Speed
Ox1 1 0 Open Drain Output Pull High
1 1 Pull High + High Speed
0 0
0 1 High Speed
0x2 1 0 Push Pull Output Pull High
1 1 Pull High + High Speed
0 - .
0x3 1 . Digital Input Pull High
0 0
oxd 0 1 Quasi-Bidirectional Output ~ [High Speed
1 0 (drive high one clock) Pull High
1 1 Pull High + High Speed
<Note> "Px" = {PA,PB,PC,PD,PE}, "n" = Pin index number, "-" = Don't care

The power-on 10 mode of PA, PB, PD and PE are analog 10 (AIO). The power-on 10 mode of port C (PC)
pins may be configured to AlO (default) or QB mode except PC4/5/6/13/14 pins in CFG_PC_IOM register by
hardware option byte (OB) flash. The power-on 10 mode of PC is fixed quasi-bidirectional Output (QB) for
MG32F02A132/072.

Please refer the section of “Alternate Function Select of Special Pins” for more information about the
power-on default setting of PC special pins.

® Output High Speed Control

For MG32F02A132/072, the pins of PC[3:0] and PC14 and PD[3:0] support high speed output option. For
MG32F02A032 and MG32F02A128/U128/A064/U064, all the GPIO pins can support high speed option except
RSTN, XIN pins. User can enable the 10 output high speed option by setting Px_HSn register for these GPIO
pin independently.
® Pull-high Control

All the GPIO pins can be configured the 1O pull-high option by pin independently. User can enable the IO
pull-high option by setting Px_PUn register for each GPIO pin independently.
® Input Inverse Control

All the GPIO pins can be enabled the input inverse function by pin independently. User can enable the 10
input inverse function by setting Px_INVn register for each GPIO pin independently.
® Output Drive Strength Control

All the GPIO pins can be selected the output drive strength level by pin independently. There are three types
of 10 pins with programmable output drive strength. The one is programmable two levels of output with 1 and 1/4
of full level drive strength. The two is programmable four levels of output with 1, 1/2, 1/4 and 1/8 of full level drive
strength. The three is programmable five levels of output with 1, 1/2, 1/4, 1/8 and high extended of full level drive
strength. The high extended drive strength is that the output sink current strength is 2 times of full level drive
strength and the output drive current strength is as same as full level drive strength. User can enable the |10
output drive strength by setting Px_ODCn register for each GPIO pin independently.

Please refer the related chip Data Sheet about the 10 output high and low current information.
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® Input Filter Control

All the GPIO pins are built in an input digital deglitch by pin independently. The filter provides configurable
filter clock source and filter clock divider to adapt the input signal operation frequency and probable application
noise.

User can set the filter clock source from AHB clock, AHB clock divided by 8, ILRCO clock, TMOO trigger
output or UT (Unit Time) clock by setting Px_FCKS register and uses the setting for all pins of one GPIO port.
The filter clock source can be configured for each GPIO port independently. Also user can set the filter clock
divider by divided 1, 4 and 16 or bypass the filter in Px_FDIVn register for each GPIO pin independently.

® Alternate Function Selection

All the GPIO pins can be enabled the input inverse function by pin independently. User can enable the 10
input inverse function by setting Px_AFSn register for each GPIO pin independently.
® Anti-Current Leakage 10 Pin

The anti-current leakage 10 pins can use to reduce the IO leakage current to under 1nA. For some
application product, the 10 pins can use like as 12C signals under MCU VDD no power condition to avoid that
MCU power is raised by the 12C signal input and makes MCU in invalid operation.

Please refer the GPIO implementation table in the section of “GPIO Implementation or the related chip Data
Sheet about this 10 supported pins.

9.6. IO Structure

The 1/O structures are supported for the operating modes of analog 10, digital input, push-pull output, and
open-drain output, quasi-bidirectional.
The following diagram is showing the general IO control structure block.

Figure 9-3. 10 Control Structure Diagram

_VDD_ VDD VDD VDD
I0_PU & N ~ 5
I0_OEH § > Wi;yk Weak
10_QB Y Strong_P $ [:$ ESDY
M Pin
e 0 -> 1 generate * > &
Data Out |O_DO R drive high pulse i
Latch | {710_OEL O > ST om{ fprona EsD¥
10 HS slew rate control‘i?
e output drive strength control _ i
10_ODC O Input 47
A4 Schmitt
Input Data 10 DI trigger
Register Bus i — b
I0_AIO O T
Analog | 10_AD
Block |
Very Schmitt
Mode |IO_AIO I0_OEL IO_OEH I0_QB [Strong_P Strong_N| /" Weak wrigger
AlIO 1 1 1 0 off off off off off
ODO 0 0 1 0 off - - - on
PPO 0 0 0 0 - - off off on
QB 0 0 0 1 - - - - on
DIN 0 0 1 0 off off - - on

<Note> DIN(digital input) mode is same as OD mode with I0_DO=1.
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9.6.1. Analog IO Structure

The analog IO configuration is using for the input of ADC, analog comparator and the output of DAC. For
application, usually the analog 10 is without pull-up resistors on the pin. When selects analog 10 mode (AIO), the
Schmitt-trigger buffer will be forced to disabled.

This analog IO and digital input port configuration is showing in following diagram.

Figure 9-4. 10 Pad Structure — Analog 10

VDb, _vbb.
10 PU O . M
Very
EWeak LE}C{EWeak .
Pin
—e
I0_AIO O
Analog [ IO_AD
Block
. Very
Mode IO_AIO| 0_PU  Pin | v weak
AlO 1 0 X off off
1 X on off

(10_OEL=1, I0_OEH=1, I0_QB=0)
<Note> AlIO mode : turn off the input Schmitt trigger circuit
and digital input always get logic 0.

9.6.2. Digital Input Structure

The digital input configuration is a high impedance input with a Schmitt-trigger buffer. A pull-up resister
option is controlled by pin independent. The analog input path is directly connected the 10 pad to internal analog
devices.

Figure 9-5. 10 Pad Structure — Digital Input

VDD VDD
I0_PU O P
GPIO -
Weak D“{ $Weak
Pin
Input Data 10 DI
Register Bus —
"""""""""""""" I0_AI0 O
Mode IO_AIO|IO_PU Pin ‘V\ng’k Weak
DIN 0 0 X off off
1 0 on off
1 1 on on

(10_OEL=1, I0_OEH=1, 10_QB=0)

9.6.3. Push-Pull Output Structure

The push-pull output configuration has the same pull-down structure as both the open-drain and the
guasi-bidirectional output modes, but provides a continuous strong pull-up when the port register contains a
logical “1”. The push-pull mode may be used when more source current is needed from a port output. In addition,
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the input path of the port pin in this configuration is also the same as quasi-bidirectional mode.
The push-pull port configuration is shown in following diagram.

Figure 9-6. 10 Pad Structure — Push-Pull

VDD
4% Strong_P
"""""""""""" Pin
GPIO =
Data Out 10 DO
Latch — >{>o—<>—-‘ Strong _N

Input Data 10 DI
Register Bus —

i

I\/Iode| DO IStrong_PStrong_N

PP 0 off on
1 on off

(10_AlO=0, I0_OEL=0, I0_OEH=0, I0_QB=0)

9.6.4. Open-Drain Output Structure

The open-drain output configuration turns off all pull-ups and only drives the pull-down transistor of the port
pin when the port register contains logic “0”. To use this configuration in application, a port pin must have an
external pull-up, typically a resistor tied to VDD. The pull-down for this mode is the same as for the
guasi-bidirectional mode. In addition, the input path of the port pin in this configuration is also the same as
guasi-bidirectional mode.

The open-drain port configuration is shown in following diagram.

Figure 9-7. 10 Pad Structure — Open Drain

VDD VDD _
IO PU O .
Very
Weak EWeak .
"""""""""""" Pin
GPIO 3 )| 3 {Z
Data Out 10 DO
Latch — > {>c I Strong _N
Input Data 10 DI
Register Bus J« — @—

Very
Weak
X on off off
X off off off
X on off off
0 off on off
1 off on on

Mode [ IO PU 10 DO Pin |[Strong_N Weak

oD

RrRrrROO|!
rroroll

(10_AIO=0, I0_OEL=0, I0_OEH=1, I0_QB=0)
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9.6.5. Quasi-Bidirectional 10 Structure

The quasi-bidirectional operation mode is only supported on port C (PC) pins. A quasi-bidirectional port can
be used as an input and output without the need to reconfigure the port. This is possible because when the port
outputs a logical “high”, it is weakly driven, allowing an external device to pull the pin low. When the pin outputs
low, it is driven strongly and able to sink a large current. There are three pull-up transistors in the
quasi-bidirectional output that serve different purposes.

One of these pull-ups, called the “very weak” pull-up, is turned on whenever the port register for the pin
contains a logical “1”. This very weak pull-up sources a very small current that will pull the pin high if it is left
floating.

A second pull-up, called the “weak” pull-up, is turned on when the port register for the pin contains a logical
“1” and the pin itself is also at a logic “1” level. This pull-up provides the primary source current for a
guasi-bidirectional pin that is outputting a 1. If this pin is pulled low by the external device, this weak pull-up turns
off, and only the very weak pull-up remains on. In order to pull the pin low under these conditions, the external
device has to sink enough current to over-power the weak pull-up and pull the port pin below its input threshold
voltage.

The third pull-up is referred to as the “strong” pull-up. This pull-up is used to speed up low-to-high transitions
on a quasi-bidirectional port pin when the port register (Px_OUTn) changes from a logical “0” to a logical “1”.
When this occurs, the strong pull-up turns on for one system clock (CK_SYS), quickly pulling the port pin high.

The quasi-bidirectional port configuration is shown in following diagram.

Figure 9-8. 10 Pad Structure — Quasi-Bidirectional

VDD VDD VDD
I0_PU o _
offlon|off
> e LD4 o DA
0 -> 1 generate weak Pin
GPIO drive high pulse S )i S {E
Data Out I0_DO _ l\_—\_ |
Latch > 1> - | Strong _N
Input Data 10 DI
Register Bus — @—

Mode | IO_PU 10 DO Pin | Strong_P Strong_N V\\/I:rayk Weak
OB 0 0 X off on off off
0 0~>1 X |off-on-off off off off
1 0 X off on off off
1 0~>1 0 |off-on-off off on off
1 0~>1 1 |off-on-off off on on

(10_AIO=0, I0_OEL=0, |0_OEH=0, I0_QB=1)

<Note> QB mode : output will Hi-Z after 10O drive high with one clock width
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9.7. 10 Port Access
9.7.1. GPIO IO Control

When the AFS setting is set GPIO function mode for any 10 pin, user can directly set the logical output or get
the logical input for the 10O pin. There is one independent data out register bit to store the output logic value for
each GPIO pin. User can read and write this data register in Px_OUTn register bit for each GPIO pin. Also user
can directly read the Px_INn register bit to get the GPIO pin logical state for each GPIO pin.

Figure 9-9. 10 Port Access Block

GPIO Control Block
IOM IOP AFS

Alternate
Function Select

10 Mode Control 10 Port Access Control

AFS Setting “0” = GPIO mode [~77" 777777 '

l AFS Matrix
0 e Out Data
--» Register
' A
X1 Output  J
i
. Input ¢
l
! |
teeod-p (PX_IND) ! === (Px_OUTn)
1

-~ (Px_SETn)
(-~ (Px_CLRn)
[ Gaass (Px_SCn)

Set/Clear
Control

<Note> 1: Px={PA,PB,PC,PD,PE} IO Port
2: n=10 Pin index number

The Px_OUT register and Px_IN register are designed to write and read all pins’ logical output and input
through the Px_OUTn bits and the Px_INn bits for one GPIO port. It lets firmware easy to control one GPIO port
simultaneously. (n={0~15})

9.7.2. Set and Clear Control

For firmware control, there are one Px_SETn control bit to set the data out register bit and one Px_CLRn
control bit to clear the data out register bit for each GPIO pin. There is a Px_SC register which is designed to set
or clear the data out register bits of all pins through the Px_SETn bits and the Px_CLRn bits for one GPIO port.

These control register bits are designed to write 1 only and is no effect for writing 0. So it lets firmware easy
to set or clear for multiple pins of one GPIO port simultaneously. When the related Px_SETn bit and Px_CLRn
bit of a GPIO pin are both set to 1, the related data bit is set to 1 (n={0~15})

9.7.3. Bit Like 10 Control

The chip provides one Px_SCn register control bit to set, clear the data out register bit or read pin status for
each GPIO pin. The register bit is written 1 to set data bit and written 0 to clear data. Read the register bit to get
the GPIO pin status.

As the Px_SCn register bit is cost eight bit memory space, firmware is easy to control single GPIO pin by
CPU byte-access instruction command. It is like the bit access 10 control of 8051 MCU.

Refer the Px_SCRn register definitions for more information.
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9.8. Alternate Function Select

9.8.1. Alternate Function Select Control

User can configure the alternate function between module function 10 and IO pins through the AFS matrix by
setting Px_AFSn register for each GPIO pin independently. Refer the descriptions of pin definition and register
definition for more detail information.

Usually the AFS default setting is GPIO function for each GPIO pin except the XIN/XOUT, SWCLK/SWDIO
and RSTN function pins. These pins may be changed by hardware configuration OB. Refer the section of
“Alternate Function Select of Special Pins” for more information.

The following diagram is showing the Pin Alternate Function Select block.

Figure 9-10. Pin Alternate Function Select Block

PAnN pin
IOM IOP AFS l Module X
. O|[output Port &
I:?aLi; AFS 1/0O Matrix ol inputPort | 2
0 Reg. L ><
< @ o, Ol[output Port] &
X < %_g L, & , O|| Input Port | &
A i) L X
» < 1= = Ol[output Pord &
>—‘ > ;E oJ| Input Port | T
> T ; )
(] . .
. A 0 0
° ' 0 0
.
H (PA_AFSn)
GPIO pin
IOM IOP = Ol Module ¥
< cs < O|loutput Port
ST z s O|| Input Port
I <[sh=1H]
x5
H LA : » O|loutput Port
' vy ! vy ! o|| Input Port
<Note> 1: PA= {PA,PB,PC,PD,PE} IO Port Other Output Other Input \
2: n=10 Pin index number MUXs MUXs '
3: Module X,Y = Internal Module

® Pin AFS Table
Refer to the “Pin Alternate Functions Selected Table” in the chip Data Sheet.

9.8.2. Alternate Function Select of Special Pins

Usually the AFS default setting is GPIO function for each GPIO pin except the XIN/XOUT, SWCLK/SWDIO
and RSTN function pins. The XIN/XOUT, SWCLK/SWDIO and RSTN function pins can be enabled by hardware
configuration OB flash after chip reset (Cold reset). Also these hardware configuration OB value are loaded to
update the GPIO AFS setting for these pins. So user can change the GPIO AFS setting of these pins after power
on sequence.

When the XIN/XOUT, SWCLK/SWDIO or RSTN AFS function is enabled, the IO mode register setting and
pull-high register setting of related GPIO pin are no effect. The IO mode and pull-high control are directly control
by hardware.

The following diagram is showing the Pin Alternate Function Select block of XIN/XOUT, SWCLK/SWDIO
and RSTN function pins.
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Figure 9-11. Alternate Function Select of Special Pins
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is loaded from OB flash after chip reset.

® External Xtal Pins
The chip is embedded one internal crystal oscillator (XOSC) for external Xtal circuit. The chip can boot to

enable the XOSC crystal and configure XIN and XOUT pins as external crystal input and output by configurable
hardware option byte (OB). Also user can re-configure the AFS setting of XIN and XOUT pins by setting GPIO

AFS registers.
When both XIN and XOUT pins are configured as external crystal input and output, the internal XOSC

oscillator will be enabled by hardware and the external crystal is oscillating. When the XOUT pin does not be
configured as external crystal output, the internal crystal oscillator (XOSC) will be powered off by chip. That is
only the XIN pin to be configured as external crystal input and the XIN pin can input the clock from external clock

source like as OSC. Refer the System Clock chapter for more information.

® SWD Pins

The chip is embedded one debug access port (DAP) and debugging control circuit for system debugging.
The chip can boot to enable the SWCLK and SWDIO pins to connect external debugging device like as ICE by
configurable hardware option byte (OB). Also user can re-configure the AFS setting of SWCLK and SWDIO pins

by setting GPIO AFS registers.
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® External Reset Pin

The chip provides an external hardware reset input from RSTN pin to ensure a reliable power-up reset.
Refer the System Reset chapter for more information.
The chip can boot to enable the RSTN pin as external reset pin or others (GPIO ...) by hardware option byte
(OB). Also user can re-configure the AFS setting of RSTN pin by setting GPIO AFS registers. Strongly suggests

keeping the RSTN pin as external reset pin except all other GPIO pins are in use.

The power-on IO modes of PC4/5/6 pins are always QB mode. The power-on IO modes of PC13/14 pins are
directly control by chip if CFG_XOSC_EN is enabled. When CFG_XOSC_EN is disabled, the power-on 10
modes of PC13/14 pins are control by this register setting.

The following table is showing the Port C IO mode power-on default setting.
[Notify]: The CFG _PC I0M is not supported and the power-on 10 mode of port C is always AIO mode for

MG32F02A132/072.

Table 9-3. Port C 10 Mode Default Setting

Port C Pin Hardware OR Setting IO Register Power-On Default
CFG_XOSC_EN | CFG_EXRST_PIN | CFG_SWD_PIN | CFG_PC_IOM Px_IOMn Px_PUn Px_AFSn
0 < < 0 0x0 (AIO) 0 GPIO
PC[14:13] 1 0x4 (QB) 1 GPIO
1 X X X 0x0 (AIO) 0 XIN, XOUT
0 RSTN
PC6 X 1 X X 0x4 (QB) 1 GPIO
0 SWDIO
PCI[5:4] X X X 0x4 (QB) 1 SWCLK
1 GPIO
L 0 0x0 (AIO) 0 GPIO
PC[12:7,3:0] X X X 1 0x4 (QB) 0 GPIo

<Note> x: don’t care, AlO : analog 10, QB: Quasi-Bidirectional output
MG32F02A132/072 is not supported CFG_PC_IOM and Port C is all default QB.

9.8.3. GPIO AFS Locking

The chip supports the GPIO AFS setting locking function only for the function pins of SWCLK/SWDIO and
RSTN. User must set the AFS setting in PC_AFSn register and set PC_LCKn register bit to 1 simultaneously (n
={4, 5, 6}). The write access of PC_AFSn register is no effect if PC_LCKn register bit is 0. The chip will auto
clear the PC_LCKn register bit after register write access.

Refer the register descriptions of PC_CR4, PC_CR5 and PC_CRE6 registers for more information.
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9.9. GPIO Application Circuit
9.9.1. GPIO Input and Output

During the product operation, the MCU IO signals are easy to be with ‘noise’ which is usually generated by
original signal source, power noise, ground bouncing, signal crosstalk, thermal noise or others on application

PCB.

As following diagrams, user can insert a low pass filter on the MCU input pin or a transition noise filter on the
MCU output pin to remove the unexpected noises and glitches. The filter can guarantee the signal performance
in order to operate correctly for the request 10 function which is like as UART, 12C, SPI and others. The filter
needs to design by depending on the 10 signal request highest frequency and must place close to the MCU pin.

Also the serial termination resister or/and the parallel termination resister is/are necessary for the signal

integrity issue as followin

g diagrams.

Figure 9-12. GPIO Input Application Circuit
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9.9.2. GPIO Input Filter

When the MCU input signal is with noise and glitch on application PCB, user can place the noise bypass
capacitor on the MCU input pin or/and enable the MCU input filter function to fix or reduce this issue. The noise
and glitch may be generated by original signal source, power noise, ground bouncing, signal crosstalk, thermal
noise or others during the product operation.

All the GPIO pins are built in an input digital deglitch filter by pin independently. The filter provides
configurable filter clock source and filter clock divider to adapt the input signal operation frequency and probable
application noise.

User can set the filter clock source from AHB clock, AHB clock divided by 8, ILRCO clock, TMOO trigger
output or UT (Unit Time) clock by setting Px_FCKS register and uses the setting for all pins of one GPIO port.

The filter clock source can be configured for each GPIO port independently. Also user can set the filter clock
divider by divided 1, 4 and 16 or bypass the filter in Px_FDIVn register for each GPIO pin independently.

Refer the IO mode control block about GPIO input filter in the section “IO Mode Control Block”.

9.9.3. GPIO Output High Speed and Drive Strength

The MCU can support the 10 pin programmable output high speed control and output drive current strength
control by pin independent. Refer the figure of “IlO Mode Control Block”, user can set the Px_HSn and
Px_ODCn registers for output high speed control and output drive current strength control.

¢ Output High Speed Control

The output high speed control can be enabled to disable the output slew rate control for high speed timing
application. That is like as the clock and data signals for SPI (Serial Peripheral Interface) bus, EMB (External
Memory Bus) bus or others. User can enable the 1O output high speed option by setting Px_HSn register for
these GPIO pin independently.

For MG32F02A132/072, the pins of PC[3:0] and PC14 and PD[3:0] support high speed output option. For
MG32F02A032 and MG32F02A128/U128/A064/U064, all the GPIO pins can support high speed option except
RSTN, XIN pins.

¢ Output Drive Strength Control

The output drive current strength control can be set to reduce the signal overshot or undershot damping
conditions by PCB trace impedance unmatched and signal reflection problems. Also it can reduce some signal
crosstalk conditions and improve Sl (signal integrity) issue even reduce EMI.

All the GPIO pins can be selected the output drive strength level by pin independently. There are two types
of 10 pins with programmable output drive strength. Generally, the output drive current strength control be
programmable two levels and can be set to full level and 1/4 level. Some GPIO pins be programmable four
levels and can be set to full level, 1/2 level, 1/4 level and 1/8 level for the output drive current strength control.
User can enable the 10 output drive strength by setting Px_ODCn register for each GPIO pin independently.

About the 10 pins for supporting four levels’ output drive strength, the pins of PE[3:0] are support in
MG32F02A132/072, the pins of PB[3:0][9:8] and PD[3:0][8:7] are support in MG32F02A032 and the pins of
PB[5:0][9:8], PD[5:0][8:7] and PE[3:0] are support in MG32F02A128/U128/A064/U064.
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10. Interrupt

10.1. Introduction

The module can be running in
ON |SLEEP| STOP all power operation modes.

After reset, the CPU begins execution from the location of reset interrupt vector (0x00000004) addressing,
where should be the starting of the user’s application code. To service the interrupts, the interrupt service
locations (called interrupt vectors) should be located in the address 0x000000BF~0x00000000.

The chip is built-in ARM® cortex® M0 CPU and is embedded a NVIC (Nested Vectored Interrupt Controller)

for 32 external interrupt inputs with 4-level priority. Also builds in an EXIC (External Interrupt Controller) module
and connects to NVIC.

Notify: The sign of (Px = module {PA, PB, PC, PD, PE}, n= input/output pin index number, OB = hardware
configuration Option Byte flash memory) is using for Registers, Signals and Pins/Ports in the descriptions of this
chapter.

10.2. Features

® Built-in one NVIC for 32 external interrupt inputs with 4-level priority
® Built-in one EXIC (external interrupt controller) for NVIC connection
= Independent high/low level and rising/falling edge trigger selection
® Built-in one WIC (wakeup interrupt controller) for wakeup event control
® All GPIO pins can be configured as interrupt source and key pad input
= Support port OR logic for interrupt function
= Support port AND logic for KBI function
® Support external pins for CPU NMI/RXEV/TXEV function
= Configurable pin for CPU NMI input function
= Configurable pin for CPU RXEV input function
= Configurable pin for CPU TXEV output function
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10.3. Interrupt Structure

Each interrupt is assigned a fixed location in the program memory. The interrupt causes the CPU to jump to
that location, where it commences execution of the service routine. NMI interrupt, for example, is assigned to
location 0x00000008. If NMI is going to be used, its service routine must begin at location 0x00000008.

The interrupt service locations are spaced at an interval of 4 bytes: 0x00000004 for Reset Interrupt,
0x00000008 for NMI, 0x0000000C for Hard-Fault, 0x0000002C for SVCall, 0x00000038 for PendSV,
0x0000003C for SysTick, etc.

The NVIC has 7 exception types: Reset, NMI, HardFault, SVCall, PendSV, SysTick and Interrupt (IRQ).
The NVIC supports 32 external interrupt input. An interrupt is an exception signaled by a peripheral or generated
by a software request. The four priority level interrupt structure allows great flexibility in handling these interrupt
sources.

10.3.1. Interrupt Sources

The ‘Pending Bits’ are the interrupt flags that will generate an interrupt if it is enabled by setting the ‘Set
Enable Bit'. The ‘Pending Bits’ can be set or cleared by software, with the same result as though it had been set
or cleared by hardware. That is, interrupts can be generated or pending interrupts can be cancelled in software.
The ‘Priority Bits’ determine the priority level for each interrupt. The ‘Priority within Level’ is the polling sequence
used to resolve simultaneous requests of the same priority level. The ‘Vector Address’ is the entry point of an
interrupt service routine in the program memory.

The following table of interrupt sources lists all the interrupt sources.

Table 10-1. Interrupt Sources

NVIC Registers
Scemior] 0 et | Sevcmer | Pendre | PE | prionty | e
0 - |Initial - 0x00000000 (Initial MSP value
1 - |Reset -3 0x00000004 |Reset exception
2 -14 |NMI OXEO000EDO4[31] -2 0x00000008 [Non Maskable Interrupt
3 -13 |HardFault -1 0x0000000C |Cortex-MO Hard Fault Interrupt
4~10 - |Reserved -
11 -5 |SvC OXIE[(S)(l)FJZiI]DlC Configurable | 0x0000002C |Cortex-M0O SV Call Interrupt
12~13 - |Reserved
14 -2 |PendSV giEgggEggiEg} OXE[S??EI:‘S]DZO Configurable | 0x00000038 |Cortex-MO Pend SV Interrupt
15 | -1 [sysick | OXEO0EDIO | OXEOGOEDOA2S) [ OXEO0OED20 | ¢y | guooononc |Cortex-#o System Tik nterrupt
16 0 |WWDT OXEOO0OE100 0XEO00E200 OXEOOOE400 | Configurable | 0x00000040 (Window Watchdog
17 1 |syYs OXEQO00E180 |  OXEO00E280 Configurable | 0x00000044 |System global Interrupt
18 2 |Reserved Configurable | 0x00000048 |Reserved
19 3 |EXINTO Configurable | 0x0000004C |EXIC EXINTO (PA)
20 4 |EXINT1 OXEOOOE404 | Configurable | 0x00000050 |EXIC EXINT1 (PB)
21 5 |EXINT2 Configurable | 0x00000054 |EXIC EXINT2 (PC)
22 6 |EXINT3 Configurable | 0x00000058 |EXIC EXINT3/EXINT4 (PD/PE)
23 7 |COMP Configurable | 0x0000005C |Analog Comparators global Interrupt
24 8 |DMA O0XEOOOE408 | Configurable | 0x00000060 |DMA all channel global Interrupt
25 9 |Reserved Configurable | 0x00000064 |Reserved
26 10 |ADC Configurable | 0x00000068 |ADC
27 11 |DAC Configurable | 0x0000006C |DAC
28 12 |TMOx OXEOOOE40C | Configurable | 0x00000070 |Timer TMOx global Interrupt
29 13 |TM10 Configurable | 0x00000074 |Timer TM10
30 14 |TM1x Configurable | 0x00000078 |Timer TM1x global Interrupt
31 15 |TM20 Configurable | 0x0000007C |Timer TM20
32 16 |[TM2x O0XEOOOE410 | Configurable | 0x00000080 |Timer TM2x global Interrupt
33 17 |TM3x Configurable | 0x00000084 |Timer TM3x global Interrupt
34 18 [Reserved Configurable | 0x00000088 |Reserved
35 19 [Reserved Configurable | 0x0000008C |Reserved
36 20 |URTO O0XEOOOE414 | Configurable | 0x00000090 |UART URTO
37 21 |URT123 Configurable | 0x00000094 |UART URT1/2/3 global Interrupt
38 22 |URT4x Configurable | 0x00000098 |UART URT4/5/6/7 global Interrupt
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39 23 |Reserved Configurable | 0x0000009C |Reserved

40 24 |SPIO O0XEOOOE418 | Configurable | 0x000000A0 |SPIO

41 25 |Reserved Configurable | 0x000000A4 |Reserved

42 26 |Reserved Configurable | 0x000000A8 |Reserved

43 27 |Reserved Configurable | 0x000000AC |Reserved

44 28 |12C0 O0XEOOOE41C | Configurable | 0x000000B0 (12C0O

45 29 [I12Cx Configurable | 0x000000B4 |I12Cx global Interrupt
46 30 (USB Configurable | 0x000000B8 |USB

47 31 |APX Configurable | 0x000000BC |APX

<Note> Configurable : Programmable priority level 0~3

10.3.2. Exception types

There are 7 exception types: Reset, NMI, HardFault, SVCall, PendSV, SysTick and Interrupt (IRQ).

Reset
Reset is invoked on power up or a warm reset. The exception model treats reset as a special form of
exception. When reset is asserted, the operation of the processor stops potentially at any point in an
instruction. When reset is deasserted, execution restarts from the address provided by the reset entry in
the vector table. Execution restarts in Thread mode.
NMI
An NMI can be signaled by a peripheral or triggered by software.

This is the highest priority exception other than reset. It is permanently enabled and has a fixed priority
of -2. NMIs cannot be:

» masked or prevented from activation by any other exception
» preempted by any exception other than Reset.
HardFault
A HardFault is an exception that occurs because of an error during normal or exception processing.
HardFault have a fixed priority of -1, meaning they have higher priority than any exception with configurable
priority.
SVCall
A supervisor call (SVC) is an exception that is triggered by the SVC instruction. In an OS environment,
applications can use SVC instructions to access OS kernel functions and device drivers.
PendSV
PendSV is an interrupt-driven request for system-level service. In an OS environment, use PendSV for
context switching when no other exception is active.
SysTick
If the device implements the SysTick timer, a SysTick exception is an exception the system timer
generates when it reaches zero.
Software can also generate a SysTick exception. In an OS environment, the device can use this
exception as system tick.
Interrupt (IRQ)

An interrupt, or IRQ, is an exception signaled by a peripheral, or generated by a software request. All
interrupts are asynchronous to instruction execution. In the system, peripherals use interrupts to
communicate with the processor.
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10.3.3. Exception handlers

The processor handles exceptions using:
® [SRs
The IRQ interrupts are the exceptions handled by ISRs.
® Fault handler
HardFault is the only exception handled by the fault handler.
® System handlers
NMI, PendSV, SVCall, SysTick, and HardFault are all system exceptions handled by system handlers.

10.3.4. Interrupt Priority

The priority scheme for servicing the interrupts has four interrupt levels. The priority bits in CPU registers,
IPRO-7, SHPR2 and SHPR3, determine the priority level of each interrupt.

The interrupt priority registers provide an 8-bit priority field for each interrupt and each register holds four
priority fields. The processor implements only bits [7:6] of each field, bits [5:0] read as zero and ignore writes.

Higher-priority interrupt will be not interrupted by lower-priority interrupt request. If two interrupt requests of
different priority levels are received simultaneously, the request of higher priority is serviced. If interrupt requests
of the same priority level are received simultaneously, an internal polling sequence determine which request is
serviced. The table of “interrupt sources” shows the internal polling sequence in the same priority level and the
interrupt vector address. The lower exception number gets the higher priority.

10.3.5. Lockup on Cortex-MO

The processor enters a lockup state if a fault occurs when executing the NMI or HardFault handlers, or if the
system generates a bus error when unstacking the PSR on an exception return using the MSP. When the
processor is in lockup state it does not execute any instructions. The processor remains in lockup state until one
of the following occurs:

Table 10-2. CPU Lockup Exit Events

Item Lockup Exit Events
1 it is reset
2 a debugger halts it
3 an NMI occurs and the current lockup is in the HardFault handler

<Note> If lockup state occurs in the NMI handler a subsequent NMI does not cause the processor to leave lockup state.
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10.4. Interrupt Control Block

The interrupt control block is including of Cortex®-M0 NVIC and EXIC controller. The following diagram is
showing the interrupt control block.

Figure 10-1. Interrupt Function Block
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10.5. Nested Vectored Interrupt Controller
10.5.1. NVIC Function

The Cortex®-MO0 processor integrates a configurable Nested Vectored Interrupt Controller (NVIC) that
supports low latency interrupt processing and includes a non-mask interrupt (NMI). The NVIC provides a
zero-jitter interrupt option and four interrupt priority levels. Refer the ARM® “Cortex-MO0 Devices Generic User
Guide” for more information about NVIC.

Interrupt handlers do not require any assembler wrapper code, removing any code overhead from the ISRs.
Tail-chaining optimization also significantly reduces the overhead when switching from one ISR to another.

To optimize low-power designs, the NVIC integrates with sleep mode. Optionally, sleep mode support can
include a deep sleep function that enables the entire device to be rapidly powered down.

® NVIC supports:
= An implementation-defined number of interrupts, in the range 1-32.
- Programmable priority levels of 0-192 in steps of 64 for each interrupt.
A higher level corresponds to a lower priority, so level O is the highest interrupt priority.
= Level and pulse detection of interrupt signals.
=— Interrupt tail-chaining and Late-arriving.
= An external NMI.

10.5.2. NVIC Exception Control

The NVIC supports 7 exception types: Reset, NMI, HardFault, SVCall, PendSV, SysTick and Interrupt
(IRQ). Refer the section of “Exception types” for more information.

® Exception Control
The following diagram is showing the NVIC exception control block. When the SysTick is underflow and
TICKINT bit is set 0, the SysTick pending bit will not be active and does not assert the exception request.

Figure 10-2. NVIC Exception Control Block
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® Interrupt enable and pending

The NVIC provides the CPU registers of ISER and ICER to set and clear the interrupt enable bit
independently for each interrupt exception. Also it provides the CPU registers of ISPR and ICPR to set and clear
the interrupt pending bit independently for each interrupt exception. If a pending interrupt is enabled, the NVIC
activates the interrupt based on its priority. If an interrupt is not enabled, asserting its interrupt signal changes
the interrupt state to pending, but the NVIC never activates the interrupt. The PRIMASK register prevents
activation of all exceptions with configurable priority.

Figure 10-3. NVIC Interrupt Control

Interrupt Source EXIC Cortex-MO0 NVIC
. ISPR ISER PRIMASK —
Peripheral Module Interrupt Interrupt ° ° ° Priority
Signal ; : Highest
Module Interrupt Interrupt i : Priority
‘ All Enable Pending e :
Status v :
v v >
(XXX_IEA) 35 9 § 32 o 2 R IRQO
mrmloros or oot 2 £ £ AL L s oloooH 1L |
INT_XXX S S Pending A g N H
o)
Int FI CLR V=
0 : N IRQ31
(XXX_zzz_IE) : 5 _\_‘ Polling
Module Interrupt Event Enable H : Priority
Lowest

é ® @
ICPR ICER IPRO-7

® |Interrupt block conditions
Each interrupt flag is sampled at every system clock cycle. If one of the flags was in a set condition, the
interrupt system will generate a hardware exception and jump to the appropriate service routine as long as it is
not blocked by any of the following conditions.
= The related interrupt enable bit(s) is/are not set.
=— An interrupt of equal or higher priority level is already in progress.

[Notify]: The related interrupt enable bits include the interrupt event enable bit (xxx_zzz_|E), interrupt-all
enable bit (xxx_IEA) of interrupt source module and the interrupt enable bit of NVIC.
® Interrupt priority

The NVIC provides the interrupt priority registers of IPRO ~ IPR7 which provide an 8-bit priority field for each
interrupt, and each register holds four priority fields. This means the number of registers is
implementation-defined, and corresponds to the number of implemented interrupts. These registers are only
word-accessible.

If an interrupt is not enabled, the NVIC never activates the interrupt and is regardless of its priority.

10.5.3. Level-sensitive and pulse interrupts

The NVIC can support both level-sensitive and pulse interrupts. Pulse interrupts are also described as
edge-triggered interrupts.

A level-sensitive interrupt is held asserted until the peripheral releases the interrupt signal. Typically this
happens because the ISR accesses the peripheral, causing it to clear the interrupt request. A pulse interrupt is
an interrupt signal sampled synchronously on the rising edge of the processor clock. To ensure the NVIC
detects the interrupt, the peripheral must assert the interrupt signal for at least one clock cycle, during which the
NVIC detects the pulse and latches the interrupt.

When the processor enters the ISR, it automatically removes the pending state from the interrupt, see
“Hardware and software control of interrupts”. For a level-sensitive interrupt, if the signal is not deasserted
before the processor returns from the ISR, the interrupt becomes pending again, and the processor must
execute its ISR again. This means that the peripheral can hold the interrupt signal asserted until it no longer
requires servicing.

® Hardware and software control of interrupts

The NVIC latches all interrupts. A peripheral interrupt becomes pending for one of the following reasons:

= the NVIC detects that the interrupt signal is active and the corresponding interrupt is not active

= the NVIC detects arising edge on the interrupt signal
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— software writes to the corresponding interrupt set-pending register bit

10.5.4. Hard Fault handling

Hard faults are a subset of exceptions. All faults result in the HardFault exception being taken or cause
lockup if they occur in the NMI or HardFault handler. Only Reset and NMI can preempt the fixed priority Hard
Fault handler. A HardFault can preempt any exception other than Reset, NMI, or another HardFault.

The following table lists hard fault handling events on Cortex®-MO.

Table 10-3. Hard Fault Handling Events on Cortex-MO

Iltem Faults
1 execution of an SVC instruction at a priority equal or higher than SVCall
2 execution of a BKPT instruction without a debugger attached
3 a system-generated bus error on a load or store
4 execution of an instruction from an XN memory address
5 execution of an instruction from a location for which the system generates a bus fault
6 a system-generated bus error on a vector fetch
7 execution of an Undefined instruction
8 execution of an instruction when not in Thumb-State as a result of the T-bit being previously cleared to 0
9 an attempted load or store to an unaligned address
<Note-1> ﬁgrl:gllg:s result in the HardFault exception being taken or cause lockup if they occur in the NMI or HardFault
<Note-2> A HardFault can preempt any exception other than Reset, NMI, or another HardFault.
<Note-3> The hard fault exception handler routine typically resets the system if a hard fault does occur.

10.6. Wakeup Interrupt Controller

The chip includes a Wakeup Interrupt Controller (WIC) which can detect an interrupt or wakeup event from
EXIC and wake the processor from deep sleep mode. The WIC is enabled only when the DEEPSLEEP bit in the
CPU register of SCR is set to 1. The WIC is not programmable, and does not have any registers or user
interface. It operates entirely from hardware signals.

When the WIC is enabled and the processor enters deep sleep mode, the PW controller will power down
CPU. This has the side effect of stopping the SysTick timer. When the WIC receives an interrupt, it takes a
number of clock cycles to wakeup the processor and restores its state before it can process the interrupt. This
means interrupt latency is increased in deep sleep mode.

The following diagram is showing the WIC control block.

Figure 10-4. WIC Control Block
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10.7. External Interrupt Controller

The External Interrupt Controller (EXIC) includes four external port interrupt blocks (EXINT) to manage the
external pin input interrupt events, one wakeup control block for wakeup event control and control the
NMI/RXEV events. The EXIC also do as the interface controller between internal modules and NVIC for the
interrupt and wakeup events management.

[Notify]: The interrupt function of port PE is not supported for MG32F02A132/A072/A032/V032.

The following diagram is showing the EXIC control block.

Figure 10-5. External Interrupt Controller
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<Note-1> The control registers of (EXIC_NMI_SEL) and (EXIC_NMI_MUX) are not supported for MG32F02A132/072.

10.7.1. EXIC Interrupt Control

All of the bits that generate interrupts can be set or cleared by software, with the same result as though it had
been set or cleared by hardware. In other words, interrupts can be generated by software and also the pending
interrupts can be canceled by software.

® |Interrupt Source Identity
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When interrupt events have happened, user can read the EXIC_ID0O ~ EXIC_ID31 registers to check the
interrupt event source and serve the related event by firmware. There is an independent identity bit for each
interrupt source.

Refer the register descriptions of EXIC_SRCO ~ EXIC_SRCY7 for the detail information.
® NMI Control

The chip supports a NMI pin input and sends the non-maskable interrupt (NMI) signal to NVIC. One masked
control register bit of EXIC_EM_NMI is used to mask the NMI signal and one software NMI trigger bit of
EXIC_NMI_SW is used to trigger the NMI for testing. User can select the NMI signal source from external
or internal interrupt events IRQ_Nn by setting EXIC_NMI_SEL register. When selects internal
interrupt events, user also can select the IRQ_Nn signals by setting EXIC_NMI_MUX register.

[Notify]: The NMI MUXs (EXIC_NMI_MUX, EXIC_NMI_SEL registers) are not supported for
MG32F02A132/072. The external [CPU NMI| signal is directly connected to the internal OR gate.

® RXEV and TXEV Control

The chip supports a RXEV pin input and a TXEV pin output by GPIO AFS setting. When the CPU is entering
sleep or deep sleep mode by CPU instruction “WFE” and RXEV input signal is active, the chip will be waked up
after NVIC detects rising edge of the signal RXEV. One masked control register bit of EXIC_EM_RXEYV is used
to mask the RXEV signal.

When the CPU is executing the CPU instruction “SEV”, the chip will send an active pulse to TXEV output pin
by GPIO AFS setting.

® Wakeup Control

The EXIC is built in a wakeup control block to receive the interrupt events from interrupt source and wakeup
events from PW controller. When the chip operates in ON mode, the wakeup control block will pass the interrupt
events to NVIC for interrupt function. When the chip operates in SLEEP mode, the wakeup control block will also
pass the interrupt events to NVIC for SLEEP mode wakeup function. At the time, the interrupt events are using
as wakeup events.

When the chip operates in STOP mode, the wakeup control block will send the wakeup events of PW to
Wakeup Interrupt Controller (WIC) for STOP mode wakeup function. Refer the section of “Wakeup Control” in
System Power chapter for more information about the wakeup function.

User can enable to wake up by only level trigger detection of external interrupt GPIO pins from STOP mode
by setting EXIC_Pxn_OM and EXIC_Px_IEA registers. Refer the following figure of “GPIO STOP Mode Wakeup
Block”, in STOP mode the register setting of EXIC_Pxn_TRGS is no effect and the external GPIO input signal is
bypass the “Edge/Level Select” block through EXIC block to NVIC block. When Pxn_|_INV register is disabled,
the chip will be waked up if the external GPIO input signal(PAx In) is changed to low level. When Pxn_|_INV
register is enabled, the chip will be waked up if the external GPIO input signal(PAx In) is changed to high level.

Figure 10-6. GPIO STOP Mode Wakeup Block

PAX 10 GPAO
Mask :
PAn_I Edgglne_;vel GPA15 T EXINTZ
PAn %o S --»—o/o— O———> CortexMo
(EXIC_PAN_OM) (EXIC_PA_IEA) NVIC
(PA_INVN) (EXIC_PAxX_TRGS) EXIC

<Note> 1: PA={PA,PB,PC,PD, ...} IO Port
2: n=10 Pin index number
3: z= EXINT interrupt index number

MG32-MO User Guide Page-138




megawin MG32-MO0 User Guide V4.6

10.7.2. External Port Input Interrupt

There are four external port interrupt blocks (EXINT) in the EXIC controller to manage the external pin input
interrupt events for GPIO port A, B, C, D and E. Each one of the external port interrupt blocks support that all
pins of one GPIO port can be configured as the interrupt or wakeup event sources and the key pad input. It
provides independent high/low level and rising/falling edge trigger selection by pin independent.

[Notify]: The GPIO port E is not supported interrupt event function for MG32F02A132/072/032.

The EXINT supports the port OR logic for interrupt function and the port AND logic for key board input (KBI)
function. There is one interrupt-all enable bit of EXIC_Px_IEA for each GPIO port.

® External Interrupt Flag

There is one independent interrupt pending flag of EXIC_Pxn_PF for each GPIO pin. The flag is used to
indicate that the event is detected by use configured Interrupt edge or level. It set by hardware and software
write 1 to clear the interrupt pending flag.

® External Interrupt Edge and Level Selection

There is one independent EXIC_Pxn_TRGS register configures the pin change detection level on low /
falling or high / rising event for each GPIO pin. When the register is set 0, it disables external interrupt pending
flag of EXIC_Pxn_PF to be update.

Set the input signal inversion register bit of Px_INVn to select low/high level or rising/falling edge. When
Px_INVn=0, select low level if EXIC_Pxn_TRGS=0x01 and falling edge if EXIC_Pxn_TRGS=0x02. In STOP
mode, this function is forced to level-sensitive operation by hardware however any of the falling edge or rising
edge configurations. (x={A, B, C, D, E}; n= {0~15})

® External Interrupt Mask

For interrupt function, there is a port OR logic to OR all the external interrupt input signals of one GPIO port.
When an external interrupt is detected, the interrupt pending flag of EXIC_Pxn_PF is generated and asserted an
interrupt if the interrupt-all enable bit of EXIC_Px_IEA is enabled. There is an external interrupt OR path
interrupt flag of EXIC_Px_OF to indicate that any of the interrupt events of Px GPIO port is detected. User can
mask any the interrupt input by setting the EXIC_Pxn_OM register for Px GPIO pin independently.

® External KBl Mask

For KBI function, there is a port AND logic to AND all the external KBI input signals of one GPIO port. User
can mask any the KBI input by setting the EXIC_Pxn_AM register for Px GPIO pin independently. When all the
non-masked external KBI input is detected, the AND path KBI detection flag of EXIC_Px_AF is generated and
asserted an interrupt if the interrupt-all enable bit of EXIC_Px_IEA is enabled. There is an inverted control bit of
EXIC_Px_AINV to invert the AND logic output for KBI function.
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The following diagram is showing the external port interrupt block.

Figure 10-7. External Port Interrupt Block

<Note-1> : Set level-trigger if (EXIC_PAx_TRGS)=1 or hardware auto set level-trigger during STOP for chip.
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11. GPL (General Purpose Logic)
11.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The chip builds in one general purpose logic (GPL) module. It provides the combined functions of Data
Order Change, Data Inverse, Parity Check and CRC.

11.2. Features

® Support data inverse, bit order change, byte order change and parity check
= Data bit order change for 8/16/32-bit reverse
= Data byte order change for Little endian to Big endian
— Parity Check for 8/16/32 bit range
® Support CRC (Cyclic Redundancy Check) calculation
— Programmable CRC initial value
— CRC output bit order change
=— CRC computation done in 4/2/1 AHB clock cycles for 32/16/8-bit data
® CRC with fixed common polynomial
= CRCS8 polynomial 0x07
= CRC16 polynomial 0x8005
= CCITT16 polynomial 0x1021
— CRCB32(IEEE 802.3) polynomial 0x4C11DB7
® |nput data are buffered with DMA capability
® Support signed/unsigned 32-bit divider
— Operation in 8 AHB clock cycles
— Division by zero error flag

11.3. Implementation
11.3.1. Chip Implementation

The following table is showing the implemented APB functions of chips.

Table 11-1. GPL Implementation

GPL Module Sub-Functions
Chip Bit Reverse Byte Swap Parity Check Data Inverse CRC Mode Hgirgi‘z::e
MG32F02A132 8/16/32-bit 32-bit 8/16/32-bit \% 32/16/8-bit -
MG32F02A072 8/16/32-bit 32-bit 8/16/32-bit \% 32/16/8-bit -
MG32F02A032 8/16/32-bit 16/32-bit 8/16/32-bit \% 32/16/8-bit -
MG32F02A128/A064 8/16/32-bit 16/32-bit 8/16/32-bit \% 32/16/8-bit 32-bit
MG32F02U128/U064 8/16/32-bit 16/32-bit 8/16/32-bit \% 32/16/8-bit 32-bit
MG32F02V032 8/16/32-bit 16/32-bit 8/16/32-bit \% 32/16/8-bit -
<Note> V: Implemented
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11.4. Control Block

The following diagram is showing the GPL control block.

Figure 11-1. General Purpose logic
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<Note-1> The control register of (GPL_BEND16_EN) is not supported for MG32F02A132/A072.
<Note-2> The Hardware Divider is not supported for MG32F02A132/A072/A032.
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11.5. Clock
11.5.1. GPL Clock Control

® Module Process Clock
The module process clock of CK_GPL_PR is using for the interface control logic between AHB bus and the
module. It is coming from CSC (Clock Source Controller) module. It can be enabled in CSC_GPL_EN register.

In ON mode, the GPL process clock is running only if CSC_GPL_EN register is enabled. In SLEEP mode,
the GPL process clock is running if both CSC_GPL_EN and GPL_DMA_EN registers are enabled. Usually
GPL_DMA_EN register is enabled for CRC data calculation through DMA, the process clock must not stop.
Refer the System Clock chapter for more information. In STOP mode, the GPL process clock is always stopping.

Figure 11-2. GPL Process Clock Control

Clock Source Controller
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 Gate_off Control Module
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S } f| - o (GPL_DMA_EN)---
(CSC_GPL_EN) --- e
Module Clock Enable 'a <Note>
r7|<'| When SLEEP mode and (CSC_GPL_EN) =1,
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Unsupported Clock Running in STOP
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11.6. GPL Function Control

There are one input data register of GPL_DIN and one output data register of GPL_DOUT for the GPL
process. For write operation, the GPL_DIN register is used to write new calculation data. For read operation, this
register is used to read the previous CRC calculation result. The GPL_DOUT register is storing the calculated
process result except parity check function.

11.6.1. Byte Order Change

The GPL can change the byte order of input data for big or little endian format for 32-bit range or 16-bit range.
This process is enabled by setting GPL_BEND_EN and GPL_BEND16_EN register.

[Notify]: The GPL_BEND16_EN regqister is not supported for MG32F02A132/072.

The following diagram is showing the GPL byte order change control block.

Figure 11-3. Byte Order Big/Little Endian Change Diagram
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11.6.2. Bit Order Change
The GPL can change the bit order of input data for 8/16/32-bit reversion. This process is able to select data
size of 8-bit, 16-bit and 32-bit by setting GPL_BREV_MDS register.

The following diagram is showing the GPL bit order reverse change control block.

Figure 11-4. Bit Order Reverse Change Diagram

Bit Order Change - 8bit Range
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D24~D31 | | D16~D23 | | D8~D15 DO~D7
Bit Order Change - 16bit Range
Byte-3 Byte-2 Byte-1 Byte-0 I
D31~D24 | | D23~D16 D15~D8 D7~DO D15 | D14 | D13 | ====n-u- | D2 | D1 | DO |
v v
Byte-3 Byte-2 Byte-1 Byte-0 DO D1 D2 | ecccceea D13 | D14 | D15
D16~D23 | | D24~D31 DO~D7 D8~D15 [p1s[ o1e [ots|
Bit Order Change - 32bit Range
Byte-3 Byte-2 Byte-1 Byte-0 SR
D31~D24 | | D23~D16 | | D15~D8 D7~D0 D31| D30 | D29 | -==---- | D2 | D1 | DO |
\ 4
Byte-3 Byte-2 Byte-1 Byte-0
DO~D7 D8~D15 || D16~D23 | | D24~D31

11.6.3. Data Invert
The GPL can invert the data value from input data and enable by setting GPL_IN_INV register.
11.6.4. Parity Check

The GPL can set the parity check polarity by odd or even in GPL_PAR_POL register and calculate parity
check value from input data. It can output the result simultaneous to GPL_PAR8 OUT, GPL_PAR16_OUT and
GPL_PAR32_OUT bits for 8-bit, 16-bit and 32-bit input data.
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11.6.5. Cyclic Redundancy Check

The CRC (cyclic redundancy check) block is used to get an 8/16/32-bit CRC data code and calculates the
result with data buffer by through a CRC polynomial control block. The CRC block can process continuously with
sequent CRC code and store the last result into data buffer always.

The following diagram is showing the CRC control block.

Figure 11-5. CRC Control Block
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This CRC process is enabled by setting GPL_CRC_EN register and is set the CRC polynomial mode by
setting GPL_CRC_MDS register. The CRC polynomial control block is support following fixed common
polynomial.

Figure 11-6. CRC Polynomials

CRC-CCITT | X*®+ X2+ X°+1

CRC-8 XEEXP+X+1

CRC-16 XX x2+1

CRC_32 X32+X26+X23+X22+X16+X12+Xl1+X10+X8+X7+X5+X4+X2+X+1

The CRC is able to select the input CRC data size of 8-bit, 16-bit and 32-bit by setting GPL_CRC_DSIZE
register. Also user can set the CRC calculation initial value in GPL_CRC_INIT register.

There is one Bit Order Change block to process bit order reversion for the CRC output data. This process is
able to select data size of 8-bit, 16-bit and 32-bit by setting GPL_CRC_BREYV register.
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11.6.6. Hardware Divider

As the ARM® 32-bit Cortex®-MO0 CPU is not built-in the hardware arithmetic divider. Generally user needs to
cost code size to develop the software arithmetic divider function during firmware development for application.
The GPL module is including a 32-bit hardware arithmetic divider. The build-in hardware divider can execute one
32-bit arithmetic division operation in 8 AHB clock cycles. It therefore can save the time and code size to replace
software arithmetic divider function. The hardware divider is supported both unsigned and signed arithmetic
calculation by setting GPL_DIV_TYPE.

User only needs to input the Dividend value and Divisor value to the GPL_DIVIDEND and GPL_DIVISOR
registers. Then user starts the hardware divider operation by setting GPL_DIV_START bit. After eight CPU
clock time, user can get the result of Quotient value and Remainder value in GPL_QUOTIENT and
GPL_REMAINDER registers. Also the hardware divider provides one calculation complement flag GPL_DIVCF
for user using.

Others, a “divider division by zero” error flag GPL_DIVZEF is use to indicate the Divisor value is zero. User
must not input a zero value to the GPL_DIVISOR register.

Figure 11-7. Hardware Divider
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11.7. GPL DMA Operation
11.7.1. DMA Module Configure

When the chip supports a DMA (direct memory access) controller, user can configure the DMA setting of
transferred source/destination devices, channel request arbitration and others in the DMA module before a DMA
data transaction. The DMA source and the destination can be memory or peripheral.

Refer the DMA chapter for more detail information about the DMA module configuration.

11.7.2. GPL DMA Control

After DMA configuration is finished, user needs to set the GPL module DMA enable bit of GPL_DMA_EN.

Finally, the related channel request start bit of DMA_CHn_REQ is necessary to be set to start the DMA
transaction (n = DMA channel index). Then the transferred source/destination devices will assert the RX/TX
request signal to DMA controller and the DMA controller will assert the acknowledge signal to the request
source/destination devices. At the time, the data transferred connection is built for DMA transaction.

The GPL_DMA_EN register bit is used to enable DMA data transfer from DMA source to GPL module for
GPL process. When GPL_DMA_EN bit is enabled, the input data path is switched to DMA destination data path
and replaces the GPL data register input. After DMA operation finished, hardware will automatically disable the
GPL_DMA_EN bit.

When a DMA source and a DMA destination are operating DMA process, the DMA supports an extra GPL
path which data is copied from the destination data and directly sends to GPL to do GPL process. For this
process, the GPL is hardware auto control and is not necessary to enable the GPL_DMA_EN bit. User can
select the DMA channel source for the extra GPL data path by setting DMA_GPL_CHS register.

When the DMA source is the embedded flash and the DMA destination is GPL, user can configure the DMA
transfer bus width 8-bit or 32-bit by setting DMA_FGBUS_SEL register. When the GPL DMA is enabled and
DMA_FGBUS_ SEL=0, the GPL_CRC_DSIZE register is fixed 8-bit setting by hardware. When the GPL DMA is
enabled and DMA_FGBUS_SEL=1, the GPL_CRC_DSIZE register is fixed 32-bit setting by hardware.

[Notify]: The DMA FGBUS SEL register is not supported and is always 8-bit DMA transfer bus width for
MG32F02A132/072.

Figure 11-8. GPL DMA Control Block
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12. DMA (Direct Memory Access)

12.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The chip is built-in a direct memory access controller (DMA) which is used to improve the performance of
data transfer between peripheral and memory, memory to memory and peripheral to peripheral. Data can be
quickly transfer by through DMA without costing any CPU resources.

Notify: The sign of (n= DMA channel index number) is using for Registers, Signals and Pins/Ports in the
descriptions of this chapter. [EX]: DMA_CHn_EN ~ n indicates channel nhumber.

12.2. Features

® DMA transfer management type
= memory-to-memory, peripheral-to-memory, memory-to-peripheral, peripheral-to-peripheral
® 1-5independently configurable channels with dedicated hardware DMA requests
— Access to Memory, APB and AHB Peripherals as source and destination
=— Support SRAM/Flash/EMB as memory source and SRAM/EMB as memory destination
= Peripherals are including of ADCO, DAC, 12Cx, URTX, SPIx, TM36, APX(ASB) and GPL modules
® Built-in two type priority control between channel requests
= Channel request by Round Robin
— Software configurable priority level
® Programmable transfer number of data and up to 65535, 65536 or 131072
® Programmable burst length 1,2,4
® Support transfer loop mode and start address auto reload control
® Provide single/block/demand mode for external pin trigger request

12.3. Implementation
12.3.1. Chip Implementation

The following table is showing the implemented DMA channels of chips.

Table 12-1. DMA Implementation

DMA Channel DMA Memory Source (*1) Transfer

Chip Channels |Channel Index|M-to-M Channel SRAM Flash EMB Max. Number
MG32F02A132 3 0,1,2 0 \% - \ Max. 65535
MG32F02A072 3 0,1,2 0 \% - \ Max. 65535
MG32F02A032 1 0 0 \Y V (*2) - Max. 65536
MG32F02A128/A064 5 0,1,2,3,4 0,3 \% - \ Max. 131072
MG32F02U128/U064 5 0,1,2,3,4 0,3 \% - \ Max. 131072
MG32F02V032 4 0,1,2,3 0,3 \% \% - Max. 65536

<Note> V: Implemented; Only Channel-0, 3 support Memory-to-Memory operation.

*1: Flash cannot be DMA Destination for write access.
*2: Flash cannot be DMA source if CK_AHB >25MH
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12.4. Control Block

The DMA controller (DMA) is used to transfer data between these sources and destinations of AHB
peripheral, APB peripheral, SRAM and external memory. A DMA interrupt block to detect and service for DMA
events. Also the DMA has an arbiter for handling the priority of DMA requests.

Two external pins of |DI\/IA_TRGO| and |DI\/IA_TRGl| are able to input as the trigger signal for DMA data

transaction.

[Notify]: MG32F02A032 does not support DMA TRGI|.

The following diagram is showing the connection diagram of DMA control.
[Notify]: The DAC, EMB modules are not supported for MG32F02A032/V032.

[Notify]: The USB modules is only supported for MG32F02U series.

Figure 12-1. DMA Control Block
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12.5. 10 Lines
12.5.1. 10 Signals
® DMA_TRGn

Itis the DMA external trigger signal input and uses to trigger DMA data transfer for Single mode, Block mode
and Demand mode.

12.5.2. 10 Configure

User must configure the related 10 pins in order to use the IO lines of this module. The 10 operation modes,
output high speed option, pull-high option, output drive strength, IO deglitch filter and input inverse selection are
programmable by pin independent. Please refer the section of “I[O Mode” in GPIO chapter of User Guide for
more detail descriptions of IO mode configuration.

Each IO signal may be mapped and selected on several 10 pins by configuring the 10 AFS matrix. Please
refer the section of “Alternate Function Select” in GPIO chapter of User Guide for more detail descriptions of 10
AFS configuration. About the actual IO pin AFS information, please refer the section of “Pin Alternate Functions
Selected Table” in Pin Description chapter of the chip Data Sheet.

12.6. Enabling and Clock

There is a global enable bit of DMA_EN for all functions of this module. When this bit is disabled, all the DMA
functions are not working.

The module process clock of CK_DMA_PR is using for the interface control logic between AHB bus and
module. It is coming from CSC (Clock Source Controller) module. It can be enabled in CSC_DMA_EN register.

In ON mode, the process clock is running only if CSC_DMA_EN register is enabled. For
MG32F02A132/072/032, the DMA transaction can be operation and the process clock is running during SLEEP
mode if CSC_DMA_EN register is enabled. For MG32F02A128/U128/A064/U064, the DMA transaction can be
operation and the process clock is running during SLEEP mode if both CSC_DMA_EN and CSC_SLP_DMA
register is enabled. In STOP mode, the process clock is always stopping. Refer the System Clock chapter for
more information.

% MG32F02A132/A072/A032
Figure 12-2. DMA Process Clock Control
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Figure 12-3. Module Process Clock Control — DMA
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12.7. Interrupt and Event

There is one signal of INT_DMA to be generated in this DMA module. INT_DMA sends to External Interrupt
Controller (EXIC) to do as an interrupt event.

12.7.1. DMA Interrupt Control and Status

These interrupt flags are using for the interrupt service routine (ISR) flow control. Generally these flags are
set by hardware and software clears them when the serviced job is completed in the related ISR. Each interrupt
flag has one interrupt enable bit. User can enable or disable it. There is one interrupt all enable bit of DMA_IEA
to enable or disable all the interrupt sources for this module.

There is one global interrupt flag status (DMA_CHn_GIF) which is reading only for each DMA channel. This
status bit is asserted to indicate any interrupt event is detected for this channel. Refer the register descriptions of
the related status bits for more information.

12.7.2. DMA Interrupt Flags

Generally these interrupt flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related interrupt flags and interrupt enable bit.

The following diagram is showing the DMA status and interrupt control block. Refer the section of “Chip
Implement” about the supported DMA channel number.

[Notify]: MG32F02A032 is only supported channel-0.

Figure 12-4. DMA Interrupt Control
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® TCF/TC2F

DMA channel transfer complete flag (DMA_CHn_TCF). There is a related interrupt enable register bit of
DMA_CHn_CIE. There is one independent flag and one independent interrupt enable bit for each channel.
When all the DMA transaction date are transferred completely from source to destination, then set this flag. The
TC2F flag (DMA_CHn_TC2F) is the identical flag to TCF flag for the choice by firmware using. All the TCF flags
of every channel are grouped in the DMA_STA register. The TC2F flag is implemented and grouped with THF,
ERRF flag and the related interrupt enable bits in the DMA_CHNA register for each channel independently.

® THF/TH2F

DMA channel transfer half flag (DMA_CHn_THF). There is a related interrupt enable register bit of
DMA_CHn_HIE. There is one independent flag and one independent interrupt enable bit for each channel.
When the DMA transaction date are transferred over the half data from source to destination, then set this flag.
Use can prepare data beforehand for next DMA transfer by the flag asserting. The TH2F flag (DMA_CHn_TH2F)
is the identical flag to THF flag for the choice by firmware using. All the THF flags of every channel are grouped
in the DMA_STA register. The TH2F flag is implemented and grouped with TCF, ERRF flag and the related
interrupt enable bits in the DMA_CHNA register for each channel independently.

® ERRF/ERR2F

DMA channel transfer error flag (DMA_CHn_ERRF). There is a related interrupt enable register bit of
DMA_CHn_EIE. There is one independent flag and one independent interrupt enable bit for each channel.
When all the DMA transaction date are transferred complete for a DMA channel (DMA_CHn_CNT =0) and the
peripheral module is still asserted the DMA request, then the DMA channel transfer error is happened and the
DMA controller sets this flag.

The ERR2F flag (DMA_CHn_ERRZ2F) is the identical flag to ERRF flag for the choice by firmware using. All
the ERRF flags of every channel are grouped in the DMA_STA register. The ERR2F flag is implemented and
grouped with TCF, THF flags and the related interrupt enable bits in the DMA_CHnNA register for each channel
independently.
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12.8. DMA Control

12.8.1. DMA Source and Destination

The DMA controller has maximum 5 independent channels those each one can decide independently to
manage data transactions between the source and the destination. The source and the destination can be
memory or any peripheral. Also each channel has the one DMA source multiplex and one DMA destination

multiplex to decide the DMA source and destination independently.

Specially, there is one extra GPL path which can copy the transferred data from a configured channel and

send to GPL to operate the GPL process (like as CRC).

The following diagram is showing the DMA data transacted connections between source and destination.
[Notify]: Please refer the table of “Chip Implementation Table”in the section of “Applicable Chips” about

MCU chip supported peripheral modules.

[Notify]: The USB modules is only supported for MG32F02U series.

Figure 12-5. DMA Source and Destination Control
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Memory are including of embedded Flash, embedded SRAM and EMB access memory space. Peripherals
are including of ADCO, DAC, 12Cx, URTX, SPIx, TM36 and GPL modules. The ADC module can only to be as

DMA source. The DAC and GPL modules can only to be as DMA destination.
[Notify]: The embedded Flash memory is not supported as DMA source for MG32F02A132/072.

[Notify]: When the embedded Flash memory is as DMA source, the CPU and AHB clock frequency is limited

up to 25MHz for MG32F02A032.
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When the DMA source is selected embedded Flash, the AHB clock divider is limited to set divided only by 1,
2 or 4 by setting CSC_AHB_DIV register for access speed issue.

The following table is showing the memory source support table for DMA channel source and destination.

Table 12-2. DMA Memory Source Support

Memory as DMA Source Memory as DMA Destination

MG32F02U128 MG32F02U128

MG32F02A132 | MG32F02A032 | MG32F02U064 | MG32F02A132 | MG32F02A032 | MG32F02U064

Memory Source | MG32F02A072 | MG32F02V032 MG32F02A128 | MG32F02A072 MG32F02V032 MG32F02A128

Type MG32F02A064 MG32F02A064
SRAM \Y% \% \% \Y% \% v
Flash - V (*1) - - -
EMB \% - \% \% \%

<Sign> "V" = not support , "-" = not support

<Note> *1: Flash cannot be DMA Source if CK_AHB > 25MHz for MG32F02A032.

® DMA Channel Source and Destination Selection

The DMA channel source and destination selection table are identical for all DMA channels. User can
configure the DMA source by setting DMA_CHn_SRC register and DMA destination by setting DMA_CHn_DET

register.

The following tables are showing the selection table and register setting for DMA channel source and

destination.

The suffix of “RX” is meaning that the source data is coming from the module receiving interface. The suffix
of “TX” is meaning that the destination data will be sent to the module transmission interface. Also the suffix of
“‘Read” is meaning that the source data is coming by reading. The suffix of “Write” is meaning that the
destination data will be used to write. The “ADCO_IN” is meaning that the source data is inputted from ADC
conversion output.

The “DAC_OUT” is meaning that the destination data will be outputted to DAC conversion input. The TM36
can send the DMA source data from the timer input capture data and receive the DMA destination data to one of
three timer output compare reload registers.

The following tables are showing the selection tables and register setting for DMA channel source and

destination.

Table 12-3. DMA Channel Source Request Selection

Source Request Select
Channel MG32F02U128
Register Settin MG32F02A132 MG32F02U064
Type (g:Hn e - MGaEOIAOTS MG32F02A032 MeaorO9A126 MG32F02V032
_ MG32F02A064
Memory 0 MEM_Read MEM_Read MEM_Read MEM_Read
1 ADCO_IN ADCO_IN ADCO_IN ADCO_IN
2 12C0_RX 12C0_RX 12C0_RX 12C0_RX
3 12C1_RX - 12C1_RX 12C1_RX
4 URTO_RX URTO_RX URTO_RX URTO_RX
5 URTL_RX URTL_RX URTL_RX URT1_RX
6 URT2_RX - URT2_RX
7 URT3_RX - -
Peripheral 8 SPIO_RX SPIO_RX SPIO_RX SPIO_RX
9 - - -
10 - - USB_RX
11 - - -
12 - - -
13 - - -
14 - - - TM36_IC2
15 TM36_IC3 TM36_IC3 TM36_IC3 TM36_IC3

<Sign>"-" = reserved , CHn: n = channel number, MEM: Memory source ~ Flash/SRAM/EMB
<Note> Only Channel-0,3 support Memory-to-Memory operation
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Table 12-4. DMA Channel Destination Request Selection

Destination Request Select
Channel MG32F02U128
Register Settin MG32F02A132 MG32F02U064
Type iHn - B MG32F02A072 MG32F02A032 MG32F02A128 MG32F02V032
- MG32F02A064
Memory 0 MEM_Write MEM_Write MEM_Write MEM_Write
1 DAC_OUT - DAC_OUT
2 12C0_TX 12C0_TX 12C0_TX 12C0_TX
3 2C1_TX - 12C1_TX 12C1_TX
4 URTO_TX URTO_TX URTO_TX URTO_TX
5 URT1_TX URT1_TX URT1_TX URT1_TX
6 URT2_TX - URT2_TX
7 URT3_TX - -
8 SPIO_TX SPIO_TX SPIO_TX SPIO_TX
9 f f f
Peripheral 10 - - USB_TX
11 GPL_Write GPL_Write GPL_Write GPL_Write
12 TM36_CCOB TM36_CCOB TM36_CCOB TM36_CCOB
13 TM36_CC1B TM36_CC1B TM36_CC1B TM36_CC1B
14 TM36_CC2B TM36_CC2B TM36_CC2B TM36_CC2B
15
16 - - - ASBO_TX
17 - - - ASB1_TX
18 - - - ASB2_TX
19 - - - ASB3_TX
<Sign> "-" = reserved , CHn: n = channel number, MEM: Memory destination ~ SRAM/EMB

<Note> Only Channel-0,3 support Memory-to-Memory operation

® DMA Channel Operation Type Support

The DMA controller supports the channel operation types of memory-to-memory, peripheral-to-memory,
memory-to-peripheral and peripheral-to-peripheral. User can configure the channel operation type by directly
setting channel source and destination. The memory-to-memory DMA transferred operation is only supported
for DMA channel-0, 3.

The following table is showing the supported DMA channel operation types for each channel.

Table 12-5. DMA Channel Operation Type Support

DMA Operation Type Channel 0 Channel 1 Channel 2 Channel 3 Channel 4
Source Destination
Memory Memory \% - - Vv -
Memory Peripheral \% \% \% Y, Y,
Peripheral Memory \% \% \% Y, Y,
Peripheral Peripheral \% \% \% \% \%
<Sign> "V" = not support , "-" = not support

® DMA ADC Transfer

When the DMA source is ADC data output, user can configure the DMA transfer data packet size 16-bit or
32-bit by setting ADCx_DMA_DSIZE register. Please refer the section of “ADC DMA Control” for more
information.

[Notify]: The ADCx_DMA_DSIZE is not supported and is always 32-bit data packet size for
MG32F02A132/072.

® DMA Flash to GPL

When the DMA source is the embedded flash and the DMA destination is GPL, user can configure the DMA
transfer bus width 8-bit or 32-bit by setting DMA_FGBUS_SEL register. When it selects 1BYTE, the byte
number is 1-byte for each transferred data cycle. When it selects 4BYTE, the byte number is 4-byte for each
transferred data cycle. User can set 4BYTE only for flash-to-GPL DMA data transfer. It muse set 1BYTE for
other DMA data transfer conditions. Please refer the section of “GPL DMA Control” for more information.

[Notify]: The DMA FGBUS SEL register is not supported and is always 8-bit DMA transfer bus width for
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MG32F02A132/072.
® DMA Extra GPL Data Path

There is one extra GPL data path which can copy the transferred data from a configured channel and send
to GPL to operate the GPL process (like as CRC). User can enable the extra GPL function and select the DMA

channel by setting DMA_GPL_CHS register. The choice channel processes the DMA operation which one
request source transfers to another destination.

12.8.2. DMA Channel Arbitrator

The DMA controller is built in a channel arbitrator. It provides two type of priority control between channel
requests and user can set by the register of DMA_PRI_MDS. One is the “Round Robin” arbitration and another
is using software configurable “Priority Level”.

[Notify]: MG32F02A032 is not built in the channel arbitrator as it is only supported one DMA channel.

When selects “Round Robin”, the first operation channel is channel-0. The next operation channel will be
changed to channel-1 after channel-0 has finished one burst data transfer. Continuously, the channel will be
changed to channel-2 and then channel-0 in loop.

When selects “Priority Level”, the act is very like as interrupt priority control and the priority level can be set
in DMA_CHn_PLS register for each channel independently.

The following diagram is showing the two types of channel priority control.

Figure 12-6. DMA Channel Select Priority

[Round Robin Mode] [Priority Level Mode]
All channels process by sequence 1. DMA process is preemptive by the channel
channel 0,1,2,... without priority. with highest level setting.

2. When the channels’ priority level are the
same, DMA process is preemptive by fixed
priority (channel number 0>1>2>...).

Priority Highest

PN

12.8.3. DMA Channel Operation

® DMA Channel Enable

Each DMA channel has a channel enable bit of DMA_CHn_EN for operation control. When this bit is
disabled, this DMA channel operation is not working and goes to channel reset state. There is a pseudo control
bit DMA_CHn_ENB for each channel and it is identical to DMA_CHn_EN register bit. All the pseudo control bits
of all channels are implemented in a same register of DMA_CRO for firmware easy using.

® DMA Channel Transferred Burst Size

Each DMA channel can be configured the transferred burst data size by setting independent

DMA_CHn_BSIZE register. The burst data size is the sequential data byte number which cannot be interrupted
by channel arbitration during transferred cycle.

The value of burst data size can be 1/2/4-byte that is configured by peripheral buffer size or EMB bus width.
Refer the table of “DMA Transfer Number / Start Address and Burst Size Setting Note” for more information. For
example, the burst size cannot set to one-byte if the EMB bus width is 16-bit.

® DMA Channel Transferred Total Byte Number

Priority Low Priority Middle
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Each DMA channel can be configured the transferred total data byte number in every time of DMA data
transferred process by setting independent DMA_CHn_NUM register. Value 0 is meaning that 65536 or 131072
data to be transferred and OxFFFF is transferred 65535 or 131071 data. This register value must equal the
integer multiples of DMA_CHn_BSIZE setting size. By chip supported functions, the total byte number of DMA
channel-0 and channel-3 can be supported up to 131072 if these channels are support embedded flash memory
as DMA source. Refer the section of “Chip Implement” about the supported DMA channel functions.

[Notify]: The value 0 of DMA CHn NUM reqister is meaning that no data to be transferred for
MG32F02A132/072.

The DMA controller provides the channel independent total counter value register of DMA_CHn_CNT which
can be reading to indicate the remaining bytes to be transmitted for user. This register is decreased by the burst
size number in DMA_CHn_BSIZE register after each DMA burst transfer.

® DMA Channel Source and Destination Start Address

When the channel operation type is memory-to-memory, peripheral-to-memory, memory-to-peripheral, each
DMA channel can be configured the source or/and destination memory start address in every time of DMA data
transferred process by setting independent DMA_CHn_SSA and DMA_CHn_DSA registers. When the DMA
source or destination is peripheral, the related memory start address register of source or destination is no
effect.

Refer the table of “DMA Transfer Number/Start Address and Burst Size Setting Note”, the source and
destination memory start address must be Word alignment if the burst size is four-byte. The same, they must be
Half-Word alignment if the burst size is two-byte.

The DMA controller provides the channel independent source and destination memory address registers of
DMA_CHn_SCA and DMA_CHn_DCA which can be reading to indicate the memory transfer current address
for user. The address operation range is limited in a 64K aligned address space. When the address is operating
over the 64K boundary, the address is rolling up to 0x0000 of the 64K aligned address space. By chip supported
functions, the address operation range of DMA channel-0 and channel-3 can be supported up to 128K if these
channels are support embedded flash memory as DMA source. Refer the section of “Chip Implement” about the
supported DMA channel functions.

The transferred address of source and destination can be automatically increased or not change after each
burst transfer complete by setting DMA_CHn_SINC and DMA_CHn_DINC for each channel independently.

When enables the address auto increment, user can select the increased mode of “Normal” or “SKIP3”
mode by setting DMA_CHn_ADSEL register. When selects “Normal”, the address will be sequential increment 1.
When selects “SKIP3”, the Lsb two-bit word address is increased from 0-to-1, 1-to-2 and 2-to-0 but skip address
3.

Table 12-6. DMA Transfer Number/Start Address and Burst Size Setting Note

Burst Size Transfer Number Memory Start Address Peripheral EMB
(Byte) CHn_NUM CHn_SSA CHn_DSA Buffer Size (Byte) | Bus Width (Bit)
CHn_BSIZE Integer Multiples of|Address alignment |Address alignment (suggestion) (suggestion)
One 1 Byte Byte 1,2,3,4 8
Two 2 Half-Word Half-Word 2,4 8,16
Four 4 Word Word 4 8,16

<Signh> CHn : n = channel number

® DMA Channel Synchronous Operation

Each DMA channel can be enabled the synchronous operation of data transfer for DMA source-to-DMA
controller and DMA controller-to-DMA destination by setting independent DMA_CHn_SSYNC and
DMA_CHn_DSYNC registers. When the source process clock frequency equals to DMA process clock
frequency, suggests enabling this bit to improve DMA performance. Also it is the same for destination.

® DMA Channel Loop Mode

Each DMA channel can be enabled the DMA data transaction loop mode by setting independent
DMA_CHn_LOORP register. When enables, the number of transaction data is automatically reloaded with the
initial value after previous DMA data transaction is completed and the DMA requests will be continuous. In the
condition, the DMA data counter in DMA_CHn_CNT register will be reloaded automatically by DMA_CHn_NUM
register. When disables, there is no DMA request to be served after the last DMA data transaction.

For firmware flow control, user can set the last loop command in the DMA TCF flag interrupt service routine
at the previous TCF active before last loop DMA transaction by setting channel independent DMA_CHn_LAST
register. Then the DMA controller will disable the loop function and stop DMA transaction after last data
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transferred is complete and TCF flag is asserted. User needs clear this register bit of DMA_CHn_LAST for next
time using.

[Notify]: The control register(s) of DMA CHn LAST is/are replaced by using SYS CHn LAST for
MG32F02A132/072.

The DMA loop mode is available for a sequential data transaction and loop data transferred operation which
is like as ADC channel scan operation. For the ADC channel scan operation, the DMA can transfer the ADC
conversion data to SRAM from channel-0 to channel-15. Continuously, the channel-0 ADC data of next loop will
write to the same address as previous channel-0 data writing. And it is the same for channel-1, 2, 3 ... 15.

12.8.4. DMA SRAM Using

DMA can access any embedded SRAM memory space which is including of all of the Main SRAM, DMA
SRAM and USB SRAM. The SRAM memory is located at the base address of 0x20000000. The USB SRAM is
addressed start at 0x3000 0000 and is only implemented for MG32F02U series.

When both the CPU and the DMA controller access the same memory address of internal embedded SRAM
in a same time, the CPU is higher priority than the DMA controller for SRAM memory access. When the CPU
gets the SRAM memory access control, the DMA controller will hold until the CPU releases the SRAM memory
access control. And the DMA controller can go on to access SRAM for DMA data transaction until next time
interrupt by CPU access command.

In order to improve the performance of DMA data transaction, the SRAM memory space is designed to
separate to two block — upper 2K-bytes and lower SRAM. Strongly suggests user to arrange the upper 2K-bytes
SRAM for DMA transaction and lower SRAM for software using. The upper 2K-bytes SRAM is located at the
fixed base address of 0x20003800.

[Notify]: The separated two SRAM block design is not supported for MG32F02A072/A032/V032.

Certainly, user can plan any memory space of SRAM for software using or DMA transaction and no
hardware limit. For example, one MCU with total 16K-bytes SRAM can be planned all bytes of SRAM for
application firmware using or upper 2K-bytes SRAM as DMA buffer and lower 14K-bytes SRAM as application
firmware using.

Figure 12-7. DMA SRAM Using Suggestion

Upper SRAM 2KB) }eep oo

0x2000 3800 ; ‘
'Independent SRAM Blocks to |

'improve processing 3

SRAM < 'performance for CPU and DMA |
Space Lower SRAM ‘operation in the same time. }

\. __0x2000 0000

[Upper 2KB]
1. Strongly suggest to use upper 2KB SRAM as DMA transfer 1* data buffer.
2. Use for firmware parameter and data buffer if does not request DMA.
[Lower SRAM]

1. Suggest to use lower SRAM for firmware parameter and data buffer.
2. If it is necessary that use partial of lower SRAM as DMA transfer 2" data buffer.
Additionally the DMA transfer performance is reduced by CPU operation for this SRAM.
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12.9. DMA Transaction

12.9.1. DMA Transaction Configuration and Sequence

® Prepare DMA Transaction
Prior to starting the DMA transaction, the user should:

= Configure the processing Peripheral module if the channel operation type is peripheral-to-memory,
memory-to-peripheral or peripheral-to-peripheral.

= Enable the DMA process clock by setting CSC_DMA_EN register.
= Turn on the DMA hardware by setting the DMA_EN bit.

= Select the channel priority mode “Round Robin” or “Priority Level” if the chip is supported in
DMA_PRI_MDS register

If the DMA source or destination is peripheral or EMB module, the peripheral module must be configuration
finished. Also the DMA controller and the operation channel must configure those registers are descripted in
“‘DMA Control” section. And user needs to set the module’s DMA enable bit(s) (Like as XXX_DMA_RXEN,
XXX_DMA_TXEN or XXX_DMA_EN). (‘"XXX’ = peripheral module name)

® DMA Channel Selection
Refer the section of “DMA Source and Destination” for more information about the DMA channel.

— Enable the DMA transaction channel by setting the DMA_CHn_EN bit.

= Set the DMA transfer complete interrupt enable in the DMA_CHn_CIE and DMA_IEA bits.

= Select the DMA channel source and destination in DMA_CHn_SRC and DMA_CHn_DET registers.
= Configure the DMA transfer burst size by setting DMA_CHn_BSIZE register.

— Configure the DMA transfer data count initial number by setting DMA_CHn_NUM bit.

— Configure the DMA source and/or destination start address by setting DMA_CHn_SSA and
DMA_CHn_DSA bits.

— Enable DMA Channel loop mode if request it by setting DMA_CHn_LOOP bit

® DMA Transaction Start

When the DMA controller and the processing peripheral are configuration complete, user needs to set the
related channel request start bit of DMA_CHn_REQ is necessary to be set to start the DMA transaction. This
DMA_CHn_REQ bit is auto clear by hardware after DMA data transaction is complete.

After a data transfer event, the transferred source/destination device will assert the RX/TX request signal to
DMA controller. By channel arbitrator control, the DMA controller will service the request depending on the
channel arbitration priority and assert the acknowledge signal to the request source/destination device. At the
time, the data transferred connection is built for DMA transaction. The request source/destination device will
release the request when it gets the acknowledge signal from the DMA controller and transfers the transaction
data. When all transaction data are transferred complete by repeat the same process, the DMA transfer data
counter in DMA_CHn_CNT is equal to 0 and the DMA controller will be active the TCF flag.

12.9.2. DMA Transaction under SLEEP

Normally, the DMA transaction is configured and started processing on the ON mode. The DMA controller
can support the DMA transaction to be continuously processing during SLEEP mode for the channel operation
types of memory-to-memory if CSC_DMA_EN register is enabled beforehand chip entering SLEEP mode.

For the channel operation types of peripheral-to-memory, memory-to-peripheral and peripheral-to-peripheral,
also user can plan the DMA transaction to be processing during SLEEP mode if the module clock of the
peripheral has planned running on SLEEP mode by setting the SLEEP mode clock enable CSC_SLP_xxx
register beforehand chip entering SLEEP mode. When the chip is entering SLEEP mode, the DMA transaction
can be kept going to transfer the data until the DMA transaction complete.
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12.9.3. Peripheral DMA RX Request and Acknowledge

After the DMA controller and the peripheral module are configuration complete for DMA data transaction.
When the peripheral module receives data from external device by through the communication interface, the
peripheral module will assert the DMA request to DMA controller. By DMA controller operation, it will send the
DMA acknowledge to the peripheral module to notify the DMA request is receipted. And the DMA request will be
released by the peripheral module. Then the DMA data transaction is starting from peripheral module to
destination by through DMA controller. Repeat the processes until all data are transferred complete. At last, the
DMA controller sends a DMA done signal to the peripheral module to end the DMA data transaction.

During the DMA transaction cycle, the received data flag of XXX_RXF of DMA source device is masked by
hardware.

Figure 12-8. Peripheral DMA RX Request and Acknowledge Control Timing

F[Module Signhals]

(Data control flow flags are masked during DMA process)
RX flag

......

|
|
|
RX transfer data !
(Receive data)i*2i : .

...... : \

DMA_RXEN
(Register bit)

DMA_Req
L(RX Request)

DMA_Ack
(RX Acknowledge)

DMA_Done
(DMA transfer finished) ()C) I
< DMA Operation: >

[DMA Signals] i

T
\

<Note-1> : Data flow control interrupt flags for 12Cx,URTx,SPIx,ADCx peripheral modules.
<Note-2> : Peripheral module receive data from I/O interface.
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12.9.4. Peripheral DMA TX Request and Acknowledge

As same as “Peripheral DMA RX Request and Acknowledge”, the DMA data transaction is processing the
same for peripheral module TX operation. When the DMA controller transfers the last data to the peripheral
module, the DMA controller sends a DMA done signal to the peripheral module to end the DMA data transaction.
And the peripheral module will transmit the last data to external device by through the communication interface.

During the DMA transaction cycle, the transmitted data flag of XXX_TXF of DMA destination device is
masked by hardware. In general, the transmitted complete flag of XXX_TCF will be asserted after the finished of
DMA transaction.

Figure 12-9. Peripheral DMA TX Request and Acknowledge Control Timing

r[l\/lodule Signals]
TXTCF
(Module TCF) {*3} ()()
TX flag (Data control flow flags are masked during DMA process)

'””I”J CQ '””I“J
DMA_TXEN

(Register bit) ~— <

DMA_Req
L(TX Request)

(Q
J)

[DMA Signals]

DMA_Ack
(TX Acknowledge)

N

DMA_Done
(DMA transfer finished) ()C)
< DMA Operation

\ 4

<Note-1> : Data flow control interrupt flags for 12Cx,URTx,SPIx,DAC peripheral modules.
<Note-2> : Peripheral module transmit data to 1/O interface.
<Note-3> : Transfer complete flag for URTx,SPIx peripheral modules.

12.9.5. Peripheral DMA Transaction Hold

For DMA data flow control or some unexpected conditions, the firmware can directly force to hold the DMA
data transaction by setting channel independent register of DMA_CHn_HOLD.

When one channel hold is enabled, the DMA controller will transfer completely for current burst transaction
data if the related DMA channel is data transfer processing now. Then this DMA channel data transfer operation
is holding and the channel operation is changing to next channel by arbitration priority control. This DMA
channel keeps holding for DMA data transaction until this control bit of DMA_CHn_HOLD is disabled by
firmware.
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12.9.6. Peripheral Interrupt Flag Control

There are three types control for the peripheral module interrupt flags during the DMA process.
® Mask the Flag during DMA Process
= Usually for data flow control interrupt flags
® DMA Disable after the Flag asserted
— Usually for error detection interrupt flags

® Normal Co

ntrol

— the flags are independent of DMA process

% MG32F02A132/A072

The following table is showing the peripheral module DMA interrupt flag control for MG32F02A132/072.

Table 12-7. Peripheral Module Interrupt Flag Control for DMA — MG32F02A132/072

Mask the Flag DMA Disable
Action| during DMA after the Flag Normal Control
Process asserted (*1)
Peripheral (Data flow flags) |[(Error/Detect flags) (Other flags)
12Cx_RXF 12Cx_TSCF
I2Cx_TXF -
12Cx_RSTRF 12Cx_ROVRF
12Cx I2Cx_EVENTF [2Cx_ERRF(*1) I2Cx_TMOUTF 120x STOPF I2Cx_TOVRF
I2Cx_BUFF [2Cx_STPSTRF(*1) I2Cx_WUPF ~ I2Cx_NACKF
I2Cx_CNTF
- I2Cx_ALOSF
I2Cx_ERRCF 120x BERRF
I2Cx_SADRF -
UURRT%‘;SBASTT:F URTx_ROVRF
URTx_ERRF - URTx_TXEF
URTX_TCF (*2) | URTx BKF(*3) URTx_UGF URTx_TMOF URTX_RXTMOF
URTxX URTx_RXF * URTx_CALCF
URTx_TXF (*2) URTx_IDLF(*4) URTx_LSF URTx PEF URTx_IDTMOF
- URTx_CTSF(*5) - URTx_BKTMOF
URTx_FEF URTX_CALTMOF
URTx_NCEF -
SPIX_TCF (*2) SSP;TX—'\CVOEDFF
SPIx SPIx_RXF S SPIx_IDLF
SPIx_TXF (2) SPIx_ROVRF
- SPIx_TUDRF
ADCxX_ESMPF ﬁggi—%ﬁ ADCx_SUMOF
ADCx ADCx_E1CNVF ADCx WDIF ADCx_SUMCF
* —
ADCx_ESCNVF(*2) ADCx WDHF ADCx_SUMOVRF
DAC DAC_RDYOF (*2) DAC_UDROF
TM36_CFOA/OB TM36_EXF
TM36 TM36_CF1A/1B TM36_TOF TM36_TOF2 ;&";g—é%éi
TM36_CF2A/2B TM36_TUF TM36_TUF2 TM36 BKE
TM36_CF3A/3B TM36 DIRCF -
EMB EMB_WPEF
<Note> *1: When the flag is asserted, it will not force peripheral DMA disabled if the related interrupt enable bit is not

*2:
*3:

*4:

*5:

enabled. Specially, the flag asserted that will force peripheral DMA disabled for I2Cx_ERRF or

12Cx_STPSTRF however the related interrupt is enabled or not.

This flag will be asserted after DMA TX complete.
When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled.
At the same time, the URTx DMA TX is disabled or not by URTx_DDTX_EN setting.
When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled.
But URTx DMA TX will be not.
When the flag is asserted, it will force URTx DMA TX disabled if the related interrupt enable bit is enabled.
But URTx DMA RX will be not. Generally user sets CTS hardware auto control mode (URTx_CTS_EN=1)
and will not enable the URTx_CTS_IE, URTx will hold the transmission and not disable URTx DMA TX

when detects the CTS active.
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«* MG32F02A032

The following table is showing the peripheral module DMA interrupt flag control for MG32F02A032.

Table 12-8. Peripheral Module Interrupt Flag Control for DMA — MG32F02A032

Mask the Flag DMA Disable
Action| during DMA after the Flag Normal Control
Process asserted (*1)
Peripheral (Data flow flags) |[(Error/Detect flags) (Other flags)
12Cx_RXF I2Cx_TSCF
I2Cx_TXF =
I2Cx_RSTRF 12Cx_ROVRF
12Cx I2Cx_EVENTF [2Cx_ERRF(*1) I2Cx_TMOUTF 120x STOPF I2Cx_TOVRF
I12Cx_BUFF I2Cx_STPSTRF(*1) I2Cx_WUPF — I2Cx_NACKF
I2Cx_CNTF
- I2Cx_ALOSF
I2Cx_ERRCF 120x BERRF
I2Cx_SADRF -
UURRT%SBAF?TRFF URTx_ROVRF
URTx_ERRF - URTx_TXEF
* — —_
URTX_TCF (*2) URTx_BKF(*3) URTx_UGF URTx_TMOF URTx_RXTMOF
URTxX URTx_RXF URTx_CALCF
URTx_TXF (-2) URTx_IDLF(*4) URTx_LSF URTX PEF URTx_IDTMOF
- URTx_CTSF(*5) - URTx_BKTMOF
URTx_FEF URTx_CALTMOF
URTx_NCEF -
SPIx_TCF (*2) SSPF',’I‘X—'\C\?EDFF
SPIx SPIX_RXF 5 SPIx_IDLF
SPIx_TXF (*2) SPIx_ROVRF
- SPIx_TUDRF
ADCx_ESMPF ﬁgg;(_\?v\tl)RL'; ADCx_SUMOF
ADCx ADCx_E1CNVF(*6) ADCx WDIF ADCx_SUMCF
* —
ADCx_ESCNVF(*2) ADCx WDHF ADCx_SUMOVRF
TM36_CFO0A/0OB TM36_EXF
TM36 TM36_CF1A/1B TM36_TOF TM36_TOF2 ;Mgg—é%éi
TM36_CF2A/2B TM36_TUF TM36_TUF2 TM36 BKF
TM36_CF3A/3B TM36_DIRCF -
<Note> *1: When the flag is asserted, it will not force peripheral DMA disabled if the related interrupt enable bit is not

*2:
*3:

*4:

*5:

*6:

enabled. Specially, the flag asserted that will force peripheral DMA disabled for I2Cx_ERRF or

12Cx_STPSTRF however the related interrupt is enabled or not.

This flag will be asserted after DMA TX complete.
When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled.
At the same time, the URTx DMA TX is disabled or not by URTx_DDTX_EN setting.
When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled.
But URTx DMA TX will be not.
When the flag is asserted, it will force URTx DMA TX disabled if the related interrupt enable bit is enabled.
But URTx DMA RX will be not. Generally user sets CTS hardware auto control mode (URTx_CTS_EN=1)
and will not enable the URTx_CTS_IE, URTx will hold the transmission and not disable URTx DMA TX

when detects the CTS active.
When ADCx_DMA_MDS is disabled, the ADCx_E1CNVF flag is masked during DMA process. When

ADCx_DMA_MDS is "Keep", the ADCx_E1CNVF flag is normal and does not mask during DMA process.
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*%* MG32F02A128/U128/A064/U064

The following table is showing the peripheral module DMA interrupt flag control for
MG32F02A128/U128/A064/U064.

Table 12-9. Peripheral Module Interrupt Flag Control for DMA — MG32F02A128/U128/A064/U064

Mask the Flag DMA Disable
Action during DMA after the Flag Normal Control
Process asserted (*1)
Peripheral (Data flow flags) |[(Error/Detect flags) (Other flags)
12Cx_RXF I2Cx_TSCF
12Cx_TXF -
12Cx_RSTRF 12Cx_ROVRF
12Cx I2Cx_EVENTF 12Cx_ERRF(*1) 12Cx_TMOUTF oo STOPE I2Cx_TOVRF
I2Cx_BUFF  |I12Cx_STPSTRF(*1)|  12Cx_WUPF - 12Cx_NACKF
12Cx_CNTF
— I2Cx_ALOSF
12Cx_ERRCF I2Cx_BERRF
I2Cx_SADRF —
UURRT%‘;SBAF?TRFF URTx_ROVRF
URTX_ERRF - URTX_TXEF
* g —
URTx_TCF (*2) URTx_BKF(*3) URTx_UGF URTx_TMOF URTx_RXTMOF
URTx URTx_RXF . URTx_CALCF
URTx_TXE (2) URTx_IDLF(*4) URTx_LSF URTx PEE URTx_IDTMOF
- URTX_CTSF(*5) - URTX_BKTMOF
URTx_FEF URTx_CALTMOF
URTx_NCEF —
SPIx_TCF (*2) SSPF',’I‘X—'\C\?EDFF
SPIx SPIx_RXF o ROVRE SPIx_IDLF
SPIX_TXF (*2) SPIx_RO
- SPIx_TUDRF
ADCxX_ESMPF ﬁggi—\?v\éﬁ ADCx_SUMOF
ADCx ADCx_EICNVF(*6) |\ Z=0= 1o ADCx_SUMCF
* —
ADCX_ESCNVF(*2)|  A0e DHE ADCx_SUMOVRF
DAC DAC_RDYOF (*2) DAC_UDROF
TM36_CFOA/OB TM36_EXF
TM36 TM36_CF1A/1B TM36_TOF TM36_TOF2 ;Mgg_é%éi
TM36_CF2A/2B TM36_TUF TM36_TUF2 TM35 BKE
TM36_CF3A/3B TM36_DIRCF —
EMB_WPEF
EMB EMB_BWEF
EMB_IAEF
USB_SOF USB_SUSF USB_STOVWnF
USB_EDOVWnF
USB_ESOF USB_RSMF —
USB_EPnF USB_RSTF USB_SETUPNF
USB_ERRF - - USB_RXNAKnF
USB_RXDnF - USB_OVRF USB_RWKF —
USB - USB_BUSF = - USB_RXSTLNF
USB_TXDnF - USB_SETUPF USB_BSUSF -
USB_LPMF USB_ISOOVWnF
USB_NORSF USB_SE1F
USB_ TXNAKnF
USB_BTSF USB_LPMSTF USE TXSTLNE
USB_CRCF USB_LPMNYF ([ ce' 46 0TxENF

<Note> *1: When the flag is asserted, it will not force peripheral DMA disabled if the related interrupt enable bit is not
enabled. Specially, the flag asserted that will force peripheral DMA disabled for I2Cx_ERRF or
12Cx_STPSTRF however the related interrupt is enabled or not.

*2: This flag will be asserted after DMA TX complete.

*3: When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled.
At the same time, the URTx DMA TX is disabled or not by URTx_DDTX_EN setting.

*4: When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled.
But URTx DMA TX will be not.

*5: When the flag is asserted, it will force URTx DMA TX disabled if the related interrupt enable bit is enabled.
But URTx DMA RX will be not. Generally user sets CTS hardware auto control mode (URTx_CTS_EN=1)
and will not enable the URTx_CTS_IE, URTx will hold the transmission and not disable URTx DMA TX
when detects the CTS active.

*6: When ADCx_DMA_MDS is disabled, the ADCx_E1CNVF flag is masked during DMA process. When
ADCx_DMA_MDS is "Keep", the ADCx_E1CNVF flag is normal and does not mask during DMA process.
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< MG32F02V032

The following table is showing the peripheral module DMA interrupt flag control for MG32F02V032.

Table 12-10. Peripheral Module Interrupt Flag Control for DMA — MG32F02V032

Mask the Flag DMA Disable
Action during DMA after the Flag Normal Control
Process asserted (*1)
Peripheral (Data flow flags) (Error/Detect flags) (Other flags)
12Cx_RXF 12Cx_TSCF
12Cx_TXF -
12Cx_RSTRF 12Cx_ROVRF
12Cx 12Cx_EVENTF I2Cx_ERRF(*1) I2Cx_TMOUTF oo STOPE I2Cx_TOVRF
12Cx_BUFF 12Cx_STPSTRF(*1)|  12Cx_WUPF - I2Cx_NACKF
I2Cx_CNTF
- 12Cx_ALOSF
12Cx_ERRCF I2Cx_BERRF
I2Cx_SADRF —
UURJ%‘X—SBAQTRFF URTx_ROVRF
URTx_ERRF - URTX_TXEF
* — —
URTX_TCF (*2) URTX_BKF(*3) URTx_UGF URTx_TMOF URTx_RXTMOF
URTX URTx_RXF . URTx_CALCF
URTx_TXE (2) URTx_IDLF(*4) URTX_LSF URTx PEE URTX_IDTMOF
- URTx_CTSF(*5) - URTx_BKTMOF
URTx_FEF URTx_CALTMOF
URTx_NCEF —
oy | TR
SPIX SPIX_RXF = SPIX_IDLF
SPICTXE SPIX_ROVRF
- SPIX_TUDRF
ADCx_ESMPF ﬁggi—\?\/\éﬁ ADCx_SUMOF
ADCx ADCx_E1CNVF(*6) DGy WDIE ADCx_SUMCF
* —
ADCx_ESCNVF(*2) ADCx WDHE ADCx_SUMOVRF
TM36_CFOA/OB TM36_EXF
TM36 TM36_CF1A/1B TM36_TOF TM36_TOF2 ;Mgg—é%éi
TM36_CF2A/2B TM36_TUF TM36_TUF2 TM35 BKE
TM36_CF3A/3B TM36_DIRCF —
APX_ASBn_TCF (*2)
APX APX_ASBn_TXF (*2) AP)((n—_%Cl')'”F
(n=0,1,2,3) -

<Note> *1: When the flag is asserted, it will not force peripheral DMA disabled if the related interrupt enable bit is not

enabled. Specially, the flag asserted that will force peripheral DMA disabled for I2Cx_ERRF or 12Cx_STPSTRF
however the related interrupt is enabled or not.

*2: This flag will be asserted after DMA TX complete.

*3: When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled. At
the same time, the URTx DMA TX is disabled or not by URTx_DDTX_EN setting.

*4: When the flag is asserted, it will force URTx DMA RX disabled if the related interrupt enable bit is enabled. But
URTx DMA TX will be not.

*5: When the flag is asserted, it will force URTx DMA TX disabled if the related interrupt enable bit is enabled. But
URTx DMA RX will be not. Generally user sets CTS hardware auto control mode (URTx_CTS_EN=1) and will
not enable the URTx_CTS_IE, URTx will hold the transmission and not disable URTx DMA TX when detects
the CTS active.

*6: When ADCx_DMA_MDS is disabled, the ADCx_E1CNVF flag is masked during DMA process. When
ADCx_DMA_MDS is "Keep", the ADCx_E1CNVF flag is normal and does not mask during DMA process.
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12.10. DMA External Request Trigger Input

The DMA supports two external pins of DMA TRG0land DMA_TRG1] which can input as the DMA request
trigger signal for DMA data transaction. There are three types of control mode for external request trigger input.
User can enable and select Single mode, Block mode or Demand mode by setting DMA_CHO_XMDS register
for each channel independently.

Notify: The Demand mode is not supported peripheral-to-peripheral DMA transfer.

When enables the DMA external trigger mode, each DMA channel can be configured the trigger signal input
from [DMA TRGO| or DMA TRGI| pin by setting independent DMA_CHn_ XPIN register.

As following diagram, it is showing the control timing of Single mode, Block mode and Demand mode.

Figure 12-10. DMA External Request Trigger Input Timing

[Single Mode] i Fy -
DMA_TRGn
(DMA Request) ()C)

DMA_ACK

(DMA Acknowledge) ()()
DMA DMA DMA
Operation Operation Operation

[Block Mode] i
DMA TRGxnh DMA stop by DMA count =0 | ¥~

(DMA Request) ()()

DMA_ACK
(DMA Acknowledge)
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A
\ 4

(C (C
[Demand Mode] D)) ' D)

DMA_TRGn Multiple active

(DMA Request) ———— ! pulses

DMA_ACK
(DMA Acknowledge)

¢«—DMA Operation-——»

<Note> 1: DMA_TRGn ~ DMA request signal from pin
2: n= DMA request trigger pin number
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13. EMB (External Memory Bus)

13.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The chip has built in an external memory bus (EMB) controller to access the external devices of SRAM,
NOR/NAND-flash and 8080 interface LCD. The EMB controller supports address bus and data bus multiplex
mode. Also, it provides two address latch enable signals to support the multiple control of the address and data
cycle.

13.2. Features

® Support SRAM, NOR/NAND-flash, LCD interface
® Support synchronous or asynchronous timing mode control
® Support 8/16-bit data width
® Support multiple types of address and data multiplex mode
® Provide optional 16/24/30-bit address mode
— Memory space 2G/32M/128K-byte for 16-bit data width
- Memory space 16M/64K-byte for 8-bit data width
® Support byte write in 16-bit data width mode
® Configurable time cycle for address latch time and data access time
® Received and transmitted data are buffered with DMA capability
- External memory space acts as same as embedded memory for DMA
® Allow running CPU code on external SRAM

13.3. Implementation
13.3.1. Chip Implementation

The following table is showing the implementation of EMB module.

Table 13-1. EMB Implementation

EMB Bus EMB Interface Modes
Chip Package | Buswidth | o0 VA | AODIIA T epiimap | ADEMA | IOOIMA ) ghitmaD
MG32F02A132 LQFP80/64 16-bit Y, Y, \Y, - - -
MG32F02A072 LQFP64 16-bit Y, Y, \Y, - - -
MG32F02A072 LQFP48 Not Implemented
mgg;:ﬁg;@ggg All Not Implemented
MG32F02A128/U128| LQFP80/64 8/16-bit \ \% \% \% \ \%
MG32F02A064/U064| LQFP64 8/16-bit \ \% \% \% \ \%
MG32F02A064/U064| LQFP48 Not Implemented
<Note> V: Implemented

MA: dedicated Memory Address , MD: dedicated Memory Data ,
MAD: Memory Address and Data multiplexed
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13.4. Control Block

The EMB controller is including of the AHB interface logic and the external memory bus 10 interface block,
16-bit data buffer and one bus timing generator. The EMB 10 interface block is used to control the address, data
and command signals for external devices. The bus timing generator inputs the MCLK clock and output the
programmable time sequence for EMB 10 interface block.

[Notify]: MG32F02A132/A072 is only supported 16-bit memory bus interface.

The following diagram is showing the EMB controller block.

Figure 13-1. External Memory Bus Controller

External Memory Bus Controller
CK_AHB ( CK_EMB I Prescaler » XCLK
B 1-8 External Memory clock
EMB_CK_PSC
( - T ) EMB IO Interface
Block
] (EMB_WEN) MCLK I:
(EMB_BW_EN) Control MELK
g g g Feomoees = 0 MBW MBWO
S P o XADDRO » @ 3 | Control MBW1 m
® 2o © 3 b
552 |, XWRITE » &2 | [TMWE | [MWE o
25 |z 2 MOE MOE 5
a (@ § _ Control .
z| © % XA[15:0] MAIL50 5
cPU KAHB BusY 2 =S NE » > 0 =
o) 3 >| - MAM1 =
D o % c %
o — =|=
= (EMB_BUS_DSIZE) A MAD[15:8] 3
«--- (EMB_ADR_SEL) 5|2 MADI[7:0] >,
xD[15:0] |&|9 &
) [15:0] |&|9 2
< Data Buffer A2 = H MALE o
E o MALE ®
— Data Control Control
— —)|I\/IALE2
Timing o MCE
NEEX Generator “] Control @

1. Support AHB 8/16/32-bit transactions
2. Support external memory 8/16-bit data bus
3. Support byte-write function for 16-bit memory device

13.5. 10 Lines
13.5.1. 10 Signals
® MCLK

It is the external memory bus clock signal and uses as output signal for external synchronous SRAM, NOR
flash or other memory devices.

® MCE

It is the chips enable or select signal and uses as output for the external memory bus.
® MOE

It is the output enable (OE) or read strobe (RD) signal and uses as output for the external memory bus.
® MWE

It is the write enable (WE) or write strobe (WR) signal and uses as output for the external memory bus.
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® MALE

It is the address latch enable (ALE) or data/command select (DC) signal and uses as output for the external
memory bus.
® MALE2

It is the 2nd address latch enable (ALE2) or command latch enable (CLE) signal and uses as output for the
external memory bus.
® MBWO

It is the byte write enable 0 or the least significant bit of the address signal and uses as output for the
external memory bus.
® MBW1

It is the byte write enable 1 signal and uses as output for the external memory bus.
® MAM1

It is the least significant bit of the address signal and uses as output for the 8-bit external memory bus.

® MA[0..15]
They are the memory address output signals for the external memory bus.

® MADI0..15]

They are the data bidirectional signals for the external memory bus. Also they can use as the multiplex
signals of address and data those can use MALE/MALEZ2 control signal to distinguish the address and data.

13.5.2. 10 Configure

User must configure the related 10 pins in order to use the IO lines of this module. The 10 operation modes,
output high speed option, pull-high option, output drive strength, IO deglitch filter and input inverse selection are
programmable by pin independent. Please refer the section of “IO Mode” in GPIO chapter of User Guide for
more detail descriptions of IO mode configuration.

Each 10 signal may be mapped and selected on several IO pins by configuring the 10 AFS matrix. Please
refer the section of “Alternate Function Select” in GPIO chapter of User Guide for more detail descriptions of 10
AFS configuration. About the actual IO pin AFS information, please refer the section of “Pin Alternate Functions
Selected Table” in Pin Description chapter of the chip Data Sheet.

13.6. Enabling and Clock

13.6.1. EMB Global Enable

There is a global enable bit of EMB_EN for all functions of this module. When this bit is disabled, all the EMB
functions are not working.

13.6.2. EMB Clock Control

® Module Process Clock
The module process clock of CK_EMB_PR is using for the interface control logic between AHB bus and the
module. It is coming from CSC (Clock Source Controller) module. It can be enabled in CSC_EMB_EN register.
In ON mode, the process clock is running only if CSC_EMB_EN register is enabled. User can plan the
module clock is running or not beforehand for chip entering SLEEP mode by setting CSC_SLP_EMB register. In
STOP mode, the process clock is always stopping. Refer the System Clock chapter for more information.

Figure 13-2. EMB Process Clock Control

Clock Source Controller

i Process Clock Control Module

.

®
&
®
o
=

PW_SLP

(CSC_SLP_EMB)
PW_STP

<Note>
(CSC_EMB_EN) : Module Clock Enable
(CSC_SLP_EMB) : SLEEP Mode Clock Enable

IMO 9INT 2SI

(CSC_EMB_EN)---
Module Clock Enable
Unsupported Clock Running in STOP
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® Module Internal Clock

The EMB internal clock is coming from AHB clock of CK_AHB. The clock frequency can be divided by 1~8
through a clock prescaler to do as the external memory bus output clock MCLK. The MCLK clock is also used
as the time base clock for EMB timing generator. User can set the clock prescaler by setting EMB_CK_PSC
register.

13.7. Interrupt and Event

There is one signal of INT_EMB to be generated in this EMB control module. INT_EMB sends to External
Interrupt Controller (EXIC) to do as an interrupt event.

Figure 13-3. EMB Interrupt Control

(EMB_BWE_IE)

I

I

lllegal byte write error BWEF :
(EMB_IEA) |
O " O—> INT_EMB |
I

I

I

I

-I: (EMB_WPE_IE)
(EMB_IAE_IE) EMB Control
lllegal address access IAEF — o Interrupt

error

[
[
I
[
[
| Write protect error WPEF O/ o—>
I
[
[
I

13.7.1. EMB Interrupt Control and Status

These interrupt flags are using for the interrupt service routine (ISR) flow control. Generally these flags are
set by hardware and software clears them when the serviced job is completed in the related ISR. Each interrupt
flag has one interrupt enable bit. User can enable or disable it. There is one interrupt all enable bit of EMB_IEA
to enable or disable all the interrupt sources for this module.

One busy flag of EMB_BUSYF is used to indicate the data transfer busy status. Refer the register
descriptions of the status bit for more information.

13.7.2. EMB Interrupt Flags

Generally these interrupt flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related interrupt flags and interrupt enable bit.
® WPEF

EMB bus write-protect error detect flag (EMB_WPEF). There is a related interrupt enable register bit of
EMB_WPE_IE. When EMB write access is disabled (EMB_WEN=0) and operates an EMB write process, this
flag is asserted.

® BWEF

EMB bus byte-write error flag (EMB_BWEF). There is a related interrupt enable register bit of
EMB_BWE_IE. When user configure 16-bit EMB data bus (EMB_BUS_DSIZE=16-bit) and EMB write access is
enabled (EMB_WEN=1) but byte-write access is disabled (EMB_BW_EN=0), this flag is asserted if operates an
EMB byte-write process.
® |AEF

EMB bus access illegal address error detection flag (EMB_IAEF). There is a related interrupt enable register
bit of EMB_IAE_IE. The flag is asserted when CPU access out of the EMB_ADR_SEL setting address in the
EMB 2GB memory space.

[Notify]: The BWEF and IAEF are only supported for MG32F02A128/U128/A064/U064.
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13.8. EMB 10 Control

The EMB provides 8-bit/16-bit data signals — , maximum 16-line address signals — [VIA[15:0],
chip select signal — ” data output enable signal — |VIOE|, data write enable signal — M\WE], two address latch
enable signals — MALEJMALEZ2], byte write enable signals — I\/IBWO|/I\/IBW1 and output clock signal — .
The MAD[15:0]| signals are able to output address or data signals for address and data multiplex mode.

The EMB supports 10 signal inversion, swapping and source selection for user easy design. The EMB
interface 10 can force to software control mode for [VICE|, [MOE], (MWE], [MBWO|, MBW1], MALE], [MALE2| outputs.

13.8.1. EMB Clock and Command Signals Control

The clock can be inverted by setting EMB_CLK _INV register. For application, user can select the
output signal source from WE generator or timer TM10/16/20 clock output by setting EMB_WE_MUX
register. Also user can select the output signal source from WE generator or timer TM10/16/20 clock
output by setting EMB_OE_MUX register. All the signals are come from TMx timer modules.

The following diagram is showing the EMB module 10 signals control of MCLK, MWE and MOE.

Figure 13-4. EMB Module 10 Control - MCLK, MWE, MOE

- MCLK
EMB_CLK_INV
=z ( = _7) Internal MCLK Prescaler
00« INV |« 1~8
x
__|||IMCLK Control
— EMB Write Enable WE
z B Generator
l_gn C M TM10 Clock Out
U le TM10_CKO
| % TM16 Clock Out TM16 CKO
< TM20 Clock -
K 0 Clock Out TM20_CKO
B EMB_WE_MUX
(EMB_WE_MUX) WE Control
B EMB Output Enable OE
_ B Generator
o) M
T™M1 lock
o U e 0 Clock Out TM10_CKO
X TM16 Clock Out
< TM20 Clock Out B
p TM20_CKO
(B EMB_OE_MUX
(EMB_OE_MUX) OE Control

The MCE|, [MALE and |[VALEZ outputs can be inverted by setting EMB_CE_INV, EMB_CLK_ALE and
EMB_ALE2_INV registers. The EMB_CE_SWEN register is used to enable output by software
control. When enables, user can directly control the output by setting EMB_CE_SWO register. For and
outputs, user can enable software control by setting EMB_ALE_SWEN and EMB_ALE2_SWEN
registers. When enables, also user can directly control the output by setting EMB_ALE_SWO and
EMB_ALE2 SWO registers.

For PCB routing or external device request, user can select the output signal source from CE
generator, ALE generator or ALE2 generator by setting EMB_CE_MDS register. Also user can select the
output signal source from ALE generator or ALE2 generator by setting EMB_ALE2_MDS register.

For [VBW0| and [VIBW1] outputs, user can enable software control by setting EMB_BWO0_SWEN and
EMB_BW1_SWEN registers. When enables, also user can directly control the output by setting
EMB_BWO_SWO and EMB_BW1_SWO registers.

For 8-bit memory bus, user can enable EMB internal memory address A-1 signal output by setting The
EMB_MAM1_EN register. The bit is only effective if EMB bus is 8-bit (EMD_BUS_DSIZE=0). When
EMB_MAM1_EN is enabled, the address LSB is MAM1 pin. When EMB_MAMZ1_EN is disabled, the address
LSB is MAO.
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The EMB_MAM1_SEL register is used to select output pin of the internal memory lowest address bit of A-1
signal. The signal can be no output or output to [ViB\W1] and [VALEZ]. Refer the register descriptions of
EMB_MAM1_SEL for more information.

The following diagram is showing the EMB module 10 signals control of MCE, MALE, MALE2, MBWO,
MBW1 and MAM1.

Figure 13-5. EMB Module IO Control - MCE, MALE, MALE2, MBW0O, MBW1, MAM1
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O O« D
@ ol EMB_CE X le
MCE Control (EMB_CE_MDS)
(EMB_ALE_INV) ¢ (EMB_ALE_SWEN)
: v
= v T~ (EMB_ALE_SWO)
=% INV ole EMB_ALE L] A
" N Generator
(EMB_ALE2_MDS)
(EMB_ALE2_INV) f====== (EMB_ALE2_SWEN)
5 Y M [
jz> 4 T |- (EMB_ALE2_SWO) U
— O INV B EMB_ALE2 O« x le ALE2
0 0 < O’: Generator
— |[MALE Control A
R (EMB_BWO_SWEN) :
g P (EMB_BWO_SWO)
< EMB_BWO ;
5 Loje = : BWO
o (EMB_MAM1_SEL) ------ +
f Address
(=] pemneenes (EMB_BW1_SWEN) : Command
w© v ! Decoder
< P (EMB_BW1_SWO) v
< ole EMB_BW1 O« BW1
Ser ~ :o<—c AO
z
L—I||MBWn Control

The EMB supports 10 signal inversion for MCLK, MCE, MALE and MALE2 by setting EMB_CLK_INV,
EMB_CE_INV, EMB_ALE_INV and EMB_ALE2_INV register.
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The following diagram is showing the programmable polarity timing of EMB clock and control signals.

Figure 13-6. EMB Clock and Control Signals Polarity
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13.8.2. EMB Address and Data Signals Control

For [MBW0| and [VIBW1| outputs, user can enable software control by setting EMB_BWO0_SWEN and
EMB_BW1_SWEN registers. When enables, also user can directly control the output by setting
EMB_BWO_SWO and EMB_BW1_SWO registers.

The EMB_MA_SWP register is used to enable to do Msb/Lsb signal swap for the signals of [VIA[15:0]|. The
EMB_MAD_SWP register is used to do Msb/Lsb signal swap for the signals of [VI/AD[15:0]|. The
EMB_MAD_BSWP register is used to do byte-swap for the [VIAD[15:8]| and [VIAD[7:0]| signals.

The following diagram is showing the EMB module 10 signals control of MA and MAD.

Figure 13-7. EMB Module IO Control — MA, MAD
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13.8.3. Signal Mapping Suggestion for External Devices

The EMB module is able to access the external devices of SRAM, NOR/NAND-flash and 8080 interface LCD.
The following table is showing the suggested signal mapping of EMB interface and external device.

Table 13-2. EMB Interface and Device Pin Mapping

Device SRAM NOR NAND LCD RAM
Signal | 16-bitdata | 8-bitdata (*5)| 16-bit data S'béis‘gata 1ot S'bgsd)ata 1ol 8'bE£5d)ata
MCLK CLK CLK (3) - :

MA[15:0] A[15:0] A[15:0] A[15:0] Al15:0] - i
MADI[15] DQ[15] ; DQI15)/A-1 ; DQ[15] i DB[15] -
MAD[14:8]]  DQ[14:8] - DQ[14:8] - DQ[14:8] - DB[14:8] -
MADI7:0] DQI[7:0] DQI[7:0] DQI[7:0] DQI7:0] DQ[7:0] | DQ[7:0] DBJ[7:0] DB[7:0]
MCE CE# CE# CE# /CS (1)
MWE WE# WE# WE# WR
MOE OE# OE# RE# JRD
MALE ADSP# ADV# (3) ALE (*1) RS (1)
MALE2 ; RST# (*1) CLE (1) RESET (*1)
MBWO BWO BYTE# - i
MBW1 BW1 WP% (1) WP% (1) i
GPIO MODE =0 RY/BY# (*4) RY/BY# i

<Note> *1: Output control directly by software mode register setting
*2: Any unused GPIO pin (input)
*3: Only for synchronous NOR

*4: Only for asynchronous NOR
*5: MG32F02A132/072 is not supported 8-bit data bus.
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13.9. EMB Memory Control
13.9.1. EMB Memory Space

The maximum memory space size of EMB is 2G-byte. The EMB memory space is located at the CPU base
address 0x6000 0000.

The EMB supports optional data bus 8/16-bit data width and optional 16/24/30-bit address mode. User can
set data width by setting EMB_BUS_DSIZE register and address range by setting EMB_ADR_SEL register.

The maximum memory space size of external device is 2G/32M/128K-byte for 16-bit data width or
16M/64K-byte for 8-bit data width. Except the configuration of 16-bit data width and 30-bit address mode which
costs all 2G-byte space, others are filled the repeat pseudo memory space with identical content of 15t EMB
memory space in the EMB 2G-byte space.

[Notify]: The 8-bit data width is only supported for MG32F02A128/U128/A064/U064.

The following diagram is showing the CPU memory map for external device.

Figure 13-8. EMB Memory Map

CPU Address  Linear Logical Address Size EMB Address Range
System Device 512MB 16-bit Data Bus 8-bit Data Bus
XN
OxE000 0000 |Private Peripheral Bus Space
External
< Device External Device Slpise
XN
(. _0xA000 0000 2G
Byte (EMB_MAML_EN)
r A N\
=1 =0 =1 =0
(Enable) (Disable) (Enable) (Disable)
1GB
External RAM
< External RAM Space
32M 32M
Byte Byte | 16M
0x6000 0000 128K Byte Byte |12s«Byte '—|64K Sy

Peripheral
AHB/APB Devices | | 212MB 30-bit 24-bit 16-bit 24-bit 16-bit
Space Address Address Address Address Address

0x4000 0000
SRAM 512MB v J
Space (EMB_ADR_SEL)
0x2000 0000
Code 512MB
Flash Space
0x0000 0000

<Note-1>: XN ~ eXecute Never

13.9.2. AHB to External Memory Transactions

AHB bus supports 8/16/32-bit data width and EMB supports 8/16-bit data width. When CPU executes the
instruction command and the access memory space is located at the EMB space, the EMB will automatically
process the data transactions between CPU and external memory/device by user configuration. User can acts
the external memory or device as same as internal embedded memory only if the EMB has been initialized to
valid configuration.

Before the EMB data transactions, user needs to initialize the fundamental configurations about the EMB
data bus width, EMB address mode, EMB address and data multiplex mode, EMB write protection and EMB
timing setting.
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The EMB write access error is necessary to avoid which CPU executes the instruction with 8-bit data write
and writes to 16-bit data bus of external device but the device does not support 8-bit write access. Refer the
section of “EMB Write Protection” for more information.

The following diagram is showing the data transaction between AHB bus and external device.

Figure 13-9. EMB AHB to External Memory Transactions

External Memory Bus External 8-bit
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Cmd |
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(1) One 8-bit Access Cycle if external memory support
Byte-Write function or combined two 8-bit devices.

(2) Assert “Byte-Write error flag” EMB_BWEF if external
memory not support Byte-Write function.

8-bit eoeessssd

The following table is showing the capability of data transaction between AHB bus and external device. The
EMB supports to access the external memory of SRAM, NOR/NAND-flash with 8-bit or 16-bit data bus. The
SRAM and NOR-flash are supported both synchronous and asynchronous timing. But the NAND-flash is only
supported asynchronous timing.

Table 13-3. EMB AHB to External Memory Supported Transactions

Device | Mode | Jeron [ABTER [ ACE® | Mrewes | e
Sync/Async 16 32 R/W Yes 2
SRAM 16 R/W Yes 1
8 R Yes 1
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not support Byte-write

w No 1 function

Sync/Async 8 (*1) 32 R/W Yes 4

16 R/W Yes 2

8 R/W Yes 1

Sync/Async 16 32 R/W Yes 2

16 R/W Yes 1

8 R Yes 1

not support BYTE#
NOR w No 1 functiopnp

Sync/Async 8 (*1) 32 R/W Yes 4

16 R/W Yes 2

8 R/W Yes 1

Async 16 32 R/W Yes 2

16 R/W Yes 1

8 R Yes 1

not support Byte-write
NAND W No 1 functiopnp 4

Async 8 (*1) 32 R/W Yes 4

16 R/W Yes 2

8 R/IW Yes 1

<Note> *1 : Memory data size 8 is not supported for MG32F02A132/072

13.9.3. EMB Write Protection

The EMB supports the write protection function for external memory or device. User can enable or disable
the write access by setting EMB_WEN register. When EMB write access is disabled (EMB_WEN=0) and
operates an EMB write process, one write-protect error detect flag of WPEF (EMB_ WPEF) is asserted.

The EMB also support the byte-write protection to avoid to writes 8-bit data to an unsupported 8-bit write
access device with 16-bit data bus. User can enable or disable the byte-write access by setting EMB_BW_EN
register. When user configure 16-bit EMB data bus (EMB_BUS_DSIZE=16-bit) and EMB write access is
enabled (EMB_WEN=1) but byte-write access is disabled (EMB_BW_EN=0), this byte-write error detect flag of
BWEF (EMB_ BWEF) is asserted if operates an EMB byte-write process.

Refer the table of “EMB AHB to External Memory Supported Transactions®. The 16-bit data bus NAND-flash
is not supported the byte-write function, so user must set byte-write access control to disable (EMB_BW_EN=0).

13.9.4. EMB Timing Control

The EMB is built in a timing generator to generate the EMB output signals. It provides multiple timing states
and programmable timing cycle for external device flexible design.

User can program the time cycles of taLes, taLew, taLen, taces, tacew, tacch, tioLe in the unit of MCLK clock time
by register setting of EMB_ALES, EMB_ALEW, EMB_ALEH, EMB_ACCS, EMB_ACCW, EMB_ACCH,
EMB_IDLE. The time cycles of taccH can be set in EMB_ACCS register for write access and is forced to zero
time by hardware for read access. The time cycles of tipLe is forced to zero time between two 16-bit EMB data
access for a 32-bit data CPU instruction. It is forced to one MCLK clock time after last 16-bit EMB data access
for a 16-bit or 32-bit data CPU instruction.

The EMB can support both synchronous and asynchronous data transactions for external device. User
needs to set synchronous timing for synchronous type device in EMB_SYNC_EN register.

The and output timing are able to configure two control modes of “TOGGLE” and “LOW”. When
sets “TOGGLE” mode, the signal will active at the data access cycle (State-8 in following diagram). When sets
“Low” mode, the signal will active at beginning (State-1 in following diagram).

The following diagram is showing the EMB access control timing state. State-0 is idle state. State-1, 4, 7 are
setup time state. State-2, 5 are pulse width time state. State-8 is access data time state. State-3, 6, 9 are hold
time state.

User can configure the multiplex address phase number by setting EMB_BUS_MDS and EMB_ADR_TWO
registers. Refer the section of “EMB Address and Data Interface Mode” for more information. When selects one
multiplex address phase, State-1, 2, 3 are disappeared. When selects no multiplex address phase, State-1, 2, 3,
4,5, 6 are all disappeared.
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The following diagram is showing the EMB access control timing state.

Figure 13-10. EMB Access Control Timing State

shall €D G €3 €5 G € €5 G GO €

1 1
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- 1 1
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_ N T
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MBW1 >< Byte write/Byte# command
i i
[Data Write] i i
1 1
MADI[15:0] . ) /
MADI[7:0] _‘X High Address >< Low Address >< Write data |
i i i i
i i ; i
MWE _ 1 | I} |
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—_ | | 1 )
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MOE i i E' i
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[Data Read] ! ! ! !
MADI[15:0] ! \ \ ! :
. . ]
MADI[7:0] —X High Address >< Low Address >———< Read Data >—E—K:
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1 1 | 1
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® (EMB_OE_CTL)=0 i i / i'-._‘ i
1 1 | I | I,
| | ] ]
— i i ] i
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<Note-1> taccr can be set in (EMB_ACCH) for write access and is forced to zero time by hardware for read access.

<Note-2> tioe is (1) forced to zero time between two 16-bit EMB data access for a 32-bit data CPU instruction
(2) forced to one MCLK clock time after last 16-bit EMB data access for a 16-bit or 32-bit data CPU instruction.
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13.10.

EMB Address and Data Interface Mode

The EMB supports six types of address and data interface modes. They include four types of address and
data multiplex modes. These modes are including of “16bit-MA + 16bit-MD*, “16bit-MA + 8bit-MD “, “16bit-MA +
8bit-MAD “, “8bit-MAD with 2 Adr “, “16bit-MA + 16bit-MAD “, “16bit-MAD with 2 Adr “. (Adr: address phase)

User needs to select one mode by setting EMB_ADR_TWO, EMB_BUS_DSIZE and EMB_BUS_MDS
register. The EMB_BUS_MDS register is used to select the EMB bus address and data which is “Multiplex” or

“Separated”.

The EMB_ADR_TWO register is used to enable two multiplex address phase timing mode. When disables,
it will be no multiplex address phase if EMB_BUS_ MDS sets “Separated” and one multiplex address phase if
EMB_BUS_MDS sets “Multiplex”. When enables, it will be two address phase and EMB_BUS_MDS must be

“Multiplex”.

The EMB_BUS_DSIZE register is used to set the EMB data width of 8-bit or 16-bit. The EMB_ADR_SEL
register is used to select address range of 16-bit, 24-bit and 30-bit.

The following table is showing the EMB Address/Data Interface mode register setting.

Table 13-4. EMB Address/Data Interface Mode Setting

EMB Setting Register Memory
Space
Interface Mode BUS(;El))S'ZE ADR_TWO | BUS_MDS | ADR_SEL MA?ﬂi)—EN (thes)
16bit-MA + 16bit-MD 1 0 1 0 X 128K
16-bit data | O phase Adr | separated 16-bit Adr
16bit-MA(HAdr) + 16bit-MAD(LAdr+Data) 1 0 0 0,1,2 X 128K 32M
16-bit data | 1 phase Adr | multiplexed 16’22"(;3;0'b't 2G
16bit-MAD with 2 Adr (HAdr+LAdr+Data) 1 1 0 1,2 X 39M. 2G
16-bit data | 2 phase Adr | multiplexed |24,30-bit Adr ’
16bit-MA + 8bit-MD  (*1) 0 0 1 0 0 (Disable) 64K
8-bit data | O phase Adr | separated 16-bit Adr | 1 (Enable) 128K
16bit-MA(HAdr) + 8bit-MAD(LAdr+Data) 0 0 0 0.1 0 (Disable)| 64K,16M
(1) : ,
8-bit data | 1 phase Adr | multiplexed |16,24-bit Adr| 1 (Enable) | 128K, 32M
8bit-MAD with 2 Adr (HAdr+LAdr+Data) 0 1 0 0 0 (Disable) 64K
(*1)
8-bit data | 2 phase Adr | multiplexed | 16-bit Adr | 1 (Enable) 128K

<Sign> x: don't care

MA: Memory address , MAD: Memory address and data multiplexed ,

MD: Memory data ,

<Note> *1: It is not supported for MG32F02A132/072

HAdr: High address , LAdr: Low address
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The following table is showing the EMB internal signal and external signal mapping by difference EMB

interface modes and memory size for user reference. User can refer the EMB control block for more information.

Table 13-5.

EMB Internal and External Signal Mapping

Data |Memory | Register EMB Interface
Interface Mode
Bus | Space [vMAMI1_EN| EMB Pin | MA[15:0] | MAM1 | MAD[15:8] | MAD[7:0] | MALE |MALE2| MBWO | MBW1 | MCLK | MCE MWE MOE
16bit-MA Internal | XA[16:1] XD[15:8] | XD[7:0] XBWO | XBW1 | XCLK | XCE XWE XOE
) 128KB X
+ 16bit-MD Device Pin| A[15:0] DQ[15:8] | DQ[7:0] BWO | BW1 | MCLK |CE#, /ICS|WE#, IWR|OE#, /IRD
XA[16:9] | XA[8:1]
Internal XALE XBWO | XBW1 | XCLK | XCE XWE XOE
XD[15:8] | XD[7:0]
128KB
o Al15:8] A[7:0]
Device Pin ALE BWO | BW1 | MCLK |CE#, /ICS|WE#, IWR|OE#, /IRD
DQ[15:8] | DQ[7:0]
) XA[16:9] | XA[8:1]
16bit-MA(HAdr) Internal |0,XA[24:17] XALE XBWO | XBW1 | XCLK | XCE XWE XOE
) XD[15:8] | XD[7:0]
+ 16bit-MAD 32MB
o Al15:8] A[7:0]
(LAdr+Data) Device Pin| 0,A[23:16] ALE BWO | BW1 | MCLK |CE#, /CS|WE#, IWR|OE#, /IRD
DQ[15:8] | DQ[7:0]
XA[16:9] | XA[8:1]
Internal |0,XA[30:17] XALE XBWO | XBW1 | XCLK | XCE XWE XOE
XD[15:8] | XD[7:0]
2GB
16-bit . . ) A[15:8] A[7:0]
Device Pin| 0,A[29:16] ALE BWO | BW1 | MCLK |CE#, /ICS|WE#, IWR|OE#, /RD
DQ[15:8] | DQ[7:0]
X
0x00 | XA[24:17]
Internal XA[16:9] | XA[8:1] | XALE | XALE2 | XBWO | XBW1 | XCLK | XCE XWE XOE
XD[15:8] | XD[7:0]
32MB
- A[23:16]
) ) Device Pin Al15:8] A[7:0] ALE | ALE2 | BWO | BW1 | MCLK |CE#, /ICS|WE#, WR|OE#, /RD
16bit-MAD with bois:8] | DOf7:0]
2 Adr (HAdr+ OXA[30:25] XA[24'-17]
LAdr+Data) ' ) ’
Internal XA[16:9] | XA[8:1] | XALE | XALE2 | XBWO | XBW1 | XCLK | XCE XWE XOE
XD[15:8] | XD[7:0]
2GB
0,A[29:24] | A[23:16]
Device Pin Al15:8] A[7:0] ALE | ALE2 | BWO | BW1 | MCLK |CE#, /ICS|WE#, WR|OE#, /RD
DQ[15:8] | DQ[7:0]
Internal | XA[15:0] XD[7:0] XBWO XCLK | XCE XWE XOE
64KB Disable
16bit-MA Device Pin| A[15:0] DQ[7:0] BWO MCLK |CE#, /ICS|WE#, WR|OE#, IRD
+ 8bit-MD Internal | XA[16:1] XAO XD[7:0] XBWO XCLK | XCE XWE XOE
128KB Enable
Device Pin| A[15:0] |MA-1(*1) DQ[7:0] BWO MCLK |CE#, /ICS|WE#, WR|OE#, /RD
XA[7:0]
Internal | 0,XA[15:8] YO[7-0] XALE XBWO XCLK | XCE XWE XOE
64KB | Disable A7(-)
Device Pin| A[15:8] Dé[%_(])] ALE BWO MCLK |CE#, /ICS|WE#, \WR|OE#, /RD
XA[8:1]
Internal | 0,XA[16:9] | XAO XD[7-0] XALE XBWO XCLK | XCE XWE XOE
128KB | Enable A[7-6]
16bit-MA(HAdr) Device Pin| 0,A[15:8] |MA-1 (*1) DQ[%O] ALE BWO MCLK |CE#, /ICS|WE#, WR|OE#, /RD
+ 8bit-MAD -
XA[7:0]
(LAdr+Data) Internal | XA[23:8] XD[7-0] XALE XBWO XCLK | XCE XWE XOE
16MB | Disable A[7-6]
8-bit Device Pin| A[23:8] DQ[%_O] ALE BWO MCLK |CE#, /ICS|WE#, \WR|OE#, IRD
*Q =
2) XA[8:1]
Internal | XA[24:9] XAO XD[7-0] XALE XBWO XCLK | XCE XWE XOE
32MB | Enable A[7‘é)]
Device Pin| A[23:8] |MA-1 (*1) DQ[%_O] ALE BWO MCLK |CE#, /ICS|WE#, WR|OE#, /RD
XA[15:8]
Internal XA[7:0] | XALE | XALE2 | XBWO XCLK | XCE XWE XOE
XD[7:0]
64KB Disable
A[15:8]
) ) Device Pin A[7:0] ALE | ALE2 | BWO MCLK |CE#, /ICS|WE#, WR|OE#, /RD
8bit-MAD with
DQ[7:0]
2 Adr (HAdr+ XALL6-9]
LAdr+Data) )
Internal XAO XA[8:1] | XALE | XALE2 | XBWO XCLK | XCE XWE XOE
XD[7:0]
128KB Enable
A[15:8]
Device Pin MA-1 (*1) A[7:0] ALE | ALE2 | BWO MCLK |CE#, /ICS|WE#, \WR|OE#, /RD
DQ[7:0]

<Note> *1: MA-1 signal can output from MAM1, MBW1 and ALE2 pin.

*2: MG32F02A132/072 is not supported 8-bit data bus and MAML1 output.
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13.10.1. EMB 16bit MA and 16bit MD

This mode is configured to separated 16-bit address and 16-bit data. The address mode is only 16-bit
address space. There is no timing state-0, 1, 2, 3, 4, 5 and 6.

Figure 13-11. EMB Address/Data Interface — 16bit MA + 16bit MD
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Reg | ADR_TWO | BuUs DSIzE | BUS_MDS | ADR_SEL

Value 0 1 1 0
one address 16bit separated 16bit
phase databus address/data  gqqress

Figure 13-12. EMB Address/Data Timing — 16bit MA + 16bit MD

Access Timing ( X X X )
State ! 8 e 0

MCE

(EMB_CE_INV=0)
(Optional Signal)

[Data Write]

_
MAD[15:0] >< Write data >—<:

MWE
(EMB_WE_CTL)=0

[Data Read]

]
— i
MAD[15:0] —4< Read Data H
1
— - I |
MOE
(EMB_OE_CTL)=0 ',"

I
i
v
|
— !
MA[15:0] X Memory Address X
i
]
|

MG32-MO0 User Guide Page-182




megawin MG32-MO0 User Guide V4.6

13.10.2. EMB 16bit MA and multiplexed 16bit MD

This mode is configured to independent 16-bit address and multiplexed 16-bit address/data with one
address latch signal of MALE. The address mode can select 16-bit, 24-bit or 30-bit address space. There is no
timing state-0, 1, 2 and 3.

Figure 13-13. EMB Address/Data Interface — 16bit MA + 16bit MAD
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Figure 13-14. EMB Address/Data Timing — 16bit MA + 16bit MAD
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13.10.3. EMB Multiplexed 16bit MAD with 2 Address Phase

This mode is configured to multiplexed 16-bit address/data with two address latch signals of MALE and
MALEZ2. The address mode can select 16-bit, 24-bit or 30-bit address space.

Figure 13-15. EMB Address/Data Interface — 16bit MAD with 2 Address Phase
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Figure 13-16. EMB Address/Data Timing — 16bit MAD with 2 Address Phase
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13.10.4. EMB 16bit MA and 8bit MD

This mode is configured to separated 16-bit address and 8-bit data. The address mode is only 16-bit address

space. There is no timing state-0, 1, 2, 3, 4, 5 and 6.

Figure 13-17. EMB Address/Data Interface — 16bit MA + 8bit MD
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Figure 13-18. EMB Address/Data Timing — 16bit MA + 8bit MD
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13.10.5. EMB 16bit MA and multiplexed 8bit MAD

This mode is configured to independent 16-bit address and multiplexed 8-bit address/data with one address
latch signal of MALE. The address mode can select 16-bit or 24-bit address space. There is no timing state-0, 1,

2 and 3.

Figure 13-19. EMB Address/Data Interface — 16bit MA + 8bit MAD
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Figure 13-20. EMB Address/Data Timing — 16bit MA + 8bit MAD
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13.10.6. EMB Multiplexed 8bit MAD with 2 Address Phase

This mode is configured to multiplexed 8-bit address/data with two address latch signals of MALE and
MALEZ2. The address mode is only 16-bit address space.

Figure 13-21. EMB Address/Data Interface — 8bit MAD with 2 Address Phase
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Figure 13-22. EMB Address/Data Timing — 8bit MAD with 2 Address Phase
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13.11. EMB Device Interface and Timing

The EMB controller supports to access the external devices of SRAM, NOR/NAND-flash and 8080 interface
LCD. User can initialize the fundamental configurations about the EMB data bus width, EMB address mode,
EMB address and data multiplex mode, EMB write protection and EMB timing setting by referring the external
device specification for application. Refer the sections of “EMB Memory Control” and “EMB Address and Data
Interface Mode” about the fundamental configurations.

User needs to plan the EMB 1O signals to map the external device 10 signals by referring the pin configured
specification of external device. Refer the section of “Signal Mapping Suggestion for External Devices” about the
suggested EMB signals to external device pins.

Also user needs to configure the chip GPIO AFS setting for EMB control. Refer the section of “Pin_
Suggestion for EMB Signal” about the suggested GPIO AFS pins.

13.11.1. SRAM Interface and Access Timing

® SRAM Interface

Generally, the SRAM data bus width is 8-bit, 16-bit, 32-bit or large. The EMB can support both synchronous
and asynchronous SRAM but support 8-bit and 16-bit data bus only. When connects to asynchronous SRAM,
the MCLK is not necessary for data transactions.

Normally the SRAM device interface is including of address lines A[n:0], data lines DQ[15:0], write enable
signal WE# or byte write enable signal BWE#, byte write select signals BWO0# / BW1#, output enable signal OE#,
chip enable signal CE# , address strobe signal ADSP# and other control signals. Additional one clock signal
CLK is necessary for synchronous SRAM. For some types of SRAM, it is supported 8-bit or 16-bit data access
option. There is one signal BYTE# is implemented to select 8-bit or 16-bit access bus.

The following diagram is showing the suggested connection of SRAM interface.

Figure 13-23. EMB SRAM Interface
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® SRAM 16-bit Data Access Timing
User can set 16-bit EMB data width by setting EMB_BUS_DSIZE register for 16-bit SRAM.
The following diagram is showing the 16-bit data access timing on 16-bit SRAM interface.

Figure 13-24. EMB SRAM 16-bit Data Timing
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|
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MADI[15:0] } < 16-bit Read IIData >——‘——<:
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MOE /

<Note-1>: MCLK is optional signal for synchronous SRAM.
<Note-2>: BW0/BW1 are optional signals for 16-bit data bus SRAM with byte write capability.
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® SRAM 8-bit Data Access Timing
User can set 16-bit EMB data width by setting EMB_BUS_DSIZE register for 16-bit SRAM.
The following diagram is showing the 8-bit data access timing on 16-bit SRAM interface.

Figure 13-25. EMB SRAM 8-bit Data Write Timing

o= o IHHHHAHHHEA

(Optional Signal)
:"tALEs"g‘_t/-\u;\/\/—> <'tALEH'>4tA<:cs"‘_t/-\ccv\/_h‘_tA(:(:H_H<'t|l)Ll;'>|

. [ feeees
MCE TR
(EMB_CE_INV=0) Py i A
| —
MWE H Lo
i 1 I
oed R S— S
= !
MA[15:0] x Memory Address X

[Low 8-bit Data Write]

BW1
(Optional Signal)

r.

BWO
(Optional Signal)

MAD[15:8]

ar

MADI[7:0]

< 8-bit Write data

[High 8-bit Data Write] (Only for 16-bit data bus SRAW) |

BW1
(Optional Signal)

LI

BWO
(Optional Signal)

8-bit Write data

MAD[15:8]

MADI[7:0]

<Note-1>: BWO/BW1 are optional signals for 16-bit data bus SRAM with byte write capability.
<Note-2>: MAD[15:8] are optional signals for 16-bit data bus SRAM.
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13.11.2. NOR-Flash Interface and Access Timing

® NOR-Flash Interface

The EMB can support both synchronous and asynchronous NOR-flash. Also the EMB can support both 8-bit
and 16-bit data bus for the NOR-flash. When connects to the asynchronous NOR-flash, the MCLK is not
necessary for data transactions. When connects to the 16-bit NOR-flash with byte access, the MBWO signal is
necessary to connect to the BYTE# pin of the NOR-flash.

Normally the NOR-flash interface is including of address lines A[n:0], data lines DQ[7:0] or DQ[15:0], write
enable signal WE#, output enable signal OE#, chip enable signal CE#, address valid signal ADV#, hardware
reset input signal RST#, hardware write protect signal WP#, and other control signals. Additional one clock
signal CLK is necessary for synchronous NOR-flash. For some types of NOR-flash, it is supported 8-bit or 16-bit
data access option. There is one signal BYTE# is implemented to select 8-bit or 16-bit access bus.

The RST# and WP# signals are able to control from [VALEZ| and [VIB\W1] outputs in software mode control by
setting EMB_ALE2_ SWEN and EMB_BW1_SWEN registers if the two signals are requested in application.

The following diagram is showing the suggested connection of NOR-flash interface.

Figure 13-26. EMB NOR-Flash Interface

[Memory Bus 8-bit ]

[Memory Bus 16-bit ]

EMB Controller External 8-bit NOR EMB Controller External 16-bit NOR
MCLK CLK MCLK CLK
MA[15:0] N A[15:0] MA[15:0] N A[15:0]
A[15:0] A[15:0]
o X w X MADI15 » DQ15/A-1
D[15:0] )G & MAD[7:0] N DQ[7:0] D[15:0] NG & MAD[14:0] K N DQ[14:0]
5o 5
z =z MALE ADV# g = MALE ADV#
g3 MWE » WE# g3 MWE > WE#
RW—>»{® 5 MOE OE# ® 3 MOE » OFE#
MCE » CE# RW —> MCE »| CE#
o 9 MALE2 -eeeeeeeeeeees » RST# o 9 MALE2 f--seemeemeeees »| RST#
52 MBWL frrmemeoeeees » WP# 32 MBWL froreeemeeeees »| WP#
c 2 o2 hi
= = 8/16-bit_ | o res
Select
GPIO Control GPIOIN lqemmmmeeeeannae R/B# GPIO Control GPIO IN |gemmmeeammmena- R/B#

<Note-1>: CLK,ADV# are optional signals for synchronous SRAM.

<Note-2> : DQ15/A-1,BYTE# are optional signals for byte write access
capability 16-bit SRAM.
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® NOR-Flash 16-bit Data Access Timing

User can set 16-bit EMB data width by setting EMB_BUS_DSIZE register for 16-bit NOR-flash.
The following diagram is showing the 16-bit data access timing on 16-bit NOR-flash.

Figure 13-27. EMB NOR-Flash 16-bit Data Timing

MCLK

(EMB_CLK_INV=1)

(Optional Signal) !

. I I
: I
E"tALEs')‘_tALE\/\/_V*tALEH*:‘tAccs*‘_tAccw—)‘_tACCH_’:"tlDLE"'
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t
-t

[16-bit Data Writet;]

eef | ; XS
MCE Lo
(EMB_CE_INV=0) H : : ! \ R
i L
MALE(ADV#) T 1 o
(EMB_ALE_INV=1) ¥ ; ! AU L
(Optional Signal) E | ! ]
i I | |
MA[15:0] iX Memory Address > :X i
y |
| A
f l
MBWO(BYTE#) 3 !
(Y
]
|
l
|
|
|

MAD[15:0]

16-bit Write data

MWE
(EMB_WE_CTL=0)

[16-bit Data Readi]

MAD[15:0]

§

< 16-bit Read Data

MOE
(EMB_OE_CTL=0)

...............

<Note-1>: MCLK and ADV# signals are optional signal for synchronous NOR flash.
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® NOR-Flash 8-bit Data Access Timing
User can set 8-bit EMB data width by setting EMB_BUS _DSIZE register for 8-bit NOR-flash.
The following diagram is showing the 8-bit data access timing on 8-bit NOR-flash.

Figure 13-28. EMB NOR-Flash 8-bit Data Timing

e A

<tALESN—tALEw—NtALEHNtAccsN—tAccw—N—tAm—»;«-tlDLE%
- ! : | meme- qemene
(EMB_CE_INV=0) Py l ¥ Y
(Optional Signal) : ] ]
. \ | |
MALE(ADV#) T o L
(EMB_ALE_INV=1) ¥ ' ; l AN
(Optional Signal) : 5 ! i *:
X T
MA[15:0] >< ! '
MAD15(A-1) 5 Memory Address > X i
: l '
| )
MBWO(BYTE#) \ T

[8-bit Data Write]

MAD[7:0] \,

|

|

| |

: : : ' ;

MWE B L
(EMB_WE_CTL=0) ___;-" i"- 4:
E : i

|

|

|

8-bit Write data

e

[8-bit Data Read]g

MADI7:0] } / 8-bit Read Data )——(:
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MOE
(EMB_OE_CTL=0)
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13.11.3. NAND-Flash Interface and Access Timing

® NAND-Flash Interface

Generally, the NAND-flash is only supported asynchronous data transactions. The EMB can support both
8-bit and 16-bit data bus for the NAND-flash.

Normally the NAND-flash interface is including of multiplexed address/data lines DQ[7:0] or DQ[15:0], write
enable signal WE#, read enable signal RE#, chip enable signal CE#, address latch enable signal ALE,
command latch enable signal CLE, hardware write protect signal WP# and other control signals. Specially, one
open drain Ready/Busy output signal R/nB is implemented to notify the state of NAND-flash. The MCU chip can
get the Ready/Busy status and input the signal to any valid GPIO pin.

The ALE, CLE and WP# signals are able to control from II\/IALEI, l\/IALE2| and |l\/| BW1| outputs in software
mode control by setting EMB_ALE_SWEN, EMB_ALE2_SWEN and EMB_BW1_SWEN registers if these
signals are requested in application.

The following diagram is showing the suggested connection of NAND-flash interface.

Figure 13-29. EMB NAND-Flash Interface

[Memory Bus 8/16-bit ]

EMB Controller External 8/16-bit NAND
Column/Row
m Address
A[15:0 c @ :
[ ].'2 S MAD[15:0]" 1| DQ[15:0]
S =
D[15:0]E)|5 =
58 MWE » WE#
® O MOE » RE#
R . MCE »| CE#
Q (_C/’: MALE »| ALE
= g MALE2 »| CLE
S8 MBWL [ererarosmsmnnsasasaeces » wp#
GPIO Control  Gp|0 In |gemmmmmmmmmeeeeeeeeeeeee] R/NB
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® NAND-Flash Data Access Timing

User can set 8-hit or 16-bit EMB data width by setting EMB_BUS_DSIZE register for 8-bit or 16-bit

NAND-flash.
The following diagram is showing the data access timing of NAND-flash interface.

Figure 13-30. EMB NAND-Flash 8/16-bit Data Timing
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<Note-1>: Command input and address input are Only used MAD[7:0]. MADI[15:8] are not used to input command / address.

<Note-2>: MADJ[15:8] are used only as high byte for 16-bit data input and output operation.
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13.11.4. LCD Interface and Access Timing

® LCD Interface

The EMB can support both 8-bit and 16-bit data bus for the 8080 LCD interface. The following diagram is
showing the suggested connection of LCD interface.
Normally the 8080 LCD interface is including of multiplexed address/data lines DB[7:0] or DB[15:0], write
strobe signal /WR, read strobe signal /RD, chip select signal /CS, register select signal RS, hardware reset input
signal /RESET and other control signals.

Figure 13-31. EMB LCD Interface

[Memory Bus 8/16-bit ]

EMB Controller External 8/16-bit LCD
Y
® = MADI[7:0] |, .| DB[7:0
A[15:0] =)< [7:0] [7:0]
2 3 MAD[15:0] [* Y| DB[15:0]
S5 =
D[15:0| =)
gh(g% MWE » /WR
® MOE » /RD
RW— < MCE » /CS
Q (é: MALE » RS
=] g MALE2 »| /RESET
o8
- o
GPIO Control  5p10 Out Jecceemeeeeeeeeaeeee »| LED-1/2/3/4

® | CD 16-bit Register Access Timing
User can set 16-bit EMB data width by setting EMB_BUS_DSIZE register for 16-bit LCD interface.
The following diagram is showing the 16-bit register access timing of LCD interface.

Figure 13-32. EMB LCD Register 16-bit Bus Access Timing

MCE(/CS) !
(EMB_CE_INV=0) H

MALE(RS)
(EMB_ALE_INV=1)

[16-bit Data Wiite]
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Register
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\
a

MOE(/RD)

[16-bit Data Read]

1
MAD[15:0] 1 Register
(DB[15:0]) | Index
1

Register
Data

MWE(/WR) : \

MOE(/RD) Vi
1
!

/
!
J
i

-

I

<Note-1>: Set (EMB_BUS_DSIZE)=1 to select 16-bit data bus interface.
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® | CD 8-bit Register Access Timing
User can set 8-bit EMB data width by setting EMB_BUS_DSIZE register for 8-bit LCD interface.
The following diagram is showing the 8-bit register access timing of LCD interface.

Figure 13-33. EMB LCD Register 8-bit Bus Access Timing

MCE(/CS) :
(EMB_CE_INV=0) |

|

|
MALE(RS) i
(EMB_ALE_INV=1) |

[8-bit Data Write]

MAD[15:8] 1 i/ Register Register Register Register
(DB[15:8]) it 1\ Index High Index Low High Byte Low Byte
L) 4

MWE(/WR)

MOE(/RD) ¥
|r'1

[8-bit Data Read]

_______________f?{fﬁ_________________ i

MAD[1528] Register Register Register Register
(DB[15:8]) Index High Index Low High Byte Low Byte
|
MWE(WR) ! \ \
|
!
MOE(/RD) i
i
-

A

<Note-1>: Set (EMB_BUS_DSIZE)=0 to select 8-bit data bus interface.
<Note-2>: Set (EMB_MAD_BSWAP)=1 to do byte swap and 8-bit data output from
MADI[15:8] for 8-bit bus LCD interface.
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® LCD GRAM Access Timing

User can set 8-hit or 16-bit EMB data width by setting EMB_BUS_DSIZE register for 8-bit or 16-bit LCD
interface.

The following diagram is showing the GRAM access timing of LCD interface.

Figure 13-34. EMB LCD GRAM 8/16-bit Bus Access Timing
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<Note-1>: Set (EMB_BUS_DSIZE)=0 or (EMB_BUS_DSIZE)=1 to select 8-bit or 16-bit data bus interface.
<Note-2>: Set (EMB_MAD_BSWAP)=1 to do byte swap and 8-bit data output from MAD[15:8] for 8-bit bus LCD interface.
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i
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13.12. EMB DMA Operation
13.12.1. DMA Module Configure

When the chip supports a DMA (direct memory access) controller, user can configure the DMA setting of
transferred source/destination devices, channel request arbitration and others in the DMA module before a DMA
data transaction. The DMA source and the destination can be memory or peripheral.

Refer the DMA chapter for more detail information about the DMA module configuration.
13.12.2. EMB DMA Control

After DMA configuration is finished, user needs to set the EMB module DMA enable bit of EMB_DMA_EN.

Finally, the related channel request start bit of DMA_CHn_REQ is necessary to be set to start the DMA
transaction (n = DMA channel index). Then the transferred source/destination devices will assert the RX/TX
request signal to DMA controller and the DMA controller will assert the acknowledge signal to the request
source/destination devices. At the time, the data transferred connection is built for DMA transaction.

13.12.3. EMB Interrupt Flag Control during DMA

During DMA operation cycle, the DMA function will control to be disabled when one of the module’s WPEF/
BWEF/IAEF interrupt flags has asserted. At the time, hardware will disable the EMB_DMA_EN bit in this
condition.

Table 13-6. EMB Interrupt Flag Control for DMA Function

Mask the Flag DMA Disable
Action| during DMA after the Flag Normal Control
Process asserted (*1)
Peripheral (Data flow flags) |[(Error/Detect flags) (Other flags)
EMB EMB_WPEF
EMB_BWEF
<Note> *1 : When the flag is asserted, it will not force peripheral DMA disabled if the related interrupt enable bit is not
enabled.

13.13. EMB Application Note
13.13.1. Pin Suggestion for EMB Signal

The following table is showing the suggested AFS pin plan to map the EMB external device signals. It is
useful to plan an application circuit for easy PCB design.

The EMB external devices are including of SRAM, NOR/NAND-flashes, LCD modules and LCD RAM
devices. The item of LCD RAM (SPI wire-OR) is a special application which there are this MCU chip, LCD RAM

device and SPI flash(s) with data bus wire-OR together. Refer the section of “EMB and SPI Flash to LCD
Transaction” for more information about the application.

The PB[3:0] pins are reserved for one set of 12C and one set of UART. The PC[5:4] pins are reserved for
SWD debug signals. The PC6 pin is reserved for MCU chip external reset. The PC[14:13] pins are reserved for
MCU external Xtal pins. Also these pins can be to do as GPIO pins by user.

Table 13-7. EMB Interface Signal and Suggestion Pin Table

SRAM NOR NAND LCD RAM-1 LCD RAM-2
(EMB_MAD_SWAP) (EMB_MAD_SWAP) (EMB_MAD_SWAP) (EMB_MAD_SWAP) (EMB_MAD_SWAP)
g =Disable =Disable =Disable =Enable =Enable
% (EMB_MAD_BSWAP) (EMB_MAD_BSWAP) (EMB_MAD_BSWAP) (EMB_MAD_BSWAP) (EMB_MAD_BSWAP)
@ =Disable =Disable =Disable =Enable =Enable
MCU Pin EMB SRAM EMB NOR EMB NAND EMB LCD RAM EMB LCD RAM
Signal Pin Signal Pin Signal Pin Signal Pin Signal Pin
PA[15:0] MA[15:0] A[15:0] MA[15:0] A[15:0]
PEO BL_LED1 (*2)
PE1 BL_LED2 (*2)
PE2 BL_LED3 (*2)
PE3 MALE2 ADSP# (*4) MALE2 ADV# (*4) BL_LED4 (*2)
PB4 MALE ADSP# MALE ADV# MALE ALE (*1) MALE RESET (*1) MAD8 DB7
PB5 MOE OE# MOE OE# MOE RE# MAD9 DB6
PB6 MWE WE# MWE WE# MWE WE# MAD10 DB5
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PB7 MCE CE# MCE CE# MCE CE# MCE /CS (*1) MALE2 RESET (*1)
PB8 MADO DQO MADO DQO MADO DQO MADO DB15 MADO DB15
PB9 MAD1 DQ1 MAD8 DQ8 MAD8 DQ8 MAD1 DB14 MAD1 DB14
PB10 MAD2 DQ2 MAD1 DQ1 MAD1 DQ1 MAD2 DB13 MAD2 DB13
PB11 MAD3 DQ3 MAD9 DQ9 MAD9 DQ9 MAD3 DB12 MAD3 DB12
PB12 MAD4 DQ4 MAD2 DQ2 MAD2 DQ2 MAD4 DB11 MAD4 DB11
PB13 MAD5 DQ5 MAD10 DQ10 MAD10 DQ10 MAD5 DB10 MAD5 DB10
PB14 MAD6 DQ6 MAD3 DQ3 MAD3 DQ3 MAD6 DB9 MAD6 DB9
PB15 MAD7 DQ7 MAD11 DQ11 MAD11 DQ11 MAD7 DB8 MAD7 DB8
PE8 MAD11 DB4
PE9 MOE /RD MOE /IRD
PCO MWE /WR MWE /WR
PC1 MADS8 DQ8 MAD4 DQ4 MAD4 DQ4 MADS8 DB7

pPC2 MAD9 DQ9 MAD12 DQ12 MAD12 DQ12 MAD9 DB6

PC3 MAD10 DQ10 MAD5 DQ5 MAD5 DQ5 MAD10 DB5

PC4 SWCLK

PC5 SWDIO

PC6 GPIO/RSTN MBW1 RS (*1) MALE RS (*1)
pPC7 MCE /CS (*1)
PC8 MAD11 DQ11 MAD13 DQ13 MAD13 DQ13 MAD11 DB4

PC9 MAD12 DQ12 MAD6 DQ6 MAD6 DQ6 MAD12 DB3 MAD12 DB3
PC10 MAD13 DQ13 MAD14 DQ14 MAD14 DQ14 MAD13 DB2 MAD13 DB2
PC11 MAD14 DQ14 MAD7 DQ7 MAD7 DQ7 MAD14 DB1 MAD14 DB1
PC12 MAD15 DQ15 MAD15 DQ15/A-1 MAD15 DQ15/A-1 MAD15 DBO MAD15 DBO
PC13 XIN
PC14 XOouT

PE12 MBWO BWO MBWO BYTE#

PE13 MBW1 BW1 MBW1 WP# (*1) MBW1 WP# (*1)

PE14 MALE2 RST# (*1) MALE?2 CLE (*1)

PE15 RY/BY# (*3) RY/BY# (*3)

PDO MCLK CLK MCLK CLK

<Note> *1: Output control directly by software mode register setting
*2 : Output from GPIO output pin
*3 : Input to GPIO input pin
*4 : Option Pin for ADSP# or ADV#
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13.13.2. EMB and SPI Flash to LCD Transaction

This application is implemented to transfer SPI flash data to MCU chip and LCD RAM. Also the MCU chip
can transfer data to LCD RAM. There are the MCU chip, 8-bit LCD RAM device and SPI flash(s) with data bus
wire-OR connection. The SPI flash(s) can be one OSPI flash with 8 data lines or two QSPI flash with 4 data lines
for each QSPI flash. Refer the section of “Pin Suggestion for EMB Signal” for more information about the
application.

User must initialize the SPI flash(s) through SPI0 module and SPI pin configuration. Also user must initialize
the LCD RAM through EMB module and EMB pin configuration. Then there are three data transferred paths.

® SPI Flash to MCU

MCU is inactive the LCD CS# signal and is active the NSS signal to enable the SPI flash(s). Then MCU
outputs SPI clock and asserts read command to gets data from the SPI flash(s).
® MCUto LCD

MCU is inactive the SPI flash(s) CS signal(s) and is active the LCD CS# signal to enable the LCD device.
Then MCU send data to the LCD device by asserted WR# command.
® SPI Flash to LCD

MCU is active both the SPI flash(s) CS signal(s) and the LCD CS# signal to enable the SPI flash(s) and LCD
device. And MCU must set D[7:0] or MADI[7:0] pins to input mode. Then MCU can output clock to both SPI CLK
pin(s) and LCD WR# pin. Following, MCU can assert the SPI read command to trigger that SPI data directly
outputs to LCD device through 8-bit LCD interface.

The following diagram is showing the system connection for “EMB and SPI Flash to 8-bit LCD”.

Figure 13-35. EMB and SPI Flash to 8-bit LCD Connection

4 MCU ) (" 8bitLCD )
" EmB [ GPIO )
MALE2|  GPIO » RS
MCS|  GPIO » CS#
MOE|  GPIO > RD#
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MAD[7:4]|  D[3:0] — DB[15:12]
MWE CLK L1 WR#
- )
X | Nss (SPI Flash (QSPI))
_ g, |- cLk
DBI[3:0]
» CS
-
(SPI Flash (QSPI))
L » CLK
N DB[3:0]
> CS
-
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14. APB (APB Common Control)
14.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The chip builds in one APB (APB bus common control) module for the common control of APB devices.

Notify: The sign of (x = module index; n = OBM set index; m=OBM channel index) is using for Registers,
Signals and Pins/Ports in the descriptions of this chapter.

14.2. Features

® Timer synchronous enable global control for TMx timer modules
® Timer internal trigger/clock source selection for TMx timer modules
® Infrared Remote Modulation Output
® OBM(Output Signal Break and Modulation) control
= Support max. two sets of OBM for output signal break and modulation control
® NCO(Numerically Controlled Oscillator) output with FDC and PF modes

14.3. Implementation
14.3.1. Chip Implementation

The following table is showing the implemented APB functions of chips.

Table 14-1. APB Implementation

APB Module Sub-Functions
Chip OBMO OBM1 Timer Global | IR 'Vc';’udt;ﬁ“o” NCOO
MG32F02A132 - \Y \Y, \Y -
MG32F02A072 - \Y \Y \Y -
MG32F02A032 \Y \Y \Y \Y -
MG32F02A128/A064 \Y \Y \Y \Y \Y
MG32F02U128/U064 \Y \Y \Y \Y \Y
MG32F02V032 \Y \Y \Y \Y \Y
<Note> V: Implemented
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14.4. Interrupt and Event

There is one signal of INT_APB to be generated in this APB module. INT_APB sends to External Interrupt
Controller (EXIC) to do as an interrupt event.

14.4.1. APB Interrupt Control and Status

These interrupt flags are using for the interrupt service routine (ISR) flow control. Generally these flags are
set by hardware and software clears them when the serviced job is completed in the related ISR. Each interrupt
flag has one interrupt enable bit. User can enable or disable it. There is one interrupt all enable bit of APB_IEA
to enable or disable all the interrupt sources for this module.

There are some status bits those are reading only to provide internal control status. Refer the register
descriptions of the related status bits for more information.

Figure 14-1. APB Interrupt Control

(APB_OBMO_IE)
OBMOF ode

(APB_OBML1_IE)

|

|

|

|

| . INT_APB

| OBM-1 trigger event O_> = >
|

|

|

|

OBM-0 trigger event
detect
(APB_IEA)

Interrupt
NCO-0 adder overflow - ‘/
event detect NCOOF O O
Interrupt Control

|

|

|

|

|

detect APB Control |
(APB_NCOO_IE) |

|

|

-

14.4.2. APB Interrupt Flags

Generally these interrupt flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related interrupt flags and interrupt enable bit.

[Notify]: The OBMOF and APB_OBMO |E reqisters are not supported for MG32F02A132/072.

® OBMOF / OBM1F

OBM-0/1 break trigger event detect flag (APB_OBMOF, APB_OBML1F). There are the related interrupt
enable register bits of APB_OBMO_IE and APB_OBM1_IE.

® NCOOF

NCO-0 adder overflow event detect interrupt flag (APB_NCOOF). There is the related interrupt enable
register bit of APB_NCOO_IE.
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14.5. Timer Common Control

14.5.1. Timer Synchronous Enable Control

The timer builds in the TMx modules which supports three timer operation modes: (1) Cascade mode (2)
Separate mode (3) Full-Counter mode. So the timer of one TMx module can be a full-counter timer or separated
to two timers. There are two timer enable control bits of TMx_EN and TMx_EN2 for each TMx module. The
TMx_EN bit is used to enable the full-counter timer, High timer or Main timer for these timer operation modes.
The TMx_ENZ2 bit is used to enable the Low timer or 2nd timer for Cascade or Separate operation mode.

In APB module, there are the same control bits of APB_TMx_EN and APB_TMx_ENZ2 as the timer enable
bits of TMx_EN and TMx_EN2. These control register bits are built in one 32-bit register by design. However, all
the full-counter timers or separated timers of all TMx modules can be enabled or disabled synchronously by

setting APB_TMx_EN or APB_TMx_EN2 registers for firmware easy control. (x = Timer module index)

Figure 14-2. Timer Synchronous Enable Control
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<Note> The pseudo hardware control bits are collected in a 32-bit register and are same as
TMx_EN/_EN2 enable bits in the related TMx module. These bits can be set to enable the

Timers simultaneously.

[Notify]: The APB TM20 EN, APB TM20 EN2, APB TM26 EN and APB TM26 ENZ2 are not supported

for MG32F02A032.

[Notify]: The APB TM26 EN and APB TM26 EN2 are not supported for MG32F02V032.
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14.5.2. Timer Common Trigger/Clock Source Select

The ITR6 and the ITR7 are used as the common signals of trigger event or clock signal for all timer modules.
User can select the trigger source signal by setting APB_ITR6_MUX and APB_ITR7_MUX registers. The
APB_ITR6 and APB_ITR7 signals can be selected from others TMx timer, URTx, ADCO, RTC modules and
EXIC global interrupt events as showing in following table.

Table 14-2. Timer Common ITR6/ITR7 Signals Table

Chip MG32F02A132/072 MG32F02A032 MG32F02A128/U128/A064/U064 MG32F02V032
ITR6 | ITR7 ITR6 I ITR7 ITR6 ITR7 ITR6 ITR7

TRx APB Register APB Register APB Register APB Register
Trigger Source ITR6_MUX ITR7_MUX ITR6_MUX ITR7_MUX ITR6_MUX ITR7_MUX ITR6_MUX ITR7_MUX
TRGO Signal TMOO_TRGO TMO01_TRGO TMOO_TRGO TMO1_TRGO TMOO_TRGO TMO1_TRGO TMOO_TRGO TMO1_TRGO
TRGL1 Signal TM10_TRGO TM16_TRGO TM10_TRGO TM16_TRGO TM10_TRGO TM16_TRGO TM10_TRGO TM16_TRGO
TRG2 Signal TM20_TRGO | TM26_TRGO TM20_TRGO | TM26_TRGO | TM20_TRGO
TRG3 Signal TM36_TRGO ADCO_OUT TM36_TRGO ADCO_OUT TM36_TRGO ADCO_OUT TM36_TRGO ADCO_OUT
TRG4 Signal INT_PB INT_PD INT_PB INT_PD INT_PB INT_PD INT_PB INT_PD
TRGS5 Signal URT1_TMO URT1_BRO URT1_TMO URT1_BRO URT1_TMO URT1_BRO URT1_TMO URT1_BRO
TRG6 Signal URT2_BRO URT3_BRO URT2_BRO
TRG7 Signal URT2_TMO URT3_TMO URT2_TMO
TRGS8 Signal ICKO_INT ICKO_INT ICKO_INT ICKO_INT
TRG9 Signal RTC_OUT RTC_OUT RTC_OUT RTC_OUT
TRG10 Signal TM36_XOR TM36_XOR TM36_XOR TM36_XOR
TRG11 Signal NCO_PO NCO_PO

The following diagram is showing the timer common trigger/clock source selection. Refer the table of “Timer
Common ITR6/ITR7 Signals Table” about the usable signals of ITR6 and ITR7 for used chip.

Figure 14-3. Timer Common Trigger/Clock Source Selection
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14.6. OBM Control

The APB module is including of two identical sets of output signal break and modulation (OBM) block. The

OBM block is used to break one of the output signals of TMx_CKO, APB_ITR6, and APB_ITR7 ... or do signal
modulation as following block diagram.

There are two OBM output source channels, three OBM break source channels and one OBM operation
mode control block for each OBM set.

[Notify]: MG32F02A132/072 is only supported one set OBM block — OBM1.

Figure 14-4. Output Signal Break and Modulation Control

Output Channel-0 (APB_OBMn_OUT)
Logic O M (APB_OBMn_INVO) A
; I .y 3\ (APB_OBMn_POL)
SR Signals
: X —| NV |— Filter |——>-OB|\/I7Pn
: INV
(APB_OBMn_FCKYS)
OBM_I0 (ApB|oBMn_INv1) T,

il N APB_OBMn_SW
| $ARB OBMn_SW OBMn_SW

(APB_OBMn_MUXO0)
- Mode Control  [€------ (APB_OBMn_MDS)

Output Channel-1 AND C#Z’;Ej OBMn_AND directly control

. vy "k Falling Edge Set

L09.|C 0 M Falling Edge Clear
: | u Falling Edge Toggle

SR Signals X e Initial state
: 5| [}« aPe_oBmn_sTA)
OBM 11 =
% [| SECSEERESSTRRIES
(APB_OBMn_MUX1) 1l

(APB_OBMn_BKN1)

M [ ]
Break Channel-0 (APB_OBMn_BKNO Break Channel-1
Logic 1 : Logic 1
g: M M g:
BK Sigl:wals ( g |}’ )Li 5 BK:SignaIs
f R) f
L\
0—,
B z (APB_OBMn_BKN2) &
(APB_OBMn_BKSQ) ------- ’ [ (APB_OBMn_BKS1)
(APB_OBMn_BKS2) -] MUX |
A

Break Channel-2
Logic 1 ------- BK Signals

OBM Control Block n

MG32-MO User Guide Page-206



megawin

MG32-MO User Guide V4.6

14.6.1. OBM Output Channel

There are two OBM output source channels which can select the source signal to be “Break” or “Modulate”
in APB_OBMn_MUXm register. There is one signal inversion control bit of APB_OBMn_INVm for each output
channel. (n = OBM set index; m=OBM channel index)

For the OBM output path, there is one control bit of APB_OBMn_POL to adjust the output signal polarity.
The OBM is built in one digital deglitch filter for the output signal. User can select the filter clock source from
APB clock, APB clock divided by 8 or timer TMOO trigger out (TMOO_TRGO) by setting APB_OBMn_FCKS

register.

There is one status bit of APB_OBMn_OUT to reflect the real time status of OBMn output signal.

The following table is showing the source signal selection by register setting for these two output channel

MUX.

Table 14-3. OBM Block Output Channel Signals Table

Chip MG32F02A132/072 MG32F02A032 MG32F02A128/U128/A064/U064 MG32F02V032
Channel-0 | Channel-1 Channel-0 | Channel-1 Channel-0 Channel-1 Channel-0 Channel-1
Channel APB Register APB Register APB Register APB Register
Output Source OBMn_MUX0 OBMn_MUX1 OBMn_MUXO0 OBMn_MUX1 OBMn_MUX0 OBMn_MUX1 OBMn_MUX0 OBMn_MUX1
SRO Signal 0 0 0 0 0 0 0 0
SR1 Signal INT_PA INT_PB INT_PA INT_PB INT_PA INT_PB INT_PA INT_PB
SR2 Signal INT_PC INT_PD INT_PC INT_PD INT_PC INT_PD INT_PC INT_PD
SR3 Signal - - - - INT_PE - - -
SR4 Signal TMOO_CKO TMO1_CKO TMO0_CKO TMO1_CKO TMOO_CKO TMO01_CKO TMOO_CKO TMO01_CKO
SR5 Signal TM10_CKO TM16_CKO TM10_CKO TM16_CKO TM10_CKO TM16_CKO TM10_CKO TM16_CKO
SR6 Signal TM20_CKO TM26_CKO - - TM20_CKO TM26_CKO TM20_CKO -
SR7 Signal TM36_CKO - TM36_CKO - TM36_CKO - TM36_CKO -
SR8 Signal TM20_0OCO00 TM20_0OCO01 - - TM20_0OCO00 TM20_0OCO01 TM20_0OCO00 TM20_0OCO01
SR9 Signal TM36_0OCO00 TM36_0OCO01 TM36_0OCO00 TM36_0C01 TM36_0OCO00 TM36_0OCO01 TM36_0OCO00 TM36_0OCO01
SR10 Signal TM36_0OC2 TM36_0C3 TM36_0OC2 TM36_0OC3 TM36_0C2 TM36_0OC3 TM36_0C2 TM36_0OC3
SR11 Signal - - - - - - - -
SR12 Signal OBM_IO OBM_lI1 OBM_I0 OBM_lI1 OBM_IO OBM_lI1 OBM_IO OBM_I1
SR13 Signal ITR6 ITR7 ITR6 ITR7 ITR6 ITR7 ITR6 ITR7
SR14 Signal - ICKO_INT - ICKO_INT - ICKO_INT - ICKO_INT
SR15 Signal - - - - - - - -
<Sign> "-" =reserved , "0" = logic-0
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14.6.2. OBM Break Channel

There are three OBM break source channels which can select the signals through the OBM operation mode
control block to generate the breaking or modulation signal of APB_OBMn_SW.

User can select the break signal source in APB_OBMn_BKSm register for each OBM break channel. There
is one signal inversion control bit of APB_OBMn_BKNm for each break channel. (n = OBM set index; m=0OBM
channel index)

There is one status bit of APB_OBMn_SW to reflect the real time status of OBMn break switching signal.

The following table is showing the source signal selection by register setting for these three break channel

MUX.

Table 14-4. OBM Block Break Channel Signals Table

Chip MG32F02A132/072 MG32F02A032 MG32F02A128/U128/A064/U064 MG32F02V032
ch | Channel-0 | Channel-1 | Channel-2 | Channel-0 | Channel-1 | Channel-2 | Channel-0 | Channel-1 | Channel-2 | Channel-0 | Channel-1 | Channel-2
anne OBMn_BKSz Register OBMn_BKSz Register OBMn_BKSz Register OBMn_BKSz Register
Break Source BKSO BKS1 BKS2 BKSO BKS1 BKS2 BKSO BKS1 BKS2 BKSO BKS1 BKS2
BKO Signal 1 1 1 1 1 1 1 1 1 1 1 1
BK1 Signal INT_PA INT_PB INT_PA INT_PB INT_PE INT_PA INT_PB
BK2 Signal INT_PC INT_PD INT_PC INT_PD - INT_PC INT_PD
BK3 Signal ADCO_OUT SPI0_MOSI | ADCO_OUT | INT_BOD1 | SPIO_MOSI | ADCO_OUT | INT_BOD1 | SPIO_MOSI | ADCO_OUT | INT_BOD1 | SPI0_MOSI
BK4 Signal TMOO_TRGO|TMO1_TRGO TMOO_TRGO|TMO01_TRGO TMOO_TRGO|TMO01_TRGO - TMOO_TRGO|TMO01_TRGO
BK5 Signal TM10_TRGO TM10_TRGO|TM16_TRGO TM10_TRGO|TM16_TRGO - TM10_TRGO|TM16_TRGO
BK6 Signal TM26_TRGO|TM36_TRGO TM36_TRGO|TM20_TRGO|TM26_TRGO|TM36_TRGO [TM20_TRGO TM36_TRGO
BK7 Signal CCL_PO CCL_P1 - CCL_PO CCL_P1
BK8 Signal TM20_0C00 | TM20_OC10 TM20_OC00 | TM20_OC10 - TM20_0C00 | TM20_OC10
BK9 Signal TM36_0OC2 | TM36_OC3 TM36_0OC2 | TM36_0OC3 TM36_0OC2 | TM36_OC3 - TM36_OC2 | TM36_OC3
BK10 Signal | CMPO_OUT | CMP1_OUT | CMP2_OUT | CMPO_OUT | CMP1_OUT CMPO_OUT | CMP1_OUT -
BK11 Signal CMP3_OUT -
BK12 Signal URTO_TX | URT1_TX [URT2_BRO | URTO_TX | URT1_TX URTO_TX | URT1_TX [URT2_BRO | URTO_TX | URTL1_TX
BK13 Signal URT2_TX | URT3_TX |URT2_TMO URT2_TX URT2_TMO
BK14 Signal URTO_RX | URT1_RX |URT3_BRO [ URTO_RX | URT1_RX URTO_RX | URT1_RX - URTO_RX | URT1_RX
BK15 Signal URT2_RX | URT3_RX | URT3_TMO URT2_RX -
<Note> "-" =reserved , "1" = logic-1 , SPIO_MOSI = SPI output signal

14.6.3. OBM Operation Mode

The OBM mode control block has supported AND, CLR/SET/TOGGLE operation modes. User can select
the OBM operation mode in APB_OBMn_MDS register to control the generation of Break or Modulation signal
of APB_OBMn_SW.

When selects AND, the APB_OBMn_SW signal is directly controlled by the AND signal of all break

channels' output. When selects CLR/SET/TOGGLE, the APB_OBMO_SW signal is controlled by STA
(APB_OBMnN_STA) bit and can update by firmware. The APB_OBMn_STA bit is used to set the OBMn break
switching signal initial state. The bit is written effectively only by written 1 to APB_OBMO_LCK simultaneously.
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14.7. IR Control

The APB module is including of one IR (Infrared Remote) modulation block. This block is used to do signal
modulation for the transmission of IR control.

14.7.1. IR Control Interface

For IR transmission, the IR modulation block can output the modulated signal of IR transmission to ||[R_OUT
output. For IR receiving, user can input the IR digital signal from [T\x_|Cn|to timer module and use the timer
capture function to record the IR information for firmware using.

The following diagram is showing the IR transmission and receiving control Interface. Refer the table of “IR
Clock/Data Signals Table” in the section of “IR Transmission Modulation” about the usable input signals of IR
Carrier Clock Source and IR Data Envelope for used chip.

Figure 14-5. IR Control Interface
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14.7.2. IR Transmission Modulation

User can select the IR transmission modulated clock signal by setting APB_IRCLK_MUX register and
modulated data signal by setting APB_IRDAT_MUX register. There are two signal inversion control bits of
APB_IRCLK_INV and APB_IRDAT_INV for modulated clock signal and data signal.

The following table is showing the source signal selection by register setting for IR clock/data signals’ MUX.

Table 14-5. IR Clock/Data Signals Table

Chip MG32F02A132/072 MG32F02A032 MG32F02A128/U128/A064/U064 MG32F02V032
Channel Carrier Clock | Data Envelope | Carrier Clock | Data Envelope | Carrier Clock | Data Envelope | Carrier Clock | Data Envelope
APB Register APB Register APB Register APB Register

Clock/Data Source | IRCLK_MUX IRDAT_MUX IRCLK_MUX IRDAT_MUX IRCLK_MUX IRDAT_MUX IRCLK_MUX IRDAT_MUX
Signal 0 0 0 0 0 0 0 0 0
Signal 1 TMO0O_CKO TM20_TRGO TMO0O0_CKO TMOO_CKO TM20_TRGO TMO00_CKO TM20_TRGO
Signal 2 TMO01_CKO TM26_TRGO TMO01_CKO TMO1_CKO TM26_TRGO TMO01_CKO
Signal 3 TM10_CKO TM36_TRGO TM10_CKO TM36_TRGO TM10_CKO TM36_TRGO TM10_CKO TM36_TRGO
Signal 4 TM16_TRGO SPIO_MOSI TM16_TRGO SPIO_MOSI TM16_TRGO SPIO_MOSI TM16_TRGO SPIO_MOSI
Signal 5 URT1_TMO URTL_TX URT1_TMO URT1_TX URT1_TMO URT1_TX URT1_TMO URT1_TX
Signal 6 URT2_TMO URT2_TX - URT2_TMO URT2_TX
Signal 7 URT3_TMO URT3_TX -

<Note> "0" = logic-0 , SPI0_MOSI = SPI output signal

14.8. NCO Control

The APB module is including of one Numerically Controlled Oscillator (NCO) block. The NCO block is used
to generate a divided frequency with a decimal clock signal from input clock signal as following block diagram. It
is useful for the accurate frequency clock requested application.

The features are including follows:
= 20-bit Increment Function
Fixed Duty Cycle mode (FDC) mode
Pulse Frequency (PFM) mode
Output Pulse Width Control
Multiple Clock Input Sources
= Qutput Polarity Control
= |nterrupt Capability

14.8.1. NCO Block and Clock Input

The NCO block has one block enable bit in APB_NCO_EN register. User must enable this bit before start
running the NCO block.

The following diagram is showing the NCO control block.

Figure 14-6. NCO Block
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The input clock signals can come from external NCO CKO| pin input, internal module signal TMOO_TRGO or
internal clock source CK_IHRCO, CK_PLL, CK_APB, CK_LS. User can set APB_NCOn_CKS register to
select the input clock source.

A 20-bit arithmetic adder is used to accumulate a fixed increment value until the adder is overflowed. Then
the adder will add the remained value of accumulator with the fixed increment value in next CK_NCOQO clock
time. The continuous same process acts like as a frequency divider and generates an overflow signal with
decimal ratio frequency of CK_NCOO input clock.

14.8.2. NCO Clock Output

User can set the fixed increment value by setting APB_NCOnN_INC register and get the NCO overflow
frequency as following formula.

NCO Overflow Frequency
CK_NCO * INC_Value
220

NCO Overflow Frequency =

The NCO block supports two output modes, one is fixed duty cycle mode (FDC) and another is pulse
frequency mode (PFM). User can set the APB_NCON_MDS register to choice the NCO output mode.

[Notify]: The NCO output frequency of FDC mode is equal NCO overflow frequency/2.
For FDC mode the NCO overflow frequency needs <= NCO Input frequency/2.

[Notify]: The NCO output frequency of PEM mode is equal NCO overflow frequency.
For PEM mode the NCO overflow frequency needs < NCO Input frequency/2.

When selects the PFM mode, user can set the pulse width in 1/2/4/8 ~ 128 clock periods of CK_NCOO0 by
setting APB_NCOnN_PWS register.

The NCO output signal can be outputted to external pin or internal other modules. It can send to UART
modules to do as clock source input. Also it can output to do as the common trigger event or clock signal ITR7
for Timer modules. One output pin is providing to output the NCO output signal. Also this signal can be
sent to URTx and TMx modules as the clock source. Others, user can invert the NCO output signal by setting
APB_NCOnN_INV register for application request.

The NCO block is provided one NCO adder overflow interrupt flag NCOnF and one interrupt enable bit
APB_NCOn_IE for interrupt service routine firmware using. When the NCO overflow frequency is over 4 times
of APB clock frequency, the overflow interrupt flag will be responded incorrectly but the NCO frequency output is
still normal. (n = NCO set index)

The following diagram is showing the NCO output waveform.

Figure 14-7. NCO Output
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15. 12C (Inter Integrated Circuit)

15.1. Introduction

STOR The module can be running in
ON |SLEEP ON and SLEEP modes but can
wakeup| wakeup from STOP mode.

The 12C interface is a two-wire, bi-directional serial bus. It is ideally suited for typical microcontroller
applications. The 12C protocol allows the systems designer to interconnect up to 128 different devices using only
two bi-directional bus lines, one for clock (SCL) and one for data (SDA). The 12C bus provides control of SDA,
SCL generation and synchronization, arbitration logic, and START/STOP control and generation. The only
external hardware needed to implement this bus is a single pull-up resistor for each of the 12C bus lines. All
devices connected to the bus have individual addresses, and mechanisms for resolving bus contention are
inherent in the 12C protocol. Please refer the “I2C-bus specification and user manual” for more information about
the 12C protocol.

The 12C module builds in the shadow buffer and data register to improve transmit and receive communication
performance.

The module can be running in ON and SLEEP mode only but can be wakeup MCU from STOP mode by
slave address hardware detection.

Notify: The sign of (x = module index) is using for Registers, Signals and Pins/Ports in the descriptions of this
chapter. [EX]: 12Cx_EN ~ x indicates module index number 0, 1.

15.2. Features

® Provide max. two 12C modules : 12C0, 12C1
® [2C module common functions
= Support master and slave mode
= Support programmable clock rate control
= Support programmable high/low period control for master mode
= Support clock stretching for slave mode
= Built-in high pre-drive control circuit
— Generation and detection of 7-bit addressing
= Support general call function
= Support multi-master processing capability
= Support multiple slave address decoding with two sets of address
= Support bus error , invalid No-ACK , data overrun and multi-master arbitration error detection
= Support both Byte mode and Buffer mode flow control
= Support Byte mode bus event code for simplex firmware control
- Support Buffer mode 4-byte data buffer and 32-bit data register for high speed communication
— Received and transmitted data are buffered with DMA capability
= Support SMBus timeout detection
= Support slave address hardware detection wakeup from STOP mode
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15.3. Implementation
15.3.1. Chip Implementation

The following table is showing the implemented 12C modules of chips.

Table 15-1. I2C Implementation

12C Module 12C Functions I12C Clock

Chip 12C0 12C1 STOP Wakeup Max. Rate
MG32F02A132 \Y \Y - 1MHz
MG32F02A072 \Y \Y - 1MHz
MG32F02A032 \Y - V 1MHz
MG32F02A128/A064 Vv \Y \Y 1MHz
MG32F02U128/U064 Vv \Y \Y 1MHz
MG32F02V032 Vv \Y \Y 1MHz

<Note> V: Implemented; Measure maximum clock rate at VDD>=3.3V.

15.3.2. Modules' Functions

The following table is showing the implemented functions of 1I2C modules.

Table 15-2. 12C Modules' Functions

Module 12C0/1
MG32F02A032
MG32F02A128
Chip| MG32F02A132 MG32F02U128 Comment
MG32F02A072 MG32F02A064
MG32F02U064
Module Functions MG32F02V032
Master mode yes yes
Slave mode yes yes
Multi-Master yes yes for Byte mode only
command support - Reset , Write programmable slave address , Master
General call yes yes
address decode
Multi-Slave Address 2 sets 2 sets
Data Byte mode yes yes 8bit shift buffer + 8bit data register; Software flow control mode
Data Buffer mode yes yes 8bit shift buffer + 32bit shadow buffer + 32bit data register
Shadow Buffer 4-byte 4-byte internal data control buffer
Standard/Fast mode yes yes
Fast mode plus (1M/s) yes yes support for Buffer and DMA mode
Built-in pre-drive high yes yes pre-drive both SCL and SDA by hardware
SCL stretching optional optional ACK cycle SCL stretching; hardware high level checking
Address detect wake up - yes slave address detect and wake up on STOP mode
TX NACK ignore - yes master TX ignore receiving NACK for Buffer mode
Slave address mask - yes support slave address mask register
Programmable SCL High/Low
. yes yes
time
SCL/SDA input filter by 10 Control by IO Control
SCL/SDA input Schmitt
) yes yes
trigger
Time-out detect yes yes SMBus timeout, Detect SCL low or SCL/SDA both high timeout
Arbitration lost detect yes yes for Multi-Master mode
Bus error detect es s Bit-count mismatch error before valid 'Start' or 'Stop'; Data change
y y between SCL high
Invalid NACK detect yes yes
Data overrun detect yes yes for SCL clock stretching disabled
DMA request capability yes yes
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15.4. Control Block

The following diagram is showing the 12C Control block.

Figure 15-1. 12C Main Control Block —12C0/1
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<Note> 1: x=12c module index
2: TMOO_TRGO frequency must <= %2 (CK_I2Cx_PR frequency)
15.5. IO Lines
15.5.1. 10 Signals
® 12Cx_SCL
Itis the 12C clock SCL signal and uses as output for I2C master mode or as input for 12C slave mode.
® 12Cx_SDA

It is the 12C data SDA signal and uses as bidirectional 10 for both 12C master and slave modes.

15.5.2. 10 Configure

User must configure the related 10 pins in order to use the IO lines of this module. The 10 operation modes,
output high speed option, pull-high option, output drive strength, IO deglitch filter and input inverse selection are
programmable by pin independent. Please refer the section of “I[O Mode” in GPIO chapter of User Guide for
more detail descriptions of IO mode configuration. For the signal noise of I2C SCL and SDA lines, user can set
the input digital deglitch register Px_FCKS to filter the noise. Please refer the “Input Filter Control” in the section
of “lO Configuration” for more information.

[Notify]: For Fast-mode and Fast-mode Plus, input filters on the SDA and SCL inputs suppress noise spikes
of less than 50 ns by the reference of “I2C-bus specification and user manual”.

Each 10 signal may be mapped and selected on several 10 pins by configuring the 10 AFS matrix. Please
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refer the section of “Alternate Function Select” in GPIO chapter of User Guide for more detail descriptions of 10
AFS configuration. About the actual 10 pin AFS information, please refer the section of “Pin Alternate Functions
Selected Table” in Pin Description chapter of the chip Data Sheet.

15.6. Enabling and Clock

15.6.1. 12C Global Enable

There is a global enable bit of I2Cx_EN for all functions of this module. When this bit is disabled, all the 12C
functions are not working.

15.6.2. 12C Clock Control

® Module Process Clock

The module process clock of CK_12Cx_PR is using for the interface control logic between APB bus and the
module. It is coming from CSC (Clock Source Controller) module. It can be enabled in CSC_I2Cx_EN register
and select the clock source from APB clock or AHB clock in CSC_I12Cx_CKS register. User can plan the module
clock is running or not beforehand for chip entering SLEEP mode by setting CSC_SLP_I12Cx register. Refer the
System Clock chapter for more information.

Figure 15-2. 12C Process Clock Control

Clock Source Controller
CK_APB —>VI O CK_xxx_PR
- U > ) — » xxx Control Module
CK_AHB —»{ x : Process Clock
(CSC_xXX_CKS) : Gate_Off
Module Clock Select ' Power Mode [ CSC_xxx_EN [CSC_SLP_xxx |Module Clock
: ON 0 X Stop
: 1 X Running
0 0 X Stop
PW_SLP e Y SLEEP 1 0 Stop
: ; © 1 1 Running
(et sl e i X STOP X X Stop
PW_STP 5 <Note>
r;lSl xxX : internal module {SPIO0, I12C1, URTO, ---}
(CSC_xxx_EN) --- (CSC_xxx_EN) : Module Clock Enable
Module Clock Enable (CSC_xxx_CKS) : Module Clock Select
Unsupported Clock Running in STOP (CSC_SLP_xxx) : SLEEP Mode Clock Enable
CK_xxx_PR : Module Process Clock Signal

® Module Internal Clock

The 12C module is able to output the internal clock of CK_12Cx_INT as the sampling clock for received data
signal and the clock source for transmitted data signal. User can select the clock source from the module
process clock of CK_I12Cx_PR or the timer trigger output signal of TMO0O_TRGO by setting 12Cx_CK_SEL
register. Also the module provides one clock prescaler and one clock divider to generate the internal clock of
CK_I2Cx_INT. The clock prescaler can divide the input clock in 12Cx_CK_PSC register and the register value
must be set > 0. The clock divider can divide the input clock by 1/2/4/8/ ~/128 in 12Cx_CK_DIV register.

[Notify]: The input clock divider value of 12Cx CK PSC is 2 ~ 8 for MG32F02A132/072 and 2~16 for other
chips.
[Notify]: Usually the internal clock frequency needs slow down at least 1/2 than module process clock.

The TMO timer clock source can be select from the clock of CK_UT or CK_I2Cx_DIV64 by setting
[2Cx_TMO_CKS register. The clock of CK_12Cx_DIV64 is fixed from the frequency divided by 64 of
CK_I2Cx_PSC clock signal.
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15.7. Interrupt and Event

There are two types’ signals of INT_I12Cx, WUP_ 12Cx to be generated in this [2C control module. INT_I2Cx
sends to EXIC External Interrupt Controller to do as an interrupt event. WUP__ 12Cx sends to External Interrupt
Controller (EXIC) to do as the system wakeup events.

15.7.1. 12C Interrupt Control and Status

These interrupt flags are using for the interrupt service routine (ISR) flow control. Generally these flags are
set by hardware and software clears them when the serviced job is completed in the related ISR. Each interrupt
flag has one interrupt enable bit. User can enable or disable it. There is one interrupt all enable bit of I2Cx_IEA
to enable or disable all the interrupt sources for this module.

There are some status bits those are reading only to provide internal control status. One busy flag of
I2Cx_BUSYF is used to indicate the data transfer busy status. Refer the register descriptions of the related
status bits for more information.

During STOP mode, the 12C control module can detect the 12C salve address which is set in [2Cx_SADR or
I2Cx_SADR?2 registers. When the owned I12C salve address is detected, the chip will be waked up if the
I2Cx_WUP_IE and I2Cx_IEA registers are enabled.

[Notify]: The STOP mode wakeup function is not supported for MG32F02A132/072.

Figure 15-3. 12C Status and Interrupt Control — 12C0/1
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<Note> 1: x=12c module index

[Notify]: The 12Cx STPSTR IE is not supported for MG32F02A132/072.

15.7.2. 12C Subrange Interrupt

There are some subrange interrupt flags for the interrupt flags of 12Cx_BUFF, I2Cx_ERRF and
[2Cx_STPSTRF. These subrange interrupt flags can be asserted by hardware and induce to assert the upper
level flag of I2Cx_BUFF, I2Cx_ERRF and I2Cx_STPSTREF for interrupt generation. User can use these upper
level flags for interrupt flow control and no any hardware event control.

The flags of 12Cx_TSCF, 12Cx_CNTF and I2Cx_ERRCF are set by chip for firmware control only. They do
not do as interrupt events.

The following diagram is showing the 12C subrange interrupt control block.

MG32-MO User Guide Page-216




megawin MG32-MO0 User Guide V4.6

Figure 15-4. 12C Subrange Interrupt Control — 12C0/1
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15.7.3. 12C Interrupt Flags

Generally these interrupt flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related interrupt flags and interrupt enable bit.
® EVENTF

I2C status event interrupt Flag (I2Cx_EVENTF). There is a related interrupt enable register bit of
[2Cx_EVENT _IE. This flag is using for 12C byte mode interrupt control. It is asserted each time the event code
register of I2Cx_EVENT is updated by hardware. There is an 12Cx_EVENTF2 flag which is identical to
I2Cx_EVENTF flag and is designed in the same 32-hit register with 12C_EVENT (event code value) for firmware
easy using.
® BUFF

12C buffer mode event flag (I2Cx_ BUFF). There is a related interrupt enable register bit of I2Cx_BUFF_IE.
This flag is using for 12C buffer mode interrupt control. When any the flag of RXF, TXF, RSTRF, STOPF or
SADREF is asserted, this flag is induced to assert and generates the interrupt event if the I2Cx_BUFF_IE bit is
enabled.

— RXF

I2C receive data register not empty flag (1I2Cx_RXF). This is a subrange interrupt flag for BUFF interrupt flag.
When the shadow buffer receives data, hardware will copy the shadow buffer data to data register 12Cx_DAT
and this flag is set. This bit is cleared when [2Cx_DAT is read or this flag set to 1 by software.

Notify: The RXF flag is not cleared when [2Cx_DAT is read by SWD debugging.

- TXF

I2C transmit data register empty flag (I2Cx_TXF). This is a subrange interrupt flag for BUFF interrupt flag.
When the shadow buffer is empty for transmission, the data register I2Cx_DAT will copy to the shadow buffer
and this flag is set. This bit is cleared when 12Cx_DAT is written or this flag set to 1 by software.
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— SADRF

I12C slave address matched flag (1I2Cx_SADREF). This is a subrange interrupt flag for BUFF interrupt flag.
This flag is also asserted for master mode if transmit mode slave address unmatched or received mode slave
address asserted. When wakeup from STOP mode by detection matched slave address, user needs to clear this
bit to disable the clock stretching and releases clock signal for external master.

[Notify]: The [2Cx STPSTR IE is not supported for MG32F02A132/072.
- RSTRF

I12C repeat Start asserted flag (I2Cx_RSTRF). This is a subrange interrupt flag for BUFF interrupt flag. When
hardware detect the 12C repeat Start condition, this flag is set.

— STOPF
I2C Stop detection (1I2Cx_STOPF). This is a subrange interrupt flag for BUFF interrupt flag. When hardware
detect the 12C Stop condition, this flag is set.
® ERRF

12C error interrupt flag (I2Cx_ERRF). There is a related interrupt enable register bit of I2Cx_ERR_IE. It
indicates any of invalid no ack, bus arbitration lost bus error or data overrun error. When any the flag of
RXOVRF, TXOVRF, BERRF, ALOSF or NACKF is asserted, this flag is induced to assert and generates the
interrupt event if the 1I2Cx_ERR_IE bit is enabled.

— ROVRF

I12C receive overrun flag (I2Cx_ROVREF). This is a subrange interrupt flag for ERRF interrupt flag. When
receives overrun, hardware will stop to receive next data into data shadow buffer until this flag is cleared.

— TOVRF

I2C transmit underrun flag (I2Cx_TXOVREF). This is a subrange interrupt flag for ERRF interrupt flag. When
transmits underrun and 12C is slave mode, hardware will send OxFF value for next data until the data buffer is
not empty.

— NACKF

12C “Not Acknowledge” received error flag (I2Cx_NACKF). This is a subrange interrupt flag for ERRF
interrupt flag.

— ALOSF
12C bus arbitration lost error flag (I2Cx_ALOSF). This is a subrange interrupt flag for ERRF interrupt flag.
— BERRF
I12C bus error flag for invalid Stop/Start state (I2Cx_ BERRF). This is a subrange interrupt flag for ERRF
interrupt flag.
® TMOUTF
I2C bus timeout detect flag (I2Cx_TMOUTF). There is a related interrupt enable register bit of
[2Cx_TMOUT_IE.
® WUPF

STOP mode wakeup by 12C event detect flag (I2Cx_WUPF). There is a related interrupt enable register bit
of I2Cx_WUP_IE. When hardware detect that the slave address is matched to the setting of I2Cx_SADR
(I2Cx_SADR_EN=1) or 12Cx_SADR?2 (I2Cx_SADR2_EN=1) during STOP mode, this flag is asserted.

® STPSTRF

I2C Stop or Start detection flag (I2Cx_STPSTRF). There is a related interrupt enable register bit of
I2Cx_STPSTR_IE. When any the flag of RSTRF or STOPF is asserted, this flag is induced to assert and
generates the interrupt event if the 12Cx_ STPSTR_IE bit is enabled.

15.7.4.12C Control Flags

The flags of 12Cx_TSCF, 12Cx_CNTF and I2Cx_ERRCF are set by chip for firmware control only. They do
not do as interrupt events.

® TSCF

I12C shadow buffer transfer complete flag (I2Cx_TSCF). This flag is set by hardware and clear by hardware
or software writing 1. This flag is using for internal hardware control.

® CNTF

12C buffer count I2Cx_BUF_CNT register empty status (I12Cx_ CNTF). This flag is set by hardware and clear
by software writing 1.
® ERRCF

I2C master mode NACK error flag and state control bit (I2Cx_ERRCF). This flag is set by hardware and
clear by software writing 1 or hardware auto clear during START/STOP state. This bit is asserted if occurs
NACK during slave-address cycle or data cycle of receive access.
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15.8. 12C Connection for Application

Usually user need set the 10 mode of the using IO pins to open-drain for I2C SCL and SDA signals.

The following diagrams are showing the 12C application connections of Single Master, Multi-Master and
Slave Mode communication. There are two read only status bits to directly reflect the 12C SCL and SDA line
status in the 12C module. User can read these two status bits in I2Cx_SCLF and 12Cx_SDAF register bits for
firmware using.

® [2C Connection for Single Master Communication
Figure 15-5. 12C Connection for Single Master Communication
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<Note> x =12C module index

® |2C Connection for Multi-Master and Slave Mode Communication
Figure 15-6. I2C Connection for Multi-Master or Slave Mode Communication

12C MCU
I12C Slave Device-1
_‘|2Cx78CL B . SCL
SCL/SDA I« B 12C
Control Block 12Cx_SDA ree SDA; Control Block
12C Controller [® [Master Mode]
[Slave Mode] I12C Slave Device-2
SCL
1 12C
< SDA; Control Block
12C Master Device 12C Slave Device-3
|2Cx_SCL SCL
12C d 12C
Control Block 12Cx_SDA SDA Control Block

<Note> x = 12C module index
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15.9. 12C Fundamental Control
15.9.1. 12C Fundamental Protocol

The fundamental function of the 12C controller is designed by the standard 12C communication protocol.
Refer the “12C-bus specification and user manual” for more information about the 12C protocol.

The following diagram is showing the 12C fundamental protocol.

Figure 15-7. 12C Fundamental Protocol
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15.9.2. 12C Control Mode

The 12C supports the operation modes of single master/multi-master/slave mode by setting I2Cx_MDS
register. The multi-master mode is only supported for Byte mode only.

The 12C supports the optional data control mode of Byte mode and Buffer mode by setting 12Cx_BUF_EN
register. When selects Byte mode, firmware can easy use the event flag of EVENTF (12Cx_EVENTF) and event
code register of I2Cx_EVENT for data transfer flow control. When Buffer mode is enabled, a shadow buffer is
using to speed up for data flow control. The RXF and TXF flags will use to indicate the data register receiving
not-empty and transmission empty.

15.9.3. 12C Slave Address

The 12C controller supports two sets of slave address for slave mode address detection. User can set these
two slave addresses in 12Cx_SADR and 12Cx_SADR?2 registers and enable independently by setting
[2Cx_SADR_EN and I2Cx_SADR2_EN registers. For the 12C slave address in [2Cx_SADR register, the mask
register of I2Cx_SA_MSK is provided to configure and mask address bits of the receiving slave address for 12C
slave mode. The register zero bit makes the result which the related address bit is considered as 'don’t care' for
comparison. The mask register is no effect on 12Cx_SADR2 register setting. Also the 12C controller supports to
detect the 12C general call address 0x00 and is able to enable independently in I2Cx_GC_EN register.

[Notify]: The 12Cx_SA MSK register is not supported for MG32F02A132/072.

User can get the detected slave address code in I2Cx_SA_CODE register for 12C slave mode. When
operates in slave mode, the 12C controller will grab the slave address code into this register always.

15.9.4. 12C Data Register and Shift Buffer
One data registers of I2Cx_DAT is designed for 8/16/32-bit data access. When buffer mode is enabled,
reads the data register will clear the RXF flag and writes the data register will clear TXF flag.

The 12C controller implements one 8-bit shift buffer for data receiving and transmission. There is one register
of 12Cx_SBUF which can be read to get the data bits of received and transmitted shift buffer in real time.
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15.9.5. 12C Access Command

There are three command register bits of STA/STO/AA to control the 12C Start, Stop and ACK states for the
I2C data receiving and transmission. These bits are implemented in 12Cx_STA, I12Cx_STO and 12Cx_AA
registers. Specially, the 12Cx_STA register bit can be written only when the protected bit of I2Cx_STA_LCK is
written “1” simultaneously. Also the 12Cx_STO and 12Cx_AA register bits have the same protected function with
independent register bits of I2Cx_STO_LCK, 12Cx_AA_LCK.

® STA - 12C START enable bit

When the STA bit is set to enter a master mode, the 12C hardware checks the status of the serial bus and
generates a START condition if the bus is free. If the bus is not free, then I2C waits for a STOP condition and
generates a START condition after a delay. If STA is set while 12C is already in a master mode and one or more
bytes are transmitted or received, 12C transmits a repeated START condition. STA may be set at any time. STA
may also be set when I2C is an addressed slave. When the STA bit is reset, no START condition or repeated
START condition will be generated.

® STO -12C STOP enable bit

When the STO bit is set while 12C is in a master mode, a STOP condition is transmitted to the serial bus.
When the STOP condition is detected on the bus, the I2C hardware clears the STO flag. In a slave mode, the
STO flag may be set to recover from a bus error condition. In this case, no STOP condition is transmitted to the
bus. However, the 12C hardware behaves as if a STOP condition has been received and switches to the defined
not addressed slave receiver mode. The STO flag is automatically cleared by hardware. If the STA and STO bits
are both set, then a STOP condition is transmitted to the bus if I12C is in a master mode (in a slave mode, 12C
generates an internal STOP condition which is not transmitted), and then transmits a START condition.

® AA -12C assert Acknowledge enable bit

If the AA bitis set to '1', an ACK will be returned during the ACK clock pulse on the SCL line when:

(1) The own slave address has been received.

(2) A data byte has been received while 12C is in the master/receiver mode.

(3) A data byte has been received while I12C is in the addressed slave/receiver mode.

If the AA bit is reset to '0', a NACK will be returned during the ACK clock pulse on SCL when:

(1) A data has been received while 12C is in the master/receiver mode.

(2) A data byte has been received while 12C is in the addressed slave/receiver mode.

15.9.6. 12C START/STOP/Data-Change

Two registers of I2Cx_HT and I12Cx_LT are simply used to configure the I12C master mode timing. User can
set the SCL high time by setting I2Cx_HT register and set the SCL low time by setting 12Cx_LT register.

Figure 15-8. 12C START/STOP/Data-Change Timing
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<Note-1> SCL High time = START hold time = STOP setup time ( tHIGH = tHD:STA = tSu:STO ) by setting in (1I2Cx_HT) .

<Note-2> SCL Low time = START setup time = Bus free time between STOP and START ( tLow = tsu:sta = tBUF)
by setting in (12Cx_LT) .
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15.10. 12C Byte Mode Control

User can easy use the event flag of EVENTF (12Cx_EVENTF) and event code register of 12Cx_EVENT for
data transfer flow control.

15.10.1. 12C Byte Mode Transmit and Receive

The EVENTF flag is asserted each time the hardware detects the new I12C condition or error event. At the
time, also the event code register of 12Cx_EVENT is updated and the 12C controller will generate an interrupt
event if the interrupt enable bit of I2Cx_EVENT _IE is enabled. User can read the 12Cx_EVENT register to get an
event code which indicates the detected 12C event.

User can implement the 12C communication firmware by interrupt event trigger and read the 12C event code
to get the 12C current state. User can set 12C access commands of STA/STO/AA step by step in I2Cx_STA,
[2Cx_STO and 12Cx_AA registers for I2C communication control.

Refer the section of “12C Access Command” for more information about the 12C access command.

15.10.2. 12C Event Code

The following table is showing the 12C Event Code of Summary mode.

® [2C Event Code Summary
Table 15-3. 12C Event Code Table

I(E:\(l)%n(: Hardware and Bus Status MT Mas,\t/leF;/SIangIode ST
0x00 Bus error (due to an illegal START or STOP condition) \% \% \% \%
0x08 START transmitted \% \%
0x10 Repeated START transmitted \Y \%
0x18 SLA+W transmitted and ACK received \Y
0x20 SLA+W transmitted and NoACK received \Y
0x28 DAT transmitted and ACK received \%
0x30 DAT transmitted and NoACK received \%
Arbitration lost in SLA+W or DAT \%
0x38 Arbitration lost in SLA+R or DAT \
Arbitration lost in NACK bit \
0x40 SLA+R transmitted and ACK received \
0x48 SLA+R transmitted and NoACK received \%
0x50 DAT received and ACK received \Y,
0x58 DAT received and NoACK received \Y,
0x60 Own SLA+W received and ACK returned \%
0x68 Own SLA+W received, Arbitration lost and ACK returned \%
0x70 General Call address received and ACK returned \%
0x78 General Call address received and Arbitration lost \%
0x80 Previously addressed with own SLA, DAT received and ACK returned \%
0x88 Previously addressed with own SLA, DAT received and NoACK returned \%
0x90 DAT received and ACK returned (General Call) \%
0x98 DAT received and NOACK returned (General Call) \%
0xAO0 STOP or Repeated START received \%
0xA8 Own SLA+R received and ACK returned \%
0xBO Own SLA+R received and Arbitration lost \%
0xB8 DAT transmitted and ACK received \Y
0xCO DAT transmitted and NoACK received \%
0xC8 Last DAT transmitted and ACK received \%
OXE8 :;]ro(l)sooirntzgrsrlijsptrgsesajzgd;)No relevant state information available (EVENTF =0 Vv v Vv Vv

<Note> DAT = I12Cx_DAT data register (x: module index)
SLA+W/R = slave address with write/read command bit
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15.10.3. 12C Byte Mode Control Flow

The following figure is showing the I12C Flow Chart Glossary for following 12C flow charts.
Figure 15-9. Flow Chart Glossary

Set STA to generate a STA : 12Cx_STA bi_t ~ 12C START enable t_)it

START STO : 12Cx_STO bit ~ 12C STOP enable bit
S| :12Cx_EVENTF bit ~ 12C status event interrupt flag
AA :12Cx_AA bit ~ I12C assert Acknowledge enable bit

08H The status code in 12Cx_EVENT, it is the current bus state.

ASTARThasbeen 1 The |2C bus operation has just finished.
transmitted

((STASTOSLAA=(0,00X)) Setting for the next bus operation. "X" means "don't care".
{SLA+W will be transmitted;}—— The expected next bus operation.
ACK bit will be received.
SLA : I12C Slave Address

¢ SLV : 12C Slave mode

. WI/R : 12C Write / Read operation

. ACK : 12C Acknowledge bit

°

DAT : I12Cx_DAT bits ~ 12C 8-bit data register

® [2C Master Transmitter Mode
The following table is showing the 12C Event Code and Command of master transmitter mode.

Table 15-4. 12C Master Transmitter Mode Event Table

Event To/From .
Code Hardware and Bus Status I2Cx_DAT STA|STO | AA Next Action Taken by Hardware
oxos |~ START condition has been 1, .4 g A+ X | 0 | X |SLA+W will be transmitted; ACK bit will be received
transmitted
A repeated START Load SLA+W X 0 X |SLA+W will be transmitted; ACK bit will be received
0x10 |condition has been Load SLA+R; Clear | 0 x  |SLA+W will be transmitted; the 12C block will be
transmitted. STA switched to MASTER receiver mode.
SLA+W has been Load data byte 0 0 X |Data byte will be transmitted; ACK bit will be received.
:)ransmme_d; QCK has No DAT action 1 0 X |Repeated START will be transmitted.
een received. — - —— -
0x18 No DAT action 0 1 X rSe'I;(gtP condition will be transmitted; STO flag will be
. STOP condition followed by a START condition will be
No DAT action L L X transmitted; STO flag will be reset.
SLA+W has been Load data byte 0 0 X |Data byte will be transmitted; ACK bit will be received.
Xé?(shmlttebd; NOT No DAT action 1 0 X |Repeated START will be transmitted.
as been — - —— -
0x20  |received. No DAT action 0 1 X rSe'I;(gtP condition will be transmitted; STO flag will be
. STOP condition followed by a START condition will be
No DAT action L L X transmitted; STO flag will be reset.
Data byte in DAT has Load data byte 0 0 X |Data byte will be transmitted; ACK bit will be received.
ZfleKn rt]ranks)mnted; No DAT action 1 0 X |Repeated START will be transmitted.
as been — - —— -
0x28  |received. No DAT action 0 1 X rSe'I;(gtP condition will be transmitted; STO flag will be
. STOP condition followed by a START condition will be
No DAT action L L X transmitted; STO flag will be reset.
Data byte in DAT has Load data byte 0 0 X |Data byte will be transmitted; ACK bit will be received.
z%eTn:é‘Eshm'“sd; No DAT action 1 0 X |Repeated START will be transmitted.
as been — - —— -
0x30  |received. No DAT action 0 1 X rSe'I;(gtP condition will be transmitted; STO flag will be
. STOP condition followed by a START condition will be
No DAT action L L X transmitted; STO flag will be reset.
Arbitration lost in No DAT action 0 0 X 12C-bus will be released; not addressed slave will be
0x38 SLA+R/W or Data entered.
bvtes. . — - -
ytes No DAT action 1 0 X A START condition will be transmitted when the bus
becomes free.

<Note> DAT = 12Cx_DAT register (x: module index)
SLA+W/R = slave address with write/read command bit
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The following figure is showing the suggested flow chart of I2C master transmitter mode.

Figure 15-10. 12C Master Transmitter Mode Flow Chart

Master Transmitter Mode

Set STA to generate a

START

From Slave Mode @ P>«

08H
A START has been
transmitted

.
A 4
(STA,STO,SI,AA)=(0,0,0,X)
SLA+W will be transmitted;
ACK bit will be received.
4—‘ From Master Receiver
A 4
( )
18H
SLA+W will be transmitted;
ACK bit will be received.
or
20H
SLA+W will be transmitted;
NOT ACK bit will be received.
- J
|-
>
I ) I
A 4 A 4
(STA,STO,S1,AA)=(0,0,0,X) (STA,STO,SI,AA)=(1,0,0,X) (STA,STO,S1,AA)=(0,1,0,X) (STASTO,SI,AA)=(1,1,0,X)
Data byte will be transmitted; A repeated START will be A STOP will be transmitted; A STOP ft_)llowed by a X
AN X X . START will be transmitted,;
ACK bit will be received. transmitted. STO flag will be reset. .
STO flag will be reset.
4 4 A 4 A 4
( N\ 4 N\
28H 10H Send a STOP
Data byte in SIDAT has been A repeated START has Send a STOP foll d by a START
transmitted; ACK has been been transmitted. ollowed by a
received. g J
or
30H >
Data byte in SIDAT has been
transmitted; NOT ACK has
been received.
- J
38H
Arbitration lost in
I SLA+W or Data bytes
(STA,STO,SI,AA)=(0,0,0,X)
SLA+R will be transmitted;
ACK will be received; \ 4 \ 4
TWSI will be switched to
Master/Receiver mode (STA,STO,SI,AA)=(0,0,0,X) (STA,STO,SI,AA)=(1,0,0,X)
The bus will be released; A START will be transmitted
Not addressed Slave mode when the bus becomes free.
will be entered.
To Master Receiver v v

Send a START when
bus becomes free

I

Enter NAslave
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® [2C Master Receiver Mode
The following table is showing the I12C Event Code and Command of master receiver mode.
Table 15-5. 12C Master Receiver Mode Event Table
Event Hardware and To/From ]
Code Bus Status 12Cx DAT STA|STO | AA Next Action Taken by Hardware
0x08 A STAR.T condition has been Load SLA+R X 0 X |SLA+R will be transmitted; ACK bit will be received.
transmitted.
Arepeated START Load SLA+R X 0 X |As above.
0x10 |condition has been SLA+W will be transmitted; the 12C block will be
transmitted. Load SLA+W X1 9 | X |switched to MASTER/TRX mode.
Arbitration !ost in No DAT action 0 0 X 12C-bus will be released; the 12C block will enter a slave
0x38 NOT ACK bit. mode.
No DAT action 1 0 X A START condition will be transmitted when the bus
becomes free.
SLA+R_has _been No DAT action 0 0 0 Data byte will be received; NOT ACK bit will be
0x40 |transmitted; ACK has returned.
been received. No DAT action 0 0 1 |Data byte will be received; ACK bit will be returned.
SLA+R has been No DAT action 1 0 X |Repeated START condition will be transmitted.
transmitted; NOT } STOP condition will be transmitted; STO flag will be
0x48 |ACK has been No DAT action 0 1 X reset.
received. e e :
. STOP condition followed by a START condition will be
No DAT action L L X transmitted; STO flag will be reset.
Data' byte has been Read data byte 0 0 0 Data byte will be received; NOT ACK bit will be
0x50 |received; ACK has returned.
been returned. Read data byte 0 0 1 |Data byte will be received; ACK bit will be returned.
Data byte has been Read data byte 1 0 Repeated START condition will be transmitted.
received; NOT ACK STOP condition will be transmitted; STO flag will be
0x58 |has been returned. Read data byte 0 1 X |reset.
STOP condition followed by a START condition will be
Read data byte ! ! X transmitted; STO flag will be reset.
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The following figure is showing the suggested flow chart of I2C master receiver mode.

Figure 15-11. I2C Master Receiver Mode Flow Chart

Master Receiver Mode Set STA to generate a
START

© From Slave Mode

08H
A START has been
transmitted

>
-

A
(STA,STO,SI,AA)=(0,0,0,X)

SLA+R will be transmitted;
ACK bit will be received.

From Master Transmitter ®—>
v ’ v

48H 40H
SLA+R has been transmitted; SLA+R has been transmitted;
NOT ACK has been received. ACK has been received.
|
*‘
(STA,STO,SI,AA)=(0,0,0,0) (STA,STO,SI,AA)=(0,0,0,1)
Data byte will be received; Data byte will be received;
NOT ACK bit will be received. ACK bit will be received.
( )\ ( )
58H 50H
Data byte has been received; Data byte has been received;
NOT ACK has been returned. ACK has been returned.
- / - J
< I
v © v v
(STA.STO,S1,AA)=(1,1,0.X) (STA,STO,SI,AA)=(0,1,0,X) (STA,STO,SI,AA)=(1,0,0,X)
A STOP followed by a A STOP will be transmitted; A repeated START will be
START will be transmitted; STO flag will be reset ‘ tranSmitted
STO flag will be reset. 9 : :
A 4 A 4
( d )
Send a STOP 10H
Send a STOP
followed by a START A repeated START has
. J been transmitted.

Ll
l
A 4
38H (STA,STO,SI,AA)=(0,0,0,X)
pAstitetita (o T SLA+W will be transmitted;

SLA+W or Data bytes

ACK bit will be received.
TWSI will be switched to MST/TRX mode.

v v

(STA,STO,SI,AA)=(1,0,0,X) (STA,STO,SI,AA)=(0,0,0,X) @
A START will be transmitted The bus will be released,
when the bus becomes free. Not addressed Slave mode will be entered. To Master Transmitter

v

Send a START when
bus becomes free

Enter NAslave
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® [2C Slave Transmitter Mode
The following table is showing the I12C Event Code and Command of slave transmitter mode.
Table 15-6. I12C Slave Transmitter Mode Event Table
Event Hardware and To/From ]
Code Bus Status 12Cx DAT STA|[STO | AA Next Action Taken by Hardware
Own_ SLA_+R has been Load data byte X 0 0 Lgst _data byte.W|II be transmitted and ACK
0xA8 received; ACK has bit will be received.
been returned. Load data byte X 0 1 Data_ byte will be transmitted; ACK will be
received.
Arbitration lost in SLA+R/W as Last data byte will be transmitted and ACK
. Load data byte X 0 0 - .
0xBO master; Own SLA+R has been bit will be received.
received, ACK has been Data byte will be transmitted; ACK will be
Load data byte X 0 1 .
returned received.
Data byte in !DAT .has Load data byte X 0 0 L_ast _data byte‘W|I| be transmitted and ACK
OxBS8 been transmitted; ACK bit will be received.
has b ived. - —— -
as been receive Load data byte X 0 1 Datg byte will be transmitted; ACK will be
received.
Data byte in DAT has . Switched to not addressed SLAVE mode; no
been transmitted; NOT No DAT action 0 0 o1 recognition of own SLA or General Call address.
ACK has been Switched to not addressed SLAVE mode;
received. No DAT action 0 0 1 |Own SLA will be recognized; General Call
address will be recognized if ADR[0] = logic 1.
Switched to not addressed SLAVE mode; no
. recognition of own SLA or General Call address. A
0xCo No DAT action ! 0 0 START condition will be transmitted when the bus
becomes free.
Switched to not addressed SLAVE mode;
Own SLA will be recognized; General Call
No DAT action 1 0 1 |address will be recognized if ADR[0] = logic 1. A START
condition will be transmitted when the bus becomes
free.
Last data byte in DAT . Switched to not addressed SLAVE mode; no
has been transmitted No DAT action 0 0 0 recognition of own SLA or General Call address.
(AA =0); ACK has Switched to not addressed SLAVE mode;
been received. No DAT action 0 0 1 |Own SLA will be recognized; General Call
address will be recognized if ADR[0] = logic 1.
Switched to not addressed SLAVE mode; no
. recognition of own SLA or General Call address. A
OxC8 No DAT action ! 0 0 START condition will be transmitted when the bus
becomes free.
Switched to not addressed SLAVE mode;
Own SLA will be recognized; General Call
No DAT action 1 0 1 |address will be recognized if ADR[O] = logic 1. A START

condition will be transmitted when the bus becomes
free.
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The following figure is showing the suggested flow chart of I2C slave transmitter mode.

Figure 15-12. 12C Slave Transmitter Mode Flow Chart

Slave Transmitter Mode
Set AA

e A
A8H

Own SLA+R has been received;
ACK has been returned.

or
BOH
Arbitration lost in SLA+R/W as master;

Own SLA+R has been received;
ACK has been returned.

- J

v l v

(STA,STO,SI,AA)=(0,0,0,0) (STA,STO,SI,AA)=(0,0,0,1)
Last data byte will be transmitted,; Data byte will be transmitted;
ACK bit will be received. ACK bit will be received.
" 5
C8H COH B8H
Last data byte in DAT has been transmitted; Data byte or Last data byte in DAT has been transmitted; Data byte in DAT has been transmitted;
ACK has been received. NOT ACK has been received. ACK has been received.
R v v
(STA,STO,SI,AA)=(0,0,0,0) (STA,STO,SI,AA)=(0,0,0,1)
Last data byte will be transmitted,; Data byte will be transmitted;
ACK bit will be received. ACK bit will be received.
)\
y y y ¥
(STA,STO,SI,AA)=(1,0,0,1) (STA,STO,SI,AA)=(1,0,0,0) (STA,STO,SI,AA)=(0,0,0,1) (STA,STO,SI,AA)=(0,0,0,0)
Switch to not addressed SLV mode; Switch to not addressed SLV mode; Switch to not addressed SLV mode; Switch to not addressed SLV mode;
Own SLA will be recognized; No recognition of own SLA; Own SLA will be recognized; No recognition of own SLA;
A START will be transmitted when A START will be transmitted when
the bus becomes free. the bus becomes free. | |
Py
A 4

Send a START when

Enter NAslave
bus becomes free

To Master Mode
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12C Slave Receiver Mode

The following table is showing the I12C Event Code and Command of slave receiver mode.

Table 15-7. 12C Slave Receiver Mode Event Table

'é‘ged”et ngfs""gtraet j‘gd |2Tg< FFBET STA|STO| AA Next Action Taken by Hardware
Own_ SLA+W has been No DAT action X 0 0 Df'ita byte will be received and NOT ACK
0x60 |[received; ACK has been will be returned.
returned. No DAT action X 0 1 |Data byte will be received and ACK will be returned.
Arbitration lost in No DAT action X 0 0 Data byte will be received and NOT ACK will be
SLA+R/W as master; returned.
0x68 Own SLA+W has been
) No DAT action X 0 1 |Data byte will be received and ACK will be returned.
received, ACK returned.
General Call address No DAT action X 0 0 Data byte will be received and NOT ACK will be
0x70 (OXOQ) has been returned. - ‘ ‘
received; ACK has been No DAT action X 0 1 Data byte will be received and ACK will be
returned. returned.
Arbitration lost in SLA+R/W as No DAT action X 0 0 Dgta byte will be received and NOT ACK
master; will be returned.
0x78 Se?:r:;\:zijf:z!:lidhde::sbsezgs been No DAT action X 0 1 Data byte will be received and ACK will be
returned.
returned.
Pr_eviously addressed . Read data byte X 0 0 Data byte will be received and NOT ACK will be
0x80 with own SLA addregs, returned.
DATA has been received; Read data byte X 0 1 Data byte will be received and ACK will be
ACK has been returned. returned.
Previously addressed Read data byte 0 0 0 Switched to not addressed SLAVE mode; no
with own SLA; DATA recognition of own SLA or General Call address.
byte has been received; Switched to not addressed SLAVE mode;
NOT ACK has been Read data byte 0 0 1 |Own SLA will be recognized; General Call
returned. address will be recognized if ADR[0] = logic 1.
Switched to not addressed SLAVE mode; no
recognition of own SLA or General Call address. A
0x88 Read data byte ! 0 0 START condition will be transmitted when the bus
becomes free.
Switched to not addressed SLAVE mode;
Own SLA will be recognized; General Call
Read data byte 1 0 1 |address will be recognized if ADR[0] = logic 1. A START
condition will be transmitted when the bus becomes
free.
Pljeviously addre'ssed Read data byte X 0 0 Data byte will be received and NOT ACK will be
0x90 with General Call; I_DATA returned. - - -
byte has been received; Read data byte X 0 1 Data byte will be received and ACK will be
ACK has been returned. returned.
Previously addressed Read data byte 0 0 0 Switched to not addressed SLAVE mode; no
with General Call; DATA recognition of own SLA or General Call address.
byte has been received; Switched to not addressed SLAVE mode;
NOT ACK has been Read data byte 0 0 1 |Own SLA will be recognized; General Call
returned. address will be recognized if ADR[0] = logic 1.
Switched to not addressed SLAVE mode; no
recognition of own SLA or General Call address. A
0x98 Read data byte ! 0 0 START condition will be transmitted when the bus
becomes free.
Switched to not addressed SLAVE mode;
Own SLA will be recognized; General Call
Read data byte 1 0 1 |address will be recognized if ADR[0] = logic 1. A START
condition will be transmitted when the bus becomes
free.
A STOP condition or No DAT action 0 0 0 Switched to not addressed SLAVE mode; no
repeated START recognition of own SLA or General Call address.
condition has been Switched to not addressed SLAVE mode;
received while still No DAT action 0 0 1 |Own SLA will be recognized; General Call
addressed as Slave address will be recognized if ADR[0] = logic 1.
Receiver or Slave Switched to not addressed SLAVE mode; no
O0xA0 |Transmitter. . recognition of own SLA or General Call address. A
No DAT action 1 0 0 START condition will be transmitted when the bus
becomes free.
Switched to not addressed SLAVE mode;
No DAT action 1 0 1 Own SLA will be recognized; General Call

address will be recognized if ADR[0] = logic 1. A START
condition will be transmitted when the bus becomes
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|free. |

The following figure is showing the suggested flow chart of I12C slave receiver mode.

Figure 15-13. 12C Slave Receiver Mode Flow Chart

Slave Receiver Mode
Set AA

e A
60H

Own SLA+W has been received;
ACK has been returned.

or
68H
Arbitration lost in SLA+R/W as master;

Own SLA+W has been received;
ACK has been returned.

(& J

v l v

(STA,STO,S1,AA)=(0,0,0,0) (STA,STO,S1,AA)=(0,0,0,1)

Data byte will be received;
ACK bit will be returned.

Data byte will be received;
NOT ACK bit will be returned.

» i
- -
y y

88H 80H
Data byte has been received; Data byte has been received;
NOT ACK has been returned. ACK has been returned.

v . v

(STA,STO,SI,AA)=(0,0,0,0) (STA,STO,SI,AA)=(0,0,0,1)

Data byte will be received; Data byte will be received;
NOT ACK bit will be returned. ACK bit will be returned.

AOH

A STOP or repeated START has been
received while still addressed as
SLV/REC.

v

y

y

v

(STA,STO,SI,AA)=(1,0,0,1)

Own SLA will be recognized,;

the bus becomes free.

Switch to not addressed SLV mode;

A START will be transmitted when

(STA,STO,SI,AA)=(1,0,0,0)

Switch to not addressed SLV mode;
No recognition of own SLA;

A START will be transmitted when
the bus becomes free.

Send a START when
bus becomes free

To Master Mode

(STA,STO,SI,AA)=(0,0,0,1)

Switch to not addressed SLV mode;
Own SLA will be recognized;

(STA,STO,SI,AA)=(0,0,0,0)

Switch to not addressed SLV mode;
No recognition of own SLA;

Enter NAslave
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® |2C Slave General Call
The following figure is showing the suggested flow chart of I12C slave General Call mode.

Figure 15-14. 12C Slave Receiver General Call Mode Flow Chart

Slave Receiver Mode for General Call
Set AA

(70H D
General Call address has been

received;

ACK has been returned.

or

78H
Arbitration lost in SLA+R/W as master;
General Call address has been
received;

\ACK has been returned. Y,

v l v

(STA,STO,SI,AA)=(0,0,0,0)

Data byte will be received;
NOT ACK bit will be returned.

(STA,STO,SI,AA)=(0,0,0,1)

Data byte will be received;
ACK bit will be returned.

<
y

[ A

A 90H

Previously addressed with General Call address;
Data byte has been received;
ACK has been returned.

98H
Previously addressed with General Call address;
Data byte has been received;

NOT ACK has been returned. y

AOH

A STOP or repeated START has been
received while still addressed as
SLV/REC.

; !

v

(STA,STO,SI,AA)=(0,0,0,0)

Data byte will be received;
NOT ACK bit will be returned.

(STA,STO,SI,AA)=(0,0,0,1)

Data byte will be received;
ACK bit will be returned.

v

) y

y

v

(STA,STO,SI,AA)=(1,0,0,1)

Own SLA will be recognized;

the bus becomes free.

Switch to not addressed SLV mode;

A START will be transmitted when

(STA,STO,SI,AA)=(1,0,0,0)

No recognition of own SLA;
A START will be transmitted when
the bus becomes free.

Switch to not addressed SLV mode;

(STA,STO,SI,AA)=(0,0,0,1)

Own SLA will be recognized;

Switch to not addressed SLV mode;

(STA,STO,S1,AA)=(0,0,0,0)

Switch to not addressed SLV mode;
No recognition of own SLA;

| : |

{Send a START when }

Enter NAslave

bus becomes free

To Master Mode

® |2C Miscellaneous Event Table
Table 15-8. 12C Miscellaneous Event Table

E\é)%n; ngl?swgtra?tsgd I;g(':rg%_ STA|STO | AA Next Action Taken by Hardware
No relevant state information
0xF8 aE\\//aéllf:_ll?::e‘:%u;n'j ;?)I?r?tseercrtp t No DAT action Wait or proceed current transfer.
asserted.
Bus error during MASTER or
selected slave modes, due to an Only the internal hardware is affected in
illegal START or STOP the MASTER or addressed SLAVE modes. In all
0x00 |condition. State 0x00 can also |No DAT action 0 1 X |cases, the bus is released and the 12C
occur when interference causes block is switched to the not addressed
the 12C block to enter an SLAVE mode. STO is reset.
undefined state.
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15.11. 12C Buffer Mode Control
User can easy use the event flags of TXF (I2Cx_TXF) and RXF (12Cx_RXF) for data transfer flow control.

15.11.1. 12C Buffer Mode Data Buffer

The module implements an 8-bit shift buffer, a 32-bit shadow buffer and a 32-bit data register for data flow
control of Data Buffer mode. The following diagram is showing the 12C Data Buffer mode control block.

Figure 15-15. 12C Data Buffer Mode Control Block — 12C0/I2C1

Master Transmitter Data Buffer Mode Control

12Cx_SDAJO Shift .
Buffer | Shift out one-byte  Set flag when Shadow Buffer content load
(I2CX_ACNT) k-1 Aéﬂljféa T eachtime into Shift Buffer complete
Actual transmitted Al N Clear flag when Data Register content load
byte count Shadow Shadow Buffer----- TSCF into Shadow Buffer or Software set 1
NT i ister i
C% T LoadRegisterall Set flag when Data Register is empty and
(12Cx_BUF_CNT)|_} | Buffer Data Register |----- TXFE | the content load into Shadow Buffer
{1~4} CNT Clear flag when Data Register is written or

(I2CX_DAT) f------memememememememmmmemeaeae J Software set 1

Master Receiver Data Buffer Mode Control

12Cx_SDAJD »| Shift
= i Buffer | Shiftin one-byte _
(12Cx_ACNT) |1 Actual R each time Set flag when Shadow CNT is empty
= CNT @j¢--{----- & Clear flag when Buffer CNT is written or

Actual received
Shadow Shadow Buffer }----- TSCF software set 1

byte count
Set flag when Shadow Buffer content copy to

CNT $ Load Buffer all
(1I2Cx_BUF_CNT) Buffer L - Data Register _ _
T T[1~4 M oNT Data Register f----- RXF Clear flag when Data Register is read or
: Software set 1
(I2CX_DAT) feeceocmsmcceneneey jromee ' Set flag when Buffer CNT is empty

Clear flag when Buffer CNT is not empty

Slave Transmitter Data Buffer Mode Control

12Cx_SDAJO Shift :
otoal Buffer | Shift outone-byte  get flag when Shadow Buffer content load into
(|2|Cx_ACNsz I CI\LIJT@¢ 6 each time Shift Buffer or Slave address is matched
Actual transmitte N lear fl hen Data Regist tent load int
llshadow Buffer /S TscE | Clear flag when Data Register content load into
byte count| | [Shadow [ TSCF_| Shadow Buffer or Software set 1
CNT i . .
(12Cx_BUF_CNT) ﬁ T Load Register all Set flag when Data Register is empty and the
T TP gN.?r Data Register |[----- » TXF | contentload into Shadow Buffer
— Clear flag when Data Register is written or
(12CX_DAT) | g Software set 1

Slave Receiver Data Buffer Mode Control

12Cx_SDAJO »{ Shift
X é Buffer | Shift in one-byte Set flag when both Actual CNT and Buffer
(12Cx_ACNT) ¥ each time CNT are full or Slave address is matched
A Actual et Clear flag when Shadow Buffer content load
‘. cedececcd Thadow Riifferl-----
Actue;)l yrteeccecl)\ijeni CNT@®|' Shadow Buffer TSCF_| into Data Register or Software set 1
oI l Loee Suifizy ell Set flag when Shadow Buffer content copy to
(12Cx_BUF_CNT) L _|. cl:JN?r Data Register |----- RXF | Data Register
{1~4} : Clear flag when Data Register is read or
(I2CX_DAT) [geevermmmenremmmmmneneeenenaaaaaesdd ' Software set 1

<Note> 1: x=12c module index
2: Data transmission is triggered by data register (12Cx_DAT) write,
Master mode data receiving is triggered by (I2Cx_BUF_CNT) write and
Slave mode data receiving is triggered by hardware detection.
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15.11.2. 12C Data Buffer Control

The RXF flag (12Cx_RXF) will be activated at every time that the Shadow Buffer content is copied to data
register (12Cx_DAT). Also the related interrupt will be asserted if the 12Cx_BUFF_IE register is enabled.

The TXF flag (I2Cx_TXF) will be activated at every time that the data register content is copied to Shadow
Buffer. Also the related interrupt will be asserted if the 12Cx_BUFF_IE register is enabled. The TSCF flag
(I2Cx_TSCF) will be activated at every time that the Shadow Buffer content is copied to Shift Buffer.

There is one 12C shadow buffer transfer complete TSCF flag (I2Cx_TSCF). Usually it is using for internal
hardware control only.

For master transmitter mode, this flag is set when shadow buffer content loads into shift buffer completely
and clear when data register content load into shadow buffer or software set 1. For master receiver mode, this
flag is set when Buffer CNT (shadow buffer count register of I2Cx_BUF_CNT) is empty and clear when Buffer
CNT is written or software sets 1.

For slave transmitter mode, this flag is set when shadow buffer content load into shift buffer completely or
slave address matched. Clear flag when data register content load into shadow buffer or software setting 1. For
slave receiver mode, this flag is set when the ACNT (actual count register of I2Cx_ACNT) and Buffer CNT are
full or slave address is matched. Clear flag when shadow buffer content load into data register Software set 1.

The 12Cx_BUF_CNT register is used to do as the transmitted or received data byte count threshold. When
transmitted or received data arrives at the threshold and the interrupt enable bit of I2Cx_BUFF_IE is enabled,
the interrupt is generated. When writes this register, hardware will auto clear the 12Cx_CNTF.

The 12Cx_ACNT register can be read to get the transmitted or received data actual byte count value. When
transmitted or received data complete by last data transfer or error conditions, the actual transmitted or received
data byte number is recorded in this register. The count value is not calculated and included the NACK error
byte. For other conditions, this register value is no meaning.

15.11.3. 12C Buffer Mode Access Command

As same as Byte mode, the same three command register bits of STA/STO/AA are used to control the 12C
Start, Stop and ACK states for the 12C data receiving and transmission. These bits are implemented in
[2Cx_STA, 12Cx_STO and 12Cx_AA registers. Refer the section of “|2C Access Command” for more
information about the I12C access command.

There are extra three command register bits of pSTA/pSTO/pAA are using as the preload command to set
for next 12C command. These bits can directly be initialized in the registers of 12Cx_PSTA, [12Cx_PSTO and
[2Cx_PAA. Also these bits can be initialized in the same registers of I2Cx_STA, 12Cx_STO and 12Cx_AA by the
control of I2Cx_CMD_TC register. When the 12Cx_CMD_TC register is set 0, writes to the three register bits
which will initial the 12C access command for hardware current setting. When the 12Cx_CMD_TC register is set
1, writes to the three register bits which will initial the 12C preload command for next command setting.

[Notify]: The [2Cx PSTA, I2Cx PSTO and 12Cx PAA reqisters are not supported for MG32F02A132/072.

Though the command bits of STA/STO/AA and pSTA/pSTO/pAA can be initialized in the same register bits
of I2Cx_STA, I12Cx_STO and I12Cx_AA by register write access, reads the three register bits that is only able to
get the command bits of STA/STO/AA.

Figure 15-16. 12C Access Command Bits

(IZC Hardware ControD

I2C Access Command A A A
(Hardware current setting) | STA | STO | AA |a-==-mmommomooemo 2) éﬂ
12C Preload Command #" """" % """"" { """ t Sﬁgﬁﬂrmhed A %
(Next command setting) | pSTA | pSTO | pAA am=mmmmmmmomoaan ? g

I12C command hardware setting: (I2Cx_STA), (I2Cx_STO), (I2Cx_AA)
when (12Cx_CMD_TC) =0 (I2Cx_CMD_TC)

I12C command preload setting: (I2Cx_STA), (I2Cx_STO), (I12Cx_AA)
when (12Cx_CMD_TC) =1
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15.11.4. 12C Master Transmit and Receive

® [2C Master Transmit Access Sequence

User can set the STA/STO/AA command to start the 12C master transmission access. According to the
interrupt of TXF/BUFF, user fills the transmitted data to I12C data register until last data transmission. User can
initialize the preload command to stop 12C master transmission at the last 12C data register written for I12C data

transmission.
The following diagram is showing the master mode transmit access sequence.

Figure 15-17. 12C Master Transmit Access Sequence

[Transmit Access Sequence]
I12C State

biien {STARTI(SAAW  ACK)-~( Data_{ACK>-~— o (4K owa JAGK = 5707
Condition ; '\7/ % N sToP

Error @ islave assert ‘slave assert @/,,,,,\
Condition “ NACK .|| NACK T ART>
y 3 l l -
‘:if remaining transfer data I'l‘ength <=4 bytes
I2C Command J [ B Last Transfer
vy , | (@Y psTO=1 PSTA=1
STA=1) 'BUF CNT]  {BUF CNT} ) | &
STO=0| i ; : BUF_CNT
J T lwrite 12Cx_DAT | write
Time < 'y >
, " (no TXF asserted 1
I2C Interript Event ---- d ISP EEETEE) @ g
P | ! RSTRF STOPF
If RSTRF=1, then need not i i : TXF TXF
set STA=1 command. data register empty ! | last transfer BUFF BUFF
(A repeat Start is asserted) after START :’ empty ,,’ (remained data <= 4 bytes)
' v
A
K
ERRF
if slave assert
if slave assert NACK during
data cycle

NACK during address cycle

@ Slave asserted ACK/NACK

[ stA | sto | Aa | 12C command hardware setting: (12Cx_STA), (I2Cx_STO), (I2Cx_AA)
when (I2Cx_CMD_TC) =0

[ psTA [ psTO [ pAA | 12C command preload setting: (1I2Cx_STA), (I2Cx_STO), (I2Cx_AA) when
(I2Cx_CMD_TC) =1

iBUF_CNT{I2Cx_DAT} Uncertain command by actual transfer conditions

TXF i SADRF : ”
NACKF | ERRCF | Uncertain asserted flag by actual transfer conditions

@ STOPF asserted after Stop cycle
@ RSTRF asserted before Repeated Start cycle
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® [2C Master Receive Access Sequence
User can set the STA/STO/AA command to start the 12C master transmission access. According to the

interrupt of RXF/BUFF, user gets the received data from 12C data register and returns ACK by setting AA
command until last data receiving. User can initialize the preload command to stop 12C master receiving at the

last I12C data register read for I12C data receiving.
The following diagram is showing the master mode receive access sequence.

Figure 15-18. 12C Master Receive Access Sequence

[Receive Access Sequence]

(set BUF_CNT again
if total data length > 4)

I12C State
Normal SN

Condition @TéRT/ ------ Data [ACK) --------
Error i slave assert ]

Condition \\ NACK

12C Com}nand

Data

Data

Last Transfer

BUF_CNT=1

(] pSTO=1[pAA=0 ] (2] pSTA=1 [pAA=0 ]

- XL,
E’Tg‘(l) . {BUF_CNT} iBUF_CNT: =
TO= L e RARY, BUF_CNT
12Cx_DAT=SA+R|TBUF_CNT| > — .
AA=0 l : {12Cx_DAT! [12Cx_DAT]
x . ' | -
. : write L y read read : o
Time v : i . 1 t ; x >
:“ 1 g B ;
12C Interrypt Event --------- SADRF ; RXF RSTRE |_STOPF
- BUFF BUFF
BUFF

BUFF |

If RSTRF=1, then need not ;
set STA=1 command. § Slaveaddress
(A repeat Start is asserted)

asserted after ;'
START /

data register full

last transfer
(remained data <= 4 bytes)

Vi
it must read and flush data
buffer, then hardware assert
STOP or Repeat START.

@ Slave asserted ACK/NACK

STA | sto | AA

{BUF_CNT:12Cx_DAT}

@ STOPF asserted after Stop cycle
(@ RSTRF asserted before Repeated Start cycle

@ Master asserted ACK / No ACK

| 12C command hardware setting: (1I2Cx_STA), (I2Cx_STO), (I2Cx_AA)
when (12Cx_CMD_TC) =0
[ psTA [ psTO [pAA | 12C command preload setting: (12Cx_STA), (I2Cx_STO), (I2Cx_AA) when
(I2Cx_CMD_TC) =1

Uncertain command by actual transfer conditions
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15.11.5. 12C Slave Transmit and Receive

® [2C Slave Transmit Access Sequence

When the 12C controller has detected the matched slave address and hardware asserts the SADRF flag,
User can initialize the firmware setting and write the transmitted 12C data to 12C data register beforehand for 12C
slave transmit access. According to the interrupt of TXF/BUFF, user fills the transmitted data to 12C data register
until last data transmission. If the firmware is able to recognize the last 12C data transmission by the pre-defined
data flow protocol, user can initialize the preload pAA command at the last 12C data register written for I12C data

transmission.

The following diagram is showing the slave mode transmit access sequence.

Figure 15-19. 12C Slave Transmit Access Sequence

[Transmit Access Sequence]

I12C State >
Normal /& 7 e
Condltlon(\START "- Data [ACK) ------ Data @"" Data \?\TOE/)
Error @/,,,7,,,\
Condition Slave has no data but /START\J
Master still ACK to NS
request next data
The first transfer can preset before the | > Last Transfer | hardware
slave address matched |nterrupt(SADRF) | [ﬁAA:O send OXFF
asserted time. ; 4: D A
1 [BuF_enT] 0 <BD
______ _ ) N ! ! i AA=O }
) if remaining transfer data length <=4 bytes | 1 ||2Cx_DAT|write |} | i
12C Command First Transfer » | Software set )
Not Last Transfel R
or 1 iBUF.CNTi:  leeseedmeessss | [BUE_CNT| 1 ppseesss y: stretching or
SADR2_EN=1|_— = |2C>< DAT underflow
| IZCX
| write
. | | \ 4 -
Tlme ‘kk, > y ¢
I12C Interrupt Event SADRF | -----ccccc i TXF  foceccccccccooe b TXF b cecccccccoo b TXF G cccccccoooooooe 1) STOPF
BUFF 2) RSTRF
slave address matched data register empty last transfer Slave has no TXF
(remained data <= 4 bytes) data to send BUFF

<Note-1> Hardware will do clock stretching or assert underflow event by (I2Cx_SCLS_DIS) setting.

@ Master asserted ACK / No ACK

[ stA | 12C command hardware setting: (I2Cx_STA), (I2Cx_STO), (I2Cx_AA)
when (I2Cx_CMD_TC) =0

Slave asserted ACK

[ sto | aa

[ psTA [ psTO [ pAA | 12C command preload setting: (1I2Cx_STA), (I2Cx_STO), (I2Cx_AA) when
(I2Cx_CMD_TC) =1

{BUF_CNT:I2Cx_DAT} Uncertain command by actual transfer conditions

i Uncertain asserted flag by actual transfer conditions

(D STOPF asserted after Stop cycle
@ RSTRF asserted after Repeated Start cycle
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® [2C Slave Receive Access Sequence

When the 12C controller has detected the matched slave address and hardware asserts the SADRF flag,
User can initialize the firmware setting for I2C slave receive access. According to the interrupt of RXF/BUFF,
user gets the received data from 12C data register and returns ACK by setting AA command until last data
receiving.

The following diagram is showing the slave mode receive access sequence.

Figure 15-20. 12C Slave Receive Access Sequence

[Receive Access Sequence]
I12C State

ormel (START | SasW YACK){_Data YACK) - Data (ACK)( Data J<ACK»—T STOP )
Error qmp (QDTAR\\
g 2

Condition

/B
iIf software set AA=0 and the time is during
: master assert STOP/Repeat START,
i hardware does not assert NACK and any
{RXF interrupt until STOP/Repeat-START.

E? If software set AA=0 and the time is before .
i master asserted ACK of last byte, hardware’
i will send NACK and abandon shadow buffer.
i Also it does not assert any RXF interrugt"énd
i following STOP/Repeat-START interfupt.

------ < if Slave do not want i
12C Command i AA=0 14" g receive data anywayi
|
of {12Cx_DAT} fI2Cx_DAT] i > BUF_CNT
DATE AT = oo
[ T \ read A
Time x _ ‘ >

12C Interrupt Event SADRF
BUFF

slave address matched

(NACK)  Slave asserted ACK/NACK (NACK) Master asserted ACK / No ACK

[ stA | sto | AA | 12C command hardware setting: (I2Cx_STA), (1I2Cx_STO), (I2Cx_AA)
when (I2Cx_CMD_TC) =0

[ psTA | psTO [ pAA | 12C command preload setting: (I2Cx_STA), (1I2Cx_STO), (I2Cx_AA) when
(I2Cx_CMD_TC) =1

{BUF_CNT!I2Cx_DAT} Uncertain command by actual transfer conditions

i Uncertain asserted flag by actual transfer conditions

(D STOPF asserted after Stop cycle
@ RSTRF asserted after Repeated Start cycle
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15.12. 12C Function Control
15.12.1. 12C Signal Drive Control Timing

The 12C controller supports to drive SCL and SDA signals for high level. User can select pre-drive time of 0T
(disable pre-drive), 1T, 2T, and 3T in CK_I2Cx clock time by setting 12Cx_PDRV_SEL register.

There is an I12Cx_SFBD_EN register to enable drive-high for SDA first bit when data is transmitted. This bit
is no effect and disabled when 12Cx_PDRV_SEL=0.

Figure 15-21. 12C Signal Drive Control Timing

[Signal Pull Types]

External/Internal Internal Drive Internal Drive ...,
Resister Pull High Source Pull Low ©Source Pull High | *1 ;
> » € >«
SCL ;
SDA :

[SDA First Bit Drive High Option for transmitter]

START 1

First Bit (after START or ACK)

SCL 8 ACK 1 2~8
[Disable Drive High] External/Internal —! > 4—8 i
Resister Pull High : High Internal Drive Source Pull
(12Cx_SFBD_EN) ! High/Low for other bits
SDA = Disable Low !
: 1 1
On chip \ | |
Transmitter ! Float | High \/ High
[} }
SDA @ | Low Y\ Low
4 1
! : |
[Enable Drive Higﬂ|1] Internal Drive i < \
(12Cx_SFBD_EN) ! Source PullHigh | | High |
= Enable*z : ; Low :
: ! |
On chip ! . '
Transmitter : Float : High ; High
SDA @ . Low | Low
4 {
® ©)
External
Receiver Float
SDA ACK-Low @

@ Transmitter release bus for Receiver asserted ACK

@ Receiver drive low to assert ACK

@ Receiver release bus for next byte transfer

@ Resister pull-high or Drive source pull-high/low optional for first bit
Drive source pull-high/low for bit 2~8

<Note-1> When (12Cx_PDRV_SEL)=0T , chip will pull high by internal resister for both SCL and SDA signals.
When (I2Cx_PDRV_SEL)<>0T , chip will pre-drive high for both SCL and SDA signals.
<Note-2> To set (I2Cx_SFBD_EN)=Enable is no effect if (I2Cx_PDRV_SEL)=0T and force to disable this function.
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The following table is showing the output driving setting for 12C SCL and SDA signals.

Table 15-9. 12C Signal Output Driving Setting

12Cx Register Address/Data Bits
12C Signal PDRV_SEL SFBD_EN Master mode Slave mode
0 X ODO
SCL
12,3 X PDRV ODO
. ' Address Bits
12Cx Register Data 1st Bit Data th2-8 Bits
12C Signal PDRV_SEL SFBD_EN Master/Slave Master/Slave
0 X ODO
> 12,3 0 oDo PDRV
o 1 PDRV

<Note> 12C IO pins set open drain mode ; x: Don't care

ODO: open drain output

PDRV: pre-driving 1~3 clock for high output

15.12.2.

I2C Slave SCL Stretching

The 12C supports the SCL clock signal stretching low function for slave mode. This function is able to enable
or disable by setting 1I2Cx_SCLS_DIS register and default is enabled. When enables, the chip will stretch SCL
signal to low level if the 12C data buffer is full for receiving or empty for transmission.

Figure 15-22. 12C Slave SCL Stretching

[SCL Stretching Enable]

START

w L LR~ UL

Data Register and shadow buffer
both empty for transmit mode
or both full for receive mode

ACK STOP or Next Byte

Clock
stretching

NACK following
STOP 1
!

master released high for
last byte master receive

[}

| | If receive mode, it must read and
: flush data buffer before next I12C
|

)

‘ access slave address matched state. i
' ACK following :

N STOP |
"""" }

SDA B—slave drive low— i
l 1 i
<« B—master drive» /

: L If not, hardware will stretch SCL at next i/
@ receiver :  ..-" 12C access slave address matched L
@ drive low | ACK state until data buffer flushed.
(N | |
| ACK following :
| ACK, Next Byte
12C Command | v _B—slave drive low—p!
SADEFEN:l > Request to write/read data B—Next byte—p
SADRZ EN-1 reglster__fgr_}[irfﬁl.tlrecelve mode
read ,:12Cx_DATi write j
Time x 4 >

12C Interrupt Event

BUFF

TXF | RXF

Assert TXF or RXF | Fi

STOPF
BUFF

nish to write/'féad data buffer
for transmit/receive mode

<Note> (I2Cx_SCLS_DIS)=0: I12C SCL clock stretching mode enable. (x=12C module index)
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15.12.3. Wakeup from STOP

The 12C supports to wakeup chip in STOP mode by the events of timer overflow, timer input periodic clock
and alarm compare output. There are independent wakeup enable bits of I2C_TF_WPEN, 12C_PC_WPEN and
[2C_ALM_WPEN for these three wakeup events.

When the chip is entering STOP mode and any of these 12C wakeup events is happened, the 12C will send
the wakeup event to Power Controller (PW) to do as the system wakeup events. If the related control registers
are enabled, the wakeup event will make to wakeup the chip.

During STOP mode, the 12C control module can detect the 12C salve address which is set in [2Cx_SADR or
[2Cx_SADR?2 registers. When the owned I2C salve address is detected, the chip will be waked up if the
I2Cx_WUP_IE and I2Cx_IEA registers are enabled.

Refer the descriptions of System Power and Interrupt chapters for more information about the wakeup
events and control.

[Notify]: The STOP mode wakeup function is not supported for MG32F02A132/072.

15.12.4. 12C Timeout Timer Control

The module is provides one 8-bit timeout timer (TMO) for I12C access time-out control. It can configure as an
I2C timeout timer or a general using timer by setting 12Cx_TMO_MDS register and enable by setting
[2Cx_TMO_EN register. When the TMO uses as an 12C timeout timer, user can select to detect and count the
time of SCL low state or bus idle state (both SCL and SDA high) by setting I2Cx_TMO_MDS register.

The TMO input timer clock source can be select from the clock of CK_UT or CK_I2Cx_DIV64 by setting
I2Cx_TMO_CKS register. The clock of CK_I2Cx_DIV64 is fixed from the frequency divided by 64 of
CK_I2Cx_PSC clock signal.

The TMO provides a register of I2Cx_TMO_CNT register and use to set the TMO timeout time. When the
TMO timeout is happened, user can enable to reset the I12C controller by setting I2Cx_TMO_CTL register.

Figure 15-23. 12C TMO Timeout Timer Control

K_UT
O e Ny
CK_I2Cx_DIve4 | U CK_I2Cx_TMO
» X Timeout Timer Clock
/64 i
CK_I2Cx_PSC “.--- (I2Cx_TMO_CKS)
CK_I2Cx
— Prescaler DIV
—» >
- 1-8 11/2/4~/128 CK_I2Cx_INT
N (I2Cx_CK_PSC)  (12Cx_CK_DIV)
Q
et 7=+ (12Cx_TMO_MDS)
Y y _ Timer mode select (12Cx_TMO_CNT) (12Cx_TMO_CTL)
™ » TMO Mode 3 | Reload Register | &
— Control 2 Reset 12C
5 ontro start Timer g U Oo—> et
O
<) (2Cx_TMO_EN) - g
lm TMO 8 bit ‘@
) CK_I2Cx_TMO Timer/Counter - g
> Timer clock timeout flag
Timeout Timer

<Note> 1: x=12C module index

When the TMO timer is configured as a general using timer, the timer enabled function is no effect by
I2Cx_EN register.

[Notify]: The 12Cx_EN must be enabled when TMO timer do as “General Using Timer” for
MG32F02A132/072.
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The following table is showing the 12C TMO Timeout Timer On/Off Control.

Table 15-10. I12C TMO Timeout Timer On/Off Control

_ . 12Cx Register Timer
TMO Ti F

© Timer Function TMO_MDS EN TMO_EN On/Off
0 X Timer Off
I2C Timeout Timer 0x 1 0 Timer Off
1 Timer On
0 Timer Off

G | Using Ti 10
eneral Using Timer X 1 Timer On

<Sign> x: Don't care

15.12.5. 12C NACK Control

Usually the 12C device must assert the ACK bit after receives 8-bit data or slave address except the last byte
for master transmission mode. When detect the abnormal NACK, the chip will make the NACKF flag active and
assert the related interrupt if the interrupt enable bit (I2Cx_NACKF) is enabled. Please refer the sections of “[2C
Interrupt Flags” and “12C Master Transmission NACK Detect” for more information about NACK condition.

By application for master transmission mode, user can ignore receiving NACK and enable the 12C to
transmit next data continuously when receive a NACK bit for Buffer mode by setting 1I2Cx_NACK_EN register.

[Notify]: The [2Cx NACK EN register is not supported for MG32F02A132/072.
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15.13. 12C Error Management

15.13.1. 12C Bus Error Event

When the 12C controller detects a START or STOP state during the data bits transferred cycle but the data
bits of one byte are not yet transferred end (bit count <>0), the BERRF flag (I2Cx_BERRF) will be activated.

Figure 15-24. 12C Bus Error Event

B—aBit Count = 8,7,6,5,4,3,2,1,0—» B—Bit Count = 8,7,6,5,4,3,2,1,0»

START Bit7 ~ Bit0 , ACK Next Byte or STOP

e [ |~ | | —
""""""""""" Following
SDA X Next ByI;X:

i SDA change state }
i in SCL high cycle : Following
"""""""""""""""""""""""" STOP
if bit count <>0 Valid STOP state
when bit count=0
Time 7y >
Assert Bus Error flag.
4
BERRF
I12C Interrupt Event  ------ccccccccccoocoooooonn ERRF

15.13.2. 12C Master Transmission NACK Detect

For 12C master transmission mode, the 12C controller receives a NACK state and the NACK flag
(I2Cx_NACKF) will be activated. When the NACK is detected in slave address cycle, the SADRF flag
(I2Cx_SADRF) will be activated simultaneously. When the NACK is detected in data byte cycle, user can directly
set the I2Cx_STA or I2Cx_STO register bits to assert Repeat-START or STOP state. Or user can set
I2Cx_ERRCEF register to “1” to resend previous data byte.

Figure 15-25. 12C Master Transmission NACK Detect

[Transmit Access Sequence]
12C State

/START @ NACK g)STOP\

[A Insert STOP or Re-Start / ~
-. Data !—A Stop or "-. _/ START/‘
Address | Phase | repeated Start | |@[_sT0=1] )
Phase i
@
Time X >
SAISRF if slave assert ¥
I2C Interrupt__:A%%EL | NACK during dataoycle [NAGKF ]
Event ERRE LERRE
if slave assert v
. i Resend Previous Data
oK g LB-Resend Datg [P TeP
: ERRCF=1

12C State

There is one read only status bit of I2Cx_TXRF which indicates the 12C transmission data register remained
status. When the 12C communication is occurred the bus NACK error and 12Cx_NACKF is active, this bit is used
to indicate the data register content whether has remain data and not yet transmitted. In the condition, the 12C
master will assert STOP usually. User can calculate the corrected total transfer data count by reading
[2Cx_ACNT register. The 12Cx_TXRF bit is cleared in slave address matched state and updated after last byte
NACK state.
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15.13.3. 12C Slave Data Overrun under SCL Stretching Disable

When Shadow Buffer is full and RX data register (I2Cx_DAT) is not empty for slave mode, the ROVRF flag
(I2Cx_ROVRF) will be activated if the Shift Buffer receives full. When both Shadow Buffer and TX data register
(I2Cx_DAT) are empty for slave mode, the TOVRF flag (I2Cx_TOVRF) will be activated if the Shift Buffer shifts
out completely and external 12C master still requests data.

Figure 15-26. 12C Slave Data Overrun under SCL Stretching Disable

[Data Receive Overrun] Master assert STOP,

Data Register and shadow buffer Clock no
both full for receive mode stretching; Repeated START
; i or Next Byte
START |  ACK
scL | | - 1| |2] - 7| 8] |9 1
STOP

Msb Ulsb i ; i
soa | e <>< NG ACK Repeat START
A : :

}
I
12C Command Hardware /i 1{In receive mode, it must read and
SADR EN=1 Hardware request to auto clear AA - 1iflush data buffer before next 12C
o 4 read data register !
H 1
SADR2_EN=1 i 12Cx_DAT i firmware still not read data>
Time :

access slave address matched state.
a7

A * >
12C Interrupt Event e 3 :
.............. Y eeccccccccccccaaa----| ROVRF “A No STOP or Repeat
K BUFF E START interrupt asserted
.................. |
Data Register full but shadow { Assert ROVRF If not, hardware will assert
buffer not full for receive mode { but no interrupt NACK at next 12C access slave
i address matched state.

[Data Transmit Overrun]

Data Register and shadow buffer Clock no Master assert
both empty for transmit mode stretching Next Byte
AL
START I ACK - \
scL | | 1| |2 = 7| |8 ;‘ A P 8| |9
I
Msb Usb Msb Lsb

e __

i

[}

— |
AT hEe) BO) L) |
--------------- | 11 Hardware send OXFF
SDA I '

| Hardware
Hardware request to [ .| auto clear AA

SADR_EN=1 4 write data register [

or

H 1
SADR2_EN=1 i 12Cx_DAT i firmware still not write data>

\4

[}

[}

[}

|

. |
Time c ‘ '

y
12C Interrupt Event R TOVRE || ERRF |

BUFF
A
Data Register empty but shadow Detect TX
buffer not empty for transmit mode Overrun

<Note> (I12Cx_SCLS_DIS)=1: 12C SCL clock stretching mode disable. (x=12C module index)
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15.14. 12C DMA Operation

The 12C support the capability of received and transmitted data are buffered with DMA in Byte mode.
15.14.1. DMA Module Configure

When the chip supports a DMA (direct memory access) controller, user can configure the DMA setting of
transferred source/destination devices, channel request arbitration and others in the DMA module before a DMA
data transaction. The DMA source and the destination can be memory or peripheral.

Refer the DMA chapter for more detail information about the DMA module configuration.

15.14.2. 12C DMA Control

After DMA configuration is finished, user needs to set the 12C module DMA enable bits of I2Cx_DMA_RXEN
and I2Cx _DMA_TXEN.

Finally, the related channel request start bit of DMA_CHn_REQ is necessary to be set to start the DMA
transaction (n = DMA channel index). Then the transferred source/destination devices will assert the RX/TX
request signal to DMA controller and the DMA controller will assert the acknowledge signal to the request
source/destination devices. At the time, the data transferred connection is built for DMA transaction.

® [2C RX to DMA

The 12Cx_DMA_RXEN register bit is used to enable DMA data transfer from 12C receiving input to DMA
destination.

During the DMA transaction cycle, the received data flag of 12Cx_RXF is masked by hardware.

® |2C TX from DMA

The 12Cx_DMA_TXEN register bit is used to enable DMA data transfer from DMA source to 12C transmitted
output.

During the DMA transaction cycle, the transmitted data flag of I2Cx_TXF is masked by hardware. In general,
the transmitted complete flag of 12Cx_TSCF will be asserted after the finished of DMA transaction.

When hardware detects one of errors or special conditions, hardware will clear both the 12Cx_DMA_TXEN
bit and the 12Cx_DMA_RXEN bit.

15.14.3. 12C Interrupt Flag Control during DMA

During DMA operation cycle, the module’s interrupt flags will control and act three types as following table.
One is masked during the DMA process. Another is to disable the DMA function after the flag has asserted. At
the time, hardware will disable both the 12Cx_DMA_TXEN bit and the 12Cx_DMA_RXEN bit in this condition.
Others are normally as same as the action of not processing in DMA operation.

Table 15-11. 12C Interrupt Flag Control for DMA Function

g DMA Disable after
. _|Mask the Flag during
Action DMA Process the Flag(;*il)sserted Normal Control
Peripheral (Data flow flags) (Error/Detect flags) (Other flags)

I2Cx_RXF

I2Cx_TXF
12Cx_RSTRF
I2Cx_STOPF

I2Cx_CNTF
12Cx [2Cx_EVENTF 12Cx_ERRF(*1) [2Cx_TMOUTF :ggi—giggg
I2Cx_BUFF I2Cx_STPSTRF(*1) I2Cx_WUPF 12Cx. TSCF
12Cx_ROVRF
I2Cx_TOVRF
12Cx_NACKF
12Cx_ALOSF
I2Cx_BERRF

When the flag is asserted, it will not force peripheral DMA disabled if the related interrupt enable bit is
Note-1 : not enabled. Specially, the flag asserted that will force peripheral DMA disabled for 12Cx_ERRF or
12Cx_STPSTRF however the related interrupt is enabled or not.

[Notify]: The 12Cx WUPF flag is not supported for MG32F02A132/072.
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16. UART (Universal Asynchronous Receiver Transmitter)
16.1. Introduction

The module can be running in

ON |SLEEP| STOP ON and SLEEP modes only.

The UART module support full-duplex transmission, meaning it can transmit and receive simultaneously.
The module builds in the shadow buffer and data register by transmit and receive independently to improve
transmit and receive communication performance. It can commence reception of a second byte before a
previously received byte has been read from the register. However, if the first byte still hasn’t been read by the
time reception of the second byte is complete, one of the bytes will be lost.

There are two types of URTx module, one is basic UART module and another is advanced UART module.
The basic UART module can only operate in standard asynchronous communication.

The advanced UART module can operate in multiple modes with asynchronous and synchronous
communication. The asynchronous communication supports UART, IrDA, LIN, SmartCard and multi-processor
modes. The synchronous communication supports one line SYNC and two lines SPI master/slave modes. The
UART operates as a full-duplex Universal Asynchronous Receiver and Transmitter, which can transmit and
receive simultaneously and at different baud rates.

Notify: The sign of (x = module index) is using for Registers, Signals and Pins/Ports in the descriptions of this
chapter. [EX]: URTx_EN ~ x indicates module index number 0, 1, 2, 3, 4, 5, 6, 7.

16.2. Features

® Provide UART modules : URT0~3, URT4~7
® UART module common functions
= Provide precise UART baud-rate control by programmable oversampling rate
= Support baud rate up to 6 Mbit/s
— Programmable data word length - 7 or 8 bits
— Programmable 4~32 oversampling rate
— Hardware parity checking and parity generation
— Separate enable bits for transmitter and receiver
= Swappable TX/RX pin configuration
— Separate signal polarity control for transmission and reception
® URTO0/1/2/3 advanced UART modules
= Support UART, Synchronous, SPI master/slave, SmartCard, LIN, Multi-processor modes
— Selectable MSB or LSB first data order
= Configurable stop bits - 0.5,1,1.5 or 2 stop bits
= Selectable one or three point for data majority vote
= Support a timeout timer for Idle/RX/Break/Calibration timeout detection
= Support UART mute mode which enter or exit by multiple events hardware auto detection
= Support 4-byte data buffer and 32-bit data register for high speed communication
= Support auto baud-rate detection and calibration
= Support multiprocessor communication for master and slave mode - Idle-Line , Address-Bit
= Support low speed UART-like frame format IrDA
— Support transceiver hardware flow control by CTS/RTS signals only
— Provide driver enable signal to activate the transmission for bidirectional communication
= Support RX timeout detection for aging character detection
— Support transmission-error hardware detection and auto resent control for Smart-card application
= Support receiving parity error hardware detection and auto retry control for Smart-card application
— Received and transmitted data are buffered with DMA capability
® URT4/5/6/7 basic UART modules
= Support fundamental UART mode
= Support TX/RX independent 8-bit data register for simplex firmware control
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— Configurable stop bits - 1 or 2 stop bits

16.3. Implementation
16.3.1. Chip Implementation

The following table is showing the implemented UART modules of chips.

Table 16-1. UART Implementation

UART Module 0~3 UART Module 4~7
UART Module Lé’:‘j; lg";’; SPI Max. Clock Rate UART Module Lé’;ﬁ; ;‘:';’;

Chip URTO/1 URT2 URT3 UART | SPI Master | SPI Slave URT4 URT5/6/7 UART
MG32F02A132 Y, Y, Y, 6Mbps 12MHz - - - -
MG32F02A072 Y, Y, Y, 6Mbps 12MHz - - - -
MG32F02A032 Y, - - 6Mbps 16MHz - - - -
MG32F02A128/A064 \% \% - 6Mbps 18MHz 12MHz \% \% 6Mbps
MG32F02U128/U064 \% \% - 6Mbps 18MHz 12MHz \% \% 6Mbps
MG32F02V032 \% - - 6Mbps 24MHz 16MHz \% - 6Mbps

<Note> V: Implemented; Measure maximum clock rate at VDD>=3.3V.
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16.3.2. Modules' Functions

The following table is showing the implemented functions of UART modules.

Table 16-2. UART Modules' Functions

Module URTO0/1/2/3 URT4/5/6/7
MG32F02A128|MG32F02A128
Chip MG32F02U128|MG32F02U128
mgg;ig;ﬁégg MG32F02A032|MG32F02A064|MG32F02A064 Comment
MG32F02U064|MG32F02U064
Module Functions MG32F02V032|MG32F02V032
UART - asynchronous yes yes yes yes
Egiictzler/Baud-Rate 4/8-bit 4/8-bit 6/8-bit 6/8-bit Prescaler counter and Baud-Rate counter bits
?:)ndcehronous el Master Master Master/Slave Synchronous - Master/Slave 2 data lines
SmartCard - 1SO7816-3 yes yes yes
LIN yes yes yes
Multiprocessor - s s s
Address Bit y Y Y
Multiprocessor - Idle es es s
Line y Y Y
I'DA - UART Like yes yes yes low speed UART-like frame format IrDA (SIR Normal
Mode)
Hardware flow control yes yes yes only support CTS/RTS
External Clock pin 1 1 1
Timer BRO,TMO pins 2 2 2
Swappable TX/RX yes yes yes yes
il\rl]CpStoutput 25 BES yes yes NCO_Pn input as UART clock input source
Shadow Buffer 4-byte 4-byte 4-byte
Data 7-bit option yes yes yes yes
TX parity bit generation yes yes yes yes Es{gware auto generate the parity bit from the data
Msb/Lsb transfer es es es
option y Y y
Configurable stop bits 1,2 0.5,1,15,2 | 05,1,15,2 1,2 programmable Stop bit length
AUt.O Baud-Rate yes yes yes auto Baud-Rate detection and calibration
calibration
Ll que auto yes yes yes enter mute mode if address match does not occur
enter/exit
Break condition detect yes yes yes
Idle line detect yes yes yes
Progre_ammable over 4-32 4-32 4-32 4-32
sampling number
Programmable clock es es es for synchronous mode
phase/polarity y Y y 4
General timer control yes yes yes yes baud-rate timer and timeout timer as general timer
. Drive enable signal of the transmission mode for the
Drive enable yes yes yes .
external transceiver.
RX parity error detect yes yes yes yes checks parity of received data byte
Frame error detect yes yes yes yes
receive buffer over threshold level; transmit buffer
Data overrun detect yes yes yes yes
empty
TX error detect yes yes yes SmartCard/LIN
Noise character detect yes yes yes skip or not for noise character
Idle timeout detect yes yes yes for SmartCard application
RX timeout detect yes yes yes aging character detection
Break timeout detect yes yes yes for LIN application
(CEllarETom Winee! es es es for LIN application
detect Y y Y P
DMA request capability yes yes yes
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16.4. Control Block

There are two types of URTx module, one is basic UART module and another is advanced UART module.

16.4.1. Advanced UART Control Block

The advanced UART module can operate in multiple modes: asynchronous communication, synchronous
communication, SPI master, SmartCard, LIN, multi-processor mode. The asynchronous communication
operates as a full-duplex Universal Asynchronous Receiver and Transmitter (UART), which can transmit and
receive simultaneously and at different baud rates.

The following diagram is showing the advanced UART Control block.

Figure 16-1. Advanced UART Main Control Block — URT0/1/2/3

CK_URTx_PR
CK URTx PR Baud-Rate Generator =
- . Pyl
CK_LS > 'l\J/I | CK_URTXx [ 6-bit Shit R URTx_BRO 1|
TMOO_TRGO > ”|Prescaler[ | Counter > Mo
NCO_PO > 2
TMO1_TRGO CK_URTx_INT
TM10_TRGO O internal clock
- Clock Control Mode Control | { Interrupt EMK)
pIn YVy i Control !
— Clock Select Protocol O
% DIV |Over Sampling Control
< L 1Clock Select — Event Detector
I}Z" 5 b CK_URTx_RX > |Timing Control '
= —>CK_URTX_TX [€— Parity Error
} Detect
Timer Control
Receiver Control Frame Error
Detect
— o Shift Buffer Q & \ 4 Overrun Error
% ¢ = i Data Control
3 2 w) =< h Detect
E{I— >~ O —> 2 > RX Shadow Recelye Data NoISC Error
o & Buffer t Register Detect
T — : -
= — Transmitter Control _| FIFO Control TX Error
= S TX Shadow Detect
m n
DHES 70 5 1T = Buffer < = Transmit Data RX/Break/idle
AL o S o - Register Timeout
= | © S R| [|Parity Generator |
= o) = - A
o = ¢—_Shift Buffer | SADR Detect
SHE
— »  Hardware Idle-Line/CTS/
S 'a Flow Control | Break Detect
« P < (Modem/RS485) [~
| 1
Ilc c
n|2D T™™O by
4_|>< < Drive Enable Multi-Processor Timeout Timer B <
clo D Timing Control Contro I
3 - P SPINSS Baud-Rate 16 bit Timer %
("X M Timing Control Calibration
— |5
2]

<Note> 1: x= UART module index
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16.4.2. Basic UART Control Block

The basic UART module can only operate in standard asynchronous communication.
The following diagram is showing the basic UART Control block.

Figure 16-2. Basic UART Main Control Block — URT4/5/6/7

CK_URTx_PR
CK_URTx_PR Baud-Rate Generator
CK_LS '\L/JI CK_URTx 6bit | [ obit R
TM00_TRGO X "|Prescaler| | Counter i
NCO_PO
CK_URTX_INT
internal clock
Clock Control Mode Control | { Interrupt : INT_URTx 4
\ 4 ! Control
Clock Select Protocol COIEE0NNENS
DIV | Over Sampling Control
Event Detector
CK_URTx_RX —» |Timing Control _
L ) CK URTx TX '« Parity Error
— — Detect
Timer Control
- Receiver Control Frame Error
pin Fartty Detect
— Check Y Overrun Error
@) = T Data Control Detect
<H S8 — = (O Shift Buffer -5 Receive Data
= =| | Register
o O v
= =
— = | | Transmit Data
o - Parity Generator :<]:_ Register
o @ 3
S UH=<10€ Shift Buffer
S Ol |- -
= < Transmitter Control
<Note> 1: x= UART module index
16.5. 10 Lines
16.5.1. 10 Signals
® URTx_CLK

It is the UART clock signal and uses as output for UART synchronous mode or SPI master mode.
® URTx_RX

It is the UART receive RX data signal or SPI MISO input signal for SPI master mode.
® URTx_TX

Itis the UART transmit TX data signal or SPI MOSI input signal for SPI master mode.
® URTX_NSS

It is the SPI slave select or chip select output signal for SPI master mode.
® URTx_CTS

It is the UART clear to send incoming flow control input signal.
® URTx_RTS

It is the UART request to send outgoing flow control input signal.
® URTx_DE

It is the UART data enable output signal for external drive device.
® URTx_BRO

It is the UART output signal from UART baud-rate timer overflow signal.
® URTx_TMO

It is the UART output signal from UART timeout timer overflow signal.
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16.5.2. 10 Configure

User must configure the related 10 pins in order to use the IO lines of this module. The 10 operation modes,
output high speed option, pull-high option, output drive strength, IO deglitch filter and input inverse selection are
programmable by pin independent. Please refer the section of “I[O Mode” in GPIO chapter of User Guide for
more detail descriptions of IO mode configuration.

Each IO signal may be mapped and selected on several 10 pins by configuring the 10 AFS matrix. Please
refer the section of “Alternate Function Select” in GPIO chapter of User Guide for more detail descriptions of 10
AFS configuration. About the actual 10 pin AFS information, please refer the section of “Pin Alternate Functions
Selected Table” in Pin Description chapter of the chip Data Sheet.

16.6. Enabling and Clock
16.6.1. UART Global Enable

There is a global enable bit of URTx_EN for all functions of this module. When this bit is disabled, all the
UART functions are not working.

16.6.2. UART Clock Control

® Module Process Clock

The module process clock of CK_URTx_PR is using for the interface control logic between APB bus and the
module. It is coming from CSC (Clock Source Controller) module. It can be enabled in CSC_URTx_EN register
and select the clock source from APB clock or AHB clock in CSC_URTx_CKS register.

In ON mode, the process clock is running only if CSC_URTXx_EN register is enabled. User can plan the
module clock is running or not beforehand for chip entering SLEEP mode by setting CSC_SLP_URTX register.
In STOP mode, the process clock is always stopping. Refer the System Clock chapter for more information.

Figure 16-3. UART Process Clock Control

Clock Source Controller

CK_APB —>V| NG CK_xxx_PR
- U > — » xxx Control Module
CK_AHB —»|Xx = Process Clock
(CSC_xXX_CKS) ; Gate_Off — = —
Module Clock Select ' Power Mode SC_xxx_EN | CSC_SLP_xxx [Module Cloc|
E ON 0 X Sto_p
: 1 X Running
PW_SLP e 0 X Stop
- = >_ O SLEEP 1 0 Stop
g : |O 1 1 Running
(CSC_SLP_xxx) : 5 STOP X X Stop
PW_STP D <Note>
r;lSl XXX : internal module {SPIO0, I2C1, URTO, ---}
(CSC_xxxX_EN) --- (CSC_xxx_EN) : Module Clock Enable
Module Clock Enable (CSC_xxx_CKS) : Module Clock Select
Unsupported Clock Running in STOP (CSC_SLP_xxx) : SLEEP Mode Clock Enable

CK_xxx_PR : Module Process Clock Signal

® Module Internal Clock

User can select the clock source from the module process clock of CK_URTx_PR, NCO_PO, internal ILRCO
clock of CK_ILRCO or the timer trigger output signal of TMOO_TRGO by setting URTx_CK_SEL register.

[Notify]: The NCO_PO_input as clock input is not supported for MG32F02A132/072/032.

The UART module is built in a Baud-Rate generator to output the internal clock CK_URTx_INT as the
sampling clock for received data signal and the clock source for transmitted data signal. Also it is able to output
the clock CK_URTx_SC for SmartCard application. User can configure the Baud-Rate generator by setting
URTx_PSR and URTx_RLR registers. The Baud-Rate counter is implemented 8-bit counter. The Prescaler
counter is implemented 4-bit counter for MG32F02A132/072/032 and 6-bit counter for
MG32F02A128/U128/A064/U064.

[Notify]: Usually the internal clock frequency needs slow down at least 1/2 than module process clock.
For asynchronous communication, the data transmission and receiving are able to use different Baud-Rate
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for the signals of [URTx_RX and [URTx_TX|. The registers of URTx_TX_CKS and URTx_RX_CKS are used

independently to select the clock source for input signal of URTx RX| sampling and output signal of URTx_ TX
generation.

For synchronous communication, the [URTx_CLK]| can configure as clock output and enable by setting
URTx_CLK_EN register. User can set URTx_CLK_CKS register to select output CK_URTx_SC for SmartCard
application or CK_URTx_OUT for others synchronous communication application.

An output signal of URTx BROJ|can come from the timer overflow signal of Baud-Rate generator and use as
a clock signal output.

The following diagrams are showing the UART clock control block for different chips.
¢ Advanced UART Clock Control
® MG32F02A132/072

Figure 16-4. Advanced UART Clock Control - MG32F02A132/072

UART Baud-Rate Generator
(URTX_PSR) (URTX_RLR) c
)
Reload Register Reload Register URTX_BROC ‘;
T TT w
CK_URTx_PR . 1l 1T ‘X‘ 3
CK_URTXx -
CK_LS > U |———— > Prescaler o> B"?‘Ud Rate »BRTF
TMOD TRGO x | internal clock 4-bit Counter 8-bit Counter
- (URTx_PSC) (URTX_CNT) |
' [ﬁu- CK_URTx_PSC 3’"55},;;{‘;
(URTx_CK_SEL) UL ' ¥Count !
C | Initial state ~  somoooooes
Py
_|
x
'a CK_URTX_INT
~
o
> | CK_URTx_TX -
H py)
‘7 > U Divider > Transmitter 2
X Control »
» A >,
2 M [ SKURTX_SC (URTX_TX_CKS) .
T Oe——CO U | CcK_URTx_OUT (URTX_TXOS_NUM)
2 (URTx_CLK_EN) [ X
~
(URTx_CLK_CKS) CK_URTX_RX =
Im | Over . T
TMO1_TRGO O » U Sampling Receiver |1~
X Control Control -
TM10_TRGO O > A <
(URTX_RX_CKS) :
UART IO Clock Control (URTx_RXOS_NUM)

<Note> 1: x= UART module index
2: CK_LS/TM00_TRGO frequency must <= % (CK_URTx_PR frequency)
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® MG32F02A032

The external clock input can come from URTx_ECK signal to do as the Baud-Rate generator clock input by
setting URTx_CK_SEL register when uses the Baud-Rate generator as a general using timer. User can select
the URTx_ECK signal from external signal of URTx_CLK, URTx_RX or URTx_TX by setting URTx_ECK_CKS
and URTx_IO_SWP register. Refer the section of “UART 10 Control” for more information.

For some application, the input clock URTx_ECK can also input as the TX divider or RX over sampling
control input clock by setting URTx_TX_ CKS or URTx_RX_ CKS registers. It sends to the MUX of
URTx_TX_CKS and URTx_RX_CKS as one selected input clock.

[Notify]: The URTx ECK signal input as clock input is not supported for MG32F02A132/072.

Figure 16-5. Advanced UART Clock Control = MG32F02A032

UART Baud-Rate Generator
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i — 07 |
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CK_LS Y internal clock > 4-bit Counter [T?] 8-bit Counter >BRTF
TMOO_TRGO X
> (URTx_PSC) (URTX_CNT)
; [ CKUR T PSC "] Down |
c| (URTx_CK_SEL) i ! ¥Count !
X C | Initial state ~  tooooooos
— P
o <
iy 'a CK_URTX_INT
~ ~
o
g CK_URTx_TX =
i--(URTX_CLK_EN) :7 N : by
: "l u Divider » Transmitter C 2
: > % Control I,
i (URTx_CLK_CKS) > A X
o v M L CK_URTx_SC (URTX_TX_CKS) .
2 -0
X_RX o [ U| cK URTx OUT (URTX_TXOS_NUM)
S
URTx_ECK . CK_URTx_RX -
LY (o] . byl
TMOL_TRGO oy Sam"pe”rng Receiver oF
TM10_TRGO > X Control Control B
= A <
(URTX_RX_CKS) !
UART IO Clock Control (URTX_RXOS_NUM)

<Note> 1: x= UART module index
2: CK_LS/TM00_TRGO frequency must <=% (CK_URTx_PR frequency)

® MG32F02A128/U128/A064/U064/V032

There is one MUX to select the 8-bit Baud-Rate counter input clock coming from CK_URTx signal or the
Prescaler clock output CK_URTx_PSC by setting URTx_BR_CKS register. For SmartCard application, user
can select the 8-bit Baud-Rate counter input clock coming directly from CK_URTX signal. Others, user can
select the Prescaler clock output CK_URTx_PSC. Refer the section of “UART SmartCard Clock Output” for
more information about SmartCard clock output.

[Notify]: The URTx_BR_CKS register input is not supported for MG32F02A132/072/032.
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Figure 16-6. Advanced UART Clock Control —- MG32F02A128/U128/A064/U064/\V032
UART Baud-Rate Generator
(URTX_PSR) (URTX_RLR) -
Py}
Reload Register Reload Register URTX—BROC x
|
CK_URTX_PR I'T [ I N | 2
CK.LS M| CK_URTx Prescaler U Baud-Rate -
TMO0_TRGO > Y [Frtemal clock *| 6-bit Counter Y 8-bit Counter :@
NCO_PO X X
> (URTx_PSC) (URTX_CNT)
, CK_URTx_PSc| = : | Down |
c| WrTx_ck_sEL) Ll (URTX BR_CKS) ' ycount !
X c| Initalstaae —  sommmmeee
v T
o 9,
m s CK_URTX_INT
A x
0
> CK_URTx_TX c
~(URT LK EN)  \/ o M — Transmitter 1|7
: u Divider Q=
: SB% Control »
i (URTx_CLK_CKS) > A 3
5 3 u LLCK_URTx_SC (URTX_TX_CKS)
& -0 U | ck_URTx_ouT (URTX_TXOS_NUM)
1] X “— =
URTX_TX 2
URTx_ECK > CK_URTX_RX -
M Over : Py
TMOl_TRGOEa | sampling R;:ecelvelr ( ‘:
TM10_TRGO O ”l X Control ontro Py}
> A X
(URTX_RX_CKS) g
UART IO Clock Control (URTX_RXOS_NUM)

<Note> 1: x= UART module index
2: CK_LS/TM00_TRGO frequency must <= % (CK_URTx_PR frequency)

+* Basic UART Clock Control

Figure 16-7. Basic UART Clock Control — URT4/5/6/7
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<Note> 1: x= UART module index
2: CK_LS/TMOO_TRGO frequency must <= % (CK_URTx_PR frequency)

16.6.3. UART PSC Timeout Signal Output
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The PSC prescaler timer can output the timeout signal to do as a clock signal of CK_URTx_PSC to external
port of [URTx_CLK]. User can set the initial state of timeout signal by setting URTx_CKO_STA register.
Specially, the initial state register can be written only when the register of URTx_CKO_LCK is written “1”
simultaneously.

16.7. Interrupt and Event

There is one signal of INT_URTx to be generated in this UART control module. INT_URTx sends to EXIC
External Interrupt Controller to do as an interrupt event.

16.7.1. UART Interrupt Control and Status

These interrupt flags are using for the interrupt service routine (ISR) flow control. Generally these flags are
set by hardware and software clears them when the serviced job is completed in the related ISR. Each interrupt
flag has one interrupt enable bit. User can enable or disable it. There is one interrupt all enable bit of URTx_IEA
to enable or disable all the interrupt sources for this module.

There are some status bits those are reading only to provide internal control status. One busy flag of
URTx_BUSYF is used to indicate the data transfer busy status. When detect valid Start bit, this bit is set and
clear after Stop bit. Refer the register descriptions of the related status bits for more information.

Figure 16-8. UART Status and Interrupt Control — URT0/1/2/3
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<Note> 1: x= UART module index
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Figure 16-9. UART Status and Interrupt Control — URT4/5/6/7
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<Note> 1: x= UART module index
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16.7.2. UART Subrange Interrupt

There are some subrange interrupt flags for the interrupt flags of URTX_UGF, URTx_LSF and URTx_ERRF.
The following diagram is showing the UART subrange interrupt control block of URT0/1/2/3.

Figure 16-10. UART Subrange Interrupt Control — URT0/1/2/3
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<Note> 1: x= UART module index
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The following diagram is showing the UART subrange interrupt control block of URT4/5/6/7.

Figure 16-11. UART Subrange Interrupt Control — URT4/5/6/7
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<Note> 1: x= UART module index
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16.7.3. UART Interrupt Flags

Generally these interrupt flags are set by hardware and clear by software writing 1. Refer the register
descriptions for more information about the related interrupt flags and interrupt enable bit.

® UGF

UART general event flag (URTx_UGF). There is a related interrupt enable register bit of URTx_UG_IE. It
indicates any of URTx_SADRF, URTx_BRTF, URTx_TMOF or URTx_CALCF flag is asserted when this flag is
set.
® TCF

UART transmission complete flag (URTx_TCF). When both shadow buffer and data register are empty and
shift buffer shift out complete, then set this flag. There is a related interrupt enable register bit of URTx_TC_IE.
® ERRF

UART error interrupt flag (URTx_ERRF). There is a related interrupt enable register bit of URTx_ERR_IE. It
indicates any of parity error, frame error, overrun error, received time out and noise error.

® |LSF

UART general event flag (URTx_LSF). There is a related interrupt enable register bit of URTx_LS_IE. It
indicates any of the line statue flag of break condition, idle line and CTS detection is asserted.

® RXF

UART receive data register not empty flag (URTx_RXF). There is a related interrupt enable register bit of
URTx_RX_IE. When received data buffer level URTx_RX_ LVL is greater than or equal to the shadow buffer
threshold URTx_RX_TH setting, this flag is set and the data buffer content copy to data register URTx_RDAT.
This bit is cleared when URTx_RDAT is read or this flag set to 1 by software.

Notify: The RXF flag is not cleared when URTx RDAT is read by SWD debugging.
® TXF

UART transmit data register empty flag (URTx_TXF). There is a related interrupt enable register bit of
URTx_TX_IE. When transmitted shadow buffer is empty and the data register URTx_TDAT will copy to the
shadow buffer, this flag is set. This bit is cleared when URTx_TDAT is written or this flag set to 1 by software.

® SADRF

UART slave address matched flag (URTX_SADREF). This flag is using for multi-processor mode. There is a
related interrupt enable register bit of URTx_SADR_IE.

® BRTF

UART baud-rate generator timer timeout flag (URTx_BRTF). There is a related interrupt enable register bit
of URTx_BRT_IE.

® TMOF

UART timeout timer timeout flag (URTx_TMOF). There is a related interrupt enable register bit of
URTx_TMO_IE.

® CALCF

UART auto baud-rate calibration complete flag (URTx_CALCF). There is a related interrupt enable register
bit of URTx_CALC_IE.

® BKF
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UART break condition detect flag (URTx_BKF). There is a related interrupt enable register bit of
URTx_BK_IE. Refer the section of “UART Break and Parity/Frame Error Detection” for more information.
® |IDLF

UART idle line detect flag (URTx_IDLF). There is a related interrupt enable register bit of URTx_IDL_IE.
® CTSF

UART CTS change detect interrupt flag (URTx_CTSF). There is a related interrupt enable register bit of
URTx_CTS_IE.
® PEF

UART parity error flag (URTx_PEF). There is a related interrupt enable register bit of URTx_PE_IE. When is
running multi-processor mode, the parity value is including of address bit. Refer the section of “UART Break and
Parity/Frame Error Detection” for more information.

® FEF

UART frame error flag (URTx_FEF). There is a related interrupt enable register bit of URTx_FE_IE. Refer
the section of “UART Break and Parity/Frame Error Detection” for more information.
® NCEF

UART receive noised character error flag (URTX_NCEF). There is a related interrupt enable register bit of
URTx_NCE_IE.
® ROVRF

UART receive overrun flag (URTx_ROVRF). There is a related interrupt enable register bit of
URTx_ROVR_IE. When receive overrun, hardware will stop to receive next data into data shadow buffer until
this flag is cleared. This flag is indicated for following two conditions. (1) When RX shadow buffer is arrived over
the RX threshold and the data register has not read out. If shift buffer is filled of next data, this flag is asserted. (2)
When Parity error, Frame error, Break detect or Slave-Address detect, has happened and caused RX shadow
buffer input holding. If shift buffer is filled of next data, this flag is asserted.
® TXEF

UART TX error detect flag (URTx_TXEF). There is a related interrupt enable register bit of URTx_TXE_IE.
Refer the section of “UART TX Error Detect and Resend Control” for more information.
® RXTMOF

UART receive time out flag (URTx_RXTMOF). There is a related interrupt enable register bit of
URTx_RXTMO_IE. Refer the section of “UART TMO Timeout Control” for more information.
® |IDTMOF

UART idle state time out flag (URTx_IDTMOF). There is a related interrupt enable register bit of
URTx_IDTMO _IE. Refer the section of “UART TMO Timeout Control” for more information.
® BKTMOF

UART break receive time out flag (URTx_BKTMOF). There is a related interrupt enable register bit of
URTx_BKTMO_IE. Refer the section of “UART TMO Timeout Control” for more information.
® CALTMOF

UART auto baud-rate calibration sync field receive time-out time out flag (URTx_CALTMOF). There is a
related interrupt enable register bit of URTXx_CALTMO _IE. Refer the section of “UART TMO Timeout Control”
for more information.
® TUDRF

SPI slave mode transmit underrun flag (URTx_TUDREF). There is a related interrupt enable register bit of
URTx_TUDR_IE.

[Notify]: The SPI slave mode and TUDREF flag are not supported for MG32F02A132/072/032.
® NSSF

SPI slave mode NSS signal inactive detect interrupt flag (URTX_NSSF). There is a related interrupt enable
register bit of URTx_NSS_IE. When the module is configured to SPI slave mode, this flag is asserted if the input
NSS signal has changed from active to inactive.

[Notify]: The NSSF flag is only supported for MG32F02V032.
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16.8. UART Module 10 Control
This module provides two data signals —[URTx Rx|/and |[URTx_TX| one clock signal —[URTx CLK], two

hardware flow control signals —|URTx CTS|and [URTx RTS|, one data enable signal —|URTx DE|and one slave

select output signal —]URTxiNSS.
16.8.1. UART IO Control
The following diagrams are showing the UART RX/TX/NSS 10 control block for different chips.

% MG32F02A132/072
Figure 16-12. UART RX/TX 10 Control — MG32F02A132/072
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<Note> 1: x= UART module index

** MG32F02A032
Figure 16-13. UART RX/TX 10 Control — MG32F02A032
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<Note> 1: x= UART module index
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¢ MG32F02A128/U128/A064/U064/V032
Figure 16-14. UART RX/TX 10 Control - MG32F02A128/U128/A064/U064/V032
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<Note> 1: x= UART module index

All the URTx_ZZZ_INV (ZZZ: register string) registers are used to inverse the related signal. The
URTx_IO_SWP register is used to enable to swap the signals of [URTx _Rx]and [URTx_TX|.

[Notify]: The URTx_NSSI INV is not supported for MG32F02A132/072/032.

For synchronous SPI master mode, the URTx_NSS_SWEN register is used to enable |URTx NSS| signal by
software control. When it enables, user can directly control the output by setting URTx_NSS_SWO register.

The URTx_ECK_CKS register is used to select the clock 10 port for UART synchronous mode. When the
clock is input mode, the clock can input from the 10 function of URTx_CLK] or the selected |10 function of

IURTx_RX|or|[URTx TX by setting URTx_IO_SWP register. When the clock is output mode, the output clock is

always to the 10 function of |URTx CLK|for MG32F02A032. For MG32F02A128/U128/A064/U064, the output
clock also can set URTx_ECK_CKS register to select the output pin which can be the 10O function of URTx CLK
or the selected 10 function of [URTx_RX| or [URTx_TX| by setting URTx_IO_SWP register.

[Notify]: The URTx ECK CKS register is not supported for MG32F02A132/072.

Table 16-3. UART Pin Swap Function Mapping

URTx Register
Chip MG32F02A132/072 Other Chips UAR-T
- Function
Pin I0_SWAP I0_SWAP ECK_CKS

URTx_TX 0 0 X UART TX

1 1 0 UART RX
1 1 UART Clock

URTX_RX 0 0 0 UART RX
1 0 1 UART Clock

1 X UART TX
URTx_CLK X 0 UART Clock

X 1 no using

<Sign>x : Don't care
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For synchronous SPI slave mode, user can enable the NSS input from |URTx NSS|input by setting
URTx_NSSI_EN. The URTx_NSSI_INV register is used to inverse the URTx_NSS input signal. Also user can

directly get the input of URTx_NSS state by reading URTx_NSS_SWI register.
[Notify]: The SPI slave mode function is not supported for MG32F02A132/072/032.

The registers of URTx_CTS EN, URTx_RTS_EN and URTx_DE_EN are used to enable the 10 function of
lURTx_CTS|, [URTx_RTY and|[URTx_DE|signals. See “UART Hardware Flow Control” section for more

information about CTS/RTS control.

The following diagram is showing the UART CTS/RTS/DE 10 control block.

Figure 16-15. UART Other 10 Control
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<Note> 1: x= UART module index

16.8.2. UART IO Mode
Usually user can set the 10 mode of the using 10 pins to push-pull or open-drain for UART output signals.

Also user can set the 10 mode of the using IO pins to digital input or open-drain for UART input signals. For
UART mode bidirectional signal, the 10 mode of the using IO pins need set to open-drain.

For SPI mode bidirectional signal, the 10 mode of the using IO pins need set to push-pull or open-drain.
When selects push-pull mode, the SPI data signal will output by push-pull mode and be open-drain for idle or
input state. When selects open-drain mode, the SPI data signal will always be open-drain for idle, input or output

state.

16.8.3. UART Loop Back Mode
The UART module is built-in a loop back mode for internal self-testing by setting URTx_LBM_EN register.

When enables, the received input is taken from transmitted output to replace from input pin for RX and CTS

input.
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16.9. UART Connection for Application
16.9.1. UART Connect for UART/IrDA Mode

The following diagram is showing the UART application connection of UART/IrDA communication. The
URTx TX|signal is always as data output signal and the [URTx RX| signal is always as data input signal.

There is a UART HFC mode to do UART communication with two more signals of (“Clear to
Send”) and URTx RTS| (“Request to Send”). Please refer the section of “UART Connection for Hardware Flow

Control” for more detail information about UART HFC mode control.

Figure 16-16. UART Connect for UART/IrDA Mode
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Control Block

UART Device-1

URTx Module

URTx_RX TX
URTx_TX RX
P m e >

RX

UART/IrDA
Control Block

UART Device-2

<Note> x = UART module index
<Note> RX/TX signal can be with same or different baud-rate.

UART/IrDA
Control Block

16.9.2. UART Connect for LIN Mode

The following diagram is showing the UART application connection of LIN communication. The |[URTx TX]
signal is bi-directional as data input or output signal for one line mode. The [URTx_TX|signal is always as data

output signal and the |URTx RX| signal is always as data input signal for two lines mode.

Figure 16-17. UART Connect for LIN Mode
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<Note> x = UART module index
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16.9.3. UART Connect for SmartCard Mode

The following diagram is showing the UART application connection of SmartCard communication. The

URTx CLK]signal is outputted as clock signal. The [URTx TX|signal is bi-directional as data input or output

signal.

Figure 16-18. UART Connect for SmartCard Mode

MCU SmartCard Device
URTx_CLK CLK
TX/RX ~ SmartCard
Control Block :URTX—TX Data_|2 Control Block
URTx Module

<Note> x = UART module index

16.9.4. UART Connect for SPI Mode

The following diagram is showing the UART application connection of SPI Master/Slave communication. The

URTx_CLK]signal is as clock signal outputted for master mode and inputted for slave mode. The URTx_TX

signal is always as data output signal and the [URTx_RX| signal is always as data input signal.

Figure 16-19. UART Connect for SPI Master Mode
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<Note> x = UART module index
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16.9.5. UART Connect for SYNC Mode

The following diagram is showing the UART application connection of SYNC communication. The

URTx CLK]signal is as clock signal outputted to external device inputted. The [URTx TX|signal is bi-directional
as data input or output signal for one line mode.

Figure 16-20. UART Connect for SYNC Mode

MCU External Device
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<Note> x = UART module index
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16.10. UART Character Format
16.10.1. UART Data Character Format Setting

The UART character is defined as the data unit for UART transaction. Generally, the character is including of
one Start bit, 8-bit or 7-bit data bits and one Stop bit. Others, it also can insert one parity bit (PAR) and one
address bit (ADR) for multi-processor mode.

The related control registers of character setting are independent for transmission and receiving. The data
bits can be configure as 8-bit or 7-bit data bits by setting URTx_TXDSIZE and URTx_RXDSIZE registers. The
Stop bit can select the bit length by setting URTx_TXSTP_LEN and URTx_RXSTP_LEN registers. The parity bit
can be enabled by setting URTx_TXPAR_EN and URTx_RXPAR_EN registers. These two registers are not
able to be set for SYNC mode. The address bit is automatically inserted by hardware when the UART mode is
set to “ADR” (Address-bit mode for multi-processor) in URTx_MDS register. For URT4/5/6/7 modules, the
registers of URTx_RXSTP_LEN, URTx_RXPAR_EN and URTx_RXDSIZE are replaced by using TX/RX
combined common registers of URTx_TXSTP_LEN, URTx_TXPAR_EN and URTx_TXDSIZE.

User can select to the first transferred bit from Lsb or Msb by setting URTx_TXMSB_EN and
URTx_RXMSB_EN registers. For URT4/5/6/7 modules, these modules are not support the URTX_TXMSB_EN
and URTx_RXMSB_EN registers and the first transferred bit is fixed from Lsb.

Figure 16-21. UART Character Format
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The following table is showing the register setting of character for different character format.

Table 16-4. UART Data Character Format Setting

URTx Register
TXDSIZE | TXMSB_EN | |\ | TXPAREN | TXSTP_LEN UART Data Character
RXDSIZE | RXMSB_EN RXPAR EN | RXSTP_LEN
0 (8-bit) 0 0~2 0 1(1-bity [ s |Bo|[B1[B2[B3[B4[B5][B6[B7[ P
0 (8-bit) 0 0~2 0 3(2bity [ s|[Bo|B1L|[B2|B3|[B4|[B5|B6|[B7|P | P
0 (8-hit) 0 0~2 1 1(1-bity | S |BO|[B1|[B2|[B3|B4|B5|B6|B7|[PAR| P
0 (8-bit) 0 0-2 1 3(2bity | S |Bo|B1|B2|B3|B4|B5|B6|B7|[PaR| P | P
0 (8-hit) 0 3 0 1(1-bity | S [Bo|[B1[B2[B3|B4|B5|B6|B7 [aDR]| P
0 (8-hit) 0 3 0 3(2bit) | S|Bo[B1[B2|B3|B4|[B5|B6|B7[ar| P [P
0 (8-hit) 0 3 1 1(1-bity | S [Bo|[B1[B2[B3|B4[B5|B6|B7 [rDR|PAR| P
0 (8-bit) 0 3 1 3(2-bity | S |B0o|[B1|B2|B3|B4|B5|B6|B7 |aDrR|PAR| P
0 (8-bit) 1 0~2 0 1 (1-bit) S |B7|B6 | B5|B4|B3|B2|B1|({B0| P
0 (8-bit) 1 0~2 0 3 (2-bit) S |B7|B6 | B5|B4|B3|B2|B1|({B0| P P
0 (8-bit) 1 0~2 1 1(1-bity | S |B7|B6|B5|B4a|B3|B2|B1|BO|PaR| P
0 (8-bit) 1 0~2 1 3 (2-bit) S |B7 | B6|B5|B4|B3|B2|B1|B0|PAR| P P
0 (8-bit) 1 3 0 1 (1-bit) S |B7 | B6|B5|B4|B3|B2|B1|B0|ADR| P
0 (8-bit) 1 3 0 3(2bit) | S|[B7|B6[B5|B4a|[B3[B2|B1|BO|aR| P [P
0 (8-bit) 1 3 1 1(1-bity | S [B7|B6[B5|B4|[B3|B2|B1|B0[ArDR|PAR]| P
0 (8-hit) 1 3 1 3 (2-hit) S |B7 | B6 | B5|B4|B3|B2|B1|B0|ADR|PAR| P
1 (7-bit) 0 0~2 0 1(1bit) [ S|Bo[BL|[B2|[B3|B4[B5|B6]| P
1 (7-bit) 0 0~2 0 3(-bity | S |Bo|[B1|B2[B3|B4|[B5|B6| P | P
1 (7-bit) 0 0~2 1 1(1bit) [ S |Bo[B1|B2|[B3|B4|B5|B6|PAR| P
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1 (7-bit) 0 0~2 1 3(2-bit) | S |Bo|B1|B2|B3|B4|B5|B6|Par| P[P ]

1 (7-bit) 0 3 0 1(1-bity | S |[BO|[B1|B2|B3|B4|B5|B6 |ADR| P

1 (7-bit) 0 3 0 3(2bity | S |Bo|B1|B2|B3|B4a|B5|B6 |ar| P | P

1 (7-bit) 0 3 1 1(1-bit) | S |[BO|[BL1|B2|B3|B4|B5]|B6|aDrR|PAR| P

1 (7-bit) 0 3 1 3(2bity | S |Bo|B1|B2|B3|B4|B5|B6 |ar|PAR| P | P
1 (7-bit) 1 0-2 0 1(1-bit) | S |B6|B5|B4|[B3|[B2|B1|BO| P

1 (7-bit) 1 0-2 0 3(bity | S |B6|B5|Ba|B3|B2|B1|[BO| P [P

1 (7-bit) 1 0-2 1 1(1-bit) | S |B6[B5|B4|B3|B2|B1|B0|PAR| P

1 (7-bit) 1 0-2 1 3(2bit) | S |B6|B5|B4[B3|[B2|BL[BO[PAR| P | P

1 (7-bit) 1 3 0 1(1-bity | S |B6[B5|B4|[B3|B2[B1|BO|ADR| P

1 (7-bit) 1 3 0 3(2bit) | S |B6|B5|B4 B3| B2|BL[BO[aDR| P | P

1 (7-bit) 1 3 1 1(1-bity | S | B6|B5| B4 | B3|B2|B1|BO |ADR|PAR| P

1 (7-bit) 1 3 1 3(2bit) | S |B6|B5|B4a|B3|B2|BL|BO|roR|PAR| P | P

BO~B7 = Data bit 0~7 , S = Start bit , P = Stop bit
ADR : Address bit (1=slave address , O=data) , PAR : Parity bit (including of BO~B7 and ADR)

16.10.2. UART Parity Bit

User can set the function of parity bit in URTx_TXPAR_POL, URT_RXPAR_POL, URTx_TXPAR_STK and
URT_RXPAR_STK registers. The following table is showing the register setting of parity bit.

Table 16-5. UART Parity Bit Definitions

Parity URTx Register _ _

Function TXPAR_POL TXPAR_STK Parity Bit Value
RXPAR_POL RXPAR_STK

Even 0 0 PAR =B0®B1©B26®&B3®B4DB5®B6HB7OADR

Odd 1 0 PAR = Not (BO®B1®B2®B3®B4®B5®B6®B7®ADR)
Fixed O 0 1 PAR =0
Fixed 1 1 1 PAR =1

PAR : Parity bit (including of BO~B7 and ADR)

16.10.3. UART Idle-Line Format Setting

The UART module can detect an Idle-Line and user can define the bit time of Idle-Line from last Stop bit by
setting URTx_DET_IDL register.

16.10.4. UART Break Condition Format Setting

The UART module can detect a Break condition and user can define the bit time of Break condition as one
character length plus the extra bit time by setting URTx_DET_BK register.

Figure 16-22. UART Idle-Line and Break Condition Format

UART Idle-Line Format

Idle Line Detect Threshold
(URTx_DET_IDL)

Stop Start| BO

Received continuous ones >= (URTx_DET_IDL)

A
. 4

: (>10 continuous ones in general)
‘-==--=cccccccccccccccccccccccccccccccccccaccccccccccccccccaaaaacacccccccccccccaaaaaaan » All high

UART Break Condition Format

Start Stop Guard

|

Guard bits

: Received continuous zeros >= Character bit length +(URTx_DET_BK) :
D R e e e R L L R e P L LT LR »: All low
(11~21 continuous zeros in general) H

Break :
Defined Character Length >« Detect —» (URTx_DET_BK)
Threshold

A
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16.11.

UART Fundamental Control

16.11.1. UART Control Mode Setting

The UART module is able to configure the control mode from one of UART (asynchronous mode), SYNC
(synchronous mode), IDLE (multi-processor idle mode) and ADR (multi-processor address-bit mode). User can
configure the control mode by setting URTx_MDS register.

The following table is showing the register control availability of character data control register for different

control modes.

Table 16-6. UART Control Mode vs. Character Data Control Register

URTx Character Data Control Register
TXMSB_EN TXDSIZE RXDSIZE T-I;(XPZARR_PE(;\IL RRXXPITD\ARR_PEONL TXOS_NUM
UART Control Mode RARISIEEN | IASIELSEN | IRSSTEREN | pen e et || pomam g | HOSES
UART (Asynchronous 1/2-line) \Y \ v v \Y 3~31 (*1)
SYNC (Synchronous 1/2-line) % B 3~31 (*1)
IDLE (Multi-Processor Idle Line) Y v v v \Y 3~31 (*1)
ADR (Multi-Processor Address-bit) Y v v v \Y 3~31 (*1)

<Sign>v: Using available for independent TX or RX control , B: Using for both TX/RX control , Blank: Control no effect
<Note> *1: Value 3~31 indicates actual over-sampling number value 4~32.

For advanced UART modules of URTO0/1/2/3, these control registers of previous table list are almost
separated and independent control for UART data transmission and receiving. For basic UART modules of
URTA4/5/6/7, UART data transmission and receiving are almost simple control by combined common registers.

The following table is showing the register control availability for advanced UART modules and basic UART

modules.

Table 16-7. UART Module vs. Character Data Control Register

URTx Character Data Control Register

TXOS_NUM | RXOS_NUM
;))?\l\;llgg_lén TXDSIZE RXDSIZE TXPAR_EN | RXPAR_EN P;EQE_E?K_ E;EE//?E_;(T)}E
UART Modules - TXSTP_LEN | RXSTP_LEN - -
URTO0/1/2/3 v v v v v v v
URTA4/5/6/7 - B - B - \Y; Vv

<Sign>v: Using available for independent TX or RX control , B: Using for both TX/RX control , - : Not supported

16.11.2. UART Operation Mode Setting

The following table is showing the register setting of UART operation mode configuration for modules of
URTO0/1/2/3. The modules of URT4/5/6/7 are only support UART mode. User can set these registers to configure
an operation mode for application product. Refer the related register description and the section of “UART
Connection for Application” for more information.

The modes of UART, IrDA, HFC and SPI are used two data lines to do full duplex communication. The
modes of LIN and SC (SmartCard) are used one data line or two data lines to do half duplex communication. The
SYNC mode is like as SPI one line master mode that is specially used the URTx_RX_EN register to control
bidirectional data transfer for half duplex communication. The modes of SC, SYNC and SPI are using with one
clock line to do synchronous communication.

[Notify]: The SPI Slave mode is not supported for MG32F02A132/072/032.

Table 16-8. UART Operation Mode Setting

URTx Setting Register
TXPAR_EN RTS_EN
CjpenEien e MDS |DAT_LINE|[HDX_EN|CLK_EN|CLK_CKS|TXE_MDS|RXE_MDS RXPAR_EN IR_EN CTS EN SYNC_MDS
UART 0 2 0 0 x 0 0 o1 o| o 0
(asynchronous mode)
IrDA
(Infrared Data 0 2 0 0 X 0 0 0/1 1 0 0
Association)
HFC
(hardware flow control) 0 2 0 0 X 0 0 0/1 0 1 0
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LIN - one line
(Local Interconnect 0 1 1 0 X 2 0 0 0 0 0
Network)

LIN - two line
(Local Interconnect 0 2 1 0 X 2 0 0 0 0 0
Network)

SC
(SmartCard)

SYNC
(Synchronous 1-line)

SPI Master
(Synchronous 2-line)

SPI Slave
(Synchronous 2-line)

IDLE (Multi-Processor

idle Line) 2 2 0 0 X 0 0 01 0 0 0

ADR (Multi-Processor

Address-bit) 3 2 0 0 X 0 0 0/1 0 0 0

<Sign> x: don't care ; 0/1: canbe O or 1

16.11.3. UART Transmit

By UART data transaction, user needs to set the URTx_TX_EN register to enable transmission block
functions and configure the operation mode for the data transmission. Refer the section of “UART Operation
Mode Setting” for the operation mode settings.

When detect the TXF (URTx_TXF) flag, user can write the transmission data to the TX data register
(URTx_TDAT) and the chip will automatically clear the TXF flag. After the time, User can write the next
transmission data to the same TX data register when detects the TXF flag again. Repeat the sequence until the
data transmission complete. For URT0/1/2/3 modules, the TX data register (URTXx_TDAT) is implemented 32-bit
which can support 8/16/32-bit write operation. For URT4/5/6/7 modules, the TX data register is only
implemented 8-bit.

When the UART is running in one line bi-direction mode, the TCF flag (URTx_TCF) can denote that the
previous data transmission is complete.

User can read URTx_TNUM register to get the remained data byte number of data register in real time. It
usually is used to calculate the last transmission data length when communication error is happened.

User can configure the Stop bit length for UART data transmission by setting the URTx_TXSTP_LEN
register. The actual Stop bit length is affected by the transmission oversampling setting number in
URTx_TXOS_NUM register. For URT4/5/6/7 modules, the Stop bit length is only supported 1-bit and 2-bit in the
register of URTx_TXSTP_LEN.

The following table is showing the UART TX Stop bit Length setting table.

Table 16-9. UART TX Stop Bit Length Setting

URTx Register Chip Support
MG32F02A032
MG32F02A128
Actual STOP Bit Length MG32F02A132 | MG32F02U128
TP LA O L MG32F02A072 | MG32F02A064
MG32F02U064
Stop Bit Request MG32F02V032
3,5,7,~,31 |0.5hit
0.5-Bit 0 ! \Y
4,6,8,~,30 |0.5bit+one CK_URTx_TX clock time
1-Bit 1 3 ~ 31 1 bit Vv \Y

. 357,~,31 |15 bit
158 2 v
>Bit 46,8, ~,30 |1.5bit+one CK_URTx_TX clock time

2-Bit 3 3 ~ 31 2 bit \Y, \Y

<Note> TX Oversampling number = TXOS_NUM+1
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16.11.4. UART Receive

By UART data transaction, user needs to set the URTx_RX_EN register to enable receiving block functions
and configure the operation mode for the data receiving. Refer the section of “UART Operation Mode Setting” for
the operation mode settings.

As same as data transmission, user can read the received data from the RX data register (URTx_RDAT)
when detect the RXF flag (URTx_RXF) and the chip will automatically clear the RXF flag. By same way, User
can read the received data when every time detects the RXF flag. Repeat the sequence until the data receiving
complete. For URT0/1/2/3 modules, the RX data register (URTx_RDAT) is implemented 32-bit which can
support 8/16/32-bit read operation. For URT4/5/6/7 modules, the RX data register is only implemented 8-bit.

The URTx_RX_TH register is used to set the data byte threshold of shadow buffer. When the data byte
number of shadow buffer is equal to the threshold, hardware will copy the shadow buffer content to data register.

For last tail data control, user can check the RXDF flag (URTx_RXDF) and URTx_RNUM register. RXDF
flag indicates received data byte number is different from previous received data byte number. URTX_RNUM
register indicates received data byte number when data shadow buffer last transfer to URTx_RDAT register.
Firmware can write an initial value for received byte number comparison.

User can configure the Stop bit length for UART data receiving by setting the URTx_RXSTP_LEN register.

For URT4/5/6/7 modules, the URTx_RXSTP_LEN register is replaced by using TX/RX combined common
register of URTx_TXSTP_LEN.

Figure 16-23. UART Data Transmit and Receive

N festops] festop] festop>le——1de—»]

URTx_TX _Io Character 1 Io Character 1 | 0| Character 1
i

URTX_RX

|

|

l
[Transmit] - R
HEY I | HEY I
Data Write 7L and shadow buffer is empty ! ” (4

......... Last byte load into shift buffer
A ‘:’ l ________ A H A A
P*2 if not write any data and %34 Wl i*2id
A 4 4 Irno y i i 4 ¢ i
Interrupt TXF "M TXE }---pi software clear TXF | TcF || TXF |
Event } } . . ) ) T
|
H ]
[Receive] RX shadow buffer has;
Data Read i 2.} stored one byte
L & A A
Y6} A\ 4 *6 4
Interrupt RXF RXF

Event - - - - - SEoencesEoacy

<Note-1> TX shadow buffer is not empty and write a half-word(two bytes) data to (URTx_TDAT) for example.

<Note-2> Data register load into shadow buffer and assert the (URTx_TXF) if anytime TX data register (URTX_TDAT)
are empty.

<Note-3> Assert the (URTX_TCF) if both TX shadow buffer and TX data register are empty.
<Note-4> TX shadow buffer is empty and the wrote data in (URTx_TDAT) is right now loaded into shadow bulffer.
<Note-5> RX shadow buffer threshold (URTx_RX_TH) is set two-byte for example.

<Note-6> If RX shadow buffer is arriving the RX buffer threshold, copy shadow buffer data to (URTx_RDAT) and
assert the (URTx_RXF).
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16.12. UART Data Buffer

The UART module implements two 8-bit shift buffers, two 32-bit shadow buffer and two 32-bit data register
for data flow control and reduce the CPU overhead. User can easy use the event flags of TXF (URTx_TXF) and
RXF (URTx_RXF) for data transfer flow control.

#* Advanced UART

The data path of advanced UART is including of IrDA Decode/Encode, RX/TX shift buffer, RX/TX shadow
buffer and RX/TX 32-bit data registers.
The following diagram is showing the UART Data Buffer mode control block for URTO0/1/2/3.

Figure 16-24. UART Data Mode Control — URT0/1/2/3

UART RX/TX Data Buffer Mode Control
(URTX_RCAP) ___Receive capturedata .

(URTX_RSBUF) J---ocecceececoececccaccaccececns, :
ORI 5 0L : Receive data capture register for Parity error /

URTX_RX O— D:ar(I:DoAde > Ré(uflerft g:pit:tr:r Frame error / Break detect / Slave-Address
g detect / Calibration Sync Char. / Noise Char.

Receive hold fla
(URTX_RHF) p----moemmmes o 9o X Shift in one-byte
i | Set flag when Data RX O
_received level | " | et flag when Data verrun
(URTx_RX_LVL) |8 Séljﬁg;/v ROVRF Clear flag when Software setting 1
Data
(URTX_RNUM) =1 oqgm [67 Load Buffer all Set flag when Shadow Buffer content copy to
O8] LoadoData Data Register t----- RxF | DataRegister
Register byte Clear flag when Data Register is read or
number : Software setting 1
(URTX_RDAT) [f-=snnmssreeesnmmmeenaaaannnaaaand
(URTX_TSBUF) [-=---sreeesnmmmmmenaaacnnaaaaaaas :
URTX_IR_IN
IrDA TX Shift Set flag when Shadow Buffer, Data Register
URTX X OeH . f—— o e TCF . L
Encode Buffer ) empty and Shift Buffer shift out complete
(URTX_TX_HALT)|... Transmithalt *g Shift out one-byte  Clear flag when Software setting 1
- = each time
TX shadow buffer TX
(URTX_TX_LVL) |«-emained level Shadow
Buffer
Data Load Register all . .
(URTX_TNUM) ot g [ 9 Set flag when Data Register is empty and the
{0~4} - content load into Shadow Buffer
Data Register Data Register [----- TXF

Clear flag when Data Register is wrote or

byte number :
Software setting 1

"""""""""""" »| Data Register3

(URTx_TDAT)
(URTX_TDAT3)

<Note> 1: x= UART module index
2: URTx_TDAT/URTx_RDAT are designed for 8/16/32-bit data access
URTx_TDAT3 is designed for 3-byte(24-bit) data write only
3: When Parity Error / Frame Error / Break detect / Slave-Address , copy shift buffer to
“Capture Register” and skip load into shadow buffer
4: Read URTx_RDATX =» force to load shadow buffer data if shadow buffer is not
empty.
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+* Basic UART

The data path of basic UART is including of RX/TX shift buffer and RX/TX 8-bit data registers. The following
diagram is showing the UART Data Buffer mode control block for URT4/5/6/7.

Figure 16-25. UART Data Buffer Mode Control — URT4/5/6/7

UART RX/TX Data Mode Control
Shift Set flag when Data RX Overrun
Y [ R
[URT RXIO ”| Buffer ROVRF | Clear flag when Software setting 1
Load Set flag when Shift Buffer content copy to
8-bit Data Register
(URTX_RDAT) f-ocoeoseecmenenenenees Data Register |~ RXF Clear flag when Data Register is read or
Software setting 1
[ Shift . .
[[URTX_TX [ Buffer [~ TCF Set flag when Shift Buffer shift out complete
Clear flag when Software setting 1
Load Set flag when Data Register is empty and
_ the content load into Shift Buffer
(URTX_TDAT) [EEEEE_— 8-bit | TXE | Clear flag when Data Register is wrote or
- Data Register Software setting 1

<Note> 1: x= UART module index
2: URTx_TDAT/URTx_RDAT are designed for 8-bit data access

16.12.1. UART Data Buffer Control

The RXF flag (URTx_RXF) will be activated at every time that the RX Shadow Buffer content is copied to RX
data register. Also the related interrupt will be asserted if the URTx_RX_IE register is enabled. The RHF flag
(URTx_RHF) is generate by some data hold trigger events and use to hold the received data to load into
shadow buffer. See “UART Receive Hardware Hold and Capture Control” section for more information.

The TXF flag (URTx_TXF) will be activated at every time that the TX data register content is copied to TX
Shadow Buffer. Also the related interrupt will be asserted if the URTx_TX_|E register is enabled. When both
Shadow Buffer and TX data register are empty, the TCF flag (URTx_TCF) will be activated if the Shift Buffer
shifts out completely. User can set the URTx_TX_HALT register to halt the data transmission for software data
flow control.

The data registers of URTx_TDAT and URTx_RDAT are designed for 8/16/32-bit data access and the
register of URTx_TDATS3 is designed for 3-byte (24-bit) data write only. When user write one any of 8/16/32-bit
data to the URTx_TDAT3 register, the chip will do as a 3-byte (24-bit) data to be written into.

16.12.2. UART Data Inverse

User can enable to inverse the received or transmitted data bits from “0” to “1” or “1” to “0” by setting
URTx_RDAT _INV or URTx_TDAT _INV registers. When enables the data inversion function, the received or
transmitted data bits are inverted but Start, Stop, Address and Parity bits are not inverted.

16.12.3. UART Shift Buffer

The UART module implements two independent 8-bit shift buffers for data receiving and transmission. There
are two registers of URTx_RSBUF and URTx_TSBUF those can be read to get the data bits of received and
transmitted shift buffer in real time. Also user can read URTx_ADR and URTx_PAR register bits to get the
Address and Parity bits from received shift buffers in real time.

16.12.4. UART Data Buffer Clear

For firmware data control, user can force to clear the received or transmitted data buffer by setting
URTx_RDAT_CLR or URTx_TDAT_CLR registers. These two register bit are set by software and clear by
hardware.

When enables the register bit of URTX_RDAT_CLR, the received data register and shadow buffer will be
flushed. Also URTx_RXF flag and URTx_RX_LVL is cleared. When enables the register bit of
URTx_TDAT_CLR, the transmitted data register and shadow buffer will be flushed. Also URTx_TXF flag is set
and URTx_TX LVL is cleared.
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16.13. UART Multi-Processor
16.13.1. UART Multi-Processor Operation Mode

The UART module implements two operation modes of Idle-Line mode or Address-Bit mode for
multi-processor communication by setting the URTx_MDS register.

When receives the address character for Idle-Line mode or the address-bit for Address-Bit mode, the
SADRF flag (URTx_SADREF) will be activated and asserts the interrupt if the related interrupt enable register of
URTx_SADR_IE is enabled.

The slave address is defined in URTx_SA_RX and URTx_SA_MSK registers.
The following diagram is showing the time sequence of UART Multi-Processor operation mode.

Figure 16-26. UART Multi-Processor Operation Mode

[Idle-Line Mode]

P(S P S P S P|S P
<—Idle—>|<—Address—>| ->| |<— |<—Id|e—>|<—Address—>| +—Idle—>
First character *. Idle time < Idle time >=
afteridel-Line .. Idle-Line threshold Idle-Line threshold *2
T ;__’2__5 (URTx_DET_IDL) (URTx_DET_IDL) T
Y 4
Interrupt UGE UGF
Event “mmttttt SADRF| | TTTTTTTTTTTTTTTmmImmmmmmmmmmammansansa s s s SADRF| | TTTTTTTTTTTTTTTT
[Address Bit MOde]vExtra address/data bit : 1=address , O=data :'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_ """"""""""""
TA A [,
s 1|P|s olpls olp 1|pls olp|s 1lp|s olp

|<—Address—>|. |<Id|e>|<—Address—>I |<—Address—>|.

Idle time is notcare e .

*2 {2 *2
1 T»’ 1
Interrupt  ygr UGF UGF
3 O £y Y= = SADRF| T SADRF| T

<Note-1> S: Start, P: Stop

<Note-2> SADRF(UGF) interrupt is asserted if the slave address is matched (URTO_SA_RX) and (URTO_SA_MSK)
setting.

16.13.2. UART Multi-Processor and Mute mode

When the UART is running in multi-processor mode, user can configure by registers to enter the mute mode
when receives the salve address is unmatched and exit the mute mode when receives the salve address is
matched. See the description of “UART Mute Mode Control” for more information about mute mode.

16.13.3. UART Multi-Processor Address Setting

User can set the received address in URTx_SA_RX register and set the address mask by setting
URTx_SA_MSK register.

The following diagram is showing the example of UART Multi-Processor slave address setting.

For this example, three slaves are using the same slave address (URTx_SA_RX) with different address
mask (URTx_SA_MSK). The address mask register of URTx_SA_MSK can be logically ANDed with received
address register of URTx_SA_RX to create the finial slave address which use slave addressing for the master
of multi-processor. Zeros in the result are treated as don't care.

The unique address is the slave address which is different from others for each Slave. The address mask
register of URTx_SA_MSK can be logically ORed with received address register of URTx_SA_RX to create the
global address which use slave addressing for broadcast. The Common Global address is the address OxFF
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which can do broadcast communication with these three Slaves. The multi-processor global slave address can
be enabled in the register of URTx_GSA_EN.

Figure 16-27. UART Multi-Processor Address Setting Example

i*1} Slave 0 Slave 1 Slave 2

(URTX_SA_RX) =11100000 | |(URTx_SA RX) =11100000 | |(URTx_SA RX) =11100000
(URTX_SA_MSK) =11111001 | |(URTx_SA_MSK)=11111010 | |(URTx_SA_MSK) = 1111 1100

i*2{ Slave Address =1110 0xx0 Slave Address = 1110 0x0x Slave Address = 1110 00xx

1110 0000 1110 0000 1110 0000
1110 0010 1110 0001 1110 0001
1110 0100 1110 0100 1110 0010

i*3 1 Unique Address =1110 0110 Unique Address =1110 0101 Unique Address =1110 0011

i*4{ Global Address =1111 1xx1 Global Address =1111 1x1x Global Address =1111 11xx

........

1111 1001 1111 1010 1111 1100
1111 1011 1111 1011 1111 1101
1111 1101 1111 1110 1111 1110

i*5{ Common Global Address =1111 1111

........

<Note-1> For this example, three slaves are using the same (URTx_SA_RX) with different (URTx_SA_MSK).

<Note-2> The (URTx_SA_MSK) mask can be logically ANDed with received address (URTx_SA_RX) to create the
Slave address which use slave addressing for the master of multi-processor. Zeros in the result are
treated as don't care.

<Note-3> The unique address is the slave address which is different from others for each Slave.

<Note-4> The (URTx_SA_MSK) mask can be logically ORed with received address (URTx_SA_RX) to create the
Global address which use slave addressing for broadcast. Zeros in the result are treated as don't
care.

<Note-5> The Common Global address is the address 0xFF which can do broadcast communication with these
three Slaves.

16.13.4. UART Multi-Processor Slave Address Transmit

User can send an address character for Idle-Line mode or an address-bit for Address-Bit mode by setting
URTx_ADR_TX register to 1. For Idle-Line mode, user can set the idle line time by setting URTx_TXGT_LEN
register.

Figure 16-28. UART Multi-Processor Slave Address Transmit

Write Write (URTx_TDAT) = Hardware clear
(URTX_ADR_TX) = 11 i {Byte0,Byte1,Byte2,Byte3} (URTX_ADR_TX) =0
A . 4

[idle Line Mode] | , .~ *1< ByteO >,< Bytel ) ( Byte2 ) ( Byte3 )
[ 2
[ =
1

(URTX_MDS)=2

URTX_TX ——Idle—>| | Addréss Data Data Data

1

] ','

| K

[Address Bit Mode] :( Byte0 ) ( Bytel ) ( Byte2 ) ( Byte3 )
(URTX_MDS)=3 !

i

]

]

URTX_TX

IAddress|1| Data |0 Data |0 Data |0

«GT> «GT> «GT>

<Note-1> : The first byte (Byte0) is as the slave address. It is written to (URTx_TDA) after (URTx_ADR_TX) setting 1.
<Note-2> : The idle time before slave address character is equal (URTX_TXGT_LEN) / TX bit-time.
<Note-3>: The guard time(GT) between two successive characters is equal (URTX_TXGT_LEN) / TX bit-time.
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16.14. UART Break Condition Transmit

User can send a Break condition character by setting URTx_BK_TX register to 1. A flag of URTx_BKBF can
be read to indicate the busy status of Break sending process. When this bit is “1”, it is meaning the Break
sending process is not yet finished. When this bit is “0”, it is meaning that is finished.

The Break condition character time is equal a character bit time plus (URTx_DET_BK register setting value
+3). The URTX_TXGT_LEN can use to set the guard time between two transmitted characters.

Figure 16-29. UART Break Condition Transmit

Write Write (URTx_TDAT) = Hardware clear
(URTXx_BK_TX)=1 {Byte0,Bytel,Byte2,Byte3} (URTx_BK_TX)=0

4 .
Byte0
':‘<(Dummy Data) ( Bytel ) ( Byte2 ) ( Byte3 )

URTx_TX MY Break I_I Data Data Data
URT TXOT LER)
// TXBlts
I;; Defined Character Length————3#—(URTx_DET_BK)+3 TX Bits—)*—Guarg Time| )
URTx_TX _| Start continuous zeros Stop
< Break Condition Generation =

<Note-1>: The first byte (Byte0) is skipped as a dummy data. It is written to (URTx_TDA) after (URTx_BK_TX) setting 1.

The following table is showing the UART break condition send and detect control setting table.
Table 16-10. UART Break Condition Send and Detect Control

URTX Register Break Sending Length /
Control Mode DET_BK TXSTP_LEN RXSTP_LEN BKF flag asserted Position
o 0 0,1,2,3 - Break Length = 14 bits
Send Break Condition (*1) .
1 0,1,2,3 - Break Length = 16 bits
0,1,2 BKF asserted at 10.5th bit
0 -
3 BKF asserted at 11.5th bit
Detect Break Condition (*2)
0,1,2 BKF asserted at 12.5th bit
1 -
3 BKF asserted at 13.5th bit

*1 : Set TXDSIZE=8bit, TXPAR_EN=Disable, MDS= {0~2}
*2 : Set RXDSIZE=8bit, RXPAR_EN=Disable, MDS= {0~2}

MG32-MO0 User Guide Page-273




megawin MG32-MO0 User Guide V4.6

16.15. UART Baud-Rate Control

The Baud-Rate timer (BR) can be configured to separated counter mode or combined counter mode to do as
an UART Baud-Rate generator or a general using timer by setting URTx_BR_MDS register and enable by
setting URTx_BR_EN register.

[Notify]: The Prescaler counter is 4-bit for MG32F02A132/A072/A032.
[Notify]: The Prescaler counter is 6-bit for MG32F02A128/U128/A064/U064.

The Baud-Rate timer generator is able to output the internal clock for UART communication Baud-Rate
control. User can configure the Baud-Rate generator by setting URTx_PSR and URTx_RLR registers.

Also user can get the real time counter value of BR timer by reading URTX_BR_PSC and URTx_BR_CNT
registers. The following diagram is showing the UART Baud-Rate Timer Control block.

Figure 16-30. UART Baud-Rate Timer Control Block

Calibration Finished Baud-Rate
(URTx_BR_MDS) ="***"1 0= separated counter T ““lcalibration |-....
¥ 1= combined counter : :
r A \ : 9 @i
: time;out g
(URTX_PSR) (URTX_RLR) v : EY
, , 1. A T™MO :
Reload Register Reload Register { < <--
| J | | g ) N Counter
U U upload
Combined :'"b_dv_vh"i
Counter ; ¥Count |
CK_URTX »— BRTF
Prescaler .| Baud-Rate ~ timeoutflag |[C
Counter "] 8-bit Counter X
C \;
CK_URTx_PSC «— CK_URTxX_INT<€—!-------1 » URTX Interrupt 3
fCK_URTX_PSC = fCK_URTX_INT =
fCK_URTx / (URTX_PSR+1) fCK_URTX / (URTX_PSR+1) * (URTX_RLR+1))
Baud-Rate Timer

<Note> 1. x= UART module index

16.15.1. UART Baud-Rate Timer On/Off Control

When the BR timer is configured as a general using timer, the timer enabled function is no effect by
URTx_EN register. The following table is showing the UART Baud-Rate Timer On/Off Control.

Table 16-11. UART BR Baud-Rate Timer On/Off Control

: . COUTER URTx Register Timer On/Off

BR Timer Function Mode BR_MDS EN BR_EN
0 X Timer Off
Separated 0 1 0 Timer Off
1 Timer On

RTx B -Rat
URTx Baud-Rate Generator 0 » Timer OFf
Combined 1 1 0 Timer Off
1 Timer On
0 Timer Off
General Using Timer Combined 1

ng 1! I X 1 Timer On

<Sign> x: Don't care

16.15.2. UART Baud-Rate Calibration

The UART module can receive a Break condition and activates the BKF flag (URTx_BKF) and asserts the
interrupt if the related interrupt enable register of URTx_BK_IE is enabled. User can enable the baud-rate
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calibration by setting URTx_CAL_EN register and the chip will asserted the CALCF flag (URTx_CALCF) when
the calibration is completed. The UART baud-rate calibration is able to support Baud-Rate timer in separated
and combined modes.

[Notify]: The UART baud-rate calibration is only supported Baud-Rate timer in separated mode for
MG32F02A132/072.

After the calibration is completed, normally the chip will update the Baud-Rate timer preload value in
URTx_PSR and URTx_RLR registers by calibration result. If the calibration is failure by Baud-Rate timer
counting overflow or underflow, the chip will not update the Baud-Rate timer preload value. User can get the
calibration overflow or underflow condition in URTx_CALOVF and URTx_CALUDF register flags after
calibration completed.

[Notify]: The URTx CALOVFE and URTx CALUDEF registers are not supported for MG32F02A132/072.

Also user can set URTx_CAL_AUTO register to enable hardware auto baud-rate calibration. When the auto
baud-rate calibration function is enabled and receives a Break condition, chip will automatically enter baud-rate
calibration process during Sync character received cycle.

The UART is supported two calibration modes of Start mode and Edge mode by setting URTx_CAL_MDS
register. The Start mode calibrates the baud-rate by measuring the Start bit only and the Sync character must be
(xxxx xxx1)2. The Edge mode calibrates the baud-rate by measuring the start falling edge to next falling edge
and the Sync character must be (xxxx xx01)2. (x =0 or 1)

Figure 16-31. UART Auto Baud-Rate Control Mode Timing

[Start Period]

First bit must be logical 1

2,
| S P S|1 P
IA R E LI‘ Guard kl‘ ;i
[ Break 5 P Time T Sync g
T Sync pattern = xxxx xxx1

.........

->| |<- Calibrate Cycle

4 First two bits must be logic 1,0 pattern
S SO

| S P s|1 P
L o E |, Guard i
< reak : Ple— __ >l Sync >
| - ; ™ Time | Y l

............................ PR Sync pattern = xxxx xx01

Break Detect Lo

e M |<—CaI|brate Cycle—»l

UART Interrupt Event
Hardware auto detect Break condition

[1] Auto Detect and LA and auto enter baud-rate calibration cycle
Calibration <4 e

.........

HURTX_CAL_AUTO)SL]  rermrmse s e

(2] Mangal QeteCt ,, o force to enter baud-rate calibration cycle :
and Calibration

HURTX_CAL_AUTO)S0]  +memememe s e

Enable Baud-Rate Calibration (URTx_CAL_EN)
§n BKF interrupt service routine before Sync filed.

<Note-1> Guard time equals (URTX_TXSTP_LEN) setting.
<Note-2> BKF(LSF) interrupt is asserted if the interrupt enable bit (URTX_BK_IE) is set. It is able to disable
interrupt for “Auto Detect and Calibration” mode.

<Note-3> S: Start, P: Stop
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16.15.3. UART BR Timeout Signal Output

The BR timer can output the timeout signal to do as a clock signal to external port of URTx BRO] or internal
other module. User can set the initial state of timeout signal by setting URTx_BRO_STA register. Specially, the
initial state register can be written only when the register of URTx_BRO_LCK is written “1” simultaneously.

16.15.4. UART Baud-Rate Setting Examples

The following table is showing the examples of UART general using baud-rate setting.

Table 16-12. UART General Using Baud-Rate Setting Examples

UART Baud-Rate CK_URTx URTx Register Actual
Baud-Rate (*2) Error (%) Fr?&‘:{ir)'cy PSR RLR 0S_NUM (*1) Baud-Rate
1200 0.00 48.000 9 249 15 1200.000
2400 0.00 48.000 9 124 15 2400.000
4800 0.00 48.000 4 124 15 4800.000
9600 0.00 48.000 4 99 9 9600.000
14400 -0.01 48.000 2 100 10 14401.440
19200 0.00 48.000 4 49 9 19200.000
28800 -0.04 48.000 6 16 13 28811.525
38400 0.00 48.000 4 24 9 38400.000
57600 -0.04 48.000 6 6 16 57623.049
115200 -0.16 48.000 1 12 15 115384.615
230400 -0.16 48.000 1 7 12 230769.231
460800 -0.16 48.000 1 3 12 461538.462
576000 0.79 48.000 1 2 13 571428.571
921600 -0.16 48.000 1 1 12 923076.923
1152000 0.79 48.000 2 0 13 1142857.143
2000000 0.00 48.000 1 0 11 2000000.000
3000000 0.00 48.000 1 0 7 3000000.000
4000000 0.00 48.000 1 0 5 4000000.000
6000000 0.00 48.000 1 0 3 6000000.000
1200 -0.01 8.000 2 201 10 1200.120
2400 -0.01 8.000 2 100 10 2400.240
4800 -0.04 8.000 6 16 13 4801.921
9600 -0.04 8.000 6 6 16 9603.842
14400 0.08 8.000 0 138 3 14388.489
19200 -0.16 8.000 1 12 15 19230.769
28800 0.44 8.000 2 2 30 28673.835
38400 -0.16 8.000 0 12 15 38461.538
57600 -0.64 8.000 1 2 22 57971.014
115200 -0.64 8.000 0 2 22 115942.029
230400 0.79 8.000 0 4 6 228571.429
576000 0.79 8.000 0 0 13 571428.571
1152000 0.79 8.000 0 0 6 1142857.143

*1: OS_NUM = URTx_RXOS_NUM or URTx_TXOS_NUM register value
*2 : Baud-Rate = f(CK_URTX) / (PSR+1) / (RLR+1) / (OS_NUM+1)
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16.16. UART Data Receive and Sampling

The UART receiver data sampling mode is able to select the oversampling majority vote from three samples
or one sample by setting URTx_OS_MDS register. The oversampling number is programmable by setting
URTx_RXOS_NUM register. For URT4/5/6/7 modules, the URTx_RXOS_NUM register is replaced by using
TX/RX combined common register of URTx_TXOS_NUM.

16.16.1. UART Data Sampling

User can select the valid oversampling number for data sampling in URTx_RXOS_NUM register.

The default oversampling majority vote is three samples in URTx_OS_MDS register. The UART module will
decide the received bit value from the three sample value. Also user can select oversampling majority vote by
one sample by setting URTx_OS_MDS register to 1 but it gets the worse transmission noise immunity generally.
Usually this setting is used to raise the clock rate and communication speed.

The following diagram is showing the UART receive data sampling example for oversampling number=16.

Figure 16-32. UART Receive Data Sampling

fesaro] fesions]

URTx_RX ‘I 0 BO | B1 | B2 | B3 | B4 | B5 | B6 | B7 1

7 TS >,
I 1
Samplingindex ! 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14150 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CK_URTX_RX Tt
(sampling clock) L
i Pl Py vy
URTX_RX g Pl : BO i
1 H H H H Yy
Sampling Data @@@ @@@

[Oversampling Majority ; o . — A N . .
Vote by Three Samples] { (URTX_OS_MDS)=0 Bit Value = @*@ + ®*® + @*® logical value

[Oversampling Majority ; e . _ .
Vote by One Sample] { (URTX_OS_MDS)=1 ; Bit Value = Sampling Data @ value

<Note-1> This diagram is a data sampling example by setting oversampling number = 16, (URTx_RXOS_NUM)=0xF .

<Note-2> (URTx_OS_MDS)=0 : Select oversampling three sample majority vote mode,
Bit value = 0 if any two sampling data of ®@® =0
Bit value = 1 if any two sampling data of ®@® =1
(URTx_OS_MDS)=1: Select directly single sample mode

The following table is showing the received bit value and noise bit status of NCF flag (URTx_NCF) for three
samples mode. The received bit value is “0” if any two samples are “0” and is “1” if any two samples are “1”.

Table 16-13. UART Received Data Oversampling and Noise Detection

Sampling Sequence Value Received bit NCF status
000 0 any two =0 0 all samples =0
001 0 any two =0 1
010 0 any two =0 1
011 1 any two =0 1
100 0 any two =0 1
101 1 any two =0 1
110 1 any two =0 1
111 1 any two =0 0 all samples =1

16.16.2. UART Receive Noise Character

In general the UART data receiving signal of URTx_RX can be filter by internal filter and get the valid data by
oversampling majority vote. The UART module can detect the noised character bit and reflect the NCF flag. It is
useful to provide the information for user to improve the UART communicated correction on application
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hardware or firmware.

As showing in the “UART Received Data Oversampling and Noise Detection” table, the NCF flag status is
active if all the three samples are not “0” or “1”.

16.16.3. UART Receive Oversampling

User can select the valid oversampling number in URTx_RXOS_NUM register. When user selects three
samples for oversampling majority vote, it suggests the valid value is from 8 to 32 (register value from 7 to 31).
When the oversampling number is 5 ~ 32, the chip are taken from the medium three samples for data value
majority vote. When the oversampling number is 2 ~ 4, the chip are taken from the fixed samples as showing in
following diagram.

The following diagram is showing the UART receive oversampling majority point(s) for different
oversampling number.

Figure 16-33. UART Receive Oversampling Majority Points

[Oversampling Number =5~32] | (URTx_RXOS_NUM)={4~31} |
i‘ One-Bit <t Next-Bit—————»

ylv:

Sampling Data @@@

®@® =sampling index number INT(OSNum) , INT(OSNum)+1 , INT(OSNum)+2

Sampling index !
CK_URTx_RX
(sampling clock)

URTX_RX

[Oversampling Number =2,3,4] | (URTx_RXOS_NUM)={1,2,3} |

[Oversampling Number =2] [Oversampling Number =3] [Oversampling Number =4]

|<One—Bit’>| '(—One—Bit—H '(—One—Bit—H

Samplingindex ' 0 1 i0 10 1 2 3 i0

URTX_RX

A\ 4 A\

Majority data= @@ O Majority data = O@® Majority data = O@0®

<Note-1> The oversampling mode is enabled by setting (URTx_OS_MDS)=0 .
<Note-2> OSNum : Receiving oversamping number register value (URTx_RXOS_NUM) .

16.16.4. UART Receive Bit Time Error Tolerance

There is a simple method to calculate the bit time boundary of the quickest and slowest speed which can get
the corrected communication.

Valid Bit-Time : Tg < Tyaia < Ts

Ts is the specified bit time for data receiving. Tq and Ts are the bit time of quickest and slowest speed for
data receiving. OSNum is the setting oversampling number in URTx_RXOS_NUM register. The following
formulas are used to calculate the valid boundary time for data receiving.

9+ (INT(OSNum/2)+3) 9+ INT(OSNum/2)
*Tg 9*Ts< *Tg
(OSNum-+1) (OSNum-+1)

10*TQ>
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The following diagram is showing the UART receive bit time error tolerance.

Figure 16-34. UART Receive Bit Time Error Tolerance

Specified “ %
URTx_RX Start BO Bl S B6 B7 Stop

Middle-point

CK_URTx_RX '
(oversampling clock)

Majority Sampling Points {Q @ @

[ olelo
< : 10 * T E
Quicker ] %
URTX_RX Start | BO Bl ) B6 B7 Stop
P
< : 9+T. >
Slower ] ? (
URTX_RX Start 5 BO B1 SS B6 B7 Stop

10 * Tq > [9+ (INT(OSNum/2)+3)/(OSNum+1)] * Tg
9* Ts <[9+ INT(OSNum/2)/(OSNum+1)] * Tg
= Valid Bit-Time : TQ < Tvaig < Ts

<Note-1> The oversampling mode is enabled by setting (URTx_OS_MDS)=0 and data packet length =10-bit .

<Note-2> OSNum : Receiving oversampling number register value (URTx_RXOS_NUM) .

The following diagram is showing the calculation example of UART receive bit time error tolerance for
previous diagram.

Figure 16-35. UART Receive Bit Time Error Tolerance Examples

Data packet total length = 10-bit : Start b|t + End bit + 8-bit data
Receiving Oversampling number =16 : (URTx_RXOS_NUM)=15 ~ OSNum

10 * To > (9+ 10/16) * Tg
9 * Ts < (9+7/16) * Tg |
> Valid Bit-Time : 154/160 Tg < Tyaia < 151/144 Tg |

§Examp|e-2§ Oversampling mode : enable (URTx_OS_MDS)=0
Data packet total length = 9-bit : Start bit + End bit + 7-bit data
Receiving Oversampling number =8 : (URTx_RXOS_NUM)=7 ~ OSNum

9 * TQ > (8+ 6/8) *Tg
8*Ts<(8+3/8) * Tg
= Valid Bit-Time : 70/72 Tg < Tyaiig < 67/64 Tg
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16.17.

UART TMO Timeout Control

The module is provides one 16-bit timeout timer (TMO) for UART access time-out control. It can configure as
an UART timeout timer or a general using timer by setting URTx_TMO_MDS register and enable by setting
URTx_TMO_EN register. When the TMO timer is configured as a general using timer, the URTx_IDTMO_TH

register is used to do as the reload register of the timer.

The TMO timer can use to detect Idle Line condition, Break Timeout, RX Timeout, Idle Timeout and

Baud-Rate Calibration Timeout. There are independent enable registers bit of URTx_BKTMO_EN,

URTXx_RXTMO_EN, URTx_IDTMO_EN and URTx_CALTMO_EN for the detection of Break Timeout, RX

Timeout, Idle Timeout and Baud-Rate Calibration Timeout.

Use can set the URTx_TMO_CKS register select the TMO timer clock source. Specially, the timer is able to

calculate the communication noise condition by input the received noise bit. See the “UART Received Data
Oversampling and Noise Detection” table about the noise bit definition.

A timeout timer reset enable bit of URTx_TMO_RST is enabled to force reset the TMO timer. Also user can

get the real time counter value of TMO timer by reading URTx_TMO_CNT register.

Figure 16-36. UART TMO Timeout Timer Control Block
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16.17.1. UART TMO Timeout Timer On/Off Control
When the TMO timer is configured as a general using timer, the timer enabled function is no effect by
URTx_EN register.

[Notify]: The URTx_EN_must be enabled when TMO timer do as “General Using Timer” for
MG32F02A132/072.

The following table is showing the UART TMO Timeout Timer On/Off Control.

Table 16-14. UART TMO Timeout Timer On/Off Control

TMO Timer Function URTX Register Timer On/Off
TMO_MDS EN TMO_EN
0 X Timer Off
URTx Timeout Timer 0 1 0 Timer Off
1 Timer On
. . 0 Timer Off
General Using Timer 1 X 1 Timer on

<Sign> x: Don't care

16.17.2. UART Guard Time and Timeout Detection

For data transmission, the URTX_TXGT_LEN can use to set the guard time between two transmitted
characters.

For data receiving, user can define the bit time of Idle-Line detection threshold from last Stop bit by setting
URTx_DET_IDL register. User can select idle line detect management mode by setting URTx_IDL_MDS
register. When selects 'No' and the idle line has detected, chip will load. When selects 'Load’ and the idle line
has detected, the chip will load shadow buffer into URTx_RDAT data register even though it is not over the
receive threshold URTO_RX_TH if shadow buffer is not empty.

The URTx_IDTMO_TH register is used to define the data transfer timeout threshold for SmartCard
communication.

Figure 16-37. UART Guard Time and Timeout Detection
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The URTx_RXTMO_TH register is used to define the RX buffer data aging timeout threshold. It is useful for
user to control the received data flow. When the shadow buffer receives the data number which has not arrived
the RX threshold and passes a long time, chip can detect this condition and activate the RXTMOF flag
(URTx_RXTMOF) if user has configured the URTx_RXTMO_TH register. At the time it will force the shadow
buffer data to load into the RX data register (URTXx_RDAT) and activate the RXF flag (URTx_RXF) if the RX
data register is empty. User can get the data byte number from URTx_RNUM register.

16.17.3. UART Auto Calibration Timeout

When the UART module processes the baud-rate calibration, the URTx_CALTMO_TH register is able to
define the calibration timeout threshold for unpredictable calibration error condition.

Figure 16-38. UART Auto Calibration Timeout Error Detection

|<— Break—>| |<7 Sync Character—>|

URTX_RX _IS Sg P S Sync pattern F

......................................................

' Guard
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| Break Detect | 5 : Sync Field Length > Measurable Time

|<— Auto Calibration Tlmeout Threshold—»]
(URTX_CALTMO_TH) ;

Time
AT
LSF
UART Interrupt Event T

The following table is showing the UART baud-rate calibration timeout condition for baud-rate timer
separated mode and combined mode.

Table 16-15. UART Calibration Timeout Condition

Baud-Rate Generator Mode Register Chip Support
MG32F02A032
MG32F02A128
MG32F02A132 [ MG32F02U128 Calibration Timeout Condition
SRS CatllleN MG32F02A072 | MG32F02A064
MG32F02U064
MG32F02V032
0 RLR overflow OxFF
0 (Separated mode) \% \%
1~15 RLR overflow (CALTMO_TH * 0x10)
. 0 PSR : RLR] overflow OxFFF
1 (Combined mode) \% [ ]
1~15 [PSR : RLR] overflow (CALTMO_TH * 0x100)

<Note> PSR/RLR/CALTMO_TH ~ URTx registers
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The following table is showing the UART baud-rate calibration timeout time for baud-rate timer separated
mode and combined mode.

Table 16-16. UART Calibration Timeout Time

Baud-R?\;%(?eenerator Calibration Register Chip Support
MG32F02A032
MG32F02A128 . . . .
BR MDS AL MDSICALTMO TH MG32E02A132|MG32F02U128 Calibration Timeout Time
- - — '|MG32F02A072|MG32F02A064
MG32F02U064
MG32F02V032
0 (Start 0 (PSR * RXOS_NUM) * OxFF
mode) 1~15 PSR * RXOS_NUM) * (CALTMO_TH * 0x10
0 (Separated mode) i v ( _NUM) * ( _ )
1 (Edge 0 (PSR * RXOS_NUM) * OXFF * 2
mode) 1~15 (PSR * RXOS_NUM) * (CALTMO_TH * 0x10) * 2
0 (Start 0 RXOS_NUM * OxFFF
. mode) 1-~15 RXOS_NUM * (CALTMO_TH * 0x100
1 (Combined mode) \ = ( = )
1 (Edge 0 RXOS_NUM * OXFFF * 2
mode) 1~15 RXOS_NUM * (CALTMO_TH * 0x100) * 2

<Note> PSR/RXOS_NUM/CALTMO_TH ~ URTX registers

16.17.4. UART Break Condition Timeout

The URTx_BKTMO_TH register is used to define the timeout threshold of Break condition for the error of too
long Break condition. See the descriptions of “UART Break and Parity/Frame Error Detection” section for more
information.

16.17.5. UART TMO Timeout Signal Output

The TMO timeout timer can output the timeout signal to do as a clock signal to external port of
or internal other module. User can set the initial state of timeout signal by setting URTx_TMO_STA register.
Specially, the initial state register can be written only when the register of URTx_TMO_LCK is written “1”
simultaneously.
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16.18. UART Error Management

The UART module can detect and manage some general communication errors. The timeout timer (TMO) is
used to detect the time-out error for Break condition, baud-rate calibration, shadow buffer aging and idle
condition. See the “UART TMO Timeout Control” section for more descriptions.

16.18.1. UART Break and Parity/Frame Error Detection

When UART module detects the parity error or data receiving overrun at the PAR bit and frame error at Stop
bit, the related event flags of PEF, ROVRF and FEF will be delayed to activate after Stop bit. If the received
character is not equal to 0x00, these flags will be activated at the end of Stop bit. If the received character is
equal to 0x00, these flags will be activated at the detected time of Break condition. In the condition, the interrupts
and flags of frame error and parity error are masked if Break condition is detected. Another if Break condition
has not happened and frame error is detected, parity error interrupt and flag will be masked.

Figure 16-39. UART Break and Parity/Frame Error Detection

-» (URTx_DET_BK) = 1 or 3 bits

: Detect .
|<7 Defined Character Length4)+—l_atencyf)l—8reak Timeout Threshold

START---D[7:0]/D[6:0]+[ADR] --- PAR STOP

Stop

URTx_RX Start """ continuous zeros

cedleccccctacaccanaa.

Parity Error Detect Break Detect,

@RX Overrun Detect > l« ]
% Frame Error Detect ! RX Bit Cycle : Break Timeout
; ! @ (URTX_BKTMO_TH)
@ Defined ;
%, Character End
Time — : >
A i
Gharacter 2 0300 | 2\"3"""‘"\"1'@ v
aracter X . A :
Al ERRF ! ERRF
e e - OO OO iy DN _________ oo ocoooco00oo oo
LIRD sl 2 2l . PEF TROVRF; FEF BKTMOF
1= S
Character = 0x00 D B
ERRF | LSF
i PEF ROVRFEL FEF BKF

*2 Assert interrupt for Break
Event Priority : Break Detection - Detection , Frame Error or
—>Frame Error - Parity Error > RX Overrun Parity Error , RX Overrun.

<Note-1> : When the Character data is not equal to 0x00 , the RX Overrun , Frame Error or Parity Error will cause to
assert interrupt at “A” time point. When the Character data is equal to 0x00 , any error of the three
errors will delay to assert interrupt at “B” time point.

<Note-2> : When Break Detection has happened , then the Frame Error/Parity Error interrupt and flags are masked.
Another if Break Detection has not happened and Frame Error has happened, Parity Error interrupt and
flags will be masked.
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16.18.2. UART TX Error Detect and Resend Control

The UART module is able to detect the transmission TX error of Stop bit pull-low for SmartCard
communication or transmitted data read-back checking for Lin communication by setting URTx_TXE_MDS
register. When detects the TX error, the TXEF flag (URT_TXEF) will be activated.

For SmartCard communication, user can set the register of URTx_TXE_MDS to “CHK_Low” and the chip
can detect the URTx_TX signal being pulled low at the Stop bit by external receiver to indicate communication
error.

For LIN communication, user can set the register of URTx_TXE_MDS to “CHK_TX” and the chip can read
back the transmitted data from internal receiving path and check the data whether is wrong by application
hardware connection or others.

User can enable the Auto Resend function by setting the URTx_TXE_MDS register to “CHK_Low” or
“CHK_TX” and set the resent number of last data when detects the TX error by setting URTx_TXE_NUM
register. When the Auto Resend function is enabled and the value of URTx_TXE_NUM register is >0, the TXEF
flag is masked until the error is still happened at last time resent data.

Notify: The URTx TX pin needs to set open-drain mode when enables the TX error detect function.

Figure 16-40. UART TX Error Detect and Resend Control

Character Resend Character: Resend > Resend Character:
Character

<«— Stop—»: <Starty < Stop—»  €StarntP» eceeee-. <— Stop—»!

g | PAR | PAR u > | PAR |
URTx_TX _SC ; : (S : ﬂ SS : F

Je—1-2Bit—>| )

TX Error Detect

! H H
TXErmorDetelt! eececccccccccccses :TX Error Detect

RX Device pull low

1
when receive error |{¢&——— TX Error Resend Number Threshold———>|

AURTX_TXE_NUM) Resend number >= |
/ (URTX_TXE_NUM)

......................................

Time
UART Interrupt Event

|
|
r
}
|
|
|
|
[}
|
|
1
}
|
|
|

[1] Disable TX Error Checking i No TX error flag and interrupt
(URTX_TXE_MDS) =0 ; eeed i

[2] Check TX pull-low for SmartCard ~ * A
(URTx_TXE_MDS) =1 <T Firmware_> 4 T ._Firmware > : ._Firmware_>
ERRE Resend ERRF Resend ;-E-Fé‘-Fi-F--: Resend
(URTX_TXE_NUM) [A> : ;
=0 : Normal TXEF TXEF | -oresoeeees i TXEF
Hardware Hardware Hardware T
(URTX_TXE_NUM) B Resend -> Resend > Resend > I;RRF
>0:Resend [B)
TXEF
[3] Check TX data by RX for LIN g Fimmware uFimuare, ﬁ._FF';mwa;e_,T
esen esen H esen
(URTX_TXE_MDS) =2 T
(URTX_TXE_NUM) @ ERRF ERRF ERRF ERRF
=0 : Normal TXEF TXEF | e i TXEF ; TXEF
Hardware Hardware Hardware
: Resend [ Resend > Resend > T
(URTx_TXE_NUM) ERRF
>0 : Resend TXEF

<Note-1> It must clear the shadow buffer by setting (URTO_TDAT_CLR) before clear TXEF for sending next character.
If not, chip will resend the same character data.
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16.18.3. UART RX Parity Error Detect and Retry Control (for SmartCard)

The UART module can enable to detect the receiving RX parity error at the PAR bit and select the detected
mode by setting URTx_RXE_MDS register. When detects the RX parity error, the PEF flag (URT_PEF) will be
activated. The parity error detection function is only supported Stop bit length = 1 bit.

User can enable the Auto Retry function by setting the URTx_RXE_MDS register to “Enable” or “Auto” and
set the retried number of last data when detects the RX parity error by setting URTx_RXE_NUM register. When
the Auto Retry function is enabled, the chip will pull low the input URTx_RX signal during Stop bit cycle when
detects the RX parity error. If URTX_RXE_MDS register is set to “Auto” mode, the chip will do the Retry process
continuously and the PEF flag is always masked. At the time, chip will not assert the interrupt and retry to
receive new data. If URTx_RXE_MDS register is set to “Enable” mode and the value of URTXx_RXE_NUM
register is >0, the chip will do the Retry process and the TXEF flag is masked until the error is still happened at
last time retried data.

Notify: The URTXx_RX pin needs to set open-drain mode when enables the TX error detect function.

User can set the bit time length to pull low on RX line when RX parity error has detected by setting
URTx_RXE_LEN register.

Figure 16-41. UART RX Parity Error Detect and Retry Control

TX Resend,
|<— Character—>| +—TX Resend Character—>| Character » +—TX Resend Character->|

— Stop—} <Starty» <«—Stop—>}  «Starth  caea.. <— Stop—»}
: » €058t ot '
: . ol ()S
URTXx RX ( """ PAR ( i PAR PAR
S) le—1~2 Bit—>| )S SS |
RX Parity RX Error DeteCt  ecececececcccccccee. RX Error Det?ct
Error Detect H |
{ |[&———RXError Retry Number Threshold———>
T (URTX RXELEN) (URTX_RXE_NUM) Retry number >= |
(URTX_RXE_NUM)i
Time >
UART Interrupt Event
[1] Disable RX Parity Error Checking T T : ;
(URTx_RXE_MDS) A ERRF ERRF ERRF ERRF
=0 : Disable PEF PEF | ======{ PEF ; | _PEF
[2] Check RX Parity Error by a bumper "
(URTX_RXE_MDS) Hardware Hardware Hardware ¢
=1: Enable Rety > = Rety ¥ Rewy ¥ ERRF
BN
(URTX_RXE_NUM) 1B PEF
>0 : Retry
[3] Check RX Parity Error continuing uHardware Hardwarey Hardwarey — ______
(URTx_RXE_MDS) i, Retry Retry Retry
- . C T [ ?
=2: Auto = i Continuous retry until receiving correct Parity bit iy.. .-
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16.19. UART Mute Mode Control

The UART module is support a mute mode to disable receiving data character but the shift buffer is still
operation for status detection. When the UART is entering mute mode, the RX shadow buffer is never load into
data from shift buffer. The mute mode is useful for multi-processor communication.

The mute mode can be directly forced to enter or exit by the URTx_MUTE_EN register setting. So user can
manual to control the mute mode entering and exiting.

User can configure the trigger events of multi-processor slave address unmatched condition and idle line
detection to automatically enter into mute mode or exit from the mute mode by setting URTx_MUTE_AENnN
register. Also user can configure the trigger events of multi-processor slave address matched condition, Break
condition detection and idle line detection to automatically exit from the mute mode by setting
URTx_MUTE_AEXn register. (n=register sequence number)

Figure 16-42. UART Mute Mode Control Timing

[Auto Mute Mode] Auto enter Mute mode, if Auto exit Mute mode, if H
(URTX_MUTE_AENN)=1, n={0,1} i (URTX_MUTE_AEXn)=1, n={0,1,2} |

Mute Control Mute Mode Normal Mode

Last :
[}

Character (« « (« ¢

URTx RX Stop R RX Data R Address R Address Match D) RX Data

}
]
|
_SS_ i idle Line Unmatched
|« Detect - i !
I Threshold / i Data not load } /
(URTx_DET_IDL) into Data Buffer ;
L‘ {If shadow buffer}
i isnotempty. i
<

‘—’ ".
{*1 Address matching | / i *2 Loadinto }
i _orBreak detection i | i Data Buffer

Time yy - yy >
CRXF
LSF UGF
UART Interrupt Event -==-=cee———jeececcccococeecomocoeccn e oce e e e e oo e ————fcccoeeeeee RXF

[Manual Mute Mode]

Mute Control Mute Mode Normal Mode
Force enter Mute mode by Force exit Mute mode by
setting (URTx_MUTE_EN)=1 setting (URTx_MUTE_EN)=0

<Note-1>: (1) Address matching by Idle-Line address if sets multi-processor Idle-Line address mode.
(2) Address matching by Address bit if set multi-processor Address bit mode.
(3) Break detection by break condition if sets auto baud-rate calibration.
<Note-2>: When the data buffer is over the RX threshold, asserts the URTx_RXF flag and generates a interrupt if
URTX_RX_IE =1.

The following table is showing the UART mute mode control for multi-processor address matched or
unmatched conditions. The URTx_MUTE_EN register will be set by hardware for these conditions.

Table 16-17. UART Multi-Processor Address Matched vs Mute Mode Control

Register Setting Affected Register
Address Matched Condition MUTE_AENO MUTE_AEXO MUTE_EN
0 X 0
Address Matched 1 0 1
1 0
Address Unmatched 0 X 0
1 X 1

<Note> The RX shift register data will not be loaded to RX shadow buffer if MUTE_EN = 1.
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16.20. UART Synchronous Mode
16.20.1. UART Synchronous Mode Configure

The synchronous communication supports one line SYNC and two lines SPI master/slave mode. The UART
module can be configured to support synchronous mode timing by setting the URTx_MDS register to “SYNC”.
Refer the section of “UART Operation Mode Setting” for the synchronous mode setting.

As same as the data transaction of UART asynchronous mode, user needs to enable the data transmission
and receiving functions by setting URTx_TX_EN and URTx_RX_EN registers. Also user can write and read the
transmission and received data from the TX and RX data register (URTx_TDAT and URTx_RDAT). Refer the
sections of “UART Transmit” and “UART Receive” for more information.

For synchronous two lines mode, user can select SPI master or slave mode by setting URTx_SYNC_MDS
register. Specially, the operation of data receiving is as same as UART asynchronous mode for SPI slave mode
but SPI master mode is not. For SPI master mode, user needs to write the request receiving data number to the
TX data register (URTx_TDAT), then user can get the same data humber from the RX data register
(URTx_RDAT).

16.20.2. UART Synchronous Mode Timing

For the synchronous mode, user can set the clock mode by setting URTx_CPOL and URTx_CPHA registers
for URTx_CLK signal. Also use can directly control the output signal of URTX_NSS by setting URTx_SWEN and
URTx_SWO registers for SPI master communication. User can set the synchronous mode clock source and
frequency by setting URTx_TX_CKS and URTx_TXOS_NUM registers. Refer the section of “UART Clock
Control” for more information about the SPI clock setting.

The following table is showing the clock mode setting for UART synchronous mode configuration.

Table 16-18. UART Synchronous Clock Mode Table

URTx Register . .
Function Description
Clock Mode CPOL CPHA
0 0 0 UART clock low level in idle state and data sampling on leading edge.
1 0 1 UART clock low level in idle state and data sampling on trailing edge.
2 1 0 UART clock high level in idle state and data sampling on leading edge.
3 1 1 UART clock high level in idle state and data sampling on trailing edge.

The synchronous one line SYNC mode and two lines SPI master/slave mode are different by setting
URTx_DAT_ LINE to 1 or 2. Refer the previous figure of “UART Synchronous Mode Timing” for the two lines SPI
master/slave mode.

The following diagram is showing the one line synchronous SYNC mode timing.

Figure 16-43. UART Synchronous SYNC Mode Timing — 1 bidirectional data line

Cycle Start
Clock Cycle 1 | 5 | 3

|N N+1 | | |1 |2 |3 |M—1 |M |1 |
Data Sampe in leading edge SS SS SS H

URTx_CLK E E
(Programmable polarity
and sample edge) H

; st Allowed
Optional Msb or Lsb for 1% bit =—+Master Data Output1—><—Dummy Clocks Slave Data Output

e O 0 (O O DO C)

(Bidirectional)

URTx_NSS \
(Optional Signal) Active Low

<Note-1>: The data signal is default URTx_TX. User can change to URTx_RX by setting URTx_IO_SWP register.
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For the one line SYNC mode, the clock output is from URTx_CLK and the data signal is default URTx_TX.
User can change the data signal to URTx_RX by setting URTx_1O_SWP register. For data transaction, user
needs to enable the URTx_TX_EN register and change the data transferred direction to receiving or
transmission by setting URTx_RX_EN register. For this mode, the TCF flag (URTx_TCF) can denote that the
previous data transmission is complete.

For the synchronous SPI master and slave mode, the synchronous mode Start bit is high level for
MG32F02A032/A128/U128/A064/U064 and low level for MG32F02A132/072.

During the SPI bus idle state, user can configure the URTx_TX output state to ‘tristate’ or ‘driving’ by setting

URTx_DOUT_MDS register. When the register is selected ‘driving’, there are three states of ‘Output 0’,
‘Output 1’ and ‘Last data bit’ those user can select in URTx_DOUT _IDL register.

[Notify]: The URTx DOUT IDL and URTx_DOUT_MDS reqisters are not supported for
MG32F02A132/072/032.

The following diagram is showing the two lines synchronous SPI master and slave mode timing.

Figure 16-44. UART Synchronous SPI Mode Timing

Cycle Start
Data Cycle |1 |2 |3 | SS| | i |N

N+1 |
Next Character

Optional Msb or Lsb for 1% bit

/ Msb
URTX_TX ZStart st X x 4}_>< >< x x x x yStop V
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| (M@sb X >< x Lsb
URTX_RX i Lsb Xﬂ%\rx Msb Lsb Msb

(Master Input)
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UL

.S
(URTx_CPOL=1) ‘
(Clock Idle High)

<Note-1>: Synchronous one line SYNC mode (URTx_DAT_LINE=1) is URTx_TX only.
<Note-2>: N={7,8}is set in URTx_RXDSIZE or URTx_TXDSIZE register bits.
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=
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16.20.3. UART Synchronous Mode NSS Control

The UART synchronous mode is able to support the SPI communication with NSS signal for SPI master or
slave mode.

For master mode, user can set the NSS output control mode of URTx_NSS signal for hardware control or
software directly control by setting URTx_NSS_SWEN register. The URTx_NSS_INV register is used to inverse
the URTx_NSS output signal.

® Synchronous Mode Software NSS Control

When enables software NSS control by enable setting in URTX_NSS_SWEN register, user can directly
control URTx_NSS signal output level in URTx_NSS_SWO register for support the SPI communication with
NSS signal.
® Synchronous Mode Hardware NSS Control

When enables hardware NSS control by disable setting in URTx_NSS_SWEN register, the chip will
automatically generate URTx_NSS signal as the following synchronous mode NSS diagram and table.

For slave mode, user can enable the NSS input from input by setting URTx_NSSI_EN. The
URTxX_NSSI_INV register is used to inverse the URTX_NSS input signal. Also user can directly get the input of
URTX_NSS state by reading URTXx_NSS_SWiI register.

[Notify]: The SPI slave mode function is not supported for MG32F02A132/072/032.

** MG32F02A132/072/032
For MG32F02A132/072/032, the URTx_NSS signal is with an active high pulse during the idle state.

Figure 16-45. UART Synchronous Mode Hardware NSS Timing — MG32F02A132/072/032

oLk
URTx_CLK clE o [
(URTx_CPOL=0)

S%r— —tow—>, —r %F —

(URTx_CPOL=1)
(Clock Idle High)

URTx_NSS ‘\\

[}

>
Data Sampe in leading edge
Data Msb for 1* bit

/ E
URTX_TX é} Start} Msb
(Master output/MOSI)

o)

URTx_RX % M

(Master Input/MISO)

==

J

tl > “_tT_V

SX D
Lsb Stop> <StartX Msb X Lsb XStop>

[Diagram Conditions] : [Parameters] :

1. Enable NSS hardware control by setting (URTX_NSS_SWEN)=0 tck = URTx_CLK clock cycle time ; bit time
2. Set clock phase Leading edge by setting (URTX_CPHA) =0
3. Set data order Msb first by setting (URTx_RXMSB_EN) =1,
(URTX_TXMSB_EN) =1

L= URTx_NSS leading time before the first URTx_CLK edge
tr= URTX_NSS trailing time after the last URTx_CLK edge
ti= URTX_NSS idling time between transfers

trw = URTX_NSS pulse time between frame data
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% MG32F02A128/U128/A064/U064/V032

For MG32F02A128/U128/A064/U064/V032, the URTx_NSS signal is keeping the last state during the idle
state.

Figure 16-46. UART Synchronous Mode Hardware NSS Timing — MG32F02A128/U128/A064/U064/V032

(URTx_CPOL=1)
(Clock Idle High)

<“lcL -S . SS SS .
grsste TULLA TLLL
Hhighhhn

URTx_NSS ‘\\ i
DR et —tr—>

Data Sampe in leading edge
Data Msb for 1% it () . S
URTX_TX %Msbx X x X Lsb XMsb x S_XMsb x X Lsb
(Master output/MOSI) ( S
e O =0=0E2

[Parameters] :

fcik = URTx_CLK clock cycle time ; bit time

==

URTx_RX Msb

(Master Input/MISO)

[Diagram Conditions] :

1. Enable NSS hardware control by setting (URTx_NSS_SWEN)=0

2. Set clock phase Leading edge by setting (URTx_CPHA) = 0 fL= URTx_NSS leading time before the first URTx_CLK edge
3. Set data order Msb first by setting (URTX_RXMSB_EN) =1, tr= URTx_NSS trailing time after the last URTx_CLK edge
(URTX_TXMSB_EN) =1 11 = URTX_NSS idling time between transfers

Table 16-19. UART Synchronous Mode NSS Timing Table

NSS Timing
Chip MG32F02A132/072/A032 MG32F02A128/U128/A064/U064/V032 Unit
Clock Mode L tr t L tr t
0 (CPOL=0, CPHA=0) 1 0.5/1 (*1) | 0.5/1/1.5 (*3) 1.5 0 0.5 tok
1 (CPOL=0, CPHA=1) 0.5 1/1.5 (*2) | 0.5/1/1.5 (*3) 1 0.5 0.5 tok
2 (CPOL=1, CPHA=0) 1 0.5/1 (*1) | 0.5/1/1.5 (*3) 1.5 0 0.5 tok
3 (CPOL=1, CPHA=1) 0.5 1/1.5 (*2) | 0.5/1/1.5 (*3) 1 0.5 0.5 toik

<Sign> tcik : UART bit time
tL : URTX_NSS leading time before the first URTx_CLK edge (Bit time)
tT: URTX_NSS trailing time after the last URTx_CLK edge (Bit time)
ti : URTX_NSS idling time between transfers (Bit time), tl = 0 if URTx_NSS_PEN=0
<Note> *1 : 0.5 bit-time if Stop bit=0.5bit, 1 bit-time if Stop bit=1/1.5/2bit
*2 1 1 bit-time if Stop bit=0.5bit, 1.5 bit-time if Stop bit=1/1.5/2bit
*3 : 0.5 bit-time if Stop bit=0.5/1bit, 1 bit-time if Stop bit=1.5bit, 1.5 bit-time if Stop bit=2bit
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16.21. UART SmartCard Clock Output

The Baud-Rate generator is able to be configuration to output the SmartCard clock from CK_URTx_PSC.
User can configure the Baud-Rate generator by setting URTx_PSR, URTx_RLR and URTx_TXOS_NUM
registers for SmartCard clock output. In SmartCard application, the data transferred line is bidirectional signal.
Normally both transmitted and received clock rates are the same, so the setting of URTx_TXOS_NUM and
URTx_RXOS_NUM should be identical. For URT4/5/6/7 modules, the URTx_RXOS_NUM register is replaced
by TX/RX combined common register of URTx_TXOS_NUM.

16.21.1. SmartCard Clock Frequency Calculation

According to the ISO/IEC 7816-3 standard, the descriptions of related abbreviated terms are listed in
following.

etu : elementary time unit (bit time)
F :clock rate conversion integer
D : baud rate adjustment integer
f : frequency value of the clock signal provided to the card by the interface device

In the SmartCard communication, the module can receive the items of “F”, “D” and “f” for external
SmartCard. User can calculate these items and set the valid value to the registers of URTx_PSR, URTX_RLR
and URTx_TXOS_NUM.

User can select the 8-bit Baud-Rate counter input clock coming from CK_URTx signal or the Prescaler clock
output CK_URTx_PSC by setting URTx_BR_CKS register.

[Notify]: The URTx_BR_CKS register input is not supported for MG32F02A132/072/032.

The following diagram is showing the calculation of UART SmartCard clock output.
[Notify]: The value of “D” item is fixed to 1 for MG32F02A132/072/032.

Figure 16-47. UART SmartCard Clock Output
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fetuy= (D *f) / F = f(ck_URTx_BIT)

(@ (URTX_BR_CKS) = 0 (CK_URTx_PSC )
D = fixed to 1
f(etu) = f(CK_URTx) / ( (URTX_PSR +1) * (URTX_RLR +1) * (URTX_TXOS_NUM +1) )
= (f(ck_URTx_PSC) ) / ( (URTX_RLR +1) * (URTX_TXOS_NUM +1) )

() (URTX_BR_CKS) = 1 (CK_URTx)
D = (URTx_PSR +1) = 1 ~ 64
f(etu) = f(CK_URTx) / ((URTX_RLR +1) * (URTX_TXOS_NUM +1))
= ((URTx_PSR +1) * f(CK_URTx_PSC) ) / ((URTX_RLR +1) * (URTX_TXOS_NUM +1))
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16.21.2. UART SmartCard Clock Output Setting Examples

The following table is showing the examples of UART SmartCard clock output setting with CK_URTx = 48.0
MHz. Refer the BR_CKS=0 for MG32F02A132/072/032 as these chips are not supported the URTx_BR_CKS
register.

Table 16-20. UART SmartCard Clock Output Setting Examples

SmartCard etu CK_URTx_PSC URTx Register SmartCard Parameters
*
ettjué)l) (Ee;iuz)) (MLZ) PSR ("2) RLR ligijﬂﬂﬂ BR_CKS (*3) i (flillmljz)) o
93.00 10.75 4.000 11 11 30 0 372 4 1
77.50 12.90 4.800 9 11 30 0 372 5 1
93.00 10.75 6.000 7 17 30 0 558 6 1
93.00 10.75 8.000 5 92 7 0 744 8 1
93.00 10.75 12.000 3 35 30 0 1116 12 1
93.00 10.75 16.000 2 185 7 0 1488 16 1
116.25 8.60 16.000 2 59 30 0 1860 20 1
106.67 9.38 4.800 9 63 7 0 512 5 1
112.00 8.93 6.857 6 95 7 0 768 7.5 1
106.67 9.38 9.600 4 127 7 0 1024 10 1
128.00 7.81 12.000 3 191 7 0 1536 15 1
128.00 7.81 16.000 2 127 15 0 2048 20 1
46.50 21.51 4.000 11 11 30 1 372 4 2
46.50 21.51 6.000 7 17 30 1 558 6 2
58.13 17.20 16.000 2 59 30 1 1860 20 2
53.33 18.75 4.800 9 63 7 1 512 5 2
56.00 17.86 6.857 6 95 7 1 768 7.5 2
64.00 15.63 16.000 2 127 15 1 2048 20 2
23.25 43.01 4.000 11 11 30 1 372 4 4
23.25 43.01 8.000 5 92 7 1 744 8 4
29.06 34.41 16.000 2 59 30 1 1860 20 4
32.00 31.25 12.000 3 191 7 1 1536 15 4
11.63 86.02 12.000 3 35 30 1 1116 12 8
14.53 68.82 16.000 2 59 30 1 1860 20 8
13.33 75.00 9.600 4 127 7 1 1024 10 8
16.00 62.50 12.000 3 191 7 1 1536 15 8

<Note>*1:etu=F/(D*f), F = (RLR+1) * (TXOS_NUM+1)
*21 CK_UTRX_SC=CK_URTX/(PSR+1) ~ CK_URTx = 48.0 MHz
*3 1 MG32F02A132/072/032 is not supported BR_CKS.
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16.22. UART IrDA Control

The UART module is built an IrDA encoder and an IrDA decoder in the data interface for IrDA
communication and can be enabled by setting URTx_IR_EN register. When enables the IrDA encoder and
decoder, the over-sampling mode must set “Three” by setting URTx_RXOS_MDS register.

16.22.1. UART IrDA Timing

For IrDA data transmission, user can set the IrDA data pulse width by setting URTx_IR_PW register.

[ IrDA pulse width = (URTX_IR_PW+1) * Tck urTx 7x |

The data pulse width needs equal to the range of 3/16 to 4/16 of a bit time for valid [rDA communication. For
example, the value of URTx_IR_PW register can be 2 or 3 if the value of URTX_TXOS_NUM register is 15
(oversampling number=16).

For IrDA data receiving, user can select the received bit sampling mode in URTx_IR_MDS register. When
selects “Normal”, the IrDA sampling sequence value need equal 000 then output bit value 0 and others output 1.
When selects “Wide”, the IrDA sampling sequence value need equal 000,001,010,100 then output bit value 0
and others output 1.

[Notify]: The URTx_IR_MDS reqister is not supported for MG32F02A132/072.

% MG32F02A132/072
The following figure is showing the UART IrDA timing for MG32F02A132/072.

*,

Figure 16-48. UART IrDA Timing — MG32F02A132/072

[Transmit] |(Stan*| -HBit WidthH- |"St°p"|

URTX_IR_IN 0 1 1 0 1 1 0 0 0 1
IrDA Encoder Input
from TX Shift Buffer

Rt T L] 1 (1 ]] H

IrDA Encoder ' B ,

IrDA Decoder Output

Output to 10 INIL
. (URTx_IR_PW)
[Receive] : :
RS | |
URTX_RX I_ I_I I_I i I_
IrDA Decoder Input : |
from 10 - ' ! . R
URTx_IR_OUT 0 1 1 0 0, O 1, 1 0 1
| |
| |

to RX Shift Buffer |<-Start->| ! ' |<-Stop->|

e T e >:

Oversampling \ ? ? ? ? ? i

: ! Y (C (C :

oo J) SN J) !

URTx_RX A I

H HE H [}

|

URTC IR OUT 1 >—188—
(C
J)

<Note> Oversampling sample ®@® need any two=0,
then URTx_IR_OUT output 0 and output 1 for other conditions.
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% MG32F02A032/A128/U128/A064/U064/V032

For MG32F02A032/A128/U128/A064/U064/V032, the IrDA data receiving can support “Normal” and “Wide”
modes. The following figure is showing the UART IrDA timing for MG32F02A032/A128/U128/A064/U064/V032.

Figure 16-49. UART IrDA Timing — MG32F02A032/A128/U128/A064/U064/V032

[Transm it]_l*Start)l -HBit WidthH- |"St°p’|

URTX_IR_IN 0 1 1 0 1 1 0 0 0 1

IrDA Encoder Input
from TX Shift Buffer

Rt T L] 1 1 [] []

IrDA Encoder

IrDA Decoder Output
to RX Shift Buffer |<-Start->| |<-Stop->|
oy} L

Output to 1O ">| |<-‘
) (URTX_IR_PW)
[Receive] , ,
ey | |
URTX_RX I_ I_I I_I I_
IrDA Decoder Input H | |
from 10 — ! : : '
URTx_IR_OUT 0 1 1! 0 o, O 1 1 0 1
a e
| |

URTX_RX

URTx_IR_OUT '— >_f)3~

(URTx_IR_MDS)=0 0 (C 1
; J) _
(URTx_IR_MDS)=1 0 0
(¢ “a (€.
J) J)

<Note> 1. Oversampling mode selects “Three” (URTx_OS MDS)=0:
(URTx_IR_MDS)=0 : Oversampling sample ®@® need all =0,
then URTx_IR_OUT output 0 and output 1 for other conditions.
(URTx_IR_MDS)=1 : Oversampling sample ®®@® need any two=0,
then URTx_IR_OUT output 0 and output 1 for other conditions.
2. Oversampling mode selects “One” (URTx_OS_MDS)=1:
If the URTx_RX input sample is 0, then URTx_IR_OUT output O
and output 1 for input sample being 1.
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16.22.2. UART IrDA Data Sampling

The following table is showing the received bit value by “Normal” and “Wide” modes for IrDA communication.
[Notify]: MG32F02A132/072 are only supported “Wide” mode.

Table 16-21. UART IrDA Received Data Oversampling and Sampling Mode

. Register . .
Sampling Sequence Value IR_MDS Received bit Comment
000 0 all three samples =0
001 1
010 1
011 0 1
100 (Normal) 1
101 1
110 1
111 1
000 0 any two samples =0
001 0 any two samples =0
010 0 any two samples =0
011 1 1 any two samples =1
100 (wide) 0 any two samples =0
101 1 any two samples =1
110 1 any two samples =1
111 1 any two samples =1

<Note> MG32F02A132/072 are only supported “Wide” mode

16.22.3. UART IrDA Busy Flag

The UART module provides two flags of UART busy flag (URTx_BUSYF) and IrDA busy flag
(URTx_IR_BUSYF) to indicate the data communication status for software monitor.

The following diagram is showing the relation (1) between the status of UART busy flag and UART TX/RX
signals (2) between the status of IrDA busy flag and UART RX signal.

Figure 16-50. UART Busy and IrDA Busy Status

[UART Busy] fese] v’ fesor

URTX_TX ]
URTX_RX

UART Busy L

(URTx_BUSYF)

0 1 1 0 1 1 0 0 0 1

[IrDA Busy]

URTX_RX L U U L
IrDA Decoder Input

from IO —

URTx_IR_OUT 0 1 1 0 0 0 1 1 0 1
IrDA Decoder Output

to RX Shift Buffer |<Start>| |<Stop>|

IrDA Busy
(URTx_IR_BUSYF)

<Note> 1. Oversampling mode selects “Three” (URTx_OS_MDS)=0:
If the URTx_RX input oversampling samples ®@® are any one =0,
then (URTx_IR_BUSYF) output 1 and output O for other conditions.
2. Oversampling mode selects “One” (URTx_OS_MDS)=1:
If the URTx_RX input sample is 0, then (URTx_IR_BUSYF) output 1
and output O for input sample being 1.
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16.23. UART DE Control

The UART module provides one data enable signal of URTx_DE and enables in URTx_DE_EN register.
This signal is used to indicate the data transmitted period and can output to external signal drive device. The
external signal drive device can receive the UART TX signal and drive it with a signal enhanced buffer to the
target of UART receiver for long distance communication.

User can set the guard time before Start bit and after Stop bit by setting the URTx_DE_GT register. The
URTx_DE_INV register is used to inverse the output signal of URTx_DE.

Figure 16-51. UART Drive Enable Timing

C hgi:asgte r_>| Ch;?astt:ter_’l |<_ Id Ie—>|

5 >
URTx_TX S P|S P S P; S P
> <« > « > <«
(URTX_DE_GT){%1 ! {(URTX_DE. GT) (URTx_DE_GT)
©— | S

(URTX_DE_INV)=0

Q

URTx_DE rS(J
Drive Output

(URTx_DE_INV)=1 )

@_

Interrupt TCF
Event

<Note-1> (URTx_DE_GT)={%4,%,1,2} : URTX_DE signal guard time by using of URTx transmission bit time.

<Note-2> When (URTx_DE_EN)=1, URTx_DE will be active before the start edge of first character. TCF interrupt
flag is asserted if both URTX_TDAT and TX shadow buffer are empty. URTx_DE signal will be inactive
after the end edge of last character if no more new data is written to send out.

<Note-3> If new data are written to data register after TCF asserted, the URTx_DE will still active.
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16.24. UART Hardware Flow Control

The UART supports a hardware flow control function for data transaction and provides two control signals of
URTx_CTS (Clear to Send) and URTx_RTS (Request to Send) for the hardware flow control.

16.24.1. UART Connection for Hardware Flow Control

The following diagram is showing the UART connection for hardware flow control. The [URTx_TX and

URTx_RTS| (Request to Send) signals are always as data output signals and the [URTx_RX|and |[JRTx_CTY|
(Clear to Send) signals are always as data input signals.

Figure 16-52. UART Connection for Hardware Flow Control

MCU UART Device
URTx_TX URTn_RX
X 4 RX
Control Block URTx_CTS URTn_RTS Control Block
URTX_RX URTN_TX
RX A ™
Control Block URTX_RTS URTn_CTS Control Block

b 4

URTx Module

<Note> x,n = UART module index

16.24.2. UART CTS Hardware Flow Control

The CTS signal is input and activates to indicate the external UART receiver which is not able to receive
data anymore. The UART module must hold the data transmission until the CTS signal is inactive.

User can enable the hardware CTS input function in URTx_CTS_EN register. The URTx_CTS_INV register
is used to inverse the output signal of URTx_CTS.

User can get the real time status of CTS line from reading URTx_CTS register bit.

Figure 16-53. UART CTS Hardware Flow Control Timing

..............................

Write data to |
(URTX_TDAT) i
L] P

(URTx_CTS_EN) < Byte0 > < Bytel > < Byte2
= Enable
DJ | % %
URTx_TX Data [g 5
— = =]

Y \ i
i Send Bytex from Shadow N—Halt—»—Tx send next byte—p
[}
—>

[}

[}
Buffer to Shift Buffer ! ! ' .

: : External Receiver
. rreeer | 1 Receive next byte
URTxX_CTS (Input from external Receiver) §*2 l

(D) (URTX_CTS_INV) =0

____ldas| A
TN

us)

=

o

w
dois| W _-
TN

vs)

s

@

i
dois| W~

i v

X !

(@ (URTx_CTS_INV) =1

<Note-1> User needs enable the CTS Hardware Flow Control function by setting (URTx_CTS_EN) = Enable.
<Note-2> When URTx_CTS input signal is asserted high after the front edge of Byte2 start bit. Then the transmission of
Byte2 keeps going on and the transmitter of chip will halt after Byte2 transmission finished until URTx_CTS input low.
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16.24.3. UART RTS Hardware Flow Control

During data receiving the RX overrun condition will be happened and the ROVRF (URTx_ROVRF) flag will
be activated if the all data buffer of UART module is full. User needs to manage this condition.

When the external transmitter supports the CTS data flow control, user can use the RTS Hardware Flow
Control function to avoid RX data overrun condition by hardware auto control.

When the all data buffer of UART module is full, it can output the RTS signal and activates to indicate the
external UART transmitter which does not transmit data anymore. The external UART transmitter must hold the
data transmission until the data buffer of UART module is not full and the RTS signal is inactive.

User can enable the hardware RTS output function by setting URTx_RTS_EN register. The
URTx_RTS_INV register is used to inverse the output signal of URTx_RTS.

When disables the hardware RTS output function in URTx_RTS_EN register, user can directly use by
software and set the URTx_RTS signal by setting URTX_RTS_OUT register.

Figure 16-54. UART RTS Hardware Flow Control and RX Overrun Timing

[RX Overrun Control]
S 4

If set Shadow buffer threshold
(URTX_RX_TH) = 2-byte

Buffer to Shadow Buffer

1t -
(URTX_RTS_EN) < Byte0 ) < Bytel > < Byte2 ) < Byte3 > ( Byte4 >
= Disable ’
) %) ) %) [0 2
URTXx_RX Data |3 Data |3 Data |3 Data |3 Data |5 Data |g
- =l = =l = =l [C
Load ByteX from Shift i
| | | ,
Y

| If URTX_RXF not yet |

Load Byte0,Bytel to
(URTX_RDAT)

cleared.

Interrupt Event

[RTS Hardware Control]

(D) (URTX_RTS_INV) =0

URTxX_RTS (Output to external Transmitter as CTS input)

(@) (URTX_RTS_INV) = 1

Interrupt Event

the RX overrun condition.

Y.

2]
e e e
=Enable
: ) ) ) ) o)
URTx_RX i Data |[g] Data |3 Data |[g] Data %lg Data |[g
- . =} = =} =
“~.A JL l l l - Transmitter >
If set Shadow buffer threshold Load ByteX from Shift | send next byte
(URTx_RX_TH) = 2-byte Buffer to Shadow Buffer | If URTX_RXF not yet RX RX receive
‘ cleared. Halt next byte —>

URTx_RXEF is cleared by
URTx_RDAT reading

<Note-2> User needs enable the RTS Hardware Flow Control function by setting (URTX_RTS_EN) = Enable.

<Note-1> When the RTS Hardware Flow Control function is disabled - (URTx_RTS_EN) = Disable, user needs to manage
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16.24.4. UART Software Flow Control

The UART module provides a software control register of URTx_TX HALT to do UART data transaction
software flow control for UART ASCII code mode. When receives a XOFF character (0x13), user can set the
register of URTx_TX_HALT to halt the data transmission. When receives a XON character (Ox11), user can
clear the register of URTx_TX_HALT to continue the data transmission.

For data receiving, user can send a XOFF character (0x13) to notify the external UART transmitter to halt
data transmission if all the received data buffer of UART module is full and TX overrun will be happened. Also
user can send a XON character (0x11) to notify the TX overrun condition is removed.

Figure 16-55. UART Software Flow Control

URTx_RX |
» UART RX Block [
External Software
UART Device URTX_TX Process
< UART TX Block |y =
Halt Control
F3 55
........ : :
XOFF XON
URTX_RX< RData0 X RDatal X (0x13) X RData2 X (Ox11) X RData3 X RData4 >
| :
| |
1 |
URTx_TX < TData0 X TDatal X TData2 >< J;(lt >< TData2 X TData3 >
2 ] Ky
Time T T >

<Note-1> When receives ASCIl code XOFF character (0x13), the transmitter needs halt by through software process.
<Note-2> Software detect to receives XOFF character and set (URTx_TX_HALT)=1 to halt data transmission.
<Note-3> When receives ASCII code XON character (0x11), the transmitter can keep going by through software process.

<Note-4> Software detect to receives XON character and set (URTx_TX_HALT)=0 to do data transmission continuously.

16.25. UART Receive Hardware Hold and Capture Control

For UART data receiving, the UART module provides one capture register and support the data hold
function to manage some error or special conditions.

In following diagram, all the UART events have a same control bit to enable which both capture data to
capture register and hold data into shadow buffer. Of course those interrupt enable bits are also to control the
event interrupt enable function. Specially, there are separated control bits for baud-rate calibration completion
and noise character happened events. URTx_CALC_IE and URTx_NCHAR_DIS registers are used for capture
data function. URTx_CALC_HE and URTx_NCHAR_HE registers are used for hold data function.

The capture register is used to capture the received data (URTx_RCAP_DAT), Stop bit
(URTx_RCAP_STP), parity bit (URTx_RCAP_PAR) and address bit (URTx_RCAP_ADR) for these conditions
of baud-rate calibration completion, noise character happened, Break detection, salve address matching, parity
error and frame error. 