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1.

W

L= 1 RO TRP 7
I = 3 RS RT 7
= 5 ) - OO 7
(T O1 =1 U = TP 7
L = NSO 7
BRIGMIIRFITTHER ..ottt 8
5 S 3 SRR 9
sz (@1 =10 ) WU 11
O X OO 11
4.1.1.  FEFAFERE (ROM) oottt ettt ae ettt eneanen, 11
4.1.2.  BIETFAERE (SRAM) oottt ettt ane s 11
R T 2 SRR 12
4.1.3.1. PR ERFAERE(FLAG), HBEE = OX00 ..ooiuiiiiiceceeeee e 13
4.1.3.2.  ZRTZAEIE(MISC), HBEE = OX08...oivieeceeceeee et 13

N N = v 13
R T - TSP 13
4.3.1.  HERRIRETEAEAR(SP), HIHE = OX02 ..oovieieceeceeceeeeee e, 13

4.4,  FEFIEIT COUE OPHONS ....cuveeeceeeeeeeeeeeee ettt ettt et et e et te et et e et et e e reeteeaeeteese s eneere s 14
S L I R 15
o T =10 e S e B0 o0 TSR 15
I = T TSR 15
5.2.1.  AMNEBERARIRE T 2R 2 AE 25 (EOSCR), HIUHE = OXOA ..o, 16
5.2.2.  AMEBERARIR I B FIE B EE TN oottt 16

5.3. RGNS IHRC HZRATTE o oottt et a e eteareenae s 17
B.3. 1. RGN oo 17
5.3.1.1. I 425 1) 25 77 28 (CLKMD), 3k = OX03 ..., 18

R I <Y o3RO 18
5.3.2.1. | R 20

R R < 1 7 R 20

p- AP 21
LR R o= = R LA (210 ] = IO 21
oI (i A = VA (Y4 2 T OSSOSO 21
(R T =W W A = 1Y A 23
LR 6= VA (=1 TS =) TSP 24
E 3 I 1= - v SR 25
A T S (Y o) oT=3 = [OOSR 25
A L G W (S (o] 013 ) DS 26
AR TR SR 26
. USSR 27
8.1. I RVFFFREINTEN), HihE = OX04 ..o 28
8.2.  HMHERZFAE(INTRQ), HEIE = OX05 oo 28
8.3. HHWIZEIFRFEE (INTEGS), HIE = OXOC ..o 29
ST O L I (oo SO 29
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ST S R 7 SRS 30
ST T ol e ol T 7 T 30
T (@ 1 SRRSO 31
T I (O 12 B =y ST 31
9.1.1. I ABFERN G HFEAS(PADIER), HillE = 0XOD ...cvovceeeeeceeeeeecee e 31
9.1.2. Ui B HTFHINE HHFER(PBDIER), ik = OXOE ...oovoveeeeeeeeeeeeeeeeeeee e, 31
9.1.3. Uil A BIEFIEEH(PA), HIEE = OX10 oo 32
9.1.4. Uil A FEHIFAEEE(PAC), HIHE = OXL1deiuiiiiiie e, 32
9.1.5. i A LRSS T EF(PAPH), HitE = OX12 . 32
9.1.6. Ui B EIEAAEEE(PB)s HIEE = OX14 oo 32
9.1.7. il B EHIZFAERR(PBC), HIE = OX15. i 32
9.1.8. il B LR EHIZ A (PBPH), Ml = OX16 ..o, 32

T (@ 7y A = RO 32
9.2. 1. 1O GIHIFIAE R oottt 32
T A R (O 1 1 R T =R 33
0.2.3. O G IE oottt ettt ettt 34

10. TIMEr / PWM TR .ottt ettt et e e et e et e et e e e e nee e e e teaeeeeeens 35
10.1. 16 AEHHETEE (TIMEILE) ..ottt ettt et seeteseeaeseeaeneeeens 35
0T R T o =Y o 2 SO SRRSO 35
10.1.2. Timerl6 f&Hl 27 A5 (T16M), Hihk = OX06 ...oeiveeeieeeeeeeeeeee e, 36
10.1.3. TiMErd6 B T ] o.oeieeiecee ettt 37
10.2. 8L PWM THEZH(TIMEI2, TIMEI3) ...ooiiiiieieiceie ettt ettt ettt ae s 37
10.2.1. Timer2. TimMer3 HoE BT 2 oottt 38
10.2.1.1.  Timer2 /475 A7 45(TM2S), HitE = OX17 coovcviiciiiccccccee e, 38
10.2.1.2.  Timer2 & ZF 7 25(TM2C), HilE = OXLC .ovviviiiiiiieieicece e 39
10.2.1.3.  Timer2 A2 (TM2CT), HidE = OXID oovieieie e 39
10.2.1.4.  Timer2 FIRZFAFE5(TM2B), HikE = 0X09......coiviieiiiieicicececeeee e 39
10.2.1.5.  Timer3 A7 25(TM3CT), Mk = 0X33..iiiiiiciiccceccee e 39
10.2.1.6.  Timer3 7 JMZF 17 258(TM3S), HIHEZ OX34..oomvieeecececeeeceeeeeee e 40
10.2.1.7.  Timer3 LRZF/FER(TM3B), Hitlk = 0X35..ciiciiiiiiecececeee e 40
10.2.1.8.  Timer3 #EH|FAE85(TM3C), Hihk = OX32...iiviiiieeeeece e, 40

10.2.2. A TIMEr2 P TEHIETE oottt sttt 41
10.2.3. M TIMer2 774 8 i PWM BT ooviieeeeee e 42
10.2.4. fFH TIMer2 P24 6 5L PWM BETE .oviieeeceeeceeeee ettt 43
TR T A =V PO 43
10.3.1. PWM BT oottt ettt ettt n e 43
10.3.2. FELERTIFEIHEI ..ottt 44
0T e T B R YA =V LY R = A v 45
10.3.4.  12Dit PWIM T R o B 2 oottt ettt 46
10.3.4.1. PWMGO il 7 /785 (PWMGOC), Hitik= 0X20.....ccociiiiiiiiiiceceeeee e, 46
10.3.4.2.  PWMGO 73 il 2577 25 (PWMGOS), HIHE= OX21 coveeeceeeceeeeeeeeeeceee e 46
10.3.4.3.  PWMGO ¥ L IR =4 %547 23 (PWMGOCUBH), Hidik= 024 .......coeevevenne, 46
10.3.4.4.  PWMGO 1% I FRAKA %547 23 (PWMGOCUBL), Hihib= 0X25.......cccvveienicrrneee, 46
10.3.4.5.  PWMGO /5% th A 27 /7 28 (PWMGODTH), Hilit = 0X22...coiviicecece 47
10.3.4.6. PWMGO 5% EUARAL ZF 7728 (PWMGODTL), Hidik = 0X23 .oovieiciccceee, 47
10.3.4.7. PWMG1 | FE25(PWMGIC), Hihk= OX26...c.ciieieececeeeeeeeeeeeeeeee e, 47
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10.3.4.8. PWMG1 /Sl A7 25 (PWMGLS), HUHE= OX27 c.vveeeeeeeceeceeeeeeee e, 47

10.3.4.9. PWMG1 iH# LR &AL 5728 (PWMGLCUBH), Hilik= OX2A ..o 48

10.3.4.10. PWMGL i+ I FRAGAT %547 23 (PWMGLCUBL), Hihik= OX2B .......cooveverierenee, 48

10.3.4.11. PWMG1 575 b 27 /728 (PWMGLIDTH), Hilit = 0X28...cocvevieeicece 48

10.3.4.12. PWMG1 5 %5 EIRAL A7 28 (PWMGIDTL), Hidik = 0X29 ..oovviveicceceee, 48

10.3.4.13. PWMG?2 il £ 25(PWMG2C), HihE= OX2C ..o 48

10.3.4.14. PWMG2 3 i 51725 (PWMG2S), HIHEZ OX2D woveeeeeceeeeeeeeeeeeeee e 49

10.3.4.15. PWMG2 % b IR Eh /728 (PWMG2CUBH), Hihik= 0X30 ...cocveeviereicee 49

10.3.4.16. PWMG2 i1 I FRAGA. 2547 23 (PWMG2CUBL), Hihik= 0X31.....coovivviienireneee, 49

10.3.4.17. PWMG2 55 R FFRE(PWMG2DTH), Hillk = OX2E......cccoceeeeeeceeee 49

10.3.4.18. PWMG2 5% ELARAL 5 77 28 (PWMG2DTL), Hidik = OX2F oo, 49

10.3.5. A EANEX ) PWM BEIETED .ot 50

(R v - - R 52
I O = O 52
11.1.1. RS H AR 2 (GPCC), HIHE= OXL8 .. 53

11.1.2. HEBSEFR AR (GPCS), HilE = OX19 oo 53

11.1.3. PIEBBEHIIE (Vintemal R) «oveeveerereereeresreseesesseisassssessssseessisasssssssesssssessasssssssessesssssasssssssesns 54

O O S - = 5 S 56

11.1.5. fF EEEc#s A Bandgap 2% FLIE AL EAS oot 57

(B Y oo ] e SRR 58
Ry = L | SR 59
RT3y -~ TT TP 60
T T 1 o 5 VSRRSO 60
R Iy o = v 60
13.3. FEARBESE (ON-BOAId WIIING) wocveieveeeieeceeeeieete ettt ettt et e etesre e e eaeereaneennas 61
LA, B R R BB A A ettt 62
O T 1B 1 G | IR 62
=S R = R RORRTRRO 62
14.3. IHRC #iZ 5 VDD KR E (BRUEE] TOMHZ) .oovvoeeieeceeeeeee e, 64
14.4. ILRC HiZEE VDD JE R HIZEIE ..ottt 64
14.5. IHRC #iFR SIHE R RMAE BHER] 1BMHZ) oo 65
14.6. ILRC HZE GIIE TR HIZEIE .ottt ettt ettt 65
14.7. TA/EHIE VDD, RGHT 4P CLK=IHRCIN BHZEE oo, 66
14.8. TAEHJE VDD RGH BN CLK=ILRC/N FHZZ oo 66
14.9. TAEHS VDD. Z#4GiHEH CLK=32KHZ EOSC/N BHZRE ..o 67
14.10. T/FHH S VDD. R4 4P CLK=1IMHZ EOSC/N FHZZ ..ot 67
14.11. TAEHRS VDD, R4 CLK=4MHZ EOSC/N BHZRIE ..o 68
Tl e A== 1 SRR 68
14.13. 5] A N HE SR EEE(VIH  VIL) HIZRE oo 69
14.14. 5| 4 H IX E R (1loh) SEEFEIR (101 HIZEI .o, 69
14.15. #E R (IPD) 5 E HHETTIPS) HIZEE ..o 70
T = RS 71
LT T = RSOSSN 72
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0.00 2019/08/23 YRR
0.01 2019/10/08 i SOT23-6. SOP14 5 DIP14
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PADAUK 8 L MTP 10 R F 1,

1. PSS
1.1. Rtk

*

*

EPLTI (High EFT) %741

REAE R T AC HLURAE LR, BHZSBE R s 1 5 BBt L RE I 1Y,
BE R EFT RAEER (24KV) 7 il
TAERENER: -40°C ~ 85°C

1.2. RGIhEE

L B 2R 2R JEE R JBR 2R 2R 2R JNR 2R 4

2KW MTP F2/7 738 (Af4mfE 1000 )

128 Bytes #i#f; 7 [H]

IR SMERARRRE 38 . IR IR A5 . IR IIRAR %
14 /M 10 5, ARk Edr e

fN 10 5l IR RS T g

2 AN G Hh T N

8 B{LVR BA%E, M 1.8V | 4.5V

—ANMELE 16 AL E I 3

PN 8 ALEEAF PWM AR B35

=AN 11 A7 B PWM A il e

— AN A L A

Wi VDD/2 LCD fi & AR A, A SCHFfROK 4 x 10 miFF# LCD bF

1.3. CPU %55

*
*
*
*
*
*

TAEMEA: B— BT (1 FPPA)

86 k= AU 15 4

YK 53 T8 2 H 2 BRI (AT) 4R 2

FIRR T 1 8 I HERR R R HE AR VR

HOE A7 ISR B AN R 3 TR, B A7 fid 25 RO AT 2R ) 422 - B 200 405 6 41 (index pointer)
A AR B AP 2 ] . MTP R 5 28 [A) = 2 B ARAOT

1.4. HEFR

L B JER 2R 2R 2R 2N 2

PFC154-U06: SOT23-6 (60mil)
PFC154-S08: SOP8 (150mil)
PFC154-D08: DIP8 (300mil)
PFC154-S14: SOP14 (150mil)
PFC154-D14: DIP14 (300mil)
PFC154-S16: SOP16 (150mil)
PFC154-D16: DIP16 (300mil)
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8 it MTP 10 28818 HL

l-?“

| -,

PADAUK

2. RGBARMITHEH
PFC154 f&—> 10 KA, #id MTP S v L. IS RISC 1AM S Al (8 F0 43 4 4 4R AT A 938 12 o 30
RA D37 1% FHE A F64 T 2PN R 4 8 .
PFC154 & 2KW MTP F2 /747 fiti# L &% 128 7T Hdfs A7 fiti s -

PFC154 f#ft—/ 16 ALt ##%(Timerl6). WA~ 8 Aril%#e(Timer2. Timer3)Al 3 4> 11 A7 %#s
(PWMGO. PWMG1. PWMG?2). [ Timerl6 24k, HATHHESHEE™ 4 PWM BIE.

PFC154 if it — AN Lb i 23 AR S LCD i) VDD/2 i B H & A a2

- Interrupt
KW MTP 2 Controller
& 2
Task g
Control - ; 16-bit Timer
g g (T16)
3 s
E 2
128 bytes T E IO Ports
SRAM ® CPU =
8 C tor
P — i : x <_> ompara
POR /LVR 7
VDD/2 Bias
<— Voltage
Generator
Power
Management 8-bit Timer?2
(TM2)
Watchdog 8-bit Timer3
Timer (TM3)
v v 11-bit PWM
Generator
(PWMGD)
(PWMG1)
(PWMG2)
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3. I K& Thee i ¥

PA4

GND

PAG6

PA3

VDD

PAS5

PFC154-U06 (SOT23-6 60mil)

PB5
PB6
PB7
VDD
PA7
PAG6
PAS

[LE L E

= =
w e

=
N

L B E B

PFC154-S14: SOP14 (150mil)
PFC154-D14: DIP14 (300mil)

VDD

PA7

PAG

PAS5

PFC154-S08: SOP8 (150mil)
PFC154-D08: DIP8 (300mil)

Pee [3]
p7 [ 2
vop [
Pa7 [6
pa6 [7
PAS5 8

PB4 ® U
pes [ 2

GND

PAO

PA4

PA3

PB3

PB2

PB1

PBO

GND

PAO

PA4

PA3

PFC154-S16: SOP16 (150mil)
PFC154-D16: DIP16 (300mil)
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—

21 PN T RFERThEE
2R \ o AR AR
1/0 | bk | MeEE | &R bhis e PWM VDD/2 ml | g Bt
PAO v v N CcO PGOPWM COM2 INTO
PA3 v v N CIN- ;gggwm COM4 v
PA4 v v N C;IINN+ PG1PWM COMS3
PA5 v v N PG2PWM N Y
PA6 | v v v N
PA7 | v v v
PBO v v N COM1 INT1
PB1 | v v
TM2PWM
PB2 v v N PG2PWM
PB3 | V V PG2PWM
TM2PWM
PB4 v v v PGOPWM
TM3PWM
PB5 v v N PEAPWM
TM3PWM
PB6 v v N CIN- PG1PWM
TM3PWM
PB7 v v N CIN- PG LA
VDD N
GND N
1. BT 1O 5 Rtk 255N ; CMOS HEIEHAENL,
- 2. MESHVE N PWM ot DR, 10 Dheg E s .
3. 24 PAS 5| JIVEE s AR, XS REEPTIRE I RS, 15 FH: 33Q HFH.
4. i AT PG2PWM #i 1 5] PAS.
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')” PADAUK 8 fir MTP 10 KT & FrH1

4, PRLAFEZE (CPU)
4.1. TFAERR

4.1.1. BFFMEEHE (ROM)

PFC154 Rt esic 2482 MTP (Rf ZIRmFE) , FIRFFBEEE (8. BdE. REAFEAT) A
FEPATHREF 54 . PFC154 [NFEF A7t 2 BN 2KW, WK 1 iR,

Bhrz G, FEF M 0x000 FFif GEH 2 goto FPPAO) , Hilki A I7E 0x010.

MTP 7#fif 25 M HE“Ox7EO to OX7FF"ff: R 4i{# 1, M“0x001 ~ OXOOF”#1“0x011~0x7 DF”Hhhik- 2 [a] 2 /i 7 1)
ERFasiEl.

MTP FefP A7 fifias i )a 32 MHIEZE R B OR B 245 R, e Kehd, 7o 555,

Huhit Thee
0x000 goto 54

0x001 PR IX
Ox00F PR IX
0x010 ch B N L b
0x011 PR IX
Ox7DF PR IX
OX7EOQ A

Ox7FF e

% 1. PFC154 FEFFiEas451

4.1.2. BIFEFHEH (SRAM)

PFC154 [siys /it as ST 128 17, Bl A2 O] DU 7 5 AL OERAE o B T AERE R A, Bl A7 i 28id
R DAEAR [ A7 BOT s R 1661, DARERAAA# 25
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8 fir MTP 10 REL B L

i o"’

PADAUK

4.1.3. RGL 5%
PFC154 ()& s bk 25 (8] 5 8 F G 25 18] . MTP #2725 (8] =& HAHMASL . LR /& PFC154 K& S AEesfr

TRt bk K ] A A -
+0 +1 +2 +3 +4 +5 +6 +7
0x00 FLAG - SP CLKMD INTEN INTRQ T16M -
0x08 MISC TM2B EOSCR IHRCR INTEGS PADIER PBDIER -
0x10 PA PAC PAPH - PB PBC PBPH TM2S
0x18 GPCC GPCS - - T™™2C TM2CT - -
PWMGO | PWMGO PWMGO PWMGO
0x20 | PWMGOC PWMGO0S PWMG1C PWMG1S
DTH DTL CUBH CUBL
PWMG1 PWMG1 PWMG1 | PWMGL1 PWMG2 PWMG2
0x28 PWMG2C PWMG2S
DTH DTL CUBH CUBL DTH DTL
PWMG2 PWMG2
0x30 TM3C TM3CT TM3S TM3B - -
CUBH CUBL

FLAG: br&&frds

SP: HERRFEREN A7 AR

CLKMD: B iz ] 25 /7. 2%
EOSCR: #Mif i iR 2545 1 a7 47 2
INTEN: b 7o VF 27 47 25
INTRQ: H1 I i5 K25 77 2%
INTEGS: WiZik #3577 4%
MISC: ZRIi 75 745

PA: Uit 1 A S35 %5 77 8%

PAC: i 1 A ¥ %5 17 2%
PAPH: it [T A % 27 47 2%

T16M: Timerl6 % il a7 17 8%

TM2C / TM3C: Timer2 / Timer3 5 % 17 4%
TM2CT / TM3CT: Timer2 / Timer3 #7517 23
TM2S / TM3S: Timer2 / Timer3 7} 25 77 4%
TM2B / TM3B: Timer2 / Timer3 _F[R %577 8%
PWMGOC / PWMG1C / PWMG2C:

PWMGO / PWMG1 / PWMG2 il 75 77 2%
PWMGOS / PWMG1S / PWMG2S:

PWMGO / PWMG1 / PWMG?2 73 i 27 17 %%
PWMGODTH / PWMG1DTH / PWMG2DTH:

PWMGO / PWMG1 / PWMG2 %5 I B i o7 25 77 2%
PWMGODTL / PWMG1DTL / PWMG2DTL:
PWMGO / PWMG1 / PWMG2 % I BR AR AL 25 77 2%
PWMGOCUBH / PWMG1CUBH / PWMG2CUBH:
PWMGO / PWMG1 / PWMG2 & %% bt i fir 25 17 %
PWMGOCUBL / PWMG1CUBL / PWMG2CUBL:
PWMGO / PWMG1 / PWMG2 15 75 ELAR A 25 77 28

PADIER: il A 74N B FH 3173
PB: it [ B 45 %5 /7 4%

PBC: ifii [l B | %7 17 2%

PBPH: it 1 B i f% il %5 /7 2%
PBDIER: il B 74\ 5 H 3173
GPCC: [hiasziilar /785

GPCS: i3 7 4%
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j' PADAUK 8 fif MTP 10 28R4 8 il
4.1.3.1. IFEFFRFLAG), Hilk =0x00
AL | WIGRE | BB R
7-4 PREE . 3X 4 ANMEEAE AL,
3 BE | OV (hntird) « BFFEEEEN, X—MNSEEAN 1.
AC CiliBhidtfhikr &) - AT, W REN 1:
2 BE | ()R A E B A AL
Q)i F, AR 1A e AL
) e C (b)) « AWALMT, WA REN 1. Q)mEisE=AN QiEkiEzHE A
JENES
T e b IS AR AR shift 4.
0 B | Z () . WCBWHEREAN 1L, UEARNZEEERSERE 0, SNEHHEE.
4.1.3.2. RWMFFEHMISC), Hisik = 0x08
AL | WIdEE | S iR
7-5 - R . TEIRFEN 0.
4 0 HE | {fift LCD &/~ VDD/2 Tife. 0/1: 1=/ | BH
3 PREH o
f=H LVR IhfE:
2 0 HE
Y L0/t B 1
T 1V b o B 15 52
00: 8K AN ILRC B4 & #A
1-0 00 H5 | 01: 16K ILRC & & #
10: 64K 4™ ILRC It 4 & A
11: 256K > ILRC H4h J& 1
4.2. FhtFHF

B A7 it A 0 R AF U7 3, 2 AR A7 8 0 A B FR A R A OB 775 . T B A7 ik, #TBLE
K LAERAETRE, XA Bk B R AL SRR 2 R . PRC154 HUBE A7k & 128 55 4 AR nl LA ) 277 X

RAFEL

A Fhk R e LAE RAM [X ) 0x00 #| Ox3F ~%[A].

4.3. AR

HERAT it 82 8 SAE R At A o B o MERSAT 0 2 D AR TR AT 08 SCAE R BT AP A7 4 ERAP R IR I A T
P R SCHK o P AT AR R PP 5 SRR AT 5E PIT it B HERRAZ A AR 1K/, DLORSS B R IR 5842

4.3.1. HRRIREHFF R (SP), Hilk = 0x02

b | #BmeiE

5

B

7-0

HERAR BT 7 A o DL AT HERRTRET, BUS AN DA HERR SR 5. iR O L ZiZERF Y O
o DIREFP T B2 16 fi7.
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4.4, TP Code Options

PFC154 - T Z%
8 A MTP 10 K& B Fr il

IR prik=2 L]
Enable MTP %% 7 1 8 words
Security - N N
Disable (BRiN) | MTP WA, 25 Al LAyt E
4.0V e LVR = 4.0V
3.5V % LVR = 3.5V
3.0V % LVR = 3.0V
2.75V %5 LVR = 2.75V
LVR 2.5V (BRI % LVR = 2.5V
2.2V iEF LVR = 2.2V
2.0V % LVR = 2.0V
1.8V e LVR = 1.8V
. Low 1O #i th HL IR IR B 5
Drive Normal (BRIN) | 10 % HL I IF % 3R B
All_Edge (BRIN) | 75 FTFAUT BRI Lh il # fl & h Iip
Comparator_Edge | Rising_Edge TE bR B A ik H
Falling_Edge TE N BT P A ik H My
Disable (BRIA) | Lbiasd B A= 6] PWM
GPC_PWM = 5 .
- Enable bl as i 28 S PWM (JF L8 SRR
4 PWMGOC.0 = 1,PWMGO IH4hiE = 16 Mhz
16MHz (BRN) | %% PWMGI1C.0 = 1,PWMG1 I4fJ§ = 16 Mhz
4 PWMG2C.0 = 1,PWMG2 403 = 16 Mhz
PWM_Source 4 PWMGOC.0 = 1,PWMGO I 4hiE = 32 Mhz
32MHz 4 PWMG1C.0 = 1,PWMG1 I hi = 32 Mhz
% PWMG2C.0 = 1,PWMG2 I4fJ§ = 32 Mhz
QUES X ESD
X 24 TM2C[7:4] = 0010, TM2 i 4hi = 16 MHz
L6MHz (B | y10ci7:41 = 0010, TM3 6 = 16 MHzZ
TMx_Source 24 TM2C[7:4] = 0010, TM2 H4PJE = 32 MHz
32MHz 24 TM3C[7:4] = 0010, TM3 Hf4#JF = 32 MHz
QUES X EED
. . 2 TM2S.7 = 1,TM2 PWM 733554 6 fif
e 24 TM3S.7 = 1,TM3 PWM 733554 6 fif
TMx_Bit 2 TM2S.7 = 1,TM2 PWM 338309 7 A1
7 Bit 24 TM3S.7 = 1,TM3 PWM 733i%4 7 fif
(M FLAEASCHR)
Disable 1 H EMI AL 15
EMIEnB
Enable (BRIN) | RGBT &R RO %E LUSRAS FELF 1) EMI PERE
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PFC154 - TMV%%
PADAUK 8 AL MTP 10 KA1 H#l

5. PR RGN B

PFC154 424t 3 MR 25 i : AN AR #5(EOSC). ¥4I RC HR%% 25 (IHRC). ¥ RC HR % 4%
(ILRC).

b
i¥,

X 3 AME R T] LA S H 22 /£ 8% EOSCR.7, CLKMD.4 5 CLKMD.2 3B, i HEH T Dk Hix 3 ME
it —ENRGEE, B CLKMD 25788 R A KRGt B, LUl e AR H R RGN .

R SHELE Jo FH R P 4
EOSC EOSCR.7
IHRC CLKMD.4
ILRC CLKMD.2

* 2: PFC154 2t 3 MR % ik

5.1. N B PR % o A Y SR SR

IHRC. ILRC MR LK T A=, R B AN AR A8 4, & 2% IHRC. ILRC %A1 VDD, %
I P 2R

PFC154 ke THIEME IHRC Skt CGEFERAES] 16MHZ) Difig, LASERIEBR L) A7 51 R AR IS .«
ILRC BcA Bt , X T /5 ZORG HE € I (1 B AT A A5 AT ILRC I Bl 4 /E S 1 1A).

5.2. 5N ARG 2%

AR AR % 2 ) TAESRZE TG E A LA 32KHz & 4MHz, PFC154 AN ERZAE AMHz DL ETRZ S . KB 1
OR T AE AR AR 3 A% 1 A T

e B AT 5 SR A A
EOSCR [6:5]
R s
EOSCR.7
v
1 - _L PA7/X1
l ] # 4N Eh = EOSC
l PAG/X2
[
c2
y CAH C2f {8 M HL LT A A B

1. AMBaR ARG &% 0 IO BE AR 4%
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b
H
i¥,

PFC154 - Tik%%
PADAUK 8 iz MTP 10 KA

5.2.1. SRR IRY 212 /78y (EOSCR), Hbibk = OxO0A
fr | ¥IgeME | =I5 # R
7 0 5 | RSN IR A . 0/ 1: 1FHIMERE
A PR IR % i I %
00: f*HE
6-5 00 5 |01: (RIKBHR. & T BAICR Sk, Bilan: 32KHz
10: HHIRBNHLL. &M TSR A, Fll: IMHz
11: mRBIHR. & TR &R S, Bl AMHz
4-1 - - |, BN 0.
0 0 H'E | ¥ Bandgap il LVR W, 0/ 1: 1E%/ Wil
5.2.2. AR ER IR 28 A F R BRI

BT ERIR IR FEAN, AN A PSR A7 %S EOSCR AH G M8 30 th N 1% 38 FE 1 B LK 15 B3 10 15 92 3 .
EOSCR.7 2T B SRR 75 3L 445, EOSCR.6 A1 EOSCR.5 FF % B e T BRI IR B, LU 2 &
PR 5 B AN [ AT A SR .

R 3R TAFEIR ARG 2% CL AN C2 (MHEFAAR, R 9 7= OGS B2 S A 1 0 AR SR NS ) o FR T i AR B
RS B B RE R, A FIRAL A S AR B IR A (15 SN () AT RE s AR, 1555 MR T IE #6405 2410 C1
A C2 A

Pk C1 Cc2 iy ) Vi
4MHz 4.7pF 4.7pF 6ms (EOSCRI[6:5]=11)
1IMHz 10pF 10pF 11ms (EOSCRI[6:5]=10)
32KHz 22pF 22pF 450ms (EOSCRI[6:5]=01)

% 3: WIKIEG R C1 A1 C2 HEHH

i F S 4RI PA7 F1 PAG HITiL & :

(1) PA7 il PAG % N4 s

(2) PA7 1 PA6 P F i FEBH & 9ok A5

(3) 1 PADIER #7246 PA6 fl PA7 ¥ B IUEN, BhibIR .

HE: HFLFAREE (PMC-APNOL3) 2 W4, Jfiatt & B iR IRG &% . 0B P B B R IR s 10
REA . RS, PCB BRI EIN . B2 PCB A R A G BASE M 7 IR, 3& AR R IR sl A
IR, FA AR A 5T

il FH AR IR 7 A, A 6 IR 03 IR s AR E I 8o ARE I TRLRE IR TR a8 R L L ANED
R AR IS o R RGN B U1 B e iR a8 2 1, 8 3 e U ER B AR IR G B2 AR E 1, MRS B R AN
THIR:
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o0 PFC154 - TMv%%
LF&%%

' 8 fir MTP 10 KT & FrH1

void FPPAO (void)

{
ADJUST_IC SYSCLK=IHRC/16, IHRC=16MHz, Vpp=5V

$ EOSCR Enable, 4Mhz; /I EOSCR = 0b110_00000;
$ T16M  EOSC,/1,BIT13;  // T16M.Bit13 f 0=>1 i, Intrq.T16 =>1
THEC B RS A AR 3 A CRRUE

WORD count = 0;

sttl6 count;

Intrq.T16 = 0;

while (! Intrq.T16) NULL; /I )\ 0x0000 H# F] 0x2000, #RJ5#% E INTRQ.T16
clkmd=0xB4; I V) 2 4: 0% 3] EOSC;

clkmd.4 = 0; /I XM IHRC

BN, EREABHEBET, NRIERGASRORMEE, ZH RN RAAIR G 8 D 5E .

5.3. RGN 5 IHRC HiZR&
5.3.1. RGAT4P
RN P JEA EOSC, IHRC I ILRC, PFC154 [t 8t 2 S A HE & 2 Fizs o

CLKMDJ[7:5]

IHRC +2, +4, <8,

—_ +16, +32, =64 »
iuga

2| wmn
1 eoeg — CLK

EOSC Tl, 72,74, T8 > %
B4 s
ILRC

_> -1, T4, —16 ;
iuga

2: RGN PRI
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> PFC154 - TMV#g
Tj PADAUK 8 it MTP 10 ZREI & F#l

i ""

5.3.1.1. FHeP#EHlSF788(CLKMD), Hilk = 0x03

L | BISRME | B # R
RGN Bk
2571 0, CLKMD[3]=0 2571 1, CLKMD[3]=1
000: IHRC+4 000: IHRC/16
001: IHRC+2 001: IHRC/8
75| 11 | ws 010: &M 010: ILRC/16 (flj EL#%AN )
011: EOSC/4 011: IHRC/32
100: EOSC/2 100: IHRC/64
101: EOSC 101: EOSC/8
110: ILRC/4 Hpt: fRE
111: ILRC (BRI
4 1 | /5 | AE&E RC I8 ge. 0/1: 1FHIEH
3 o | s IEP R ARLE SR . XA RIE AL 7~07 5 (I Eh AL,
0/1: KM O/ 1
v | WEBEA RC IR 45 e O/1: {5 HIE M
2 1 {EWiE

M EEAT RC IR gethRe (s I, & 11 ShBEIR I 4 5% 141
S | &I hEe.  0/1: EHEH
B'E | 51 PAS/PRSTB Ihfg. 0/1: PA5/PRSTB

5.3.2. PBRHE
IHRC A2 F S B 10 P P 4 RS I (O, A A 4 LA R HE 4 T 1 2047 AR P AR o ety
AT B

ADJUST_IC SYSCLK=IHRC/(p1), IHRC=(p2)MHz, VDD=(p3)V;
pl=2, 4, 8, 16, 32, 64; VIRUEAFIM RG] .
p2 =16-18; K HES T BIAFIIE, 85 EHE 16MHz.
p3 =2.25.5; AN [A] 1 B A S e

HHAEOLN, ADJUST_IC ZTFHUE AR — N rd, FILABUE RGN TAESIF . IHRC JAAHE IR 7 R AE
KRB SN MTP 26 a8 IR PAT — K, R A S BT

IR IHRC KEHEIE BRI AIET, FFHLGE I RGORS RN K. IHRC SR B HE L RGBT, U
* 4 FR:
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o0 PFC154 - TMv%%
LF&%%

8 fir MTP 10 REL B L

SYSCLK CLKMD IHRCR iR
o SetIHRC /2 =34h (IHRC/ 2) HRAME IHRC % #EF] 16MHz, CLK=8MHz (IHRC/2)
o Set IHRC / 4 =14h (IHRC / 4) AR IHRC #i#EF] 16MHz, CLK=4MHz (IHRC/4)
o SetIHRC /8 =3Ch (IHRC/ 8) A RHE IHRC #: %] 16MHz, CLK=2MHz (IHRC/8)
o SetIHRC/16 | =1Ch (IHRC/ 16) AR IHRC #: %] 16MHz, CLK=1MHz (IHRC/16)
o SetIHRC/32 | =7Ch (IHRC/32) AR IHRC #: %] 16MHz, CLK=0.5MHz (IHRC/32)
o Set ILRC = E4h (ILRC /1) AR IHRC #: 1% 16MHz, CLK=ILRC
o Disable B Bz IHRC A%, CLK %

# 4. IHRC #FHRe U 1k 15

NHEEREAFRKEDUR, PFC154 ANFEAPIRE:

(1) .ADJUST_IC  SYSCLK=IHRC/4, IHRC=16MHz, Vpp=5V
FHLiE, CLKMD = 0x14:
a. IHRC [ HESIR N 16MHZ@Vpp=5V, Ji H IHRC FHAE{FAH:
b. ZZGk4P = IHRC/4 = 4MHz
c. BIVAHAEH, JHH ILRC, PAS5 ZTEHMIARL

(2) ADJUST_IC  SYSCLK=IHRC/8, IHRC=16MHz, Vpp=2.5V
FFHLJE, CLKMD = 0x3C:
a. IHRC MR #EHI % A 16MHz@VDD=2.5V, 2 FH IHRC [ {- A5 5
b. &4t = IHRC/8 = 2MHz
c. AIVH¥ER, BEH ILRC, PAS 27 AH

(3) .AADJUST_IC  SYSCLK=ILRC, IHRC=16MHz, Vpp=5V

FFHLJE, CLKMD = OxE4:

a. IHRC MR HESIZE A 16MHZ@Vpp=5V, 15 H IHRC I #i
b. R4 =ILRC

c. BITMHIEH, FH ILRC, PA5 Z{Ef ARz

(4) .ADJUST_IC DISABLE
FHUE, CLKMD ZFA7asd A (BATM ) -
a. IHRC A kI H. IHRC bk (% A
b. &4m4P = ILRC 8 IHRC/64
c. HIMHIEH, JHH ILRC, PA5 AL
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> PFC154 - Tk%%
j' PADAUK 8 iz MTP 10 KA B #l

5.3.2.1. ReRIFEH

(1) IHRC MRLIE#AERAE 1C BesR N HEAT .

(2) IC BEME ik REFEHIEE COB HIMEK) MRHESXT IHRC MMiRE —E#m. WM IC &k
WEARIRT AT R, A5 FE EIBEAEL, W] BRI B IHRC BRI 2 8 A R G, TR L R4S
LAg—k,

(3) lhin U@ K AEAEH P COB 3 %&ud BRI Al AT f B AP (QTP) I o A 0 T i A K AS X S %6 it
HURE R 15 00 61157

(4) /i A G4 HHT —SeRMEETE TR B, BlndE IHRC 1 H AR 0.5%-1% /441, 4335 IC (1) IHRC
AR H AR

5.3.3. RGBT
IHRC KifE)5, &t CLKMD #FFf78sike, PFC154 RGN 4P nf LABE = /E IHRC, ILRC F1 EOSC 2 [a]{]
e, EAIER, AATFEVIER GRS i R TR SHERA . B A RHERETIHE] B M eh YR, Rzt
ARG HPIFEDIIRE] B, SR)5FCH AR, 1§50 IDE: “fHTF M 0IC A0S A7 84471 “CLKMD” .

5 1: RGiH 8 A ILRC Y423 IHRC/4

Il RS8N ILRC
0x14; /I Y)¥A IHRC/4, ILRC FREZEX HfZH
0; /I ILRC W MUALEX B EZH

CLKMD
CLKMD.2

B 2: ZEieP A IHRC/4 1)#: 3] EOSC

Il R&GE4N IHRC/4
0XBO; /I V¥ EOSC, IHRC AferEix BiEH
0; /I IHRC W] PAfEiX BiZH

CLKMD
CLKMD.4

] 3. RSk A IHRC/8 43 IHRC/4

Il RS 4N IHRC/S, ILRC N5 H
CLKMD =  0X14; Il Yl IHRC/4

Bl a. Bgerrepl, WsR FOIH Bl o< P R 4R 25

Il R&GE4EN ILRC
CLKMD =  0x10; Il BEEM ILRC YJ#:3) IHRC/4, BT X3%H ILRC #Ry 5
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PFC154 - Tk
PADAUK 8 AL MTP 10 KA1 H#l

6. BAL

5l PFC154 B JREA VIR LB LVR A0, BN 6 H 2L A PRSTB 5 HE M. kKAER
SiJG, BRGSEFEE, BT ITEEELphEkF bl 0x000, PEC154 [T E 217 2L ol v B R IAE -

TR

6.1. LHEENA(POR)

FFHLE, POR(Power On Reset)&H T &AL PFC154, HiFEE 3 frax. H ) naifiir b G iRk
R, RSN, VDD BEUFRIELE Veor HER b KA FHGAIR, PFC154 #d fA6t#% e AL T
AN B RS o

/
VDD -

t
PORLbGE ||

FEFF AT

3: EHEAN P

6.2. IR ERAN(LVR)

4 VDD FFEZMILT LVR(Low Voltage Reset) 1[5 /K, R kA LVR B4, HiFEWE 4. %4 LVR &
Piff, PFC154 Hdli A7 it 2% A AL T A8 E HPRAS

o
T
=
2

K 4. LVR EAilFH
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PFC154 - T Z%
Tj PADAUK 8 fir MTP 10 KA1 ¥l

II’?“'

LVR KT (U FAERE 7 G B 3 EAT o P 38 0 S & B L AR AR RT B L BRI LVR, A gk 7 HLAR
€ LAF. N2 TAEMR . A A LVR K05 i

RYGnTBh VDD LVR
8MHz = 3.5V 3.5V
4MHz = 2.5V 2.5V
2MHz =22V 2.2V

#£5: LVRESH, 5R40%. VDD Z AKX A

fEFIZE AT LA E EOSCR.0 4 1045 LVR AEIBT L, W r] DABEE w725 MISC.2 N 1 1 LVR Zhit, {HILR N
£ VDD 758 i R TAE R E L E, BN IC fTeg T/EAIER .

AR R AR TR Y A 12 | B F 8 (EOSCR), Hiiik = Ox0A

(VA BIUE1E BI5 # R

0 0 HE ¥ Bandgap il LVR TR, 0/1: IE% / Wi

IR HFEER(MISC), Hibk = 0x08

A VISR R =I5 iR
2 0 Ry =R LVR Thée. 0/1: JBH | 1=H

F VB Bh i it B R 1 58 :
00: 8K A ILRC Hi%h)E#A
01: 16K 4> ILRC K4 EH#A
10: 64K AN ILRC 55 A 3
11: 256K 4™ ILRC B4 & 3

H
[
o
o
o
Pl
i
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PFC154 - Tik%%
PADAUK 8 fir MTP 10 K& & Fr il

6.3. & I 1A A i tH R AL

BHI VR, H ek E ILRC, bl ILRC S£HIN, FHI 1ML, ILRC ISHEA nf fE
RN HERAA, R AR AR L, i & L AR 7 A EVE .

b
i¥,

NHAGRE T 1AL I 2 BTS2, RN, "I wdreset i§EF 1M1, £ LHE((POR)
AL wdreset 154, B VIS #HEE .

2 1B ), PFC154 ¥ & A7 B s i fe i, HEAR 7 -k 5 Fis . kK4 WDT Z 47k, PEC154
BB 2 S R R .

VDD

1 Thi A T tser |

FEFF AT

A I 1% S AL FHL

Kl 5: & [ I AR S

M A A7 4% MISCIL:0] 7] i £ DU A AN R R T 1A I I 18], R CLKMD.1 W] DL FEKSE T 1M Dh REFS ]

I eh % E 24 (CLKMD), #ihk = 0x03

(VA YisHE ] i R

WIS RC IR 4 ThRE. 0/1: f=R/IBH

2 1 SR
FS | LRC %N, B2 K

5 | BMThEE. 0/1: EHIBH

0 0 BI85 B|jl PAS/PRSTB Zhfg. 0/1: PA5/PRSTB
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® PFC154 - Tk
Tj PADAUK 8 fir MTP 10 KA B L

6.4. SMEEAL(PRSTB)
PFC154 S Fr 4N ArThaE, HAME R A5 S PAS JEE—AN 10 3 . fH AN AL Th g 7 2
(1) #E PAS NI
(2) & CLKMD.0=1, fif PA5 A4k PRSTB i N JHIf .

i¥,

TEAMH AL A S T, R T IR TARIRES; — B EA 5 R EMK B, REGEERAEEN. PRSTB
SN FEWE 6 Fis.

%4 PRSTB EAK;, PFC154 BUdR A7 it 2o e (R 5 .

VDD

PRSTB3| il ‘ ‘ ‘ ‘ \

FEFF AT

tSBF’ —

A
\ 4

K 6: A1 ALK AH ORI
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PFC154 - Tik%%
PADAUK 8 iz MTP 10 KA

7. RGETIERA

PFC154 A =t g UHHRAERRE L, 205y
(1) IEHE TR

(2) HIHEA BB

(3) HHIMRE

II’?“'

el

IEH TAER R BT ThREAR IE 5 18 1T RS
2 A5 (stopexe) & 7 PR T AE it i H. CPU {RIEF7E B AT LAZKSE TR PR
i HUAR X (stopsys) & SRR FE 1548 FL 7T

A AU IUE AR R R T EEM R R G AR, e iU SO AR AR R R AR T R FAR D 7 ZEe i it R g A A

7.1. B HEA(“ stopexe”)

11 stopexe 154 HE N B, FUT RGBT, AT OB S B AR S T (R, BT BLHUA CPU
REIEHITIES . BT Y5 R 00 RGO TR0 3 Bk I 3647 o

A A I TEGEE B R FTR:
(1) HRC iRy astbite: WHE., WHREPEH, CURkSARTX.
(2) ILRC iRy #sfiie: WMAURFEE M, Ml %25 ILRC H2).
(3) ARLbTEMFEM, I, CPUfFILHAT.
(4) MTP 17 a5 A o
(5) Timer iHEua%: #5 Timer THECE IR h iR RGE Bl B EAH BRI B 3% S Eel 4= - ) Timer {5211
TG B, SRR, (B, Timer 8 Timerls, TM2, TM3, PWMGO, PWMG1, PWMG2)
(6) MR :
a.10 Toggle Mefit: 10 fEHCFH NG T I HT A8 #e (PxC {72 0, PxDIER fi/2 1)
b.Timer Ml : WIR T (Timen) IR EE AR KRG8, YT BE(ER, KRB SPMiE.
C. LA S e g . ff I LLAR 2 MR, F5 A% e GPCC.7 4 15 GPCS.6 4 1 K8 F Lh i s e iR T g .

PL R 72 F) ] Timerl6 KMifig £ 4 [ stopexe 44 AR :

$Ti6M ILRC, /1, BIT8 /l Timerle &
WORD count = 0;

STT16 count;

stopexe;

[ITimerl6 FIFI4E{E N 0, 7E Timerl6 tH4( 1 256 /> ILRC B8l 5, RGUE .
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!j: PFC154 - Tk

')” PADAUK 8 fir MTP 10 KT & FrH1

7.2, B (“stopsys”)

I B VR 2 M IORAS AT O 35 S A A M PR (51T stopsys 954 AT LS J BB A s
K. 16 Fik stopsys 1542 WAL GPCC.7 ¥y 0 K b ke .

NS IR RTINS IE#EAT, N T MASIIRE, AR 0T, B0 VO 3IMRIFAIR 2,
G BT

NN K stopsys @& 5, PFC154 P FEAN IR AS :

(1) B (R A L ¢

(2) MTP 17 4 95 o

(3) SRAM MZF A7 N B IRFF AL

(4) PRERJE: 10 FEHCFH AT HSF AR (PDIER f72 1) .

5 AR SR IR 7 0 R T«

CLKMD = OxF4; Il KRG80 M IHRC 28 ILRC, <HIE M4
CLKMD.4= 0; /I IHRC {£H
while (1)
{
stopsys; I 3N A

if (..) break; 11 AN A A T HAS 25 OK, iR [BliE & T4
I A0, A
}
CLKMD =  0x14; Il 2458 ILRC 254 IHRC/4

7.3. MifE

HEN 5 BB UG, PRC154 W] LB V)3 10 5K EIE® TAE. 1 Timer fmefig A& T4 .
% 6 5~ stopsys fHE T stopexe 44 iR A M B Y 1) 25 57

HHEMER (stopsys) M4 HEER (stopexe)fEMEEJR =R

1 10 511 IR g
stopsys = 5
stopexe 2= b

K 6: 5 AR TR 4 AR UL MR R 1) 22

g 10 5] BISkME PFC154, 2777%% PxDIER NIETAW &, 84— NHN A 51 BIA] DL MR T RE . ML
HARAEFIFG TR, B ] K202 3000 ILRC 44 .
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PFC154 - Tik%%
PADAUK 8 fiL MTP 10 K& 5 5 #l

l'?“'

aalli

PFC154 5 7 ™. AMESHHITE PAO . PBO, iH## i Timerl6. Timer2. Timer3. PWMGO, Lt
B HWREAHEENE S % B 7. AT s RIEHEE B SR s AL HEWE e BT B S SRR S AL
P A B A T LT IE I S F A7 98 INTRQ EZ . I WHiE SRR E B E 5 0] LUZ TRV E R BR s FmA 2,
XT3 A7 28 INTEGS W E o« BT 1 Wil R 55 #8555 B engint $8 2426 OF A 2R F il 8 g7,
DA AT disgint $64 (5 4R ) 15 F e .

THITHE R R I R A g, b i HER AT A AR SP . i TR UM EERE 16 (LT, HEMArAE 4 SP
Az 0 BifRHF 0. Ak, HI AT U] pushaf i 417 it ACC bR L7547 23 HME B HERR, LALAE T popaf 45 2 EM
HERMRE 2] ACC AR S A A7 e ot THER 5 EURAF i 23355, £E Mini-C B, HEMAT B SRR g R 7 24
FEIC Gkt B B AT E SCHERGIREIS , RLP BAT A HEALE,  DAB bk 5%

R RSSFERF, Al PUE SR E EF 8 INTRQ &1 A Wk AE IR .

INTEN.7
Timer3 event
—¥|detection INTRQ.7
INTEN.6
Timer2 event
» detection INTRQ.6
INTEN.5 [~
PWMG
» event INTRQ.5 )
detection
Interrupt
N — to CPU
Comparator |  €Vent ! }
para™o! |detection| INTRQ.4 ) r
engint/ disgint
INTEN.2 g g
. event .
Timer16 »|detection| _INTRQ.2 Note: “engint” and
“disgint’ are instructions

- ovent INTEN.1
» detection| INTRQ.1

INTEN.O

PAO event I

A 4

HJ

detection| __INTRQ.0

7: TR AE
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PFC154 - TMV%%
PADAUK 8 L MTP 10 R F 1,

8.1. T RVFFFIR(NTEN), Huhk = 0x04

b
H
i,

HIMHE | /5 # R
B/5 | JEH M Timer3 i . 0/1: f=H/EH
B/E | JEH M Timer2 fi . 0/1: f=H/EH
/5 | JEH M PWMGO i it 0/1: /B H
S| JE M R B s b . OrL: 45 IS H
TRE .

B/5 | JEH M Timerl6 it . 0/1: f=H/EH
BE/5 | JA A PBO Kt k. 071 =5 H

B/5 | JEHM PAO K. 0/1: fEH/EH

=

ok [N w b oo |~
¥
n

8.2. FMiERFFER(NTRQ), Huht = 0x05

o |WIMR1E | /5 R

7 W5 | Timer3 (s ok, Sbr @ it BAOF IS % . 0/1: AZRAGR
6 /5 | Timer2 MR liE R, A2 I B A ARG E . 0/1: RERAER
5 PS5 |PWMGO Bk, thhsje ik B A7 F s . 0/1: AERAER
4 IS | LR PTG R, AR R B AL AR RE . 0L AER/ER

3 PSR

2 /5 | Timerl6 (MR rigsR, A2 hiieE B F h g E. 0/l AERNAER
1 /5 | PBO Wi R, BRA R R E A S . /L ANTERAER

0 WS | PAO I BT R, RO AR B AL G T . 0/ AERNAER

ER: INTEN, INTRQ BHHIME, FrolBMEA T, —EZRERTEEHE. B INTEN 50, INTRQ ERE
B P W R AR YR AR
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PFC154 - TMV%%
PADAUK 8 L MTP 10 R F 1,

8.3. hli& kA 78 (INTEGS), Hilik = 0x0C

< b
H
i¥,

B | e | s L
7-5 - RE | RH.

Timerl6 Il Zik .
4 0 RE5 | 0: EAZuERP

1: FFEZAE R Al

PBO Hr kit £ .

00: EFAZHI T FESHSE K by
3-2 00 W5 | 01: EF&iER+

10: PSR H B

11: {R¥

PAO HrIKr Z ik £ .

00: EF-ZHI T FRSHSTE K iy
1-0 00 H5 | 01: EF&iER+

10: PSR H B

11: {R¥

8.4. F U TAERE
—ERAE I, UK TR R F

(1) PR A S ] SP 3 A7 3R E I HERR A7 At 25
(2) Hi SP ¥4 ¥ SP+2.

(3) AWk FEh A .

(4) HMHHE 0x010 FREL F—%%454 -

hTsERE, K reti 48R BIBEA HIRE Y, H AR TARRARL T

(1) M SP W f7d 6 € MIHERAF 4% B SRR 7 i s
(2) BT SP A5 N SP-2.

() @Rk azhE .

(4) TR TR FOR 12
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PFC154 - Tik%%
PADAUK 8 iz MTP 10 KA

8.5. HWIHI— PR

AYR 1. € INTEN 34738, JF)8 T 2200 b it 42 il .

LI 2. 1EKR INTRQ 17 8% .

B3 ERFH, A engint 54 GaHARTED LVF CPU B th#E.
W 4. HRrRW. hWRAESS, BRI TR

WIS M TR HAT R, RE R

< b
H
i¥,

BN AR AL BRI, AT pushaf $5 4 R ORAE ALU # FLAG FfEasd, JFAE reti Z 1T, {4 popaf
BOEE. —BOPRINT:

void Interrupt (void)  // RS, BRANFET TR,

{ I EABEN disgint FPARAS, CPU AN FH%52 h b
PUSHAF;
POPAF;
} Il REEAZIEN reti, BELEIHAT reti 52EEA E FK E 3 engint KRS

* FEERFPH, A{EH disgint 484 5CH A .

8.6. 1 F H &4

A FH 2 D 2T B AL 08 ) MERR A7 25 CAORAE P b 1) B, — b W R A 5215, b I R 05275 . Rl
PRI R T AT Ab B P i, EVERE, AL AP IORT pushaf 2 7 SIS T HERR A A AR

void FPPAO  (void)

{
$ INTEN PAO; /I INTEN =1; 4 PAO #Ef7 38, 74 kil sk
INTRQ = O; Il 5 INTRQ
ENGINT 115 4 R
DISGINT Il 15 A R b
}
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LB&%% 8 fir MTP 10 K7 8 Al

void Interrupt (void) I TR

{
PUSHAF Il T£6% ALU Fll FLAG Z7Ees
/I W3 INTEN.PAO 7 EEF S aI&TFAISE, MFRIA A ] LA INTEN.PAO &N 1.
Il Biltn:  1f INTEN.PAO && INTRQ.PAO) {...}
/I W INTEN.PAO —EE(EREIRAS, #hrl LA IS KW INTEN.PAO, PAINGE H Wik AT
If INTRQ.PAO)
{ /I PAO [¥] F L 7
INTRQ.PAO =0; /| RZUEKRAX RFIAL (PAO)
}
I (X:) INTRQ = 0; I AR WFE T )5, A H INTRQ =0 — R4 HiERR
I R E AT eSO NI R AR T A BE R R BT, = ANE B
POPAF /I A5 ALU F1 FLAG Ziffas
}
9. /O¥ O
9.1. |10 HKRHFFE
9.1.1. ¥w 0 A FFH N8 F &8 (PADIER), #Hubl = 0x0D
AL | WIHE | /5 R

JEF PAT~PA3 B e g NN R GiMefig. 1/0: JBH | 12H
IR 0 I, PAT~PA3 AT, Toid F Rl R 4 .

N

7-3 | 11111 | K

2-1 - - R

JEF PAO Birtmi N RGEMEEFIR g R, 1/0: B 1 EH

0 1 R
BB 0 I, PAO BRI, JEi IR Ml 22 48 LS P B oK

9.1.2. ¥n 0 B HFH NS HEF A4 (PBDIER), #ik = OxOE

fr | WisiE | BIE Ei: I

JiH PB7~PB1 ¥ NI R GiMelE.  1/0: BH 1 1FH

7-1 H5
OXEE BXAMIEN O B, PB7~PB1 NI, ok MR R 45,
X
0 e JEF PBO irtmi N RGEMeEEFIbESR. 1/0: B 1 EH

BB 0 I, PBO B, JEik IR Ml 22 48 LS P B oK
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ilpgwmg 8 fiL MTP 10 K& 5 5 #l

9.1.3. W0 A HIEAHF R (PA), Hikk = 0x10

AL | FIGH1E | BIB R
7-0 | Ox00 | B/ | s A72 i 0 A

9.1.4. ¥ O A BH|FFER(PAC), Hilk = 0x11

AL | WItHE | /5 #
Uit A $E ) 257 A o IR AT AT 8842 R e S 1 A BN AH L1 51 BRI iy N A = B H A
o 0/1: FAN/GH

7-0| Ox00 | /%5

9.1.5. w0 A b=l 748 (PAPH), Hilik = 0x12

fr | WIERME | 15 #

Ut 1 PA7~PA3 L%l 2 17 8% FH Rdss il v 11 _E b7 B B 1 B
0/1: {FH/EH

2-1 - - | . EEEN 0.

Ui 1 PAO b ¥l 25 A7 2% . FHSkeAa il 11 by i BH ) A R

0/1: 1FHEH

7-3 | 00000 | %/E

0 0 it

9.1.6. ¥w M B HIEHFFEE(PB), Huik =0x14

AL | FIGH1E | BIB R
7-0 | Ox00 | B/ | s A725 1 K B.

9.1.7. 350 B #&H|&F A4 (PBC), Hilk = 0x15

Ao | WIsHME | /5 R
S B A A AR A o IX SRR A AR FIORE SCi 1 B AR HH L AR 5| AN AL i e L A5
e 0/1: AN/t

9.1.8. ¥ B hhii%l %745 (PBPH), Hbuik = 0x16

AL | FIGH1E | BIB R
i 0 B _E R S A7 S . X S5 A7 A R4 O B AEANAH 51 B H BE R4 RE
0/1: EHIEH

7-0| Ox00 | /B

7-0| Ox00 | /B

9.2. 10 %5 K ThEk

9.2.1. 10 5| K &5H
PFC154 WJiE 10 51 H#E E BRI, W HE 8.

Page 32 of 74



.9

YN
LB&%%

PFC154 - T Z%
8 A MTP 10 K& B Fr il

RD pull-high latch
1D Q
WR pull-high latch ull-high
latch
+—D Q
WR data latch Data
latch
RD control latch
WR control Iatch?_
RD Port
Data Bus

Wakeup module

Interrupt module

(only interrupt pin

Da

44@1

]

ﬁweak P-MOS

1

PADIER. x or PBDIER. x|

Analog Module

3

PAD

9.2.2. 10 5| IKI—&ThEe

(DFA. HHThEe:

Kl 8: Gl g i XA 1]

PFC154 it 10 51 RIS T 2 R BEE 0y fn A\ BB AR 4a0 ) s it

IS HURE A7 25 (PAIPB), 2| 2917 2 (PACIPBC) Al L hi 4% ] 25 17 25 (PAPH/PBPH) % 5E ,

DA ST B RS [ R Zh RE o
TFHINIRE -

n SR AR
frasfifE. 3R 7 Jyiml PAO HIBCERCE R .

DS iR MR VAL P c H st v SN SRS T

PAC.0

PAPH.0

iR

0 [N, BAS LR

BN, A5 LR

Bt AL, BT 89 B A BE

Plr|o|X|X|>

L = E=NE=)

vt AL, A7 55 B RBE

1
X AR Ar, WA BB (55 ER B B 35D
0
1

#£7: PAORERMER

=

— 10 5| A wr

45| R AR A DO RERT, D9 b IR AL, 1595 PXDIER 2 75 1 AL 2

o SR e B E R AR S AR AR, SR R ot 2 K
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PFC154 - Tik%%
PADAUK 8 iz MTP 10 KA

9.2.3.

(2) BERR PR EET) RE :

2 PFC154 fEREr el mB, &3] BIHE AT DADIH R R R 8. X 75 F SR el R 48 0 51 1,
WAL B I AR LK 75 774 PXDIER AH R 95 o

(3)ShRHH W Th e

210 1AM Ik S| BN, PxDIER RN AZ N B E . B, 25 PAO HISRAEJyAh Pk 5| BN, PADIER.O

B E o

(4) KB RE AT ik -

2405 | BT I R 7 1% T Drive SR % 9K 2)) LRIV FELAL -

10 EAE&E

(1) 10 1E BTN

& 5 10 WA AR, Vinh 5 Vil fERL, SE TEREARESEZES). 152% Vih &/AMEM Vil i K E.
& UL b B R BE A . W S S B R AR S, AR E EE

(2) 10 1T 5 AT T e 2 2 g

& i PxC #1728, ¥ 10 &AM
& /H PxDIER %1728, B MAIALBEN 1 LUE BTN
& 7y T Bi1E PA %A FEI 10 DisH, PADIER[1:2]FH ZEH ¥ N 0.

(3) PAS5 1E Mt

@ PA5 HiEfi Open Drain fiH, i H /5 240 bRz s FH

(4) PAS5 {EN PRSTB #i A

& L5E PAS NI .

& ¥5E CLKMD.O=1, i PA5 Jy# PRSTB i A\ BIfT .
(5) PAS5 1E N N IFiE K 5 2R B & f g ol T %

& LAE PAS 5S4 HE >10 Q HH.
& R EE G PAS 19
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PADAUK 8 fir MTP 10 KRB B FHL

10.Timer / PWM ¥ 5%

10.1.
10.1.1.

16 frit##% (Timerl6)
Timer16 N8

PFC154 W& —™ 16 L f: 2% Timerle, JARHHEE A 9.

TR AP HFAE A TIGM[7:5 %8, FERT 813 16 711 %8% (counterl6)Z /i, T16M[4:3]A] X
PEAT I AL TR, A+1. 4. +16. +64 ZPUFET, 1hiFECEEE K.

T16M[2:0]H T-i%#% Timer16 (i, Hok 5 T 16 frit #dsiffe 8 FIAL 15, 2 iH # s i v, Timer16
AR W 2 fEas INTEGS.4, Wl e i R it BT fih e BT B fid A o

16 frit#ds A el Erhs, HEES IR E AT DAUH sttle e, TR IBUE T LLA (dt16 F5 4 1Rk
BIRHRAT il -

stt16 command
T16M[7:5] | DATA Memory
T16M[4:3] "
@ l Idt16 command
Y
I‘I:_I';é M Pre- 16-bit
EOSC U pjScalar| | up |\e 5  DataBus
ILRC = X = counter
1, 4, Bit[15:0]
PAO 16, 64
PA4 ’
Bit[15:8] M k) To set
> U or interrupt
X ] 1 requestflag
T16M[2:0] 4 4
INTEGS .4

9: Timerl6 RiHHE &

Timerl6 [P E XA inc XA, T16M 8 =AM E S, 55— NS HH ke X Timerl6 HmfehiE,
B ASEH R E LT, =" ZBUe e hIkiE.

T16M 10_RW  0x06

$7~5: STOP, SYSCLK, X, PA4_F, IHRC, EOSC, ILRC, PAO_F /| —/Z&¥
$4~3: /1,/4,/16, /64 Il E=ABH
$2~0: BITS8, BIT9, BIT10, BIT11, BIT12, BIT13, BIT14, BIT15  // #=41Z%
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PADAUK 8 fir MTP 10 KA1 ¥l

II’?“'

el

f AT DMK B R G (0 BERORE SC T16M S48, Bl 740

$ T16M SYSCLK, /64, BIT15;

I EFE(SYSCLK/64) 4 Timerl6 W4, HF 2716 AN & #™=4: — K INTRQ.2=1
Il N 240 % System Clock = IHRC / 4 = 4 MHz

/I W] SYSCLK/64 = 4 MHz/64 = 16 uS, #4141 S /%4 —¥X INTRQ.2=1

$ T16M PAO, /1, BITS;
Il 3%EFE PAO 24 Timerl6 BHEHER, 4 279 ANKF 4P HE—X INTRQ.2=1
Il Bl 512 A PAO B 8 372 4: — I INTRQ.2=1

$ Ti6M STOP;
/I 121k Timerl6 i3k

10.1.2. Timerl6 ¥&H| 3 F48(T16M), Hibk = 0x06
fr | WisRfE | &I # R
Timerl6 ik :

000: f¥#H] Timer16

001: CLK RZiHf4h

010: f##¥

7-5 | 000 B/5 011 PA4 (AMEEFEAM)

100: IHRC

101: EOSC

110: ILRC

111: PAO (AMEFM
Timerl6 P55 B 7 Sias o

00: +1

4-3 00 WIE |01 +4

10: <16

11: <64

TR P . 20k AT FRAR B el R AR, R A P T A
Timer16 {7 8

Timer16 17 9

Timer16 1 10

Timerl6 17 11

Timerl6 17 12

Timerl6 17 13

Timer16 £ 14

Timer16 {7 15

2-0 000 w5

N g s e 2
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PADAUK 8 fir MTP 10 KRB B FHL

10.1.3. Timerl16 %5 H BHE

10.2.

ME $INTEGS BIT_R i (X2 IC BRIME) , HE T16M iH-%88 BITS F=4E iy, 2 T16 %\ 0
g, WEE— R WHE/E T 30E] 0x100 B A& E (BIT8 A0 2 1), 2 ke T4 F] 0x300 B & 4= (BIT8
MO E 1) o FrLAGE BIT8 &1k 512 A Wi . iliERE, WRIEH b HEFe TI6M tHEEs&E, W
— R WU AE BITS M 0 42 1 I 2

WREE $ INTEGS BIT_F (BIT M1 3]0 filik) 1 H &z T16M 158 BITS P24y, ) T16 1f
B AR E) 0x200/0x400/0x600/ ... 1 & A Al BRI 58 INTEGS B A& A AL, thidiE s HFER.

8 AL PWM 1#2%(Timer2, Timer3)

PFC154 W& 2 4> 8 it PWM fifift: & I 2% (Timer2/TM2, Timer3/TM3), Wit #as iR —#E, PLREL
Timer2 KW, TM2 BHHERES %K 10.

TATEE TM2C[7: A1 K5 e i 25 5 Bl s TM2C[3:2] I RIEHE Timer2 (W%t . Z547-4% TM2S[6:0]H T-i&
PR By AL . PR A7 4% TM2B FH R4z il e i 28 v 20 B BR, M- BB IR 2] TM2B e i _ERRES, i 284
HENEE. 27788 TM2CT 15 B s i i e i 28 1 50E .

8 1 PWM sg i 28 it TAE AR 0 o AR 0T PWM B Rl o & 30T i H 5 s ) AR T s PWML A
AoEHBRPE A PWM S, PWM 43350l LI 6~8 fif.

» TM2_CLK
TM2S.7
TMZC[7:4]=# TM2S[6:5] TM2S[4:0] T™M2C.1
CLK, \ P l l l I
:ERRCC:: é SIS P 8-bit ———» ZUEfilA
EOSC > % » e ﬁfgﬁm =——=——c"_p TM2CT[7:0]
AL o 1,4 1-31 “ s IR
PAO, y - 1 o PB4
~PA0,> =» 16, 64 s %>
PFE)Sg,O 43—y PB2
~PBO, .
iy IR 1 st PA3
fFas TM2B[7:0] TM2C.0 ﬁ
TM2C[3:2]

10: Timer2 fHAE K

Timer3 (1)1 vl E % PB5, PB6 & PB7.
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PADAUK

PFC154 - TMV%%

8 fir MTP 10 REL B L

K 11 BoxH Timer2 JE LR PWM AR R e

TR AT AR FEIERS AT B R IR R TSR
HHfE RN R R
OxFF 4 J ," ‘\\\\\ OxFF 4 /,” '-| Ox3F 4 /,” '-|
RS REE Koy oy e Y
EREERE | ' EREEBE | '
5 e > 5
> > B > B ]
AR AR LR
WM 4 K wism 1
> B ] ‘ H > B el T H > I ]
R0 — AR L - 8L HERPWMEES 1 - 6AL D PERPWMABER

K 11: Timer2 & RA PWM B A &

LT GPC_PWM “J&48 i b 2 45 S5 H PWM RIE . e IhRES, S Ecgstt v 1 5, PWM

2k, B s o O I, PWM IRE R . WK 12 Fis.

PWM Output

1111

Comparator
Output

L

[T

K 12: HEgsiEh PWM i

10.2.1. Timer2. Timer3 fHXF1EaE
10.2.1.1. Timer2 4} &3 (TM2S), Hilk = 0x17

AL | BiRlE | B #H R

PWM 73 #F ik Ff .
0: 81r

1: 6 (o 7 0 (HAEREIT TMx_bit 24D

7 0 R

4[]

Timer2 i 4P T 45085 .
00: +1

01l: -4

10: =16

11: 64

00

P
4

00000

P
4

Timer2 i #h 434748 o
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j PADAUK

PFC154 - T Z%
8 A MTP 10 K& B Fr il

10.2.1.2. Timer2 5 % f788(TM2C), #uhk = 0x1C

fr | WishfE | IS

R

Timer2 B EhJRIEH: .
0000: {%H
0001: CLK

0011: EOSC
0100: ILRC

0101: Lh#Eiaskit
1000: PAO ( ET7HD
1001: ~PA0 (R
1010: PBO ( B
1011: ~PBO CR&I)
1100: PA4 ( ETHID
1101: ~PA4 CRFEE)
HoAth: {9

7-4 0000 L5

0010: IHRC =¥ IHRC*2 (HFEFFET TMx_source 24l

AR fE ICE B H IHRC #i%y Timer2 g &8, 24 ICE 4% R, KIEHE
S PR A TR, I SSRGS THEL

Timer2 #i ik £
00: 154
01: PB2
10: PA3
11: PB4

3-2 00 g

Timer2 #GER

1 0 5 - "
* 0/1: AR /PWM K.

JaF Timer2 k46 H .

0 0 AEWiE o
* 0/1: {=HIkH

10.2.1.3. Timer2 H¥#F 728 (TM2CT), Hibk = 0x1D

A WHE | ®5 # R
7-0 | Ox00 | /5 | Timer2 st #47[7:0].
10.2.1.4.Timer2 FFREFFFA(TM2B), Hilk = 0x09
A HMHE | ®5 # R
7-0 | 0x00 | HE | Timer2 FRZFF4E.
10.2.1.5.Timer3 TH#FFHF#(TM3CT), Hilk = 0x33
hr | ViR | S R

7-0 | 0x00 | #/5 | Timer3 &N #847[7:0].

Page 39 of 74



$

L/ PFC154 - Tk
j' PADAUK 8 AL MTP 10 &I FHl
10.2.1.6. Timer3 3 3&FFax(TM3S), Hihk= 0x34
(VA WIHE | &5 # R
PWM 7 #F 5 #%
7 0 HE | 0: 841

1: 6 frsk 7 fir CHIfE P TMx_bit #1)

Timer3 K80 43028 »

00: =1
6-5 00 H5 01: -4
10: =16
11: 64
4-0 | 00000 | RE | Timer3 i &hsr M.

10.2.1.7.Timer3 EFR&FFFAR(TM3B), Hifik = 0x35

fr | #UMEME | BT B

7-0 0x00 HE | Timer3 FIRZFfEas.

10.2.1.8. Timer3 ¥l % /#85(TM3C), #iht = 0x32

fr | WishfE | IS R

Timer3 B4k,
0000: 1E£H
0001: CLK

0011: EOSC
0100: ILRC

0101: Lh#2s%nH
1000: PAO ( ETHID
1001: ~PA0 C( RP&EI)
1010: PBO (_ TR/
1011: ~PBO (FR&WE)
1100: PA4 ( ETHR
1101: ~PA4 CRB&E)
HoAtr: R

7-4 | 0000 | /5

S PR A TR, I SSRGS THEL.

0010: IHRC #i# IHRC*2 (HFEFFi%ET TMx_source 74D

EE: #F ICE #XH IHRC #%i% A Timer3 sEf 282, 4 ICE 5 R, &k 3|E

Timer3 % H % £
00: f&H]
01: PB5
10: PB6
11: PB7

Timer3 MzEH

1 0 5 | 0: FAER
1: PWM i
0 0 e Ja i Timer3 ik 46 H .

0/1: 1FHIEH.
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')” PADAUK 8 fir MTP 10 KT & FrH1

10.2.2. f#H Timer2 F2A 2 AR
R IR R A, BRI A A 50%, HL R S AR, W DS L -

IR =Y = [2 x (K+1) x S1 x (S2+1) ]

XH,
Y = TM2C[7:4] : Timer2 Frigt iR eI
K =TM2B[7:0] : FBRZFAFA 508 HME CHakdD
S1=TM2S[6:5] : filsrnzs e (S1=1, 4, 16, 64)
S2 =TM2S[4:0] : ZpHigsft (i, S2=0~31)

Bla:
TM2C = 0b0001_1100, Y=4MHz
TM2B = 0b0111_1111, K=127
TM2S = 0b0_00_00000, S1=1, S2=0

> KR = 4MHz < [ 2 x (12741) x 1 x (0+1) ] = 15.625KHz

Bl2:
TM2C = 0b0001_1100, Y=4MHz
TM2B = 0b0000_0001, K=1
TM2S = 0b0_00_00000, S1=1, S2=0

> AR =4MHz =+ [2 x (14+1) x 1 x (04+1) ] =1IMHz

P Timer2 5 i 487 A 5 HIBOE IR IR 7 a0 1 B

void FPPAO (void)

{
.ADJUST_IC SYSCLK=IHRC/4, IHRC=16MHz, Vppr=5V

TM2CT = 0x00;
TM2B = Ox7f;
TM2S = 0b0_00_00001; 118 6. PWM, T4l =1, 4340 =2
TM2C = 0b0001_10 0 O; ARG B, HiH=PA3, J#H#
while(1)
{

nop;

}
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f* paonu 8 iz MTP 10 T # Frfl

10.2.3. f#iH Timer2 724 8 fit PWM B
TSIk 8 i PWM [AER,, M. TM2C.1=1, TM2S.7 =0, %R 5 S T isin T .

HHARE =Y + [256 x S1 x (S2+1) ]
e bl = [(K+1) = 256] x 100%

XH,
Y = TM2C[7:4] : Timer2 Frigk A eI an
K =TM2B[7:0] : FBRZFAF A58 HME CHakdiD
S1=TM2S[6:5] : Ti/rMias s Efd (S1=1, 4, 16, 64)
S2 = TM2S[4:0] : sr#iissfl (Hiffl, S2=0~31)

Bila:
TM2C = 0b0001_1110, Y=4MHz
TM2B = 0b0111_1111, K=127
TM2S = 0b0_00_00000, S1=1, S2=0
> WHIE = AMHz + (256 x 1 x (0+1) ) = 15.625KHz

2> Ha b = [(127+1) + 256] x 100% = 50%

B 2:
TM2C = 0b0001_1110, Y=4MHz
TM2B = 0b0000_1001, K =9
TM2S = 0b0_00_00000, S1=1, S2=0
> KR = AMHz + (256 x 1 x (0+1) ) = 15.625KHz

> A = [(9+1) + 256] x 100% = 3.9%

18 Timer2 & 887742 PWM B (7R RS 7 U0 R B :
void FPPAO (void)

{

.ADJUST_IC SYSCLK=IHRC/4, IHRC=16MHz, Vpp=5V

TM2CT = 0x00;

TM2B = Ox7f;
TM2S = 0b0_00_00001; /I8 fii PWM, FisM#i =1, /4 =2
TM2C = 0b0001_10_1_O0; HRGi 5, Hid = PA3, PWM izt
while(1)
{

nop;
}

Page 42 of 74



.9

L/ PFC154 - TV %%
LF&%%

8 fir MTP 10 REL B L

10.2.4. f#H Timer2 ;24 6 iz PWM EIE

10.3.

10.3.1.

TSIEEE 6 i PWM RS, M. TM2C.1=1, TM2S.7 =1, IR 5 S T s T .

HHHRR =Y < [64 x S1 x (S2+1) ]

WA EH = [(K+1)+ 64]x100%

ﬁ%’
Y = TM2C[7:4] : Timer2 k£ i epJgsn s
K =TM2B[7:0] : LIRZFAFa e e (Tt
S1=TM2S[6:5] : T/ sat el (S1=1, 4, 16, 64)
S2 =TM2S[4:0] : sr¥dsft (+idkl, S2=0~31)

Bla:
TM2C = 0b0001_1110, Y=4MHz
TM2B = 0b0011_1111, K=63
TM2S = 0b1_00_00000, S1=1, S2=0
> MR = AMHz + (64 x 1 x (0+1) ) = 62.5KHz
> A b = [(63+1) + 64] x 100% = 100%

Bil2:
TM2C = 0b0001_1110, Y=4MHz
TM2B = 0b0000_0000, K=0
TM2S = 0b1_00_00000, S1=1, S2=0
D> WHIE = 4AMHz = (64 x 1 x (0+1) ) = 62.5KHz
> Hlas b = [(0+1) + 64] x 100% =1.5%

11 A PWM %188

PFC154 5 =/~ 11 {7 ) PWM A B2 (PWMGO, PWMG1 & PWMG2). LA PWMGO Al i B 11 12 PWM
MRS, AR R IR 2R L. BREE PWM it 10 mIiEun .
(1) PWMGO — PAO, PB4, PB5

(2) PWMGL1 — PA4, PB6, PB7
(3)PWMG2 — PA3, PB2, PB3, PA5 ({j EL#3 A ¥ PA5)

PWM #TE
PWM 7% (B 13) H AL (Tperiog =/ TAIED F1—ANJE 1 B L B RO ] (5 25H) o« PWM B
R EUR T 3 (fowm = LUTrerion), PWM B2 R g T — AN 3 B3O 30 (N AR, 2N X Toow =

TPeriod) °
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PADAUK 8 fiL MTP 10 K& 5 5 #l

Mot

+«—> 5%
iNga I’U‘L ....... I_LI_L
— ~ _J

N fir 5

K 13: PWM Fi e

10.3.2. AR SAER

K 14 72 11 (i es PWMGO FIRELRHER] o IX AN B I 8P T L& IHRC B8 RGN 8. A7 8
PWMGOC ARk FH PWM RY%n 0. PWM KR %74 PWMGOCUBH #il PWMGOCUBL 5,
PWM ] 525t & 72 8% PWMGODTH I PWMGODTL #:5E .

FEFILI GPC_PWM, AIgk# i UL s 45 iz PWM BOERF . 2% Timer2 75,

HZELLE PWM
e => B Py
wr_PWMGODTH () I8 its ez ESR Pﬁﬁé%??
m (11 fir) :
3 bits
wr_PWMGODTL — = |zt F— L l
=22 TR A = lL PWM PWM
() > hi s —p THTER
_ by & [
PWMGOS[4:0] | PWM JEH] LenfanE iyl
PWMGOS.7
PWMGOC.0  pwmGos(6:5] PWM iy 1,
u PWMGOC.1 ik FES
IHRCH 8 | l ﬁ il p PB4
—> > iibagil Pk s
el | - 1L {rPWMIE Fit% T PAD
CLK % L4, |77 i
%ﬁgﬁﬁﬂ‘ﬁ] % 16, 64 1~31
—_— ﬁ PWMGOC.5 £
PWMGOC[3:1]
.ﬁ%ﬂlﬁw
wr pwmcocusH | PWM-ERREF .
R mE@
8 bits i
WM LS : (11 fir > FAKALH0)
wr_PWMGOCUBL|  7sa(r) —
—_— 2 hits

14: 11 7 PWM A28 (PWMGO) AEf-HE &
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PFC154 - T Z%
8 A MTP 10 K& B Fr il

A
OX7FF

Counter_Bound[10:0]

11-bit

Counter
Duty[10:0]

Output

v

Output Timing Diagram for 11 -bit PWM generation

v

Time

Time

15 : 11 f7 PWM 2 piss (PWMGO) 4 s 1K

10.3.3. 11 fr PWM BB HEAR

11bit PWM HI55RFN 5 25 tea] BB N A RS H

PWM HitH & Fpww =

PWM 52 (BFE)D

F clock source ¥ [ P X (K +1) x (CB10_1 + 1) ]

= (1/Fpwy) X (DB10_1 + DBO x 0.5 + 0.5) + (CB10_1 + 1)

PWM 5% H (H4rH) =(DB10 1+ DBO0 x 0.5 + 0.5) =+ (CB10_1 + 1) x 100%

XH,

P = PWMGKxXS [6:5]: Tiis#il (P =1, 4, 16, 64)

K = PWMGKXS [4:0]: Z#iidsfi (Tidifl, K=0~31)
DB10_1 = Duty_Bound[10:1] = {PWMGXDTH][7:0],PWMGxXDTL[7:6]},

DBO = Duty_Bound[0] = PWMGXDTL][5]

At

CB10_1 = Counter_Bound[10:1] = {PWMGXCUBH[7:0],PWMGxXCUBL[7:6]}, if#i#s
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'j' PADAUK 8 fir MTP 10 KA B L

10.3.4. 11bit PWM RS

10.3.4.1. PWMGO #&iill % 248 (PWMGOC), Hihk= 0x20

hr | WIBRE | 5 # R
7 0 i B PWMGO0. 0/1: 1=H / .
PWMGO A= il R A .

IEPE PWMGO [t 45 52 15 s i
0/1: 1=H 1 JFH.

PWMGO #2815 %,
BUMEE PWMGO i3, 7EE PWMGO it#s, X MisEZA 0.

% PWMGO %t -
000: AN

001: PB5

011: PAO

100: PB4

HAl: R

. | PWMGO K4, 0: CLK, 1: IHRC B{# IHRC*2
(%5 PWM_source #54)

5
I

P
SE

6

/

2
i

5 0

10.3.4.2. PWMGO 3 & FF48(PWMGOS), Hihib= 0x21
A HMHE | ®5 # R

PWMGO i .
7 0 RE | 0: HiHECONBEE R 5 28 LU = A v by
1: M0 0 P2 A ik

PWMGO T34

d

00: =1
6-5 0 HE | 01: +4

10: +16

11: =64
4-0 0 HE | PWMGO 434

10.3.4.3. PWMGO % b R &AL & 748 (PWMGOCUBH), Hilik= 0x24

A YIgiE | /5 # B
7-0 - H5 | PWMGO L RFFE#841[10:3] -

10.3.4.4. PWMGO 1+# EFREA I FF88(PWMGOCUBL), Hilik= 0x25

hr | WIBRE | 5 # R
7-6 R5 | PWMGO FRZFFFEAI[2:1] -

5 RE | PWMGO LR Z1E#347[0].
4-0 - - TRER .
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Tj PADAUK 8 it MTP 10 ZREI & F#l

i¥,

10.3.4.5.PWMGO 5% th AL & /745 (PWMGODTH), Hiht = 0x22
A HMHE | ®5 # R
7-0 - RE | PWMGO &7 EAZ[10:3]

10.3.4.6. PWMGO 5 2* WAL & 788 (PWMGODTL), Hihik = 0x23
L | BIMRE | BB # b
7-5 - H5 | PWMGO (5% i A7[2:0] -
4-0 - - RE .
HER: PWMGO HFHEFHFRIEE, E4LE PWMGODTL, 55 PWMGODTH.

10.3.4.7. PWMG1 #iil % 728 (PWMGLC), Hihk=0x26

AL YimE | 5 # R
7 0 25 | JBH PWMG1. 0/1: =4 /1 BEH
6 - Hit | PWMGL 4 f 28 RS .
5 0 e R PWMGL % g B 5 kit .
0/1: &M 1 BH
v 0 s PWMG1 H3287 %,
| BB E PWMGL L, TR PWMGL iH R, XM EEH 0.
B PWMGL #iH
000: A%
001: PB6
3-1 0 A= ’
WS 011: pag
100: PB7
Hfth: {18
0 0 i | PWMGL IERE. 0: CLK, 1. IHRC 2k IHRC*2
A (R T PWM_source )

10.3.4.8. PWMGL 73 & 44 (PWMGLS), Hilk= 0x27

A YImHE | /5 # B
PWMG1 i,

7 0 RE | 0: HIHECN W E ) b 25 B = A v B
1: 4340k 0 FE AR I
PWMG1 T4,
00: =1

6-5 0 HE | 01: +4
10: +16
11: =64

4-0 0 HE | PWMGL 44i.
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' 8 fir MTP 10 KT & FrH1

10.3.4.9. PWMGL i+ # IR &AL F A4 (PWMG1CUBH), Hilik= 0x2A
A HMHE | ®5 # R
7-0 0x00 HE | PWMGL EIRZFA#A[10:3] »

10.3.4.10. PWMG1 ¥ EREALEFF788 (PWMGLCUBL), #ifik= 0x2B

fr | WIRRE | BB # B
7-6 00 HRE | PWMGL ERZFfERRAL[2:1] -

5 0 HE | PWMGL EIRZA72447[0].
4-0 - - TREd .

10.3.4.11. PWMG1 HZE HHALFF#(PWMGLDTH), #ihk = 0x28

A YIgiE | /5 # B
7-0 0x00 HE | PWMG1 5= WAENAL[10:3] »

10.3.4.12. PWMGL 5% IR HFFERF(PWMGLDTL), Hidk = 0x29

AL YimE | 5 # R
7-5 000 H5 | PWMGL 5= tEL [2:0] -
4-0 R,

ER: PWMGL 5 EFABNEE, B4AE PWMGLDTL, j5E PWMG1DTH.

10.3.4.13. PWMG2 #&#5F F#(PWMG2C), #ihk= 0x2C

L YIgHE | /5 # 2
7 0 WE | B PWMG2. 0/1: =M 1 BH
6 HiE | PWMG2 A lidsin HRaESs.
5 0 s B PWMG2 (%0 H 45 512 3 bl
0/1: 1M 1 BH
4 0 e PWMG2 iH##8i5 %,
M BeaiEE PWMG2 i, 1 PWMG2 S, X A& E3hi 2.
LB PWMG2 i
000: At
001: PB3
3-1 0 /5 | 011: PA3
100: PB2
101: PAS (fjEZBIATED
Hfth: {18
0 0 i | PWMG2 BERE. 0: CLK, 1. IHRC 2k IHRC*2
A (R T PWM_source )
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8 A MTP 10 K& B Fr il

10.3.4.14. PWMG2 4355 25 (PWMG2S), Hilik= 0x2D

fr | ¥0MEME | BB

B

PWMG2 i,
7 0 R | 0: B ECh W e I b 25 Bk = A vp B
1: MiH-H0N 0 P2 A ik

PWMG2 Fi/4i.

00: =1
6-5 0 Hiz | 01: +4

10: +16

11: =64
4-0 0 HiE | PWMG2 434

10.3.4.15. PWMG2 ¥ E R B AL & 78 (PWMG2CUBH), #ihk= 0x30

fr | ¥0MEME | BB

B

7-0 | Ox00 HE | PWMG2 FRZFAF2141[10:3] -

10.3.4.16. PWMG2 ¥ EFRRAL & 235 (PWMG2CUBL), #idik= 0x31

fr | ¥IRRE | BB R
7-6 00 RE | PWMG2 FRZFAFERAI[2:1] »

5 0 RE | PWMG2 LR % 1E#347[0].
4-0 - - TRE -

10.3.4.17.PWMG2 HZHEMHFFER(PWMG2DTH), #ilik = 0x2E

AL | BiRlE | B

#H R

7-0 | 0x00 RE | PWMG2 S HEA[10:3] »

10.3.4.18.PWMG2 5 2 LR AL A28 (PWMG2DTL), Hilk = Ox2F

fr | ¥0MEME | BB

B

=

7-5 000 HE

PWMG2 57 LB f2[2:0] -

4-0

73:48

HER: PWMG2 KB HLEHER

s, BE4hS PWMG2DTL, J§E PWMG2DTH.
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8 fir MTP 10 REL B L

10.3.5. HWHXMEXE PWM B EH

e DLHPEAS 11bit PWM A= plds i i 9 % BT SEIX 1 PWM 3 E. BL PWMGO %t PWMO &
PWMGL it PWM1 Rf%l, (Timer2 & Timer3 1 a] 4 H 5 84 HAMNEX Y 8bit PWM 7, HJFEHE 5 s
L, ANEFEARR) , BESENR:

#define dead_zone R 2 I AT PWML EFHEZ BTIBEIX ], A&k
#define dead zone F 3 I AT PWML TR G RBEIX A, A&k

void FPPAO (void)

{
ADJUST_IC SYSCLK=IHRC/16, IHRC=16MHz, VDD=5V;

60; Il fR&EPWMO K 5=t
100 - duty; I RFEPWML K525

Byte duty
Byte _duty

//************** -i& EH-%IJ: I}E& 5 '/3:? H: Fkkkkkkkkkkkkk

PWMGODTL = 0x00;

PWMGODTH = _duty;

PWMGOCUBL = 0x00;

PWMGOCUBH = 100;

PWMG1DTL = 0x00;

PWMG1DTH = _duty-dead_zone F; /I duty 77 PWML KU 5 HISE X I} A]
PWMG1CUBL = 0x00;

PWMG1CUBH = 100;

" PA_EJRAETF PWM Z BT IRE

/I * Kk kkkkkkkk iﬁiﬂj?’i?ﬁﬂ KKk dkkkk kK kkkkkkkkk
$ PWMGOC Enable,Inverse,PA0,SYSCLK; /I PWMGO %t PWMO 3 £ PAO
$ PWMGOS INTR_AT_DUTY,/1,/1;

.delay dead_zone R; i H delay 17 2% PWML _ETH S 2 B B8 X it 1]
$ PWMGLC Enable, PA4, SYSCLK; /I PWMG1 firth PWM1 33 PA4

$ PWMG1S INTR_AT_DUTY, /1, /1;

s YERE: SERH R A ORR, (REDITFTAES) oo

While(1)
{ nop; }
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8 fir MTP 10 REL B L

DL AR AR PWMO / PWML BT H0E 16 BT 7w .

PWMO

PWM1

16 : W HA PWM HE

AT LME e FE 5 R dead_zone_R il dead_zone_F HIS{E KA PWML SR/ B8 X s IR] K
% 8 PR LA BE DX B [ 7 (8t , L 2% . Horb, 25 dead time = 4us, ] PWML /& HF il 4%
A 4us HIFEX .

dead Time (us) dead _zone R dead _zone F
4 CH/MED 0 2
6 2 3
8 4 4
10 6 5
12 8 6
14 10 7

* 8: SLIXIEZHEHUE

dead_zone_R #il dead_zone_F 75 L[N G4 RefS BB AR RIFEIX I ] A5 FH P AELEE R B AR K [X I
i), 147 dead_zone R Al dead_zone F FFERF & LA 44

dead_zone R

dead zone F

1/2/3 >1
4/5/617 >2
8/9 >3
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PADAUK 8 if MTP 10 K& s Fr il

b
i¥,

11 K¥BRTDAE

11.1. HB 28

PFC154 W& —MF b, MAAERIE 17. &0 LB AN N\ b 2 (8] 015 5 K/ o 3E4T Ee s 1 7
Mg, —MrRIERAN, AN, EfAfBZFF4 GPCC.0 EH; ffi\H GPCC[3:1] #&#*.

Eb A s gt 5 T DA

(1) 1 GPCC.6 ZHL K

(2) 1 GPCC.4 PRt 5 5 2 15 AR

(3) 1 GPCC.5 & #5275 i Time2(TM2_CLK)RA¥ 4 Hi
(4) H GPCS.7 52 & th 2| PAO;

(5) FFAEFWIE S
16 stages
VDD
_|—_ 8R 8R A 8R
GPCS.5=1 {7
GPCS.5=0 0— OOOJV\/—t/\/\/—C gﬁgijﬁ
uXx
|
GPCC[311] Vinternal R
PA3 —»1000
PA4 »001 M B R
Bandgap »i010 U GPCCA4—
o011 X X
PB6 »100 o
i GPCC.6
PB7 »101 '\L/J' R
0 0 > X
F{ © ] PAO
MUX[— _ i 2
Timer 2 Bf4f
PA4 —|1 —
A TM2 CLK GPCC.5
GPCC.0 GPCS.7

K17 - Lhiseds ok A
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'j' PADAUK 8 fir MTP 10 KA B L

11.1.1. R iEHI#788 (GPCC), Hbik= 0x18

L YIwHE | /5 # &
FHLREE., 0/1 . E=HIEH

! 0 s MU E R T,V R I AR S A AN T R B, AR R
ERYEL TR
6 - A | 0: IEfIA < fidaA

1: Eiﬁj)\ > ﬁiﬁj)\

PR AR 4 R T TM2_CLK KAt .
5 0 B | 0: HWERAR A B AH TM2_CLK KA H

1: HRECES 45 B2 TM2_CLK RAEf H
PR A R A HE 5 SR R A SO

4 0 BLIE | 0 LEAsH e WA ki

1. PR a2 SR v

PR HL AR U N ISR

000: PA3
001: PA4
v~ | 010: & 1.20 V Band % I+
3.1 000 s okl andgap 2% Hi [k
011: Vinternal R

100: PB6 (A& EVSE)
101: PB7 CIN&EM EVS 1 E)D

11X: R

e LLAL AR IE A A IR YA
0 0 li/g 0: Vinternal R

1: PA4

11.1.2. WEBEFFHFR(GPCS), Hik = 0x19

hL | WIMGE | /B # R
Pegedsi i B A (2] PAO)
7 0 H5 | 0o/1: EHIEH.
(HER, R R s 2] PAO, I PA3 S i . S2PR IC WA a8
- TR o
HE | RS HE B Vigena r 5 FTEH
R | RS HE IR Virema r BAKIITEHE .
3-0 | o000 | nm= EPE AR S UK Vinernal ko

0000 (HfK)> ~ 1111 (H&ED
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PADAUK 8 fiL MTP 10 K& 5 5 #l

11.1.3. AHSHHE (Vinternal R)

b
H
i,

WS HE Vigemna r B & B HIHALE, A LLUB IS & /74 GPCS[5:0]K ¥ & HAREE, 75 H M
(1/32)*vDD %I (3/4)*VDD. Ziff#s GPCS HIAL 4 FIf7 5 FHKIZEFE Vinemar r IR MERARAE s £7[3:0]H Tik
PP H KT, X HLE KPR T Vinernal r FI R 1 ATERAGAE 923 16 540 o

Case 1: GPCS.5=0 & GPCS.4=0
VDD

TR B,

sl GPCS 4=0
GPCS. S_W GPCS.4=1

!

V internal = (3/4) VDD ~ (1/4) VDD + (1/32) VDD
@ GPCS[3:0] = 1111 ~ GPCS[3:0] = 0000

16 stages

1
Viiemag= —— VDD H0+1) * VDD, n = GPCS[3:0] in decimal
4 32

E] 18 : VinternaIR ﬁﬁ%ﬁ?‘%?ﬁ (GPCSSZO & GPCS4:0)

Case 2: GPCS.5=0 & GPCS.4=1

16 stages

A
/@6—0 4 I 'D——/\%—%
GPCS.5=1 R GPCS.4=0
L 2N I ]
GPCS.S:W
|

GPCS[3:0F=——= MUX

!

v internal R~ (2/3) VDD ~ (1/24) VDD
@ GPCS[3:0] = 1111 ~ GPCS[3:0] = 0000

VDD

i

GPCS.4=1

(n+1)
Vinternal R= _24 VDD, n = GPCS[3:0] in decimal

B 19:  Vigemar ffFEE (GPCS.5=0 & GPCS.4=1)
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8 it MTP 10 &A1 F-#l

Case 3: GPCS.5=1 & GPCS.4=0

16 stages
VDD PN
L ~ ~ ,__/\96_{
pPCS.5= R GPCS.4=0
L 2N I ]
GPCS.5=0

GPCS.4=1

GPCS[3:0F=——= MUX
V irternalr= (3/5) VDD ~ (1/5) VDD + (1/40) VDD
@ GPCS[3:0] = 1111 ~ GPCS[3:0] = 0000

1
v - *vop +"*1) * ypp n = GPCS[3:0]in decimal

40

internal R~

20 : Vigemar BifFE:%L (GPCS.5=1 & GPCS.4=0)

Case 4: GPCS.5=1 & GPCS.4=1

16 stages
VDD PN
L - ~ ,__/\96_{
GPCS.5= R GPCS.4=0
L 2N I ]
GPCS.5=0

GPCS.4=1

GPCS[3:0F=——= MUX
v internal R~ (1"‘2) VDD ~ (11"32) vDD
@ GPCS[3:0] = 1111 ~ GPCS[3:0] = 0000

(n+1)
Vinternal R= _32 VDD, n = GPCS[3:0] in decimal

K21 : Vigemair f{FHE (GPCS.5=1 & GPCS.4=1)
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j' PADAUK 8 AL MTP 10 &I FHl
11.1.4. fFHKER
Bl—:

e PA3 NI AR Vigemar 1 HLIE 9(18/32)*VDD 1E N IEHIA o Vinterna r 1635 _F B GPCS[5:4] = 2b’00
flc & 75 3%, GPCS[3:0] = 4b'1001 (n=9) LAZE Vinerma r = (1/4)*VDD + [(9+1)/32]*VDD = [(9+9)/32]*VDD =
(18/32)*VDD {1 Z# HiJ%

GPCS =0b0_0_00_1001; Il Vinternai R = Vop*(18/32)

GPCC =0b1_0_0 0 000 O; Il Ja sy, fiN: PA3, IEfIAN: Vinemar
PADIER = 0bxxxx_0_XXX; I 15 PA3 B AN Ib R (x: I HE)D
EEa

$ GPCS Vpp*18/32;

$ GPCC Enable, N_PA3, P_R; Il N_xx 2N, P_RIEKREMALEATLSHEHIE
PADIER = 0bxxxx_0_xxXx;

=
PPt Vinernal R AT, Vinema r FIHLEN(22/40)*VDD, 4% PA4 NIEHIN, HLEgs K45 B sk i )

i #) PAO. Vinema r 18 ERMACE 73X “GPCS[5:4] = 2b'10” 1 GPCS[3:0] = 4b'1101 (n=13) 5%
Vinternal r = (1/5)*VDD + [(13+1)/40]*VDD = [(13+9)/40]*VDD = (22/40)*VDD.

GPCS =0b1 0 10 1101; I 5] PAOs Vinernal v = Vio™(22/40)

GPCC =0b1_0_0_1_011_1; I MRS, A8A=Vikemar» EHIA=PA4
PADIER = 0bxxx_0_XXXX; Il 15 PA4 Bt NB LR (x: I EE)D
EEa

$ GPCS Output, Vpp*22/40;
$ GPCC Enable, Inverse, N_R, P_PA4; /| N_RAREFAMNZNELSHE L, P_xx ZIEHIA
PADIER = 0bxxx_0_XXXX;

HR: ik PAO LSS RN, GPCS i PA3 Hf Fbm i hae, (HAFENISLER 1IC f1Th
AE, TR Fa T X AME O
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')” PADAUK 8 fir MTP 10 KT & FrH1

11.1.5. fEFHELBEEA1 Bandgap &% B R4 Bias

P Bandgap 2% Hi R AL RS nT LA AE 1.20V , B AT LA E AN F IR B R K. % Bandgap 2
%EEH_{W‘ U\ﬁ{ﬁiﬁiﬁ)\i\b*umiﬁj\ Vinternal R [:I:i‘fj—éo Vinternal R E(J Eﬁlﬁ% VDD’ %Uﬂ%ﬁ%%& Vinternal R EEAJ:E7J(S'Z$H
Bandgap 2% ML UL, who] LUAITE VDD HHE.

WE N (GPCS[3:0]H#EH]) ik Vinerna g TIEVT 1.20V , A4 VDD W ERL AT LLE R A AR TR :

XfF Case 1 1M &: Vpp=[32/(N+9)]*1.20 volt;
X Case 2 1M &: Vpp=[24/(N+1)]*1.20 volt ;
%fF Case 3 1M &F: Voo =[40/(N+9)]*1.20 volt ;
X Case 4 1MiF: Vpp=[32/(N+1)]*1.20 volt ;

@J—‘:

$ GPCS Vpp*12/40; /I 4.0V *12/40 = 1.2V
$ GPCC Enable, BANDGAP, P_R; /I BANDGAP =Z 4N, P_RMAREMAZNESE L
if (GPC_Out) Il 5 GPCC.6

{

Il 4 Vpp >4V

}

else

{

I M Vpp<4Vv

}
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PADAUK 8 fir MTP 10 K& & Fr il

11.2. VDD/2 {mE B Er=4 5%

>

PFC154 [1] PA4. PA3. PAO. PBO iX Yz 5| AT LAr=4: VDD/2 UAE N IR B i i~ w5 COM HI D) RE,
ZIRE R LAl 3 B A7 MISC.4 8 LRISH .

ZLT S FE2E(MISC), Hink = 0x08

fir PIsE1E BI5 B

f#6E LCD 87~ VDD/2 Thék. 0/1: ZH /| BH

miy=
4 0 5 BRSO

COM i il i 3 N 4 A (PAC.x / PBC.x=0)#k Atk Y VDD/2 HiJE . {H & vE i B o6 I b Fr o Bl
PAPH.x / PBPH.x fl%#%i N\ PADIER.x / PBDIER.x [ (L4 58552 2Tt . B 22 Son 7 anfafdi H oy g .

COM 3 1 i HH Zh g 5 HAB IEH (1 10 — 4%

VDD

— % VDD/2

GND

R TR =
e e <

|

I

SO H R FAL

R Rt

———mm-- >

5HBRRIA

-
:

1 B A H A s AL

Kl 22: f§1H VDD/2 i & H = 2%
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PADAUK 8 it MTP 10 ZREI & F#l

12 i EEEEM

W ff | PDK5S-1-S01 5 PDK5S-I-S02(B) /i H# . H PDK5S-I1-S01/2(B) 1/ H i, i5F S LA T JLAs:

@)
)
®3)
(4)
®)
(6)
)

Fl PDK5S-1-S01/2(B)f/i Z.iF, AN #F nadd, comp #54

H PDK5S-1-S01/2(B)f/i I, A SCRF RS 4 SYSCLK = ILRC/16

F PDK5S-1-S01/2(B)f/i &I, A% Ffilid MISC.4 )& #E LCD IR5h[1) VDD/2, HAsREE 180
H PDK5S-1-S01/2(B)f/i ZItf, A3 KfF TM2C.GPCRS #l TM3C.GPCRS

F PDK5S-1-S01/2(B)f/i E.iF, A3 #F PWMG2C.PAS

4 GPCS &% Output | PAO Hiith i, PA3 i th DiRe 2 52 521

IC ()7 [0 38 H IR [A) A0 B PDKSS-1-S01/2(B) i EANA, #nF:

WDT % H i Ja] PDK5S-1-S01/2(B) PFC154
MISC[1:0]=00 2048 * Tyre 8192 * Tyre
MISC[1:0]=01 4096 * Ty rc 16384 * T\ rc
MISC[1:0]=10 16384 * T\ rc 65536 * T\ rc
MISC[1:0]=11 256 * TiLre 262144 * T\ e
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13. JRITIE

13.1.

13.2.

158 PDK5S-P-003 #E47%¢5 . PDK3S-P-002 5.2 Hiff1ke 7 8% ¥ AN Hr b 5% PFC154.
Jumper EHz: KRGS RS B UL, &8 jumper BT,
T P A4 Sz B 1l ade 56 DA R P A e i X

IE FHVE -
o UM |C, FFAERESEES A IC HEEEEERE > EALE S .
® 5% (MCP) IC, 1HE PFC154 &1 IC Koo ASH LA N HIERIR, AL LT BHIERFEE,

YEHRFEA R

(1) VDD %F 7.8V, T KL i s Al ik 4] 20mA.
(2) PA5 % T 5.5V,

(3) HAtpesksI (GND FR4M) 4T VDD.

HERR:

® I7E handler EX} IC #4THER, E% %M APNO04 & APNO11 HI¥RREEAT.

® AXTHLEETAT AT, BT RFRAAEA RS IC E828 I ) VDD A GND Z BliE#: 0.01uF HA.
{BY) S EEEAME 0.01uF DA EFHEE, DLl pe st mizaT .

FR e st =

IE HVE -

® {EMKESE (On-board Writing) , 1B &L i K AHAEAR S LU R RN, RSx4 LT B 1 7 4
B S HIEMR e TR

® 5% (MCP) IC, 1HE PFC154 %1 IC KIoeEAS LA T HIERIR, AL LLT BIERFE4E,

BR B Jpe S =X i B 2% A

(1) VDD %7 5.0V, i KAL4s HL i B = T IE 2] 20mA.
(2) PA5 %+ 5.0V

(3) HAhkek5IH (GND FR4h) %F VDD.

A BRI AR I, TR 88 ALl ik B“MTP On-board VDD limitation” 5% “On-board Program” (i
Fher 4 PDK5S-P-003 (I FAD)
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13.3. fEREER (On-Board Writing)

PFC154 7] DL FFEMBES . FHBAENREES, 48 IC S A B b s g S 4, B E4EES PCB F, FFxt
IC BEATBERIIG Il. LEMUBS R 75 B {fi F] PDK5S-P-003 - Fifi5]4k: ICPCK. ICPDA. VDD. GND #1 ICVPP,
HT5 IC L1 PA3. PA6. VDD. GND Hi1 PA5 % 3 AHi% o

i,

PDK-5S-P003 : PCBA MCU
|
VDD O— } VDD
ICVPP © : PA5
ICPDA ©— | PA6
|
ICPCK © I PA3
GND ©— | GND
|
|
|
: vd Bd B
|

R B A g
% 23: fEMRbER LR A
K23 i) S JyHIPHERRZ, FHTRRE R oI 2t b i . RIHN 210K Q, H%¥ R <220pF.

[

TR

— MR, AEAR BTN PR IE R . 1E S TR R Rt B X A U 1

PCB L[} VDD 5 GND Z[AIATERA 5.0V 8LLLF B4R K A Bl H At AR ) 5.0V 77 A= 1) i B BT 1
PCB L) VDD 5 GND Z[AIANATIEHA bl 500uF BLL F A HLA 25

— kUL, T HRFINE 1 PA3, PAS K PA6 5, ABEfE st .
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8 it MTP 10 28818 HL

PADAUK

14.1. &5 KME
2R BME | BREME | BKE | B &
HiJ5 5 (VDD) 2.2 5.5 Y% Y HL R B K AN R 5.5V, BIE REHRIR IC
HNHL R -0.3 Vpp + 0.3 \Y;
TAERE -40 85 °C
il U -50 125 °C
il 150 °C

14.2. B ABESRE

NI BEERRR R SIS, BT Vop=5V, fsys=2MHz Z 5% F3k45.

# 5 ;G B/ME | BEUE | RKME | B %
Voo | LAEHE 2.2* 5.5 V [*5 LVR iRZEHE
LVR% |LVR %% -5 5 %
ARG =
IHRC/2 0 8M Vpp=3.5V
fsys IHRC/4 0 4M Hy Vpp=2.5V
IHRC/8 0 2M Vpp=2.2V
ILRC 66K Vpp = 5V
Veor | LB HE 2.1 2.2 2.3 Vv
0.55 mA |fsys=IHRC/16=1MIPS@5V
lop | TAFHLIR 83 uA |fsys=ILRC=66KHz@5V
92 uA |fsys=EOSC=32KHz@5V
| P F AV AR FEIR L DA s OHz Ve eBY
e (H stopsys %) svs Vop
| A H AT FE R . N
Ps (Ji] stopexe 74, M IHRC) po
Ve |IANEHE 0 0.1Vpp
Vig | HAE R 0.7 Vop Voo
1O Fr s CIE S
*PA0,PA3,PA4,PB2,PB5,PB6 26
*PA6,PA7,PA5,PB0,PB1,PB3,PB4, mA | Vpp=5V, Vo =0.5V
loL 20
PB7
10 frH e LI (IR HD
4310 | 7 MA | Vpp=5V, Vo =0.5V
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i e BAME | BAUE | BKE | B %
o (e} iﬁﬁbﬂ%ﬁ%ﬂ%?ﬁ CIEE ) 15 oA | Vo5V, Vor=4.5V
1O i th Kz . (IRA HD 5
Vin  |HIAHE -0.3 Vppt0.3 | V
ling ey | BB 51N FRAR 1 mA | Vpp+0.32V= -0.3
Rpy | FHiHFH 105 KQ |Vpp=5.0V
15.84* 16* 16.16* Vpp =5V, Ta=25°C
fure | IHRC farHisig (RHEE)  * 15.20* 16+ 16.80¢ | MHZ VDDO=2_2V~5_5OV,
-40°C <Ta<85°C*
tnr | PWTIKIRBEE 30 ns |Vpp=3.3V
Vor | BUHE At 25 2500 R A HL TR 1.5 Vo TR
8K MISC[1:0]=00 C(ERiA)
twor | & [ 1R IR v H [ 16K Tire MISC[1.0]=01
64K MISC[1:0]=10
256K MISC[1:0]=11
tsep | G0 HLITHLI[A] 47 ms |Vpp=5.0V
twup | PERIEET (A 3000 Tire | Tire #2 ILRC I 3
trst | AP ARk 120 us
CPos | L E* - +10 +20 mvV
CPcm | Fb A a5 FLAs N\ L i * 0 Vop-1.5 |V
CPspt | Lre a5 i o7 i [ 100 500 ns | _EFRAN R BRI —FE
CPmc | HB s B i 38 Fa i I 1) 25 7.5 us
CPcs | Lk LT #E 20 UA |Vpp=3.3V

RS HOR BB HAE, FFAZ NS AN,

FEPEER SERr Al . 5 BB A A SR R 50, A% h B e e I B E A 2 T A
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14.3. IHRC X 5 VDD R R ML E (KR#HEZR| 16MHz)

IHRC Frequency Deviation vs. VDD

b
H
i¥,

0.6

9 05 A&“\

c 04 ol -

E 0.3 / +Avg."<
] 02

® 0.1 //

{ DD ] L1 ] L1 ] ] L1 ] L1 ] ] L1 ] L1

20 24 28 32 36 40 44 48 52 56 6.0

VDD (Volt)

14.4. ILRC #iZE 5 VDD KR &

ILRC Frequency vs. VDD
68
o0 M
64
62 //
60 4 —e—Avg.
58

o6

54 | | | | | | | | | | | | | | | | | | | |
2 24 28 32 36 4 44 48 52 56 6

Avg. ILRC Freq. (KHz)

VDD (Volt)
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14.5. IHRC iR 5HEERAMLE (RK#HR] 16MHzZ)

Drift (%)

IHRC Drift

——VDD=5.0V
—=—\/DD=4.0V

VDD=3.3V

VDD=2.5V

——=VDD=2.0V

-40 -30 -20 -10 O 10 25 35 45 55 65 75 85

Temperature (degree C)

14.6. ILRC ME 5EEFXR R ML E

ILRC(KHz)

80

ILRC Drift

75

70

——VDD=5.0V
|| —=—\/DD=4.0V
VDD=3.3V
|| VDD=2.5V
——VDD=2.0V

—

65

60

e :/’
7,/;7"4
/

29

I

50

-40 -30 -20 -10

Temperature (degree C)

0 10 25 35 45 55 65 75 85
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14.7. TAEHEWS VDD, REGiH4F CLK=IHRC/n #i£kE

%4t PR IHRC, Bandgap; <HIRIEEEEE:: ILRC, LVR, T16;
IO 5Ifl: PAO L\ 0.5Hz MR il i R a2 ¥edar i, JE 6k FAbBI: v\ HAFS

Current (mA)

IHRC/n vs. VDD
—e— IHRC/2 s
—e—IHRC/4 /
—m IHRC/8
IHRC/16 /
IHRC/32
—%— IHRC/64 /
0/
2 25 3 35 4 45 5 55
VDD (V)

14.8. T/EHR5 VDD, R4H 8 CLK=ILRC/n £

XAt FFRMAEEEEL: ILRC, Bandgap; SRR IHRC, T16, LVR;
IO 5l fH: PAO DL 0.5Hz Sl ik i EAc#iedin e, TEHEk, HAMb5IE: v\ EAFES

100
90

70
60
50
40
30

Current (UA)

80 H

ILRC/n vs. VDD

—=—ILRC/1
—e—ILRC/4
ILRC/186

55

VDD (V)
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14.9. T/EH%S VDD, &%ik48k CLK=32KHz EOSC/n Hi£E

ZAF: B EOSC, Bandgap:; <EMEELF#LL: IHRC, T16, LVR, ILRC;
10 5If#l: PAO DL 0.5Hz MR |k e s ettt , To6idk: HAMSI: BN HAES

Current (UA)

120

100

80

60

40

20

EOSC(32KHz) Operation Current vs. VDD

EOSC/1

—8—EOSC/2
—e—EOSC/4

—m—EOSC/8

25 3 3.5 45 5 55

VDD (V)

14.10. TAEH# S VDD REGiH 8 CLK=1MHz EOSC/n HZF

%A FFBIEH L. EOSC, Bandgap; R<HAMMEF#L: IHRC, T16, LVR, ILRC;
1O 5Ifl: PAO LA 0.5Hz #il% Sl v JEAS e e, T figk, HAMSIHE: SN EA TS

Current (mA)

14
12

1
0.8
06
04
0.2

0

EOSC(1MHz) Operation Current vs. VDD

2

— EOSC/1 |
|| _e—EOSC/2
| | _e—EOSC/4 /
| | —m—EOSC/8
25 3 35 4 45 5 55
VDD (V)
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14.11. TAEHHS VDD, RGiH 8 CLK=4MHz EOSC/n HZF

%A FFBIELFEL: EOSC, Bandgap; <HMEF#EL: IHRC, T16, LVR, ILRC;
1O 5Ifl: PAO LA 0.5Hz #il Sl v I AS e e, T figl, HAMSIHE: SN EA TS

b
H
i¥,

EOSC(4MHz) Operation Current vs. VDD

EOSC/1

1'2 | | —e—EOsCr2
14 || —e—EOSC/4
12 +— —m—EOSC/8

Current (mA)

2 25 3 35 4 45 5 55
VDD (V)

14.12. 5| k47 B pH ph 2R

Pull High Resistor

500
450
400

350 \\\
300 N
250

200 S
150 i

100 I —

50

——Rph

Resistor (K ohm)

20 25 30 35 40 45 50 55

VDD (V)
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14.13. B AFHBEESKBEENVIH/ VIL) HEE

Vih, Vilvs. VDD
2.5
——Vih s
S 15
£ 1.0 1
=
0.5
00 | | | | | |
2.0 2.5 3.0 3.5 4.0 45 5.0 5.5
VDD (V)

14.14. 5| HIKBER (loh) SRR (ol) HLEE
loH vs. VDD (Drive = Normal) loH vs. VDD (Drive = Low)
20 /ﬁ 8
18
18 | =loH | /./ - /l
14 / 6 —10
E 12 w < /'/./
= 10 E 4
6 ./‘/ 22
4
2 T/ 0 T/./ ‘ . . ‘
0 : : : : : ‘ 20 25 30 35 40 45 50 55
20 25 30 35 40 45 50 55 VDD (V)
VDD (V)
loL vs. VDD (Drive = Normal) loL vs. VDD (Drive = Low)
35 9 j
30 || = PAOPA3/PA4/IPB2/PBS/IPB6 ? 8
95 || —+—CQOthers 7 Il /’/
—_ f - 6
E 20 E 5 //
%’ b / j : /
L2 10 / o 3 /./
5 r/./ ? !/
O L L . L L L O | I I I I | I
2025 30 35 40 45 50 55 20 25 30 35 40 45 50 55
VDD (V) VDD (V)
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14.15. HHEHEFR(PD)E& HEER(PS) HLHE

stopsys power down current vs. VDD
14
12 —e—stopsys
—~ 1.0
é 0.8 ‘///
I=
) 0.6
5 04 e
O v
0.2
OO 1 1 1 1 1 1
20 25 30 35 40 45 50 55
VDD (V)
stopexe power save current vs. VDD
4.0
3.5 —e—stopexe / ’
< 30
2 25 /
s 20 .
= 15
3 10 —
0.5
OO | | | | | |
20 25 30 35 40 45 50 55
VDD (V)
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15.18%

i¥F,

Gl # B
ACC 2% (Accumulator (K45 )
a Zm#s (Accumulator 7EF2 7 LA ERFS)
SP HERR IR
FLAG bR A7 A
I BN He
& 2% AND
| Z4E OR
— 5]
" 78 OR
+ n
— I
- NOT CEZH+hE, 1 M0
T 2 1M
oV i (2 AMUR SIS 4 R TE ED
F (R FBH A TEIEMERZ 0, X EN 1)
C A (Carry)
AC % BhBEA7 A7 & (Auxiliary Carry).
10.n A7 AR AL
M.n W o ¥FF-hE7E address 0~0x3F (0~15) [ E
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i ""

15.1. #HELE

B IhEe JA# | z|C|AC | OV
FoERRIES
mov a, | mov  a, Ox0f; a « Ofh; 1 |-1-| - -
mov M, a mov  MEM, a; MEM < a 1 |-|-| - -
mov a, M mov  a, MEM; a« MEM;3% MEM NZEH, briEhs Z & E 1 |Y[-] - |-
mov a, IO mov a,pa; a< pa;X4pa NEN, trEM Z S EM 1 |Y|-| -] -
mov 10, a mov pb,a; pb<—a; 1 |-]-| - -
[dt16 word Idt16 word; word < 16-bit timer 1 |-|-| - -
sttl6 word sttl6 word; 16-bit timer « word 1 |-|-| - -
idkm a, index |idxm a,index; a <« [index], index sl word & X 2 |-1-1 -1 -
idxm index, a |idxm index, a; [index] < a; index s Ll word & X 2 |-1-1 - -
xch M xch MEM; MEM < a,a« MEM 1 -l -] - -
pushaf pushaf, [sp] « {flag, ACC}; sp «—sp +2; e -
popaf popaf; sp«sp-2; {Flag, ACC}« [sp]; 1 (Y|Y|Y|Y
HBREBHEXRIES
add a, | add a,0x0f; a<« a+0fh 1 |Y|Y|Y Y
add a, M add a,MEM; a<« a+MEM 1 |Y|Y|Y Y
add M, a add MEM,a; MEM < a+ MEM 1 |Y|Y|Y]|Y
addc a, M addc a,MEM; a<—a+MEM+C 1 |Y|Y|Y]|Y
addc M, a addc MEM,a; MEM—a+MEM+C 1 |Y|Y|Y|Y
addc a addc a; a<—a+C 1 |Y|Y|Y]|Y
addc M addc MEM; MEM «— MEM+C 1 |Y|Y|Y|Y
nadd a, M nadd a,MEM; a< Ta+MEM 1 |Y|Y|Y|Y
nadd M, a nadd MEM,a; MEM < TMEM +a 1 |Y|Y|Y Y
sub a,l sub a, 0x0f, a <« a-0fh(a+[2's complement of Ofh]) 1 (Y|Y|Y Y
sub a, M sub a,MEM; a« a-MEM (a+[2'scomplementof M]) 1 (Y|Y|Y Y
sub M, a sub MEM,a; MEM «— MEM - a ( MEM + [2's complement of a] ) 1 (Y|Y|IY|Y
subc a, M subc MEM,a; a<—a-MEM-C 1 (Y|Y|Y|Y
subc M, a subc MEM,a; MEM«— MEM-a-C 1 |Y|Y|Y|Y
subc a subc a a<—a-C 1 |Y|Y|Y]|Y
subc M subc MEM; MEM — MEM-C 1 |Y|Y|Y]|Y
inc M inc MEM; MEM < MEM +1 1 |Y|Y|Y|Y
dec M dec MEM; MEM < MEM -1 1 |YlY|Y!|Y
clear M clear MEM; MEM <0 1 |-1-1 - -
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#4 Ihee JA® | z|C|AC | OV
BAIEHEKRES
sra;
. a (0,b7,b6,b5,b4,b3,b2,b1) — a (b7,b6,b5,b4,b3,b2,b1,b0), C — a(b0) 1 - T
src a;
e cl a (c,b7,b6,b5,b4,b3,b2,b1) — a (b7,b6,b5,b4,b3,b2,b1,b0), C — a(b0) 1 - ) )
sr MEM;
st M MEM(0,b7,b6,b5,b4,b3,b2,b1) «— MEM(b7,b6,b5,b4,b3,b2,b1,b0), 1 |- - -
C «— MEM(b0)
src MEM;
src M MEM(c,b7,b6,b5,b4,b3,b2,b1) — MEM (b7,b6,b5,b4,b3,b2,b1,b0), 1 |- - -
C «— MEM(b0)
sl a;
sl a a (b6,b5,b4,b3,b2,b1,b0,0) « a (b7,b6,b5,b4,b3,b2,b1,b0), C «— a (b7) 11 ) )
slc a;
slc_a a (b6,b5,b4,b3,b2,b1,b0,c) — a (b7,b6,b5,b4,b3,b2,b1,b0), C — a(b7) 1 - ) )
sl MEM;
sl M MEM (b6,b5,b4,b3,b2,b1,b0,0) +— MEM (b7,b6,b5,b4,b3,b2,b1,b0), 1 |- - -
C «— MEM(b7)
slc MEM;
slc M MEM (b6,b5,b4,b3,b2,b1,b0,C) — MEM (b7,b6,b5,b4,b3,b2,b1,b0), 1 |- - -
C <« MEM (b7)
swap a;
swap a a (b3,b2,b1,b0,b7,b6,b5,b4) — a (b7,b6,b5,b4,b3,b2,b1,b0) 1 - "
BHREHEKES
and a,l and a,0x0f; a<« a&0fh 1 |Y - -
and a,M and a,RAM10; a<« a&RAM10 1 |y 3 "
and M,a and MEM,a; MEM «— a & MEM 1 |y |
or a,l or a,0x0f; a<«a|0fh 1 |y - -
or a,M or a MEM; a«<a|MEM 1 |y |
or M, a or MEM,a; MEM < a|MEM 1 |y - -
xor a,l xor a,0x0f; a<a”0fh 1 |y ]
xor 10, a Xor pa,a; pa<a’pa; 1 3 3 3
xor a, M xor a,MEM; a<« a”RAM10 1 |y |
xor M, a xor MEM,a; MEM « a”*MEM 1 |y . i}
not a not a; a«< ~a 1 |Y - -
not M not MEM; MEM <« ~-MEM 1 |y } .
neg a neg a; a<alff2iy 1 |y .
comp a M |comp  aMEM; %X T (a-MEM), JkRElL Flag 1 |y
comp M,a [comp  MEM,a; Z5XT(MEM-a), FF&tsdEfs Flag 1 |y Yy | v
4 i) JA# |z |C |AC |OV
frizfika &
set0 10.n set0 pa.5; PA5=0 1 |- |
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setl 10.n setl ph.5; PB5=1 1 |-1-1 -1 -
set0 M.n set0 MEM.5; MEMA{Z5 40 1 |-1-1 -1 -
setl M.n setl MEM.5; MEMf{i541 1 |-|-] -1 -
swapc [0.0; C—10.0,10.0—C
swapc 10.n |4 10.0 ¥ AL, HEfrbr& C Rz E] 10.0 | 1 |-|Y| -] -
2 10.0 &H AL, 10.0 FIRPIRE K gk Bl b & C
FBHEKES
cegsn a | ?FEZI?ZZOX%;XUS]Z; “glgfo error'?’/:Eg)ﬂ;\lJ,‘g‘Jis::OMEM?ror; Lz |y Yy
cegsn a,M |cegsn a, MEM; {1 a=MEM, BT 1/2|Y|Y
cnegsn a,M |cnegsn  a, MEM; f&f1 a#MEM, Bkid F—A4E4 1/2|Y|Y| Y |Y
chegsn a, 0x55; inc MEM ; goto error ;
cneasn & || i a#0x55, then “goto error”; #:11, “inc MEM”. SEMMESR
tosn 10.n tOsn  pa.5; IR PA5 & 0, Bkt F—1 454 1/20-|-1] - | -
tisn 10.n tlsn pa5; R PAS&Z 1, Bl F—AME4 1/2(--1 - | -
t0sn  M.n tOsn MEM.5; 4R MEM K625 2 0, Bk F—1ME4 1/2(-|-] -
tlsn M.n tlsn MEM.5; 1R MEM 425 2 1, Bl F—M 64 Jeia?8 SE N B
izsn a izsn & a <« a+1, #a=0, BT F—MES 1/2|Y|Y|Y |Y
dzsn a dzsn &, a « a-1, #a=0, BhiZ F 7S 1/2|Y|Y| Y |Y
izsn M izsn MEM; MEM <« MEM+1, # MEM=0, Bkid ~F—"M4a4 1/2|Y|Y| Y |Y
dzsn M dzsn  MEM; MEM « MEM-1, # MEM=0, Bkit F—4364 1/2|Y|Y|Y|Y
RGEHIKEL
call label call function1; [sp] <« pc+1,pc <« function1,sp « sp+2 2 |-|-] - -
goto label goto error; BkF error Ak SPATIE 2 |-|- -1 -
ret | ret 0x55; A< 55h ret; 2 |-1-] - -
ret ret; sp «—sp-2 pc <« [sp] 2 |-1-] - -
_ reti; MRS R IR 0] 2 AR .
ret FEXIELPATZ )G, TR 838 i 2 1|
nop nop; BALEAR 1 |-1-1 -1 -
pcadd a pcadd a; pc <« pc+a o |- -] -
engint engint, FIWTELR %S| FPPO, LU AT A IR 55 O S S
o disgint ;
disgint 5] FPPO (T I 3ok A BN . TV AT T AR S i I I I
stopsys stopsys; {#1E RGN BRI RS 1 |-|-1 -1 -
stopexe stopexe; (FAERGN B, (HRAIRFRE G SR TAE 1 |-|-] -1 -
reset reset, ELIEEAFFHL 1 |-1-1 -1 -
wdreset wdreset ; H{IE1H 1 |-|-] -1 -
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