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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, 128KBytes 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
- 128KBytes of Re—programmable NOR Flash
Endurance: 50,000 Write/Erase Cycles
In System Programming
Sector size @ 16KBytes
- BKBytes 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 SPI with 8Bytes FIFO
- Two Wire Interface
- DMA
- 12S with ADPCM
- USB 2.0 Full Speed Device
- 4 Channel 500KSPs 10bit ADC
12bit DAC

Advanced Digital Chips, Inc. CONFIDENTIAL 8
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- 35 Port In/Out : 4mA(24), 8mA(11)

= 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 9
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2 BLOCK DIAGRAM & PIN DESCRIPTIONS
2.1 Block Diagram
— 2284
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Figure 2-1 TG471 Block Diagram
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2.2 Pin Configurations

2.2.1 Pinout
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3 5 o 2 8 £ 2 g & 8 8§ 8 & £ &

D o - K 8 ©®» ¥ 2 0 & d = S 3 K ©

(8] (<2} w (@] (@] (@) o =z o (@] o (@] o w O O

-] o) a a a a a O} > a a a a a a a

7 7 7 7 7 7 7 7 7 3 3 3 3 3 3 3

HIHIHIHIHIHIHIHIHIHIHIHIHIHIHIA
voD33 | S | pcs/Txo2
GNo | g 7 | pca/rxo2
vooas [ 7] > pearrxos
apc_ano [ | 2| pcasmxot
ADC_VDD33 | 3 5 | pc1/mxo0
ADC_VREF [ 7| =1 pco/mxoo

ool WEEKLY CODE

DAC_VREF | §

DAC_REFGND E
PE2/I015 E

[]

nRESET [ ]
ispen [[«]
EDOUT/PAO [ =]
EOIN/PAT ]
ECLK/PA2 [ -]
PA4/nSS [=

T
u
%)
O
o
<
{9
<
Q

PAB/SCL [
PA7/SOA [+
P8o/TMOO [~
P81/TMO1 [~

PB2/TMO2 E

|7||8||9|
™ o ™
[e2)
T & o
5 o
2] >
w
c

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/MISO0/ 108 / PAO 4 Schmitt, 5V tolerant, Bidir 4mA Pull-Up
EDIN / MOSIO / nWR / PA1 5 Schmitt, 5V tolerant, Bidir 4mA Pull-Up
ECLK / SCKO / nRD / PA2 6 Schmitt, 5V tolerant, Bidir 4mA Pull-Up
nECS /109 / PA3 7 Schmitt, 5V tolerant, Bidir Pull-Up

Power Input

PLL_GND

Power Input

nSSO /1010 / PA4 10 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
nCS / PAS 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 Power Input = -

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/INT1B/ PC3 30 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
SLRCK / RXD2 / INT4B / PC4 31 | Schmitt, 5V tolerant, Bidir 4mA Pull-Up
SCLK / TXD2 / INT5B / PC5 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

Advanced Digital Chips, Inc.
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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 - -

Power Input

—

ADC_GND Power Input

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 3 -

DAC_VOUT 59 Analog Output - -

DAC_GND

DAC_VREF

DAC_REFGND
1015 / PE2 64 Schm1tt, 5V tolerant, Bidir 8mA Pull-Up

w0 VDD25% W Voltage regulator &} & o]7] W&o eFA 25VE &5 Hart ¢l
o}, 3k PLL_VDD259 % VDD25& %3] 2.5V #AYS FFstc).

Advanced Digital Chips, Inc. CONFIDENTIAL 13
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2.2.3 Pin Descriptions

VDD33

GND

vVDD25
ADC_VDD33
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
nECS
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. 130kQ).

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. 120kQ).

0 : Normal operation mode 1 ISP download mode

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

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

. ISP Data Out

: ISP Data In

2 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 I/O port with internal pull-up resistors.

8mA driver.

CONFIDENTIAL 14



TG471 PRELIMINARY Ver 1.03
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.

10[15:0] : Static memory data.

CODEC : Codec Clock Output.

SLRCK 125 Left/Right Signal Output.

SCLK . 12S Serial Clock Output.

SDO : 125 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 MCU7}F W&E vt SE32082 RISCTZEE 7FXWHA X 16 bite] A E
Instruction®} &% 7}53%F AddressingS ©] &3] =& ”-L——% ZIE 2 sl on 3 Wx
T3 7]& RISCO 140-220%, 71 CISCY 120-140%= A3 A =< FHES 7FX1
t} 16 H|E Fok Wa#o] RISCHU T2 713 F7|7) 5-15% #1, 2= /\501 Wl =7} 15%°]
F gtolA dloly dE S AA 89 stuE AAY Z2AARE A Fxola, T2
v g] 777} #Folx] 22 Embedded Micro Processor® % YA 83 4 Q).

SE3208<& 32H|E ALUS 32 HJES General Purpose Register(GPR) 871, Special
Purpose Register(SPR) 5715 71X 2 ¢gow w®mg Al~"3y MCUZF d&H 0w B33
3¢to] o] gels AFE3IF Y. 399 Hlo]3E #F2le Instruction Fetch Cycle, Instruction
Decoding/Execution, Memory Read/Write Cycleo. & A %™ o]z glQl Ao & 3}=9 o]
2 Fste] F71A<Ql NOP W#oje] Ale] HashA &

S EOaE FolA 710X 7 A4 eWdsE HgsE TRE ASTODH 4G
Byte Addressk 168 E9 A4 H WH 22X ¥ 71535k

ALU, Shift ¢12HERE oby g} Multiply $14F5 32bit 1-Cyele Signed MultiplierS -85}
e Al+S 1-Cycle o H#ge 4 J== 5%}

Exception Processing, Sub-routine Call/Return® ZA-$-o &A1 ey dolHE #7335t
Av m4str] §lsl PUSH/POP M@l & ARgshoH dnbHom tae e xgs ey
Mo a= EAo] glomw SE3208E o HF SAL ojgdle] 3 Ao WHolw 1179 X
2Eo] 3t PUSH/POPS 438 4= it}

SE3208< Extension Register¥} Extension Flag%: o] Immediate operand, Offset©]
G4 7hsstes Falal Push/Pop list M@ olE FolA d454 <l Push/Pope] 7Fsates st
Fow T3 NOP Operatlon AA gdozH FAEE 4E=ES T MCUZ AFE3HE HWEY
o] A71E Fo A A8 Z2AMAEA AHZe FE2E JHHTH

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
(O8] : 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

Advanced Digital Chips, Inc. CONFIDENTIAL 16
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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.
® | oad/Store instruction set
Index addressing
® Push/Pop Register List
Push/pop registers up to eleven.
® 14 Kinds of conditional branch instruction
JNV,JV,JP, IM, JNZ, JZ ......
3.3 SE3208 Block Diagram
REGISTER FILE
<I GQEEDIE/E‘E(S)N e SPR INSTRUCTION
UNIT (PC,SP,0slI, DECODER
ER,SR) &
< o il CONTROL 3-STAGE
WRB SIGNAL PIPELINE
P CONTROL
W c aus GPR #0~7 LOGIC
[
32 BIT ALSU
B Eae e .
L] MULTIPLIER DATA INIOUT BLOCK {, %ATA )
L0
Figure 3-1 SE3208 Block Diagram
Advanced Digital Chips, Inc. CONFIDENTIAL 17
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3.4 SE3208 Registers

SE3208-2> 8719] 32 bits general purpose register2} 5719 special purpose register=24 PC, SP,
OSI, ER, SR < 7}#A]aL 91t} SE3208<2 Little-endian 2] 2] word ordering S 3+t}.

General Purpose Register Special Purpose Register
RO PC F—— Program Counter
R1
sp « -
R2 ‘ User Stack Pointer
R3
‘ oSl %— OSI Stack Pointer
R4
R5 ‘ ER % Extension Register
R6
R7 SR F 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 Cc z S \% Reserved
Enable Non-Maskable Interrupt / / | Carry Zero Sign Overflow
Enable Interrupt Extension Flag processor mode:
0-> User mode,
Auto-vectored Interrupt 1-> OSI mode
when AUT is 0.

Figure 3-2 SE3208 MCU Registers

3.4.1 General Purpose 32 Bit Registers (RO — R7)

GPR #HA2~EHEL drbHQl &= AMEHT QA WAl gk A4k 7} shift A4kel]l A}
SHth B8 wel 8 HE, 16 HIE, 32H|E AALS AT 4 lom 64°|E AHHA] A st
U} = SE32082 7]EAH o2 C & Assemblers Ab&3lo] 644 E AA7tA] s = 4= 9l
t}. o] A AEHE E3F ROE A9 33l Index Register (-2 base register)2 AF8-& 4= )t}
GPR #lA| =B obf-dd Alghe] glo] AREE & Awx ol Qlvh. ghx|nt ARRA7E CAolE
AHE-SHH A inline A& E AFEE o Bl AE AR FolE V& oloF drt

%R0O-%R1
CAM gel i g Ao Aswh mebd o] dA2HE AgsE FoF 7]

= oof gt
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DR7

Coll Al frame pointer #|A| =B 2 ARE-gtt), whebs] o] HAAEE AR 5ol FoE 7]
=oloF gt} 121} optimization options 5-©] compile & 74-¢- frame pointerE A}F-83FA ¥
7] wiEell o] A& %R7S ARgSh=tl A7 |l

3.4.2 Program Counter

Program Counter= &z Adstal = Edojo thek addressE 7FA1aL Slth. SE32089]
32bit Processore] | ¥t 16bit fixed length & o] & AFE3H7] wiitol] Wl R 2o A 3hite] 8 & o
= 7[A a2 & ] vt} o] Program Counteri= A& & +2%(2Bytes) <7}sf 7}l Branchut
Calloll 4] == Program CounterE A}-8-3le] PC Relative addressing modeE A gttt

3.4.3 Status Register

Status Register:= &7 Coreo] Aefol] 3l AW E z}zbe] n|Ee| Dol Furl, ite] Ax
of whe} 1 o]l A= &Y 4719 Bitsd Core o AH 2 CIHHE i3k FA o &
< 7HE 29 57 RER A

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

83k Offseto|vp HolH e dAIA o= AAste] Esh= #s whso W7l 9
Extension Registers A% uw] ME ¥t} Wi o7} Extension Registers AMg3stH A-s
2 0o2 A4 "o

f

3|
o
AUT : Auto—-vectored interrupt mode

QIE]H EE Auto-vectoredZ X #]e ZQIA Ei= VectoredZ A& & AR S AA 3]

ENI : Enable Interrupt
NMIZ A2 QB HES EnableZ < DisableA]Z A o] o th3t A4S 3t}

NMI : Enable non—maskable interrupt

Non-maskable interruptE enable =2 disable 3 ZAQIX o] tst AR H]Eo|t} TG471 A4
= NMIE AHESHA] b=t
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3.4.4 Stack Pointer

Stack pointer<= interruptt} push, pop} -2 749 Stack®d g9 45 e
3.4.5 Extension Register

a3k A7) offset %2 immediate registerE THE7] 9l5te] AAZ AR HE HA2FHo
th o] A 2Hd Fad e 7]=3d 1 Status Registerol 4] E Flag7} A o] =1 ol
oo} Q= Uéi'éoioﬂ o34 Extension Register’} A}-8-%+= W#Hoj™ E Flag”} clear ¥t} =
Holl o]o] 9= WHol7}l Extension RegisterS Al&3}# ¢ W Ho] (ex, push , pop 5%)
o 9ol E Flag:e clear H#| &3 71 JHE AEHAZIth old E Flage clear A17]7] ¢

A= AR clear A1A FoloF st} ©F Interrupt’t £ 2 25O 2 clear H U

E Flag E Flag
LERI OxFFF
1 0
LDI OxF , %R0 LDI OxF , %R0
RO OxFFFF 0 RO OxF

Figure 3-3 E-flag and Instruction

9L oJAED el LERI WH & AL S wlo] Aol AFESHA] %Foks o =
. #5929 a9o] LERIE AF834 Extension Registerol] kS A7dsta thA| 0] %ko
&l A
3o

ﬂJl

l

LDI HHojo 2|34 Register 09 OxFFFFS- 7] &3} 740113} olu] LERI U”/:‘OJE
B2 E-Flage 12 A74o] Ha thA] LDI H#H oA Extension Register #& AM&
of ThAl ‘o= Ak 59 192 2 “LDI OxF , %R0"0| A4t o]z LERI tﬂ
Hojo 9]3] E-Registerd] #= 7] 5381A ‘E%OLQEE Register Ooﬂ 71E25E e WA 0xFol
th ol1dt YA HA JAEHE AL HF 52 CE AT %= Assemblert AHE
Ho2 LERI WHEAAE AESH, ofAlEY 52 C Z2agYs & FAgdE 7|EHes E
Flagel tist i1ef= stA gfolx Fbeltt. Aoz sz agmo)A HoAXAY ALEE =
register7} o} 7] wjiEo] o},

|m1
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3.5 SE3208 Instruction Set

SE3208 MCU®I| thgh -4 %

ol W& o] SE3208 Core Manual

<= Fagt

Table 3-1 SE3208 Instruction Set Summery

Operation Assembler Action
Load Word LD ($R1/%SP, imm), S%Rd %Rd = [%Ri/%SP + imm]
Byte LDBU (%Ri/%SP, imm), %Rd %Rd = ZeroExtent[Byte from (%Ri/%SP + imm)]
signed LDB  (%Ri/%SP, imm), %Rd %Rd = SignExtent[Byte from (%Ri/%SP + imm)]
Half word (short) LDSU (%Ri/%SP, imm), %Rd %Rd = ZeroExtent[Short from (%Ri/%SP + imm)]
signed LDS ($R1/%SP, imm), S%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, (%R1/%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 list> 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, 3%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, 3%Rd %Rd = - %Rs
Compare Compare CMP 2%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, %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 bit in SR CLR imm 4 SR.bit<imm_4>=0 depend on processor mode

Advanced Digital Chips, Inc.
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Branch Jump JMP  <label> PC = address of <Label>
on overflow clear JNV  <label> 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 <label> if (Z == 0) PC = address of <Label>
on zero / equal Jz <label> if (Z == 1) PC = address of <Label>
on carry clear / JNC  <label> 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 <label> if (Z+S"V) == 0) PC = address of <Label>
on signed less JLT <label> if ((S"V) == 1) PC = address of <Label>
on signed greater or equal JGE  <label> if ((S"V) ==0) PC = address of <Label>
on signed less or equal JLE <label> if ((Z+S"V) == 1) PC = address of <Label>
on unsigned higher JHI  <label> if ((C+2) == 0) PC = address of <Label>
on unsigned lower or equal JLS <label> if (C+2) == 1) PC = address of <Label>
register indirection JR %Rs PC = %Rs
Call CALL <label> {%SP = PC, PC = address of <Label>}
register indirection CALLR %Rs {%SP = PC, PC = %Rs}
Coprocessor Move to GPR from coproc MVFC $%$RsQ@CP %R0 = %Rs@CP
Move to coproc from GPR MVTC $Rd@CP %RJ@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.

CONFIDENTIAL

22




TG471

PRELIMINARY

Ver 1.03

4 MEMORY MAP

TG471 WHel+= Program Memory$t Data Memory$] Main Memory 9 9-& 7}2It}.

Program Memory+

Flash

g el

Programmable Flash MemoryZS W335t}

Data Memory¥ 8KB SRAME W48}t

wgl  128Kbit X 8bit

T29 In-System

External Memory:s [/O%} Peripheral® Memory Mapped I/O Register ol ¢ x5},
Debuggings ¢ 3%+ Break Point Register’} Memory Mapped &3l

Table 4-1 Memory Map

0080_0000h ~ 0081_FFFFh

Offset Address Block Remark
0000_0000h ~ 0001_FFFFh Embedded Flash Read Region of
(128KBytes) Flash Memory

Programming Region of
Flash Memory

0100_0000h ~ O100_1FFFh

Internal SRAM
(8KBytes)

Data Memory

0200_0000h ~ 02FF_FFFFh

Reserved

0300_0000h ~ O3FF_FFFFh

Memory Mapped
I/O Register

Memory Mapped 1/O

0400_0000h ~ 0400_001Fh

Memory Mapped
Break Point Register

OSI Debugger

0500_0000h ~ O7FF_FFFFh Reserved
0800_0000h ~ O8FF_FFFFh External Static Memory Static Memory
0900_0000h ~ FFFF_FFFFh Reserved -

Advanced Digital Chips, Inc.
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Memory Mapped /O Registert Offset Address”} 0x0300_0000 ~ 0x0300_OFFF < &9

X 256Bytes @91 E YFolA 9l

Table 4-2 Memory Mapped 1/0 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_0OA00h GPIO
0300_0B0OO0Oh ADC
0300_0CO00h DAC
0300_0D00h DMA
0300_0OEO0Oh 125 with ADPCM
0300_0F00h USB Device

#%* The address boundary is 0x100 (256 Bytes)

Advanced Digital Chips, Inc. CONFIDENTIAL
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4.1 Break Point

871¢] Break Point Registerg wW#ste] DebuggingsS A ¢ttt Program Counter #k=}

Break Point Register?] gto] TdsH SWI4 Exceptiono] A8 3kc},

878 ZFzFe] Break pointE BKEN ©] «172 A= u] Break point® =2}3it},

4.1.1 Break Point Registers

Break Point 0 Registers (BKO0)
Address : 0x0400_0000h

Default Value

0x0000_0000

Bit R/W Description
31:1 RW | Break Point Counter Value
0 RW | BKEN : Break Point Enable Bit
0 : Disable 1 : Enable

0

Break Point 1 Registers (BK1)
Address : 0x0400_0004h

Default Value

0x0000_0000

Bit R/IW Description
31:1 RW | Break Point Counter Value
0 RW | BKEN : Break Point Enable Bit
0 : Disable 1 : Enable

0

Break Point 2 Registers (BK2)
Address : 0x0400_0008h

Default Value

0x0000_0000

Bit R/IW Description
31:1 RW | Break Point Counter Value
0 RW | BKEN : Break Point Enable Bit
0 : Disable 1 : Enable

0

Break Point 3 Registers (BK3)
Address : 0x0400_000Ch

Default Value

0x0000_0000

Bit R/W Description
31:1 RW | Break Point Counter Value
0 RW | BKEN : Break Point Enable Bit
0 : Disable 1 : Enable

0

Break Point 4 Registers (BK4)
Address : 0x0400_0010h

Default Value

0x0000_0000

Bit R/IW Description
31:1 RW | Break Point Counter Value
0 RW | BKEN : Break Point Enable Bit
0 : Disable 1 : Enable

0

Advanced Digital Chips, Inc.
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Break Point 5 Registers (BK5)
Address : 0x0400_0014h
Bit R/W Description Default Value
31:1 RW | Break Point Counter Value 0x0000_0000
0 RW | BKEN : Break Point Enable Bit 0
0 : Disable 1 : Enable

Break Point 6 Registers (BK6)
Address : 0x0400_0018h

Bit R/W Description Default Value
31:1 RW | Break Point Counter Value 0x0000_0000
0 RW | BKEN : Break Point Enable Bit 0
0 : Disable 1 : Enable

Break Point 7 Registers (BK7)
Address : 0x0400_001Ch

Bit R/W Description Default Value
31:1 RW | Break Point Counter Value 0x0000_0000
0 RW | BKEN : Break Point Enable Bit 0
0 : Disable 1 : Enable

Advanced Digital Chips, Inc.
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4.2 Flash Memory

4.2.1 TG471 (128KBytes)

TG471E= 128KBytes Flash Memory & TFAE o] 2th ZF Sectory 16KBytes® Memory
2 A E

- Flash Size : 8 sectors = 128 KBytes
- 1 sector = 16 KBytes

Flash Memoryy E#Zoz2: 3 719 128KBytes Memory® TFAE AW, =g]x o=
Read Region¥} Programming Region®. 2 2 %ot} =, 0000_0000h ~ 0001_FFFFh 2]
Read Region Flash Memory ¢ 0080_0000h ~ 0081_FFFFh ¢ Programming Region Flash
= =84 Fihe gEAT F8¥ o2 FU3 Memory ©]7] wZe] Programming Region
Flash9| sectorO ~ sector7] Programming 3+ ©|°]E]+= Read Region Flash®| sectorO ~
sector7g %3 Read H U}

Table 4-3 Read Region in On-chip Flash Memory (128KBytes)

Address Range (128KBytes)

Sector Number

0000 0000h — 0000 3FFFh

Sector 0 (16KBytes)

0000 4000h — 0000 7FFFh

Sector 1 (16KBytes)

0000 8000h — 0000 BFFFh

Sector 2 (16KBytes)

0000 CO00h — 0000 FFFFh

Sector 3 (16KBytes)

0001 0000h — 0001 3FFFh

Sector 4 (16KBytes)

0001 4000h = 0001 7FFFh

Sector 5 (16KBytes)

0001 8000h — 0001 BFFFh

Sector 6 (16KBytes)

0001 CO00h — 0001 FFFFh

Sector 7 (16KBytes)

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

Address Range (128KBytes)

Sector Number

0080 0000h — 0080 3FFFh

Sector 0 (16KBytes)

0080 4000h — 0080 7FFFh

Sector 1 (16KBytes)

0080 8000h — 0080 BFFFh

Sector 2 (16KBytes)

0080.C000h — 0080 FFFFh

Sector 3 (16KBytes)

0081 0000h — 0081 3FFFh

Sector 4 (16KBytes)

0081 4000h — 0081 7FFFh

Sector 5 (16KBytes)

0081 8000h — 0081 BFFFh

Sector 6 (16KBytes)

0081 COOOh — 0081 FFFFh

Sector 7 (16KBytes)
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4.2.2 Flash Access

TG471e] WAE Flash MemoryE HT 80nsec? HIZEEE 71x7] wfj&Fo system clock
9] &0 wa} Access Cycle® WAt oF gt} System clocke] 12MHz ©]s}e] S0 A
Flash MemoryZE Read& 7-$-ol+= FACCH A 2E ¢ FRACCE “007o. 2 AA3H 1-clocke
2 Flash MemoryE A3t} 12MHz o] 4Yd Z-$ol+= (system clock)/12MHz @9 =
FRACCE A A3l of gty

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

12MHz oA 9o % Flash Memoryd £xo] ZHA o2 MCUZF ] Clock »it} =&
S A ¢ JEE [-CacheE WAdtt. 1-Cachex Flash Memoryol] w3k Cache®4
MCU7} Flash Memory®] £xo] Sg2 o7 523 4= Qe g},

[-Cache:x CAEN# A ~E 9 CAEN HIEJ o HAH=E 4 di, [-Cache”’} Enable® ™
FRACC gtell #AIgle] tii-ite] W& 1-clocke 2 438HA woh

Flash Memory% programming st 4$-ol+ FPACCE F7l& A% 8}04 oF 3}aL, FRACC
o} T3 A 12MHz @92 AAFE}. WAE Flash Memorys 8B|IE F25 71X|al 7] o
ol Flash programming Alol= SHIE W92 HLsfe]of 3o},

Flash Memory Program Cycle ©] ZA % 3 Flash Memory®l programming 3}7] 3|4
+ FPEN HIEE A73sto] Flash Memoryel ™3 programmings 7Hs3t=s AAgh
FMOD HIEZ A#A3le] Flash o 22 =% AA3],

a

Flash Memory®o] w3 %z = AglE FST dAAEHE £33 g 4 <t} Flash
Memory+: TZ4F Program Al %3k A A 7ke] & Qs)c}

I-Cache 7} Enable ¥ oA Flash Memoryol ™3 programmingS 33t} CAIV
bitE dAste] programming¥ Flash®] W& ¥ [-Cached] W-&& ThA| AAA| Ak Gt

K /A NSNS\ S

ADDR

nFCS

nFRD \ /

nFWR

FAS FSS FRACC/FPACC FSH FAH
< > -l B | —_——

Figure 4-1 Flash Access Cycles
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4.2.3 Flash Control Registers
Flash Access Control Register (FACC)
Address : 0x0300_0300h
Bit R/W 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 : O clock 01 : 1 clock
10 : 2 clock 11 : 3 clock
9:8 RW | FSS : Flash select set—-up cycle 00
00 : O clock 01 : 1 clock
10 : 2 clock 11 : 3 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 : O clock 01 /1 clock
10 : 2 clock 11 : 3 clock
1:0 RW | FAH : Flash address hold cycle 00
00 : 0 clock 01 : 1 clock
10 : 2 clock 11 @ 3 clock

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

Bit R/W Description Default Value
31:5 R Reserved -
4 RW | FPEN : Flash programming enable bit 0
0 : Disable 1 : Enable
Flash memory map©l4 Programming Regionel] o3k
AS AA 3} Read Regiondll= 93-S F4 gt
3 R Reserved -
2:0 RW | FMOD : Flash operation mode 000

000 : Read mode

001 : Programming mode
010 : Sector erase mode
011 : Block erase mode
100 : Chip erase mode

Advanced Digital Chips, Inc. CONFIDENTIAL
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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 W CAEN ! Instruction Cache Enable bit 0
0 : 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 i Instruction Cache Invalidation Enable bit 0
0 :/Disable 1 : Enable

Advanced Digital Chips, Inc. CONFIDENTIAL
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4.3 External Static Memory

External Static Memory2te] InterfaceE €&l nCS, nRD, nWR, 28] 1 D[15:0]& A

w A 4 cycled] system clocko Z A3k}

Memory2] Addresst HWEZE &9 FHo] XA &7 wEd GPIOE
124 NAND Flash+= Address”}
st Aol = 3l

49 g7

] W& CEb, ALE, CLE

s

=

=

nCS

External Memory Read Cycles

nRD

nWR
10

SN N\
>_

System

nCS

Clock / /.

KK

External Memory Write Cycles

nRD

nWR

10

/N

Figure 4-2 External Static Memory Interface timing

Table 4-5 External Memory Interface Timing Parameters

A

-

5

sle] A slofor g,
GPIOE &3l A4

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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5 SYSTEM POWER AND RESET

5.1 Voltage Regulator

Voltage Regulator= 3.3VAS = whol Ui 3|2 2.5V AYLE FH31H7]
2 9T 2 B

slof

UE]— TR

Fo 3.3V &Y HAdS ALE
PLL_VDD25®2% Voltage Regulator® & ¢l VDD252 3 oA a4

Advanced Digital Chips, Inc. CONFIDENTIAL

32



TG471 PRELIMINARY Ver 1.03

5.2 Reset
TG4719] Reset Sources+ tS-3 .
- Power on reset

- External reset
- Watchdog reset

5.2.1 Power On Reset

Power On & W& Aol 1.8V o]ito] =W 300usec? Reset2 %3t} Power On
Reseto] &% 2o+ External Resetol]l 93] W& Reseto] Az Ht}.

Table 5-1 Power On Reset Characteristics

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

¥DD25
oy

2.9Y

Tvp.
POR_RESET o 0Bsec — N

Figure 5-1 Power On Reset Timing Diagram

5.2.2 External Reset

QQE. A 217lEl nRESET A&7} “LOW”E 4-clock ©]% A& uwj &A3c}t, nRESETO]
“HIGH”Z 453l 3XIN &3] 1024 cycleo] = wWj7}#] W4 Reset < #X#3 & MCU7}
0x0000_0000 240 4 35Fe] Reset Vector AddressES ¢4 &1t}

Table 5-2 External Reset Characteristics

Parameter Min Typ Max Units
External reset threshold point (rising) 1.44 1.50 1.56 \Y%
External reset threshold point (falling) 0.89 0.94 0.99 \Y
Width of Reset 4 XIN clock
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5.2.3 Watchdog Reset

Watchdog Timere= Al o8], Koz SHsIA &= A EE noisedt T2 olF=
MCUZ} A4l 525 stA] &5 dl, A= SAA7= 985 st

Watchdog Reset ©] Enable ( WDREN = ‘1’ )™ WDCNT® A4 3Zkoll A4 1024 System Clock v}
1A 7FAskel WDCNT #te] 0] %W Watchdog Reset ©] A3t} Watchdog Timer:
10bit pre-scalers 7}A| 3L 17| wjFol Watchdog counter< 1024 Clock w}t} 7+Agtr},

Watchdog Reseto] 2HA1al™ WDST H] Eof Watchdog Resete] 2HA13E AFef7F A€t e
A2~ 9] %7]%k2 Watchdog Reseto] A&l % 7]38} ¥ X7k, WDST H]E+= RSCON @A 2~E 7}
Read 2 wjvt #5522 Clear ® T}

WDRENS AW AbejolA] Watchdog Resete] A=A A 7] 98 16 HIEZ]
Watchdog Counter #to] 0’¢] A ¥%=Z F7]4 02 WDCNTS A4 4 3Fe] Watchdog Reset©]
A a2 e sfjof gtk

Program Counter Address Register®} Stack Point Address Registeri= Watchdog Reset©]
gk Aol MCUZF alstd gts Adstar 7] wEel Watchdog & Al 3ol A 9]
MCU9 Program Counter Address %t Stack Point Address #t2 213 4 ¢l7] wjid
oA st=d fF&shA A8 & Aok
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5.2.4 Reset Control Registers
Reset Control Register (RSCON)
Address : 0x0300_0400h
Bit R/W 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
O : PLL Reset Enable
1 : PLL Reset Disable
0 RW WDREN : Watchdog Timer Reset Enable bit 0
O : Disable Watchdog Timer Reset
1 : Enable Watchdog Timer Reset

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

RIW

Description

Default Value

31: 0

R

Program Counter Address

Watchdog Reset ©] ¥-A33k A" 2] PC L.

0x0000_0000h

Stack Point Address Register (SPADR)
Address : 0x0300_040Ch

Bit

RIW

Description

Default Value

31: 0

R

Stack Point Address

Watchdog Reset ©] @A3 A]H2] SP 3.

0x0000_0000h
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6 CLOCK CONTROL AND POWER MANAGEMENT

6.1 Clock Control

USB Clock Select

External Clock

XIN XIN Clock \
RC |RC OSC Clock
0sC

nosc [

USB Clock Control

} USB Clock

PLL Clock

/

System Clock Select

Internal SRAM Clock Control

1/1024

Cache Clock Control

Peripheral Clock Control

System Clock
CPU Clock
} Cache Clock
) Internal
SRAM Clock
} Peripheral Clock

Figure 6-1 TG471 Clock Distribution

TG471+ External Clocke f|F-ZHE HtolEo “MCU Clock”, “Flash Clock”, “Cache
Clock”, “Internal SRAM Clock”, “Peripheral Clock” 712]3 “USB Clock”2. & EHF3lo] Ao

3o},
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6.2 Power Management

“CPU Clock” & nOSC, OSCCON, SCLKSEL H|E<] Z3Ftel| <& tpg2} o] AlojHr},
Table 6-1 System Clock

nOSC | OSCCON[1:0] | CLKCON/[1:0] System Clock Mode
1 0x 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 #@A=H= ajd &5 AHgHA #a 4d-5dds

AA A% ON/OFF A7} 7}5

3,
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

Advanced Digital Chips, Inc.

CONFIDENTIAL

37



TG471

PRELIMINARY

Ver 1.03

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 OSC¥ £5%° 2ab7F #AE 4 Q17 wol
gt Fo] dag A=Fdd = /\}ﬁo}ﬂ &1,
3:2 R Reserved -
1 RW | XIN Enable bit
0 : Disable 1 : Enable
XINS F3te A7ts = F88 o] gt} DisableAl
XIN/XOUTS AF&3F Crystal®] @Hxlo] WA v},
0 RW RC OSC Enable bit 1
0 : Disable 1 : Enable
W4 RC Oscillator®] 525 Ao] 3t}

PLL Control Register (PLLCON)
Address : 0x0300_0204h

Advanced Digital Chips, Inc.

CONFIDENTIAL

Bit R/W Description Default Value
31:13 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

O : Unlocking 1 : Locking

PLL of &3 A Selo] bgd Aedds dE
W= HlEe|th PLL 29 & AR&stax & o= =
Al o] H]E7} Locking ¥ AL &el3t & PLL F3o
2 AgsoF st} Lock bite= PLL Enable bit ¢}
N/O/M Counter B]E A o] v}#& uw] nlt} Unlocking
H & Hd 200usec ©]Fol t}A] Locking T}

0 RW | PLL Enable bit 0
0 : Disable 1 : Enable
PLL Multplicaton FactorzzMNJr;O+l
X
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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
O : 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
O : 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 (I2SCLK)
Address : 0x0300_020Ch
Bit R/IW Description Default Value
31:2 R Reserved -
1:0 RW [2SCLK : 12S Source Clock Select bit 00

00 : XIN Clock 01 : RC OSC Clock
10: CAP[O] 11 : CAP[1]
1259 AL g% 2ee Mu .
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7 ALTERNATE PORT AND I/O PORTS

7.1 Alternate Port Function

o]

=
-

ge!

TG471¢ 2E 1/O Port ¥E59] 27132 PIO Input ©|th &3k PI0Y RE ¥
Ao &2 Pull-up Qoﬁ 9l#& unknownl & WolESo]= /\}ﬂo 2] 58 T}

PA[3:0] Ports® 7% W Flash DownloadE & 4 ¢l ISP ##H 237} 450 91 ]
wj &0 ISPEN = “High” °l4] PA[3:0] Ports¥ nECS, ECLK, EDIN, EDOUT 21& = =%
R
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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(TWI) 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 : PA5 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

PA3 : PA3 Port Selection bit

00 : Reserved 01 +109

10 : Reserved 11 : PA3
ISP Mode©l A nECS o = A4},

11

RW

PA2 : PA2 Port Selection bit
00 : SCKO(SPI ChO)  01: nRD
10 : Reserved 11: PA2
ISP Modedl A ECLK o2 dA=T)

11

RW

PA1 : PA1 Port Selection bit
00 : MOSIO(SPI Ch0) 01 : nWR
10 : Reserved 11 : PA1
ISP Mode®l| A<l EDIN #o 2 HAHT}

11

RW

PAO : PAO Port Selection bit
00 : MISOO(SPI Ch0) 01 : 108
10 : Reserved 11 : PAO
ISP Mode°lA] EDOUT # o2 A}

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 : TMOG6 01 : CAP6
10 : INT6A 11 : PB6
11 :10 RW PB5 : PB5 Port Selection bit 11
00 : TMO5 01 : CAP5S
10 : INTHA 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 1 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

%% HExternal Interrupt

= INTxA ¢ INTxB 7F AND & zxdo=z <¢gdrt. INTxA ¢
INTxB % PIN MUXoll & AelEx ¢te Als= Whidow “High”® 4ot}
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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(I2S) 01 : TXD3
10 : INT7B 11 : PC7
13:12 RW PC6 : PC6 Port Selection bit 11
00 : SDO(12S) 01 : RXD3
10 : INT6B 11 : PC6
11:10 RW PC5 : PC5 Port Selection bit 11
00 : SCLKI2S) 01 : TXD2
10 : INT5B 11 : PC5
9:8 RW PC4 : PC4 Port Selection bit 11
00 : SLRCK(12S) 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 : SCK1(SPI Chl)
10 : Reserved 11 : PD6
11 :10 RW PD5 : PD5 Port Selection bit 11
00 : 102 01 : MOSI1(SPI Ch1)
10 : Reserved 11 : PD5
9:8 RW PD4 : PD4 Port Selection bit 11
00 : 103 01 : MISO1(SPI Ch1)
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

/O Ports: 8-hito. 2 FAE 4719 E23 3pitez FAE 1719
3570¢] IN/OUT Ports= Al &3ttt ZF Portse WA AE AAoE A4 A" 4+ ¢
A=9 S8 A =" F4of AFgHT

I/O Portst= PxODIR #|A|~HE &3 ZF Port'H= Output mode= “d7 =i 3k PxIDIR
AR 2Holl 93] Z+ PortHZ Input modeZ A HAt}. b Porte] A E]= PxDIR #HAAHE
e eld 4 9lth. PxODIR #A~E 9 PxIDIR @A~ AAAl «179] HER 3
From A4N, 0 WEE ojie dFL vAA

I/0 Portse] =2 ¥ Output mode= AP Ae]o A PxOHIGH #A|~HE E3] High
Level 2 A5 31, PXOLOW 1% ~EE 23] Low Level2 A E ) Output level®] 474 )=
PXOLEV #A~HE Ed 2Hld 4 gl

I/0 Portse] 48 LS PXILEV HAEHE F3] A& 4 9t 2+ Portsoll= Pull-up
Aol Ao m Adx o] lo] el thgh unknown el E WA &3l

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/W Description Default Value
31:8 R Reserved -
7:0 R PxyDIR : Pxy Direction bit 0x00h

0 : Input 1 : Output

s A A% Porte] Direction

KR §_j1-o fei3 Zr: Oh;].'

= - =

Port Direction Output Mode Setting Registers ( PXODIR)
Address : 0x0300_0A00h / 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

OHIND|[WIH|O1DY |

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

Px0ODIR :

Px0 Direction Output Mode Setting bit

elleo]lolle] (o] lolle) 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_0A04h / 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

OHIN|W[H|O1OY |

=|=|=|=|=|= === (2

PxOIDIR :

Px0 Direction Input Mode Setting bit

ol lo] lolle] (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 A2 AAEF Porte] Output Level & &8 4 9t}

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

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

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

O|I—=|N|Wk[oT|D|
ellellelle] o] le] o] ()

PxOOH : Px0O Output Data High Level Setting bit

x+% 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 R/IW Description Default Value
31:8 R Reserved -

7 W Px70L : Px7 Output Data Low Level Setting bit 0

6 W Px60L : Px6 Output Data Low Level Setting bit 0

5 W Px50L : Px5 Output Data Low Level Setting bit 0

4 W Px40L : Px4 Output Data Low Level Setting bit 0

3 W Px30L : Px3 Output Data Low Level Setting bit 0

2 W Px20L : Px2 Output Data Low Level Setting bit 0

1 W Px10L : Px1 Output Data Low Level Setting bit 0

0 W PxOOL : Px0 Output Data Low Level Setting bit 0

%% 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
O : 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
O : 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 : PxO Input Level bit Pull-up
0 : Low Level 1 : High Level

sk A Portd] Input Level & &g 4= ot}
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8 INTERRUPTS

TG471+= 3271 Ao JIEHE &8s 714, o] 4852 Timer, SPI, TWI, UART 53
22 U oA @AsE 24719 JAHHESE 5 819 JHHERZ FAHT]

Interrupt Features
- 32 Ade AHHE (8 AEe &5 AHHES 242199 Y7 AEHHE )
- 95 QJIHHE gist &2 =1 AA (57HA)
- U5 JAHHE o A AA (27HAD
- z1d ¥ Mask/Unmask 7|%
- 218 ¥ Enable 7|%
- MEAeR T2 753 JIEHYE A9
- t}ok3l Interrupt vector table A

Interrupte] A2l& 3 22 AS F3le] o] Foxit),

Interrupt Resource”} Interrupt Controllerel] <17}

Interrupt Enable Registerol]l &J&] A¥H ¥ 3 Interrupt Pending Registero] A%
Interrupt PriorityS #retste] MCU9 QIHHEES 8%

MCU% Interrupt &3S WolEo]7] 93l Machine Cycle o Z<{l3s}le], Interrupt
Controller?] special machine cycle registerE 94 Interrupt Controller ol
Interrupt Acknowledge AE|ES <49

Interrupt Controller ¥+ Interrupt Vector AddressE <=H|

6. MCU== interrupt vector address 9 9S ¢JoJA 39 Interrupt Service Routine &%
a4

- wn e

o

7. Interrupt Service Routine®] 7]

s T
8. Interrupt Pending Clear Value 2~7]

% Interrupt Service Routine & ™4 Y=
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8.1 Interrupt Vector and Priority

SIHHE A9 INTOZF 7H¢ ok HHE ¥WE F4AE SE3208 MCU7ZF 32bit
Addressinge 3}7] W&ol z}Z}F 4bytesd] A7|E 7Kt}

HVA(High 22bit Interrupt Vector Address)= SIEIHE WE 49 A9 22bite & QQE Y
E ¥y F4E5 "AE u AHEEH, AEHHE HE HolES A 7HE S JdxEF S

Table 8-1 Interrupt Vector & Priority

Vector No. Description Vector Address
0x3F UART Ch3 Interrupt HVA + 0xO00000FC
0x3E SPI Ch1 Interrupt HVA + 0x0O00000F8
0x3D Timer 7 Interrupt HVA + 0x000000F4
0x3C INT7 Interrupt HVA + 0x000000FO
0Ox3B UART Ch2 Interrupt HVA + 0x000000EC
Ox3A ADC Interrupt HVA + 0x000000ES8
0x39 Timer 6 Interrupt HVA + 0xO00000E4
0x38 INT6 Interrupt HVA + 0x000000EO
0x37 Output Compare 4A Interrupt HVA + 0x000000DC
0x36 UART Chl Interrupt HVA + 0x000000D8
0x35 Timer 5 Interrupt HVA + 0x000000D4
0x34 INT5 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
0x2E TWI Interrupt HVA + 0x000000B8
0x2D Timer 3 Interrupt HVA + 0x000000B4
0x2C INTS3 Interrupt HVA + 0x000000B0O
0x2B Output Compare 2B Interrupt HVA + 0xO00000AC
0x2A UART ChO Interrupt HVA + 0xO00000A8
0x29 Timer 2 Interrupt HVA + 0x000000A4
0x28 INTZ2 Interrupt HVA + 0x000000A0
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 Interrupts EIMR @ X 2~E9] AA &l 571# FEje <F Qe HEE who}

1}

o]

Low Level Modeo|A+ External Interrupt A&7} “Low”& #X|3=
System Cycle 7lt} QI HE A A] 71T},

High Level Modeo|A+= External Interrupt A&7} “High”E& #X|3t=
System Cycle 7lt} QJIHHEE @A}

iy

off

kol v

E}kel wl

Falling Edge Mode©| A3= External Interrupt A&7} “High->Low”® HE ] QEHHE

A

Rising Edge Mode©l| 4]+ External Interrupt A&7} “Low->High”® ®}& ] SIgHE

£ WA,

Any Edge Modeol A+ External Interrupt 2157} “High->Low” %=+ “Low-> High”

2 i o AEFES B

Interrupt Event
Interrupt Event
Interrupt Event

Interrupt Event

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

External
Interrupt

Low Level

High Level

Falling Edge T T

Rising Edge T T

Figure 8-1 External Interrupt Mode
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8.3 Internal Interrupt Mode

Ul QIEHES B “High Level”® s4b3tth, 1eub AbgA7E 5938 “High Edge”® <
HYEZS X85 9 %o Internal Interrupt Mode RegistersE A& 4 gt}.

8.4 Interrupt Pending and Interrupt Pending Clear

7t QHHE WA= Interrupt Pending Registers= =3 &eldh 4= qith. Ao 3
W3l olE|H EE Interrupt Pending Clear Registerdll 2@ Clear 7] #A7A &
Interrupt Pending Registero] A #wt}h, =3 & DA QEHEHT =& $-
B Y E7} Masking® A &< Ae|E Interrupt Pending Registersell &= o] 9l =
=2 X9 AHHEY BF Clear® W7FA Interrupt Pending Registersoll A% o] =}
Aol §dE917F HU1E 7Iv-

Interrupt Pending Registersol] A 3€ <lE
Clear RegisterE Z3l a3 SlEH{HE WE H

—t

fofi

1EES Cleardl?] 984+ Interrupt Pending
e Writeshd ok

8.5 Interrupt Enable

Interrupt Mask Registersol] 28] Mask® o] A+ QA EHE = Interrupt Pending Registers
o A& A#==d Bvl&, Interrupt Enable Registers(ENR)e| €3] Disable® <SIHHEE
Interrupt Pending Registersoll #]&E %] or=t}, wpglr] o] PAAHE A3 HolEo]ar A A
o2 Qe Y Eo] thal] Disable d}i=d] AF&3tc.

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

7+ Y HE+= Interrupt Mask Registersol &3] |l SIEHEo thdk RequestE 3
4 ). Interrupt Mask Set bit 7} “17¥ Z$-olli= Interrupt Pending Registerel] #3%
InterruptE CPUZ 273 3}a, Interrupt Mask Clear bit7} “1”7 4 7 -$-oll+= Interrupt Pending
Registerol A= o] 9= Interrupt® CPUR & A &A] %3k}

Mask bit7} “07e.2 AAH AEHHEZE Interrupt Pending Registers(IPR)ol = A= 7]

W&o Mask bitS “17%2 AAAA3H Interrupt Pending Registersel] A& o] A= QAEHHE
7F Mol o3 QIEHHEE Al 8.3 gk},

Advanced Digital Chips, Inc. CONFIDENTIAL 52



TG471 PRELIMINARY Ver 1.03
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)

w#% [nterrupt Pending RegisterE Clear 3}7] ¥ &4+ Interrupt Vector No. 2.2 clear 3l
oF 3lt}, (Interrupt Vector No. Zal)
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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 : 24 RW INT6MOD : INT6 Active State 010
000 : Low Level 001 : High Level
010 : Falling Edge 011 : Rising Edge
1xx : Any Edge
23 R INTS5ST : INT5 PIN Level -
22 : 20 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 -
14 112 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

wxx INTxA 9F INTxB % PIN MUXE E3lo] AgwE o] #h2 External Interrupt & HolE
olt}. whek PIN MUXolA INTxA ¢ INTxBES RF Add A9 F 7ke) “AND”7} INTx
2 Ql7Fe
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Internal Interrupt Mode Register (INTMOD)

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
3 - 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 -

x*x [nternal 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 Ch1l 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 INTZ2 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

##% [nterrupt Pending Register®] Z} H|EQ] 32 sid QAHHEV LA S-S UE
[e)

Interrupt Pending Register®] k<2 Interrupt Pending Clear d@*]Z2~Eo] 23]

Ao g T Interrupt 7} €< W 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 Ch1l 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
3 RW | INTZ2 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 12S Enable bit 0
1 RW | Timer O Enable bit 0
0 RW INTO Enable bit 0

x+* Interrupt 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

wx% B Mask bite] AE|S &g 4= <)

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

Bit R/W Description Default Value
31 W UART Ch3 Interrupt Request Set bit 0
30 W SPI Ch1l 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 Ch1l 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
8 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 Ch1l Interrupt Request Clear bit 0
21 W Timer 5 Interrupt Request Clear bit 0
20 W INT5 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
8 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 -

wex QIEJAE WE Fa0] 49 22bit grolth. HVA A2 A4< 5o thokg Interrupt

Vector Table2 7} 4= At}
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9 TIMERS

[e)

TG471+= Timer/Counter, Capture, PWM, 123l Output Compare 7]5& 7}l 16bit
Timer/CounterZS 8x148 A&},

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-scaler® System Clock® External Clock #& E3& QX -z HE Wolsel dd &
CLKSEL HIEZ E3] Mg 3 10bit Pre-scaler® 3] 1/2 ~ 1/1024%] &5 # <
AMAEe]  Timer/Counter & AE3C}. Timer/Counters= Pre-scalerE T3 £33 FY<&
A elsle] 16bit Counter & 3o},

Pre-scalerol A 55 F99 A3 o] 222 Aol CNTCLR WEZS F3}9]

Pre-scaler counter® %7|33st & Ap-&3hc},
System Clock _
External Clock — 10-bit Timer/Counter Pre-scaler
A i
Timer Clock Source Select 0winnnnnnn
DD D ID|D DD D
O 0000000
Pre-scaler Counter Reset olololelelalole
OO OO0 00
N NIXN|XNIXN XXX
NDOOWDHERIN
NN OHO
ODOIN
N
YYYYVYVY VY
Timer/Counter Clock Select 3 ;\
l Timer/Counter Clock

Figure 9-1 Pre-scaler Block Diagram
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9.2 Timer/Counter

Pre-scalerol 9&] 5% Clocks AF&3te] 0x0000 o Z7|#kolA w ZFYnuic} 712
e «1” A 27}‘3}01 AFEA7F A3 Timer Counter #|A|2~H kol =23t thA] 0x0000
o] WA QJAEHES LA}

Pre-scaler® ¢ o =2 32.768KHzE ¢17}8tH Real Time Counter® = 2+slr),

EC XD
Timer Interrupt W W W

Wave Output

-
-

Figure 9-2 Timer Operation
Timer 7] A8%® 2%, Pre-scaler 28]l Timer Counter | &3] ZAHc}.

1 1

Timer Period = x x (TMCNT ) [sec] {TMCNT >3}
Clock Source Frequency . Pre - scaler Factor
Timer Period = 1 x ! x (TMCNT +1) [sec] ~ {TMCNT <3}
Clock Source Freguency  Pre—scaler Factor
Timer Period Example :
- Clock Source Frequency : 12MHz System Clock
- Pre-scaler Factor 2 1/1024
- Timer Counter Value (TMCNT) : 1000

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

Timer Countere s A= AA st F2FA 71t}
- TPCON o°l| 4] Pre-scaler Factor 23

- TMCNT % %7] 4%

- TMCON |4 Timer Enable

- ¥ Qo uwzg} TPCON's CNTCLR HIE AHA

Timer Counter= &2A|717] 9J8to] AA = ojof s+ dAAHE tha3 2ot

- TPCON : Pre-scaler?] &8 48& AA s}, %_ o] wg} Pre-scalerZ clear 3t}
- TMCON’s TMOD : Timer Counter REZE A A3},

- TMCON’s WAVE : Timer Counter?] 712 AAE S 2HFFE 2A
- TMCON’s PFSEL  : Timer Counterol| A A}-&38 Clocks ZA A3},

- TMCON’s TMEN : Timer CounterZ Enable 3%t}

- TMCNT : Timer Counter®] W Counter &

e

o},

o
i
ox
_?L
£
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Timer ModeolA WAVEZE Enable 3} Timer F7|Ht} 28] =¢ &g o] A sl TMO
2 93 4+
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9.3 Pulse Width Modulation (PWM)

PWM programmabledt duty$} 7719 A2 213E 937 93 Deviceolt}.

fol

v

Pre—-scalero] Al AA3 Clocks £3 =28t PWM Period #A2H e F7|2 JFESE
S HHESHAA AREA7E A FEHo 91YS EH 3,

L)
o

PWMS =¥ HAx 16HE 7F¢EH9 ko] PWM Duty, PWM Period @A 2~ Ztol] o] &
jreie} o] wkd R o] %8 wdo] wEXTE PWMe %9 314= PWM Pulse Number 2|
A 2go 93 ZAAHT Zxeol HH3I 4 trtEW PWM Interrupt= IR = S =R |
PWM Interrupt7} EAste et o] HAo] gl& 450l PWM E9o] A& AddE. o
@A PWM PulseE HF7] 984 = Timer Interrupt 9|4 PWME Disable 3foF 3+t

0

PWM Pulse Period = 1 x ! 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 1/1024

- PWM Period Value(TMCNT): 10

- PWM Duty Value )

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

PWME ths A2 dAste] 53470tk
- TPCON 9| A Pre-scaler Factor 23
- TMCNT & F7] 44
- OCA 7] A4
- OCB 7] A%
- TPCON oA Timer Enable
- Ao we} TPCON's CNTCLR HIE A4

PWMo R F2A17]7] flste] AA ] ojof sk HA~He= thad 2,
- TPCON : Pre-scaler®] &3 d#<& ZAsta, €89 wel Pre-scalerE clear 3t}
- TMCON’s TMOD : PWM E=2 A=A 3}
- TMCON’s PWML : PWM &3¢ Az e ZAsi
- TMCON’s PFSEL  : PWMoll A AF&-3 Clocks 2 A 3},
- TMCON’s TMEN : PWM< Enable 3t}

- TMCNT PWMe] F715 AA s
- OCA :PWME] Duty® Z2A s},
- OCB : PWMS] Pulse 3142 ZA A3t PWM Pulsed] 31527} o] ##| ~H

kol =g38bd Timer Interrupt’F WA A ZITE 22v PWM Pulses X 5% &1 A& A
o}
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PWM Period Value = 0x09h
PWM Duty Value = 0x06h
PWM Pulse Number Value = 0x01h

Internal Counter €0 X11213)4 5 6X7 180X LI2 3 45 617 18I0 12 34X EXT I8 o012 3 A EI6 T 8 D)

o oup | ] ] ] ]

<«+——— Period —»=— Duty —»

<«———— Pulse Number

PWM Interrupt f ?

Figure 9-3 PWM Operation
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9.4 Capture
Capture 7]5& Pre-scaledlA] A3 ClockS 7|&2 2 3t 97 AdzHS =A%),
QlE-9 &L Low/High Pulse, Only Low Pulse, Only High Pulse, Falling to Falling Period,
Rising to Rising Period 2] 57}#] e H2~ F71& 5T 4 Ut}
Capture mode® TimerE Enable@ wj= 3 WAZ Capturedsh= g2 Ao7F W= S
o] Zkol7] Wil FAleto]ofF gty
Low/High Pulse Capture Mode
Capture Input
Capture Counter ////
Capture Interrupt
Capture Value
High Pulse Capture Mode Low Pulse Capture Mode
Capture Input ‘ ‘ ‘ Capture Input
Capture Counter / / Capture Counter / /
Capture Interrupt Capture Interrupt
Capture Value Capture Value
Falling to Falling Capture Mode Rising to Rising Capture Mode
Capture Input ‘ ‘ Capture Input
Capture Counter —//V Capture Counter //
Capture Interrupt Capture Interrupt
Capture Value Capture Value
Figure 9-4 Capture Mode Operation
Capture F7]3= Th¥t o] A
1 o 1
Clock Source Frequency Pre—scaler Factor

©1/1024

Capture Signal Width Time =
19

Capture Time Example
- Clock Source Frequency

Advanced Digital Chips, Inc.

- Pre—scaler Factor
- Capture Value (OCA)
=> 1/12MHz X 1024 X 10 = 0.853msec

: 12MHz System Clock
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Capturet® Ug A2 Ao 52|71t
- TMCON o9l 4] Pre-scaler Factor 2233 Timer Enable
- "o weg} TPCON’s CNTCLR HIE A=A
- OCA S 9l9JA Capture 7] &<l
- TMCON’s OVSTE ¢}o]A] Overflow 5 &<l 2 Overflow Clear

Capture R F24A]7]7] $lete] AAHolo} shi= HA 2B thes) 2ot

- TPCON : Pre-scaler? 2% ¢8€& ZAsta, oo wel Pre-scaler® clear 3t}

- TMCON’s TMOD : Capture E== A3},

- TMCON’s CAPMOD: Capture Pulse FEZ 2743k},

- TMCON’s PFSEL : Captureoll A A}-&3F Clocks ZAA 3}
- TMCON’s TMEN : CaptureZ Enable 3t}
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9.5 Output Compare Mode

Timer/Counters Z+ 49 9 2709 Output Compare HAAEHZE 7}x|ar 7] wj&ol

Timer® Counter ko]l Overflow ¥ 7] o] 2¥H 9 Output CompareE 3¢

PN
T 3

A

A

Counter Value M

A

oCB
Value

Timer
Counter
Value

OCA
Value
Timer Interrupt
Output Compare T

A Interrupt

Output Compare

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_06C0h / 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]

s CAP[7:0]2 Timer g W= sty o] v}
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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
Capture mode®l A overflow XAl overflow <l
HHEZF &A= FAlo «“1” 2 set¥ i, Read
Al “0” o % clear ¥ T,

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
O : Start Level is High
1 : Start Level is Low

RW

WAVE : Waveform Generation
O : 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
O : Disable 1 : Enable

Advanced Digital Chips, Inc.
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Timer Counter / PWM Period Registers ( TMxXCNT )
Address : 0x0300_0608h / 0x0300_0628h / 0x0300_0648h / 0x0300_0668h /
0x0300_0688h / 0x0300_06A8h / 0x0300_06C8h / 0x0300_06E8h

Bit R/W 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 : Qutput Compare A Value

k% 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_06F0h

Bit R/IW 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)

TGA4A719 WA SPIx= &7 A4 HAE T 959 FAY th& MCUS dHoly wshs
3t} o] SPIE= RE=ZZF M68S8HC11, M68HC0O59 MC68HC16 Alde] SPI®F &3He o] Fof,
Full duplex 3-wire Z¥o]4} Half duplex 2-wireE & 4 St}

34 SPI %S 9138 8Bytes? FIFOE W3l Mbps &=9 HAFolA%= MCU HH&
FA eka st = 9l

TG4719¢] SPI= Master Mode®}t Slave ModeE =% x| 3ic}.

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 AEEZ 3|24 Clocke] 54 Aeat F 7 Clock ZREZS] A¥S
o] F7] Ad FRAgx ekl s3ke] o]Fo] It} SPI7} Master® A EWH ALXES|o]
o= 256709 Tt AlEd Clocks W + Sdth

SPI= Holy A&52tz doly Falszto]l sAlo] o]Fo] Xt} F Al Y doly gl
A ARl AMEH (sampling) ¥ FZ ¥ (shifting)> Al#]¥ Clock kel o3& F7]¥ T} Slave
SPI tufolze] /WAl HAB2 Slave A8 #1& &3l & = Art. d8EA &2 Slave
tjntol ~E SPI W29 F&d JekS % ¢=th Master SPI tlufo] 2o A= Slave AH)
22l Uz Master HAa 55 YEHY = AFE Hojd 4= Qi)

qAAE I2e ZEAX7ES A4S fd AHgET. dF 32 T AUd A=ZH A
A

|
2Ho Hlo|HE A HW 7] FEo] TS ths Master RE Ay A& g ) o)
9] MCU7ZF =A]o M Master?} 8]l A28 o] &8 =glolH S disable A]Z1t},
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10.1 SPI Registers Summery

SPI Control Register(SPIxCON) : SPI AEZE # X ~EE SPI AAo| #AA Y Parameters
EEt o] HA2E = AAEA ¢7IeE 277 7hs st

SPI Baud Register(SPIXBAUD) : SPI baud register:= SCKEZ %+=7] €3} baud rateE A
gy, |

SPI Status Register(SPIxSTAT) : SPI A&} # A ~El& SPI AH ARE 233t} SPI &
o] ZIAAE HIEES S AT & 4 vk, MCUE dA SPI AHES g2lstr] ¢ e
A AHE ¢loH Hu)

SPI Data Register (SPIXDATA) : SPI "|o]¥] @A 2E+= Alg]d Bl2d] do]|E A%} 5241
S 98 AH&EY. TX data #@lX12=E 9} RX buffer dlA2~EHZ FA o] Qth 27 viz
TX data X E o] 207}, vlolE = 9= W Fo] Master tulo] =9} Slave t]u}o]
2~9] SPIF 7o HlE7F A=

) SPIBRR [  Counter
Vv
——)|  SPICONR l _
................ sck_inje
Control Logic Elogk > sck_out _‘| ?‘l‘@ SCK
ogic sck_oen
SSX_in [«
4 <:: SPISTR ssx_out —%—@ ss#
o $SX_oen
£
% K mosi_in |«
A 32-BIT RX Shift Register | (—p———msterinpuc  MOSI_0Ut —‘Ql—@ MOS
( p»-{ master output MOSi_oen
8/16/32-BIT TX Shift Register
SPIDR miso_in [«
(64Bytes) Slave input miso_out —~| %l—@ MISO
p-{slave output ~ MisO_oen
<:> SSXCR Ouput Control Logic
) SPIIMKR

Figure 10-1 SPI Block Diagram

Advanced Digital Chips, Inc. CONFIDENTIAL 74



TG471 PRELIMINARY Ver 1.03

10.2 SPI Pins

SPIel &= MISO, MOSI, SCK, nSS, Y 7o) ek o] 9tk SPI HEE f X 2~FH 2 WOMP
HE7} ztzbe]l Ao %8 F 2o el Open Drain &9 ]‘/} CMOS % % A7gskA H).

SPI AEZE #x2~E9 MSTR HEo]| ¢a] Master =+ Slave %2to] AA o] X1 o]d
mel Feo] Fxo] AAE oz

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

10.3 SPI Operating Modes

SPI&= Masterty Slave EEof A 523ttt Master =+ MCUZF dloly dEFS %1%‘ %]
S0 AFEHE T} Slave REE 3 tjulo] o) o]&] MCUY Alg]d AFo] o]FojA = 799
ALSHET. AEE g X 2~E el MSTR H|EJ 28] Mastert} Slave &Zo] AElF ),

Master Mode

SPIxCON¢] MSTR HIEZ MA3H Master 2= %2zbo] HElEth Master RO A& A
Y AES 2718 & = A3 QoM 27|3tE HAFo] $EdlA et

SPIE Master E=oA AL&3te™ oS A S AHoF st
Pin MUX #X|2=EoA t}hL-2] o] SPI adEo] Q=x el : MISO and MOSI

Master EE0|AE= MISOE Alg]d Hlolg JHo 7 ALEH o 13 MOSIL A8l dolg =
g oz Algy o, 5EA3 §8§ Fokd uwe s e a3k 4 Qi)

m&

SPIxCON¢| CPHA, CPOL, SIZE, MSBF, WOMPY k& atd3lt}. Masters2HS 9]l
MSTR H|E A A3t} SPIS enabledt== SPIEN H|ES A A3},
Slave t]H}o]~ZE enable 3t}
AES Aze7] fdl 493 diolEE SPI vlolg g A =Eof| 275 3

SPI= H&o] 2y JeHlel A2~ SPIF 18 H/WH o2 AAstt. SPIF7F Q17+

I HE Qo] wAHEY, SPIF7F AAE o] = AHAA FeAA~HE ¢la dolg XA
2o 7] U 9]7] HZbo] dojub SPIF Z s A5 H oz Feo] HArt
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golg HES WiolA wE Agld ZFY(SCK)ol &7 Ho] At HEE A AHY
CPHA ¢} CPOL MEE2 289 9% 548 AEE v} Master MCUZF MOSI #of A
dolHE RUE SCK edgedt MISO #S T3 Eo2% dolHY latchdle SCK edget
CPHAS®} CPOLel <jsf ZAA %},

Slave Mode

AEE HA2EHL MSTR HIES 3o Al7]W Slave BRE=2 F2Fgtt}. Slave EE=oA =,
SPIE= Algd AES 7|8t & 4 §loh. A52 95 W2 Masterol 9l %7|s} #r}.
Slave RE+ E3] t}5Master SPI B 2o A A& E T Fo]d AlZbol] & &}vpe] tjunpo]~wt
o] W ~Master7t 2 4 317] wEo|th.

SPIell MISO ¢ MOSI #o] &3=%E= PIN MUX #lA 28 & A4t Slave EEoA & Al
2d doly ¥ 9&] MISO o] A&, Agd dHeoly &S 9] MOSIHo] A-&%
. 543 S&Fok ek = of e kv ARk ettt SCK = d4Y Algd 8ol
t}, nSS7} <17FEW Slave® A F T}

tolE AES 93] oy @A 2| 227]E gt} Slave E =)A= SCK, MOSI, and nSS
= 9ldolal MISOE #d¥o] #Hr}.

CPHA, CPOL, SIZE, MSBF, WOMP ¢] A& $3] AEE dALHel| k& 2t MSTR H]
E Fgo] gdo2H Slave H2-& AeElsitt, SPIENES Alsto] SPIE enableA] 71t} Slave 2=
o] fulo] 2o A= BAUDY 32 SPI H3o 93S w2+ =1},

SPIEN7} A& ¥ 31 MSTRe] Zglo]= ¥, nSS# A9 “Low” AH7} Slave 2= 2
718k @tk nSS # & 924 qjFomnt AL AT

o

=

Ho]El ¢ vlo]EY 9Je A% Io] SPI¥ SPIF Z#1E At A EE X~ SPIE H]
E7F dA o] 9o, SPIF7F QI7F=H JAQEHE Qo] vl

AEo oA BAE SCKel E7]% o] W}t CPHAS CPOLE Slave MCU7}F MOSI #-&
& S0l dHolHE XA MISO S E3] Yy dolE e &89 EdgeE ZA 3
=
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10.4 SCK Phase and Polarity Control

AEZ A 2=He F 79 HEZ SCKe 942 548 24, &9 =4(CPOL) HE
299 54 (High or Low)= A=t 39 94 BE CPHA= AF BlolWdl 9%F& F

T 7HA AE FdH F shvE AdEen. 299 94 542 Masterét Slave B E
Fojof 3l oW AH9-ol= HAE Alolo] A FAS v o] Master tlHle]2~7} Slave
Hpo]op v 2o R dHolHE Fi WE ki vk SPIE] o3 A e BE
71 AlEg FRgA o] AFAQ AAS THestAl gt

e e

0

[0}
ot T o

ssx. | [
ser - erosa e [ [ UL
se oo e [ [ [T LT
s o= e | [ [ TUTUUU
s o= erns| [T UL

ZEN T B BRRRNE77/7/

MSBifCPHA=O| | | | | | | |
Internal strobe for data capture (for all modes)

Figure 10-2 SCK Phase and Polarity

10.5 Data Transfer Timing

CPHA="0’°]3L MSB A]#31 H=ofA 1Byte ©lo]H A Elo|W=E HoFrh SCKe F
Mol Feel 5194g Jeht glek shvs CPOLR! “0°%)1 A $-o]al th& hub= CPOLe] “1° <l
7 9-olt}. o] ElolME+= Master®t SlaveZ} SCK, MISO¢ MOSI#H o2 AHFH AZAE o] glor
& Master Bfo]W = ¥+ Slave B ER = 5 9tk MISO 421&+= Slaveol A9 & o]iL
MOSI Al = Master?] &3 215 o|th nSSAF+= Slavez9] 3 A8 25 ot}

—

Masterd wl SPDRel| dHolEE 2w o] 7|3t "}l Slavei nSS7} falling edge 4
w A4S %7]3}F 3th. SCK AlsE A HA SCK cycled wHFE7]71A] inactive A EIE do}
Atk AE d7E YEY= SPIFRIEE 8WHA SCK cycle?] #olA set®th. CPHA="0’Y uj
= nSS7} lowS o7l 1vlelE A% & &2 AIZF Wel| Inactive (High)®lt}. Slave: nSS7}
lowd W data register®] #<S write 31 write collision error7} WA 3},
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SCK CYCLE 1 2 | 3|4 5|6 | 7|8

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

L

MOSI
(Master Out) '< MSB X 6 > 4 3 2 1 X LSB
MISO
(Master In) —(__MmsB 6 X5 A 4 3 2 X 1 XLsB

(Tosg I>;ve) _\ / D

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

CPHA="1"%] 74%-9] A% gojwolt}, SCK whAE 89 A cyclee] WH=7]9A] inactive
Ft}. SPIF H|Ex 8 A SCK cycled Fwhol A set®l vl 8WHA SCK cycled Z7F57]0A4
upR 9k edge”’F A717] W&ol Slaver 8HA SCK cycle?] FitollA v do]EHE sample
3 Fo Al $E3th nSSE 1Byte A% vk A o] AL A7 HoF FEIF] lowE A3
o wefA] CPUZF A& HlE Pollingste] d&4o2 dFehe F5ode AlE low HFHIE
A5t Al T},

SCK CYCLE 1 2 3 4 5 6 7 8

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

MOSI —-(MSB 6 5 4 3 2 1 Y LsB

3
L

MISO —( msBX 6 X 5 4 3 2 1 LSB

SSX _\ /_

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

SPI Baud ratet= SPBR @l A =Eldl] 104 255744 9] 7k& A gate] AAe 5= Q)

Slave Modeol| A 2] ¢]4 SPI Master7} A& 3= SCKE WholEo]7] w&o] SPIBRR # A~
B gte] AAd e wrx] vl a1Ey Slave Modeold & 4= gl H 5=
System Clock o 93-S Wki=t}.

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

SPIBRR[7:0] = System Clock

2xSCK Baud Rate

10.7 Open-Drain Output for Wired-OR

Multiple SPI Master7} o}y SPI W~ =¥ o] Open-Drains X {g I
Drain £3¢] 223 7%$ SPIXxCON #A~E S WOMP HIEE %3}
Asst=s & 5 3tk Open-Draine= A A5 Zzhel &9 2kQlel vH=A] pull-up A
& Zofof gt

10.8 Transfer Size and Direction

SPICONR #|#]2E]¢] SPISIZE H|ES dE=7] 8/16/320|EE A ¥st}. SPICONR #| A~
Elo] MSBFHIEE dlolg] A2l Al2HS MSB(MSBF=1)t} LSBY-H 3st== 3o},

10.9 Write Collision

A% 28 Fo] SPDR "X ~Ho| 275 A EdH 27]|FEo] wasit)

10.10 MODE Fault

SPI system ©] Master® A= 11, SS signal input line©] assert AL W, mode fault
o

error 7} @A, SPSR ¢ MODF bite] set ©t}. Master device ¥ MODFZE YA Z 4=
glow t}E SPI device’} master’} H#al sk uf ZA3c)

Advanced Digital Chips, Inc. CONFIDENTIAL 79



TG471 PRELIMINARY Ver 1.03

10.11 Interrupt

SPIF Interrupt

FIFOo &% dolg e} TX Shift @A 2E7F =% v YAH 2B, SPI dEo] ¢aE
A= ongth SPI dFo] SRFHASTS I2AT F 3+ Interrupt |t
MODEF Interrupt

Mode fault 7} dojupbd A3 Mode fault® o2 719 Master7} €45l A-$- & 9]
’Je] Master7} HlolEE Aok A5 Eoh

nSS Interrupt
nSS port X1 & & 7A|ste] W37l Ay7|H HA s

TX_FIFO FULL, TX_FIFO EMPTY ,RX FIFO_FULL , RX_FIFO_EMPTY

- TX_FIFO_FULL : 64Byte®] Ul FIFO 7} 2% ALAESS gujsit), o] Abejol A
TX FIFO dlo]lgE ¢ A$-A w4, 235 dolg dfo] o]Fojxt),

- TX_FIFO_EMPTY : TX FIFO°] AYAH dHole 7} BF AEE o] HqeS onsh
th 1y oA TX Shift #IA2~E7F vl IR A] 2k 9k7] wiEe] SPI d&Eo] &xd 3

- RX_FIFO_FULL : RX_FIFO7} 2% AYH S < gtc).

- RX_FIFO_EMPTY : RX_FIFO7} 2% 98 SS o]t}

SSX

oS A EE L1V oV A AT 41411

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
O : SPI is disabled.
1 : SPI is enabled

0

RW

WOMP : Wired-OR Mode for SPI Pins
O : 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

O : 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

O : 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
O : 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
2% (SPIBRR [7:0]+1)

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

SCK

Bit R/IW 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
O : 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

RIW

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

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

HE TWI Wz=eke] Qg do] =5
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

Note

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

f18 TWI HEZHE gtk TWIE SCL(serial

«+——pJ SDA
N <« SCL
( TWIPSR P
START/STOP Condition >
J" Generaion >
TWICONR P
0 Avrbitration and i
> START/STOP Detection  |«g
a1 v
g (— TWISTR P
D Address Compare
> >
7p]
1 v
K p TWIADRR 8-bit Address Shifter -
Y
i TWIDR > 8-bit Shifter -—p
Figure 11-1 TWI Block Diagram
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11.1 DATA TRANSFER FORMAT

SDA ﬂ-oloﬂ,_ BE dolE Aol 8H|Er) u] AFuith AFHo] A 4 Q= HlolE S
AgE o] AR &oh. A FZEA Y42 A vlo|ExE FAZ=o|td TWIl-bus 7} Master® EE=
2 4 & ] Masterel oa] FAEE7F AFHT. e vHlolEx= ool ACK HIEZL ot
k2ot 3 dHlolHeF 49 MSB HIEFH HFo] Azt

Write Mode Format with 7-bit Addresses
[S| Slave Address 7bits [R/W|A]  DATA(1Byte) P|
Voo :

"0" Data Transferred
(Write) (Data + Acknowledge)
Read Mode Format with 7-bit Addresses
|s| Slave Address 7bits [R/W|A] DATA@Byte) |A|P]
2 :

" 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 2| dataE A% & 4= 9lv}. 18], Stop condition data A%
2 £33t} Start conditione SCL ©] high & "] SDA line©] hlgh—to—low = transition 3t
t}. A stop conditione SCL ©¢] high € W SDA line ©] low-to—high® transition 3%C}.
Start condition ©] A3, 12C bus = busy”} Ft}. Stop condition®] A3 & 12C buse
free 7} ®t}.

soAg\/XXXX\/\xXZZZZZIIXj_\_f

: MsB Acknowledgement Signal Acknowledgement Signal

scl T\ T2\ AWENEN AYAY ANAYENN
it : ACK 1 1 L
Byte Complete, Interrupt within Clock Line Held Low While

Receiver Interrupts are Serviced

Advanced Digital Chips, Inc. CONFIDENTIAL 85



TG471 PRELIMINARY Ver 1.03

Figure 11-3 Data Transfer on the TWI-Bus

11.3 ACK SIGNAL TRANSMISSION

S ol EASS k3] EUl7] YEidE FAlge $Alde] ACK HMEE EHM Ela=
ACK Z 2= SCL #29 9 WA ZFgoa] A& ok f‘au}. 5k vlo]lE dHlolEE 93] 8
Mol Zgo] FAQ3slt) Masters ACK HE #HES 93t 8 AAE YA s|of ?‘_hjr.

9
S 98 W2 u SDA #31e “High”® WE7] 98 SDA 291<
= ACK g2 w SDA #¢1& “Low”® #A3te] SCLY obF W

ACK HE ALZ2S ATEQOJAHOZ enable X disable € 4 UTHTWICONS
TXIACKHIE), 284} 3 dlo]lE dlolH A% 28 4537 $3) SCLe ofF WA oA 9
ACK "7} & Q3jt},

Clock to Output
—— e
Data Output by — : -- ! !
Transmitter ; \ : / X X
Data Output by
Receiver
SCL from 1 2
Master Start
Ve :
Condition Clock Pulse for
Acknowledgement

Figure 11-4 Acknowledgement of TWI

11.4 READ-WRITE OPERATION

2b oA HolH dE Fof TWI-bus IHFH o]~ HolH FZH #HX[2Hol b
| 7]thelof gtrt. dloly 2ol wj7hA] SCL 2Rl Low® FA1E A o]
tlolg FZE @A AE 2Aoxa YA SCLL release ®Uh &, TWI
T interrupt® 233t} CPUE interrupt 83 S 8 Ho| AQZE b

F2 B2 medA dHolHE A% o, TWI busy dataZ ¢lo] 2wl 74 7|g€dd,
FAE dolE7t ¢lo] 2 o] 744 SCLES LOWE A dt}h. New dataZ} &Aoo tpS-of
SCLE release @Y. TWIi= HlolEE 4218 3 interrupt® ¥ASIAL, interrupt requestE
Wwe CPUE dataZs e1oi 7]’14
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11.5 BUS ARBITRATION PROCEDURES

T+ 719 master’} BusE Ao g= ZAS WA gt SDAE HIGH levelZ2 WH W master”}t
T }E master7} WEA LOW level?] SDAE <1251, Bus7F 2412 Alojd o] oy 7] w

R

o datad$S SHA| E3

Devicel®} Device2¥ EAle]l master mode & & sl= 7490 SCL #}<loA LA =
99 RS B vy go] 7|87t o] Fof X,

) start counting
wait state HIGH period

CLK1 —————— \
CLK?2 counter reset \
\ | W N

SCL

Figure 11-5 Bus arbitration 1 of TWI

shol| A SDA #Felell YEb+= data #toll Wl Devicel®l Device2 = 3ty7F AHE

P

rr fo
oz

ol ot

masterl loses Arbitration
DATAL # SDA

LA TN /o

\
R A A N/ VA NV A

Figure 11-6 Bus arbitration 2

DATAL —
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11.6 ABORT CONDITIONS (arbitration O] 23X g2 A

1. azEgolqon AEE #x29 MSTR WES 220 A7W  stop 20|
e,

2. NO ACK #Asto] stop x71o] HAstt, = ACK +3tollA] SDA 21&7}F “Low”7}
ohwl wr A Fe),

Arbitration ¥l & AofHE 4 AF MSTR HEL ZE|o gk oo &gk ~&F
Z71L& HAEA e Aw A 8 DAL 3 vlo|E A 2714 dEa HolH

299l SDA¥ HIGH AFej7b €t}

11.7 Operational Flow Diagrams

11.7.1 TWIl initialization

TWI= WA 271847} o] Fo] A of Fhtt.

)

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 /Recei

ve

C

BEGIN ><7

BUS Busy Yes

No

Write TIW Header
in TWIDR

y

Set MSTA in
TWICONR to
CGenerate 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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BEGIN

BUS Busy Yes

No

Write TIW Header

in TWIDR

v

Set MSTA in
TWICONR to
Generate Start

|

Transfer
Complete?

Read Datato TWIDR

|2

Transfer
Complete?

No

Last Word -17?

Set TXAK in
TWICCONR to
Turn of ACK

v

Read data from
TWIDR

l
<

Transfer
Complete?

Negate MSTA in
TWICONR to
Generate STOP

END

Advanced Digital Chips, Inc.

Figure 11-9 Master Receive Flow Char
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11.7.3 Slave Mode

Addressed as
Salve?

Check TWISRW in
TWISTR

v

Read / Write Data in
TWIIDR

Transfer
Complete?

Yes

Bus Busy ?

oo )

Figure 11-10 Slave Mode Flow Char

11.7.4 Baud-Rate Reference Table

TWIBR1
fb“S TWIBRO 400Kbps | 300Kbps | 200Kbps | 100Kbps
30Mhz 24(18h) | 22(16h) | 35(23h) | 60(3Ch) | 135(87h)
24Mhz 20(14h) | 17(11h) | 27(1Bh) | 47(2Fh) | 107(6Bh)
12Mhz 12(0Ch) 6(06h) 11(0Bh) | 21(15h) 51(33h)
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11.8

TWI Control Registers

TWI Control Register (TWICON)
Address : 0x0300_0800

Bit

R/IW

Description

Default Value

31:

8

R

Reserved.

7

RW

TWIEN : TWI Controller Enable.

This bit must be set before any other control
regiser bits have any effect

O : Resets and disables the TWI

1 : Enables the TWI

0

Reserved.

RW

TWIMOD : Master/Slave Mode Select.

When the uC changes this bit from “0” to <17,
the TWI controller generates a START condition
in Master mode.

When this bit is cleared, a STOP condition is
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.

RW

TWITR : Transmit/Receive Mode Select.

This bit selects the ~direction of Master
transfers. Available only in master device.

O : Master Receive

1 : Master Transmit

RW

TWIACK : Transmit Acknowledge Enable.

This bit 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.

RW

RPTST : Repeated Start.

Writing a “1” to this bit generates a repeated
START condition on the bus if the TWI controller
is the current bus Master. This bit is always read
as “0”

R/W

TXINTE : Transfer complete Interrupt enable bit
O : Interrupt Disable
1 : Interrupt Enable

R/W

LOSTINTE : Lost arbitration Interrupt enable bit
O : Interrupt Enable
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1 : Master® s2 Al, A% AgS ¢jow <HH
E tﬂ—/ng.
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TWI Status Register (TWISTAT)
Address : 0x0300_0804h

Bit

R/IW

Description

Default Value

1:10

R

Reserved.

9

RW

TX EMPTY. &40 W3] AeHE dvedt. 0¢ o,
A3l= o= erte?fL =1
0: &A1 wzo xd dlolg7t &
1: F41 B3 7F v &

RW

RX FULL. 541 W3 o] AElE yehiv, 14 o, <
%koi Write® 4= dt}.
O: T4 w7} Hhm
1: 4 BHol glojzd dloE7t &

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.
O : 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.

O : Indicates Master writing to Slave
1 : Indicates Master reading from Slave

Reserved.

RW

TWIRPT : Repeated start flag
Repeated start condition®] ZA3}H =% Felst=
flag bit. Repeated start condition®] “L‘ﬁé}”ﬂ sety]
1 stop condition®] T A, set® AEjo A o]
bitell 14 writed}'d clear®lth
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O : 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/IW Description Default Value
31:8 R Reserved. -
7:0 RW | TWI data 00h

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

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

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

Bit R/IW Description Default Value
31:9 R Reserved. -
8:0 RW Baud Rate 1 Value. TWIBR1 = 0 OFFh

TWIBRO = f x700ns +3

system _ clock

fsystem _ clock

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

TG4719] UART+ RS-232C Slg#Ho] £ 7]5& HAgh Azl PC % 1/0 device9t 2
g "7 BAS 93k gkdt Alor)sS 7HF 4 A'd UART(Universal Asynchronous
Receiver/ Transmitter) Controller 7} W= o] o},

UART Features

- Compatible with standard 16450/16550 UARTSs

- 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

——

N9
E
L
E
C
T

Transmitter
Holding
Register

Transmitter
FIFO

Receiver
Buffer
Register

Receiver
FIFO

Receiver
Shift
Register

A

Serial
Input

HoECE W,

\4

Serial

Transmitter
Shift
Register

FIFO
Control
Register

System Bus

Line
Control
Register

Line
(————) Status

Register

Interrupt
Enable
Register

Interrupt
ID
Register

S

Divisor
) Latch(is,LS)

Baud
Generator

Output
—

Interrupt
Control
Logic

UART
Interrupt

Figure 12-1 UART Block Diagram
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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 IIR FCR LCR LSR DLL DLM
R R/W R/W R R/W R/W R R/W R/W
0 Data Bit 0 Data Bit 0 Enable “0”if FIFO Word Data Bit0 Bit 0
Received Interrupt Enable Length Ready
Data Pending Select
Available Bit 0
Interrupt
1 Data Bit 1 Data Bit 1 Enable Interrupt RCVR Word Overrun Bit1 Bit 1
Transmitter ID Bit 0 FIFO Length Error
Holding Reset Select
Register Bit 1
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 Bit 3 Bit 3
ID Bit 2 Enable Error
4 Data Bit 4 Data Bit 4 0 0 Reserved Even Break Bit4 Bit 4
Parity Interrupt
Select
5 Data Bit 5 Data Bit 5 0 0 Reserved Stick Transmitter Bit5 Bit 5
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 Error in Bit 7 Bit 7
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 X9 & 34dS 93l Reserved = Ut
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12.1 Serial Data Format

TGA4712] UARTO| A= ULCRn[4:0] HIE<¢] H XA 2=FH g o= UART 541 Serial Data Format®l
3 WMol 7hsdltl thg #FE ULCRN[4:0] bite] Register AR o7 W7 7153 dHolg] =9
of tfgk drgolrt,

ULCRN[4:0] Description
: Al EHIE :[ﬂOIE‘IHIE:GlOIHHIE:E{IOIE{HI%:HIOIE{HIE:GIOIEIH!E:[ﬂOIE{HIE:HIOIE{BI%: AHXHE :
00010 | | [ | | | | | | |
No Parity / I I T T T T T T I T
1 Stop bit / 0 DO | DI | D2 | D3 | D4 |, D5 | D6 q
7 Data bit
| [ | | | [ | | | [
| | | | | | | | | |
| | | | | | | | | |
: Al ZHHIE :E‘||0|E|H|§:BIOlE‘BIg:[ﬁmHHlE:C‘llOlEﬂ:‘lE:HlOIE{HlE:HlOlEﬁHI%:E{IOIE{HIE:HlOlE{UIE: HIBIE ll
00011 | | | | | | | | | | |
No Parity / I I T T T T T T T I T
1 Stop bit / 0 DO |, DI | D2 | D3 | D4 | D5 |, D6 | D7 1
8 Data bit [ [ | | I | | [ | [ I
| | | I | | | 1 | | I
| | | | | | | | | | |
: Al EHIE :E1I0|8H|§:BIOIE{HI%:HIOlE{HIE:GIOIE{HIE:GIOIE{HIE:HIOIHHIE:EIIOIE{HIE: HIHE : HXHIE :
00110 | l | | | | | | | | |
No Parity / | | T T T T T T I T T
2 Stop bit/ 0 DO, DI | D2 | D3 | D4 |, D5 | D6 St ! SThe :
7 Data bit | l | | | I 1 | y ¥ g 1y
| | | | | | | | | | |
| | [ [ | [ [ [ [ | |
: AZHIE :HIOlHHIE:EIOIEIHIE:EﬂO[E{HIE:HlolEH‘JlE:EilOIEIHlE:HIOlEIHIE:GIOIE{HIE:GlOIE{HlE: HIHE : HIHIE :
00111 | | | | | | | | | | | |
No Parity / | | T T T T T T T | T T
2 Stop bit / o Koo | ot | p2] o3 | s | ps | o6 | o7 Y5 ST
8 Data bit
[ | | | | | | | | | | |
| | I T | | | I T | | |
[ | | [ | [ [ | | | | |
: Al EHIE :HIOIE—!HIE:BIOIHHI%:EﬂO(E(HIE:wOIE'IHIE:HIOIHHIE:HIOIHHI§:E{IOIHHIE:MElEjHIE: HIBIE :
11010 | | | I I | | I I I |
Even Parity / I I T T T T T T | I T
1 Stop bit / 0 Do | bt | D2 | D3 | D4 | D5 | D6 E;’:t'; 1
7 Data bit | [ | I | | I I I I |
| I | | [ 1 | | I | |
| | | | | | | | | | |
: Al EHIE :*HOIEH:!IE:GlOIHUIE:[ﬂOIE{HIE:HIOIE{UIE:EﬂoiE{HlE:HIOlHHlE:UIOlE{Ul%:[ﬂOlE{Bl%:IIHEIEIUl%: HXHIE :
11011 l i I | l I l L l | I
Even Parity / I I T T T T T | | I | T
1 Stop bit / 0 DO | DI | D2 | D3 |, D4 |, D5 |, D6 , D7 E::t'; 1
8 Data bit | | | | | | | | | | | |
| | | T | [ | T T | | |
[ | | | | [ | | | | | |
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AEHIE HOEHHE  GOEHHE HIOIHH E HIOHE E HIOIHHIE HIOIHB E GIOIEHHIE IH2IEIHIE |, BAHE HIHE
l jEoIEtE [doleibie . jeoieie l } l | anse |
| | q| ” | T | | | |
e 11;10_t } | | | | | | | i | |
ven Parity | | T T T T T T T T
2 Stop bit / _\ 0 /< o | bt | p2 | D3 | D4 | D5 | D ><F',E:ﬁty S, | e
7 Data bit I [ I | I I I | [ I
| | [ | | [ | [ | |
| | | | | | | | |

I I | | I I | I I I | I I
| MEHIE IHIOIHHI§|G|01515|§IL{IOIHtiIElHIOIHBIéIHIOIE{HI§|E{IOIHHIEIHIOIHHIE'HIOIHBIE|IIMEIEJHI§I HXHE | HUHE |

11111 | | | | | | | | |
Even Parity / [ | T T T T T T T
2 Stop bit / o Do | DI | D2 D3 | D4 D5 | D6
8 Data bit | | | | | | | | l
| | | | | | | | |
| | [ [ | | | | [
: Al EHBIE :EﬂOlE{HlE:GlOlHﬂIE:EﬂOIHHlE:UIOIE‘lHIE:EﬂOIEiHIE:HlOlE{HlE:C‘HOIEIHlE:JlﬂEIEIHlE{ HIHBIE :
01010 i 1.7t 1 1% T 1 L
Odd Parity/ I I T T T T T T I I T
1 Stop bit / 0 po ! p1 ! b2 ! p3 ! pa ! bs ! De '
: I | | | I | I
7 Data bit [ | I | | | [ | Pa"ty [
| | T | | [ [ | 1
| | I | | | I | |
: Al EHIE :E1IO|HH|E:BIOIE1ﬁIE:EﬂOIEH:“E:HIOIHHlE:EilOIEiHIE:HmlEiHIE:BIOIE{NIE:HIOIEIHlE:HNEIEIHI ,: AHXHE :
01011 | | | | | | | | I |
Odd Parity/ I [ T T T T T T T T
1 Stop bit / 0 DO | DI | D2 ;| D3 , D4 | D5 | D6 | D Poa:'.(:y :
8 Data bit [ [ | | | | | ! | | |
| | | T | | 1 | | | I
[ | [ | [ | | [ [ [ |
: Al ZHIE :HIOlE‘(HlE:GlolE{UIE:EﬂOlE‘iHlE:HlOlHUIE:HlOIE‘HlE:HIOIE‘lHlE:GlOlE{HlE:ﬂHPJElHIE: HIHE : HXHIE
01110 ] ; i |
|

D1 D2

1

I

2 e e ]

! I I I I I

Odd Parity/ I | T T I I | |
2 StOp bit / 0 DO D3 : D4 : D5 : Parlt STb1 : S1;b2 :
7 Data bit . | | | | i | |
T T T I I

I I I I I

I I | | | I I I | | | I
| NRUIE | CIOIE{HIE | GIOIEHIE BIOIEHIE | HOIEHIE GIOIEHIE HIOEHIE mmamelcﬂmamelmialameI HAHIE | ANHIE |

01111 | | | | | | | | |
Odd Parity/ | | T T T T T T T
2 Stop bit / 0 DO, DI | D2 | D3 | D4 : D5 | D6 |
8 Data bit | | | | | | | | |

| | T T ] T T T T
| | | | | | | | |

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}g] 2o = AL bech
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
w0x ERR 0] 2.2% o] Ao A= UART 549 QtAAS By wks 4= glr).
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12.3

UART Control Registers

UART Receiver Buffer Registers ( UXRB )
Address : 0x0300_0900h / 0x0300_0920h / 0x0300_0980h / 0x0300_09A0h

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

*xx DL AB7} «“0” 4 w] Access 7} &t}

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

Bit RIW Description Default Value
31:8 W Reserved. -
7:0 W Transmit Holding Data -

***DLAB7} “0” o Access 7}5 sttt

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

*xk DLAB7]‘ «“0”

Advanced Digital Chips, Inc.
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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 (1byte 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” o ¥+ Read Mode= Access 7}5 3ttt

Table 12-3 UART Interrupt Control Function

Interrupt

Identification Register LS Interrupt Interrupt Source Interrupt Reset
Bit3 | Bit2 | Bitl | Bit0 | Level Type Condition
0 0 - None None -
1 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 1IR Register
Holding Register Empty (if source of interrupt) or
Register Empty Writing into the Transmitter
Holding Register

Advanced Digital Chips, Inc.
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UART Channel FIFO Control Register ( UXFC)
Address : 0x0300_0908h / 0x0300_0928h / 0x0300_0988h / 0x0300_09A8h

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} <17 & w], XMITFIFO W¢] ®E do]E =
Reset ¥t} 12|} Shift Register ] 2] o] ¥+ Reset
A gt
1 RW RFR : RCVR FIFO Reset 0
RFR7} «1” ¢ uj, RCVRFIFO W& R E Hlo|E &
Reset ¥ T}, 22|} Shift Register W] 2] o] ¥ = Reset
5% k=t
0 RW FIFOEN : FIFO Enable Bit 0
0: 16450 UART Mode 1: Enables FIFO

7F “0” ¥ ™= Write Mode ©| 3L, 7F “1” &€ W= Read Mode ©|Tt.
*** DLAB7} “0” ¥ wj= Write Mode ©]3Z, DLAB7} “1” ¢ uw]= Read Mode °]t}

UART Channel Line Control Register (UxLC)

Address : 0x0300_090Ch / 0x0300_092Ch / 0x0300_098Ch / 0x0300_09ACh

Bit R/IW 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 Register2] Read”} 7} 3}t}.
6 RW SB : Set Break 0
SB7} «1” ¢ o, Serial Data Outputol] Logic “0”©]
Z# 9tk SBE W3 Transmitter Logicoll & ¢3S
] X 2] ¢Fom x| Serial Outputol] ¥+ & &S w] It}
5 RW | SP: Stick Parity 0
0 : Disables Stick Parity
1:PEN, EPS, SP7} “17Y o, Parity Bit 0
PEN, SP7} “17¢] 31, EPS7} “0” ¢ W, 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 bit
1 : 2 Stop bits(%F2F, WLS Bitel| 4] 5 Bits/Character&
el gl 1.5 Stop bits = zk=t})
1:0 RW | WLS : Word Length Select 00
00 : 5 Bits/Character 01 : 6 Bits/Character
10 : 7 Bits/Character 11 : 8 Bits/Character
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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

18

R

Reserved.

7

R

EIRF : Error in Receiver at FIFO mode

FIFO 27} ol A$ EIRFE &4k «pro| Tt} FIFO
R oA EIRFE Receiver FIFO o4 OERR, PERR,
FERR, BINT & o] 3lulelx «170] A AH A, «170]
H} EIRFE 7HeF FIFO Wol] A&7l o 27}
o, LSR #A2HE S u Clear¥l T}

TEMP : Transmitter Empty

FIFO ==7} ol 79 TEMTE Transmitter Holding
Register (THR)$} Transmitter Shift Register(TSR)©] =5
Emptyd ©f «170] ®t} THR %= TSRel dHlo]E]7}
o™ Cleardt} FIFO = oA &=, TEMT+=
Transmitter FIFOS} TSRe] &5 Empty “170]
.

THRE : Transmitter Holding Register Empty

FIFO 2=7} o}d 7§ THRE:= THRE Hlo]E 7}
TSRZ A% o] Empty7} HRAS o “170] =,
THRO dEFS 9% =F HeolHE & + AUrh
FIFO EZ=o] A= Transmit FIFOZ} Empty¥

THREZ} “170] %, Hol% 3}1}2] Bytedl= Transmit
FIFO© #=*]™ Clear¥ t}.

BINT : Break Interrupt

s A= = delE 7t Full-word W E AlZE
“0°d W Bl= “17°] At} Full-word A% A|ZF
Start, Data, Parity 28] 3L Stop H|E AES €13 AA)
A|ZHS ol gk} FIFO 2= A o] o 2]& FIFO
o] Z}zke] Byteol A& ™, BI7F IS o
FIFOolli= “07o] Xt} CPUZ} LSRS 2lo] & uj
Clear ¥t}

o

RS

rlo ol

FERR: Framing Error

FE= FAlE = 49 dole 7t a3 Stop HIEE
THAIAl @9kE Wl “170] ®TE FIFO E=o A o]
o &= FIFO W9 7}7}9] Byteol 484t} CPUZL
LSRS ¢lo] & u Clear ¥t}

PERR : Parity Error

PE= FAlE = 4 HlolE 7 LCR Bl A =H el o3|
AE g Parity H{E9} 24 58 w “17¢] Ft} FIFO
REoA o] 2= FIFO We] ZHzhe] Byteol
&8t} CPUZF LSRS 9o & u Clear H T}

OERR : Overrun Error

OERR< FIFO ®=7} obd Z$-, UxRB W<
delHE ¢o7b7] A o A= dlolH7F Ax 45
“17e] Ht}.

FIFO 2 =94+ FIFOZ} Full A Ejol A Receiver Shift
Register(RSR)ll A} &% Full-word7} £ $tS uj
“170] €t} o] H$ RSRS A 2¢ HlolH = A%
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ANE HAUF FIFOZ AEL A gt}
o] H{EX CPU7} UxLSS ¢} o Clear ¥t}
0 R DRDY : Data Ready 0

DRDY-S Z=41% ©lolE 7} RBR ¥+ FIFO| A&
] «170] @}, RBR FE FIFO Ule] =E dolg7}
CPU°l 93] 18 x S w Clear® t}.

UART Channel Divisor Latch LSB Register (UxDLL )
Address : 0x0300_0900h / 0x0300_0920h / 0x0300_0980nh / 0x0300_09A0h

Bit RIW Description Default Value
31:8 R Reserved. -
7:0 RW Divisor Latch Least Significant Byte 0x00

*** DLAB7} “1” 4 uwf Access 7} 3t}

UART Channel Divisor Latch MSB Register ( UxDLM )
Address : 0x0300_0904h / 0x0300_0924h / 0x0300_0984h / 0x0300_09A4h

Bit RIW Description Default Value
31:8 R Reserved. -
7:0 RW Divisor Latch Most Significant Byte 0x00

wrex DLABZF 17 4 W] Access 7Fs 3t}

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)

TG471& 1419 -8 DMAE WAttt DMAE A &8 Bl 2Ato] 91x]8ke] W Relek /0
Device =& W2g] o vrg] Alo]oA] 114 HolE HES A3},

DMA features :
-1 "2 DMA
- 32bits Source/Destination Address
- Source2t Destination ofl CHBF 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

DMACON |« > Control
Logic

Interrupt Source

I

1 DMACNT R
W e Transfer
<

% Counter
3 -

os]

c

7]

&7 DMASRC DMA Source Address [31:0]
i »
Register DMASRC
Counter
-
<¥ 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] 522 W AJ2~®l WAE Burst mode®Z F8}7] wiol DMA7} Enable %%
Y5 Al 2® Bl A FH o] DMARYE o] Fojx| a1, MCUAM &= Hsh# &=t} webq DMAZF
Enable ¥ DMA H%o] #4¢ w7} DMA7ZF A28 WHAS HAFst7] wio] A2 P
< DMA AFo] gkad o]Fof A 4 3l

Source Address®} Destination Address®l ™3t AAH & Z}Z} increase / decrease / fixing
o] vt Wos Akgd 4

13.1.2 Address mode

DMA®°l A}&38 Source Address®t Destination Addressell ™3k A|oj= Z+ZF increase /
decrease / fixing o] t}3et WHo = ALgE 4 Q)

13.1.3 Reloading mode

DMA Source Address, DMA Destination Address, 22|31 DMA Transfer Counter °&
MCU7}F A AFgste dxX =gt dFo] Aad o yEHoz Aojse= 742k Counter

7} &A@

DMA Source/Destination Address Register reload enable bits= DMA”Z} Enable 2 wj W5
Counter’} AREE  Z7|ge® WX Counter IS A AbgE AR T
Source/Destination Register &€ T}A] Hkol5 A AJNAE AA 3},

ot

DMA Transfer Counter Register reload enable bitx= DMA7Z} Enable & ] W% Counter
7} AMgE 271ge 2 WE Counter #H= A% AFEE AQX] HEi= Transfer counter
Register= & thA] wrol5d ARIAE A4 g}

Reloading mode: “ A< DMA

2 Al Source/Destination Address Register 9}
Transfer Counter RegisterE® A AAd Qg

il
dagle]l A o = doE AT

13.1.4 Data Transfer Width 2} Transfer Counter

DMA®] Data Transfer Widtht DMA7Z} 3stdHe] A%EE dolg e aA7|E 9wtz DMA
Transfer Counter= Hlo|EH 2 X345 YEldT

dZ E£9] Data Transfer Width”7} 8bite]al Transfer Counter 7} 10°]™ 10bytes®] d|9]
B 7} A% %32, Data Transfer Width7} 32bit ©]2 Transfer Counter 7} 10¢9]% 40bytes]
HolH 7 dEE o
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13.1.5 Software Enable DMA and Hard-wire Enable DMA

DMA Control #A]2=¥]2] DMA Enable bitE %3 DMAZE Enable s} "W]o] Software
Enable DMA®©°]t}. Hard-wire Enable DMA+ DMA Request Source Select A AHE E3|
Request Sourceol|A] JIEHEZ} @A off, JAHYHEE &3 dFo] obd DMAR HFshe=
w2l o] o,

Hard-wire Enable DMAZ A}-8& wj:= DMA Request Source® A3 #X7} DMAS} ¢1H
HE oA ALE3HA] FEF F97F Qs

whek 271X o]l DMA Request SourceE AM&E Z$-ol= DMA Source/Destination
Address # A 2B 9} DMA Transfer Counter #|A|AEHE AATE Alfdo| A A AL dar}

0]
PR
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13.2

DMA Control Registers

DMA Control Register (DMACON)
Address : 0x0300_0DO0O0Oh

Bit

V44

Description

Default Value

31:11

R

Reserved.

10

RW

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

1

RW

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

0

RW

DMA Source/Destination Address Register reload
enable bit

O : 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
O : Disable 1 : Software DMA Enable
DMA7} &29W A% 2 0% Disabled T}
Software DMA Enable bit7} “072  Abejol A
DREQ_SELel|l 9J& A=ge QIHHEZL dAsd
Hardwire DMAZ} 23 =t}

Advanced Digital Chips, Inc.

CONFIDENTIAL

109




TG471 PRELIMINARY Ver 1.03

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 RW 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 OCRZB 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 OCRZA 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 Ch1l 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

#xx DMA Request Sourced S k72| vt A&l slojok it}
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14 12S witTH ADPCM

E=
(<

ftlo

TGA4719] WAE 12S with ADPCM2 £]5-2] 12S ICE %53 audio 4&38 3% W DAC
3l audio =3, ADCE %3} audio ¥#Ho] 7}ttt

ADPCM Engine< 16-bit PCMS 4-bit ADPCM2 2 2] Encoding® %% 4-bit ADPCM<S
16-bit PCM 2.2 2] DecodingS #Q3%Ht}.

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.

I2S Block Diagram

< System Bus >
ADPCM
Engine

ADC 12S DAC
Controller Controller Controller

B -

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 | 2.8224 | 4.0960 | 5.6448 | 8.1920 | 11.2896 | 12.2880 | 16.3840 | 22.5702 | 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 | 81920 | 11.2896 | 16.3840 | 22.6792 | 24.5760 | 32.7680 | 45.1584 | 49.1520

o) 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 (I2SCON )
Address : 0x0300_0OEOOh
Bit RW Description Default Value
31:6 R Reserved -
5 RW Transmit interrupt active 0
O : Disable
1 : Enable
4 RW Receive interrupt active 0
O : Disable
1 : Enable
3 RW Transmit pause active 0
O : Disable
1 : Enable
2 R Reserved -
1 RW Receive ADC active 0
0 : Disable ( Default I2S or MSB format )
1 : Enable
0 RW I12S Enable 0
0 : Disable ( Stop )
1 : Enable ( Start )

wk% Transmit / Receive interrupt mode — FIFO9) half level Interrupt / Request signalE &4

RN

wx% Transmit pause active — Transmit S2HS ZHA] W3t}

xxx Receive ADC active — €] ADCOA] dataZs W& wj ALgHT},

wix [2S Enable — 125¢] & 2tol] Z 23 LRCKet SCLKE 24

Advanced Digital Chips, Inc.

CONFIDENTIAL

114



TG471 PRELIMINARY Ver 1.03

I12S Mode Register (12SMOD )
Address : 0x0300_0E04h

Bit RW Description Default Value
31:14 R Reserved -
13 RW Byte-Swap 32-bit 0
O : Disable 1 : Enable
12 RW Byte-Swap 16-bit 0
O : 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

s Byte—-Swap — 12S data®] 32-bit / 16-bit Byte-Swap< & u] Al-&¥t}.

xxx Active level of left / right channel — Left / Right channel®] high$} lowS 2AA 3t}

w#% Transfer transmit / receive mode — 12S9] FZ oA transmite ZA QA received A <14
AARseE, wkok ZF7Eo] transferE offdtd s FIFOE AE O E cleardth.

##% Quantization mode — Transmit / Receive data®] quantizations 27 -},

##% Stereo mode — Transmit / Receive data®] mono®} stereoES A A3t}

w#% Serial interface format / Master clock frequency / Serial bit clock frequency — 1259]
CODEC clock¥ LRCK, SCLKE 2 A3t}
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I12S Prescaler Register (12SPRE))
Address : 0x0300_0OEO8h

Bit RW 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 : 0 ~ 15 ( Division factor is N+ 1)

#xx Master clock — CODEC clock<s ®AA7]17] 93] source clocks A& gk},
#xx Prescaler — Source clocks system bus clock®. 2 A8 3-E 749 prescalerd] #o= 9
3+ CODEC clocks #AA 71t} External clocks A¥3S A$= o] AA kL reserved

e},

I12S Status Register ([2SSTAT )
Address : 0x0300_0OEOCh

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’,
O : Right 1: Left
19 R Transmit FIFO half level -

When transfer is transmit,
O : 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 : O ~ 8
7:0 R Receive FIFO data count -

Data count value : 0 ~ 8

#xx Left / Right channel index — @4 3% 2+ LRCK?] channelE YERdT]

Advanced Digital Chips, Inc. CONFIDENTIAL 116




TG471 PRELIMINARY Ver 1.03
I12S Data Register ( I2SDATA )
Address : 0x0300_0E10h
Bit RW Description Default Value
31:0 RW 12S Data 0
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15 USB DEeVICE

TG471 o W&¥ USB Devicex 2.0 Full-speed(12Mbps)Z A Y3k, 5719 endpoint o &
TAdEe]

Stedoljdor USB ZTREFHS A YstH, 2542 data retry, data toggle 133l power
management 7] (suspend$} resume)s A Ystoh, UFo PHY 3} 23 5o 3

USB Device Feature
- USB 2.0 Full Speed(12Mbps)
-5 71¢ Endpoint A
- st=gojdo® USB ZR2EF A9
- 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
USBHBEN 0x03000F20 R Frame number? register 0x00
USBIND 0x03000F24 R/W | Index register 0x00
USBMP 0x03000F 28 R/W | MAXP register 0x00
USBEPOC 0x03000F2C | R/W | EPO control register 0x00
USBIC1 0x03000F2C | R/W | EP2, 4 IN Control registerl 0x00
USBIC2 0x03000F 30 R/W | EP2, 4 IN Control register?2 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 #HA|=Eol= &2Ed o] d9d® USB tule]2 F47F %€ MCUE

SET_ADDRESS Descript 35 3 22 38 o] dlA=Hd AFs). o] 3t v B
of A ALg-¥ T},

15.3 USB Power Management Register

Power Management #@ %] Z~E+ Suspend, Resume 133l reset A& 23] AL-&% T}
Suspend®} Reset AE]E USB_INTERRUPT Registerol] #Z# )

15.4 USB Interrupt Registers

USB Host9 £ % Ae)¢} 7} Endpoint ¢ 2FEje} <ha]F=t},

15.5 USB Interrupt Enable Registers

7z} Endpointe] QAEHEZE Enable dtt}. tiF£9] QAEHHUEE %7]%t°] Enable’dejo]},
Suspend ¢1E]# E+ Disable ©]t}.

15.6 Frame Number Registers

Frame Packet®] #9|A frame I E A %3t}

15.7 Index Register

olel A~ # A 2~EE 2+ endpointel sl AEE A AHE HA9e o ALg3ic}.

15.8 MAXP Register

8byte W4 ©@IE ALEE FIFO A71E 4% vk 18y 7} Endpoint oA A&t
= Hu FIFO Alel=rT} A= AA 3 & gk
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15.9 EPO Control Register

Endpoint 098] Aloj¢} AFei& et

15.10 IN Control Registers

IN Endpoint®] AJoje} el S vpepditt,

15.11 Out Control Registers

Out Endpoint®] A9} HEHE YEFAT

15.12 Out Write Count Registers

F M9 #EA2HZ o]FoJ 4 write count #= 7FA Bk OUT endpointe]l A OPOPR H|E 7}

set FH, o] #A2E o= MCU®| & 747k packetd 5 7} a gt}

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_0F00Oh

Bit

R/IW

MCU

USB

Description

Default
Value

31:

8

Reserved

7

R/W

R/
Clear

ADDUP : ADDR_UPDATE bit.

Function 47} ddo]E HH MCU 7} o] HEEZ 12
A3t} Endpoint 0 CSRE DATA_END H|EE clear
of o & & Ae Ao AEF9 status TA o] F
FUNCTION_ADDR §-#-& A}-g&Ft},

R/W

FUNADD : FUNCTION_ADDR bit.

MCU7} 45 o 7)o write $Hc}.

USB Power Management Register (USBPM)
Address : 0x0300_0F04h

Bit

RIW

MCU

USB

Description

Default
Value

31:

4

Reserved

3

R

Set

UBRST : USB_RESET bit.

TAERZYE Reset 4152 wow USB7} o] HIEE A
A=

Reset A&7} W &AA A AFAFHE 3 0] HEE set
AHE A S

W/R

UBRSUM : USB_RESUME bit.

Resume A &5 %7]3} 3171 Y&l MCU7F 10ms ( ] of
156ms)&<t ©] HIEES AAgtt.  Suspend EEC]A o
H E7} AA o] 9l &9 USB 7F Resume 215 ¥

B,

R/W

UBSPDMOD : SUSPEND_MODE bit.
Suspend2 =2 Eo7HA W USB 7} o] HIEE AF
El3=
o Z=3 93) clear 7} Ht}.

-Resume e = ‘7] 28l A MCU7}
MUC_RESUME &

clear 3= 4%

-USB_RESUME <¢IEHHE ¥4y wl MCU7} SIHHE
YA~ 3

< YA HE F S

R/W

UBENSPD : ENABLE_SUSPEND bit

= 1 Enable Suspend mode

= 0 Disable Suspend mode (Default)

o] H|E7Z} zero ©]WH, tjvlo]A~= suspend BRE AHE|E
S0l 714 gt
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USB Endpoint Interrupt Register (USBEPI)
Address : 0x0300_0F08h

. RIW L
Bit MCU | USB Description

Default
Value

31:5 Reserved

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

Clear o] H|EX endpointd Q1E|HE =},

(USBIC1R, USBIC2R 9] bit zFa1)

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

- FIFO7} flush HAS& u

- ICSTSTAL(In Control 1 Sent Stall bit) H|E7} set %!
< 75

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

Clear o] H{E*= endpoint3 SIE|HEJ sHEr},

(USBOCI1R, USBOC2R 9] bit #11)

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

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

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

Clear o] H{Ex endpoint2 JAHHE s}

(USBIC1R, USBIC2R 9] bit zFa1)

- ICIPR(In Control 1 In Packet Ready bit) H|E7} clear
=

- " FIFO7} flush #%& o

- ICSTSTAL(In Control 1 Sent Stall bit) H|E7} set )
< 7459

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

Clear o] ] EX endpointl SIEHE 3|FHct

(USBOCI1R, USBOC2R 9] bit #a1)

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

- OCSTSTAL(Out Control 1 Sent Stall bit ) HEE set
o of

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

Clear o] H|E+= endpoint0 SIEHE s|H T},

(USBEPOCR 9] bit 1)

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)

Ol o
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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 ResetAl 37} & =™ USB7} o] HIEE set 3},
1 R/ Set | RSUMINT : Resume Interrupt bit. 0
Clear Suspend == AFEfoll 4]  Resumedl &E wFo™ USB7} o]
H E S setdlt}. USB Resetol] ©]3F Resume ©]™, Resume
AEHES o] Mcudd WA JAHHEZ A4y o
@ Clocke] thA] F2bslar SE0 AFEl7} 3ms H<F A4 5
M, USB Reset Q1E H E7} WHAIgTY
0 R/ Set | SPDINT : Suspend Interrupt bit 0
Clear Suspend 21 &5 FA151H USB+ ©] H|EE set d+u}.
W 2ol Al 3ms EQF ofFRl F o] o] FojX[R] gFowH
o] HIE+= set ¥t} 184 MCUZ} A WA suspend <1E
HE o]|F o) Clockgs HFA o, USB B At A o}
Tl sFo] olFA g+ sk v} 3ms wit} QIHFHEZ}
Al A sk
UZER o] AEFHEL= disable ©|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 EP2INTEN : Endpoint 2 Interrupt enable bit 1

1 R/W EPI1INTEN : 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/IW Description Default Value
31:3 R Reserved

2 R/W RSTINTEN : USB RESET Interrupt enable bit 1

1 R Reserved

0 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 RIW 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/W 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] Y&l 1= write 3t
=

6 Clear EPOOPRC : EPO Out Packet Ready Clear bit. 0
MCUX EPOOPR H|EZE cleardl”] 9j&] o] H|EJ 1=
write 3HC}

5 Set | Clear | EPOSDSTAL : EPO Send Stall bit. 0
MCUE 229 tokeno] kil ¢14] %™, EPOOPR HIEZ
cleare} EAlo] o] H|EE set 3t} USB+ STALL
handshakeE & A ZAEE o] TAAZIE. MCU=
STALL &85 EW7] 1 0& write g}

4 R Set | EPOSTED : EPO Setup End bit. ©] B|EE ¢]7] #-&o] 0

=3
EPODED H]E7} set¥]”7] Ao AEE AFo] %S o
USB 7} ©] H|EE setdtt}. USB7) ©] HIEE set &
o MCUe°l| QIHHEZL dadst), o]zt AFsto] oA
S o USBE= FIFOE flushdlil MCUS FIFO H<
a3t stoh. MCULl FIFO F<to] Fast 2 u o]
E*X clear ®©1th

3 Set/R | Clear | EPODED : EPO Data End bit. 0
MCUL: thg3t 72 AdtoA o] HE setdtt}:

- "upAE dlelE #ZE 7tA2 $ EPOOPR HIEE
clear & o
- Zero length data -%FollA] EPOOPR H|EE clear 3}l
EPOIPR H|E
= set oF uf
- MCUZ} FIFO] tigt si%l tdlo]HE loaddt o
EPOIPR HEE
set$t3} Ao o] W]E(EPODED) £ set -t}
2 Clear | Set | EPOSTSTAL : Sent Stall bit. 0

/R IZ2EE QHFE AEE transactiono] 1A USB7} 9]
HE set stt}h o] H]EZ} set H™ ClEHEY WA
c}.

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

MCUE endpoint 0 FIFOOl dHo]El 3|71 S write 3 3o
o] HIES set gt} dloly #jFlo] J¥Hor TAE
o] AgEH USB7} ©] HIES clear A]Z1t} USB7} ©]
HEZ clearr] 7] ClEHHEZF 2ASTE 284 MCU
= A& the dHolHE load & 4 A Hrk Zero
length data phaseol| 5] &= MCUE &A]9] ©] H]E(EPOIPR)
©} EPODED H|E & set T}

0 R Set | EPOOPR : EPO Out Packet Ready bit. 0
o] H|Ex ¢17] d&olt}. fadt tokeno] FIFOo| 2]

Advanced Digital Chips, Inc. CONFIDENTIAL 127




TG471 PRELIMINARY Ver 1.03

ZW USB7} o] H]EZE set 3t} USB7} set 3bd <lE
g E7} WSt MCUE  EPOOPRC HIEo| 12 write
gto M o] H|EE clear A 71T},
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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 MCUZ} o] H]Ed 1S writes}™ data toggle H|E7}
clear It} o] H|EE 227] Hgolt},
5 R/ Set ICSTSTAL : In Control 1 Sent Stall bit. 0
Clear MCU”} ICSDSTAL HIEZE set 37] wj&ol, IN token

o STALL handshakeS A %ltl o] wl USB 7} o] H]
EE set 3t}

USB 7} STALL handshakeE %A A]7]™ ICIPR H|E+&=
clear€lt}. MCU 7} 0& writegt 0. 24 o] H|EZE clear
A1t

4 R/W R ICSDSTAL : In Control 1 Send Stall bit. 0
MCU”} USB®ll STALL handshakeZS SFAIA|7]17] 93 o]
H Eo] 15 writedtt} STALL A5 EZ17] 9 MCcU
7} o] H|EE clear 3t}

3 R/Set | Clear | ICFFLU : In Control 1 FIFO Flush bit. 0
IN FIFOZ flushd}a2#} 38 MCU”} ©] HEZ set 3F
o}

FIFO7} flush7} =" USB © ¢J3f o] H]E:= clear ¥
ko oldd AFge] e MCUdl I HETZE -l
Tokeo] 3 Fo]gbH, USBE= FIFO7} flush = 7] e
Aol &= 4 m7bx] ZgEley wkekel] = se] w7
o] FIFO°l load¥ e} glow, 7bd A9le] A(E~ER
Hafje] 3L sk )W flusho] Sa1 o1 37l i 9l
ICIPR H]E7} clear ¥ T}

Reserved 0
1 R Set ICEFNE : In Control 1 FIFO Not Empty bit. 0
FIFOol Hoj& gk 7fo] dlolg #jZlo] AHS e W
=3
0:FIFO°l j7lo] gltt.
1:FIFOe°l #|Zlo] it}
0 Set /| Clear |ICIPR : In Control 1 In Packet Ready bit. 0

R FIFOol dlo]g wjz& 23 ¢ % MCUZF ©] HE
set 3t} TAER HolE 3 Aol AFHor
U USBE o] BH|EZE clear 3FU}.

o] H|EEZ USB 7} clear 3t QIEHHEY} WEAS} L,
MCUE th2 d71S 2= 8 4= QA " o] "HE
7} set Ho] 9 HotoE MCUE FIFOO] A7)E @
T itk

MCU®] <& ICSDSTAL HIE7} set HH, o] HE=
set @ 4= §lt}.

mi
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USB IN Control 2 Register (USBIC2)
Address : 0x0300_0F30h
Bit MCU R USB Description Default Value
31:8 R Reserved
7 R/W R ICASET : In Control 2 Auto Set bit. 0
o] H|EZ} set ¥]o] o™, MCUZF MAXPRHE
o] dolElE 227]E 3t A4S = ICIPR H
E7} set ¥t}
MAXPH[oJE] HT} A2 ©HolHE & A9+
MCU”} ICIPR H|EZE set sl#HoF 3hc}.
6 Reserved 0
5 R/W R ICMODIN : In Control 2 Mode In bit. 1
Endpoint®] 3ks TR aswEd £ QA
EER=3
1 =endpoint®] W& INOE MGt
0 = endpoint®] WS OUTS. = AT
4:0 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
MCUZ} o] H|Ee] 15 writes}¥, data toggle
sequence H] E7} DATAOZE reset # U}
6 Clear/ Set | OCSTSTAL : Out Control 1 Sent Stall bit. 0
R OUT token®] STALL handshake® <23 u] USB

7} o] H]E set gt} OUT Tokenoll Al MAXP o]
B 2o o B2 dolHE 2 49 USB7I host
o stall handshakeS A8 A] 71t}
MCU7} 0& writed}'d clear ® T}

5 W/R R OCSDSTAL : Out Control 1 Send Stall bit. 0
USBell STALL handshakeZE HAA7]7] &l
MCU7} ©] H]Eo] 12 write 3t} STALL A3}
< EUl7] 98 MCUZF o] HIEd 05 write $F
o}

4 R/W Clear | OCFFLU : Out Control 1 FIFO Flush bit. 0
MCU”} FIFOE flush3sl”] $3] 1& write s}

flushe Y371 93] 05 write $Ftl. OCOPR H]

7t setHo] & EFUT o] HET} set H 5

t}. MCU 7} 7FA % dlo]E 71 flush7 2

o]t}

3 R R/W | OCERR : QOut Control 1 Data Error bit 0
AEHre o]y o 2 (bit stuffing =+ CRC)

7L &S yEhdg. OCOPR HIEZE cleard o]

A=A o7 clear HUh

Y0 (m R

R R Reserved

1 R R/W | OCFFUL : Out Control 1 FIFO Full bit. 0
gool g ARG $4F 5 Aee e
0 : FIFO is not full.

1:FIFO is full.
0 R/ Set | OCOPR : Out Control 1 Out Packet Ready bit. 0
Clear FIFOo| d®lo]E =Zlo] load’} H™ USB 7} o]

HEE set 30k, MCUZE HF AAE ¢la o
W o] H|EX= MCU9 <93 clear HojoF 3o}
MCU”} 05 write S22 4 clear Ft}.
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USB OUT Control Register 2 (USBOC?2)
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|EZ} seto]™, MCUZ} OUT FIFQoA] Ho|HE
e W vtk AFEH o= USB coreoll €3 OCOPR
H|E7} clear ¥t}
6:0 Reserved 0

USB Low Byte Out Write Count Register (USBLOWC)
Address : 0x0300_0F40nh

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/IW 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 Ad WAsisith. 28y WF4de=z+= 3k /o] ADCE AFE-3)
of Aofsts] Wel 4 AU W AL§3ts] AHME ADC_SELES Ba AH§F ADC 92
Aejstolof g},

ADCE E3) W3ty x4 volgH = ADCS ADCDAT # A 2E <9} 1259 I2SDAT #A =
HE FAd Agddt. ADCE Alo]& o7 AL&3 wjo]= ADCDAT #A2EES ¢lo]x ¥y
dolElE AHEstal, S455S 93l ADCE AH8E 4 fdd= 12SDATE &3] ADPCM
Formatl & =3t}

ADC Features
- Resolution : 10 bit
- Differential Linearity Error : 1.0 LSB
- Integral Linearity Error . 2.0 LSB
- Signal to Noise rate : 56dB
- Maximum Conversion Rate : BOOKSPS(10 bit)

ADCE &2&A1#A Digital Datag 47] 918 ths @Al wel ADCE Alofstoiof kot
- 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 I\

ADC Data

A

A

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 0

Advanced Digital Chips, Inc.

CONFIDENTIAL

135



TG471 PRELIMINARY Ver 1.03

17 DAC

ADPCM S4&38 3} Aloj g #gs 12bit DACS W#3ith. DACO =
MCU9N A Aol glo]E e} ADPCMOA &85+ dlolHE Ager 4= 9t}

DAC Features
- Resolution . 12 bit
- Differential Linearity Error 4.0 LSB
- Integral Linearity Error : 1.0 LSB
- Maximum Conversion Rate . 2MHz

17.1 DAC Control Registers

DAC Control Register (DACCON)
Address : 0x0300_0CO0Oh

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

ISP+ “SPI Mode 0” ¥} “SPI Mode 3” o %%+ interface® 7}t ECLK 7]+ XIN
o] 8] o]Are] F7]E 7FAoF 3t (Tcss/Tesh/Tsck Period > 8 x XIN Period )

I |
:«Tcs = Tesi>
!

!

|

nECS 1

|
4% F*TSCW

ECLK
(Mode 0) | o
(Mode 3)

EDOUT

Figure 18-1 SPI Modes Supported

. Read
‘HHHHHIH) l‘lg!!!l'

Read
Enable

Read
Status

Program
Data

Figure 18-2 ISP Flow Chart
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18.1 ISP Command Set

Flash Command Set & T& W& ts 797F 2835t}
- Byte Programming¥ Auto Address Increment Programming < <=33}7] ¢|siA
+ Program Enable ©] HA Ad = ojok 3t}
- Sector Erase & F83}7] Y48+ Sector Erase Enable ©] ®# S8 x oo} 3lr},
- Block Erase & 4383}7] 9814+ Block Erase Enable ©] W*] $3& % oo} 3lr}.
- Flash Erase & 33}7] 984+ Flash Erase Enable o] HA 3% ojof 3t}
- Programming¥ Erase 7} €% Programming Disable¥} Erase Disable W #H &
F8ste] Flash Ul-go] o7]%] & F&ol| o9& MAE= A& WA sfofof i

Table 18-1 ISP Command Set

Bus cycle 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 cycle
Cycle Type / Sl |so| sl |so| sl |so sl |so|sl|so| sl |so
Operation
Read Data 03h Z A2 Z Al Z AO Z X X X DO
Sector Erase 20h Z A2 Z Al Z AO 7 = = = =
Programming 02h Z A2 Z Al Z AO Z DI Z - -
Auto Address
Increment AFh Z A2 Z Al Z AO Z DI Z = =
Programming
Read Enable 16h Z - - - - - - - - - -
Read Disable 14h Z = = = = = = = = = =
Sector Erase Enable | 28h Z = = = = = = = = = =
Erase Disable 24h Z = = = = = = = = = =
Programming
Enable sl R N R I I N R I R e
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]
D : Device Identification (0xAC)
ST . Status
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18.2 Device ldentification and Status Commands

Read ID Command& &3l TG471¢ A2} ISP Cableo] AHIE Qe 4 9lon
“OxAC”7} ¢lojA| ™ ISPe] ddZo] A o7 o]FofH S 2|3t}

ISP =2}FA] ISP Controller®] A} Read Status CommandE £3 <& 4 o)
Table 18-2 ISP Status Register
Bit R/W 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
0 : Programming disabled
1 : Programming enabled

4 R Reserved 0
3 R Reserved 0
2 R Sector Erase enable bit 0

0 : Sector erase disabled
1 : Sector erase enabled

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

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

—nECS Low- - -

Command (05h / 90h)

Command
EDIN ‘ ‘ Status / Device ID ‘
-nECS High- — -
EDOuT 90000000
End
MSB
Device Identification
Status

Figure 18-3 Read ID/Status Timing and Flow Chart
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nECS
Start
0
""" Mode 3-- le —nECS Low- — -
ECLK 1 —U_|_|_|_|_L|_|_|_M *
— Mode 0—— L Command (Xxh) 14h / 16h / 24h/ 26h /

27h /28h [/ 34h / 36h

«—Command—————  — > [ -nECS High- — -
A 4

EDIN End

Figure 18-4 ISP Status Setting Timing and Flow Chart

18.3 Data Read Command

Flashell A%¥ Data™ Read Data CommandE %3 ¢]ojA™, d<% Flashd9S A<
A= A2 F4AE A A vt Hio)

nECS

ommand T

EDIN 23

EDOUT

nECS

ECLK

EDIN

Data Out 1 Data Out 2

S 0000000000

MSB

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

Programming Command¥ Byte @92 24bit AddressE ¢17}8= Byte Programming "
213} A 24bit AddressE <¢17}3F o= Programmingel] Z L3 dlo]Ewk Ql7}slE Hh]<l
Auto Address Increment Programming wW21S A]Q3t}. Auto Address Increment
Programming %2]S AFgstd ISP 55 =4 + I}

nECS

Command -{ 24-bit Addr J Data Byt -{

!
N\ WO 000000000
MSB

MSB

nECS

-—-Mode 3-—
ECLK

——Mode

\ . | N ! o e ]
EDIN 000920000000 00000
MSB MSB

rrrrrrrrr //

nECS

d

. g
‘ ol %- Data Byte } Command————
DN 90000000
""""" MSB

‘ A0 } } 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

EraseE A3t} TG471¢] W& NOR Flash

AAEE «0 ->1” R HAT

Flashol W%t Erase CommandE Sector
>0 2 MAE 5

+ Programming®l] €3] Flash Hlo]g & «1
=> 1’2 WAsVIE Yst= bit7F Flashdl el

T 7l " <0
Command& A}&-3}ofof gt}
—nECS Low- —-

Command
(20h)

8 uol= Erase

nECS

Command ={ 24-bit Addres
= # - - 90’0

EDIN

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
/O Supply Voltage VDD33 3.0 3.3 3.6 Vv
Junction Temperature T, -40 25 1256 | °C
Operation Temperature Ta 0 25 70 °C
Input Low Voltage Vi -0.3 - 0.8 \
Input High Voltage Vi 2.0 - 5.5 \Y
Threshold point Vo 1.24°] 1.38 | 1.67 | V
Schmitt Trigger Vs 1.69 - - \Y
Low to High threshold point
Schmitt Trigger V1 - Ly 1.06 \Y
High to Low threshold point
Input leakage current N V,=3.3Vor - - +1 uA
0%
Tri—state output leakage current Ioz Vo =3.3V or - — +1 uA
oV
Pull-up resistor Rpy 90 120 195 KQ
Pull-down resistor Rpp 60 130 | 176 | K&
Output Low Voltage VoL IoL = 4, 8mA - - 0.4 \
Output High Voltage VoH Ioy = 4, 8mA 2.4 - - \Y
Oscillator Frequency Fosc 0 33 | MHz
Crystal Frequency Fcry 1 10 | MHz
Operating current Normal Ipp Fuclk = - 37.2 - mA
mode 24MHz
Fyelk = - 20.4 - mA
12MHz
Fyelk = - 10.4 - mA
6MHz
Sleep Fuclk = - 1.6 - mA
mode 6KHz
Stop mode current Ipp - 250 - uA
Vpp = 3.3V£0.3V
Vexr = 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 7 - 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 DS
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 \Y
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 Typ | 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 2.792 \Y
LSB Size Vlsb 0.651 mV
Data Settling Time 500 nsec
Current Consumption 8 mA
Static Current 10 uA
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20 PACKAGE DIMENSION

64LQFP
10 X 10 mm BODY
5.00 X 5.00 mm PAD

_ 12.000.20 _
= 10.00£0.20 = o
- (AT RIA RIS Rt |
= D =
] B B
AR LA ! =)
TOP VIEW SIDE VIEW
35100 0 e O
o50TvP | || |l 020 A 0.60+0.15
L 10.00£0.20 | |_ toorer

END VIEW

Figure 20-1 Package Dimension
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