ade

advanced digital chips inc

Preliminary Databook

1G471

Ver 0.97

May 30, 2008

Advanced Digital Chips Inc.



TG471 PRELIMINARY Ver 0.97

History

Ver 0.1

Feb. 15, 2007 1st version released

Ver 0.2

April 16, 2007 Add UART 2Ch and SPI 1Ch

Ver 0.3

May 08, 2007 Add DMA Request Selection Register

Ver 0.4

May 16, 2007 ETC

Ver 0.5

May 22, 2007 Changed 1/0 Driving

Ver 0.7

November 22, 2007 Changed Pinout

Ver 0.8

November 26, 2007 Changed 12S with ADPCM

Ver 0.9

December 14, 2007 Changed Electrical Characteristics
Changed Power Management

Ver 0.95

January 24, 2008 Add ISP...

Ver 0.96

April 16, 2008 Changed Multiplex Pin Name

Ver 0.97

May 30, 2008 Changed PWML bit (TMCON Register)

Advanced Digital Chips, Inc. CONFIDENTIAL 2



TG471 PRELIMINARY Ver 0.97
CONTENTS

1 Descriptions and fEATUIES ..vvunieee e e e 8

1.1 GENELAl DESCIIDTION «e ettt e 8

1.2 FRALUIE v e 8

2 Block DIagram & PIN DS CriDtiOrS . e ettt et e e eeenes 10

2.1 | S) (ool QDI F= Yoy =Y o s DA PSRN 10

2.2 PIN ConTIGUIATIONS ettt 11

2.2. 1 PINOUL oo e 11

2.2.2 PN DEfINIIONS tovvniiiiiie e e 12

2.2.3 PIN DS CIIDIIONS ettt e e 14

3 SE3208 EISC COTC ittt et et e s 16

3.1 | F5Y8 oY L6 el 5 To) s IR 16

3.2 SEB208 FRATUIES ..euvuiiiiiiiee et e 16

3.3 SE3208 BlOCK DIAGIAM «.eeneei e e 17

3.4 SE B 208 RO IS O S ettt e e s 18

3.4.1 General Purpose 32 Bit Registers (RO = R7) .coiiiiiiiiiiiiii e 18

3.4.2 Program COUNTET ..ottt et e 19

B S AtUS RO G S O it e 19

344 SEACK POINTOT ettt et e 20

3.4 D B XN SION RO G IS T ettt e 20

3.5 SE3208 INStrUCTION ST .oovuiiiiniiiiiiiieei e e 21

4 I EIMIOTY VAP et e e e e e e e e 23

4.1 | TS s I/ (<3010 ) o A TP PPPRPN 25

4.1.1 TGATIA (BAKBYLES) tiiiiiiiiiiiiii e e 25

4.1.2 TGATIB (128KBYLES) iiiiiiiiiiiie i 26

4.1.3 TGATIC (BL2KBYLES) ittt e 27

4. 1.4 Flash ACCESS wuiuiiiiiiee e e 29

4.1.5 F1ash Control REGISTOI'S uu ettt e 30

4.2 ExXternal StatiC MemMOry o e e 32

5 System POWETr and RESCT cueniiiiii e e 33

5.1 Voltage ReGUIATOT ovviieiiiii e e 33

5.2 RSO it 34

5.2.1 POWETr ON RESEL ciiiiiiiiiie e e 34

D.2.2 EXternal RESET. . iuu i e 34

D.2.3 WatCAOg RO SOE i e 35

5.2.4 Reset Control REGISTEIS oo e 36

6 Clock Control and Power Management......... e 37

6.1 (3 FeYe) Ql Oe) 15l ) NP 37

6.2 POWEr MaNAQEIMICIIT . .eenie e e 38

6.3 Power and Clock Control REGIStOIS wuuniiniee i, 39

7 Alternate Port and /O POTtS ..o e 41

7.1 Alternate Port FUNCLION ... e 41

7.1.1 PIN MUX CONtrol REGISTEI'S covueeeie et 42

7.2 /O POTES coiiiiiiiieeeeeeeeeeee e 46

7.2.1 I/O POTtS REGISLETS ettt et e 47

8 N Ae) s o) A= T 50

8.1 Interrupt Vector and Priority .......cceeiiiieieiiiiiiee e 51

Advanced Digital Chips, Inc. CONFIDENTIAL 3



TG471 PRELIMINARY Ver 0.97

8.2 External Interrupt (INT O = 7) oot it 52

8.3 [Internal INterrupt MOAe . . e e 53

8.4 Interrupt Pending and Interrupt Pending Clear..........ccooviiiiiiiiiiiiieniinnns 53

8.5 INtErrupt ERabLe oo 53

8.6 Interrupt Mask Set/Clear ReGISTET ovvuuuie e 53

8.7 Interrupt Control REGISTOIS .ttt e 54

9 0 501, TR PPN 62
9.1 10bit Prescaler with clock source selection .....coccvevvvveviiiieiiiieiiieeiiee, 63

9.2 I/ COUNLET 1ttt e 64

9.3 Pulse Width Modulation (PWM) .......uuuueiiieiiiiiiiieeeieeeeeeeeeeeeeeeeeeee e 66

9.4 D UL et et e e e e 68

9.5 Output Compare MOAE .. ee e 70

9.6 TIMET REGISTEIS tovuniiiiiiie e e 71

10 SPI(Serial Peripheral INTeIrTace) ..oooum oo 74
10.1 SPI REGISTEI'S SUITIMICTY «evneeen et 75
10.2 SPI U PINS oot 76
10.3 SPI Operating MOAES ..cuueeeeee e e 76
10.4 SCK Phase and Polarity Control.....coiovviiiiiiiieiiiiecieeeee e 78
10.5 Data Transfer TIMIINE ...ttt s 78
10.6 SPI Serial Clock Baud Rate.....ccoooovvueiiiiiiiieieeeeeeiee e 80
10.7 Open-Drain Output for WIired=OR ..ot e, 80
10.8 Transfer Size and DireCtioN.....ooiiiiii i e 80
10.9 WIIEE COllISION 1 ettt e 80
10.10 MODE FaUI ceiviniiiiiieece et et et eeaaes 80
10.11 Do N <Y g ] A 81
10.12 SPI CONtrOl REGISTOIS contei et e 82

11 TWI (Two WIred INEIrTaCE) ..ccii it 85
11.1 DATA TRANSFER FORMAT ..ot 86
11.2 START AND STOP CONDITION ..ottt 86
11.3 ACK SIGNAL TRANSMISSION .....ciiiiiieeiiiiiee e o 87
11.4 READ=WRITE OPERATION ..ottt s 87
11.5 BUS ARBITRATION PROCEDURES ..ottt 88
11.6 ABORT CONDITIONS (arbitration ©] HA3FA] 22 H-9) v, 89
11.7 Operational FIOW DIQg@rams ...oooueiiieiiiiiiiieee e e 89

) R B AV B s V5 =Y 17221 5 o ) o RN 89

11.7.2 Master Transmit /RECEIVE ....uuiiiiiiiiiiiiiiiiiiee e 90

T1.7.3 SIAVE MOAE@ euniieiiiiee e e e 92

11.8 TWI Control REGISTEIS ciuuuiiiiiii e e 93

12 A R T e e e 96
12.1 Serial Data FOrmat ......ooouoiiiiiiiee e e 98
12.2 UART Baud RAte .uuuuiiiiiie e e 100
12.3 UART CONIol REGISTOIS tnentint et 101

13 Direct Memory Access (DMA) ...coooiiii et e 106
13.1 FUnction DeSCrIDIION .uiiuue i e 107
13.1.1 Transfer MOAE ... i i et 107

13.1.2 AdAreSS IMOAE ovvvuniiiiie et et 107

13.1.3 RelOAding MOAE c.uenneneine e e e 107

13.1.4 Data Transfer Width € Transfer COUNET .......cevmvooeeeeeeeeeeeeeeeeee e 107

13.1.5 Software Enable DMA and Hard-wire Enable DMA ......cccooiiiiviiiiiiiiieeinnn, 108

13.2 DMA CONtrol REGISTOIS countii et e 109

Advanced Digital Chips, Inc. CONFIDENTIAL 4



TG471 PRELIMINARY Ver 0.97

14 I2S WiIth ADPCM ...t e 112
14.1 [2S SCLK, LRCK, MCLK (CODEC clock) FrequUency ......cccceeeeeeeeeeeeeannn. 113
14.2 I2S Control REGISTEIS .. iiuuiii e e 114

15 G = 3 B ) 4 (ot TN 118
15.1 USB RegISter SUMIMIATY oneeie et e 119
15.2 USB Function Address ReGISTOr .t 120
15.3 USB Power Management REGISTOr v 120
15.4 USB Interrupt REGIStEI'S .o e 120
15.5 USB Interrupt Enable REGISTEI'S .ovuniirii et 120
15.6 Frame NUMDer ReGIStOrS ovu it 120
15.7 A X RO G S O ettt e e 120
15.8 M A XK P RO IS O ettt e e 120
15.9 EPO Control REGISTEI ..ivuvniiiiiie e e 121
15.10 IN CONtrol REGISTOI'S vttt 121
15.11 OUL CoNtIOl REGISTOI'S onieiie et e 121
15.12 Out Write CoUNt ReGIStOIS coun it 121
15.13 Endpoint FIFO ACCESS ReGISTOIS cuuiiniinii e e 121
15.14 USB Control ReGISTEIS cuuuiiiiii e e 122

16 N 134
16.1 ADC Control ReGIStOrS . un it 135

17 DA C e e 136
17.1 DAC Contro]l RO QIS S ettt e 136

18 In System Programmer (ISP) ......ueeeeee oo 137
18.1 ISP Command Set......uiiuuniiiieiiie et e 138
18.2 Device Identification and Status Commands .............coeeeeviiviieeeeriviieeeeennn. 139
18.3 Data Read Command .........coouuviiiiiiiiiiiiiiee et e 140
18.4 Programming COMIMANAS «.cu.vuiiiin et e 141
18.5 Erase CommandsS.......ooiiuuiiion e 142

19 EIECtIICAl DAt covvniiiiiiiiie it e 143
19.1 DC ELECTRICAL CHARACTERISTICS ...cooiiiiiiiieeee e 143
19.2 Voltage Regulator Electrical CharacteriStiCS ceuue i eieeeeeieeeeeieeeeeennns 144
19.3 POR ELECTRICAL CHARACTERISTICS ...covoiiiiiiiee e 144
19.4 RC OSC ELECTRICAL CHARACTERISTICS ..cooviiiiiee e 144
19.5 PLL ELECTRICAL CHARACTERISTICS ..oooeiiiiiieee e 144
19.6 ADC ELECTRICAL CHARACTERISTICS.......ovviiieeieeeeiiieeeiiee e 145
19.7 DAC ELECTRICAL CHARACTERISTICS......coiiiiiiiiee e, 145

20 PacKkage DIMEIISION cuuenineiee et 146

Advanced Digital Chips, Inc. CONFIDENTIAL 5



TG471 PRELIMINARY Ver 0.97

FIGURES

FIGURE 2-1 TGA471 BLOCK DIAGRAM......uoiiiitiiiiiteie et ettt e eetee e e eettee e s stbeeesesbee s e sbaesessabeeessbeesessaesesssbenessseesesnns 10
FIGURE 2-2 TGA71 PINOUT DIAGRAM ...ttt ettt ettt et e et s ettt e et e e s s e sab b aa e s e e s s e sbb b b aesesesssaabbabaeaseesas 11
FIGURE 3-1 SE3208 BLOCK DIAGRAM .....uttiiiiiiii ittt ee ettt s e sttt st e e s s e sab b b et e s e e s s e sbb b b basesesssasbbabeeaseesas 17
FIGURE 3-2 SE3208 IMCU REGISTERS.....ccccttttiiieiiiiiititiiiee e s s sebbtttessesssebbastessesssasabbbaassasssasiabbeassesesssssbbaseeesessss 18
FIGURE 3-3 E-FLAG AND INSTRUCTION .....ctuttttiieiiiiiitiittieesessiibbsstessesssasbasssssesssassssbssssasssssssbbssssesesssssssssssesessns 20
FIGURE 4-1 FLASH ACCESS CYCLES .iiiiiiiiittitiiie e i e ittt e e s e et sibbat e e e s e s st aab bbbt e st e e s s e bbb b e e e s e s s s s sabb b b basesesssabbabaeaseesas 29
FIGURE 4-2 EXTERNAL STATIC MEMORY INTERFACE TIMING ....uviiiiiiiiiiiiriiiiieesssiirieie e e s s s s sibbesasessssssbsssssesesens 32
FIGURE 5-1 POWER ON RESET TIMING DIAGRAM .....cuttiiiiiiiiiiiiiiiiie ettt iitbaan et braa e e s e s s sabbarae e s e e 34
FIGURE 6-1 TG471 CLOCK DISTRIBUTION . .uttttiieiiiiiittittieeeeeiiiitbrrteesessiassssssssesssassssssssssssssssssssssssesssssssssssssesss 37
FIGURE 8-1 EXTERNAL INTERRUPT IMIODE ...uttiiiiiiiiiiiiiiiiie et iititri e e et sebibbae s e e s s aiatbaae s e e s s s saabbsaa e e s e s s sabbabanaseenan 52
FIGURE 9-1 PRE-SCALER BLOCK DIAGRAM ......oiiittieeiitieeeeetee e e eeteee e s steeesetee s e seaaesessabaessssbaessssaesssssbenessnseesennns 63
FIGURE 9-2 TIMER OPERATION ... utvieeiitteteeeteeeesteeessetsesesastasssssssssssssesssassessssnsassessssesssasssssesasssssssssenessssensesns 64
FIGURE 9-3 PWWIM OPERATION ......ccuttieeiitteteeeteseesteeessettesesastessssssssesssssesesassessesassessssssessssnsessesassessssssenessssensesns 67
FIGURE 9-4 CAPTURE IMODE OPERATION . .. .utttiiieetiiiititiiieseesiesseteessesssassssssssesssaissssstnsesssssssssesssesessssssssssesesss 68
FIGURE 9-5 TIMING DIAGRAM OF OUTPUT COMPARE OPERATION........iectttiiiieetieiirieiieeessasissrerisessssssssssesesessns 70
FIGURE 10-1 SPI BLOCK DIAGRAM ...ciiiiiiiittitii e ettt e e e e s sttt e e s e s s sebbabte b e e s s s abbb b e et saessesabbetasesesssasbbabeeeseesas 75
FIGURE 10-2 SCK PHASE AND POLARITY 1.uttttiiiiiiiiiiiiieiiie e e sttt e s e s s ssibbabat e s e s s sessbbbasssasssssibbbesasesessssbbasaseseesas 78
FIGURE 10-3 TRANSFER TIMING WHEN CPHA = 07 .ottt ettt ba s s sibbara s e 79
FIGURE 10-4 TRANSFER TIMING WHEN CPHA = 17 . ittt bba e 79
FIGURE 10-5 1-BYTE TRANSFER VS. STATUS AND INTERRUPT ...utvtitiiiiiiiiiiiieiie e seiitieis e e e s s ssibbsresssesssabsssesssessns 81
FIGURE 10-6 N-BYTES TRANSFER VS. STATUS AND INTERRUPT ....cciiiiiiiiitreetieesssiitieis e e s s ssibbsreessesssabssseseseennn 81
FIGURE 11-1 TWI BLOCK DIAGRAM .....cvviiiiitiii et s ettt e ettt e e etaea e s stbte e e eatte s e sbaeaessabaeessabeesesnaessssnbenessnseesennns 85
FIGURE 11-2 TWI-BUS INTERFACE DATA FORMAT ...ttt ettt e eatee e s ebte s e svtea e s saveeessbaeeeeans 86
FIGURE 11-3 DATA TRANSFER ON THE TWI=BUS ...oiiiiiiiii ettt e svee e s rae e 86
FIGURE 11-4 ACKNOWLEDGEMENT OF TWVI coviiiiiiiiiiieiiie ettt ettt et bt a e e e s e s s st bar e e e s e e 87
FIGURE 11-5 BUS ARBITRATION L OF TW . .uuiiiiiiiiiiieiiie ettt ettt e e s st aa e e e e e s s sabbab e e e s e e 88
FIGURE 11-6 BUS ARBITRATION 2 ..uuviitieiiiiittttiteeessesissbesieesessiessesssssesssasssssssssesssasssssssssesssssssssessssssssssssssssesesss 88
FIGURE 11-7 TWI INITIALIZATION FLOW CHAR .ottt ettt ettt ba e s s s s s sabbaba s e s e 89
FIGURE 11-8 MASTER TRANSMIT FLOW CHAR ..ottt ettt et s bt bbb e e e s e s s sabbaba s e s e 90
FIGURE 11-9 MASTER RECEIVE FLOW CHAR ..eoiiiiiiiitiiiiie ettt ettt et s s e s s s s sabb b s b e e e s e s s sabbabasesee s 91
FIGURE 11-10 SLAVE MODE FLOW CHAR ...uuttiiiiiiiiiiiiitiiie ettt s s iebbarae s e s s s siaabbaas s e e s s s sabbaaaeesesssabbabaeeseenas 92
FIGURE 12-1 UART BLOCK DIAGRAM ...coiittttiiie ettt e sttt e e et sebbara e s e e s s s bbb e ae s e e s s s sab bbb e e e s e s s saabbbbaeeseenan 96
FIGURE 12-2 UART LCR REGISTER SETTING AND SERIAL DATA FORMAT ....coiiiiiiiiiiei ettt seiinriee e 99
FIGURE 13-1 DIMA BLOCK DIAGRAM.......oeiiiiitiiieiettiee s ieee ettt e e eeatee e s stvae e e s etbe s e sestassssabaeassssbesessssessssseneesssreneas 106
FIGURE 14-1 12S AND ADC / DAC BLOCK DIAGRAM .....vviiitieiteiectie et etee et stessstes s sresssbes s sbasssbesssrassnvesssres 112
FIGURE 16-1 ADC CONTROL TIMING .....uvviiiiitiieeietteeesiteeessteeeessstesesssseeesasssesessssessssssssesssssesesssesssssssssssssenes 134
FIGURE 18-1 SPl IMODES SUPPORTED .......cctttitttieeiiiittttietiessiasssieetsesssasisssesssesssssisssssssessssisssssssssessisssssssesesss 137
[ LeTU = S T N ol S I A O Y = T 137
FIGURE 18-3 READ ID/STATUS TIMING AND FLOW CHART ..oviiiictiie sttt ettt e e et s e s stae s s sveeaessavene s 139
FIGURE 18-4 ISP STATUS SETTING TIMING AND FLOW CHART oiiiiiiiiiiiiiiiee ettt sitbrri s sabbarae e 140
FIGURE 18-5 ISP DATA READ TIMING AND FLOW CHART ..ottt ittt e e sabba s s sabbanae e 140
FIGURE 18-6 BYTE PROGRAMMING TIMING AND FLOW CHART .1vviiiiiiiiiiiiiiie it sibbrre e e s ssabbsreeas e 141
FIGURE 18-7 AAI PROGRAMMING TIMING AND FLOW CHART .1vvviiiiiiiiiiiiiiie et siibrre s saibsnaee e 141
FIGURE 18-8 ERASE COMMANDS TIMING AND FLOW CHART ...uttiiiiiiiiiiiiiii et e e sibbrre e e s saibsaees e 142
FIGURE 20-1 PACKAGE DIMENSION .....ccitttieiiititeeieteeesiteeessteeeesssaesssssseessssssesessssessssssssesssssesessssessssssessssssenes 146

Advanced Digital Chips, Inc. CONFIDENTIAL 6



TG471 PRELIMINARY Ver 0.97

TABLES

TABLE 2-1 TGATL PIN DEFINITIONS ....vttieiitieeeiitteeesetteeeeetee e s saeeeesssvesssesaessssbasesssssesessssesssssesesssssesesassesssssens 12
TABLE 3-1 SE3208 INSTRUCTION SET SUMMERY ...vvviiiiiiiiiititiiieiesssissitseessesssassssesssesssasisssssssesssssssssssssessssinnns 21
TABLE 4-1 IMEMORY IMIAP ..ottt ettt ettt et e e e e s et bttt s e e s s e b bt bt e e s eessaabbbeessesssessbbbbaesasssssnbbeaeseessssnnte 23
TABLE 4-2 MEMORY MAPPED /O REGISTERS .....uvitiiittiieietiitesieeeessittessetaesssesesasssttesessstesssssesesssssesssssessssnens 24
TABLE 4-3 READ REGION IN ON-CHIP FLASH MEMORY (B4KBYTES) .....cititiiiiiieiieiienie et 25
TABLE 4-4 WRITE REGION IN ON-CHIP FLASH MEMORY (64KBYTES) ...ccvtitiiiiiieiieiiesie e 25
TABLE 4-5 READ REGION IN ON-CHIP FLASH MEMORY (128KBYTES) ....cueitiiiiiieieiienie ettt 26
TABLE 4-6 WRITE REGION IN ON-CHIP FLASH MEMORY (128KBYTES) ...vecvviiiieieiieiiesiesieseeneseesresie e sresne s 26
TABLE 4-7 READ REGION IN ON-CHIP FLASH MEMORY (512KBYTES) ...cciiiiiiiieieiiesie e stesesreeeeseere e sve e 27
TABLE 4-8 PROGRAMMING REGION IN ON-CHIP FLASH MEMORY (512KBYTES) ..vcoveiveiieiiereceeie e 28
TABLE 4-9 EXTERNAL MEMORY INTERFACE TIMING PARAMETERS ...cociitiiiiiiteeeesetieeeeetes e e sreeeeserteesssnseeessnnes 32
TABLE 5-1 POWER ON RESET CHARACTERISTICS .veeeivveieeitieeeiieeeesstteeesesseesssssessssssesssssaesssssesesssssessssssssssssens 34
TABLE 5-2 EXTERNAL RESET CHARACTERISTICS .eeeiiitteieietieeeiieeeesetteeeeesteesssbaeassessesesassessssnsesesssssessssssessssnens 34
TABLE 6-1 SYSTEM CLOCK ...ciiitutttiiiee e i e iitttitee e e e st itittt e e s e e s sebatateesesssassbtbaeesesssassbabesssasesesssbbeassassssssbbanssessssssstes 38
TABLE 6-2 ACTIVE CLOCK DOMAINS AND WAKE UP SOURGCES........ccitttiiiieeiieiiitiiiieesessivtitteseessesssrenesesssssnnes 38
TABLE 7-1 INTERNAL PULL-UP CHARACTERISTICS ..vvttttiiiiiiitittietiessssssesiessesssaisbsssssesssasssssssssesssssssssssssessssssnnns 46
TABLE 8-1 INTERRUPT VECTOR & PRIORITY oiiiiiiiititiiii i ittt e sttt e st s iabab b et se s s s s sabbbsbesesssssasbbanssesssssannns 51
TABLE 10-1 SPI PIN FUNCTIONS .. .ciiiiiiiiitiiii ittt ettt s e s s s bbb e e s e e s s e bb e b b e s e e s s s esbbbbbaesesssssabbbanssesssssantes 76
TABLE 12-1 UART REGISTER SUMMERY ..1viiiiiiiiiiititiiieiesiiiitistiessessssissssssssasssasssssssssessssissssssssssssissssssssessssisnns 97
TABLE 12-2 UART BAUD RATE .1tiiiiiii ittt ettt ettt s e st st bass e e e e s s tabbaaeseessssabbbasaeasessssbbaaaeesenssntes 100
TABLE 12-3 UART INTERRUPT CONTROL FUNCTION .....ciiiitttiiiie i iiiitiiii e e eiitbere e e e s s s ssbbreaesessssnbbanesesesssannes 102
TABLE 14-1 SAMPLING FREQUENCY AND CODEC CLOCK ...uiiiiittiiiiiieiis it eetee e evee e et e eivee e srveeessaveeeanns 113
TABLE 14-2 SAMPLING FREQUENCY AND SERIAL BIT CLOCK ....cuuveieiitreieeitieeeesreeesssseressssessssssesssssesesssseesesnns 113
LN =TI T O =N o= N 0 R 118
TABLE 15-2. USB CORE REGISTER LIST cuuttiiiiiiiiiiitiiii e et eiitiiiese e s s e sitbett s e e s s e satbateseessessssbesssasssssassbasssesesssssnes 119
TABLE 18-1 ISP COMMAND SET wuiiiiiiiiiiiitiiitiee s ieiitbteetseessssstbeetsesssesabbasssasssssstbastseessassbbbeetsasssssatbesesesesssnsres 138
TABLE 18-2 ISP STATUS REGISTER ...ciiiitttiiiiieie ittt ie st s e iatteetsesssesabbattsesssssstbasesasssssstbesssassssssssbesssesessssres 139
TABLE 19-1 DC ELECTRICAL CHARACTERISTICS .uuttiiiieiiiiiitiiiiieesieiistbesieesssssssbesssessssssssssssssssssssssssssesssssnnnns 143
TABLE 19-2 ELECTRICAL CHARACTERISTICS ....ciiitttiiiieeiieiitiiitee s s s esstbetsssssssssbbasesasssssasbbsssssssssssssbasssesesssnsnes 144
TABLE 19-3 POR ELECTRICAL CHARACTERISTICS tvvvtiiiiiiiiitiiiiieesseiitbetieeessssstbasesesssssassbsssssssssssssssssesesssnnnes 144
TABLE 19-4 RC OSC ELECTRICAL CHARACTERISTICS ....iiiittttiiieeiiiiitieeieeesssiisibasesesssssssbsssessssssssssssssesessinnnes 144
TABLE 19-5 PLL ELECTRICAL CHARACTERISTICS .uttttiieiiiiiittitiieeesiiiisiisseeessssiissrssessssssssssssssssssssissssssssssessinnes 144
TABLE 19-6 ADC ELECTRICAL CHARACTERISTICS 11vviiiiiiiiittiiiiieeiiiiiitieeeeessssiissbssssssssssisssssssssssssssssssssesessinnes 145
TABLE 19-7 DAC ELECTRICAL CHARACTERISTICS ....uveieiiitiiieieteeesireeessitteseesssessssssessssssessssssssssssesssssssesesnns 145

Advanced Digital Chips, Inc. CONFIDENTIAL 7



TG471 PRELIMINARY Ver 0.97

1 DESCRIPTIONS AND FEATURES

1.1 General Description

TG471 is a low—power 32bit micro—controller base on ADChips’ EISC embedded
microprocessor architecture. TG471 is fully integrated analog/digital peripherals, MCU and
memories, 64KBytes~512KBytes Flash, 8KBytes SRAM. With on—chip Power On Reset,
Voltage Regulator, Timer, UART, ADC, DAC. TG471 is truly System—on—a—Chip solution. The
ISP allows the program memory to be reprogrammed in—system through an SPI serial
interface, by a conventional nonvolatile memory programmer, or by an on—chip boot program
running on the MCU core. TG471 is a powerful micro—controller that provides a highly flexible
and cost effective solution to many embedded control applications.

1.2 Feature
= High—performance, Low—power 32-bit EISC Microprocessor

= 32-bit EISC Architecture
- Internal 32-bit and External 8—bit Data Bus
- 8 x 32-bit General Purpose Working Register + Peripheral Control Register
- On-chip 1-cycle 32bit Multiplier
- Up to 33MIPS Throughput at 33MHz
- 1KB Instruction Cache
- 8 x 32-bit Break Point Register

= Program and Data Memories
- 64KBytes ~512KBytes of Re—programmable NOR Flash
Endurance: 50,000 Write/Erase Cycles
In System Programming
- 8KBytes Internal SRAM
- Static Memory Interface

= Peripherals

- 26bit Watchdog Timer

- 8 External Interrupts

- 8Channel 16-bit Timer/Counter with 10bit Pre—scaler, Capture mode, PWM mode,
and Output Compare Mode

- 4 Channel UART with 4Bytes FIFO, Functionally compatible with the 16550

- 2 Channel Master/Slave SP| with 8Bytes FIFO

- Two Wire Interface

- DMA

- 12S with ADPCM

- USB 2.0 Full Speed Device

- 4 Channel 500KSPs 10bit ADC

- 12bit DAC

- 35 Port In/Out : 4mA(24), 8mA(11)

Advanced Digital Chips, Inc. CONFIDENTIAL 8
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= Special Features
- Voltage Regulator(3.3V to 2.5V)
- Power On Reset
- On Chip RC Oscillator
- PLL
- 4Ch 10bit ADC
- 12bit DAC
- 3 Power Mode

= Process
- 0.25um CMOS VLS
- 3.0V ~ 3.6V Operation
- 64 Pin LQFP Package

= Speed
- 0~ 33MHz

Advanced Digital Chips, Inc. CONFIDENTIAL
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2 BLoCK DIAGRAM & PIN DESCRIPTIONS
2.1 Block Diagram
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PHY [€ » Full Speed Bulk EP S SLRCK
USB_OM Controller Interrupt EP 125 ESIOK
[ «—— SOI
SYSTEM BUS |
4
SORT [ uArT4ch | [ Twi | [ spi2ch | | External Memory |
A/BIC/D/E Py 2y 399 8% 499
—_ — < — = = = — 0N O o
g8 #3:2gzz gées
a o » X 5 O =
g = 2gog ©
PA[7 :0]
PB[7 :0]
PC[7 :0]
PD[7 :0]
PE[2 :0]
Figure 2-1 TG471 Block Diagram
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2.2 Pin Configurations

2.2.1 Pinout

— — = o o o)
S o = @ 8 @ ¥ v e 9~ 2 9 2
5 6 2 £ » = = ¥ 2 92 9 9 o F£ =
¥ @ =~ K 8 Hu ¥ & 0 8 qd = 3 3 K @
(%) (%] w (@] (@] (@] [a)] = [a) (&) (@) [a)] (@) ] O O
D o} a a a a a O} > a a a a a a a

sialalalaialalalalslalaislaials

8 7 6 5 4 3 2 1 0 9 8 7 6 5 4 3

vooas [ ¢ |
ano [ 3]
voo2s [ 7]
ADC_GND [ 3 |

P 1G4/

ADC_INO E
ADC_INT [ Z]
ADC_IN2 [ 7]
ADC_ING [ £ |

DAC_VOUT E

L WEEKLY CODE

0ACVOD33 [ €]

DAC_VREF E

DAC_REFGND E

PE2/1015 [ ¢

E PC5/TXD2

E PC4/RXD2

5 ] Pcarmxoi

E PC2/RXD1

E PC1/TXDO

7] Poorrxoo

E PB7/TMO7
E PB6/TMOB
7 ] Pesmmos
% ] pearmos
E PB3/TMO3

7] PLiano2s
E PLLVDD25
E nosc

: | XOUT

Z| XIN

L]

—
=}
Q
a)
w

LIl dtefled

o
=z
O]

ISPEN E
EDIN E

x
)
O
m

(]
NRESET E
PA4/nSS E

T 7
B
8 ©°
. w
5§
T a

2 2
o

23 3

> >

<C

a

Figure 2-2 TG471 Pinout Diagram
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2.2.2 Pin Definitions

Table 2-1 TG471 Pin Definitions

Output | Pull-Up/
Name No. Type Drive | Pull-Down
Current

TEST 1 Schmitt, 5V tolerant, Input - Pull-Down
nRESET 2 Schmitt, 5V tolerant, Input - Pull-Up

ISPEN 3 Schmitt, 5V tolerant, Input - Pull-Down
EDOUT 4 Schmitt, 5V tolerant, Bidir 4mA Pull-Up
EDIN / nWR 5 Schmitt, 5V tolerant, Bidir 4mA Pull-Up
ECLK / nRD 6 Schmitt, 5V tolerant, Bidir 4mA Pull-Up
nECS 7 Schmitt, 5V tolerant, Bidir 4mA Pull-Up

nSSO / 1010 / PA4 10 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up

nCS / PA5S 11 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up

SCL /1011 /INT2B / PA6 12 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
SDA /1012 / INT3B / PA7 13 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
TMOO / CAPO / INTOA / PBO 14 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
TMO1 / CAP1 /INT1A / PB1 15 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
TMO2 / CAP2 / INT2A / PB2 16 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up

XIN 17 Analog Input - -
XOouT 18 Analog Output - -
nOSC 19 | Schmitt, 5V tolerant, Input - Pull-Down

PLL_VDD25 20 Power Input = -

TMO3 / CAP3 / INT3A / PB3 22 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
TMO4 / CAP4 / INT4A / PB4 23 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
TMO5 / CAP5 / INT5A / PB5 24 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
TMO6 / CAP6 / INT6A / PB6 25 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
TMO7 / CAP7 / INT7A / PB7 26 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up

RXDO / PCO 27 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
TXDO / PC1 28 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
RXD1 / INTOB / PC2 29 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
TXD1/INTIB/PC3 30 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up

SLRCK / RXD2 / INT4B / PC4 31 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
SCLK / TXD2 / INT5B / PChH 32 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
SDO / RXD3 / INT6B / PC6 33 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
SDI/ TXD3 /INT7B / PC7 34 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up

CODEC / PEO /1013 35 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
107 / PDO 36 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
106 / PD1 37 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
105 / PD2 38 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
104 / PD3 39 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
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103 / MISO1 / PD4 42 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
102 / MOSI1 / PD5 43 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
101/ SCK1 / PD6 44 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
100 / nSS1 / PD7 45 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
1014 / PE1 46 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up
USB_DP 47 Analog Out - -
USB_DM 48 Analog Out - -

_VDD25 _Power Output ‘ ——
|

ADC_VREF 54 Analog Input - -
ADC_INO 55 Analog Input - -
ADC_IN1 56 Analog Input - -
ADC_IN2 57 Analog Input - -
ADC_IN3 58 Analog Input = -
DAC_VOUT 59 Analog Output -
DAC_VREF 62 Analog Input - -
DAC_REFGND 63 Analog Input - -

1015/ PE2 64 | Schmitt, 5V tolerant, Bidir 8mA Pull-Up

wee VDD25+= WA Voltage regulator & &3 0]7] wj&o] o)A 25VE 33 a7t ¢l
o}, w3k PLL_VDD259 %= VDD25% E3l 2.5V S Fa3ht.

Advanced Digital Chips, Inc. CONFIDENTIAL 13
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2.2.3 Pin Descriptions

VDD33

GND

VDD25
ADC_VvVDD33
ADC_GND
ADC_VREF
ADC_INO
ADC_IN1
ADC_IN2
ADC_IN3
DAC_VDD33
DAC_GND
DAC_VREF
DAC_REFGND
DAC_VOUT
PLL_VDD25
PLL_GND

TEST

nOSC

ISPEN

NRESET

XIN
XOuT

EDOUT
EDIN
ECLK
neECS
PA[7:0]
PB[7:0]
PC[7:0]
PD[7:0]

PE[2:0]

Advanced Digital Chips, Inc.

: 3.3V Supply voltage.

: Ground.

: Voltage regulator output 2.5V.
: ADC supply voltage.

- ADC ground.

: ADC Reference Input.

: ADC Analog Input 0.

: ADC Analog Input 1.

: ADC Analog Input 2.

: ADC Analog Input 3.

: DAC digital supply voltage.
: DAC ground.

: DAC Reference input.

: DAC Reference ground.

: DAC Voltage Output.

: PLL 2.5V supply voltage.

- PLL ground.

: TEST pin. Default value is pull-down(Typ. 130kR).

0 : Normal operation mode 1. Test mode

: Clock Source Selection pin. Default value is pull-down(Typ. 130kQ).

0 : Embedded RC Oscillator section 1 : XIN section

ISP Mode Selection pin. Default value is pull-down(Typ. 120kR).

0 : Normal operation mode 1 ISP mode

: Active low Reset Input. Default value is pull-up(Typ. 120kQ).

: Crystal input.(1MHz~10MHz)
: Crystal output.

: ISP Data Out

. ISP Data In

- ISP Clock In

. ISP Chip Select In

. PIOA is an 8—bit bi—directional 1/O port with internal pull-up resistors.

4mA driver.

: PIOB is an 8-bit bi—directional I/O port with internal pull-up resistors.

8mA driver.

: PIOC is an 8-bit bi—directional I/O port with internal pull-up resistors.

4mA driver.

: PIOD is an 8-bit bi—directional I/O port with internal pull-up resistors.

4mA driver.

: PIOE is an 3—bit bi—directional 1/O port with internal pull-up resistors.

8mA driver.
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MISO[1:0] : SPI Master In / Slave Out

MOSI[1:0] : SPI Master Out / Slave In

SCKI[1:0] : SPI Clock

nSS [1:0] : SPI Chip Select

RXD[3:0] : UART channel 0/1/2/3 receive data

TXD[3:0] : UART channel 0/1/2/3 transmitter data

INTA[7:0] : External Interrupts.

INTB[7:0] : External Interrupts.

TMO[7:0] : Timer outputs. PWM wave outputs or Timer wave outputs.
CAP[7:0] : Timer Capture Input.

SCL : TWI clock.

SDA - TWI data.

nCS . Static memory Chip Select.

nRD . Static memory read.

nWR . Static memory write.

I0[15:0] : Static memory data.

CODEC : Codec Clock Output.

SLRCK 128 Left/Right Signal Output.

SCLK . 12S Serial Clock Output.

SDO . 12S Data Output.

SDI . 12S Data Input.

Advanced Digital Chips, Inc. CONFIDENTIAL 15
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3 SE3208 EISC CORE

3.1 Introduction

TG4719)+= SE3208 MCU7F W& At}t. SE32088 RISCTXE 7FAHA X 16 bite] 4%
Instruction®} &% 7153k Addressings ¢ &£3le] & ATS ZEE %o, 3= UL
TE 7]F RISCY 140-220%, 7]1%& CISCY 120-140%% AAA & AHS 7FAL 9
t} 16 H|E ZoF walo] RISCHRT =23 =77} 5-15% #+a, i‘: 2Eo0] HI%7} 15%9]
g ol tﬂolEi AE FS AA 87 2= A ii*ﬂﬁi At Frxola, TR
v 2g F7])7} ZolA 2 2 Embedded Micro Processor® 2% YA & 5‘ I 9o}

SE32082 32H|E ALU® 32 H|E9 General Purpose Register(GPR) 871, Special
Purpose Register(SPR) 570E 7[X 11 e HREe A|~"H3 MCUV d&E4dor A3 EE
3¢te] o] glols AL3EFHTE 3whe] 3ol gFel Instruction Fetch Cycle, Instruction
Decoding/Execution, Memory Read/Write Cyclel & FAZE W 1o)X kol AolE =9 o]
2 F8ste] HrHE<Ql NOP W#oje] Aol Hashx] &+

4 FYas FojA 1 T 1 A5 evdsR FFse FxE ASTORN 4G
Byte Address® 168 E9] uA ¥ WaolZ X & 7}53kc).

ALU Shlft OL*JHEDL oly g} Multiply 94F% 32bit 1-Cycle Signed MultiplierE &3}
(sIRCRR < 1-Cycle d Hglg = JQ&=F 33tk

Exception Processing, Sub-routine Call/Return® A% &A1 Aevt diolgH S A A3}
Ay HHs7] 98] PUSH/POP WHEol& Abgst=d dnbd oz oo HAAHE AU
#of st 4ol 9lorm=m SE32082 olgdt 5AS o] &ste] & sl WEo= 11719 A
2E qm PUSH/POPS 3% + Slth.

SE32082 Extension Register® Extension FlagE F9]4] Immediate operand, Offsetol
4 7hestEs &3l Push/Pop list W@ o1& Fo1A A%H <l Push/Pope] 7HestEs 38t
SFom T3 NOP Operationg AA gozH =5 FES =9 MCUZ} AL&3+= Uﬂ_l_ﬂ
o] A71E &9 AH AL Z2AANEA HFS FE2E JHITH

3.2 SE3208 Features

® General Purpose Registers : 32 Bit * 8
Register 0 ~ Register 7

® Special Purpose Register : 32 bit * 5

PC : 32 bit program counter. Bit 0 is always 0

SP : 32 bit user stack pointer. Bit 1-0 are always 0
Osl : 32 bit OSI register. Bit 1-0 are always 0

ER : 32 bit extension register

SR : 32 bit status register

® 32 Bit ALSU (Adder , Shifter, Logic Block)

® 16 Bit Fixed instruction set architecture.
Simple But Powerful instruction set
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Simple hardware, High Performance
Simple exception Processor
® Extendable instruction set.
4G Byte linear Addressing,
Operand could be extended up to full word length
® Room for Co-processor.
® 2 or 3 Stage Pipeline
® 32 Bit EISC Processor (32 bit data & Address bus)
® 32bit Signed Multiplier
32 X 32 -> 32 : Executed in one clock
® In Case of Load or Branch Instructions, solve delay slot resolution by hardware
Don’t need to use NOP instruction for delay slot.
® Load/Store instruction set
Index addressing
® Push/Pop Register List
Push/pop registers up to eleven.
® 14 Kinds of conditional branch instruction
JNV, JV, JP, JM, JNZ, JZ ......
3.3 SE3208 Block Diagram
REGISTERFILE
ADDRESS
(wma = SPR INSTRUCTION
GEN%HON (PCSP,0SI, DECODER
ERSR) ] &
e ® CONTROL 3-STAGE
wes SIGNAL N PIPELINE
< j} CONTROL
P GPR#0~7 LOGIC
[
32BITALSU
s T l
| | MLTRUER DATA INOUT BLOCK |, DATA
UL
Figure 3-1 SE3208 Block Diagram
Advanced Digital Chips, Inc. CONFIDENTIAL 17
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3.4 SE3208 Registers

SE3208-2 87)12] 32 bits general purpose register2} 571 2lspecial purpose register=% PC, SP,
OSI, ER, SR & 7}#a 21t} SE3208-> Little-endian "2} 2] word orderingS- 3ttt

General Purpose Register Special Purpose Register
RO ‘ PC F—— Program Counter
R1
R2 SP P User Stack Pointer
R3
| osl «—— 0l Stack Pointer
R4
R5 ‘ ER % Extension Register
R6
R7 SR P Status Register
31 ... . .15 14 13 12 11 10 9 8 7 6 5 4 3 ... 0
Reserved NMI ENI AUT E Reservde M Reserved C 4 S \% Reserved
Enable Non-Maskable Interrupt / / ‘ Carry Zero Sign Overflow
Enable Interrupt Extension Flag processor mode:
0-> User mode,
Auto-vectored Interrupt 1 -> 0S| mode
when AUT is 0.

Figure 3-2 SE3208 MCU Registers

3.4.1 General Purpose 32 Bit Registers (RO — R7)

GPR #HA 2B &2 AWH#Ql == ARGET SiAlgL WAl gk A4k 3} shn‘t kel A
S¥vh. dao] uet 8 HIE, 16 HIE, 32¥E <AibS AT 5 Qo 64HE AXtA] A
. = SE32082 7|EAX o2 C 52 Assemblers A1-831o] 64HE A7 23] & 4 9l
). o] & A& E3F ROE A9l8Fal Index Register (52 base register)2 AF8-& 4= )t
GPR #A| 2~E= o} Zﬂdo] oi | A & =S Ho| Aok sHAIRE AFEATE CAol &
AHEEE A inline ol AEHE AFEE W Bl XY AR FoE 7]EooF

%RO-%R1

CAM el Wk ghe Agshd Agath mebd o] dAA2HE At FoF U]
gofo} Tk,

Advanced Digital Chips, Inc. CONFIDENTIAL 18
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DR7

CollA frame pointer #|# =B 2 AF&-3hc}, wleba] o] YA AEZ A& 9ol Fo|E 7]
Zofof gk Z12Y optimization options +°] compile & 7J-¢- frame pointers A}-&35HA] %
7] Wil o] B9 %R7E A&t A7 gl

3.4.2 Program Counter

Program Counter= &4 Adstal gl= WHolol] th3t addressE 7F#aL Attt SE3208¢]
32bit Processoro] A7t 16bit fixed length )& AH&3L7] wiitol wWEelol A shito] ol
= 7FAaL 2 w] wit} o] Program Counterts A5 O 2 +2%(2Bytes) =713 7t} Branchit
Callol A= Program CounterE A}-&3}o] PC Relative addressing modeE #| ¢ 3},

3.4.3 Status Register

Status Registeri= @A Core2] “Fejo] e JHE 7Hzte] nlEo|| wol Frfy. <dake] A
of e} 1 gkl AAE = &9 4712 BitE¥ Core o ] 2 AEHE Bk F4 o &

S 7HAE 49l 57 mER FAE

V : Overflow
Set if an arithmetic overflow occurs implying that the result cannot be represented in the operand
size; otherwise clear

S : Sign flag
Set if the Most Significant Bit of the result is set; otherwise clear

Z : Zero flag
Set if the result equals zero; otherwise clear

C : Carry flag
Set if a carryout of the Most Significant Bit of the operand occurs for an addition, or if a borrow
occurs in a subtraction; otherwise clear

E ! Extension Flag

dasgk Offseto]lyt dlolH s AAAoZ AFste] okst= ks wrEo 7] 98
Extension RegisterE A3 wj AE ¥t} W& o7} Extension Registers AF8-3d s o
2002 A4 "o,

AUT : Auto—-vectored interrupt mode
Sl HEZ Auto-vectored® 2|8t A QX E+= Vectored= ] 8]g AJNAE ZAA3 I}

ENI : Enable Interrupt
NMIZ A%+ SlE] ES Enable=S DisableA] 2 A o] Fof thdt AAS v},

NMI : Enable non—maskable interrupt

Non-maskable interruptZ enable =& disable & A1 x|o] )3t A H|Eo|t} TG471 A4
= NMIS AHE&HA] b=t
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3.4.4 Stack Pointer

Stack pointeri= interruptt} push, pop#} #-& 79 Stackd &9 F4AE YEeRTH

3.4.5 Extension Register

Q3% A7]9] offset = immediate registers 7] {5t YA R ALEEHE dA2=FH o]
‘:]'. 0] A A 2~Ho Fash S 7153 1u Status Registerol 4] E FlagZ7} A& o] a1 Hol
oo} @ = Wolo] o]s|A4 Extension Register’} Al-&% = HH|H E Flag”l clear ¥t} =
ol o]o] 2= WHo]7} Extension RegisterE AF&-31#] ¢k & o] (ex, push , pop &%)
d 7 $-oli= E Flagte clear ¥ A &1 71 AElE A %471tk olw] E FlagE clear A17]17] ¢
A= FAR clear AlA FoloF Ft}h & Interrupt’t 50l W AF 07 clear ®U}.

E Flag E Flag

LERI OxFFF \
/ 1 :
LDI OXF , %R0 \ LDI OXF , %R0

RO OxFFFF RO OxF

Figure 3-3 E-flag and Instruction

a9 oA Eelol A LERI WEoE AMEIES wfo] Aot AMRA] Fks we] ZAAE
Ft}h. #=¢] 19o] LERIZ AF&-3] A Extension Registerol] a3 A 4ata  thA] o] s
814 LDl g #H oo 28]l Register 09l OxFFFFS 7] =3} Zlolt} o|w] LERI 3ol &
g orng E-Flage 12 AA4o] ¥ thA] LDl H & oo 4 Extension Register zt- AH&-3)
o] O] 002 MR 926 12e gL LDl OxF , %R0 A% o Ae] LERI
630101] o3 E-Registero] #t< 7]28}x] 9kgko.m 2 Register Ooﬂ 715 E @S ©A] 0xFol
thool2lgk AA L AA oJAEHE AEE BF 52 CE AFEIHAL @i Assembler’} A&
Ao LERI B#HolE AT o8y £ ¢ ZRagus & AP /BHoR E
Flagel gt a1zl shA] ot pbaith Adx oz TR afuo] BoxAY AMEH =
register’} o}1]7] wjiZ ot}
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3.5 SE3208 Instruction Set
SE3208 MCU9| that A%<l W& oj= SE3208 Core Manual & #ralskt},

Table 3-1 SE3208 Instruction Set Summery

Operation Assembler Action
Load Word LD (¥Ri/%SP, imm), %Rd %Rd = [%Ri/%SP + imm]
Byte LDBU (%Ri/%SP, imm), %Rd %Rd = ZeroExtent[Byte from (%Ri/%SP + imm)]
signed LDB  (%Ri/%SP, imm), %Rd %Rd = SignExtent[Byte from (%Ri/%SP + imm)]
Half word (short) LDSU (%Ri/%SP, imm), $%Rd %Rd = ZeroExtent[Short from (%Ri/%SP + imm)]
signed LDS ($¥R1/%SP, imm), %Rd %Rd = SignExtent[Short from (%Ri/%SP + imm)]
Load Multiple Pop POP <reg list> while (all regs in reg list is poped)
<lower num unpoped register in reg list> =
[%SP], SP=SP + 4
Store Word ST $Rs, (%Ri/%SP, imm) [%Ri/%SP + imm] = %Rs
Byte STB %Rs, (%Ri/%SP, imm) [%Ri/%SP + imm][7:0] = %Rs[7:0]
Half word (short) STS %Rs, (%Ri/%SP, imm) [%Ri/%SP + imm][15:0] = %Rs[15:0]
Store Multiple Push PUSH <reg lists> while (all regs in reg list is poped)
[%SP = %SP -4] =
<higher num unpushed register in reg list>
Move Move MOV  %Rs, %Rd %Rd = %Rs
immediate LDI imm, %Rd %Rd = imm
with add LEA (%Rs/%SP, imm), %Rd/%SP = %Rs/%SP + imm
$Rd/%SP
Arithmetic Add ADD %Rsl, %Rs2/imm, $%Rd %Rd = %Rs1 + %Rs2/imm
with carry ADC %$Rsl, %$Rs2/imm, %Rd %Rd = %Rs1 + %Rs2/imm + C
Subtract SUB %Rsl, %Rs2/imm, %Rd %Rd = %Rs1 - %Rs2/imm
with carry SBC %Rsl, %Rs2/imm, %Rd %Rd = %Rs1 - %Rs2/imm - C
Multiply MUL  %Rsl, %Rs2, %Rd %Rd = %Rs1 * %Rs2
Logical Test TST %Rsl/imm, $%Rs2 Update SR flag on %Rs1 AND %Rs2
AND AND %Rsl, %Rs2/imm, %Rd %Rd = %Rs1 AND %Rs2/imm
OR OR $Rsl, %$Rs2/imm, %Rd %Rd = %Rs1 OR %Rs2/imm
XOR XOR  %Rsl, %Rs2/imm, %Rd %Rd = %Rs1 XOR %Rs2/imm
NEG(2’s Complement) NEG %Rs, %Rd %Rd = - %Rs
Compare Compare CMP %Rsl, %Rs2 Update SR flag on %Rs1 - %Rs2
Shift Arithmetic shift right ASR  %Rc/imm 5, %Rd {%Rd >> (%Rc/imm_5), %Rd@(MSB) =
%Rd@(MSB)}
Logical shift right LSR  %Rc/imm 5, %Rd %Rd >> (%Rc/imm_5)
Arithmetic shift left ASL  %$Rc/imm 5, 3%Rd %Rd << (%Rc/imm_5)
Format Extension from byte to word EXTB %Rd SignExtent(%Rd[7:0])
Conversion Extension from short to word EXTS %Rd SignExtent(%Rd[15:0])
SR control Seta bitin SR SET imm 4 SR.bit<imm_4>=1 depend on processor mode
Clear a bitin SR CLR imm 4 SR.bit<imm_4>=0 depend on processor mode
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Branch Jump JMP  <labels> PC = address of <Label>
on overflow clear JNV  <labels> if (V == 0) PC = address of <Label>
on overflow set Jv <label> if (V == 1) PC = address of <Label>
on sign clear / positive or zero Jp <label> if (S == 0) PC = address of <Label>
on sign set / negative JM <label> if (S==1) PC = address of <Label>
on non-zero / not equal JNZ <labels> if (Z ==0) PC = address of <Label>
on zero / equal JZ <label> if (Z == 1) PC = address of <Label>
on carry clear / JNC <labels> if (C ==0) PC = address of <Label>
unsigned higher or equal
on carry set / unsigned lower Jc <label> if (C == 1) PC = address of <Label>
on signed greater JGT <labels> if ((Z+S"V) == 0) PC = address of <Label>
on signed less JLT <labels> if ((S"V) ==1) PC = address of <Label>
on signed greater or equal JGE <labels> if ((5"V) == 0) PC = address of <Label>
on signed less or equal JLE <labels> if ((Z+S"V) == 1) PC = address of <Label>
on unsigned higher JHI <labels> if ((C+Z) == 0) PC = address of <Label>
on unsigned lower or equal JLS <labels> if ((C+2) == 1) PC = address of <Label>
register indirection JR %Rs PC = %Rs
Call CALL <labels> {%SP = PC, PC = address of <Label>}
register indirection CALLR %Rs {%SP = PC, PC = %Rs}
Coprocessor Move to GPR from coproc MVFC %Rs@CP %R0 = %Rs@CP
Move to coproc from GPR MVTC $%RdeCP %RA@CP = %R0
Soft Interrupt Software Interrupt SWI imm 4 Software interrupt processor exception
Halt HALT imm 4 Halt for low power

Advanced Digital Chips, Inc.
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4 MEMORY MAP

TG471 WH-o+= Program Memory2t Data Memory2] Main Memory 4G9S 7}zit},

Program Memory+ Flash W& dejo] ula} 64K X 8, 128K X 8, 256K X 8, 512K X 8
Z9] 64KB ~ 512KB In-System Programmable Flash MemoryS W73} t}.

Data Memory+ 8KB SRAMS W43}l t}.

External Memory+ [/O¢} Peripheral2 Memory Mapped [/O Register & 9ol 9] %] 3stt},

Table 4-1 Memory Map

Offset Address Block Remark

0000_0000h ~ 0007_FFFFh Embedded Flash Read Region of
(64KBytes) Flash Memory

0080_0000h ~ 0087_FFFFh (128KBytes) Programming Region of
(256KBytes) Flash Memory
(512KBytes)

0100_0000h ~ 0100_1FFFh Internal SRAM Data Memory

(8KBytes)
0200_0000h ~ 02FF_FFFFh Reserved -

0300_0000h ~ O3FF_FFFFh

Memory Mapped
I/O Register

Memory Mapped I/O

0400_0000h ~ O7FF_FFFFh Reserved -
0800_0000h ~ O8FF_FFFFh External Static Memory Static Memory
0900_0000h ~ FFFF_FFFFh Reserved -
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Memory Mapped /O Registeri= Offset Address”} 0x0300_0000 ~ 0x0300_OFFF < 99

A 256Bytes T = UFolA )

Table 4-2 Memory Mapped 1/0O Registers

Offset Address Block
0300_0000h PIN Multiplexer
0300_0100h Reserved
0300_0200h Power Management Unit
0300_0300h NOR Flash Controller
0300_0400h Watchdog Timer
0300_0500h Interrupt Controller
0300_0600h Timer 8Ch
0300_0700h SPI 2Ch
0300_0800h TWI
0300_0900h UART 4Ch
0300_0A00h GPIO
0300_0B0OOh ADC
0300_0CO00h DAC
0300_0D00h DMA
0300_0OEOOh 12S with ADPCM
0300_0F00h USB Device

##% The address boundary is 0x100 (256 Bytes)
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4.1 Flash Memory

4.1.1 TGAT1A (64KBytes)

TGA71AE 64KBytes Flash Memory = T4 o] 93, 16 Sector®= A%l A}, zt
Sectort 4KBytes?] Memory® T4 ® U}

- Flash Size : 1 block = 16 sectors = 64 KBytes
- 1 sector = 4 KBytes

Flash Memoryy E# & o=z+x= 3 719 64KBytes Memory® TAE AT, =g]x o=
Read Region¥} Programming Region® 2 7=t} =, 0000_0000h ~ 0000_FFFFh ¢
Read Region Flash Memory ¢ 0080_0000h ~ 0080_FFFFh ¢] Programming Region Flash
= =94 F42E gEx EgZdoes FA3 Memory ©]7] W&ol Programming Region
Flash®] sectorQ0 ~ sectorl59] Programming 3+ U|°]E]+== Region Flash® sector0 ~
sectorl5& &3 Read ¥}

Table 4-3 Read Region in On-chip Flash Memory (64KBytes)

Address Range (64KBytes) Sector Number Block Number

0000 0000h - 0000 OFFFh Sector 0 (4KBytes)

............ Block (64KBytes)

0000 FOOOh - 0000 FFFFh Sector 15 (4KBytes)

Table 4-4 Write Region in On-chip Flash Memory (64KBytes)

Address Range (64KBytes) Sector Number Block Number

0080 0000h — 0080 OFFFh Sector O (4KBytes)

............ Block (64KBytes)

0080 FOOOh - 0080 FFEFFh Sector 15 (4KBytes)
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4.1.2 TG4A71B (128KBytes)

TG471BE= 128KBytes Flash Memory 2 JFAEHo] o} 2719 =072 FAHH, Z+
= 16 Sector® Y594 At} & Sectori= 4KBytes®] Memory® 74 Ft}.

e

- Flash Size : 2 blocks = 32 sectors = 128 KBytes
- 1 sector = 4 KBytes

Flash Memory+ =@ & oz2%E 3 7)o 128KBytes Memory® TAFAR, =g|do=
Read Region®} Programming Regiono 2 2] ¥ojglt}t. =, 0000_0000h ~ 0001_FFFFh 9]
Read Region Flash Memory ¢+ 0080_0000h ~ 0081_FFFFh ¢ Programming Region Flash
= =84 F4ae UEAT EYFor Y3 Memory ©]7] W&ol Programming Region
Flash®] sectorO ~ sector319] Programming 3%+ d]¢]E]+= Read Region Flash®] sectorQ ~
sector31& &3] Read T}

Table 4-5 Read Region in On-chip Flash Memory (128KBytes)

Address Range (128KBytes) Sector Number Block Number

0000 0000h — 0000 OFFFh Sector 0 (4KBytes)
------------ Block 0 (64KBytes)

0000 FOOOh - 0000 FFFFh Sector 15 (4KBytes)

0001 0000h — 0001 OFFFh Sector 16 (4KBytes)
------------ Block 1 (64KBytes)

0001 FOOOh - 0001 FFFFh Sector 31 (4KBytes)

Table 4-6 Write Region in On-chip Flash Memory (128K Bytes)

Address Range (128KBytes) Sector Number Block Number

0080 0000h - 0080 OFFFh Sector O (4KBytes)
~~~~~~~~~~~~ Block 0 (64KBytes)

0080 FOOOh - 0080 FFFFh Sector 15 (4KBytes)

0081 0000h — 0081 OFFFh Sector 16 (4KBytes)
------------ Block 1 (64KBytes)

0081 FOOOh - 0081 FFFFh Sector 31 (4KBytes)
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4.1.3 TG471C (512KBytes)

TG471D+ 512KBytesE& ulgstal lom, 87/l EFo2 FAHT. 7 E59 4 Sector=

T = o] 9t} ZF Sector= 16KBytes® Memory® A ).

- Flash Size = 8 blocks = 32 sectors = 512 KBytes

- 1 sector = 16 KBytes

Flash Memory® E#4 282+ & 709 512KBytes Memory® /AT, =4 o=
Read Region¥} Programming Regiono 2 #-2]&ojglt}. =, 0000_0000h ~ 0007_FFFFh 9]
Read Region Flash Memory ¢+ 0080_0000h ~ 0087_FFFFh ¢ Programming Region Flash
= =84 F4ae UEAT EYFor Y3 Memory ©]7] W&ol Programming Region
Flash®] sectorO ~ sector319] Programming 3%+ d]¢]E]+= Read Region Flash®] sectorQ ~

sector31S %3l Read HU}.

Table 4-7 Read Region in On-chip Flash Memory (512KBytes)

Address Range (512KBytes)

Sector Number

Block Number

0000 0000h - 0000 3FFFh

Sector 0 (16KBytes)

0000 CO00h - 0000 FFFFh

Sector 3 (16KBytes)

Block 0 (64KBytes)

0001 0000h - 0001 3FFFh

Sector 4 (16KBytes)

0001 COO00h - 0001 FFFFh

Sector 7 (16KBytes)

Block 1 (64KBytes)

0002 0000h - 0002 3FFFh

Sector 8 (16KBytes)

0002 CO00h - 0002 FFFFh

Sector 11 (16KBytes)

Block 2 (64KBytes)

0003 0000h - 0003 3FFFh

Sector 12 (16KBytes)

0003 CO00h - 0003 FFEFFh

Sector 15 (16KBytes)

Block 3 (64KBytes)

0004 0000h — 0004 3FFFh

Sector 16 (16KBytes)

0004 COO0h - 0004 FFEFFh

Sector 19 (16KBytes)

Block 4 (64KBytes)

0005 0000h — 0005 3FFFh

Sector 20 (16KBytes)

0005 CO00h - 0005 FFFFh

Sector 23 (16KBytes)

Block 5 (64KBytes)

0006 0000h — 0006 3FFFh

Sector 24 (16KBytes)

0006 COO0h — 0006 FFFFh

Sector 27 (16KBytes)

Block 6 (64KBytes)

0007 0000h - 0007 3FFFh

Sector 28 (16KBytes)

0007 CO00h — 0007 FFFFh

Sector 31 (16KBytes)

Block 7 (64KBytes)
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Table 4-8 Programming Region in On-chip Flash Memory (512KBytes)

Address Range (512KBytes)

Sector Number

Block Number

0080 0000h — 0080 3FFFh

Sector 0 (16KBytes)

0080 CO00h - 0080 FFFFh

Sector 3 (16KBytes)

Block 0 (64KBytes)

0081 0000h — 0081 3FFFh

Sector 4 (16KBytes)

0081 CO00h — 0081 FFFFh

Sector 7 (16KBytes)

Block 1 (64KBytes)

0082 0000h - 0082 3FFFh

Sector 8 (16KBytes)

0082 CO00h - 0082 FFFFh

Sector 11 (16KBytes)

Block 2 (64KBytes)

0083 0000h — 0083 3FFFh

Sector 12 (16KBytes)

0083 CO00h - 0083 FFFFh

Sector 15 (16KBytes)

Block 3 (64KBytes)

0084 0000h — 0084 3FFFh

Sector 16 (16KBytes)

0084 COO0h - 0084 FFFFh

Sector 19 (16KBytes)

Block 4 (64KBytes)

0085 0000h - 0085 3FFFh

Sector 20 (16KBytes)

0085 CO00h - 0085 FFEFFh

Sector 23 (16KBytes)

Block 5 (64KBytes)

0086 0000h — 0086 3FFFh

Sector 24 (16KBytes)

0086 CO00h — 0086 FFEFFh

Sector 27 (16KBytes)

Block 6 (64KBytes)

0087 0000h — 0087 3FFFh

Sector 28 (16KBytes)

0087 CO00h - 0087 FFFFh

Sector 31 (16KBytes)

Block 7 (64KBytes)
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4.1.4 Flash Access

TG471°] WA= Flash Memorye HU 80nsec?] HAEEEE 71A]7] wWjFof system clock
o] & wel Access Cycles WAslojok st} System clocke] 12MHz ©]sle] oA
Flash MemoryZ Read¥ 7 -$-oll& FACC#H A 2E 9 FRACCE “00”2. % AA3H 1-clocke
2 Flash MemoryZS A3t} 12MHz o]4dY ZA$o:= (system clock)/12MHz ©¢ =
FRACCE A7gdtofof gt

o)) 24MHz system clock : FRACC => 2-clock

12MHz oA A% Flash Memory?e £Xo] =¥z o= MCU’F 9} Clock vt} =
S AHYE & JdEF [-CachedE A3t [-Cache= Flash Memory®] t3dt CacheZ A
MCU7} Flash Memoryd &Xo S84 ow Fx8 ¢ JE= 3o,

[-Cache™ CAEN# A 2B 2] CAEN H|Eo9| 93] dA=E 4 <9li1, 1-Cache”’} Enable¥®™
FRACC kel #AIglo] thH-=2] WH S 1-clocke2 H+3hA "k

Flash MemoryE programming sl 7499+ FPACCE F7}= A A3}e]oF 3a1, FRACC
9} =d3A 12MHz 992 AA LAt WAE Flash Memorys 8H|E %2 71x|1 ¢)7] o
ol Flash programming Aloll= 8H|E ©wQ & HLslojof st

Flash Memory Program Cycle ¢] 24 % ¥ Flash Memory?] programming 3}7] $ 3l
= FPEN HIEE A#A3}e] Flash Memoryoﬂ 3 programmingS 7}s3tEE AAT T
FMOD H|EZ A 3}e] Flash 9] 2EE=S 23

l

Flash Memory°ol ™3 %2z F Adl= FST dA=HE T &<l 4= 2t} Flash
Memorys 734 Program Al -Er?ﬂ' A AAZko] F Q1)

I-Cache 7} Enable ¥ AtHlol 4] Flash Memory®ll ™3+ programmingg <33tctA CAIV
bitE A3l programming¥ Flash®] W& [-Cache® W&& Al XA A} gt}

| 1 I | | |
0 | | | |
CLK | | | 0 |
( ( | | ( 0
! ! ! ! ! !

ADDR X | | I | X
| | T T | |
l l I | l l
| | I | l |
nFCS N L
( ( | | ( (
( ( | | ( (
—t— 1
nFRD ( 0 |\ :/ ( (
TR s rss | | ron | an
| FAS | FSS>:< FRACC/FPACC | FSH | FAH |

Figure 4-1 Flash Access Cycles
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4.1.5 Flash Control Registers

Flash Access Control Register (FACC)
Address : 0x0300_0300h

Bit R/IW Description Default Value
31:14 R Reserved -
13:12 RW | FRACC : Flash read access cycle 11

00 : 1 clock(~12MHz) 01 : 2 clock(~24MHz)
10 : 3 clock(25MHz~) 11 : 4 clock(25MHz~)
11 :10 RW | FAS : Flash address set—up cycle 01
00 : 0 clock 01 : 1 clock
10 : 2 clock 11 : 4 clock
9:8 RW | FSS : Flash select set—up cycle 00
00 : 0 clock 01 : 1 clock
10 : 2 clock 11 : 4 clock
7.6 R Reserved -
5:4 RW | FPACC : Flash programming access cycle 00
00 : 1 clock(~12MHz) 01 : 2 clock(~24MHz)
10 : 3 clock(25MHz~) 11 : 4 clock(25MHz~)
3:2 RW | FSH : Flash selection hold cycle 00
00 : 0 clock 01 : 1 clock
10 : 2 clock 11 : 4 clock
1:0 RW | FAH : Flash address hold cycle 00
00 : O clock 01 : 1 clock
10 : 2 clock 11 : 4 clock

Flash Operation Mode Control Register (FMOD)
Address : 0x0300_0304h

Bit

RIW

Description

Default Value

31:5

R

Rese

rved

4

RW

FPEN : Flash programming enable bit
O : Disable 1 : Enable

Flash memory map°ll4 Programming Regionel| tj
2L AA3t} Read Regiondl & 38 Fx| gt

3t

hE

Reserved

RW

FMO

000 :

001

010 :

011

100 :

D : Flash operation mode
Read mode

. Programming mode
Sector erase mode

. Block erase mode
Chip erase mode

000
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Flash Status Register (FST)
Address : 0x0300_0308h
Bit R/W Description Default Value
31:7 R Reserved -
6:4 R FMODST : Flash Operation State bit 000
000 : Read mode
001 : Byte program mode
010 : Sector erase mode
011 : Block erase mode
100 : Chip erase mode
3:1 R Reserved -
0 R FRDY : Flash Ready bit 00
O : Busy, indicate the progress of the operation
1 : Ready, indicate the completion of the operation

Instruction Cache Enable Register (CAEN)
Address : 0x0300_0310h

Bit R/IW Description Default Value
31:1 R Reserved -
0 Y CAEN : Instruction Cache Enable bit 0
O : Disable 1 : Enable

Instruction Cache Invalidation Enable Register (CAIV)
Address : 0x0300_0314h

Bit R/W Description Default Value
31:1 R Reserved -
0 W CAIV : Instruction Cache Invalidation Enable bit 0
O : Disable 1 : Enable
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4.2 External Static Memory

External Static Memory$}2] InterfaceE 93] nCS, nRD, nWR, 18] D[15:0]L A ¥3}
W 34k 4 cycled] system clock® ® A3k}

Memory?] Addressi BE® %o A ¢7] o GPIOE E3dle] AAste]oF 3hu}
Z2J1} NAND Flasht= Address7F 28 g17] wiiol CEb, ALE, CLE & GPIOE &3t A4
st AojEd = 3l

External Memory Read Cycles
| | | |

S&
* 3

YETTY

=
Py

A&

External Memory Write Cycles
|

|

{

System
Clock

nCS

i
1

>
X
w)

nWR

|

S -1+

Figure 4-2 External Static Memory Interface timing

Table 4-9 External Memory Interface Timing Parameters

System Clock nCS width nRD width nWR width Unit
33MHz Max. 120 Max. 90 Max. 60 ns
24MHz Max. 166 Max. 125 Max. 83 ns
12MHz Max. 332 Max. 250 Max. 166 ns
6MHz Max. 664 Max. 500 Max. 332 ns
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TG471

5 SYSTEM POWER AND RESET

5.1 Voltage Regulator

Voltage Regulator: 3.3VAYLS <
Fo 3.3V & AYLS AFEE 4 9l
PLL_VDD25%+ Voltage Regulatord] =¥

Advanced Digital Chips, Inc.

A2 wol YR 3] 2o 25V AL
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5.2 Reset

TG4719¢] Reset Sources= oS3} 7t}
- Power on reset
- External reset
- Watchdog reset

5.2.1 Power On Reset

Power On % W& Aol 1.8V o]Ao] W 300usec®] ResetS A%t} Power On
Reseto] &% o= External Resetol]l 93] W Reseto] &t}

Table 5-1 Power On Reset Characteristics

Parameter Min Typ Max Units
Power on reset threshold point 1.8 \Y
Typ. 1.8Y 2.9y

¥DD25b

oy

2.9Y

Typ.
POR_RESET o Thbnsec g M

Figure 5-1 Power On Reset Timing Diagram

5.2.2 External Reset

QoA 17Fel nRESET 4l 7} “LOW” o off @A gttt nRESETo] “HIGH"Z 53gh &

&
XIN £809o] 1024 cycleo] & wji7}#] W& Reset = 43 &, MCU”Z} 0x0000_0000 F2=9l
3} Reset Vector AddressE o] £2lt}.

Table 5-2 External Reset Characteristics

Parameter Min Typ Max Units
External reset threshold point (rising) 1.44 1.50 1.56 v
External reset threshold point (falling) 0.89 0.94 0.99 Y%
Width of Reset 1024 XIN clock
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5.2.3 Watchdog Reset
Watchdog Timer= A]2=8l ogf, A oise9} e o]Gg®
MCU7} 87349l &45 st &< o,

Watchdog Reset ©] Enable (WDREN = ‘1’ )% WDCNTol A7d% #tell Al 1024 System Clock v}
o ¥ A4Skl WDCNT kel ‘0¢] ™ Watchdog Reset ©] AJgtt}, Watchdog Timeri=
10bit pre-scalerS 7}A] 3L 217] wjit-o] Watchdog counter<> 1024 Clock vt} 73Sk},

Watchdog Reseto] A& WDST H] Eco]l Watchdog Reseto] A AMej 7l A&}, e 2
A 2=H 9] %7]#k2 Watchdog Reseto] WHA3slH *7]3}w x| gk, WDST H|E+= RSCON d|*|2=E7}
Read 2 w9t 25 © 2 Clear 9t}

WDRENS A% AelolA] Watchdog Resete] ZHz|A] A 7] falAE 16 HES
Watchdog Counter 3to] ‘0’¢] XA &es F7]24 02 WDCNTS A4 4 3Fo] Watchdog Reset©]
WA shA] e sfjoF gt

Program Counter Address Register®} Stack Point Address Registers= Watchdog Reset©]
sk Aol A MCUZF Faletd ghs Adstar 7] wiiEel Watchdog & Al H ol A <]
MCU®] Program Counter Address %3 Stack Point Address #= 3helg 4= 9l7] wj&o
quigshsd F8eA AT 5 9
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5.2.4 Reset Control Registers

Reset Control Register (RSCON)
Address : 0x0300_0400h

0 : Disable Watchdog Timer Reset
1 : Enable Watchdog Timer Reset

Bit R/IW Description Default Value
31:4 R Reserved. -
4 R WDST : Watchdog Status bit 0
0 : No Watchdog Reset
1 : Watchdog Reset
Clear at Read
3 R Reserved -
2 RW | USB Reset 0
0 : USB Reset Disable
1 : USB Reset Enable
1 RW | PLL Reset 1
0 : PLL Reset Enable
1 : PLL Reset Disable
0 RW WDREN : Watchdog Timer Reset Enable bit 0

Watchdog Timer Counter Value Register (WDCNT)
Address : 0x0300_0404h

Bit R/W Description Default Value
31: 16 R Reserved -
15:0 RW Watchdog Timer Counter 16bit Value. OxFFFFh

Program Counter Address Register (PCADR)
Address : 0x0300_0408h

Bit R/IW Description

Default Value

31: 0 R Program Counter Address
Watchdog Reset ©] 2Ast A|-2] PC %L

0x0000_0000h

Stack Point Address Register (SPADR)
Address : 0x0300_040Ch

Bit R/W Description

Default Value

31: 0 R Stack Point Address
Watchdog Reset ©] 2213k A5 <] SP 3t

0x0000_0000h
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6 CLOCK CONTROL AND POWER MANAGEMENT

6.1 Clock Control

USB Clock Select

USB Clock Control

} USB Clock

External Clock

PLL Clock

XN [ XIN Clock jﬂ

RC |RC OSC Clock
osc

System Clock

/

Peripheral Clock

CPU Clock
nosC [
1/1024
System Clock Select
Cache Clock Control } Cache Clock
Internal
Internal SRAM Clock Control SRAM Clock

Peripheral Clock Control

Figure 6-1 TG471 Clock Distribution

TG471+= External Clocks QF=ZFE WwolEo “MCU Clock”, “Flash Clock”, “Cache
Clock”, “Internal SRAM Clock”, “Peripheral Clock” 18]1 “USB Clock”® 2 EF3slo] Ao
a=s
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6.2 Power Management
“CPU Clock” <

Table 6-1

System Clock

nOSC, OSCCON, SCLKSEL H|E9] z3to] oja] t}&u} o] aloju}.

noOSC OSCCON[1:0] | CLKCON[1:0] System Clock Mode
1 Ox XX Clock OFF STOP
1 1x 00 XIN Clock External
1 1x 01 XIN Clock / 1024 Sleep
1 1x 10 XIN’s PLL Clock PLL
1 1x 11 XIN’s PLL Clock / 2 PLL
0 x0 XX Clock OFF STOP
0 x1 00 RC OSC Clock External
0 x1 01 RC OSC Clock / 1024 Sleep
0 x1 10 RC OSC’s PLL Clock PLL
0 x1 11 RC OSC’s PLL Clock / 2 PLL

CLKCON #HA2EHE g BE=o] 21857

2& Aol AAEA ON/OFF Aloj7h 7hs

s,
Table 6-2 Active Clock Domains and Wake Up Sources
Sleep mode Active clock Stop clock Wake up sources
PLL clock | External Clock All Interrupt
mode PLL Clock Reset
CPU Clock
Cache Clock
Internal SRAM Clock
Peripheral Clock
External External Clock PLL Clock All Interrupt
clock mode CPU Clock Reset
Cache Clock
Internal SRAM Clock
Peripheral Clock
Sleep mode External Clock PLL Clock All Interrupt
(Ext/1024) CPU Clock(Ext/1024) Reset
Cache Clock(Ext/1024)
Internal SRAM Clock
(Ext/1024)
Peripheral Clock
(Ext/1024)
Stop mode External Clock Reset
(XIN OFF) CPU Clock
Cache Clock

Internal SRAM Clock
Peripheral Clock
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6.3 Power and Clock Control Registers

RC Oscillator Control Register (OSCCON)
Address : 0x0300_0200h

Bit R/W Description Default Value
31:8 R Reserved -
74 RW OSCCLK : Embedded RC OSC Clock Selection 1000

0000 : 5.00MHz 0001 : 6.10MHz
0010 : 8.08MHz 0011 : 9.81MHz
0100 : 13.01MHz 0101 : 15.72MHz
0110 : 17.55MHz 0111 : 21.12MHz
1000 : 22.99MHz 1001 : 25.58MHz
1010 : 28.58MHz 1011 : 30.42MHz
1100 : 33.10MHz 1101 : 35.12MHz
1110 : 37.73MHz 1111 : 39.89MHz
RC OSCE #5%° a7 g 4= 9l7] wid
e 2ol Bad Axgels Ay s
3:2 R Reserved -
1 RW XIN Enable bit 1
0 : Disable 1 : Enable
XINS &3t 17tE+= 288 Alofgt}h. DisableAl
XIN/XOUTS AFE-3F Crystal®] 2xlo] WEA Hr},
0 RW RC OSC Enable bit 1
0 : Disable 1 : Enable
Y&¥ RC Oscillator?] &2Fe Alojgtc}

PLL Control Register (PLLCON)
Address : 0x0300_0204h

Bit R/W Description Default Value
31: R Reserved -
12 : 8 RW | N-Counter[4:0] 00011
7:6 RW | O-Counter[1:0] 0
5:4 RW | M-Counter[1:0] 0
3:2 R Reserved -

1 R PLL Lock bit

0 : Unlocking 1 : Locking
PLL °l o dAE =9 o] HHH AedS e
W= HEo|th PLL 295 AMEstaxt & w= =
Al ] H[EZ} Locking ¥ A& gRlgt & PLL 282
2 Aok g} Lock bit% PLL Enable bit ¢}
N/O/M Counter H|E AAo] v}d o wit} Unlocking
H & Ht 200usec ©]Fo] thA] Locking # T},
0 RW PLL Enable bit 0
0 : Disable 1 : Enable
N+1

PLL Multplication Factor ETE——
2V x 2%
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Clock Control Register (CLKCON)
Address : 0x0300_0208h
Bit R/W Description Default Value
31:10 R Reserved -
8 RW UCLKSEL : USB Clock Select bit 0
0 : PLL Clock 1 : EXT Clock
7 RW UCLKEN : USB Clock Control bit 0
0 : Clock Disable 1 : USB Clock
6 RW PCLKEN : Peripheral Clock Control bit 1
0 : Clock Disable 1 : System Clock
5 RW DCLKEN : Internal Data SRAM Clock Control bit 1
0 : Clock Disable 1 : System Clock
4 RW CCLKEN : Cache Clock Control bit 1
0 : Clock Disable 1 : System Clock
3:2 R Reserved -
1:0 RW SCLKSEL : System Clock Select bit 00
00 : External Clock 01 : External Clock / 1024
10 : PLL Clock 11 :PLL /2
*** External Clock : RC OSC Clock or XIN Clock
I12S External Clock Selection Register (I12SCLK)
Address : 0x0300_020Ch
Bit R/W Description Default Value
31:2 R Reserved -
1:0 RW [12SCLK : 12S Source Clock Select bit 00

00 : XIN Clock 01 : RC OSC Clock
10 : CAP[O] 11 : CAP[1]
289 A9 S8& dEdiy.
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7 ALTERNATE PORT AND I/O PORTS

7.1 Alternate Port Function

TG471¢] 2E 1/O Port BE9 =713kS PIO Input o]t} H3F PI09] & & o] Y&
Ao 2 Pull-up Holoo] 98-S unknownl 2 WrolEol= AFERS x| 519l T).

PA[3:0] Ports® 4% W4 Flash DownloadE & 4 1+ ISP I A7l AZE o] 97|
w| Zof] ISPEN = “High” °4] PA[3:0] Ports® nECS, ECLK, EDIN, EDOUT 2l 2 AZo =
A=
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7.1.1 PIN MUX Control Registers

PIN MUX Select 0 Register (POMUX)
Address : 0x0300_0020h

Bit

R/IW

Description

Default Value

31 :

16

R

Reserved

15:

14

RW

PA7 : PA7 Port Selection bit
00 : SDA(TWD 01 : 1012
10 : INT3B 11 : PA7

11

13:

12

RW

PAG6 : PA6 Port Selection bit
00 : SCL(TWD 01 : 1011
10 : INT2B 11 : PA6

11

11:

10

RW

PA5 : PAS Port Selection bit
00 : Reserved 01 : nCS
10 : Reserved 11 : PAS

11

RW

PA4 : PA4 Port Selection bit
00 : nSSO(SPI Ch0) 01 : 1010
10 : Reserved 11 : PA4

11

RW

PAS3 : PA3 Port Selection bit

00 : Reserved 01 : 109

10 : Reserved 11 : PA3
ISP Modeol|4] nECS # o= A3t}

11

RW

PA2 : PA2 Port Selection bit
00 : SCKO(SPI Ch0)  01: nRD
10 : Reserved 11: PA2
ISP Mode©olA] ECLK o2 A%}

11

RW

PA1 : PA1 Port Selection bit
00 : MOSIO(SPI Ch0O) 01 : nWR
10 : Reserved 11 : PA1
ISP Mode®l| 4] EDIN ¥ o & dAgr}

11

RW

PAO : PAO Port Selection bit
00 : MISOO(SPI Ch0) 01 : 108
10 : Reserved 11 : PAO
ISP Mode®ll#/] EDOUT o= At}

11
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PIN MUX Select 1 Register (P1MUX)
Address : 0x0300_0024h

Bit R/W Description Default Value
31:16 R Reserved -
15: 14 RW PB7 : PB7 Port Selection bit 11
00 : TMO7 01 : CAP7
10 : INT7A 11 : PB7
13:12 RW PB6 : PB6 Port Selection bit 11
00 : TMO6 01 : CAP6
10 : INT6A 11 : PB6
11:10 RW PB5 : PB5 Port Selection bit 11
00 : TMOb5 01 : CAPS
10 : INTH5A 11 : PB5
9:8 RW PB4 : PB4 Port Selection bit 11
00 : TMO4 01 : CAP4
10 : INT4A 11 : PB4
7:6 RW PB3 : PB3 Port Selection bit 11
00 : TMO3 01 : CAP3
10 : INT3A 11 : PB3
5:4 RW PB2 : PB2 Port Selection bit 11
00 : TMO2 01 : CAP2
10 : INT2A 11 : PB2
3:2 RW PB1 : PB1 Port Selection bit 11
00 : TMO1 01 : CAP1
10 : INT1A 11 : PB1
1:0 RW PBO : PBO Port Selection bit 11
00 : TMOO 01 : CAPO
10 : INTOA 11 : PBO
#+% External Interrupt = INTxA ¢ INTxB 7} AND ® =7 o}. INTxA <}
INTxB & PIN MUXell oJ3] Melsx] e Ao W4 o= “Hig =
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PIN MUX Select 2 Register (P2MUX)
Address : 0x0300_0028h
Bit R/W Description Default Value
31:16 R Reserved -
15: 14 RW PC7 : PC7 Port Selection bit 11
00 : SDI(2S) 01 : TXD3
10 1 INT7B 11 : PC7
13:12 RW PC6 : PC6 Port Selection bit 11
00 : SDO(12S) 01 : RXD3
10 : INT6EB 11 : PC6
11:10 RW PC5 : PC5 Port Selection bit 11
00 : SCLK(2S) 01 : TXD2
10 : INTSB 11 : PC5H
9:8 RW | PC4 : PC4 Port Selection bit 11
00 : SLRCK(I2S) 01 : RXD2
10 : INT4B 11 : PC4
7:6 RW PC3 : PC3 Port Selection bit 11
00 : TXD1 01 : Reserved
10 : INT1B 11 : PC3
5: 4 RW PC2 : PC2 Port Selection bit 11
00 : RXD1 01: Reserved
10 : INTOB 11: PC2
3:2 RW PC1 : PC1 Port Selection bit 11
00 : TXDO 01 : Reserved
10 : Reserved 11 : PC1
1:0 RW | PCO : PCO Port Selection bit 11
00 : RXDO 01 : Reserved
10 : Reserved 11 : PCO
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PIN MUX Select 3 Register (P3MUX)
Address : 0x0300_002Ch

Bit R/W Description Default Value
31:16 R Reserved -
15: 14 RW PD7 : PD7 Port Selection bit 11

00 : 100 01 : nSS1(SPI Chl)
10 : Reserved 11 : PD7
13:12 RW PD6 : PD6 Port Selection bit 11
00 : 101 01 : SCKI1(SPI Chl)
10 : Reserved 11 : PD6
11:10 RW PD5 : PD5 Port Selection bit 11

00 : 102 01 : MOSI1(SPI Chl)
10 : Reserved 11 : PD5

9:8 RW | PD4 : PD4 Port Selection bit 11
00 : 103 01 : MISO1(SPI Ch1l)
10 : Reserved 11 : PD4

7:6 RW | PD3 : PD3 Port Selection bit 11
00 : 104 01 : Reserved
10 : Reserved 11 : PD3

5: 4 RW PD2 : PD2 Port Selection bit 11
00 : 105 01: Reserved
10 : Reserved 11: PD2

3:2 RW PD1 : PD1 Port Selection bit 11
00 : 106 01 : Reserved
10 : Reserved 11 : PD1

1:0 RW | PDO : PDO Port Selection bit 11
00 : 107 01 : Reserved
10 : Reserved 11 : PDO

PIN MUX Select 4 Register (P4AMUX)
Address : 0x0300_0030h
Bit R/W Description Default Value
31:6 R Reserved -
5: 4 RW PEZ2 : PE2 Port Selection bit 11
00 : Reserved 01: 1015
10 : Reserved 11: PE2

3:2 RW PE1 : PE1 Port Selection bit 11
00 : Reserved 01 : 1014
10 : Reserved 11 : PE1

1:0 RW PEO : PEO Port Selection bit 11
00 : CODEC_CLK(I2S) 01 : 1013
10 : Reserved 11 : PEO
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7.2 1/0O Ports

/0 Ports:= 8-bite. & TAE 4719 EZ3 3-bite s FAE Y EEow FAHo F
3570 ¢] IN/OUT PortsE A3t} 7t Ports= @A 2~F Ao =Z A 42 4 9on, thekst
AEY S8 A"l Ao ALY

I/0 Portst= PxODIR #@A~HE E3 7 Port' = Output mode= A% 3 3k PxIDIR
dl A ~Eoll 23] Z} Port'H 2 Input mode= A Et}h 7} Porte] HAAAEE PxDIR A AHE
a3 G99 4 Adrk. PxODIR #A~E 9t PxIDIR @A 2~E HAAAl “17Ql HIEY 3%
Fz2to 7 HAAE I, 07 HIEE ojwdt S vx]x| FEI

I/0 Portse] &2 @8-S Output mode=® AA ¥ “FejellA] PXOHIGH #A2=EE E3 Hig
Level 2 7% 31, POLOW #H A ~EE 3] Low LevelZ A ¥t} Output levele] 2=
PXOLEV #lA2~HE Z3] &eld 4= 9]

=

I/0 Portse] 47 W2 PxILEV HA2HE &3] &3t = itk ZF Portsell &= Pull-up
Aol Aoz AZAH] glo] el thgt unknown FEIE WA s3I

Table 7-1 Internal Pull-up Characteristics
Parameter Min Typ Max Unit

Pull-up resistance 90 120 195 KO
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7.2.11/0 Ports Registers

Port Direction Registers ( PxDIR)
Address : 0x0300_0A00h / 0x0300_0A20h / 0x0300_0A40h/ 0x0300_0A60h / 0x0300_0A80h

Bit R/IW Description Default Value
31:8 R Reserved -
7:0 R PxyDIR : Pxy Direction bit 0x00h
0 : Input 1 : Output

sk A AAE Porte] Direction

o] S = 2=
S g1 =

Port Direction Output Mode Setting Registers ( PxODIR)

Address : 0x0300_0

AQOh / 0x0300_0A20h / 0x0300_0A40h/ 0x0300_0A60h / 0x0300_0A80h

Bit

Description

Default Value

31:

8

Reserved

Px70DIR :

Px7 Direction Output Mode Setting bit

Px60DIR :

Px6 Direction Output Mode Setting bit

Px50DIR :

Px5 Direction Output Mode Setting bit

Px40DIR :

Px4 Direction Output Mode Setting bit

Px30DIR :

Px3 Direction Output Mode Setting bit

Px20DIR :

Px2 Direction Output Mode Setting bit

Px10DIR :

Px1 Direction Output Mode Setting bit

O INWH|OTD [

=\=|=|=|=|=|=5]=|=|E]

Px0ODIR :

Px0 Direction Output Mode Setting bit

olleo]leo] o] (o] o] o] (e)

%% Port Direction Output Mode Setting bit

0 : No effect

1 : Set to output mode the corresponding bit in the PxDIR registers

Port Direction Input Mode Setting Registers ( PxIDIR )

Address : 0x0300_0

A04h / 0x0300_0A24h / 0x0300_0A44h/ 0x0300_0A64h / 0x0300_0A84h

Bit

Description

Default Value

31:

8

Reserved

Px7IDIR :

Px7 Direction Input Mode Setting bit

Px6IDIR :

Px6 Direction Input Mode Setting bit

Px5IDIR :

Px5 Direction Input Mode Setting bit

Px4IDIR :

Px4 Direction Input Mode Setting bit

Px3IDIR :

Px3 Direction Input Mode Setting bit

Px2IDIR :

Px2 Direction Input Mode Setting bit

Px1IDIR :

Px1 Direction Input Mode Setting bit

OIHIN|W[H|O1|OY |

=|=|=|=5|=|=5|==5=|2

PxOIDIR :

Px0 Direction Input Mode Setting bit

elleollo] o] (o] o] le) e

%% Port Direction Input Mode Setting bit

0 : No effect

1 : Set to input mode the corresponding bit in the PxDIR registers
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Port Output Data Level Registers ( PXOLEV)
Address : 0x0300_0A08h / 0x0300_0A28h / 0x0300_0A48h/ 0x0300_0A68h / 0x0300_0A88h

Bit R/W Description Default Value
31:8 R Reserved -
7:0 R PxyOLEV : Pxy Output Level bit 0x00h
0 : Low Level 1 : High Level

sk A A AAF Porte] Output Level & &eldt 4= 9l

Port Output Data High Level Setting Registers ( PxXOHIGH )
: 0x0300_0A08h / 0x0300_0A28h / 0x0300_0A48h/ 0x0300_0A68h / 0x0300_0A88h

Address

Bit

Description

Default Value

31:

8

Reserved

Px70H :

Px7 Output Data High Level Setting bit

Px60H :

Px6 Output Data High Level Setting bit

Px50H :

Px5 Output Data High Level Setting bit

Px40H :

Px4 Output Data High Level Setting bit

Px30H :

Px3 Output Data High Level Setting bit

Px20H :

Px2 Output Data High Level Setting bit

Px10H :

Px1 Output Data High Level Setting bit

O|HIN|WH]OT|D[

=|=|=|=|=|=|=|=|=|E

Px0OH :

Px0 Output Data High Level Setting bit

olleo]leo] o] (o] leo] o] (e)

%% Port Output Data High Level Setting bit

0 : No effect

1 : Set to high level output data the corresponding bit in the PxOLEV registers

Port Output Data Low Level Setting Registers ( PxOLOW )
Address : 0x0300_0A0Ch / 0x0300_0A2Ch / 0x0300_0A4Ch
/ 0x0300_0A6Ch / 0x0300_0A8Ch

Bit

Description

Default Value

31:

8

Reserved

Px70L :

Px7 Output Data Low Level Setting bit

Px60L :

Px6 Output Data Low Level Setting bit

Px50L :

Px5 Output Data Low Level Setting bit

Px40L :

Px4 Output Data Low Level Setting bit

Px30L :

Px3 Output Data Low Level Setting bit

Px20L :

Px2 Output Data Low Level Setting bit

Px10L :

Px1 Output Data Low Level Setting bit

OIHIN|W[H|O1|OY [

=|=|=|=5|=|=5|=5=|2

PxOOL :

Px0 Output Data Low Level Setting bit

ollelleo] o] (o] lo]lleo)le]

%% Port Output Data Low Level Setting bit

0 : No effect

1 : Set to low level output data the corresponding bit in the PxOLEV registers
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Port Input Data Level Registers ( PxILEV )
Address : 0x0300_0A10h / 0x0300_0A30h / 0x0300_0A50h
/ 0x0300_0A70h / 0x0300_0A90h

Bit R/W Description Default Value
31:8 R Reserved -

7 R Px7ILEV : Px7 Input Level bit Pull-up
0 : Low Level 1 : High Level

6 R Px6ILEV : Px6 Input Level bit Pull-up
0 : Low Level 1 : High Level

5 R Px5ILEV : Px5 Input Level bit Pull-up
0 : Low Level 1 : High Level

4 R Px4ILEV : Px4 Input Level bit Pull-up
0 : Low Level 1 : High Level

3 R Px3ILEV : Px3 Input Level bit Pull-up
0 : Low Level 1 : High Level

2 R Px2ILEV : Px2 Input Level bit Pull-up
0 : Low Level 1 : High Level

1 R Px1ILEV : Px1 Input Level bit Pull-up
0 : Low Level 1 : High Level

0 R PxOILEV : Px0 Input Level bit Pull-up
0 : Low Level 1 : High Level

w0 & A Porte] Input Level & 28 4 9t}
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8 INTERRUPTS

TG471+ 327) AEe AHHE UHS 7HAH, o] 4HEL Timer, SPI, TWI, UART 53
2 U A oA EAYst= 2470 9 °1E1€4E9Jr 95 879 JIHHE=R FAH

(<3

Interrupt Features
- 32 A9 QJAHHE (8 ALY ﬂ%ﬂ* AEHES} 24149 UH JAHHE )
- 9 JHHE gt %7%1 7 AA (57FA)
- U5 °1E1€4E°ﬂ st 52 =1 %7‘3 27FA)
- Ad ¥ Mask/Unmask 7]%
- A€ ¥ Enable 7|%
- AR Zeas ThEd JEYE $AE
- T}3E Interrupt vector table A€

Z=
Z=

Interrupte] A T3} 2L BAL Fahe] o Fo ),

Interrupt Resource”} Interrupt Controllerel] <17}

Interrupt Enable Registerol] €& A'*H ¥ % Interrupt Pending Registerol A7
Interrupt PriorityE #©slo] MCU®| QIHHUEE &3

MCU+ Interrupt 835 WrolEo]7] 98] Machine Cycle o 21138}, Interrupt
Controller?] special machine cycle registers ¢4 Interrupt Controller oI
Interrupt Acknowledge A H|E <43

Interrupt Controller & Interrupt Vector AddressE <H|

6. MCUS interrupt vector address @S2 919JA &Y Interrupt Service Routine o=
Y

W

o

N

Interrupt Service Routine® 7% 43
8. Interrupt Pending Clear Value 2~7] &, Interrupt Service Routine & ™4 &
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8.1 Interrupt Vector and Priority

SIHHE 449+ INTOZF 78 =u. QHYE H¥E F4% SE3208 MCUZF 32bit
AddressingS 3}7] W&o Z+ZF 4bytese] A7|E 7HX

HVA(High 22bit Interrupt Vector Address)E SQIEHE #E F49 A9 22bite & QEHH
E WE FAE A4S o A L5, A HE Wi golES thekstA 7td £ JEE s

Table 8-1 Interrupt Vector & Priority

Vector No. Description Vector Address
0Ox3F UART Ch3 Interrupt HVA + 0xO00000FC
Ox3E SPI Chl Interrupt HVA + 0xO00000F8
0x3D Timer 7 Interrupt HVA + 0x000000F4
0x3C INT7 Interrupt HVA + 0x0O00000FO
0x3B UART Ch2 Interrupt HVA + 0xO00000EC
0Ox3A ADC Interrupt HVA + 0x0O00000ES8
0x39 Timer 6 Interrupt HVA + 0xO00000E4
0x38 INT®6 Interrupt HVA + 0xO00000EO
0x37 Output Compare 4A Interrupt HVA + 0x000000DC
0x36 UART Chl Interrupt HVA + 0x000000D8
0x35 Timer 5 Interrupt HVA + 0x000000D4
0x34 INT5S Interrupt HVA + 0x000000DO
0x33 Output Compare 3B Interrupt HVA + 0x000000CC
0x32 USB Interrupt HVA + 0x000000C8
0x31 Timer 4 Interrupt HVA + 0x000000C4
0x30 INT4 Interrupt HVA + 0x000000C0O
Ox2F Output Compare 3A Interrupt HVA + 0x000000BC
Ox2E TWI Interrupt HVA + 0x000000B8
0x2D Timer 3 Interrupt HVA + 0x000000B4
0x2C INTS3 Interrupt HVA + 0x000000B0O
0x2B Output Compare 2B Interrupt HVA + 0x000000AC
0x2A UART ChO Interrupt HVA + 0x000000A8
0x29 Timer 2 Interrupt HVA + 0x000000A4
0x28 INTZ2 Interrupt HVA + 0xO00000AO
0x27 Output Compare 2A Interrupt HVA + 0x0000009C
0x26 SPI ChO Interrupt HVA + 0x00000098
0x25 Timer 1 Interrupt HVA + 0x00000094
0x24 INT1 Interrupt HVA + 0x00000090
0x23 DMA Interrupt HVA + 0x0000008C
0x22 12S Interrupt HVA + 0x00000088
0x21 Timer O Interrupt HVA + 0x00000084
0x20 INTO Interrupt (Highest Priority) HVA + 0x00000080
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8.2 External Interrupt (INT 0~ 7)

External Interrupt= EIMR #|X| 2B 2] dAo 23] 571X HEefeo] o5 QHPHEES Hrols

ol

A}

rr

Low Level Modeol A+ External Interrupt A&7} “Low”E A 3}
System Cycle m}t} QE|HE S A 71t}

p

High Level Modeoll A= External Interrupt 2137} “High"& X 3l=

p

System Cycle "lt} QJIEHHEE WA 71t}

Falling Edge Mode©l|A+= External Interrupt A&7} “High->Low”® H}& u] QJEHE

2 WA,

Rising Edge Mode©°l| 5]+ External Interrupt A&7} “Low->High”= ®}& uwl SIEHHE

2w,

Any Edge Modeo| A= External Interrupt 21&7} “High->Low” =+ “Low-> High”

% oud o) AHAES A,

External
Interrupt

Low Level

Interrupt Event

High Level

Interrupt Event

Falling Edge T T
Interrupt Event , ,

Rising Edge T T

Interrupt Event

Any Edge T T T T
Interrupt Event , , , ,

Figure 8-1 External Interrupt Mode
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8.3 Internal Interrupt Mode

- R EE 2% “High Level’® §23tth, et AHgA7L 5483] “High Edge® <l
HHEEZ Az & 93 Ao Internal Interrupt Mode Registers® A A3 4= 9t}

8.4 Interrupt Pending and Interrupt Pending Clear

7} S|P E 9 WAL= Interrupt Pending Registers® £3) <18 & girh, dwt sy
WAE QY EX Interrupt Pending Clear Registero] 9]J&] Clear 7] A7MA= A&
Interrupt Pending Registeroll A7t gk dA] DA AEHERT & 94599
B H E7} Masking® A &S A2 Interrupt Pending Registersol] A &= o] S o=
=2 XL SHHEY EF Clear® W7FA Interrupt Pending Registersol] A% o] =}

Aol e HY1E v

Interrupt Pending Registersel] #&% HEES (Clearst’] Y38l4+= Interrupt Pending
Clear RegistergE &3l slld JAHHE WE HE 3hS Writestd F o},

8.5 Interrupt Enable

Interrupt Mask Registers®l] 98] Mask® o] = QB HEE Interrupt Pending Registers
o A% AAE+=d W3, Interrupt Enable Registers(IENR)e| 2]&] Disable® SIEHHEE=
Interrupt Pending Registersol] A& x] er=t), welba] o] HAAEE AF WrolESo|a 21X
%o QEHEY W3l Disable 3t=d AF-& 3T}

8.6 Interrupt Mask Set/Clear Register
Set ©]™ Request 7} Enable ¥ i, Clear ©]™ Request 7} Disable ®t}.

7} 9l E+= Interrupt Mask Registersell 23] dd Qe HEo thdl Requests 3
4 At} Interrupt Mask Set bit 7} “17¥ %o+ Interrupt Pending Registerel] A %%
InterruptE CPU=E 23 3}al, Interrupt Mask Clear bit7} “1” & 7 $-ol = Interrupt Pending
Registero] A& %] 1= Interrupt® CPUR Q% 3}# E3hc},

Mask bit7}F “07c. =2 AA % <EHHEZ X Interrupt Pending Registers(IPR)o = A AT 7]

wj & Mask bitS “1"2 A AH3}H Interrupt Pending Registersoll A= o] 9= QAEHHAE
7F M9 & QIHHEE tA] 2 sk
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8.7 Interrupt Control Registers
Interrupt Pending Clear Register (PENDCLR)
Offset Address : 0x0300_0500h
Bit R/W Description Default Value
31:8 R Reserved -
7:0 W Interrupt Pending Register Clear Value OxFFh
(0x20 ~ 0x3F)

### [nterrupt Pending RegisterE Clear 3}7] ¢34+ Interrupt Vector No. 22 clear 3l
of 3tt}, (Interrupt Vector No. ZHal)
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External Interrupt Mode and External PIN Level Register (EINTMOD)

Offset Address : 0x0300_0504h
Bit R/W Description Default Value
31 R INT7ST : INT7 PIN Level -
30:28 RW INT7MOD : INT7 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
27 R INT6ST : INT6 PIN Level -
26 124 RW INT6MOD : INT6 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
23 R INTSHST @ INTS PIN Level -
22120 RW INT5MOD : INT5 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
19 R INT4ST : INT4 PIN Level -
18 : 16 RW INT4MOD : INT4 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
15 R INT3ST : INT3 PIN Level -
14 1 12 RW INT3MOD : INT3 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
11 R INT2ST : INT2 PIN Level -
10: 8 RW INT2MOD : INT2 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
7 R INT1ST : INT1 PIN Level -
6:4 RW INTIMOD : INT1 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
3 R INTOST : INTO PIN Level -
2:0 RW INTOMOD : INTO Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge

wex INTxA 9F INTxB 3 PIN MUXE %3&to] Aelel 319 318 External Interrupt & Wols
o]

olt}, whek PIN MUXOI Al INTxA ¢} INTxBE BT AEE Qo= F

2 A7
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Internal Interrupt Mode Register (IINTMOD)

Offset Address : 0x0300_0508h
Bit R/W Description Default Value
31 RW UART Ch3 Interrupt Mode bit 0
30 RW SPI Ch1 Interrupt Mode bit 0
29 RW Timer 7 Interrupt Mode bit 0
28 - Reserved -
27 RW UART Ch2 Interrupt Mode bit 0
26 RW ADC Interrupt Mode bit 0
25 RW Timer 6 Interrupt Mode bit 0
24 - Reserved -
23 RW Output Compare 4A Interrupt Mode bit 0
22 RW UART Ch1 Interrupt Mode bit 0
21 RW Timer 5 Interrupt Mode bit 0
20 - Reserved -
19 RW Output Compare 3B Interrupt Mode bit 0
18 RW USB Interrupt Mode bit 0
17 RW Timer 4 Interrupt Mode bit 0
16 - Reserved -
15 RW Output Compare 3A Interrupt Mode bit 0
14 RW TWI Interrupt Mode bit 0
13 RW Timer 3 Interrupt Mode bit 0
12 - Reserved -
11 RW Output Compare 2B Interrupt Mode bit 0
10 RW UART ChO Interrupt Mode bit 0
9 RW Timer 2 Interrupt Mode bit 0
8 - Reserved -
7 RW Output Compare 2A Interrupt Mode bit 0
6 RW SPI ChO Interrupt Mode bit 0
5 RW Timer 1 Interrupt Mode bit 0
4 = Reserved -
3 RW DMA Interrupt Mode bit 0
2 RW 12S Interrupt Mode bit 0
1 RW Timer O Interrupt Mode bit 0
0 - Reserved -

%% Internal Interrupt Mode bit
0 : Level Mode

Advanced Digital Chips, Inc.
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Interrupt Pending Register (INTPEND)

Offset Address : 0x0300_050Ch
Bit R/W Description Default Value
31 R UART Ch3 Interrupt Pending bit 0
30 R SPI Chl Interrupt Pending bit 0
29 R Timer 7 Interrupt Pending bit 0
28 R INT7 Interrupt Pending bit 0
27 R UART Ch2 Interrupt Pending bit 0
26 R ADC Interrupt Pending bit 0
25 R Timer 6 Interrupt Pending bit 0
24 R INT6 Interrupt Pending bit 0
23 R Output Compare 4A Interrupt Pending bit 0
22 R UART Ch1 Interrupt Pending bit 0
21 R Timer 5 Interrupt Pending bit 0
20 R INT5S Interrupt Pending bit 0
19 R Output Compare 3B Interrupt Pending bit 0
18 R USB Interrupt Pending bit 0
17 R Timer 4 Interrupt Pending bit 0
16 R INT4 Interrupt Pending bit 0
15 R Output Compare 3A Interrupt Pending bit 0
14 R TWI Interrupt Pending bit 0
13 R Timer 3 Interrupt Pending bit 0
12 R INT3 Interrupt Pending bit 0
11 R Output Compare 2B Interrupt Pending bit 0
10 R UART ChO Interrupt Pending bit 0
9 R Timer 2 Interrupt Pending bit 0
8 R INT2 Interrupt Pending bit 0
7 R Output Compare 2A Interrupt Pending bit 0
6 R SPI ChO Interrupt Pending bit 0
5 R Timer 1 Interrupt Pending bit 0
4 R INT1 Interrupt Pending bit 0
3 R DMA Interrupt Pending bit 0
2 R 12S Interrupt Pending bit 0
1 R Timer O Interrupt Pending bit 0
0 R INTO Interrupt Pending bit 0

wk% [nterrupt Pending Register® Z+ H|EQ Zke 3T QHHEVF TGP S-S YER
(o))}
=

Interrupt Pending Register®] #t< Interrupt Pending Clear @A Z~E o] 2] 3]

Aoz &3 Interrupt 7} €< v Cleardtt}.
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Interrupt Enable Register (INTEN)

Offset Address : 0x0300_0510h
Bit R/W Description Default Value
31 RW | UART Ch3 Enable bit 0
30 RW | SPI Chl Enable bit 0
29 RW | Timer 7 Enable bit 0
28 RW | INT7 Enable bit 0
27 RW | UART Ch2 Enable bit 0
26 RW | ADC Enable bit 0
25 RW Timer 6 Enable bit 0
24 RW | INT6 Enable bit 0
23 RW Output Compare 4A Enable bit 0
22 RW | UART Ch1 Enable bit 0
21 RW | Timer 5 Enable bit 0
20 RW | INT5 Enable bit 0
19 RW Output Compare 3B Enable bit 0
18 RW | USB Enable bit 0
17 RW | Timer 4 Enable bit 0
16 RW | INT4 Enable bit 0
15 RW Output Compare 3A Enable bit 0
14 RW | TWI Enable bit 0
13 RW Timer 3 Enable bit 0
12 RW | INT3 Enable bit 0
11 RW Output Compare 2B Enable bit 0
10 RW | UART ChO Enable bit 0
9 RW | Timer 2 Enable bit 0
8 RW | INT2 Enable bit 0
7 RW | Output Compare 2A Enable bit 0
6 RW | SPI ChO Enable bit 0
5 RW | Timer 1 Enable bit 0
4 RW | INT1 Enable bit 0
3 RW | DMA Enable bit 0
2 RW | I2S Enable bit 0
1 RW | Timer O Enable bit 0
0 RW | INTO Enable bit 0

k% [nterrupt Enable bit
O : Interrupt Disable
1 : Interrupt Enable
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Interrupt Mask Register (INTMASK)
Offset Address : 0x0300_0514h

Bit R/W Description

Default Value

31:0 R Interrupt Mode Register

0x0000_0000h

wik BL= Mask bite] ZHE A 4 o

Interrupt Mask Set Register (MASKSET)
Offset Address :0x0300_0514h

Bit R/IW Description Default Value
31 W UART Ch3 Interrupt Request Set bit 0
30 W SPI Ch1 Interrupt Request Set bit 0
29 W Timer 7 Interrupt Request Set bit 0
28 W INT7 Interrupt Request Set bit 0
27 W UART Ch2 Interrupt Request Set bit 0
26 W ADC Interrupt Request Set bit 0
25 W Timer 6 Interrupt Request Set bit 0
24 W INT6 Interrupt Request Set bit 0
23 W Output Compare 4A Interrupt Request Set bit 0
22 W UART Chl Interrupt Request Set bit 0
21 W Timer 5 Interrupt Request Set bit 0
20 W INT5 Interrupt Request Set bit 0
19 W Output Compare 3B Interrupt Request Set bit 0
18 W USB Interrupt Request Set bit 0
17 W Timer 4 Interrupt Request Set bit 0
16 W INT4 Interrupt Request Set bit 0
15 W Output Compare 3A Interrupt Request Set bit 0
14 W TWI Interrupt Request Set bit 0
13 W Timer 3 Interrupt Request Set bit 0
12 W INT3 Interrupt Request Set bit 0
11 W Output Compare 2B Interrupt Request Set bit 0
10 W UART ChO Interrupt Request Set bit 0
9 W Timer 2 Interrupt Request Set bit 0
3 W INTZ2 Interrupt Request Set bit 0
7 W Output Compare 2A Interrupt Request Set bit 0
6 W SPI ChO Interrupt Request Set bit 0
5 W Timer 1 Interrupt Request Set bit 0
4 W INT1 Interrupt Request Set bit 0
3 W DMA Interrupt Request Set bit 0
2 W 12S Interrupt Request Set bit 0
1 W Timer O Interrupt Request Set bit 0
0 W INTO Interrupt Request Set bit 0

%% Interrupt Request Set bit
0 : No Effect interrupt Mask.

1 : Pending interrupt is allowed to become active (interrupts sent to CPU).
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Interrupt Mask Clear Register (MASKCLR)

Offset Address : 0x0300_0518h
Bit R/W Description Default Value
31 W UART Ch3 Interrupt Request Clear bit 0
30 W SPI Ch1l Interrupt Request Clear bit 0
29 W Timer 7 Interrupt Request Clear bit 0
28 W INT7 Interrupt Request Clear bit 0
27 W UART Ch2 Interrupt Request Clear bit 0
26 W ADC Interrupt Request Clear bit 0
25 W Timer 6 Interrupt Request Clear bit 0
24 W INT6 Interrupt Request Clear bit 0
23 W Output Compare 4A Interrupt Request Clear bit 0
22 W UART Chl Interrupt Request Clear bit 0
21 W Timer 5 Interrupt Request Clear bit 0
20 W INTS Interrupt Request Clear bit 0
19 W Output Compare 3B Interrupt Request Clear bit 0
18 W USB Interrupt Request Clear bit 0
17 W Timer 4 Interrupt Request Clear bit 0
16 W INT4 Interrupt Request Clear bit 0
15 W Output Compare 3A Interrupt Request Clear bit 0
14 W TWI Interrupt Request Clear bit 0
13 W Timer 3 Interrupt Request Clear bit 0
12 W INT3 Interrupt Request Clear bit 0
11 W Output Compare 2B Interrupt Request Clear bit 0
10 W UART ChO Interrupt Request Clear bit 0
9 W Timer 2 Interrupt Request Clear bit 0
3 W INTZ2 Interrupt Request Clear bit 0
7 W Output Compare 2A Interrupt Request Clear bit 0
6 W SPI ChO Interrupt Request Clear bit 0
5 W Timer 1 Interrupt Request Clear bit 0
4 W INT1 Interrupt Request Clear bit 0
3 W DMA Interrupt Request Clear bit 0
2 W 12S Interrupt Request Clear bit 0
1 W Timer O Interrupt Request Clear bit 0
0 W INTO Interrupt Request Clear bit 0

% [Interrupt Request Clear bit
0 : No Effect Interrupt Mask.
1 : Pending interrupt is masked from becoming active (interrupts not sent to CPU).
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High 22bit Interrupt Vector Address Register (HVA)
Offset Address : 0x0300_051Ch

Bit R/W Description Default Value
31:10 RW | Interrupt Vector Address[31:10] 0x0000_00
9:0 R Reserved -

woe QI E HE] F420] A9 22bit gholth. HVA dlA2H dAS &3kl v Interrupt

Vector Tables 7128 4+ o
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9 TIMERS

[e)

TG471+= Timer/Counter, Capture, PWM, 228|312 OQutput Compare 7|sS 7}Z 16bit
Timer/CounterZ 8x1g W43t}

Timer Features
- 10bit Pre-scale
- 16bit Timer/Counter
- 16bit Capture
- 16bit PWM
- 16bit Output Compare
- 16bit Timer Counter Wave Out
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9.1 10bit Prescaler with clock source selection

Pre-scalere System Clock®} External Clock #& E3& -z e wol=¢l 7 &
CLKSEL HIEZ E3] A¥3 & 10bit Pre-scaler® £33 1/2 ~ 1/1024w) EF H FH L&
A 3Ete] Timer/Counter 2= &3ttt Timer/Counteri= Pre-scaler® %3 &3 95

Aelste] 16bit Counter & -5 T},

N

Pre-scalerollA &% & 299 A3t 974do] a3 7ol CNTCLR HEE F3}9
Pre-scaler counter® %733t & A-&3ic},

System Clock _
. it T )
External Clock - 10-bit Timer/Counter Pre -scaler
A
y
Timer Clock Source Select DN wonnn
® DD DD DDND
Pre-scaler Counter Reset Q 2—7 Q Q g f,—’ g f,—’
QOI0|I0|0|0|0|0 |0
P I I B B e
NADNOIO
OIDOIN
N
3 YYVYYVYV VY
Timer/Counter Clock Select ;\
lTimer/Counter Clock

Figure 9-1 Pre-scaler Block Diagram
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9.2 Timer/Counter
Pre-scalere] 93] 5% Clocks AF&3le] 0x0000 ¢ Z7|kellA = g wnitt 71&E
e 17 A F713e] AL g7 A A S Timer Counter A~ Fholl =E3bd thA] 0x0000

o HAM AHHES TAYT

Pre-scaler®] Y& o2 32.768KHzZE 21718} Real Time Counter® 5 2+akt},

Timer Interrupt W W W

Wave Output //
I

Figure 9-2 Timer Operation

S

Timer F7]= A¥®E 8, Pre-scaler Z18]1 Timer Counter © ¢Js] AA =},

1 1
X
Clock Source Frequency Pre—scaler Factor
1 . 1
Clock Source Frequency Pre—scaler Factor

Timer Period = x (TMCNT) [sec] {TMCNT >3}

Timer Period = x (TMCNT +1) [sec] ~ {TMCNT <3}

Timer Period Example :

- Clock Source Frequency : 12MHz System Clock
- Pre-scaler Factor :1/1024
- Timer Counter Value (TMCNT) : 1000

=> 1/12MHz X 1024 X 1000 = 85.333msec = 11.718Hz

Timer Counter® T ZA|7]7] 98} AL ook sl #A2=HE v 2t}

- TPCON : Pre-scalerd 2 48€S ZAAS 2, "o we} Pre-
scalerE clear 3t}

- TMCON’s TMOD : Timer Counter =2 A3t}

- TMCON’s WAVE : Timer Counterd F7|2 AAHE ZFH& &4 GEE 24
=

- TMCON’s PFSEL : Timer Counterel A AF&-3F Clocks 2% kot

- TMCON’s TMEN : Timer Counter= Enable 3t}

- TMCNT : Timer Counter®] # W Counter 7S ZAA 3}

Timer Countert= WS &A= AAste] FFA| 71t}
- TPCON A=A
- TMCNT A A
- TMCON A4
- F Qo] ujg} TPCON's CNTCLR HE A3
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Timer ModeolX] WAVEZE Enable 3 Timer F7|Ht} 28] =& Z2o] Ao TMO

= 99
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9.3 Pulse Width Modulation (PWM)

PWM< programmabledt duty®} F7]¢] HA A5 E Z2€3sl7] 93 Deviceo|th

=)

Pre-scalerol| A A& & Clocks &3l §2 3" PWM Period #lA2H o] 5712 7 E
S WHESIHA A7 A e 98-S F9 g
PWMe] =¥ "2+ 16HE 7F2E 9 gto] PWM Duty, PWM Period #l1%2=E] ko] o]
el #HEo] WA FE o] Z8 g o] e PWMY =834 PWM Pulse Number #|
A 2~Hof <3 @Xéﬂ‘ﬂ "ol EHslee] vdrtEW PWM Interrupts A8tk 1ev
PWM Interrupt’} ZA3IE gt MEe] Aol §l& Zfol= PWM &3] A& AZdAr). o
2} PWM PulseE HZF7] Y8l E Timer Interrupt 9|4 PWM< Disable afjof 3tt},

PWM Pulse Period = ! x 1 x (TMCNT) [sec] {TMCNT >3}
Clock Source Frequency Pre—scaler Factor
1 1

PWM Pulse Period =

x x (TMCNT +1) [sec] ~ {TMCNT <3}
Clock Source Frequency Pre—scaler Factor

PWM Period Example :

- Clock Source Frequency : 12MHz System Clock
- Pre-scaler Factor :1/1024

- PWM Period Value(TMCNT) : 10

- PWM Duty Value ' 6

=> 1/12MHz X 1024 X 10 = 0.853msec = 1.171KHz

PWMo R F2A17]7] flste] AAEofof sh= A 2~H= vhai 2,

- TPCON : Pre-scalerd &% 449& ZA3dt1, Qo wa} Pre-scaler® clear 3¢
=

- TMCON’s TMOD :PWM EE= AA s

- TMCON’s PWML CPWM =89 A% gals A st

- TMCON’s PFSEL : PWMell Al AF8-8F ClockS AA g}

- TMCON’s TMEN : PWM< Enable 3Ht}.

- TMCNT PWMe] F71E A7)

- OCA : PWMY DutyE Z2A 3T},

- OCB : PWM] Pulse 3142 ZA3t}. PWM Pulse?] 31427} o]
A A ~E Zkol =9t Timer Interruptﬂ HAAI T 28y PWM Pulse™ SR %A &1

A% gAY

PWME t}h& &A= AAste] H2A]71t)
- TPCON A=A
- TMCNT A #A
- OCA A#A
- OCB 24
- Z 99 ozt TPCON's CNTCLR A H
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PWM Period Value = 0x09h
PWM Duty Value = 0x06h
PWM Pulse Number Value = 0x01h

Internal Counter < 0 112X 34X 56X 78O T2 3 458X T8I0 T2 B X4 EIE XTI BIO 0 T2 3 4B 6 7 8 D)

ot ] ] ] T

<«—— Period —»<«— Duty —»

«+—————— Pulse Number

PWM Interrupt ? ?

Figure 9-3 PWM Operation
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9.4 Capture

e

.

Capture 7]%& Pre-scaledl 4] AA 3 Clocks 7|Fo 2 3o o 4#HS =4

el FE- =4 [ow/High Pulse, Only Low Pulse, Only High Pulse, Falling to Falling Period,
Rising to Rising Period ©] 57} dHjo] A~ F71& ST F Ut

rr

Capture mode® TimerE Enable® w&= 3 A2 Capturest= #2 A o7) Wk 53

o] grol7] wjZol FAlste]of gt

Low/High Pulse Capture Mode
| |

| l
] )
Capture Counter ~ : :
P9
1 1
(-
High Pulse Capture Mode Low Pulse Capture Mode

L

|
|
|

Capture Input

Capture Interrupt

Capture Value

e

Capture Input ‘ ‘ Capture Input

Capture Counter

/ Capture Counter

Capture Interrupt

Capture Interrupt

Capture Value Capture Value

LA
LT
\

é
,M

Falling to Falling Capture Mode Rising to Rising Capture Mode

Capture Input ‘ ‘ ‘ Capture Input
) ]
[} 1
Capture Counter /:/V Capture Counter _— ;/v

Capture Interrupt

Capture Interrupt

f
I%

|
T
|
Capture Value :>< Capture Value
1

Figure 9-4 Capture Mode Operation

||\

Capture 7| o5 o] S5

1 1
X
Clock Source Frequency Pre—scaler Factor

Capture Signal Width Time = x (OCA +1) [sec]

Capture Time Example :

- Clock Source Frequency : 12MHz System Clock
- Pre-scaler Factor ©1/1024
- Capture Value (OCA) : 9

=> 1/12MHz X 1024 X 10 = 0.853msec
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Capture RE=2 F2A]717] 9ato] AAHofok b= A 2H

- TPCON
scalerg clear 3%t}
- TMCON’s TMOD
- TMCON’s CAPMOD
- TMCON’s PFSEL
- TMCON’s TMEN

=
T
: Pre-scaler?d] 29 d4#€& 2

: Capture Bt 2 A A3}

: Capture Pulse SE|E AA 3
. CaptureolA A& Clocks
: CaptureZ Enable 3t}

Capturet™ g A2 A3t 52 A 71t}

- TPCON A #
- TMCON A #A

- o] wet TPCON’s CNTCLR A4
- OCA & 9]9JA Capture 57| &<l

- TMCON’s OVSTE ¢
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9.5 Output Compare Mode

Timer/Counter= Z+ 24d 9 2709 Output Compare #A2AEHES 7Fx|ar Q7] wjEo
Timer?] Counter o] Overflow ¥ 7] Ao 22 Output CompareE 3 < Ut}

Counter Value ///'l/L'
OCA ocB Timer
Counter
Value Value
Value
Timer Interrupt T T
Output Compare T T
A Interrupt
Output Compare T T
B Interrupt

Figure 9-5 Timing Diagram of Output Compare Operation
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9.6 Timer Registers

Timer Pre-scale Control Registers ( TPXCON)
Address : 0x0300_0600h / 0x0300_0620h / 0x0300_0640h / 0x0300_0660h /
0x0300_0680h / 0x0300_06A0h / 0x0300_06COh / 0x0300_06EOh

Bit R/W Description Default Value
31:2 R Reserved -
1 R/W | CNTCLR : Pre-scale Counter and Timer Counter 0
Reset

When this bit is “1”, the Timer Pre-scale and
Counter will be reset.
0 R/W | CLKSEL : Pre-scale Clock Selection 0
0 : System clock 1: CAP[7:0]

wxx CAP[7:0]18 Timer Y E&E addwlo] gt}
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Timer Control Registers ( TMxCON)

Address : 0x0300_0604h / 0x0300_0624h / 0x0300_0644h / 0x0300_0664h /

0x0300_0684h / 0x0300_06A4h / 0x0300_06C4h / 0x0300_06E4h

Bit

R/IW

Description

Default Value

31:16

R

Reserved

15: 14

RW

TMOD : Timer/Counter Mode
00 : Timer 01 : PWM
1x : Capture

00

13

OCEN : Output Compare Mode Enable bit
0 : Disable 1 : Enable

12

Reserved

11

RW

OVST : Capture Overflow Status bit

Overflow status bitE clears}”] 9= “0”

writedf oF 3t}

o

10:8

RW

CAPMOD : Capture Mode Selection
00x : Low/High Pulse Capture mode
010 : Low Pulse Capture mode
011 : High Pulse Capture mode
10x : Failing to Failing Period Capture mode
11x : Rising to Rising Period Capture mode

000

Reserved

RW

PWML : PWM Output Start Level
0 : Start Level is High
1 : Start Level is Low

RW

WAVE : Waveform Generation
0 : Disable 1 : Enable

RW

PFSEL : Pre-scale Factor Selection
000 : clock / 2 001 : clock / 4
010 : clock / 8 011 : clock / 32
100 : clock / 64 101 : clock / 128
110 : clock / 256 111 : clock / 1024

111

RW

TMEN : Timer/Counter or PWM Enable
0 : Disable 1 : Enable
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Timer Counter / PWM Period Registers ( TMXCNT )
Address : 0x0300_0608h / 0x0300_0628h / 0x0300_0648h / 0x0300_0668h /
0x0300_0688h / 0x0300_06A8h / 0x0300_06C8h / 0x0300_06E8h

Bit R/IW Description Default Value
31:16 R Reserved -
15:0 R/W | (Timer mode) OxFFFFh

- Write : Timer Counter Value
- Read : Current Up-counter Value

(PWM mode)
- Read/Write : PWM Period Value

Capture Counter Registers / PWM Duty Registers / Output Compare A Registers ( TMxDUT )
Address : 0x0300_060Ch / 0x0300_062Ch / 0x0300_064Ch / 0x0300_066Ch /
0x0300_068Ch / 0x0300_06ACh / 0x0300_06CCh / 0x0300_06ECh

Bit R/W Description Default Value
31:16 R Reserved -
15:0 RW | (Capture mode) OxFFFFh

- Read : Result value of counting at the

sampling period

(PWM mode)
- Read/Write : PWM Duty Value

(Output Compare Mode)
- Read/Write : Output Compare A Value

%% PWM Duty : First Halt Duty of PWM Pulse

PWM Pulse Count Registers / Output Compare B Registers ( TMxPUL )
Address : 0x0300_0610h / 0x0300_0630h / 0x0300_0650h / 0x0300_0670h /
0x0300_0690h / 0x0300_06B0h / 0x0300_06D0h / 0x0300_06F0Oh

Bit R/W Description Default Value
31:16 R Reserved -
15:0 RW | (PWM mode) OxFFFFh

- Read/Write : PWM Pulse Number Value

(Output Compare Mode)
- Read/Write : Output Compare B Value
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10 SPI(SERIAL PERIPHERAL INTERFACE)

TG4710] WAE SPI= 57 Fd W25 Ed 49 FX4U t& MCUS doly nss
st} o] SPI= RE =22 M68HCI1, M6S8HC05¢ MC68HC16 Aol SPIgt 53+S o] Fof,
Full duplex 3-wire A4o]u} Half duplex 2-wireS Fa3d 4 At}

a4 SPI A4S 93] 8Bytes?] FIFOE Wd3ste] Mbps $x9 AFoH%= MCUo| HeS
FA a3y = )

A

TG4719] SPI= Master Mode®} Slave ModeE =% X3t}

SPI Features
- 2Ch SPI
- Full duplex mode. Three-wired synchronous Transfer
— Master or Slave Operation
- Programmable clock polarity and phase
- End of transmission interrupt flag
- Write collision flag protection
- Master—-master mode fault protection capability
- 8Bytes FIFO

Clock Z1EE 3 Zol|A] Clocke] 54 A8} 7 79 Clock Z2EF9] A8S& F3|A
Fio &7 HE FHAgX 9] G3bo] o]Fo] Y SPIZF Master® AAEWH AXEQ o4
o2 256709 vk A8 Clocks s o+

SPI dlole] A%Ea dole] FAEZe] A o]Fe] 71
A AR AE¥(sampling) ¥} 41 =¥ (shifting)& A

SPI tjufo]2=9] 7= el Slave A¥ #lg T3 & & vk A=A & Slave
Uupol = SPT W29 F&oll @& 54 F=th M
RIS TF Master M2 58 Hepd ALE Hojd 4 3]

deHdE 2 TEAA7|E e AZE Al AHgET. AF 52 Foll AlEd A2 g
. M A AEL 3 ) ol
9] MCUZ} A9l W2 Master/} H#d a3 A|=d ] &3 =glo]HE disable A7t

Advanced Digital Chips, Inc. CONFIDENTIAL 74



TG471 PRELIMINARY Ver 0.97

10.1 SPI Registers Summery

SPI Control Register(SPICONR) : SPI AEZE XA 2~E+= SPI AAo @A ¥ Parameters
xEstt, o] HAAHE AAEA 7)ok 2277 7hs st

SPI Baud Register(SPIBRR) : SPI baud registers= SCKZ W=7] €3t baud rateE 4243

e

SPI Status Register(SPISTR) : SPI A #| X 2B+ SPI A8 AR E
A 2=E HEZ g5 AAR & 4 3tk MCU= @A SPI AHlE &<lshr] ¢
A 2EHE ¢jow Hr}

SPI Data Register (SPIDR) : SPI H|o]¥] #| A AEHE Algd B2 HolE ALy £21&
3] AlgFE . TX data @A 2B 9 RX buffer dIA2H=Z T4 Fof o). 27]+= #l2 TX
data @A =He| 22Xt} HlolE H= 9= HdF Fo Master tJHo] =9} Slave TjHlo] 9]
SPIF 8] v E7} AAHr),

N\

L N
) SPIBRR Counter
Vv
) SPICONR l
sck_in [«
Control Logic Elogk > SCI‘_OUI_“?L—@ SCK
ogic sck_oen
ssx_in
4 (——] SPISTR ssx_out—%i—@ Ss#
GEJ ssx_oen
-% <K mosi_in
) 32-BIT RX Shift Register | [ master input mOSi_OUt—%l—@ MOsI
<::C | master output  MOSi_oen
8/16/32-BIT TX Shift Register
SPIDR miso_in i«
(64Bytes) Slave input miso_out—~| %l—@MISO
p-{slave output ~ MiSO_oen
:> SSXCR Ouput Control Logic
() sPUMKR

Figure 10-1 SPI Block Diagram
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10.2 SPI Pins

SPIell &= MISO, MOSI, SCK, SSX, ¥l 7i¢] <Fwak o] Q. SPI AEE A ~E e WOMP
H E7} ztzbe]l WMo 22 E% o) 3] Open Drain &9 o]t} CMOS %<& ZAAsA Hr}.

SPI AEE # A ~ES MSTR HEo] ¢&] Master =¥ Slave B2to] AR o] X a1 o]
mel Aeo] Fxo] A E o]t

Table 10-1 SPI Pin Functions

Pin Name Mode Function

Master in, slave out(MISO) Master Provides serial data input to the SPI
Slave Provides serial data output from the SPI

Master out, slave in (MOSI) Master Provides serial output from the SPI
Slave Provides serial input to the SPI

serial clock(SCK) Master Provides clock output from the SPI
Slave Provides clock input to the SPI

Slave select(SSX) Master Output : Selects slave devices
Slave Input : chip select for SPI

10.3 SPI Operating Modes

SPI+= Mastert Slave REEo|A &2F3t} Master 2=+ MCU7F HlolE] dA$S 8 7

Qo] A} ET}). Slave REE= 9H fulo]xd 93] MCU Algld AEo] o]FolAE= L9
AlgHETH AEE YR 2EHo MSTR BH|EJ ¢ & Mastertt Slave E%to] Melg )

Master Mode

SPCR9] MSTR HIEE AA3H Master = FZo] AelEt), Master EEAE A8 Y
AEES 2718 & 4 o oFo Ay x7|std dFol &H 3W =

SPIE Master RECA ARGt vhg A4S 73 o 0t

Pin MUX #A|2=golA thg2e] o] SPI &9&o] J&=A &g}, @ MISO and MOSI.
Master REO|AE MISOE Algld dlolg g8oz ALgxojx 1 MOSIE A8 Y dHoly =
Ho g AlgHo|xtt EAG &8 Folo| wpgt sy i & v e 4 vk

HAEZ9 % ~F o] BAUD, CPHA, CPOL, SIZE, MSBF, WOMP¢] #+& &33tt}. Masters 2
S 98] MSTR H|E A A3t} SPIS enabledt == SPIEN HES A
Slave T]H}o]AE enable dtt}.

AES AFs7] 9a A3 dolgE SPI tlo]g A =Eol| 7] 3}

SPI& A¥o] By el x]2~E 9 SPIF S 1& H/WHo = dAst. SPIF7F Q17k=

JHHE 7o) AT, SPIF7F Aol = AeelA FHHAALHE ¢la doly A
2Hol 227] 1 ¢j7] F#o] dojubd SPIF Edl1e AsAow Zeo]
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o8 A Wi wE Algld ZFYSCK 57 Ho] v AEE A AE
CPHA ¢} CPOL HEE2 &89 94 54& FEE ghth. Master MCUZF MOSI & el A
golHE HuUE= SCK edge¢t MISO ¥S F3] £t dolE9 latchshi= SCK edget
CPHAS} CPOLel <]&l 27 %t}

Slave Mode

ZEZE YA 2H MSTR HES 2ol Al7]H Slave =2 523t} Slave EEoA &,
SPIE= AEYd A$S %7138 & & gtk AES 9% ¥ Masterd] o8] %7]3F =t}
Slave =+ E3| t}=Master SPI W 2o A&t Fol 7 Alzbe] & shte] tjujo] ~nk
o] M2Master7} 2 4= 7] wjFolt}

SPIel MISO ¢ MOSI #o] &3 E2 PIN MUX @A AEE AAst} Slave R A= A
g doly &S 98] MISO #o] A=, Algd doly =S ¢8) MOSIHo] AH-gH
ot 543 S&Eok wetd E of i syl wnk Zasith SCK & o4 Algld &89
t}. SSX7} ¢17}% ™ Slave® A #EH T}

golE AL 98] dlolE dX|=Ee 7|5 3t} Slave R4 & SCK, MOSI, and SSX
= 9lgola MISOE ZdYo] Ht}.

CPHA, CPOL, SIZE, MSBF, WOMP ¢] A4S 8] HEE dA2H| 32 &t MSTR H]
E Zgo] goaH Slave 2L Melsit) SPIENE Aldle] SPIE enableA] 71T}, Slave EE
o] tjujo] o A= BAUDS ke SPI T 2o J3dS wAA] o=

SPIEN7} A3 MSTRo] ZFgloj=™, SSXa dH “Low” AE|7} Slave & =%
713} 3o}, SSX ¥ & 924 9jg€ o gvl AFRH T

=

ftlo

golg o] mlo]EY Y= HE Fof SPIE= SPIF Z 15 At AEE ¢y x2E 9 SPIE H|
E7} AA o] 9Jo, SPIF7F Q17F=™ QIEHHE . o] wAlsi)

AEe o)Hoa wAyw SCKel| 57]% o 2t} CPHA®F CPOLS Slave MCUZF MOSI #1&
23] S0l dolHE X 3AY MISO #& E3&] Url= dole e &89 EdgeE ZA3
=8
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10.4 SCK Phase and Polarity Control

AEE A 2EH F 719 HEZF SCKe $1843 S48 dHst. &9 54(CPOL) v E
= 99 FA4 (High or Low)S Agsit}, =2 914 HE CPHAE A% oW oJas
= T 7R AE ey = syE A™eEitk F99 AT T4 LS Master®t Slave EF
stojof str}, ojwl A 9ol HF Aloldl Y4 544-& wbto] Master tlulo] 227} Slav
Hlo]~o} T2 27 o2 HolHE Fa WS & Atk SPIY o] 3 FAdS Ao RE
7] AlEd FagRIeke] AR A A4S 7HestA o

('Dol_ﬂ

olt @ o N |

I

ssx. | [
sk o= cenaco) [ [T L
sex ceoreo.cenas| | [ [T/
sk ceor=reerao) | [ [ [T
scxcpor=teera=n] [ [1 [T

A A s |e|s]e|s |l 00

wssircenao | | | | || | |
Internal strobe for data capture (for all modes)

Figure 10-2 SCK Phase and Polarity

10.5 Data Transfer Timing

Mol Feje v¥ES vely dh. 3y CPOLSl 0°¢l F$-o]a thE 3livp= CPOLe] ‘17 <l
74 g-olt}. o] Elo]Wl = Master®t Slave’} SCK, MISO9F MOSIH o = ZH AAFo glowm
2 Master Efo]W % I Slave EolWEE B 4 9tk MISO A&+ SlavedlA e &8o|a

MOSI Al Master®] &% AlZo|t} SSXAlZ = Slavez o 3 A8l Az o|t}

CPHA="0’0]aL MSB A&}l R Eo]A 1Byte HolH HF Elo]WEE HoFrh. SCKe F
o
“

Masterd ] SPDRe] dlo|EE W AEo] %7]3F #tr} Slavei= SSX7} falling edge ¥
w A4S %73} dtd SCK Alse A WA SCK cycle?] ®WFE7]71A4] inactive A EJ2 Fo}
At AE g45E YEE= SPIFHIEE 894 SCK cycle?] #ollA] setdlth. CPHA="0"Y uj
= SSX7F lowSith7) 1vlo]lE A & &S Al Yol Inactive (High)®th. Slave SSX7}F
lowd W data registero] < write 3} write collision error’} & skt}.
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SCK CYCLE 1 2 3 4 5 6 7 8

SCK (CPOL=0)

SCK (CPOL=1)

MOSI
(Master Out)

MISO | { | { | { | { | { | { | { | {
(Master In) < MSB 6 X5 X4 X3 X2 X 1 XLSB

(Tosgl);ve) _\ / -

Figure 10-3 Transfer Timing when CPHA = ‘0’

CPHA="1"¢]l %9 A% golWxolt} SCKE vHAY 8HA cycle] HFE7]olA] inactive
Ht} SPIF H|Ex= 8HA SCK cycled] FdolA set®dlth 8WHA SCK cycled] =7FF7]oA
wtA 4k edge’} A7]7] wWjEo| Slaver 8 A SCK cycled] F7FollA vlA| = Hlo]E & sample
gk Fo 4l gkt SSX+= 1Byte AE whA AL o= AL AZF §F F735] lows A%
t}. wrebA] CPUZF A4 AElE Pollingste] 402 AEst= ZA9dE A low AHE &
A& A H .

SCK CYCLE 1 2 3 4 5 6 7 8

SCK (CPOL=0) _\_/
SCK (CPOL=1) ) _/_\

MOSI —-<MSB 6 5 4 3 2 1 X LsB

-
_
-
L
C
_
-

MISO — MseX 6 X 5 ¥ 4 X 3 ¥ 2 X 1 LSB

SSX _\ /_

Figure 10-4 Transfer Timing when CPHA = ‘1’
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10.6 SPI Serial Clock Baud Rate

SPI Baud ratex= SPBR # A ~E o] 104 2557} 9] #E A Asle] AAE 4= Qi)
Slave Moded| A 9] 9|4 SPI Master7} Al&-3tx= SCKE Wolso]7] wjio] SPIBRR # A~
B ghe] AAd s wx] Zeth 28y Slave ModeolX 523 4 Q= H S%+

System Clock ©l 93& uk=t}

System Clock
2x (SPIBRR[7:0]+1)
or
System Clock
2x SCK Baud Rate

SCK Baud Rate =

SPIBRR[7:0] =

10.7 Open-Drain Output for Wired-OR

Multiple SPI Master”} oFy ™ SPI 8]~ =9 0o] Open-Drains A9 Q= ¢t} Open-
Drain &3o] =23 79 SPIxCON #HA2E< WOMP H|EE AA3E o Open—Drain 8<
AFet=s & 4 vt Open-Draino.® AT 4§ 7179 &8 #lo ¥wr=A] pull-up A
g5 dolof s}

10.8 Transfer Size and Direction

SPICONR #*]~E]¢] SPISIZE H|E& HE=7] 8/16/328EE A¥altt, SPICONR #| A~
Ejo] MSBFHIE+= dlolH H49 A2 MSBMSBF=1)t} LSBHH 3l== 3k},

10.9 Write Collision

A% 718 Foll SPDR @A =Elol] 27| & A|&=3tH 27| FEo] LA St

10.10 MODE Fault
SPI system ©] Master® AA % 11, SS signal input line®] assert H %S W, mode fault

error 7} ZASA, SPSR 2] MODF bite] set ®t}. Master device W MODFE &AA|Z &=
gJom thE SPI device’} master’} Hela & o Aol
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10.11 Interrupt

SPIF Interrupt
FIFO°l #7% dlole e} TX Shift #lA~EH7F 25 H|YgAH 28t SPI AFo] i
A< ougtt} SPI AFo] dEHASS AT 4 A& Interrupt ©]th

MODF Interrupt
Mode fault 7} €dojypbd dASt}, Mode fault@ o8] 7§19 Master?7} EA45t= A5 & 9]
Aol Master”} HlolHE AEsl= A5 2okt

SSX Interrupt
SSX port A& & FHAete] Wy A7|H S gt

TX FIFO FULL, TX_FIFO EMPTY ,RX_FIFO_FULL , RX_FIFO_EMPTY

- TX_FIFO_FULL : 64Byte?] W% FIFO 7} 2% AYASS gnsic}. o] Ae]o]A
TX FIFO°l dHlolEl & o A =™, Z3Xd ey dFo] o] Folxith

- TX_FIFO_EMPTY : TX FIFO°l| AHYLHE dlolE7} 2% AEF o] HASS vk
th ey obA TX Shift #A2=E]7F v A %] &8k7] wj<to] SPI d&o] 5% 22 ofyr

SSX

S 11 R A1 A

ws (O (>
1Byte TX FIFO Write 1Byte TX FIFO Write 1Byte TX FIFO Write 1Byte TX FIFO Write

Figure 10-5 1-Byte Transfer vs. Status and Interrupt

SSX

SCK

MOSI

nByte TX FIFO Write nByte TX FIFO Write nByte TX FIFO Write

Figure 10-6 n-Bytes Transfer vs. Status and Interrupt
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10.12 SPI Control Registers

SPI Control Register (SPIXCON)
Address : 0x0300_0700h / 0x0300_0780h

Bit

R/IW

Description

Default Value

31:8

R

Reserved

7

RW

SPIEN : SPI Enable
0 : SPI is disabled.
1 : SPI is enabled

0

RW

WOMP : Wired-OR Mode for SPI Pins
0 : Outputs have normal CMOS drivers.
1 : Open—drain drivers

RW

MSTR : Master/Slave Mode Select
0 : SPI is a slave device
1 : SPI is system master

RW

CPOL : Clock Polarity

0 : The inactive state value of SCK is logic level
zZero

1 : The inactive state value of SCK is logic level
one.

RW

CPHA : Clock Phase

0 : Data captured on the leading edge of SCK
and changed on the trailing edge of SCK.

1 : Data is changed on the leading edge of SCK
and captured on the trailing edge of SCK.

RW

MSBF : Most Significant Bit First
0 : Serial data transfer starts with LSB.
1 : Serial data transfer starts with MSB.

RW

SPISIZE : Transfer Data Size
00 : 8-bit data transfer.
01 : 16-bit data transfer.
10 : 32-bit data transfer.

SPI Baud Rate Register (SPIXBAUD)
Address : 0x0300_0704h / 0x0300_0784h

System Clock
~ 2x(SPIBRR [7:0]+1)

Master Mode SCK < System Clock / 2
Slave Mode SCK < System Clock / 4

Bit R/W Description Default Value
31:8 R Reserved. -
7:0 RW Serial Clock Baud Rate OxFF
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SPI Status Register (SPIXSTAT)
Address : 0x0300_0708h / 0x0300_0788h

Bit

R/IW

Description

Default Value

15:8

R

Reserved

7

R

SPIF : SPI Finished Flag
0 : SPI is not finished.
1 : SPI is finished.

0

WCOL : Write Collision
0 : No attempt to write to the SPDR happened
during the serial transfer.
1 : Write collision occurred.

MODF : Mode Fault Flag

0 : Normal operation

1 : Another SPI node requested to become the
network SPI master while the SPI was enabled in
master mode

nSS : Slave Select Flag
O : Current Value of nSS port is low
1 : Current Value of nSS port is high

STXF : TX FIFO Full Status bit
0 : FIFO_TX is not full
1 : FIFO_TX is full

STXE : TX FIFO Empty Status bit
0 : FIFO_TX is not empty
1 : FIFO_TX is empty

SRXF : RX FIFO Full Status bit
0 : FIFO_RX is not full
1 : FIFO_RX is full

SRXE : RX FIFO Empty Status bit
0 : FIFO_RX is not empty
1 : FIFO_RX is empty

SPI Data Register (SPIXDATA)
Address : 0x0300_070Ch / 0x0300_078Ch

Bit

R/IW

Description

Default Value

31:0

RW

SPI Data
At 32-bit transfer mode
- MSB of Data is SPDR[31]
At 16-bit transfer mode
- MSB of Data is SPDR[15]
At 8-bit transfer mode
- MSB of Data is SPDR[7]

LSB of Data (received or transmit) is SPDR[0] in
any transfer mode

0x0000_0000h
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SPI nSS Control Register (hSSxCON)
Address : 0x0300_0710h / 0x0300_0790h

Bit R/W Description Default Value
31:1 R Reserved -
0 RW nSSCON : nSS Output Level 1

SPI Interrupt Mask Register (SPIXINT)
Address : 0x0300_0714h / 0x0300_0794h

FIFO_RX_EMPTY Interrupt occurs when FIFO_RX
1S empty
0 : FIFO_RX_EMPTY Interrupt is disabled
1 : FIFO_RX_EMPTY Interrupt is enabled

Bit R/IW Description Default Value
31:8 R Reserved -
7 RW SPIFE : SPIF Interrupt en/disable 0
SPIF  Interrupt occurs when transfer has
completed.
0 : SPIF interrupt is disabled
1 : SPIF is enabled
6 RW MODFE : MODFI Interrupt en/disable 0
MODFI Interrupt occurs when two more master
use data line.
0 : MODFTI interrupt is disabled
1 : MODFI is enabled
5 R Reserved 0
4 RW | nSSEN : nSS Interrupt en/disable 0
nSS Interrupt occurs when nSS signal has
changed.
0 : nSS Interrupt is disabled
1 : nSS Interrupt is enabled
3 RW STXFE : FIFO_TX_FULL Interrupt en/disable 0
FIFO_TX_FULL Interrupt occurs when FIFO_TX
1s full
0 : FIFO_TX_FULL Interrupt is disabled
1 : FIFO_TX_FULL Interrupt is enabled
2 RW STXEE : FIFO_TX_EMPTY Interrupt en/disable 0
FIFO_TX_EMPTY Interrupt occurs when
FIFO_TX is empty
0 : FIFO_TX_EMPTY Interrupt is disabled
1 : FIFO_TX_EMPTY Interrupt is enabled
1 RW SRXFE : FIFO_RX_FULL Interrupt en/disable 0
FIFO_RX_FULL Interrupt occurs when FIFO_RX
1s full
0 : FIFO_RX_FULL Interrupt is disabled
1 : FIFO_RX_FULL Interrupt is enabled
0 RW SRXEE : FIFO_RX_EMPTY Interrupt en/disable 0
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11 TWI (Two WIRED INTERFACE)

fiju

g TWI wz=ste] QElde]=E 93 TWI ZEEZY
clock)®} SDA(serial data) & 7}xIt}.

TWI Features
- Master transmitter mode
- Master receive mode
- Slave transmitter mode
- Slave receive mode
- Software programmable clock frequency
- Software programmable acknowledge bit
- Interrupt driven data—transfers
- Start/Stop/Repeated Start/Acknowledge generation
— Multi master operation

e,

TWIi= SCL(serial

Note
2.2KQ to 4.7 KQ pull-ups are required on the SDA and SCL lines.

4+——»[J SDA
AN <0 SCL
( ) TWIPSR >
START/STOP Condition >
J_’ Generaion >

( \ TWICONR P
» Arbitration and i
=] START/STOP Detection |
o v
£ TWISTR P
[0 —T <
k7 Address Compare
U>)\ »

) ¥
TWIADRR 8-bit Address Shifter -t
N— Vv
\
( ) TWIDR »> 8-bit Shifter -
Figure 11-1 TWI Block Diagram
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11.1 DATA TRANSFER FORMAT

SDA el EE deoly dol= 8HIETL} u] AFuict AFEo] A 4 Q& HiolE &
AgtE o] A ¥k Al&ER thge] A vlol]Ex FAdEo|th. TWI-bus 7} Master® R =
2 &2 @ o Masterd] 9ls] FALET AEHET EE vlo]EE thgol= ACK HIEZL w
gt} I dlolE e} F49 MSB HIERE Hbo] A FECT

Write Mode Format with 7-bit Addresses
[S] slave Address 7bits |R/W|A]  DATA(Byte)  [A[P]|

"o" Data Transferred
(Write) (Data + Acknowledge)

Read Mode Format with 7-bit Addresses
[S| Slave Address 7bits [RIW[A]  DATA(1Byte) [A[P|

"1 Data Transferred
(Read)  (Data + Acknowledge)

NOTES:
1. S:Start, rS:Repeat Start, P:Stop, A:Acknoledge
2. [ :From Master to Slave, [] from Slave to Master

Figure 11-2 TWI-Bus Interface Data Format

11.2 START AND STOP CONDITION

Start condition< 1 Byte 9] dataE & & 4 v}, 18|41, Stop condition< data %
S F 83t} Start condition SCL ©] high € w SDA line°] high-to-low ¥ transition 3¢
t}. A stop condition2 SCL ©] high & uwW SDA line ©] low-to—high® transition 3%t}
Start condition ©] ¥ASHH, 12C bus += busy”} ®t}. Stop condition®] ZA3 3 12C bust
free 7} At}

soa T\ L/ JC X /XTI
5 i MsSB Acknowledgement Signal Acknowledgement Signsal H
5 5 from Receiver from Receiver 5 5
e R £ O ) W 0 2 W ) S I W A A AVAVENN
L Start | ACK T 1 L3top
Byte Complete, Interrupt within Clock Line Held Low While
Receiver Interrupts are Serviced

Figure 11-3 Data Transfer on the TWI-Bus
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11.3 ACK SIGNAL TRANSMISSION

AE5S 443 ZU7] el FAGS S4de] ACK HIEES BEujof gt
SCL #}le] 9 A 2 A ‘ﬂ‘g &joF it} 3 HlolE rﬂolEJE A4S 98 8
go] " Q3lt}, Masteri= ACK HIE dA5S $3 29 A25 AA§|oF s

0\-)

FAGe ACK 29 H25 oF t'é—% ol SDA #H91& “High”= wHE7] $18] SDA #hel&
FolF ok . w3 Al 7] ACK #~2 u SDA #1S “Low”® A38te] SCLO o}F
7ol “High” 7t Al SDAE “Low”= Wh=t}

ACK HIE AHEFAS LAXEYO]H O R enable & disable E F ATHHAEEY A AE Y
TXACKH E). :Laiur 3 vlo]lE doly A% TS dmEr] 9l SCLA ol A A 9
ACK €27} Zga3jt

Clock to Output

Data Output by
Transmitter

Data Output by
Receiver

SCL from
Master

Clock Pulse for
Acknowledgement

Condition

Figure 11-4 Acknowledgement of TWI

11.4 READ-WRITE OPERATION

Al F2 REd A dolEH HE Fo] TWI-bus SlE|#H o] 2= dlolE HZE #HA 2 b
7F 2= w 71X] 71k oF skt dlolE 22odd wj7bx] SCL #4912 Low=Z F42E Aol
b A 2E HolE 7} tlolE FZE #HA g Aoy Xa A SCLE release @t} =, TWI
= A dolg AL F interruptE £33l CPUE interrupt £3& 8 Ho Q=& T
olH & W &t

o

o]

FA =2 BEdA]  dHolEE 4413 ZTo, TWI buse data® ¢lo] z2 u] 7% 7]vh=ad),
FAE dolgl 7t o] 24 uf 74A] SCLE LOWE % Hrt}. New dataZ} ¥& A1 W t}go
[e)

SCL2 release €t} TWIx= HolHE G418t 3 interruptE WAYSHAL, interrupt requests
e CPUE dataZ ¢l 7ok
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11.5 BUS ARBITRATION PROCEDURES

T+ MY master7} BusE Ao 3= AS W ]f{ﬁ} SDAZE HIGH level®Z WX ¥ master”}
r gE master7} WE A LOW level®] SDAE <l28}lH, Bus?} Aol Alojed o] olyr] uj
ol datad$S A 3o},

o

Devicel®} Device23 S Alo] master mode 2 F2}3= 73] SCL #eloA HHAE =
29 RS B S o] F7|8rt o] FofHt,

) start counting
walt state HIGH period

CLK1 —_—— — =
CLK2 7\—[ jcounter reset N

Figure 11-5 Bus arbitration 1 of TWI

ghelo] Yel= data kol wEl Devicel, Device2% dty7l $-4HL

masterl loses Arbitration
DATAL £ SDA

f | /[ - - - - - -

DATAL —

|
TN\

Figure 11-6 Bus arbitration 2
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11.6 ABORT CONDITIONS (arbitration O] &M stX] 22 A=)

1. 2T EojAHo=z HEF YA~ MSTR HIES &8 Al7|W  stop 7o &
A skt

2. NO ACK ¥rAI3}e] stop o] &Agt. = ACK T3t A SDA A&7} “Low”7}
ol kAT

R “ — 4
12 B Fer As JPT S DAL 3 nlolE AF 274 AP dHolH
%%<l SDAE HIGH JEj7t Htt.

Arbitration Aol o] AojHAES AL H$ MSTR HIES o] HA|uk o]o 93t ~%&
i=]

11.7 Operational Flow Diagrams

11.7.1 TWIl initialization

TWIi= ®A 271817} o] Foj A4 of gt}

=)

Enable TWI
by setting TWIEN

Register setting

Enable TWI
Interrupt enable

e

Figure 11-7 TWI Initialization Flow Char
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11.7.2 Master Transmit /Receive

C

BEGIN )4—

BUS Busy Yes

No

Write TIW Header

in TWIDR

y

Set MSTA in
TWICONR to
Generate Start

Transfer No
Complete?

Yes

Write Data to TWIDR

Transfer
Complete?

No

Last Word?

Negate MSTA in
TWICONR to
Generate STOP

v

C

END )

Advanced Digital Chips, Inc.

Figure 11-8 Master Transmit Flow Char
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C

BEGIN )47

BUS Busy

No

Write TIW Header

in TWIDR

v

Set MSTA in
TWICONR to
Generate Start

Transfer
Complete?

Read Data to TWIDR

|2

Transfer
Complete?

Last Word - 12 No

Set TXAK in
TWICCONR to
Turn of ACK

v

Read data from
TWIDR

[
«

Transfer
Complete?

Negate MSTA in
TWICONR to
Generate STOP

v

C

END )

Advanced Digital Chips, Inc.

Figure 11-9 Master Receive Flow Char
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11.7.3 Slave Mode

C BEGIN 547

Addressed as
Salve?

Check TWISRW in
TWISTR

b

Read / Write Data in
TWIIDR

Transfer
Complete?

Yes

Bus Busy ?

e

Advanced Digital Chips, Inc.

Figure 11-10 Slave Mode Flow Char
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11.8 TWI Control Registers

TWI Control Register (TWICON)
Address : 0x0300_0800

O : Interrupt Enable
1 : Master® &2+ A, A4 @A
E kA

ro

o
= ¢led IH Y

Bit R/W Description Default Value
31:8 R Reserved. -
7 RW TWIEN : TWI Controller Enable. This bit must be 0
set before any other control regiser bits have any
effect
0 : Resets and disables the TWI
1 : Enables the TWI
6 R Reserved. -
5 RW TWIMOD : Master/Slave Mode Select. When the 0
uC changes this bit from “0” to “1”, the TWI
controller generates a START condition in Master
mode. When this bit is cleared, a STOP condition
1s generated and the TWI controller switches to
Slave mode. If this bit is cleared, however,
because arbitration for the bus has been lost, a
STOP condition is not generated.
4 RW TWITR : Transmit/Receive Mode Select. This bit 0
selects the direction of Master transfers.
Available only in master device.
0 : Master Receive
1 : Master Transmit
3 RW TWIAK : Transmit Acknowledge Enable. This bit 0
specifies the value driven onto the SDA line
during acknowledge cycles for both Master and
Slave receivers
0 : Acknowledge
1 : No acknowledge
Since Master receivers indicate the end of data
reception by not acknowledging the last byte of
the transfer, this bit is the means of the uC to end
a Master receiver transfer.
2 RW REPST : Repeated Start. Writing a “1” to this bit 0
generates a repeated START condition on the bus
if the TWI controller is the current bus Master.
This bit is always read as “0”
1 R/W | Transfer complete Interrupt enable bit 0
O : Interrupt Disable
1 : Interrupt Enable
0 R/W | Lost arbitration Interrupt enable bit 0
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TWI Status Register (TWISTAT)
Address : 0x0300_0804h

Bit

R/IW

Description

Default Value

31 :10

R

Reserved.

9

RW

TX_EMPTY. 41 W9 AeHE vebdeh 0 o,
Y3l= oz Wr1teUL T 3
O 2 Wyl 2y tﬂolEM N
: EAl B%JM H &

RW

RX _FULL. 741 W3¢ e E vepdith 1Y of, 9
3= %}OE Write&r 4= At}

0: a4l ME7E v 8l&

1: 52 Wue] gjojzd dolE 7t &

TWIDT : Data Transferring Bit.
While one byte of data and one bit of ack are
being transferred, this bit is cleared. It is set by
the falling edge of the 9th clock of SCL and is
cleared by reading status register.

0 : Transfer in progress

1 : Transfer is complete

TWIAS : Addressed as Slave Bit.

When the address on the TWI bus matches the
Slave address in the TWIADDR register, the TWI
controller is being addressed as a Slave and
switches to Slave mode.

TWIBUSY : Bus Busy Bit. This bit indicates the
status of the TWI bus. This bit is set when a
START condition is detected and cleared when a
STOP condition is detected.

O : Indicates the bus is idle

1 : Indicates the bus is busy

RW

TWILOST : Lost Arbitration Bit.

This bit is set by hardware when arbitration for
the TWI bus is lost. This bit must be cleared by
MCU writing a ‘O’ this bit.

TWISRW : Slave Read/Write Bit.
When the TWI controller has been addressed as a
Slave (AAS is set), this bit indicates the value of
the read/write bit sent by the Master. This bit is
only valid when a complete transfer has occurred
and no other transfers have been initiated.

0 : Indicates Master writing to Slave

1 : Indicates Master reading from Slave

Reserved.

RW

Repeated start flag

Repeated start condition®] 2SR =X 3Heldh=
flag bit. Repeated start condition®] ZAsH setyH
™, stop condition®] ZASFAY, set® e A o]
bitel 1S writed'd clear®lth

Advanced Digital Chips, Inc. CONFIDENTIAL

94



TG471 PRELIMINARY Ver 0.97
0 : Repeated start condition was not occurred.
1 : Repeated start condition was occurred.
0 R TWIRAK : Received Acknowledge Bit. This bit 1

reflects the value of the SDA signal during the
acknowledge cycle of the transfer.
0 : Indicates that an acknowledge was received
1 : Indicates that no acknowledge was received

TWI Address Register(TWIADR)
Address : 0x0300_0808h

7-bit slave address, latched from the TWI bus.
You can read the TWIADDR value at any time,
regardless of the current serial output enables bit
(TWICON) setting.

bit[7:1] : Slave Address

Bit R/W Description Default Value
31:8 R Reserved. -
7: 0 RW | (At only slave mode) 00h

bit[0] : Not mapped
TWI Data Register (TWIDATA)
Address : 0x0300_080Ch
Bit R/W Description Default Value
31:8 R Reserved. -
7:0 RW | TWI data 00h

TWI Baud-Rate 0 Register (TWIBRO)
Address : 0x0300_0810h

Bit R/W Description Default Value
31:4 R Reserved. -
7:0 RW | Baud Rate 0 Value. TWIBRO = 3 Fh

TWI Pre-scale Counter Register (TWIBR1)
Address : 0x0300_0814h

Bit R/W Description Default Value
31:9 R Reserved. -
8:0 RW | Baud Rate 1 Value. TWIBR1 =0 FFh
TWIBRO = fsystem_clock x 700ns + 3

fsystem _clock

L =
(2TWIBRL+TWIBRO + 7)
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12 UART

TG471¢] UART+ RS-232C <1g#o] 29 7|5 B Ak <l PC H 1/0 device®t &
g H57] BAE 93 gdst AojrlsS 7FR 4 Ald UART(Universal Asynchronous
Receiver/ Transmitter) Controller 7} W&= o] Qt}.

UART Features
- Compatible with standard 16450/16550 UARTs
- Fully programmable serial-interface protocols
5,6,7,8-bit characters
Even, odd or no—parity, stick parity generation and detection
1, 1.5, 2 stop bit generation
Baud rate generator
- Line break generation and detection
- False start bit detection
- Prioritized transmit, receive and line status control interrupts
- Independent 16 characters transmit and receive 4Bytes FIFOs
- Support 4 Ch. UARTSs

N

Receiver

E Buffer Serial
L Register Receiver Input
—— 5 Shift
. Register
C Receiver y
T FIFO
%
P 77
Transmitter S
Hold@ing > E ! Serial
Register L Transmitter Output
E Shift —>
Transmitter | C Register
FIFO T
5
FIFO
Control
Register

Baud
Generator

System Bus

Divisor
—— Latch(¥S,LS)

Line
Control
Register

Line

(———) Status

Register
UART

NS

Interrupt
Enable
Register

Interrupt
ID
Register

Interrupt
Control
Logic

Interrupt

Advanced Digital Chips, Inc.

Figure 12-1 UART Block Diagram

CONFIDENTIAL

96



TG471 PRELIMINARY Ver 0.97
UART Registers Summery
Table 12-1 UART Register Summery
DLAB=0 DLAB =0 DLAB=0 DLAB =0 DLAB =X DLAB = X DLAB =X DLAB =1 DLAB=1
0x00 0x00 0x04 0x08 0x08 0x0C 0x14 0x00 0x04
. Receiver Transmitter Interrupt Interrupt FIFO Line Line Divisor Divisor
Scl,t Buffer Holding Enable Ident. Control Control Status Latch Latch
Register Register Register Register Register Register Register (LSB) (MSB)
RBR THR IER IR FCR LCR LSR DLL DLM
R R/IW RIW R RIW R/IW R R/IW RIW
0 Data Bit 0 Data Bit 0 Enable “0”if FIFO Word Data Bit0 Bit0
Received Interrupt Enable Length Ready
Data Pending Select
Available Bit0
Interrupt
1 Data Bit 1 Data Bit 1 Enable Interrupt RCVR Word Overrun Bit 1 Bit 1
Transmitter ID Bit0 FIFO Length Error
Holding Reset Select
Register Bit1
Empty
Interrupt
2 Data Bit 2 Data Bit 2 Enable Interrupt XMIT Number of Parity Bit 2 Bit 2
Receiver ID Bit1 FIFO Stop Error
Line Status Reset Bits
Interrupt
3 Data Bit 3 Data Bit 3 0 Interrupt 0 Parity Framing Bit3 Bit 3
ID Bit 2 Enable Error
4 Data Bit 4 Data Bit 4 0 0 Reserved Even Break Bit 4 Bit4
Parity Interrupt
Select
5 Data Bit 5 Data Bit 5 0 0 Reserved Stick Transmitter Bit5 Bit5
Parity Holding
Register
6 Data Bit 6 Data Bit 6 0 FIFOs RCVR Set Transmitter Bit 6 Bit 6
Enabled Trigger(LS Break Empty
B)
7 Data Bit 7 Data Bit 7 0 FIFOs RCVR Divisor Errorin Bit7 Bit7
Enabled Trigger(MS Latch RCVR
B) Access Bit FIFO
(DLAB)
* DLAB = LCR[7](Divisor Latch Access Bit)
* FIFO Control Register :
— DLAB =0 : Register Write
— DLAB =1: Register Read
* Address 0x10(0x30), 0x18(0x38), 0x1C(0x3C)+= 16550 UART %+ o] S 348 93] Reserved & AT
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12.1

TG4712] UARTOl A= ULCRn[4:0] HIES] #A|2E A o= UART

gk WA 7kttt th ULCRn[4:0] bit®] Register A 0 &

Serial Data Format

3T -
AL

of thgk Aol

s
il

Al Serial Data Formatol]
7 7bsst dlolg xd

ULCRN[4:0]

Description

00010
No Parity /
1 Stop bit/
7 Data bit

HiolHHI E I

] | | I I
GIOIEIHIE | CIOIEIHIE | HIOIEHIE  GIOIEBIE  CIOIEIHIS | HIOIEHIE

I EIHE :

D1 D2

D3

D4

D5

D&

7‘32
>U\_

I
I
|
|
|
1
|

00011
No Parity /
1 Stop bit/
8 Data bit

| |
HIOIEHHIE I[‘llDIE{ HE IEIIOl EHHE

[
I['IIDIE{HI

E |[‘|ID|E‘|H|E lE‘lIDIE{HIE |[‘||D|E‘|H|E|[‘||OIE1HIEI

=1 & AHl

=

[
|

il I [
I

"

D1 D2

D3

D4

D5

D6

I
DT>|/1
I

|
|
I
I
I
1
|

|
|
|
|
|
|
|

00110
No Parity /
2 Stop bit /
7 Data bit

|
I |
| I T
0 DO :
I |
| |
| |
|
|

§|E1IDIE'|I:||§

IE‘IlOIE'II:II

-

P,

£ OIoIHHE : HOIEHHIE QIOIEH E

EIHE

_ID

:ﬁlltll

E

rl-- rr-

'l"!

I~

D1 D2

D3

D4

D5

|
| |
0 DO :
| | |
| ]
|

I
I
I
I
I
|

1

STh2

PR NN [ SN U e —

00111
No Parity /
2 Stop bit/
8 Data bit

I
I \ I [ |
| AZHIE | HIOIEHIE | HIOIEHIE HI0IHHIS

GO H E :EIID\EH:IIE |IZ‘iICIIEH:IIE

I
ERELT

[
EHEIEENS

HIHE

D1 D2

D3

D4

D5

D6

| |
I |
[ |
| |
| |
| |
I |

|
I
[
[
|
]
I

S§Th2

11010
Even Parity /
1 Stop bit/
7 Data bit

E

£ £
|
| | T
0 /( DO |
| | |
|
|
ll:‘il‘JlE-H:!lE

|
E‘ilOIE{HIEIGIDIEH:II_l =

|
ERE=

|I:‘iliJIE-H:H E

| [ I
HOIEHIE GIOIEH E  WalElbl E

EIHE

|
|

1 [ I I
|

T*

™

|
|
1

D1 D2

D3 D4

D5

D6

Parity

=)
=)
o

|
I
I
I
I
[
|

_>.<___

|

|
Eveny 1

|

|

|

11011
Even Parity /
1 Stop bit/
8 Data bit

-

| | I |
HIOIEHIE HIOIEHIE HIOIEHHIE G0/EHEE OIOEUE COIEHE GOEUE CIOIEHE H2lEbS

»

| HXHE

i

D1 D2

D3

D4

D5

D6

[

|

| N |
ven

|
| T

0 DD:

I I |

T

|

\ |
I |
\ |
\ |
\ |
| |
[ |
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: A ZHIE :HIOlEH:HE:HlDlHHIE}[‘HDlHHIE:H\D\EIHIE:[‘HD\HHIE:HIGIHHIE:HIDIE{HIE:DHEIEIHIE: HIHE : HAHE :
I | | \ | N T T T > T |
11110 | | | ! | | | | | | | |
Even Parity / I | | T T | T T [ I T T
2 Stop bit / 0 Do | DI | D2 | D3 | D4 | D5 | D6 XpEven\/STe1 | STZ
7 Data bit [ | | ! | | | | | VA [ [
| | T T T T | | ! I | I
| | | \ | | | ! | | | |
: AEHE }HIOlHHIE:HlOIE-IHIElH\DlHH\E:EﬂUIEIHIE:E{IOIEHIE:HIOIHH\E:GIOIE{HIE!H\OIHH\E:!IHEIEJHIE: HIHE : HIHE }
1111 | \ | ! | | | | !
Even Parity / | \ T | 1 T T | |
2 Stop bit / o (Do | DI | D2, D3 | D4 | D5 D6
8 Data bit
| \ | | | | | | |
| \ | 1 | | | | [
| \ [ | | | [ | |
: Al EHHIE :IHIOIEIHIE:EIIOIEH:IIE:EﬂOIE{HIE:GIOIE{HIg:EilDIHHIE:HIOIEIHIg:HIOIEH:IIE:!IHEIEIHIE: HIXHE :
01010 | I | | | | | | I I |
Odd Parity/ I I T T T T T T I I T
1 Stop bit / 0 Do | DI | D2 | D3 | D4 | D5 |, D6 Poafi‘:y 1
7 Data bit | [ | | | | I | [ I [
| [ I T | ] [ I | I [
| | | | ! | | | [ I |
: A EHIE :HIOIE-IHI§:GIOIEH:II§}E‘HOIE-IHIE:HIOIEIHI§:GIOIEHIE:EiIOIHHIE:ﬂlOIE{HIE:EﬂOIE{HIE:ILHEIEJHIg: HIHE :
01011 | | | ! | | | | | | | |
Odd Parity/ | | T T T T T T T [ I T
1 Stop bit / 0 Do | DI | D2 | D3 |, D4 | D5 |, D6 | D7 Pc;si(t’y 1
8 Data bit | | [ ! [ | | [ | | | [
| | | T [ I T | T | | |
| | | \ | | | | | | | |
: A EHIE :ElIOlHHIE:H\DIE{HIE}EHGIHHIE:EIIDIEIHIE:[1IDIHHI§:[1IGIHHIE:HIDIE{HIE}DHFJEIHIE: HIIHE : HIHE :
I | T \ | I T | * > T |
01110 | | | ! | | | | ! | | |
Odd Parity/ I | T T T T T T \ I T T
2 Stop bit / 0 D0 | DI | D2 | D3 | D4 | D5 | D6 Xood Y STOT  STOZ |
7 Data bit | | | ! | | | | ! Y | [
| | | T T | | T ! I | I
| | | ! | | | | \ | | |
: AEHE }HIOlHHIE:HlOIE-IHIElH\DlHH\E:EﬂUIEIHIE:E{IOIEHIE:HIOIHH\E:GIOIE{HIE!H\OIHH\E:!IHEIEJHIE: HIHE : HIHE }
01111 | | | | | | | | |
Odd Parity/ | | T | | T T | T
2 Stop bit / o (Do | DI | D2, D3 | D4 | D5 D6
8 Data bit
| \ | | | | | | |
| \ | 1 | | | | [
| \ [ | | | [ | |

Figure 12-2 UART LCR Register Setting and Serial Data Format
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12.2 UART Baud Rate

TX/RX Baud Rate> o}&l] 2oz Aikd),

System Clock

Baud Rate =
UDL X 16

UART Divisor Latch Value (UDL) = UDLM[7:0] << 8 + UDLL[7:0]

Table 12-2 UART Baud Rate

Baud Rate(MHz) 4 6 8 10 12 16 20 24 30
2400 bps UDL 104 | 156 | 208 | 260 | 313 | 417 | 521 | 625 | 781
ERR(%) | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.08 | 0.03 | 0.00 | 0.03

4800 bps UDL 52 78 104 130 156 208 260 313 391
ERR(%) | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.10

9600 bps UDL 26 39 52 65 78 104 130 156 195
ERR(%) | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16 | 0.16

14400 bps UDL 17 26 35 43 52 69 87 104 130
ERR(%) | 2.12 | 0.16 | 0.79 | 0.94 | 0.16 | 0.64 | 0.22 | 0.16 | 0.16

19200 bps UDL 13 - 26 33 39 52 65 78 98
ERR(%) | 0.16 - 0.16 | 1.36 | 0.16 | 0.16 | 0.16 | 0.16 | 0.35

38400 bps UDL - - 13 16 - 26 33 39 49
ERR(%) - - 0.16 | 1.73 - 0.16 | 1.36 | 0.16 | 0.35

57600 bps | UDL - - - 11 13 17 22 26 33
ERR(%) | - - - 1.36 | 0.16 | 2.12 | 1.36 | 0.16 | 1.36

115200bps UDL - - - - - - 11 13 16
ERR(%) | - - - - - - 1.36 | 0.16 | 1.73

wxx ERR ©] 2.2% o]Ao|Ai= UART B2Ho] atAdAS B4 s 5= Qv
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12.3 UART Control Registers

UART Channel 0/1 Receiver Buffer Registers ( UxRB )
Address : 0x0300_0900h / 0x0300_0920h / 0x0300_0980h / 0x0300_09A0h

Bit R/W Description Default Value
31:8 R Reserved. -
7:0 R Receive Buffer Data -

*** DLAB7} “0” & ul Access 7153}t

UART Channel Transmitter Holding Registers ( UxTH )
Address : 0x0300_0900h / 0x0300_0920h / 0x0300_0980h / 0x0300_09A0h

Bit R/IW Description Default Value
31:8 w Reserved. -
7:0 W Transmit Holding Data -

*** DLAB7} “0” & w] Access 7}535}T].

UART Channel Interrupt Enable Registers ( UXIE )
Address : 0x0300_0904h / 0x0300_0924h / 0x0300_0984h / 0x0300_09A4h

Bit R/W Description Default Value
31:3 R Reserved. -
2 RW RLSIEN : Receiver Line Status Interrupt Enable bit 0
0 : Disable 1: Enable
1 RW | THEIEN : Transmitter Holding Empty Interrupt Enable bit 0
0 : Disable 1: Enable
0 RW RDAIEN : Received Data Available Interrupt Enable bit 0
0 : Disable 1: Enable

**+x DLAB7} “0” < u] Access 7}'s3th.
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UART Channel Interrupt Identification Register ( UxIl)

Address : 0x0300_0908h / 0x0300_0928h / 0x0300_0988h / 0x0300_09A8h

Bit R/W Description Default Value
31:8 R Reserved. -
7:6 R FIFOST : FIFOs Enabled Status bit. 00
00 : not in FIFO mode
11 : FIFO mode
5:4 R Reserved 0
3:1 R INTID : UART Interrupt ID 000
( Note, UART Interrupt Control Function)
0 R INTP : UART Interrupt Pending bit 1
When this bit is a logic 1, no interrupt is pending

*** DLAB7} “0” 9 w9} Read Mode=Z Access 7}5 3}t

Table 12-3 UART Interrupt Control Function

. !nte_rrupt . Priorit
Identification Register Interrupt Interrupt Source Interrup_t_Reset
Bit3 | Bit2 | Bit1 | Bit0 | Level Type Condition
0 0 - None None -
0 1 Highest | Receiver Line Overrun Error or Parity Error Reading the Line Status
Status Framing Error or Break Interrupt Register
0 1 0 0 Second | Received Data Receiver Data Available or Reading the Receiver Buffer
Available Trigger Level Reached Register or the FIFO Drops
Below the Trigger Level
1 1 0 0 Second | Character No Characters have been removed Reading the Receiver
Timeout from or input to the RCVR FIFO Buffer Register
Indication during the last 4 Char. times, and
there is at least 1 Char. in it
during this Time
0 0 1 0 Third Transmitter Transmitter Holding Reading the IIR Register
Holding Register Empty (if source of interrupt) or
Register Empty Writing into the Transmitter
Holding Register
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UART Channel FIFO Control Register ( UXFC)
Address : 0x0300_0908h / 0x0300_0928h / 0x0300_0988h / 0x0300_09A8h

0: 16450 UART Mode 1: Enables FIFO

Bit R/W Description Default Value
31:8 R Reserved. -
7:6 RW RFTL : Receiver FIFO Trigger Level 00

00 : 1 Byte 01:2 Byte
1x : 3 Byte
5:3 R Reserved -
2 RW XFR : XMIT FIFO Reset 0
XFR7} “1” < wj, XMITFIFO W¢] RE HolE =
Reset ¥t} 121} Shift Register 1]2] ©|o]E]& Reset
A ekt
1 RW RFR : RCVR FIFO Reset 0
RFR7} “1” & w], RCVRFIFO W& ZE HolE+
Reset ¥}, 22J1} Shift Register W] ©]o]E = Reset
A ekt
0 RW FIFOEN : FIFO Enable Bit 0

** DLABZ} “0” ¢ dl+= Write Mode ©]3Z, DLAB”} “1” ¢ w&= Read Mode °]Tt}.

UART Channel Line Control Register (UxLC)
Address : 0x0300_090Ch / 0x0300_092Ch / 0x0300_098Ch / 0x0300_09ACh

00 : 5 Bits/Character 01 : 6 Bits/Character
10 : 7 Bits/Character 11 : 8 Bits/Character

Bit R/W Description Default Value
31:8 R Reserved. -
7 RW DLAB : Divisor Latch Access Bit 0
DLAB©] “1” & uj, Divisor Latch Registers2]
Read/Write2} FIFO Control Register®] Read”} 753} t}.
6 RW SB : Set Break 0
SB7} “1” <« |, Serial Data Output®l] Logic “0”°]
=359t SBE W Transmitter Logicoll & 3 &=
n| %] %] ¢F o A Serial Outputol]l W+ a5 w3t}
5 RW SP: Stick Parity 0
0 : Disables Stick Parity
1:PEN, EPS, SP7} “17¢) o, Parity Bit “0”
PEN, SP7} “170] 31, EPS7} “0” ¢ i, Parity Bit “1”
4 RW EPS : Even Parity Select 0
0 : Select Odd Parity 1 : Select Even Parity
3 RW PEN : Parity Enable Bit 0
0 : Disables Parity 1 : Enables Parity
2 RW STB : Number of Stop Bit 0
0: 1 Stop hit
1: 2 Stop bits(YFF, WLS Bitel| 4] 5 Bits/Character=
A el giohd | 1.5 Stop bits S zHi=t})
1:0 RW | WLS : Word Length Select 00
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UART Channel Line Status Register (UxLS)
Address : 0x0300_0914h / 0x0300_0934h / 0x0300_0994h / 0x0300_09B4h

Bit

RIW

Description

Default Value

31:

8

R

Reserved.

7

R

EIRF : Error in RCVR FIFO

FIFO R=7} ol A% EIRFE &4 “0”o|t}. FIFO
FE oA EIRFE RCVRFIFO ol A OE, PE, FE, BI
T o st “170] A E, “170] H o) EIRF=
qheE FIFO ulol] A4 <l o7k globd, LSR

A ~HE YAS wl Clear(“0”) ¥ T}

TEMP : Transmitter Empty

FIFO =7} ol 749 TEMTE Transmitter Holding
Register (THR)<} Transmitter Shift Register(TSR)©] &+
Empty o “17o] ®t} THR %= TSRel dHlo]El7}
o™ Clear®lt} FIFO B= oA+, TEMT+
Transmitter FIFO2} TSRo] X% Emptyd “179]
ot

THRE : Transmitter Holding Register Empty

FIFO 2 =7} obd 7 $- THRE: THRE| Ho]E 7}
TSRZ & ¥o] Empty7t = A o] “170] =,
THRol A$S 913 Q28 HolHE & 4 Ut
FIFO E=9 4= Transmit FIFO7} Empty

THREZ} “170] =™, Hojx 3}1}2] Bytedl= Transmit
FIFOo A =% Clear¥lt}. ®HeF THRE
interrupt(ETHREI) 7} “17¢] 31 THREZ} “17°]g}d
Interrupt7} 2HA8 S,

BINT : Break Interrupt

c FAEE 98 dgo]E 7} Full-word A4 A7 HoF
“0"d df Bli= “17¢] ¥t} Full-word A& AJ{H
Start, Data, Parity ~22] 3L Stop H]E HES ¢33 A A
A 7HS Qu]stth FIFO 294 o] o8& FIFO
o] ZHzte] Byteoll #-8-5 ™, BI7F TS o)
FIFOO &= “07o] A Xt} CPUZ} LSRS ¢lo] & wj
Clear ¥t}

FERR : Framing Error

FE&= 415 = 49 dlolg7t f&ag Stop HIEE
7FA A &Sk wf “170] HTE FIFO E=of Al o]
ol &= FIFO W2 7z}7+e] Byteo| A8t} CPUZL
LSRS ¢]o] & uw Clear ¥t}

PERR : Parity Error

PE= Al¥ = 4 dlolB7F LCR gl x| =H el ]3]
A Parity HIEQF A ¢FS ) “17¢] Hth FIFO
m=oA o] o2l FIFO We] zHzhe] Byteol

4 &¥th CPUZ} LSRS ¢1o] & f Clear Hth.

OERR : Overrun Error

OE:, FIFO =7} obd 7% RBR Ule] Hlo|e &
gloi7b7] A

of A= dlele7} A A5 “170] H T} FIFO
R =o)X = FIFOZF Full AEjoll A Receiver Shift
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SFS

Register(RSR)°ll Al 22 Full-word7} £ %<
“170] Fr}, o] A9 RSRE AZL dlolEHE AL
7§ xo] EAYH FIFOZ A4S A et CPUZL

LSRS ¢]o] & u| Clear ¥t}

DRDY : Data Ready
DR 414 ©lo]El7} RBR B FIFOO] XS
“170] ®T} RBR ¥ FIFO W] 2E doEl7}

CPU°l 93l 8]3-S W Clear¥lt}.

o

UART Channel Divisor Latch LSB Register ( UxDLL )

Address : 0x0300_0900h / 0x0300_0920h / 0x0300_0980h / 0x0300_09A0h
Bit R/IW Description Default Value
31:8 R Reserved. -
7:0 RW Divisor Latch Least Significant Byte 0x00

*** DLAB7} “1" & ol Access 7153}t

UART Channel Divisor Latch MSB Register ( UxDLM )

Address : 0x0300_0904h / 0x0300_0924h / 0x0300_0984h / 0x0300_09A4h
Bit R/W Description Default Value
31:8 R Reserved. -
7:0 RW Divisor Latch Most Significant Byte 0x00

wrxx DLABZF “17 & u] Access 7}s3ltt.

IRDA Control Register ( UXIRDA )
Address : 0x0300_0918h / 0x0300_0938h / 0x0300_0998h / 0x0300_09B8h
Bit R/W Description Default Value
31:8 R Reserved. -
1 RW IRDA RX Enable bit 0
0 RW IRDA TX Enable bit 0
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13 DIRECT MEMORY ACCESS (DMA)

TGA71S 1419 W4 DMAE Zalth. DMAE A8l wzge g1xate] Wwas) 1/0
Device i w5z 9} wlwel Aol A 1d ol dEe A Q.

DMA features :
-1 i{2 DMA
- 32bits Source/Destination Address
- Source®} Destination ofl CH St Increase Address /Decrease Address/Fixing Address
- Burst mode
- Address and counter auto reload
- 8/ 16/ 32 bits data transfer
- Software Enable DMA mode and Hard-wire Enable DMA mode

Software DMA Request Hard-wired DMA Request
» DMA Enable [« DREQSEL

Control
Logic

Interrupt $ource

DMACON

I

&7 DMACNT N
%] Reg=5r Transfer
<
% Counter
S -
w
C
[
<;7 DMASRC DMA Source Address [31:0] R
Register DMASRC
Counter
-
I DMADEST DMA Destination Address [31:0]
Register DMADEST
Counter
-

Figure 13-1 DMA Block Diagram
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13.1 Function Description

13.1.1 Transfer mode

DMAS] &2 Ul§- A28 M2E Burst mode® F<+3817] wol DMA”} Enable %%
WH- Aj2E W2 o] DMARYE o] Folx| a1, MCUIAE H28kA] @&ttt webx DMA7H
Enable 5|8 DMA Aol &9 wzbx DMAZ Alzg) Mg A{a] i A2 393
© DMA %] ¢hud ol ¥2d 5 gk

Source Address®t Destination Addressol] th3dl AL Z}Z; increase / decrease / fixing
o] t&kgl o2 8" S 9t

13.1.2 Address mode

DMAo°] A8 Source Address®t Destination Addressol] thak Aoj= Z+ZF increase /
decrease / fixing 9] vjst o2 Al89 4 Qi)

13.1.3 Reloading mode

DMA Source Address, DMA Destination Address, 7123 DMA Transfer Counter o=
MCUZE Aol A8l BA2E s d%o] Fad o uraow Aojss 27k Counter
7 &= AT,

DMA Source/Destination Address Register reload enable bit= DMA7Z} Enable 2 w] W5
Counter’} AF&E  Z7|gte= Ui  Counter #S AE  AFES  AQdX HE&=
Source/Destination Register25-E ThA] wolEd ZAdX & AA 3T},

DMA Transfer Counter Register reload enable bit3¥> DMA”} Enable & w] W Counter
7F AR 2712 U Counter @S Alg A& A TE Transfer counter
Register2 € thA] wrol5d ARIXE ZAA gt}

Reloading mode+x €22l DMA A% A] Source/Destination Address Register <}
Transfer Counter Registers A A4 FQglo] A18& 4= 9= ALE Al&3tt}.

13.1.4 Data Transfer Width 2} Transfer Counter

DMA®] Data Transfer Width== DMA7} gtol] dE3E oy o] A7]E vl DMA
Transfer Countere Hlo|E o] A3 4+E epdit)

dE Eo] Data Transfer Width”} 8bite]al Transfer Counter 7} 100]% 10bytes®] H|o]
B 7} A4 %31, Data Transfer Width7} 32bit ©]al Transfer Counter 7} 10°]™ 40bytes]
tolel 7} dEE )
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13.1.5 Software Enable DMA and Hard-wire Enable DMA

DMA Control #d#*]2E¢ DMA Enable bitE %3 DMAZE Enable 3= H2lo] Software
Enable DMA©®|t}, Hard-wire Enable DMAX DMA Request Source Select #AAEE %3
Request SourcedllA QIE|HEZL BT wf ABHHES 3 AFo] ofd DMAR et
w2 o] o,

Hard-wire Enable DMAZ A}-8& wj: DMA Request Source® AA 3 X7} DMAS} <lE]
HE oA ALE3HA] F=F 971 I Qs

DMA Source/Destination

kel 271A] o]¢e] DMA Request SourceE AFE3 Aol
a3k Aol A A Hert

Address # A 2~E 2 DMA Transfer Counter @A AEHE A %

ATt
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13.2

DMA Control Registers

DMA Control Register (DMACON)
Address : 0x0300_0D00Oh

Bit

V44

Description

Default Value

31:11

R

Reserved.

10

RW

DMA Register and Count Update mode
0 : Register only 1 : Register and count

1

RW

DMA Transfer Counter Register reload enable bit
0 : Internal Counter use at internal counter
1 : Transfer Counter Register uses at internal
counter

0

RW

DMA Source/Destination Address Register reload
enable bit

0 : Internal Counter use at internal counter

1 : Source/Destination Address Register uses at
internal counter

RW

Source Address Direction
00 : Increase Address
01 : Decrease Address
1x : Fixing Address

RW

Destination Address Direction
00 : Increase Address
01 : Decrease Address
1x : Fixing Address

00

RW

Data Transfer Width
00 : 8bit
01 : 16bit
1x : 32bit

00

RW

Reserved

RW

Software DMA Enable bit
0 : Disable 1 : Software DMA Enable
DMA7} ¢+89H %4 02 Disabledt}.
Software DMA Enable bit7} “07< A ejol| A
DREQ_SELel|l 9jsf degd IEfEZL HA¥std
Hardwire DMA7} 2 & #lt},
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DMA Source Address Register (DMASRC)
Address : 0x0300_0D04h
Bit RW Description Default Value

31:0 RW DMA Source Address 32bit 0x0000_0000

DMA Destination Address Register (DMADEST)
Address : 0x0300_0D08h
Bit RW Description Default Value

31:0 RW DMA Destination Address 32bit 0x0000_0000

DMA Transfer Counter Register (DMATCNT)
Address : 0x0300_0DOCh

Bit V404 Description Default Value
31:16 R Reserved -
15:0 RW 16bit DMA Transfer Counter Register 0x0000
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DMA Request Source Select Register (DREQ_SEL)
Address : 0x0300_0D10h

Bit R/W Description Default Value
31 RW OCR3B DMA Request 0
30 RW OCR2B DMA Request 0
29 RW OCR1B DMA Request 0
28 RW | OCROB DMA Request 0
27 RW OCR7A DMA Request 0
26 RW OCR6A DMA Request 0
25 RW | OCR5A DMA Request 0
24 RW OCR4A DMA Request 0
23 RW | OCR3A DMA Request 0
22 RW | OCRZ2A DMA Request 0
21 RW OCR1A DMA Request 0
20 RW OCROA DMA Request 0
19 RW Timer 7 DMA Request 0
18 RW Timer 6 DMA Request 0
17 RW Timer 5 DMA Request 0
16 RW Timer 4 DMA Request 0
15 RW Timer 3 DMA Request 0
14 RW Timer 2 DMA Request 0
13 RW Timer 1 DMA Request 0
12 RW Timer O DMA Request 0
11 R Reserved 0
10 R Reserved 0
9 RW ADC DMA Request 0
8 RW TWI DMA Request 0
7 RW | UART Ch3DMA Request 0
6 RW | UART Ch2DMA Request 0
5 RW UART Chl DMA Request 0
4 RW UART ChO DMA Request 0
3 RW | SPI Chl DMA Request 0
2 RW SPI ChO DMA Request 0
1 RW USB DMA Request 0
0 RW 12S DMA Request 0

##x DMA Request SourceE $HH ol SH7px| gk A elslofof g},
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14 12S witTH ADPCM

o

TG4719) WAE 12S with ADPCME 9]5-9] 12S ICE £3 audio 4&8 7 U DACS &

3t audio =2, ADCE E3%F audio ¥#Ho] 753t

ADPCM Engine& 16-bit PCM< 4-bit ADPCM2.Z 2] Encoding® &%%¥ 4-bit ADPCM<
16-bit PCM2.Z 9] DecodingS A Q3tc},

12S Feature
- [2S-bus, MSB-justified format.
- DAC / ADC interface.
- ADPCM Engine (Encoding / Decoding).
- 4-bit ADPCM, 8 / 16-bit linear PCM data.
- 16, 32, 48, 64fs serial bit clock per channel. (fs : sampling frequency)
- 256, 384, 512fs master clock.
- 64 byte FIFO for transmits and receives.

125 Block Diagram

< System Bus >
Engine

ADC 12S DAC
Controller Controller Controller

A

Mic v
/ \ Speaker

Audio In Audio Out

Figure 14-1 12S and ADC / DAC Block Diagram
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14.1 I2S SCLK, LRCK, MCLK (CODEC clock) Frequency

Table 14-1 sampling frequency and CODEC clock

LRCK 8.000 | 11.025 | 16.000 | 22.050 | 32.000 | 44.100 | 48.000 | 64.000 | 88.200 | 96.000
(fs) kHz kHz kHz kHz kHz kHz kHz kHz kHz kHz
256fs
2.0480 | 28224 | 4.0060 | 5.6448 | 8.1920 | 11.2896 | 12.2880 | 16.3840 | 225702 | 24.5760
CODEC 384fs
Clock
MHz) 3.0720 | 4.2336 | 6.1440 | 8.4672 | 12.2880 | 16.9344 | 18.4320 | 24.5760 | 33.8688 | 36.8640
512fs
4.096 | 5.6448 | 8.1920 | 11.2896 | 16.3840 | 22.5792 | 24.5760 | 32.7680 | 45.1584 | 49.1520

of]) MCLK (16.9344MHz) = 384 x LRCK (44.1kHz)

Table 14-2 sampling frequency and serial bit clock

Serial bit per channel

8-bit

16-bit

CODEC Clock Serial clock frequency (SCK)
256fs 16fs, 32fs 32fs
384fs 16fs, 32fs, 48fs 32fs, 48fs
512fs 16fs, 32fs, 48fs, 64fs 32fs, 48fs, 64fs
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14.2 12S Control Registers

I12S Control Register (12SCON )
Address : 0x0300_0EOOh

Bit V244 Description Default Value
31:6 R Reserved -
5 RW Transmit interrupt active 0
0 : Disable
1 : Enable
4 RW Receive interrupt active 0
0 : Disable
1 : Enable
3 RW | Transmit pause active 0
0 : Disable
1 : Enable
2 R Reserved -
1 RW Receive ADC active 0
0 : Disable ( Default I12S or MSB format )
1 : Enable
0 RW 12S Enable 0
0 : Disable ( Stop )
1 : Enable ( Start )

#%% Transmit / Receive interrupt mode — FIFO2] half level Interrupt / Request signal& %43
kL=

x#% Transmit pause active — Transmit =2+ #ZA] H &=t}

#xx Receive ADC active — 9% ADCol| A data® W& w] AF&H T}

##x [2S Enable - 1252] & 2td] A23 LRCKe} SCLKE AIA 71T,
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I12S Mode Register (12SMOD )
Address : 0x0300_0EO4h

Bit RW Description Default Value
31:14 R Reserved -
13 RW Byte-Swap 32-bit 0
0 : Disable 1 : Enable
12 RW Byte-Swap 16-bit 0
0 : Disable 1 : Enable
11 RW | Active level of left / right channel 0

0 : High for left channel

( Low for right channel )
1 : Low for left channel

( High for right channel )

10 R Reserved -

9:8 RW | Transfer transmit / receive mode 0
00 : No transfer
01 : Receive
10 : Transmit
11 : Transmit and receive
7:6 RW Quantization mode 0
00 : Not used
01 : 4-bit ADPCM
10 : 8-bit linear PCM
11 : 16-bit linear PCM

5 RW | Stereo mode 0
0 : Mono 1 : Stereo
4 RW Serial interface format 0

0 : I2S-bus format
1 : MSB(Left)-justified format

3:2 RW Master clock frequency 0
00 : 256fs 01 : 384fs
10 : 512fs 11 : Not used

1:0 RW Serial bit clock frequency 0
00 : 16fs 01 : 32fs
10 : 48fs 11 : 64fs

wik Byte—Swap — 12S data®] 32-bit / 16-bit Byte-Swap2 & uj A&t}

xxx Active level of left / right channel — Left / Right channel®] high®} lowZE 2 A st}

#xx Transfer transmit / receive mode — 1259 2ol A transmit® ZS1A] received H 21X
AR s, wkok ZFzEe] transferE offdtd s FIFOE AEO0E clear¥ o).

#%% Quantization mode — Transmit / Receive data®] quantizationS 274 3lt},

##% Stereo mode — Transmit / Receive data®] mono$} stereoS ZAA 3+t

w%% Serial interface format / Master clock frequency / Serial bit clock frequency — 1259]
CODEC clock® LRCK, SCLKE Z# 3t}
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I12S Prescaler Register (I2SPRE)
Address : 0x0300_0E08h

Bit W Description Default Value
31:14 R Reserved -
4 RW Master clock 0

0 : Source clock is system bus clock

1 : Source clock is external codec clock
3:0 RW Prescaler 0
Data value : O ~ 15 ( Division factor is N+ 1 )

#++ Master clock — CODEC clock<S ®AA17]17] 913 source clocks A &gl
#xx Prescaler — Source clocks system bus clockO 2 HAES AL prescalere] o=z ¢
3t= CODEC clockS A 71tk External clockS AHEAS A= o] A kS reserved

s},

12S Status Register (12SSTAT)
Address : 0x0300_0EOCh

Bit RW Description Default Value
31:21 R Reserved -
20 R Left / Right channel index -
When active level of left / right channel bit is ‘0,
0 : Right 1 : Left
19 R Transmit FIFO half level -

When transfer is transmit,
0 : more than half
1 : less than half
18 R Receive FIFO half level -
When transfer is receive,
O : less than half
1 : more than half
17 R Transmit FIFO ready flag -
When transfer is transmit,
0 : Not ready ( Empty )
1 : Ready ( Not empty )
16 R Receive FIFO ready flag -
When transfer is receive,
0 : Not ready ( Full )
1 : Ready ( Not full )

15:8 R Transmit FIFO data count -
Data count value : 0 ~ 8
7:0 R Receive FIFO data count -

Data count value : 0 ~ 8

#xx Left / Right channel index — @A 3% 31 d+= LRCKY channelE YEehAT]
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I12S Data Register (12SDATA)

Address : 0x0300_0E10h

Bit

W

Description

Default Value

31:0

RW

[2S Data

0
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15 USB DEVICE

TG471 o WA= USB Devicex= 2.0 Full-speed(12Mbps)E A 931, 5719 endpoint =
TAAE A o

ol oz USB Z2EZS X3t A54<l data retry, data toggle 2183l power
management 7|5 (suspend®} resume)S XYkt U F-o PHY ¥ 23 Hof 9l

USB Device Feature
- USB 2.0 Full Speed(12Mbps)
-5 709 Endpoint # ¥
- sl=9lojyo® USB ZRES XY
- Suspend®} Resume signaling A

Table 15-1. Endpoint List

Endpoint Max Size (bytes) Direction Transaction Type
0 16 IN/OUT Control
1 64 ouT Bulk
2 64 IN Bulk
3 16 ouT Interrupt
4 16 IN Interrupt
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15.1 USB Register Summary
Table 15-2. USB Core Register List
Register Address RW Description Default
Value
USBFA 0x03000F00 R/W | Function address register 0x00
USBPM 0x03000F04 R/W | Power management register 0x00
USBEPI 0x03000F08 R/W | Endpoint interrupt register 0x00
USBINT 0x03000F10 R/W | USB interrupt register 0x00
USBEPIEN 0x03000F 14 R/W | Endpoint interrupt enable register Ox1F
USBINTEN 0x03000F18 R/W | USB interrupt enable register 0x04
USBLBFN 0x03000F1C R Frame numberl register 0x00
USBHBFN 0x03000F20 R Frame number?2 register 0x00
USBIND 0x03000F24 R/W | Index register 0x00
USBMP 0x03000F28 R/W | MAXP register 0x00
USBEPOC 0x03000F2C R/W | EPO control register 0x00
USBIC1 0x03000F2C R/W | EP2, 4 IN Control registerl 0x00
USBIC2 0x03000F30 R/W | EP2, 4 IN Control register? 0x00
USBOC1 0x03000F38 R/W | EP1, 3 OUT Control register 1 0x00
USBOC2 0x03000F3C | R/W | EP1, 3 OUT Control register 2 0x00
USBLBOWC 0x03000F40 R Low Byte OEP Write count register 0x00
USBHBOWC | 0x03000F44 R High Byte OEP write count register 0x00
USBEPOD 0x03000F48 R/W | EPO FIFO data register 0x00
USBEP1D 0x03000F4C R/W | EP1 FIFO data register 0x00
USBEP2D 0x03000F50 R/W | EP2 FIFO data register 0x00
USBEP3D 0x03000F54 R/W | EP3 FIFO data register 0x00
USBEP4D 0x03000F58 R/W | EP4 FIFO data register 0x00
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15.2 USB Function Address Register

USBFAR d#HA2HoE TX2Eo & add
SET_ADDRESS Descript +3& 53] &2 & o
o A A&},

USB fufolx~ F47F AFET. MCUE
| #A2=Eoll AAsi), o] #e vs ES

15.3 USB Power Management Register

Power Management # A 2~E|+ Suspend, Resume 181l reset Al o] Al-&%t}).
Suspend®} Reset AE]+ USB_INTERRUPT Registerel] # &=t}

15.4 USB Interrupt Registers

USB Host9] 8373 El<} 7 Endpoint ¢ ZFEle} ¢elFth

15.5 USB Interrupt Enable Registers

7} Endpoint®] ¢E]HEZE Enable 3t} oo Qe HEYE Z7]7ko] Enable’d o]},
Suspend ¢lE| ¥ E+ Disable o]t}

15.6 Frame Number Registers

Frame Packet®] Zo|A frame HZZE A &3t}

15.7 Index Register

Ade HA 2B = 2429 endpointell FetE AEE HA2HE A8 o AHEF

15.8 MAXP Register

8byte Mg @92 AHEE FIFO A7]1E 2% 4 vk 28y 7} Endpoint oA+ #| 8}
+ #Hd FIFO Atelzrt}t AAl= A4 & 5 gl
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15.9 EPO Control Register

Endpoint 0¢] A|ojo} el & Yebdn

15.10 IN Control Registers
IN Endpoint®] Aloj¢} JHiE Hepdth

15.11 Out Control Registers
Out Endpoint®] o] ¢} Aef& vetdit)

15.12 Out Write Count Registers

F MY "AAEE o]Fo]A write count #S 7FAth. OUT endpointol <] OPOPR H|E7}

set &9, o] A A=Hel= MCUel ¢l 7}A 3t packete] =5 7FX[aL Sl

15.13 Endpoint FIFO Access Registers

FIFO®l register ©]t}.
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15.14 USB Control Registers
USB Function Address Register (USBFA)
Address : 0x0300_0FO0Oh
. R/W .. Default
Bit MCU | USB Description Value
31:8 Reserved
7 R/W R/ | ADDUP : ADDR_UPDATE bit. 0
Clear | Function 47} fHo|E HH MCU 7} o] HIEE 12
A A&t} Endpoint 0 CSRe] DATA_END H|EE clear
of o3 & & Ue Aol HAF status TA o] F
FUNCTION_ADDR H-++2 A}-§-#t},
6:0 R/W R FUNADD : FUNCTION_ADDR bit. 0
MCUZ} 45 7] write §T}.
USB Power Management Register (USBPM)
Address : 0x0300_0F04h
. R/W . Default
Bit MCU | USB Description value
31 :4 Reserved
3 R Set | UBRST : USB_RESET bit. 0
TAERNE Reset A155 Wwrow USB7} o] HIEE A
g,
Reset Alz7} B]2Ao| A A% = 3 0] HEE set
HHE A g
2 W/R R UBRSUM : USB_RESUME bit. 0
Resume 21&5 %7]3} s17] Y&l MCU7} 10ms ( & oj
15ms)E¢t o] H|EE AA3r}. Suspend EEoA 9]
HIEZ} A5 o] 9l &9 USB 7F Resume A& E
A gho},
1 R R/W | UBSPDMOD : SUSPEND_MODE bit. 0
Suspend®2 =2 Eo7}A W USB 7} ¢] HEE AA
Elg=
e 249 93 clear 7} Huf.
-Resume e = ‘7] 2 3siA MCU7}
MUC_RESUME &
clear sl= 7%
-USB_RESUME <QIHHE Al w] MCU”} ¢IHEE
g <]~ 3
= A He A5
0 R/W R UBENSPD : ENABLE_SUSPEND bit 0
= 1 Enable Suspend mode
= 0 Disable Suspend mode (Default)
o] H|E7} zero ©|W, tlulo] 2= suspend RE AE|E
5o 7Kg=
Advanced Digital Chips, Inc. CONFIDENTIAL 122




TG471 PRELIMINARY

Ver 0.97

USB Endpoint Interrupt Register (USBEPI)
Address : 0x0300_0F08h

. R/W s
Bit MCU | USB Description

Default
Value

31:5 Reserved

4 R/ Set | EP4INT : EP4 Interrupt bit. (Interrupt in mode)

Clear o] H|E*+ endpointd SIEIHE &F ).

(USBICIR, USBIC2R 9] bit #ka1)

- ICIPR(In Control 1 In Packet Ready bit) H]E7} clear
2 o

- FIFO7} flush & u

- ICSTSTAL(In Control 1 Sent Stall bit) H|E7} set ]
S 75

3 R/ Set | EP3INT : EP3 Interrupt bit. (Interrupt out mode)

Clear o] H|E* endpoint3 SIEHE & FHr}.

(USBOCIR, USBOC2R ¢] bit #+at)

- OCOPR(Out Control 1 Out Packet Ready bit) H|EE set
o

- OCSTSTAL(Out Control 1 Sent Stall bit ) H|EE set
sb o

2 R/ Set | EP2INT : EP2 Interrupt bit. (Bulk in mode)

Clear o] H|E+= endpoint2 SIEHE 3%}

(USBICIR, USBIC2R €] bit #a1)

- ICIPR(In Control 1 In Packet Ready bit) H|E 7} clear
2 o

- FIFO7} flush ¥91& u

- ICSTSTAL(In Control 1 Sent Stall bit) H|E 7} set ¥}
< 75

1 R/ Set | EP1INT : EP1 Interrupt bit. (Bulk out mode)

Clear o] H|E+= endpointl SQAIEHE s|FH ).

(USBOCIR, USBOC2R ¢] bit #+at)

- OCOPR(Out Control 1 Out Packet Ready bit) H|EE set
3k o

- OCSTSTAL(Out Control 1 Sent Stall bit ) H|EE set
sb o

0 R/ Set | EPOINT : EPO Interrupt bit. (Control mode)

Clear o] H|E+= endpoint0 STE|HE sjdF ).

(USBEPOCR 9] bit #a1)

EPOOPR bit is set.

EPOIPR bit is cleared

EPOSTSTAL bit is set

EPOSTED bit is set

EPODED bit is cleared(Indicates End of control
transfer)

G W
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USB Interrupt Register (USBINT)
Address : 0x0300_0F10h
. R/W .. Default
Bit MCU | USB Description Value
31:3 Reserved
2 R/ Set | RSTINT : USB Reset Interrupt bit. 0
Clear Reset2l &7} & %W USB7} o] HIEE set 3},
1 R/ Set | RSUMINT : Resume Interrupt bit. 0
Clear Suspend E= ZJE]olA]  Resumetl &5 WO USB7} 9]
H ES setdttl. USB Resetol] 2]3F Resume ©]%, Resume
AEHES 9 Mcudd |A JEHEY Ay, o
@ Clocko] thA] &2kstar SE0 AEl7F 3ms &9F #| 45
™, USB Reset Q1E|H E7} Al gy,
0 R/ Set | SPDINT : Suspend Interrupt bit 0
Clear Suspend A& FAISHA USB ©] HIEE set $Hu},
W2 gl A 3ms &9 ol FAfo] o] FojR x| ko
o] H|Ex set ©t}, 24 MCUZ} A H A suspend ©1E]
HE o]Fel Clocks HFA FoW, USB B2 do A o}
T F#o] o]FX &= g wl 3ms witd JAHHETL
Alg Ay sk
CJZEZ o] QA HE+ disable o]t}
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Endpoint Interrupt Enable Register (USBEPIEN)
Address : 0x0300_0F14h

Bit R/W Description Default Value
31:5 R Reserved

4 R/W EP4INTEN : Endpoint 4 Interrupt enable bit 1

3 R/W EP3INTEN : Endpoint 3 Interrupt enable bit 1

2 R/W EPZINTEN : Endpoint 2 Interrupt enable bit 1

1 R/W EP1INTEN : Endpoint 1 Interrupt enable bit 1

0 R/W EPOINTEN : Endpoint O Interrupt enable bit 1

USB Interrupt Enable Register (USBINTEN)
Address : 0x0300_0F18h

Bit R/W Description Default Value
31:3 R Reserved
2 R/W RSTINTEN : USB RESET Interrupt enable bit 1
1 R Reserved
R/W SPDINTEN : SUSPEND Interrupt enable bit 0
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USB Low Byte Frame Number Register (USBLBFN)
Address : 0x0300_0F1Ch

Bit R/W Description Default Value
31:8 R Reserved
7:0 R/W Frame Number 1 register 0x00

USB High Byte Frame Number Register (USBHBFN)
Address : 0x0300_0F20h

Bit R/W Description Default Value
31:8 R Reserved
7:0 R/W Frame Number 2 register 0x00

USB Index Register (USBIND)
Address : 0x0300_0F24h

Bit R/W Description Default Value
31:3 R Reserved
2:0 R/W Index register 000
000 : Endpoint O 001 : Endpoint 1
010 : Endpoint 2 011 : Endpoint 3
100 : Endpoint 4 101 : Reserved
110 : Reserved 111 : Reserved
USB MAXP Register (USBMP)
Address : 0x0300_0F28h
Bit R/IW Description Default Value
31:8 R Reserved
7:0 R/W Max FIFO Size 0x00
0000_0000 MAXP=8
0000_0010 MAXP=16
0000_0100 MAXP=32
0000_1000 MAXP=64
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USB EPO Control Register (USBEPOC)
Address : 0x0300_0F2Ch
. R/W . Default
Bit MCU | USB Description Value
31:8 R Reserved

7 Clear EPOSUEC : EPO Set Up End Clear bit. 0
MCU”} EPOSTED W EZ clear 3l7] &l 1= write 3F
t}.

6 Clear EPOOPRC : EPO Out Packet Ready Clear bit. 0
MCUX EPOOPR H|EE cleardl”] &l o] H|EJ 1=
write gk},

5 Set | Clear | EPOSDSTAL : EPO Send Stall bit. 0
MCUE #3349 tokenol2tal 214%™, EPOOPR HIEZ
cleare} EA]o] o] H|EE set 3T}, USBE STALL
handshakeE @Al HAEE Lo TAAZITE MCU+=
STALL =S ©u7] 9@l 05 write gt}

4 R Set | EPOSTED : EPO Setup End bit. ©] H|Ex ¢17] A -&o] 0

=
EPODED H]E7} set¥] 7] Aol AEE AFo] %S o
USB 7} ©] H|EE setdttl. USB7} ©] HIEE set &
o MCUol| QIE|HEZ} desn) o]t AFsto] Al
¢S u] USBE FIFOS flushdlal MCUS FIFO &g
Fast 3ok, MCUSl FIFO f<to] a3t 2 ul o]
EX clear ¥},

3 Set/R | Clear | EPODED : EPO Data End bit. 0
MCUT ths3 22 sollA] o] HE setdtch:

- vk dlolE WAE /b4de F EPOOPR M EEZ
clear 3t o
- Zero length data T-3FollA4] EPOOPR H]EE clear 3}l
EPOIPR H] E
= set & uf
- MCU7} FIFOo] gt s§zl dlo]8 & loadst -
EPOIPR H|EE
setdr 3} F Aol o] H|E(EPODED) & set 3ttt
2 Clear | Set | EPOSTSTAL : Sent Stall bit. 0

/R TRES QFHE HAEE transactione] €4 USB7} o]
HIE set 3t} o] HIEZ} set =W ClEHEZL A3
=

1 Set/R | Clear | EPOIPR : EPO In Packet Ready bit. 0

MCU<= endpoint 0 FIFOo dlo]E 3|71 S write 3 $-of
o] H{ES set gtth. HloJg #jFlo] JFAo2 s AE
of AgEw USB7F o] HIES clear A 7Itl USB7} ©]
HEZ clearr] 7] <lEHEZF A3ty 184 MCU
= AL thS dolEHE load & & YA €At Zero
length data phase®l]l A= MCU+= & A]o] ©] H]E(EPOIPR)
°} EPODED H|E & set T}

0 R Set | EPOOPR : EPO Out Packet Ready bit. 0
o] H|Ex ¢}7] #Bolt}, F a3t tokeno] FIFQol 2:¢]
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A USB7} o] H|EZE set 3Ft}l. USB7} set s'H <Q1E
g E7} A%t MCUE  EPOOPRC HIEC] 12 write
stozM o] HEE clear A7t}
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USB IN Control 1 Register (USBIC1)
Address : 0x0300_0F2Ch

. R/W .. Default
Bit MCU USB Description Value
31:7 R Reserved
6 Set | R/Clea | ICCDT : In Control 1 Clear Data Toggle bit. 0
r MCU”} o] H]Ed] 15 writed}H data toggle H|E7}
clear ®t}. o] H|E&= 227] 7 8-o]t},
5 R/ Set ICSTSTAL : In Control 1 Sent Stall bit. 0
Clear MCU”} ICSDSTAL HIEZE set 37] wi&Fol, IN token

o STALL handshakeE =A3¥t} o] wf USB 7} ©] H]
EZ set 3tr}

USB 7} STALL handshakeE A A]7]® ICIPR HIE=
clearglth. MCU 7} 0& writedr 0. 24 o] H|EZE clear
Al 71t}

4 R/W R ICSDSTAL : In Control 1 Send Stall bit. 0
MCU7} USBoll STALL handshakeZS 223 A]7]7] 9J&f o]
H Eo] 15 writedtt} STALL A3HS ZuW7] 98 MCcU
7} o] H|EZE clear 3t}

3 R/Set | Clear |ICFFLU : In Control 1 FIFO Flush bit. 0
IN FIFOE flushd}ara} 3 MCUZ} ©] HI|EE set 3
o}

FIFO7} flush7} E™ USB o 23] o] H|EX clear ¥
t} o]y Abslo] uEAlElH MCUO] CIEHEY A7t
Tokeo] 3§ ZFo]g}H, USBE FIFOZ} flush ¥ 7] &l
Agol g5 9 w7hbx] 7|t gkekd] T sje] g
o] FIFO°] load¥]o] oW, 7 499 dF(Z2ER
Bl &= Z)uk flusho]l Har 1 sjFle] B4 e
ICIPR H]E7} clear ¥ U}

Reserved 0
1 R Set ICEFNE : In Control 1 FIFO Not Empty bit. 0
FIFOo] Aolw & /el wole s7o] 9leg theh u)
}

0: FIFOol #jjZlo] ¢t}
1:FIFOo] %ol At}

0 Set/ | Clear |ICIPR : In Control 1 In Packet Ready bit. 0
R FIFOO] dHolg 7S 23 W 5 MCUZ} o] HEZ
set 3ttt TAER Hloly #F HAbo] JFFHOE E

U USBE ©] B|EZE clear 3},

o] HJEE USB 7} clear st¥ QIEJHEZ} HAshaL,
MCU+ th& 3i7lS 2= 3 4 QA €. o] HE
7} set Ho] = FotoliE= MCUE FIFOo| #27]5 &
T ST

MCUe®l| 2] ICSDSTAL HIEZ} set HWH, o] HEE
set 2 4= §loh
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USB IN Control 2 Register (USBIC2)
Address : 0x0300_0F30h

Bit

R/IW

MCU

USB

Description

Default Value

31:8

R

Reserved

7

R/W

R

ICASET : In Control 2 Auto Set bit.

o] H{E7} set o] oW, MCUZ} MAXPHRHE
o] glolHE 7|5 3 A5H o2 ICIPR H]
E7} set F}

MAXPUHoE] HtT} A& HolHE & 4§
MCU7} ICIPR H|EE set 3|5 o} 3t}

i

Reserved

R/W

ICMODIN : In Control 2 Mode In bit.
Endpointe] Was Z2auad 5 JAE
=t
1=endpointe] WS INOZ HAH
0 = endpoint®] 'aFS |

Reserved
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USB Out Control Register 1 (USBOC1)
Address : 0x0300_0F38h

Bit MCUR/W 0SB Description Default Value
31:8 R Reserved
7 R/W R OCCDT : Out Control 1 Clear Data Toggle bit. 0
MCU”} o] H|Ed] 1Z writed}'H, data toggle
sequence H|E7} DATAOZ reset U}
6 Clear/ Set | OCSTSTAL : Out Control 1 Sent Stall bit. 0
R OUT token®] STALL handshake® £33 uwl USB

7} o] B]E set 3T} OUT Tokeno| A MAXP 49|

B Bl o 22 dHoleE B 79 USB7} host

ol stall handshakeS Ay A] 71t}

MCU”} 02 writed}™ clear ¥t}

5 W/R R OCSDSTAL : Out Control 1 Send Stall bit. 0

USBe] STALL handshakeZ AA1717] &)

MCU7} o] HIEd] 12 write 3t} STALL At

< ZU7] s McuZt o] HIEe] 02 write 3

o}

4 R/W Clear | OCFFLU : Out Control 1 FIFO Flush bit. 0

MCU”} FIFOE flushsl”Z] €3] 1E write 3}

flushs W37] 93 02 write 3t} OCOPR HIE

7} set¥]o] = SQRE o] HIET} set & 4 )

ot MCU 7} 742 glole 3312 flush7F 2 A

o]t}

3 R R/W | OCERR : Out Control 1 Data Error bit 0
AgNke dglolg o) o g (bit stuffing E= CRC)

7F 9SS yEdith, OCOPR HIEZ} clear® u

A=A o2 clear H U}

2 R R Reserved

1 R R/W | OCFFUL : Out Control 1 FIFO Full bit. 0

o olde HAs F8 5 gS5S YeRdh

0 : FIFO is not full.

1: FIFO is full.
0 R/ Set | OCOPR : Out Control 1 Out Packet Ready bit. 0
Clear FIFOo| dlo]E 3fZlo] load”} =™ USB 7} 9]

HES set stth. MCUZF i3l AAE ¢ o
W o] H|EE MCU9 298] clear T ojoF 3ht},
MCU”} 0& write 324 clear Ft}.
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USB OUT Control Register 2 (USBOC2)
Address : 0x0300_0F3Ch
Bit M CUR/WUSB Description Default Value
31:8 R Reserved
7 R/W R OCACLR : Out Control 2 Auto Clear bit. 0
o] H]E7} seto]™, MCU”} OUT FIFOol A HlolE &
95 w mith A5 o2 USB coreoll 93] OCOPR
H]E 7} clear ¥ T}
6:0 Reserved 0

USB Low Byte Out Write Count Register (USBLOWC)
Address : 0x0300_0F40h

Bit R/W Description Default Value
31:8 R Reserved
7:0 R/W (LBOWC) Low Byte OEP write count register 0x00

USB High Byte Out Write Count Register (USBHBOWC)
Address : 0x0300_0F44h

Bit R/W Description Default Value
31:8 R Reserved
7:0 R/W | (HBOWC) High Byte OEP write count register 0x00
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EPO FIFO Data Register (USBEPO)
Address : 0x0300_0F48h

Bit R/W Description Default Value
31:8 R Reserved -
7:0 R/W EPO FIFO Data Register 0x00

EP1 FIFO Data Register (USBEP1)
Address : 0x0300_0F4Ch

Bit R/W Description Default Value
31:8 R Reserved -
7:0 R/W EP1 FIFO Data Register 0x00

EP2 FIFO Data Register (USBEP2)
Address : 0x0300_0F50h

Bit R/W Description Default Value
31:8 R Reserved -
7:0 R/W EP2 FIFO Data Register 0x00

EP3 FIFO Data Register (USBEP3)
Address : 0x0300_0F54h

Bit R/W Description Default Value
31:8 R Reserved -
7:0 R/W EP3 FIFO Data Register 0x00

EP4 FIFO Data Register (USBEP4)
Address : 0x0300_0F58h

Bit R/W Description Default Value
31:8 R Reserved -
7:0 R/W EP4 FIFO Data Register 0x00
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16 ADC

500KSPS, 10bit ADC & 4 A9 UAstgth a8y yFdo=z= 8k 719 ADCE A3}
o Aetsty] el 4 AEE E5F ARESY] s ADC_SELE F¢ AH&E ADC 4#&

Aeste]o} g,

ADCE =3 w3ty txd tlolele ADCS ADCDAT #H A 2B ¢ 1259 12SDAT #H A~
HZ FA]o AdHEth ADCE Aloj&o 2 AT o= ADCDAT @A 2B S 2jojA WEkd
dolHE A3, 452 Y3l ADCE AFEE ASfoe [2SDATE T3 ADPCM

S

Format®. & ¢F=3lkr}
ADC Features
- Resolution 0 10 bit
- Differential Linearity Error . £1.0LSB
- Integral Linearity Error . +x2.0LSB
- Signal to Noise rate : 56dB
- Maximum Conversion Rate : 500KSPS(10 bit)

ADCE &#A1A Digital Datags €71 flsiA = tha ©@Alol wal ADCE Alojslofof sty
- ADC Input Selection, ADC Clock Selection
- ADC Power On
- ADC Start Of Conversion Enable
- ADC Data Ready Check or ADC Interrupt Event
- ADC Data Read

|
ADCPWD \

ADCSOC ’ \

ADCRDY ’
ADC Interrupt [\
ADC Data

12 ADC Clock

Figure 16-1 ADC Control Timing
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16.1 ADC Control Registers
ADC Control Register (ADCCON)
Address : 0x0300_0B00Oh
Bit R/W Description Default Value
31:8 R Reserved -
7 R ADCRDY : ADC Data Ready Bit 0
At Read, this bit is cleared
6 R Reserved -
5:4 RW AINSEL : ADC Input Channel Selection 000
00 : ADC_INO 01 : ADC_IN1
10 : ADC_IN2 11 : ADC_IN3
3:2 RW ACLKSEL : ADC Clock Select bit 11
00 : System Clock / 4
01 : System Clock / 8
10 : System Clock / 16
11 : System Clock / 32
1 RW ADCSOC : Start of Conversion 0
0 : No Conversion 1 : Start of Conversion
0 RW ADCPWD : ADC Power Down 1
0 : ADC Power On 1 : ADC Power Down

ADC Data Register (ADCDAT)
Address : 0x0300_0B04h

Bit R/W Description Default Value
31 :10 R Reserved -
9:0 R 10bit ADC Data
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17 DAC

ADPCM &4 %4

SAEE T Alo]gol HgE 12bit DACS WAssith DACeZ &€ dH o+
MCUel A AJo] gk dlo]EleF ADPCMelA &&= dolHE A8d & ot
DAC Features
- Resolution 1 12 bit
- Differential Linearity Error : £4.0 LSB
- Integral Linearity Error . £1.0LSB
- Maximum Conversion Rate : 2MHz
17.1 DAC Control Registers
DAC Control Register (DACCON)
Address : 0x0300_0C00h
Bit R/IW Description Default Value
31:8 R Reserved -
1 RW DACSEL : DAC Data Select 0
0 : ADPCM Data 1 : MCU Data
0 RW DACEN : DAC Power Down 0
0 : DAC Power Down 1 : DAC Power On

DAC Data Register (DACDAT)
Address : 0x0300_0C04h

Bit R/W Description Default Value
31:12 R Reserved
11:0 RW 12bit DAC Data ( ADPCM Data or MCU Data)
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18 IN SYSTEM PROGRAMMER (ISP)

ISP= “SPI Mode 0” 3} “SPI Mode 3” o] &3%t%+= interfaceE 7FA T ECLK 7]+ XIN
o] 8uj o]Ate]l F7]E 7FAMoF 3t} (Tess/Tesh/Tsck Period > 8 x XIN Period )

|
:eTcss

|
nECS \

s
4
8

"-“\Ti-

4’: :“TSCW

ECLK | | |

(Mode 0) ! [

ECLK
(Mode 3)

EDOUT

S SR

Figure 18-1 SPI Modes Supported

. Read

W

Erase
Enable

Read
Status

Read
Enable

Program
Data

Figure 18-2 ISP Flow Chart
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18.1 ISP Command Set

Flash Command Set & & W& thg 97} a3},
- Byte Programming® Auto Address Increment Programming < <=3§3}7] ¢ 3lA
© Program Enable o] WA Asxofok gir},
- Sector Erase < F33}7] Y&l = Sector Erase Enable ©] WA =aix oo} 3t}
- Block Erase & 83}7] 984+ Block Erase Enable o] WA =3 ¥ ojof 3t}
- Flash Erase & $383}7] 9lal4 3= Flash Erase Enable ©] W# S8 % oo} 3lc},
- Programming¥ Erase 7} 925" Programming Disable® Erase Disable H# <&
=3 3le] Flash W&o] o7]x] & F2bol| &) WAE = AS WA shofof s}

Table 18-1 ISP Command Set

Bus cycle 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 cycle
Cycle Type / SI | So| Sl |so| sl |so| sl | so| sl | solsl|so
Operation
Read Data 03h Z A2 Z Al Z A0 Z X X X DO
Sector Erase 20h Z A2 7 Al 7 A0 4 = = = =
Block Erase 52h Z A2 Z Al 7 AO Z = = = =
Chip Erase 60h Z A2 Z Al Z A0 Z = = = =
Programming 02h Z A2 Z Al Z AO Z DI = =
Auto Address
Increment AFh V4 A2 7 Al Z AO Z DI 7 = =
Programming
Read Enable 16h Z = = = = = = = = = =
Read Disable 14h Z = = = = = = = = = =
Chip Erase Enable 26h Z = = = = = = = = = =
Block Erase Enable | 27h 7 = = = = = = = = = =
Sector Erase Enable | 28h 7 = = = = = = = = = =
Erase Disable 24h Z = = = = = = = = = =
Programming
Enable 36h Z - - - - - - - - - -
Programming
Disable 34h Z
Read Status 05h Z X ST = = = = = = = =
Read ID 90h Z X ID = = = = = = = =
SI . Serial Input,
SO . Serial Output
X > Dummy cycles
- : Cycles are not necessary
A2 : Address[23:16]
Al » Address[15:8]
A0 : Address|[7:0]
DI : Data input [7:0]
DO : Data output[7:0]
ID : Device Identification (0xAC)
ST . Status
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18.2 Device ldentification and Status Commands

Read ID CommandE &3 TG4712] AL} ISP Cabled] JHE g20& 4 Qo
“OxAC”7F ¢lojA| ™ ISPe] o] HgH o=z o]FoH S on|sh},

ISP &#A] ISP Controller®] Ael+= Read Status CommandE E3] 3l = it}

Table 18-2 ISP Status Register

Bit R/IW Description Default Value
31:7 R Reserved -
6 R Auto address increment programming mode bit 0

0 : Random program mode
1 : Auto address increment programming mode

5 R Programming enable bit 0
O : Programming disabled
1 : Programming enabled

4 R Flash Erase enable bit 0
O : Flash erase disabled
1 : Flash erase enabled
3 R Block Erase enable bit 0
O : Block erase disabled
1 : Block erase enabled

2 R Sector Erase enable bit 0
O : Sector erase disabled
1 : Sector erase enabled

1 R Read enable bit 0
O : Read disabled
1 : Read enabled

0 R Flash Ready bit 1
O : Busy with an operation(erase/program) in
progress
1 : Ready for next valid operation
(read/erase/program)
nECS

——Mode 3—1+ -nECS Low——

ECLK

——Mode

Command (05h / 90h)

Command

EDIN \ ‘ Status / Device ID ‘

-nECS High——
00000000 S

MsB

Device Identification
Status

Figure 18-3 Read ID/Status Timing and Flow Chart
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nECS
0
——Mode3—q — — — — — — — ——————- e -nECS Low—~—
ECLK l M ¥
[}
— Mode0—+ 1 Command (XXh) 14h / 16h / 24h/ 26h /

27h/ 28h /34h/36h

«———Command—————» € -nECS High——
A4

EDIN End

Figure 18-4 ISP Status Setting Timing and Flow Chart

18.3 Data Read Command

Flashell A#&% Data™ Read Data CommandE &3 oA, A< 4w Flashd S Hdd
A= A2 FAE A T AUbs| A H)

nECS
/1
Mode 3 0 1 2 3 4 5 6 7 8 9 10 28 29 30
—=Mode 3=+
ECLK ;
——Mode /-
Command } 24-bit Address:
= DEEHE0
MSB
/]
EDOUT /]
[
nECS

ra
ECLK b

EDIN

Data Out 1 Data Out 2

7\
U000 00000000
A"y

MSB

Figure 18-5 ISP Data Read Timing and Flow Chart
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18.4 Programming Commands

Programming Command+: Byte ©9 &2 24bit AddressE 217}3}+= Byte Programming W
A3k A 24bit AddressS 21713k Zo& Programmingol] Z 83 dlo]Eut Ql7}etE b2l
Auto Address Increment Programming ®241& A]93%c}. Auto Address Increment
Programming W& A}&3PH ISP £55 59 & 9

nECS

//
0 1 2 3 4 5 6 7 8 9 31 32 33 34 35 36 37 38 39
==Mode3=9 — —~ — — — — — — — — o re—————
ECLK ;
—Mode // -
Command J 24-bit Address: Data Byt
AWO O 009900000 ------
MSB MSB
Figure 18-6 Byte Programming Timing and Flow Chart
nECS o

//

— —Mode 3— OO NN NN nnnnnonrTTTTTTT
ECLK
—Mode

4-bit Addr Data Byte 1

EON 9@0 ” 990000009000

nECS
— — —Mode3 — 1
ECLK U L
Mode: //- -
‘ Data Byte ‘ Command
EDIN 00000000
- vsB

—‘ Data for ‘

-nECS High—— [ —— Auto Address Increment ———-

Command (AFh)

|
L —nECS Low-—~

Figure 18-7 AAI Programming Timing and Flow Chart
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18.5 Erase Commands

Flashell W3+ Erase Command: Sector/Block/Chip ¢ 3714 #®E ozt TG471
o] Y&%E NOR Flash & Programming®] ¢]3] Flash Hlo|E & “1 ->0” & WA 5 X 5H
“0 —>1" 2 WAT F g7l Wit “0 -> 172 WAsIE Y8kE bit7h Flashlol £A13
ol &= Erase CommandZ A}-&3foof 3},

nECS
o 1 2 3 4 5 6 7 8 9 10 8 20 30 3 =nECS Low==
[ T Command
]
ECLK O_EJ_U_U_U_U_U_UM M (20h/52h /60h)
—Mode //
Command ‘ 24-bit Addr 7‘

-nECS High——

Figure 18-8 Erase Commands Timing and Flow Chart
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19 ELECTRICAL DATA
19.1 DC ELECTRICAL CHARACTERISTICS
Table 19-1 DC Electrical Characteristics
Parameter Symbol Conditions Min Typ | Max | Unit
I/0O Supply Voltage VDD33 3.0 3.3 3.6 \Y
Junction Temperature T, =40 25 125 oC
Operation Temperature Ta 0 25 70 oC
Input Low Voltage Vi -0.3 - 0.8 \
Input High Voltage VIH 2.0 - 5.5 \Y
Threshold point V1 1.24 | 1.38 | 1.57 \Y
Schmitt Trigger Vi 1.69 - - \Y
Low to High threshold point
Schmitt Trigger Vo - - 1.06 \Y%
High to Low threshold point
Input leakage current I V, = 3.3V or = - +1 uA
ov
Tri-state output leakage current loz Vo =3.3Vor - - +1 uA
oV
Pull-up resistor Rpy 90 120 | 195 | K
Pull-down resistor Rpp 60 130 176 | KQ
Output Low Voltage VoL IoL = 4, 8mA - - 0.4 \%
Output High Voltage Von Iop = 4, 8mA 2.4 - - A
Oscillator Frequency Fosc 0 33 | MHz
Crystal Frequency Fcry 1 10 | MHz
Operating current Normal Ipp Fyelk = - 37.2 - mA
mode 24MHz
Fuelk = - 20.4 - mA
12MHz
Fuelk = - 10.4 - mA
6MHz
Sleep Fyelk = - 1.6 - mA
mode 6KHz
Stop mode current Inp - 250 - uA
Vpp = 3.3V£0.3V
Vext = 5+0.25V
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19.2 Voltage Regulator Electrical Characteristics
Table 19-2 Electrical Characteristics
Parameter Min Typ Max Unit
Supply Voltage 3.0 3.3 3.6 \Y
Voltage Output 2.1 2.4 2.75 \Y
Current Output - - 100 mA
Current Consumption - - 200 uA
Stop Current - - 2.0 uA
Setup Time - - 50 usec
19.3 POR ELECTRICAL CHARACTERISTICS
Table 19-3 POR Electrical Characteristics
Parameter Min Typ Max Unit
Start Voltage - 1.8 - \Y%
Width of Reset 200 300 600 nsec
Current Consumption - 5 10 uA
19.4 RC OSC ELECTRICAL CHARACTERISTICS
Table 19-4 RC OSC Electrical Characteristics
Parameter Min Typ Max Unit
Setup Time - - 1 usec
Current Consumption - - 0.3 mA
Static Current - 1.0 - uA
19.5 PLL ELECTRICAL CHARACTERISTICS
Table 19-5 PLL Electrical Characteristics
Parameter Conditions Min Typ Max Unit
Input Frequency 2 - 33 MHz
Input Duty 45 50 55 -
Output Frequency 20 - 48 MHz
Output Duty 45 50 55 -
Clock Setup time 10 - - nsec
Lock Time - - 200 usec
Power Down Setup time 10 - - nsec
Output Jitter Peak to peak - - 200 ps
Current Consumption Fout = 48MHz - 2.0 3.0 mA
Static Current - - 1 uA
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19.6 ADC ELECTRICAL CHARACTERISTICS

Table 19-6 ADC Electrical Characteristics

Parameter Min Typ Max Unit
Input Range - - 0.99*VREF \%
Sampling Clock - - 500 KHz
ADC Clock Frequency (ADCCLK) - - 6.5 MHz
Data Latency - 12 - ADCCLK
cycle
Integral Non-Linearity(INL) - - 2.0 LSB
Differential Non-Linearity(DNL) - - +1.0 LSB
Signal-to—-Noise rate(SNR) - 56 - dB
Current Consumption - - 1 uA
Static Current - - 2 mA
19.7 DAC ELECTRICAL CHARACTERISTICS
Table 19-7 DAC Electrical Characteristics
Parameter Symbol Conditions Min Tyvp | Max | Unit
Resolution Bit 12 Bits
Differential Linearity Error DLE +1.0 LSB
Integral Linearity Error ILE +4.0 LSB
Output Voltage Vdac 0.127 - 27921 V
LSB Size Vlisb 0.651 mV
Data Settling Time 500 nsec
Current Consumption 8 mA
Static Current 10 uA
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20 PACKAGE DIMENSION

= 12.00£0.20 _
" _ 10.00£0.20 _ o
% | sea 1875
: mﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂl\ f
/] i
=T D —
|:M — “ i
JUTUaaerrmoat ! =)
TOP VIEW SIDE VIEW
/ ) %
S N |0 S,
BSATYE | e ol B __/n.aﬂiu.w
L 10.000.20 _| | 1.00REF

END VIEW

Figure 20-1 Package Dimension
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