


0 384KB e-FLASH & ADPCM Codec

Scope of this Revision

Every attempt has been made to ensure a consistent and implemental specification. Implementations should ensure
compliance with this revision.

Revision History

Revision Date Comments
1.00 2010.08 1" r el eased version Idpment cust omerods deve
1.10 2011.04 Add 80QFP-1420 package
1.20 2011.07 Add explanation of IVCONO and IVCONL1 in more details



mailto:sales@boo-ree.com
http://www.boo-ree.com/

384KB e-FLASH & ADPCM Codec 0

Table of Contents

TABLE OF CON T ENT S Lottt ettt ettt e e e e raens 3
L ST OF FIGURES ... ottt ettt ettt e rareaens 7
L ST OF T A B LE S ... ettt ettt ettt e e a e raeens 9
1 INTRODUCTION ..ttt ettt ettt ettt e e et ereaeens 1-1
T R ) 11 s S 1-1
I B 1Y T =0 Y = A 2 1-4
1.3 BLOCK DIAGRAM .euititet ettt ettt et et e e e e e e e e e e s ettt e e e e et e e e e e e ansenrenranas 1-5
IO R o TN AN TS 1 N 1Y 1= 1-6
I T | NI ] =2ST0d = ] = (] N 1-8
2 MEMORY ORGANIZATION ettt eneenanas 2-1
P2 N G0 | = 1Y/ [ =1 V[ = 2 2-2
P B YN 7N 1V [ =3V ] = 2 2-3
2.3 I R AN e 2-4
2.4  SFR (SPECIAL FUNCTION REGISTER) MAP ......uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieiiieaeee 2-5
3 INSTRUCTION SET ottt et e e enenenanas 3-1
3.1 REGISTER DESCRIPTION FOR CPUL....coii e 3-1
G T VY 3-3
G IC T 1 N1 1 =0 o 0 T 17 2 = T 34
3.4  INSTRUCTION SET SUMMARY ...ttttuitnttinttnteesttntenseesstssesessssssenseaseassrtrenssaesrenrenrens 3-11
4 SYSTEM CONTROLLER ..ottt 4-1
A1 OVERVIEW ... e ettt e e e e 4-1
4.2 FEATURES ... oo ettt e e eeas 4-1
G T O ] = = = 1 [0 ] 4-2
4.4 REGISTER DESCRIPTION ..ottt ettt eaeens 4-13
5 INTERRUPT STRUCTURE ...ttt eaene e 5-1
TR R O AV o Ay A1 1Y T 5-1
Y2 [N = =T oW = o =TT =] 17 5-3
5.3 INTERRUPT HANDLING outtuttittit et et ettt ettt e e et et e e e e et e e e e e e e e e e e e enrenees 5-4
5.4 REGISTER DESCRIPTION ..uiiuiiiii et e e e e 5-6
O BRACR CODER . ..ottt eenanns 6-1
8.1 FEATURES ... oo ettt ettt e 6-1
.2  OPERATION .. ettt e e e e e e es 6-1
6.3 REGISTER DESCRIPTION ..ottt e e eeens 6-11
7 SERIAL FLASH CONTROLLER o vt 7-1
.1 FEATURES ... o et e e e e e e e es 7-1
T.2  PIN DES CRIPTION. . ittt ettt et et r et e e e e renees 7-1



0 384KB e-FLASH & ADPCM Codec

7.3 BLOCKDIAGRAM ... e 7-1
7.4 OPERATION ...t e e 7-2
7.5 REGISTER DESCRIPTION ....ciiiiiiiiiiiiiii e 7-4
8 BRIPEG DECODER.......coi e 8-1
8.1 OVERVIEW. ... . 8-1
8.2 FEATURES ... 8-1
8.3 OPERATION ...t e e e 8-1
8.4 REGISTER DESCRIPTION ....ciiiiiiiiiiiiii e 8-6
O S e 9-1
9.1 OVERVIEW. ...t 9-1
9.2 FEATURES ... oo 9-1
9.3 PINDESCRIPTION. ...ttt e 9-1
9.4 BLOCKDIAGRAM ... 9-2
9.5 OPERATION ...t e e e e e e e e e s 9-3
9.6 REGISTER DESCRIPTION ....cuiiiiiiiiiiiiiii e 9-8
1O UART et eee 10-1
101 OVERVIEW. ...ttt et e e e e e e enanes 10-1
10.2  FEATURES ... e 10-1
10.3  PINDESCRIPTION. ... ittt ettt e e e e e e eennes 10-1
10.4 BLOCKDIAGRAM ... 10-2
10.5  OPERATION ...ttt ettt e e e e e e e e e e e eeennes 10-3
10.6 REGISTER DESCRIPTION .....cuiiiiiiiiiiiiiii e 10-8
11 TIMERS L e 11-1
11,1 OVERVIEW. ... ettt e e e e e e e e e enanes 11-1
11.2  FEATURES .. 11-1
11.3  PINDESCRIPTION. ... ittt ettt e e e e e e eennes 11-1
11.4 BLOCKDIAGRAM ...t 11-2
11.5  OPERATION ...ttt ettt e e e e e e e e e e e e e eennes 11-3
11.6 REGISTER DESCRIPTION ....ouuiiiiiiiiiiiiiii e 11-6
L2 N DT e e eae 12-1
12. 1 OVERVIEW. ... ettt e e e e e e e e e ennees 12-1
12.2  FEATURES .. 12-1
12.3  BLOCK DIAGRADM ...t e e e e eeenes 12-1
12,4 OPERATION ... e e eanes 12-2
125 REGISTER DESCRIPTION ....ouiiiiiiiiiiiiiii e 12-4
13 ADC CONTROLLER ... 13-1
13. 1 OVERVIEW ...ttt e e enanes 13-1
13.2  FEATURES ... ettt e et e e e e eenees 13-1
13.3  PINDESCRIPTION. ... ittt e e eennes 13-1
13.4 BLOCK DIAGRAM ...ttt e e e e enaees 13-2
13.5  OPERATION ...ttt e e e e eennes 13-3
13.6 REGISTER DESCRIPTION ....ouiiiiiiiiiiiiiii e 13-5




384KB e-FLASH & ADPCM Codec 0

14 USB CONTROLLER. ...t 14-1
141 OVERVIEW ... e 14-1
14.2  FEATURES ... et e e e e enanes 14-1
14.3  PINDESCRIPTION.....cciiiiiiiiiiii e 14-1
14.4  BLOCK DIAGRAM ...ttt e e e e eeenes 14-2
145  OPERATION ...t eanes 14-4
146 REGISTER DESCRIPTION ....oouiiiiiiiiiiiiii e 14-5

1S RITC e 15-1
151 OVERVIEW ... 15-1
15,2 FEATURES ... et e e e enanes 15-1
15.3 BLOCKDIAGRAM ... 15-1
154  OPERATION ...t e e e e e e e eennes 15-2
15.5 REGISTER DESCRIPTION ....ouuiiiiiiiiiiiiiiii e 15-4

16 VDM A oo e 16-1
16.1  FEATURES ...t e e e e e e e e e enanes 16-1
16.2 BLOCKDIAGRAM ... e 16-1
16.3  OPERATION ...ttt e e e e e e e e e e e e e e eennes 16-2
16.4 REGISTER DESCRIPTION ....oouiiiiiiiiiiiiiiii e 16-3

17 [80LCD INTERFACE ...t 17-1
17. 1 FEATURES ... ettt e e e e e e e eeanes 17-1
17.2  PINDESCRIPTION.....coiiiiiiiiiiiii e eanns 17-1
17.3  OPERATION ...ttt e et e e e e e e e e e eeanes 17-2
17.4 REGISTER DESCRIPTION ....ooiiiiiiiiiiiiiiii e 17-10

18 LCD DRIVER CONTROLLER ...cooiiiiiiiiiee e 18-1
18.1  OVERVIEW. ...ttt e e e e e e e e enanes 18-1
18.2  FEATURES ... 18-1
18.3 PINDESCRIPTION. ... ittt ettt e e e e e e eennes 18-1
18.4 BLOCKDIAGRAM ... 18-2
18.5  OPERATION ...ttt e e e e e e e e e e e eennes 18-3
18.6 REGISTER DESCRIPTION ....oiiiiiiiiiiiiiiiii e 18-12

1O GPIO e 19-1
191 OVERVIEW. ...ttt e e et e e e e e ennnes 19-1
19.2  FEATURES ... 19-1
19.3  BLOCK DIAGRADM ...ttt e e e e eeenes 19-2
19.4 PORT CONFIGURATION ...coitiiiiiiiiiiiiiiiiiii et 19-3
19.5 REGISTER DESCRIPTION ....ouiiiiiiiiiiiiii et 19-5

20 EMBEDDED FLASH CONTROL ....ccoviiiiiiie e 20-1
20.1  OVERVIEW. ...ttt e e e e ennnes 20-1
20.2  FEATURES ... oo 20-2
20.3  OPERATION ...ttt e e e e e e e e e e e e eennnes 20-2
20.4 REGISTER DESCRIPTION .....iiiiiiiiiiiiiiiii e 20-3

21 ELECTRICAL DAT A Lt 21-1




0 384KB e-FLASH & ADPCM Codec

22 MECHANICAL DATA e 22-1



384KB e-FLASH & ADPCM Codec 0

Figure 1-1.
Figure 1-2.
Figure 1-3.
Figure 2-1.
Figure 2-2.
Figure 2-3.
Figure 2-4.
Figure 4-1.
Figure 4-2.
Figure 4-3.
Figure 4-4.
Figure 4-5.
Figure 4-6.
Figure 4-7.
Figure 4-8.
Figure 4-9.
Figure 4-10
Figure 4-11
Figure 5-1.
Figure 5-2.
Figure 5-3.
Figure 5-4.
Figure 5-5.
Figure 6-1.
Figure 6-2.
Figure 6-3.
Figure 6-4.
Figure 6-5.
Figure 7-1.
Figure 7-2.
Figure 8-1.
Figure 8-2.
Figure 8-3.
Figure 8-4.
Figure 9-1.
Figure 9-2.
Figure 9-3.
Figure 9-4.
Figure 9-5.
Figure 9-6.
Figure 9-7.
Figure 9-8.

Figure 10-1.
Figure 10-2.
Figure 10-3.
Figure 10-4.
Figure 10-5.
Figure 10-6.
Figure 10-7.
Figure 11-1.
Figure 11-2.
Figure 11-3.
Figure 11-4.
Figure 12-1.
Figure 12-2.
Figure 12-3.
Figure 12-4.
Figure 13-1.
Figure 13-2.
Figure 14-1.
Figure 14-2.

List of Figures

2] oot QI T Vo | = o PRSP
68-QFN Pin Assignment ...
80-QFP Pin Assignment .............c.....o....
Memory Organization of the BMC513
Code Space Memory Structure...............

Data Space Memory Structure................

I-RAM Memory Structure ...........coeeeeeennn.

RESET source of the BMC513................

Pin Reset Sequence..........ccccceeeeevnnnneen.

LVD RESEE SEUUENCE ......eeiiiieeiieiiie ittt e e e e et e e e e e e s e e e e e e e e e e e e e s esnnnneeeeeeens
SOfWAIE RESEE TIMING . .ceei ettt e e e e ettt e e e e e e ettt e e e e e e e anattaeeeaaeeeaanntbeeeaaeeeaanees
Watchdog Reset Timing
Clock generator BIOCK QIagQram .........ooo.eueiiiiiie ettt e e e e e e e e e e e e e e annees
MaIN OSCIllALOT CIFCUIL. ... .eeetteiiiieitt ettt e e e e e b e e ne e
PLL Block Diagram .........cccccceevveeeeennnenn.

The case that changes clock source
. Power-down mode State Diagram ...........ccccoeveeeeeiiieeeniiiee e
. Entering STOP mode and Exiting STOP mode (Wake-up) ...............
INterrupt CoNtrol SYSTEM ........viiiiiie e
Handling Same Level of Interrupts
Handling Different Level of Interrupt (Higher Level is first issued)
Handling Different Level Interrupts (Lower Level is first issued) .........

Handling Multiple LeVel INTEITUPLS.......oii ettt et e e et e s enaee e e naneee s
(D@ 1)Y= I 11111 oo PRSP
The Playing Time of the Waveform
BX UP-SAMIPIING . ¢ttt
BRAC Decoder Decoding Scheme(Normal Play MOGE) ..........ccoviiieiiiiiiiiiiiie e
BRAC Decoder Decoding Scheme(IBB Play Mode)
SFCON BIOCK DIagram ........c.ueeeiiiiieieiiiieeiiiee e
Timing Diagram of read operation from external serial FLASH
BRJPEG Decoder Decoding Scheme..........cccccceiiiieeiiieiiniee e,

IDCT engine operation for MAC16 and MUL16 inStructions ...........cccccevvveeeveveeeennne
IDCT engine operation for ADD16H, ADD16W and ADD32 instructions
IDCT engine operation for SUM16W and SUM32 instructions
SPI BIOCK DIQQIamM....cccoiiiieiiiiie ittt
3-Wire Master-Slave Interconnection
4-Wire Master-Slave Interconnection
SPI Transfer Format ..........ccoccovevineveiinnenn.

4-Wire SPI Master Timing (SCKPHAZO).......uuiiiiiiiiiiiie et e e e ea e e
4-Wire SPI Master TIMiNG (SCKPHAZL)......uuiiiiiiii et eea e e
4-Wire SPI Slave Timing (SCKPHA=0).......

4-Wire SPI Slave Timing (SCKPHA=1)...
UART Block Diagram...........cccccevvvennnne
UART Interrupt Timing Diagram............
Baud Rate Generator............cccccvveennee
IrDA FUNCLION BIOCK DIBGIAM ......ueiiiiiiiieiiteie ettt e et et esnr e e e s s e e e e
UART Frame STIUCTUE ..........ooiiiiiiiiiiiiiie et e e
Infrared Tx Frame Timing Diagram
Infrared RX Frame Timing DIAGIaAIM. .......cccuiaiiiiiiieeaee it e et e e e e s e e e e e e e e aannes
TIMErS BIOCK DIBOIAIM. .....eeiiiiieiiiiteee ettt e e et e e e e e e et b e e e e e e s asbb e e e e e e e e e e nnneneeeas
Example of Timer Operation in PWM Mode
Example of Timer Operation in Interval and Toggle MOdE ..........ccceeoiiiiieriiiieniiieee e
Example of Timer Operation in Capture MOGE ..........ccccuviiiiiiiieiiiiee e
WDT BIlock Diagram. ........ccccoveeeinuieeiiieieeiiieee i
WDT Timing Diagram with interrupt. .........c.c.ccceeuvneeee.
WDT Timing Diagram with interrupt and reset.................

WDT Timing diagram with WAKEEN on STOP mode.....

ADC Block Diagram ..........cceeeiiiiiiieeeeaeeeiiiieeee e

Operation Of A/D CONVEISION ........uuiieiiiite ettt ettt e et e e ettt e s sabe e e e sbb e e e s bt e e e s anbneeeanreee s
USB DeViCe BIOCK DIBGIAM ...cciitieieiiiiteiiieee ettt ettt si bt e sttt e et e s st e e snneeesanbreeenae
USB Transceiver BIOCK DIQQIAIM .........uiiiiiiiiiiiiie ettt ettt e e e




Figure 15-1.
Figure 15-2.
Figure 16-1.
Figure 16-2.
Figure 17-1.
Figure 17-2.
Figure 17-3.
Figure 17-4.
Figure 17-5.
Figure 17-6.
Figure 17-7.
Figure 17-8.
Figure 18-1.
Figure 18-2.
Figure 18-3.
Figure 18-4.
Figure 18-5.
Figure 18-6.
Figure 18-7.
Figure 18-8.
Figure 18-9.
Figure 19-1.
Figure 20-1.
Figure 21-1.
Figure 21-2.
Figure 21-3.
Figure 22-1.
Figure 22-2.

0 384KB e-FLASH & ADPCM Codec

RO =1 [oTed (g DI T= o | =10 ISP PPRRPN
2 S (ol = o] 0 1=T = 1[0 ] PSP OPPPPRRPN
AV VN = [oTel [ DI T= Vo - Lo [P PT SR SPPRRN
VDMA 2-D Frame Structure.............ceeevnee

I80LCD single write timing parameters
I80LCD single read timing parameters
I80LCD 8-bit interface for Index’Command transfer ...
I80LCD 8-bit interface for Parameter transfer.............
I80LCD 8-bit interface for RGB332 transfer
I80LCD 8-bit interface for RGB565 transfer
I80LCD 8-bit interface for RGB666 transfer
I80LCD 8-bit interface for RGB888 transfer
LCD Controller Top BIOCK DIAQIam ........coueieiiiiiiiieee et e et e e e e e e eneaeeeeaaeeeannees
LCD Controller Block Diagram............ccccceeeveiuivieeennnn.
Voltage Dividing Internal Resistor Circuit Diagram .....
Voltage Dividing External Resistor Circuit Diagram ....
COM/SEG Signal in Static Mode ..........cccceeeeeeiinnnneen.
COM/SEG Signal in 1/2 Duty and 1/2 Bias Mode........
COM/SEG Signal in 1/3 Duty and 1/2 Bias Mode........
COM/SEG Signal in 1/3 Duty and 1/3 Bias Mode........
COM/SEG Signal in 1/4 Duty and 1/3 Bias Mode........
GPIO BIOCK DIGIAIM ..ttt ettt a st e et e e st e e e e b be e e e nnne e e s nneee s
Sector Mapping within the BMC513 embedded flash ...
Input Timing for External Interrupts
INPUE TIMING fOr PNRESET ....coiiiiiiie ittt e sttt e e e st e e e etee e e s nneeeeeannneeennes
LVR (LOW Voltage RESEL) TIMNG ..eeeiiviiiiiiiieeiiiee e eiiiie ettt e e st e e et e e st e e e st e e e eneeeesnneeeesaneeeeeane
68-QFN Package Dimension
80-QFP Package Dimension




384KB e-FLASH

& ADPCM Codec 0

Table 1-1.
Table 1-2.
Table 1-3
Table 1-4.
Table 2-1.
Table 2-2.
Table 2-3.
Table 2-4.
Table 2-5.
Table 2-6.
Table 2-7.
Table 3-1.
Table 3-2.
Table 3-3.
Table 3-4.
Table 3-5.
Table 3-6.
Table 3-7.
Table 3-8.
Table 4-1.
Table 4-2.
Table 5-1.
Table 7-1.
Table 9-1.

Table 10-1.
Table 10-2.
Table 11-1.
Table 13-1.
Table 14-1.
Table 14-2.
Table 17-1.
Table 18-1.
Table 18-2.
Table 18-3.
Table 18-4.
Table 19-1.
Table 19-2.
Table 19-3.
Table 19-4.

Table 19-5

Table 19-6.
Table 19-7.
Table 19-8.
Table 21-1.
Table 21-2.
Table 21-3.
Table 21-4.
Table 21-5.
Table 21-6.
Table 21-7.
Table 21-8.
Table 21-9.

Table 21-1

. Ordering Number and Standard Marking..

List of Tables

[ PN o =Tt B TN 1 1T o RSO
Device SUMMArY ........ccccueeieieeeeeaiieeeeennn

Example of Ordering Number Structure ...
Code Memory Map......cccoeeeveviiiniieeeeeeeenns
Data Memory Map........ccccocvverceenineenneenen,
Special Function Register Map.........ccccceeeivviiiiieeeeeeiens
Extended Special Function Register Map 1....................
Extended Special Function Register Map 2....................
Extended Special FUNCtion REQIStEr MAP 3......ccoi ittt e et e e e e e eneaeeeeaae e an
Extended Special FUNCHoN REQISIEr MAP 4.......cooiiiiiiiiieiee ettt e e e e e e enereeeeaae e an
Operand NOtAtIONS .......c.oeiiiiiiiiiee e eeee e

Mnemonic and Operand of Data Transfer Instrunctions
Mnemonic and Operand of ArithmetiC INSIUCHIONS .........ccccoiiiiiiiiiiiie e
Mnemonic and Operand of Unconditional Branch Instructions.............
Mnemonic and Operand of Boolean INStructions ...........cccoccceevveeeenenenn.
Mnemonic and Operand of Instructions related to the Subroutine Call ....
Mnemonic and Operand of Conditional Branch Instructions ....................
Mnemonic and Operand of Logical Instructions
IP status on Normal and STOP mode
PLL value Recommendation ....................

Interrupt Default Priority ..........ccccoevvvieenns

SRSy o B T B TS ] o o o PRSPPI
ST I o LN B 1ol o] 1o P PSPPSR
UART PIN Description
Baud Rate EXamples Of UART ........iii ittt
Timers PIN Description
ADC PIN Description........

Summary of Endpoint.......

USB PIN Description .........ccccoevevveennneen.
180 LCD Interface PIN Description
LCD PIN DESCHPLON ...coeeiiiieeiiiieeesiiiee e
4COM x 30SEG Display Memory Organization............
Frame FreqUeNCY ........cccuvvievieiiiiieeieee e
LCD Drive voltage Values
GPIO 0 Configuration
GPIO 1 Configuration
GPIO 3 Configuration
GPIO 4 Configuration
. GPIO 5 Configuration
GPIO 6 Configuration
GPIO 7 Configuration
GPIO 8 Configuration
Absolute Maximum Ratings....................
DC Electrical Characteristics..................
AC EIeCtrical CharaCteriSHICS ....c.ieeiiiiiiiiiiie e et e et e e e e sttt e e e e e s st eeeeeessanstaeeeaaeeeeannees
INPUL/OULPUL CAPACITANCE ... it e ettt e et e e e e e s bbbt e e e e e e s aabb bt e e e e e e e s annnbrreeaeeeaan
A/D Converter Electrical Characteristics
D/A Converter Electrical Characteristics
Internal Oscillator Electrical CharaCteriStiCS ........oouuviiiiiiieiiiie e
Low Voltage Reset Electrical Characteristics
LCD Contrast Controller Electrical CharaCteriStiCS .........euuiuuriiiiiiieiiiiie e
0. Internal Flash ROM Electrical CharacCteriStiCS ............oouiiiiiiiiiiiiiie e



384KB e-FLASH & ADPCM Codec

10



INTRODUCTION 0

INTRODUCTION

The BMC513 combines a powerful RISC 8051-based micro-controller with a hardwired high quality ADPCM voice codec,
called BRAC®to simply play voice or sound at the sampling frequency of up to 48KHz and with hardwired JPEG like
graphic image decoder, called BRJ PEG®. And its 384KBytes embedded e-FLASH memory and richer peripherals will
reduce the chip count on your system resulting in manufacturing cost-down and early time-to-market. In addition, In-
house software development tool kit (Power Studio: Compiler & Debugger) and hardware In-circuit emulator, called
PowerlICE, will make your development much faster and easier.

1.1 FEATURES

Fast 8-bit RISC 8051 core MCU
- Advanced RISC B51core using 1-clocks per instruction
- Dual DPTRs (Data Pointer Registers) for fast block move

Hardwired ADPCM Voice Codec
- Embedded own ADPCM Codec(BRAC®) with a dedicated DMA
V  Selectable sampling frequency from 4KHz to 48KHz
V  Built-in Low Pass Filter & 3 times up-sampling
V  3-bit/ 4-bit data compression
- Volume control with mute feature
- Automatic DMA access to external Serial Flash (up to 1Gbit)
- IBB(Input Bit stream Buffer) mode for direct playback of voice data in X-RAM
- Voice Recording

Hardwired BRIPEG Decoder

- Embedded own DCT based Image decoder
V  128x128 10 frame decoding @12MHz
V  192x192 10 frame decoding @24MHz

- Built-in processing engines for image decoding
V  Variable length decoding engine
V  Inverse DCT engine

- Support additional MAC/MUL/ADD/SUM instructions with up to 16 data input

VDMA
- Two dimensional DMA engine with on the fly additional functions
V  Color space conversion from YCbCr to RGB
V  Mixing foreground and background images
V  Alpha blending with 4444 and 5551 formats
- Local IBOLCD channel to read/write RGB data to/from external frame memory

Memories

- 384KBytes embedded NOR Flash Memory(e-FLASH) for program and data
V  Sector Endurance: 10,000 Cycles
V  Greater than 10 years Data Retention
V  This memory is protected from writing after reset.

- 256Bytes On-chip data SRAM(I-RAM)

- 4KBytes On-chip Extended data SRAM(X-RAM)

- Upto 1Gbits, Serial NOR Flash externally expandable

JTAG Interface
- On-Chip Debug and In-System Programming through JTAG

In-house Development Tools
- Power Studio v1.2(SDK: Software Development Kit), and In-Circuit Emulator (PowerICE)
- Support IAR Compiler
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In-house Mass-Production Tools (Gang Writer)
- PowerWriter : Gang writer with 8 Sockets(68QFN/80QFP, plus JTAG) and USB interface to Host PC

ADC
- 6(80QFP)/4(68QFN) channels 10-bit
- Max. 20uS conversion time, Max 50K SPS @3MHz ADC conversion clock
- Programmable input clock frequency

1 channel 10-bit D/A Converter

Serial Flash Controller
- Master-only interface with dual DMA functions
- BSPI clock is divided by 2 from Fsys(system clock)
- BSPIis mainly used for external serial flash
- BSPI on-the-fly function by a dedicated DMA (high-speed data read even during voice Playback)

UART
- Supports 5-bit, 6-bit, 7-bit, or 8-bit serial data transmit/receive (TX/RX)
- Supports external clocks for the UART operation
- Programmable baud rate
- Supports IrDA1.0
- Loopback mode for testing
- Insertion of one or two Stop bits per frame
- Parity checking
- LSB first
RTC
- Time information (seconds/minutes/hours) directly in BCD code
- Calendar information (date/month/year/day of the week) directly in BCD code up to year 9999
- Leap year generator
- Wake-up signal generation: support on the STOP mode
- Alarm interrupt
- Cyclic interrupt: the interrupt cycle may be 1/512, 1/256, 1/64, 1/16, 1/4, 1/2, and 1 second
USB Device

- Fully Compliant to USB 2.0 full-speed specification (maximum 12Mbps)

- Complete Device Configuration

- Compatible with both OpenHCI and Intel UHCI Standards

- Support 5 Endpoints (1 Control Endpoint, 4 Data Endpoints with logical endpoint numbering
- EPO: 16 Bytes Control/Status Endpoint

- EP1/2: 64 Bytes Data Endpoint (IN/OUT) supporting automatic double buffering
- EP3/4: 16 Bytes Data Endpoint (IN/OUT) supporting automatic double buffering
- Supports Bulk Data Transfer

- CRC16 Generation and CRC5/CRC16 Checking

- Suspend/Resume Control

- On-Chip USB Transceiver

Timers with Pulse Width Modulation (PWM)
- 3channels 16-bit Programmable Timers
- Interval Mode, Toggle Mode, Capture Mode or PWM Mode
- 3 PWM output, Timer output and Capture Input
- Supports external clock sources

SPI
- Full-duplex, 3-wire or 4-wire Synchronous Data Transfer
- Support Master and Slave operation
- Serial clock with programmable polarity and phase
- Baud rate clock selectable in Master mode
- MSB First or LSB First Data Transfer
- Support 1 Byte / 2 Byte operation

1-2
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Watchdog Timer
- 8-bit Timer with pre-scaler.
- If an overflow of watchdog timer is generated, a reset is issued.

IBOLCD Interface
- Support parallel/serial external LCD interfaces
V  8-bit, 9-bit, 16-bit, 18-bit parallel 180 interface
V  3-wire, 4-wire serial interface
- Support VDMA local bus interface

LCD Controller/Driver
- 32(80QFP)/30(68QFN) segments and 4 common terminals
- 1/2, 1/3 and 1/4 duty selectable
- 16 level LCD contrast control by software
- LCD display data memory registers

Other Features
- 30 programmable interrupt sources (10(80QFP)/8(68QFN) external interrupt sources)
- Low power consumption

Low Voltage Reset (LVR)
- Criteria voltage: 2.0V

On-Chip Regulator
- VDD to 1.8V conversion
- VDD to 3.3V conversion

Clock Circuit
- External crystal: 4MHz ~ 12MHz
- External resonator: 4AMHz ~ 8MHz
- Internal typ. 16MHz oscillator
- External crystal: 32.768KHz
- Internal typ. 32.768KHz oscillator
- On chip PLL: Max 48MHz

Power Down Mode
- IDLE: only CPU clock stops
- STOP: selected system clock and CPU clock stop

Operating Frequency
- Max. 24MHz

Operating Voltages
- 22Vto55Vat4i 12MHz

Operating Temperature Range
- -40 ~85

I/0 and Package type
- 61(80QFP)/51(68QFN) GPIOs
- 68-pin (8x8 mm) QFN
- 80-pin (14x20 mm) QFP

SMART option
- RDP (Flash Read Protection)
- HDP (Flash Program Protection)

1-3
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1.3 Block Diagram

Memory Controller ]
<«4—p» 6-ch 10-bit ADC

4KBytes X-RAM
B BEm— TIMER

RISC 8051 Core

384KBytes

Code/Data Flash

-4—p  Watch-dog Timer

Interrupt 256Byte B UART
Controller 1-RAM
< > <> PORT
A v
DMA -« RTC
\ J \
BRJPEG Controller BRAC® -+ 10-bit DAC

Advanced ADPCM CODEC

LCD Controller

< P
(32seg x 4com)
USB2.0 Device
JTAG (FS) > |« > LCDI8OInterface
< P
48MHz BSPI Master / SPI
1.8V PLL NV
Regulator
LVD RC RESET TEST
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Figure 1-1. Block Diagram
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1.4 Pin Assignment
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Figure 1-2. 68-QFN Pin Assignment
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PV180UT

SMISO/GP85

SMOSI/GP86

SCSN/GP87
EINT5/CLKOUT/GP14
EINT6/BSCLK/GP34
EINT7/BMISO/GP35
FSDAT/EINT8/BMOSI/GP36
FSCLK/EINT9/BSCSN/GP37

© 0N O s WN R

77 |1 GP75/SEG29/UTXD
76 [ GP74/SEG28/URXD
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72 |1 GP70/SEG24/EINTO
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69 |1 GP55/SEG21/SMISO
68 | 1 GP54/SEG20/SCLK

80 | GP84/SCLK
79 |1 GP77/SEG31
78 1 GP76/SEG30

©
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Figure 1-3. 80-QFP Pin Assignment
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1.5 Pin Descriptions

Pin . . Pull-up/dn 1/O State
80Pin | 68PN Pin Name Function Default @REgET @RESET

1 1 PV180OUT V180UT (1.8V) V180UT - (@)

2 - PGP85 GP85/SMISO GP85 Pull-up I

3 - PGP86 GP86/SMOSI GP86 Pull-up I

4 - PGP87 GP87/SCSN GP87 Pull-up I

5 2 PGP14 GP14/CLKOUT/EINT5 GP14 - I

6 3 PGP34 GP34/BSCLK/EINT6 GP34 Pull-up I

7 4 PGP35 GP35/BSMISO/EINT7 GP35 - I

8 5 PGP36 GP36/BSMOSI/EINT8 GP36 - I

9 6 PGP37 GP37/BSCSN/EINT9 GP37 - I

10 7 VDD1 VDD VDD - Power
11 8 VSS1 VSS VSS - Ground
12 9 PXO XO XO - (@)
13 10 PXI XI Xl - I

14 11 PTEST TEST TEST Pull-dn I

15 12 PXTI XTI XTI - I

16 13 PXTO XTO XTO - (@)
17 14 PnRESET NRESET nRESET Pull-up I

18 15 PV330UT V330UT V330UT - (0]
19 16 PDM DM DM - AB
20 17 PDP DP DP - AB
21 18 VSSUSB VSSUSB VSSUSB Ground
22 19 AVSS AVSS AVSS - Ground
23 20 PDACO DACO DACO - (0]
24 21 AVDAC AVDAC (3.3V) AVDAC - Power
25 22 PAVREF AVREF AVREF - I

26 - PGP82 GP82/AIN5/EINT3 GP82 Pull-up I

27 - PGP83 GP83/AIN4/EINT4 GP83 Pull-up I

28 23 PGP10 GP10/AIN3/T2CAP/T20UT GP10 - I

29 24 PGP11 GP11/AIN2/T1CAP/T10OUT GP11 - I

30 25 PGP12 GP12/AIN1/TOCAP/TOOUT GP12 - I

31 26 PGP13 GP13/AINO/TCLK GP13 - I

32 27 PGP30 GP30/TCK GP30 Pull-up I

33 28 PGP31 GP31/TMS GP31 Pull-up I

34 29 PGP32 GP32/TDI GP32 - I

35 30 PGP33 GP33/TDO GP33 - I

36 31 PGP60 GP60/VLCDO/NRSTOUT nRSTOUT - (@)
37 32 PGP61 GP61/VLCD1 GP61 - I

38 33 PGP62 GP62/VLCD2/ISORDN GP62 - I

39 34 PGP63 GP63/VLCD3/ISOWRN GP63 - I

40 - PGP15 GP15/URXD GP15 Pull-up I

41 - PGP16 GP16/UTXD GP16 Pull-up I

42 35 PGP64 GP64/COMO/ISOCSN GP64 - I

43 36 PGP65 GP65/COM1/I80RS GP65 - I

44 37 PGP66 GP66/COM2/I180D0 GP66 - I

45 38 PGP67 GP67/COM3/180D1 GP67 - I

46 39 PGP40 GP40/SEG0/180D2 GP40 - I

47 40 PGP41 GP41/SEG1/180D3 GP41 - I

48 41 PGP42 GP42/SEG2/I180D4 GP42 - |

49 42 PGP43 GP43/SEG3/I80D5 GP43 - I

50 43 PGP44 GP44/SEG4/180D6 GP44 - I

51 44 PGP45 GP45/SEG5/180D7 GP45 - I

52 45 PGP46 GP46/SEG6/180D8 GP46 - I

53 - VDD2 VDD VDD - Power
54 - VSS2 VSS VSS - Ground
55 46 PGP47 GP47/SEG7/180D9 GP47 - I

56 47 PGP50 GP50/SEGS8/180D10 GP50 - I

57 48 PGP51 GP51/SEGY9/180D11 GP51 - I

i
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INTRODUCTION 0
Pin . . Pull-up/dn 1/O State
80PN | 68PIn Pin Name Function Default @RESET @RESET
58 49 PGP52 GP52/SEG10/180D12 GP52 - |
59 50 PGP53 GP53/SEG11/180D13 GP53 - |
60 51 PGP00 GP00/SEG12/I180D14 GP0O - I
61 52 PGPO1 GP01/SEG13/180D15 GPO1 - |
62 53 PGP02 GP02/SEG14/I180D16 GP02 - I
63 54 PGP03 GPO03/SEG15/180D17 GP03 - |
64 55 PGP04 GP04/SEG16/TCLK GP04 - |
65 56 PGPO0O5 GPO5/SEG17/TOCAP/TOOUT GPO0O5 - |
66 57 PGP06 GPO0O6/SEG18/T1CAP/T10UT GPO06 - |
67 58 PGPO7 GPO0O7/SEG19/T1CAP/T20UT GPO7 - |
68 59 PGP54 GP54/SEG20/SCLK GP54 - |
69 60 PGP55 GP55/SEG21/SMISO GP55 - |
70 61 PGP56 GP56/SEG22/SMOSI GP56 - I
71 62 PGP57 GP57/SEG23/SCSN GP57 - |
72 63 PGP70 GP70/SEG24/EINTO GP70 - |
73 64 PGP71 GP71/SEG25/EINT1 GP71 - |
74 65 PGP72 GP72/SEG26/EINT2 GP72 - |
75 66 PGP73 GP73/SEG27/UCLK GP73 - |
76 67 PGP74 GP74/SEG28/URXD GP74 - |
77 68 PGP75 GP75/SEG29/UTXD GP75 - |
78 - PGP76 GP76/SEG30 GP76 Pull-up I
79 - PGP77 GP77/SEG31 GP77 Pull-up |
80 - PGP84 GP84/SCLK GP84 Pull-up |
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Miscellaneous

Name I/O Description
XI | Clock Input / Output (Max. 12MHz)
X0 O | Connect these oscillation pins to crystal oscillators.
iR) (I) 32.768 KHz clock Input / Output.
Chip Reset Signal (active ALowod)
This PNRESET pin contains an internal pull up resistor 250 . Setting this pin to low level
nRESET | initialize the internal state of the device. Thereafter, setting the input to high release the reset
status. The BMC513 waits for the system clock to be stable, and then set PC to the reset
interrupt vector. Internal Reset is generated after clock stabilization
External Device reset control
nRSTOUT o nRSTOUT: Pin RESET, LVD Reset, SW Reset, WDT Reset
Clock Output signal. The CLKOSEL bits in CLKCON register configure the clock output mode
CLKOUT O | among Main OSC clock, Sub OSC clock, Internal 16MHz main OSC clock, Internal 32KHz sub
OSC clock, RTC clock output, PLL output clock and etc.
TEST | Factory test in_put pin.
NOTE: This pin should be connected to Ground.

External Interrupt (10pins)

Name

I/0

Description

EINTO ~ EINT9

External Interrupt input pins,
The valid edge for EINTO to EINT9 can be selected through the EINTMODX register. When
these are not used for interrupts, these can be used as normal pins.

JTAG System Interface (4pins)

Name

I/0

Description

TDO

@)

ICE TDO
The default function of this pin is JTAG TDO pin and user program can change this pin as
normal GPIO when ICE is not connected.

TDI

ICE TDI
The default function of this pin is JTAG TDI pin and user program can change this pin as normal
GPIO when ICE is not connected.

TCK

ICE TCK
The default function of this pin is JTAG TCK pin and user program can change this pin as
normal GPIO when ICE is not connected.

T™MS

ICE TMS
The default function of this pin is JTAG TMS pin and user program can change this pin as
normal GPIO when ICE is not connected.

UART Interface (3pins)

Name 1/0 Description
UCLK | External Clock Source for UART
URXD | Receive Data Input for UART
UTXD O | Transmit Data Output for UART
Serial Flash Interface (4pins)
Name 1/0 Description
BSCSN O | Serial Flash Chip Select
BSCLK O | Serial Flash Clock
BMOSI O | Serial Data Output
BMISO | Serial Data Input

1-10




INTRODUCTION

ADC Interface (7pins)

Name I/O Description
AINO ~ AIN5 Al | Analog Input pins for 6-channel(Range: 0.0V ~ AVREF value), 10-bit A/D converter.
AVREF Al | ADC Reference Top Voltage. Normally, the max value of AVREF = VDD

DAC Interface (1pins)

Name I/O Description
DACO AO | Analog output of DAC
SPI Interface (4pins)
Name I/O Description
SCLK o) SPI Clock. When configured as master, this pin is an output, When configured as slave, this pin
is an input.
SPI master-in/slave-out. When configured as master, this pin is an input, When configured as
SMISO 10 o
slave, this pin is an output.
SPI master-out/slave-in. When configured as master, this pin is an output, When configured as
SMOSI 10 T )
slave, this pin is an input.
SCSN 10 SPI slave select. When configured as master, this pin is an output, When configured as slave,
this pin is an input.

Timer Interface (4pins)

Name 110 Description
TCLK | External Clock Source for Timer 0, Timer 1 and Timer 2
TOCAP/TOOUT | 10 | Timer 0 Capture input/ Timer 0 16-bit PWM mode output or counter match toggle output
T1CAP/T10OUT | 10 | Timer 1 Capture input/ Timer 1 16-bit PWM mode output or counter match toggle output
T2CAP/T20UT | 10 | Timer 2 Capture input / Timer 2 16-bit PWM mode output or counter match toggle output

IBOLCD Interface (22pins)

Name 1/0 Description
IB0RS (@) Register selection output
IBOCSN (@) Chip select output
IBOWRN (@) Write strobe output
ISORDN @) Read strobe output
180D0 ~ 180D17 10 Data input/output
LCD Controller / Driver (40pins)

Name 110 Description

SEGJ[31:0] 6] LCD segment signal outputs
COM[3:0] (6] LCD common signal outputs
VLCDO ~ VLCD3 | LCD Bias pins
USB Interface (2pins)

Name 1/0 Description
DP AB | DATA(+) for USB device.
DM AB | DATA(-) for USB device.
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GPIOs (61pins)

0 INTRODUCTION

Name I/O Description

8-Bit CMOS tri-state /O port. 2mA output driving current capability.

GPO0O ~ GPO7 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the POMODO and POMOD1 registers.
7-Bit CMOS tri-state 1/0O port. 4mA output driving current capability.

GP10 ~ GP16 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the PLMODO and P1MOD1 registers.
8-Bit CMOS tri-state 1/0O port. 4mA output driving current capability.

GP30 ~ GP37 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the P3MODO0 and P3MOD1 registers.
8-Bit CMOS tri-state /O port. 2mA output driving current capability.

GP40 ~ GP47 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the PAMODO and P4AMOD1 registers.
8-Bit CMOS tri-state 1/0O port. 2mA output driving current capability.

GP50 ~ GP57 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the PSMODO and PSMOD1 registers.
8-Bit CMOS tri-state I/O port. 2/4mA output driving current capability.

GP60 ~ GP66 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the P6MODO and P6MOD1 registers.
8-Bit CMOS tri-state I/O port. 2mA output driving current capability.

GP70 ~ GP77 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the P7MODO and P7MOD1 registers.
6-Bit CMOS tri-state /O port. 4mA output driving current capability.

GP82 ~ GP87 10 | Each bit can be set individually as either any data transfer purpose or specific alternative
function defined by the PBMODO and P8BMOD1 registers.

Power

Name 1/0 Description

VDD1, VDD2 P Digital Power 2.2 V ~ 5.5V
Digital Power 1.8V output from internal LDO.

V180UT o Connected to GND through 1uF capacitor
Digital Power 3.3V output from internal LDO.

V330UT O Connected to GND through 1uF capacitor

AVDAC P Analog Power Supply For DAC (Connected to PV330UT)

VSS1, VSS2 G Digital Ground

VSSUSB G | USB PHY Ground

AVSS G | Analog Ground (for ADC and DAC)
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MEMORY ORGANIZATION

MEMORY ORGANIZATION

There are three kinds of memory areas: 384KBytes e-FLASH, 4KBytes X-RAM and 256Bytes I-RAM. Figure 2-1 shows
the memory organization of the
area. X-RAM is 4KBytes and can be used for the data memory and code memory also. The total size of e-FLASH for the

is 384KBytes and can be used for the data memory and code memory. X-RAM and e-FLASH are separated

. -RAM includes 4 banks of 8 working registers and can be available as stack

physically but are mapped into the same memory space together logically depending on the register values of XRAMB
and ROMB in terms of code memory space and data memory space. The register XRAMB and ROMB choose the BANK

depending on it& value. The BANK 0 of e-FLASH is the basic BANK for code memory space and is mapped to the
address 0x0000 ~ Ox7FFF regardless of the XRAMB and ROMB. And X-RAM is also the basic data memory and is

mapped to the address 0x8000 ~ Ox8FFF also. The detail conceptual block diagram and its explanation are described in
Chapter 2.1 and Chapter 2.2.

OX5_FFFF

0x5_8000

Ox1_FFFF

0x1_8000

Ox1_7FFF

0x1_0000

OXO_FFFF

0x0_8000

0x0_7FFF

0x0_0000

32 Khytes
BANK 11

32 Kbytes
BANK 3

32 Kbytes
BANK 2

32 Kbytes
BANK 1

32 Khytes
BANK 0

384 Kbytes eFLASH

eXtended SFR
OxFEOO
4 Kbytes XRAM
0x8000
OXFF
Upper SFR
0x80 128 Bytes
Lower
0x00 128 Bytes
IRAM

Figure 2-1. Memory Organization of the
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2.1 Code Memory

After reset, CPU begins execution from location 0x0000. CPU can access using MOVC instruction in code memory.

Table 2-1. Code Memory Map

- ozl e[z Descriptions
Address Range Value P
Bank 0 (32 KB)
0x00000 ~ Ox07FFF X This range includes the default boot code area in e-FLASH memory and all
the contents are downloaded and burned normally by JTAG ICE.
0x08000 ~ OXOFFFF 0 Bank 1 (32 KB)
0x08000 ~ OXOFFFF 1 Bank 2 (32 KB)
0x08000 ~ OXOFFFF 2~10 Bank 3 ~ Bank 11 (32 KB each per Bank)
X-RAM (4 KB)
_ This area is mapped to 4 KB X-RAM and program can be copied to this area
0x8000 ~ OxBFFF 31 to be executed. For example, the e-FLASH burning program can be executed
in this area.
&dmeans dond care.
ROMB VALUE 1 é .. 10 31
OXFFFF
32 Kbytes 32 Kbytes 32 Kbytes
Embedded Embedded Embedded
Flash Memory Flash Memory é .. Flash Memory
4 KBytes
BANK 1 BANK 2 BANK 11 On-Chip X-RAM
0x8000
OX7FFF
32 Kbytes 32 Kbytes 32 Kbytes 32 Kbytes
Embedded Embedded Embedded Embedded
Flash Memory Flash Memory é .. Flash Memory Flash Memory
BANK 0 BANK 0 BANK 0 BANK 0
0x0000
y
Setup example
Void CODE_setup()
{
rROMB = 10;

}

2-2
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2.2 Data Memory

Table 2-2. Data Memory Map

Logical A
Addresgs Range XRAMB Descriptions
BANKO ~ 11
Embedded FLASH 32KB
0x0000 ~ 0x7FFF 0~11 Depending on the XRAMB, any of e-FLASH can be accessed through this
area. Default XRAMB is zero.
X-RAM
On-chip X-RAM 4KB
0x8000 ~ 0x97FF X X-RAMpis always assigned to this area regardless of XRAMB. Even when the
value of ROMB is 31, this X-RAM can be accessed through this address range.
XRAMB VALUE ! 0 i 1 2 11
Ox8FFF
4 KBytes 4 KBytes 4 KBytes 4 KBytes
On-Chip X-RAM | On-Chip X-RAM | On-Chip X-RAM On-Chip X-RAM
(Access through | (Access through | (Access through (Access through
MOVX) MOVX) MOVX) MOVX)
0x8000
OX7FFF
32 KBytes 32 KBytes 32 KBytes 32 KBytes
Embedded Embedded Embedded Embedded
Flash Memory Flash Memory Flash Memory Flash Memory
BANKO BANK1 BANK?2 BANK11
(Access through | (Access through | (Access through (Access through
MOVX) MOVX) MOVX) MOVX)
0x0000

Setup example
void DATA_setup()

'XRAMB = 2;

A

Figure 2-3. Data Space Memory Structure

Accesses to data memory can use either MOVX @DPTR or MOVX @Ri.
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2.3 |I-RAM

I-RAM (Figure 2-4) consists of:

- 128 Bytes of I-RAM accessible through direct or indirect addressing mode (0x00 7 Ox7F).

- Upper 128 Bytes of I-RAM accessible through indirect addressing mode (0x80 i OxFF) and this area can be
available as stack area.
- 128 Bytes of special function registers (SFRs) accessible through direct addressing mode (0x80 i OxFF).

Although the SFRs and the upper 128 Bytes of I-RAM share the same address range, the actual address space is
separate and is differentiated by the type of addressing. Direct addressing accesses the SFRs, indirect addressing
accesses the upper 128 Bytes of I-RAM.

The lowest 32 Bytes of the lower 128 Bytes are grouped into 4 banks of 8 registers. Program instructions call out these
registers as RO through R7. Two bits in the PSW select which register bank are in use.

. . . FFH
Accessible by indirect
addressing only. 128- I:Bytl x os SFR
Available as stack space
80H 80H
. - 7F|—| \
\
Aooe;sa_blebydlrectgnd I N
indirect addressing. 128 Bytes N
Available as stack space \
O0H \
\
\
\
i \
ey BitAddress(HEX) \
2FH7F{7E! DI 7C{ TBI7TA| 791 78| ~~ _ \\
7707617574731 721 71} 70 -\
6F | 6E /6D 6C!6B|6A| 69| 68 T\\\\\
6716665 6463|626l 60 \\
5F|5E!5D} 5C| 5B 5A| 59 | 58 \ )
\ Bit-addressable
5756|5554 5352|5150 \
4F I 4E!4D|AC| 4B 4A| 49 48
471464544 43142141 40 (R
\ s Bank 3
3F|3E!3D|3C|3B!3A 39|38 A
/
37136:/35:34/33:32!31!30 s\
/ \ Bank 2
2FI2E!2D{2C|2BI2A| 29| 28 L,/ \
2711261251241 23122121120 \\
\ Bank 1
1F! 1E: 1D 1C 1B ! 1A} 19| 18 \
17116115:141 13} 12 11| 10 / \
/ Bank O
OF | OE 0D 0C/0B OA 09 08|
20H07:06:05/04}03;02:01;00| 7/
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Figure 2-4. I-RAM Memory Structure

Accessible by
direct addressing
Only.
TFH
Register
30H Bank
2FH Select
(PSW4:3))

20H i
1FH

11
18H
17H

1
10H 0
OFH
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08H
O7H

00
00H



MEMORY ORGANIZATION

2.4 SFR (Special Function Register) Map

The
as DPTRO at SFR location 0x82 and 0x83. It is not necessary to modify code to use DPTRO. The

active pointers. When DPSEL=0, instruction/data that use the DPTR will use DPOL and DPOH. When DPSEL=1,

employs dual data pointers to accelerate data/program memory block moves. It maintains the data pointers
adds a
second data pointer (DPTR1) at SFR location 0x84 and 0x85. The DPTR select bit in the bit 0 of DPSEL selects the

instruction/data that use the DPTR will use DP1L and DP1H. All DPTR related instruction/data use the currently selected
data pointer. To switch the active pointer, toggle the DPSEL bit. Using dual data pointers provides significantly increased
efficiency when moving large blocks of data.

The special function registers (SFRs) control several of the features of the

Table 2-3. Special Function Register Map

»
»

Higher Nibble (Hex)
8

9 A B C D E F
0 PO* P1* p2* pP3* P4* PSW* ACC* B*
0000 0000 | 0000 0000 XXXX XXXX 0000 0000 0000 0000 0000 0000 0000 0000 | 0000 0000
1 SP GIE ROMB USBFA USBEP2CSR2 USBEP3WC1 ADCONO UCONO
0000 0111 | 0000 0000 | 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 | 0000 0000
2 DPOL IEO XRAMB USBPM USBEP2CSR3 USBEP3WC2 ADCON1 UCON1
0000 0000 | 0000 0000 | 0000 0000 0000 0000 0000 0000 0000 0000 0111 0000 | 0000 0000
3 DPOH IPO CLKCON USBIPEND USBEP3CSRO USBEP4WC1 ADATO UTRSTAT
0000 0000 | 0000 0000 | 0001 0000 0000 0000 0000 0001 0000 0000 00xx 0000 | 0001 1001
4 DP1L IE1 SMCLKCON USBINTEN USBEP3CSR1 USBEP4WC2 ADAT1 UERSTAT
0000 0000 | 0000 0000 | 0111 1000 1001 1111 0000 0100 0000 0000 XXXX XXXX 0000 0000
5 DP1H IP1 CLK_ENO USBFN_L USBEP3CSR2 USBEPOFIFO ADREF UINTCON
0000 0000 | 0000 0000 | 0000 0001 0000 0000 0000 0000 XXXX XXXX 0000 0000 | 0000 0000
6 DPSEL IE2 CLK_EN1 USBFN_H USBEP3CSR3 USBEP1FIFO ADREFCMP UBAUD
0000 0000 | 0000 0000 | 0000 0000 0000 0000 0000 0000 XXXX XXXX 1111 1111 0010 0000
7 IP2 PCON USBEPOCSRO | USBEP4CSRO USBEP2FIFO URXBUF
0000 0000 | 0010 0000 0000 0001 0000 0001 XXXX XXXX XXXX XXXX
8 pP5* P6* RSTCON pP7* USBEP4CSR1 USBEP3FIFO psg* UTXBUF
0000 0000 | 0000 0000 | 0000 0000 0000 0000 0000 0100 XXXX XXXX 0000 0000 XXXX XXXX
9 IE3 RSTSTAT USBPEOCSR1 | USBEP4CSR2 USBEP4FIFO Reserved
0000 0000 | 0000 0001 0000 0000 0000 0000 XXXX XXXX
A IP3 SYSCFG USBEP1CSRO | USBEP4CSR3 USBEPLNUM1 Reserved
0000 0000 | 0000 0000 0000 0001 0000 0000 0010 0001
B IVCONO USBEP1CSR1 USBEPOWC USBEPLNUM2 Reserved
0001 0011 0000 0100 0000 0000 0100 0011
I IVCON1 USBEP1CSR2 USBEP1WC1 USBNAKCON1 WDTCON SPIMOD
0000 0000 0000 0000 0000 0000 0000 0000 0000 0011 | 0100 0000
D WKUPSTAT | USBEP1CSR3 USBEP1WC2 USBNAKCON2 WCNTCLK SPICK
0000 0000 0000 0000 0000 0000 0000 0000 0000 1111 0000 0000
E PLLCONO | USBEP2CSRO | USBEP2WC1 USBNAKEN WDTCNT SPIDATAO
0000 1010 0000 0001 0000 0000 0000 0000 XXXX XXXX XXXX XXXX
= PLLCON1 | USBEP2CSR1 | USBEP2WC2 USBCONF WDTREF SPIDATAL
1010 0000 0000 0100 0000 0000 0000 0000 1111 1111 XXXX XXXX

*1: These registers are only available in 80-QFP package. User must not access these registers in 68-QFN package.
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Table 2-4. Extended Special Function Register Map 1

Upper Address (Hex >
FEO FE1 FE2 FE3 FE4 FE5 FE6
0 TOCON T2CON LCON DISP_MEMO JTAGOFF P3MODO P8MODO "
0000 0000 0000 0000 0000 1100 XXXX XXXX 0000 0000 0000 0000 0000 0000
1 TODATAO T2DATAO LCNST DISP_MEM1 EINTMODO P3MOD1 p8MOD1™"
1111 1111 1111 1111 0000 0000 XXXX XXXX 0000 0000 0000 0000 0000 0000
2 TODATA1 T2DATA1 LCKSEL DISP_MEM2 EINTMOD1 P3PUDO P8PUDO ™"
1111 1111 1111 1111 0000 1111 XXXX XXXX 0000 0000 0000 1010 1010 0000
3 TOCNTO T2CNTO i DISP_MEMS3 EINTMOD2 P3PUD1 P8PUD1™
1111 1111 1111 1111 XXXX XXXX 0000 0000 0000 0010 1010 1010
4 TOCNT1 T2CNT1 i DISP_MEM4 EINTMOD3 P4MODO i
1111 1111 1111 1111 XXXX XXXX 0000 0000 0000 0000
5 TOPDRO T2PDRO i DISP_MEM5 EINTENO P4MOD1 i
0000 0001 0000 0001 XXXX XXXX 0000 0000 0000 0000
6 TOPDR1 T2PDR1 i DISP_MEM®6 EINTEN1 P4PUR i
0000 0000 0000 0000 XXXX XXXX 0000 0000 0000 0000
7 i i i DISP_MEM7 EINTPNDO P5MODO i
XXXX XXXX 0000 0000 0000 0000
8 T1CON i i DISP_MEMS8 EINTPND1 P5MOD1 i
0000 0000 XXXX XXXX 0000 00000 0000 0000
9 T1DATAO i ) DISP_MEM9 POMODO P5PUR )
1111 1111 XXXX XXXX 0000 0000 0000 0000
A T1DATAl1 i i DISP_MEM10 POMOD1 P6MODO i
1111 1111 XXXX XXXX 0000 0000 0000 0000
B T1CNTO i i DISP_MEM11 POPUR P6MOD1 i
1111 1111 XXXX XXXX 0000 0000 0000 0000
c TICNT1 i i DISP_MEM12 P1MODO P6PUR )
1111 1111 XXXX XXXX 0000 0000 0000 0000
D T1PDRO i i DISP_MEM13 P1IMOD1 P7MODO i
0000 0001 XXXX XXXX 0000 0000 0000 0000
E T1PDR1 i i DISP_MEM14 P1PUDO P7MOD1 i
0000 0001 XXXX XXXX 0000 0000 0000 0000
F i i i Reserved P1PUD1 P7PUR i
0010 1000 1100 0000

*1: These registers are only available in 80-QFP package. User must not access these registers in 68-QFN package.
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MEMORY ORGANIZATION 0
Table 2-5. Extended Special Function Register Map 2
Upper Address (Hex) >
FFO FF1 FF2 FF3 FF4

0 BRAC_CTRL ENC_CTRL SFCTRL ) BRJPEG_BUF_PTR_L
0000 0000 0000 0000 0000 0010 XXXX XXXX

1 BRAC_CTRL2 ENC_SAMPLE_L SFPORT ) BRJPEG_BUF_PTR_H
0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX

2 BRAC_INT_EN ENC_SAMPLE_H SFDMA_CTRL . BRJPEG_TABLE_PTR_L
0000 0000 XXXX XXXX 0000 0000 XXXX XXXX

3 BRAC_INT_PEND ENC_RESULT SFDMA_START_ADRL ) BRJPEG_TABLE_PTR_H
0000 0000 XXXX XXXX XXXX XXXX XXXX XXXX

4 BRAC_START_ADRL SFDMA_START_ADRM BRJPEG_IBB_PTR_L
XXXX XXXX } XXXX XXXX } XXXX XXXX

5 BRAC_START_ADRM SFDMA_START_ADRH BRJPEG_IBB_PTR_M
XXXX XXXX ) XXXX XXXX ) XXXX XXXX

6 BRAC_START_ADRH i SFDMA_RXBUF ) BRJIPEG_IBB_PTR_H
XXXX XXXX XXXX XXXX XXXX XXXX

7 BRAC_SIZEL ) SFDMA_TSIZE ) BRJPEG_IBB_XRAM_PTR
0000 0000 0000 0000 XXXX XXXX

8 BRAC_SIZEM DAC_CTL SFDMA_X BASE L ) BRJPEG_GET_BUFFER_L
0000 0000 0000 1100 XXXX XXXX XXXX XXXX

9 BRAC_SIZEH DACOUT _L SFDMA_X BASE_H ) BRIJPEG_GET_BUFFER_M
0000 0000 0000 0000 XXXX XXXX XXXX XXXX

A IBB_READ_PTR DACOUT_H SFCTRL2 ) BRJPEG_GET_BUFFER_H
0000 0000 0000 0000 0000 0000 XXXX XXXX

B BRAC_CMD_ADDR VOLUME BRJPEG_BITS_LEFT
XXXX XXXX 1111 1111 ) ) XXXX XXXX

c BRAC_CMD_DATA DCOL i ) BRJPEG_GET_PEEK_L
XXXX XXXX 0000 0000 XXXX XXXX

D BRAC_BUFF DCOH ] | BRIPEG_GET_PEEK_H
XXXX XXXX 0000 0000 XXXX XXXX

E BRAC_CTRL3 i i i BRJPEG_QP_Y
0000 0000 XXXX XXXX

F i i i . BRJPEG_QP_C

XXXX XXXX
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Table 2-6. Extended Special Function Register Map 3

Upper Address (Hex) >
FF5 FF6 FF7 FF8 FF9 FFA
BRJPEG_PREV_DC_Y_L BRJPEG_IDCT_ACC_0 RTCCONO FCON_CTRL
0 XXXX XXXX XXXX XXXX ) 0000 0000 ) 0000 0000
1 BRJPEG_PREV_DC_Y_H BRJPEG_IDCT_ACC_1 ) RTCCON1 ) FCON_STAT
XXXX XXXX XXXX XXXX 0000 0000 0000 0000
2 BRJPEG_PREV_DC_CB_L BRJPEG_IDCT_ACC_2 ) BCDSEC ) FCON_ADDR_L
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
BRJPEG_PREV_DC_CB_H BRJPEG_IDCT_ACC_3 BCDMIN FCON_ADDR_M
3 XXXX XXXX XXXX XXXX i XXXX XXXX ) XXXX XXXX
4 BRJPEG_PREV_DC_CR_L } ) BCDHOUR ) FCON_ADDR_H
XXXX XXXX XXXX XXXX XXXX XXXX
5 BRJPEG_PREV_DC_CR_H i i BCDDATE i FCON_WDATA_L
XXXX XXXX XXXX XXXX XXXX XXXX
6 BRJPEG_CFG i ) BCDDAY i FCON_WDATA_H_EN
0000 0000 XXXX XXXX XXXX XXXX
7 BRJPEG_BUFSEL i ) BCDMON i FCON_CTRL2
XXXX XXXX XXXX XXXX 0000 0000
8 BRJPEG_CMD i i BCDYEARL i FCON_WP_L
0000 0000 XXXX XXXX 1111 1111
9 BRJPEG_IE i i BCDYEARH i FCON_WP_H
0000 0000 XXXX XXXX 0000 1111
A BRJPEG_ICLR i ) RTCALM i i
0000 0000 0000 0000
B BRJPEG_ST ) . ALMSEC i i
0000 0000 0000 0000
c BRJPEG_VLD_MODE i ) ALMMIN i i
XXXX XXXX 0000 0000
D BRJPEG_IDCT_MODE i ) ALMHOUR i i
XXXX XXXX 0000 0000
ALMDATE
. i ) 0000 0000 i i
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Table 2-7. Extended Special Function Register Map 4
Upper Address (Hex) >
FFB FFC FFD FFE FFF
0 ) 1I8OLCD_TP_WO I80OLCD_CFG_0 VDMA_CFG_0 VDMA_FG_H_OFFSET
XXXX XXXX 0000 0000 0000 0000 XXXX XXXX
1 ) IBOLCD_TP_W1 IBOLCD_CFG_1 VDMA_CFG_1 VDMA _FG_V_OFFSET
XXXX XXXX 0000 0000 0000 0000 XXXX XXXX
2 i IBOLCD_TP_W2 | 180LCD_DATA 0 VDMA_H_LEN VDMA_FG_H_LEN
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
3 i IBOLCD_TP_W3 | 180LCD_DATA 1 VDMA_V_LEN VDMA_FG_V_LEN
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
4 ) I80LCD_TP_W4 IBOLCD_DATA_2 VDMA_DST_H _WIDTH_L VDMA_FG_H_WIDTH_L
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
5 ) I80LCD_TP_W5 ISOLCD_DATA_3 VDMA_DST_H _WIDTH_H VDMA_FG_H_WIDTH_H
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
6 ) IBOLCD_TP_W6 | 180LCD_DATA_4 VDMA _DST_ADDR_L VDMA_FG_ADDR_L
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
7 ) I80LCD_TP_RO IBOLCD_DATA_5 VDMA_DST_ADDR_H VDMA_FG_ADDR_M
XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
8 ) I80LCD_TP_R1 I80LCD_CMD VDMA_BG_H WIDTH_L VDMA_FG_ADDR_H
XXXX XXXX 0000 0000 XXXX XXXX XXXX XXXX
9 ) I80LCD_TP_R2 I8OLCD_IE VDMA BG_H WIDTH_H VDMA_CMD
XXXX XXXX 0000 0000 XXXX XXXX 0000 0000
A i I8B0LCD_TP_RS3 I8OLCD_ICLR VDMA_BG_ADDR_L VDMA_IE
XXXX XXXX 0000 0000 XXXX XXXX 0000 0000
B i IB0OLCD_TP_R4 IBOLCD_ST VDMA_BG_ADDR_M VDMA_ICLR
XXXX XXXX 0000 0000 XXXX XXXX 0000 0000
c i i i VDMA_BG_ADDR_H VDMA_ST
XXXX XXXX 0000 0000
D i i i i VDMA_RGB_R
XXXX XXXX
E i i i i VDMA_RGB_G
XXXX XXXX
F i i i i VDMA_RGB_B
XXXX XXXX
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CPU Control Registers

Name Add. R/W Description Page
SP 0x81 R/W | Stack Pointer 3-1
DPOL 0x82 R/W | Lower Byte of Data Painter O 3-1
DPOH 0x83 R/W | Higher Byte of Data Pointer 0 3-1
DP1L 0x84 R/W | Lower Byte of Data Pointer 1 3-1
DP1H 0x85 R/W | Higher Byte of Data Pointer 1 3-2
DPSEL 0x86 R/W | Select DPTR 0/1 register 3-2
PSW 0xDO R/W | Program Status Word 3-2
ACC OxEO R/W | Accumulator 3-2
B O0xFO R/W | B Register 3-2
Interrupt Control Registers

Name Add. R/W Description Page
GIE 0x91 R/W | Global Interrupt Enable 5-7
IEO 0x92 R/W | Interrupt Enable O 5-7
IPO 0x93 R/W | Interrupt Priority O Register 5-7
IE1 0x94 R/W | Interrupt Enable 1 5-7
IP1 0x95 R/W Interrupt Priority 1 Register 5-7
IE2 0x96 R/W | Interrupt Enable 2 5-8
P2 0x97 R/W | Interrupt Priority 2 Register 5-8
IE3 0x99 R/W | Interrupt Enable 3 5-8
1P3 0x9A R/W | Interrupt Priority 3 Register 5-8
System Control Registers

Name Add. R/W Description Page
ROMB 0xAl R/W | ROM Bank Selection 4-14
XRAMB 0xA2 R/W | Data Memory Bank Selection 4-14
CLKCON 0xA3 R/W | Clock Control Register 0 4-14
SMCLKCON 0xA4 R/W | Smart Clock Control Register 4-15
CLK_ENO 0xA5 R/W | Clock Enable Register 0 4-15
CLK_EN1 0xA6 R/W | Clock Enable Register 1 4-16
PCON OxA7 R/W | Power Control Register 4-16
RSTCON 0xA8 w Reset Control Register 4-16
RSTSTAT 0xA9 R Reset Source Status Register 4-16
SYSCFG OxAA R/W | System Configuration Register 4-17
IVCONO 0xAB R/W | IVC Control Register 0 4-17
IVCON1 O0xAC R/W | IVC Control Register 1 4-17
WKUPSTAT 0xAD R/W | Wakeup Source Status Register 4-17
PLLCONO OXAE R/W | PLL control Register 0 4-18
PLLCON1 OxAF R/W | PLL control Register 1 4-18
USB Device Control Registers

Name Add. R/W Description Page
USBFA 0xB1 - USB Function Address Register 14-6
USBPM 0xB2 - USB Power Management Register 14-6
USBIPEND 0xB3 - USB Interrupt Pending Register 14-7
USBINTEN 0xB4 - USB Interrupt Enable Register 14-8
USBFN_L 0xB5 - USB Frame Number Register L 14-8
USBFN_H 0xB6 - USB Frame Number Register H 14-8
USBEPOCSRO 0xB7 - USB EPO Common Status Register 0 14-8
USBEPOCSR1 0xB9 - USB EPO Common Status Register 1 14-9
USBEP1CSRO O0xBA - USB EP1 Common Status Register 0 14-10
USBEP1CSR1 0xBB - USB EP1 Common Status Register 1 14-10
USBEP1CSR2 0xBC - USB EP1 Common Status Register 2 14-11
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USBEP1CSR3 0xBD - USB EP1 Common Status Register 3 14-12
USBEP2CSRO0 OxBE - USB EP2 Common Status Register 0 14-10
USBEP2CSR1 0xBF - USB EP2 Common Status Register 1 14-10
USBEP2CSR2 0xC1 - USB EP2 Common Status Register 2 14-11
USBEP2CSR3 0xC2 - USB EP2 Common Status Register 3 14-12
USBEP3CSRO 0xC3 - USB EP3 Common Status Register 0 14-10
USBEP3CSR1 0xC4 - USB EP3 Common Status Register 1 14-10
USBEP3CSR2 0xC5 - USB EP3 Common Status Register 2 14-11
USBEP3CSR3 0xC6 - USB EP3 Common Status Register 3 14-12
USBEP4CSRO 0xC7 - USB EP4 Common Status Register 0 14-10
USBEP4CSR1 0xC8 - USB EP4 Common Status Register 1 14-10
USBEP4CSR2 0xC9 - USB EP4 Common Status Register 2 14-11
USBEP4CSR3 O0xCA - USB EP4 Common Status Register 3 14-12
USBEPOWC 0xCB - USB EPO Write Count Register 14-13
USBEP1WC1 0xCC - USB EP1 Write Count Register 1 14-13
USBEP1WC2 0xCD - USB EP1 Write Count Register 2 14-13
USBEP2WC1 0xCE - USB EP2 Write Count Register 1 14-13
USBEP2WC2 OxCF - USB EP2 Write Count Register 2 14-13
USBEP3WC1 0xD1 - USB EP3 Write Count Register 1 14-13
USBEP3WC2 0xD2 - USB EP3 Write Count Register 2 14-13
USBEP4WC1 0xD3 - USB EP4 Write Count Register 1 14-13
USBEP4WC2 0xD4 - USB EP4 Write Count Register 2 14-13
USBEPOFIFO 0xD5 - USB EPO FIFO 14-14
USBEP1FIFO 0xD6 - USB EP1 FIFO 14-14
USBEP2FIFO 0xD7 - USB EP2 FIFO 14-14
USBEP3FIFO 0xD8 - USB EP3 FIFO 14-14
USBEP4FIFO 0xD9 - USB EP4 FIFO 14-14
USBEPLNUM1 O0xDA - USB EP Logical Number Control Register 1 14-14
USBEPLNUM2 0xDB - USB EP Logical Number Control Register 2 14-14
USBNAKCON1 0xDC - USB EP NAK Control Register 1 14-14
USBNAKCON2 0xDD - USB EP NAK Control Register 2 14-15
USBNAKEN OxDE - USB EP NAK Enable Register 14-15
USBCONF OxDF - USB Configuration Register 14-15
ADC Control Registers

Name Add. R/W Description Page
ADCONO OxE1l R/W | ADC Control Register 0 13-6
ADCON1 OxE2 R/W | ADC Control Register 1 13-6
ADATO OxE3 R AD Conversion Lower Result Register 13-7
ADAT1 OxE4 R AD Conversion Higher Result Register 13-7
ADREF OXE5 R/W | ADC Reference Register 13-7
ADREFCMP OxE6 R/W | ADC Reference Compare Register 13-7
WDT Control Registers

Name Add. R/W Description Page
WDTCON OXEC R/W | WDT Control Register 12-5
WCNTCLK OXED R/W | WDT Counter Pre-Scale value register 12-5
WDTCNT OXEE R WDT Counter 12-5
WDTREF OXEF R/W | WDT Reference Value 12-5
UART Control Registers

Name Add. R/W Description Page
UCONO OxF1 R/W | UART Control Register 0 10-10
UCON1 OxF2 R/W | UART Control Register 1 10-10
UTRSTAT OxF3 R/W | UART TX/RX Status Register 10-11
UERSTAT 0xF4 R/W | UART RX Error Status Register 10-11
UINTCON O0xF5 R/W | UART Interrupt Enable / Pending Register 10-12
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UBAUD OxF6 R/W | UART Baud Rate Divisor Register 10-12
URXBUF OxF7 R UART Receive Buffer 10-12
UTXBUF OxF8 w UART Transmit Buffer 10-12
SPI Control Registers
Name Add. R/W Description Page

SPIMOD OxFC R/W | SPI Mode Register 9-9
SPICK O0xFD R/W | SPI Baud Rate counter clock select Register 9-9
SPIDATAO OXFE R/W | SPI Transmit / Receive Buffer 0 9-9
SPIDATAL OxFF R/W | SPI Transmit / Receive Buffer 1 9-10
Timer Control Registers

Name Add. R/W Description Page
TOCON OxXFEOO R/W | Timer O Control Register 11-7
TODATAO OxFEO1 R/W | Timer O Reference Data Register 0 11-7
TODATAL O0xFE02 R/W | Timer O Reference Data Register 1 11-7
TOCNTO OXFEO3 R/W | Timer O Lower Down Counter 11-7
TOCNT1 OxXFEO4 R/W | Timer O Upper Down Counter 11-7
TOPDRO OxXFEO5 R/W | Timer 0 PWM Data Register 0 11-7
TOPDR1 OXFEO6 R/W | Timer 0 PWM Data Register 1 11-7
T1CON O0xFEO08 R/W | Timer 1 Control Register 11-7
T1DATAOQ O0xFE09 R/W | Timer 1 Reference Data Register 0 11-7
T1DATAl OXFEOA R/W | Timer 1 Reference Data Register 1 11-7
T1CNTO OxXFEOB R/W | Timer 1 Lower Down Counter 11-7
T1CNT1 OXFEOC R/W | Timer 1 Upper Down Counter 11-7
T1PDRO OXFEOD RW | Timer 1 PWM Data Register 0 11-7
T1PDR1 OXFEOE RW | Timer 1 PWM Data Register 1 11-7
T2CON OxFE10 R/W | Timer 2 Control Register 11-7
T2DATAO OxFE11 R/W | Timer 2 Reference Data Register 0 11-7
T2DATAL OxFE12 R/W | Timer 2 Reference Data Register 1 11-7
T2CNTO OXFE13 R/W | Timer 2 Lower Down Counter 11-7
T2CNT1 OxFE14 R/W | Timer 2 Upper Down Counter 11-7
T2PDRO OxFE15 R/W | Timer 2 PWM Data Register 0 11-7
T2PDR1 OxXFE16 R/W | Timer 2 PWM Data Register 1 11-7
LCD (COM/SEG) Controller/Driver Registers

Name Add. R/W Description Page
LCON OxFE20 R/W LCD Control Register 18-16
LCNST OxFE21 R/W | LCD Contrast Control Register 18-16
LCKSEL OxFE22 R/W | LCD Clock Select Register 18-16
DISP_MEMO OXFE30 R/W | Display Memory 0 18-3
DISP_MEM1 OXFE31 R/W | Display Memory 1 18-3
DISP_MEM2 OXFE32 R/W | Display Memory 2 18-3
DISP_MEM3 OXFE33 R/W | Display Memory 3 18-3
DISP_MEM4 OXFE34 R/W | Display Memory 4 18-3
DISP_MEM5 OXFE35 R/W | Display Memory 5 18-3
DISP_MEM6 OXFE36 R/W | Display Memory 6 18-3
DISP_MEM7 OXFE37 R/W | Display Memory 7 18-3
DISP_MEMS8 OXFE38 R/W | Display Memory 8 18-3
DISP_MEM9 OXFE39 R/W | Display Memory 9 18-3
DISP_MEM10 OXFE3A R/W | Display Memory 10 18-3
DISP_MEM11 OxFE3B R/W | Display Memory 11 18-3
DISP_MEM12 OXFE3C R/W | Display Memory 12 18-3
DISP_MEM13 OXFE3D R/W | Display Memory 13 18-3
DISP_MEM14 OXFE3E R/W | Display Memory 14 18-3
DISP_MEM15 OXFE3F R/W | Display Memory 15 18-3
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GPIOs Control Registers

Name Add. R/W Description Page
PO 0x80 R/W | General Purpose I/0 0 19-6
P1 0x90 R/W | General Purpose 1/0 1 19-6
P2 0xAO0 R/W | Reserved for standard 8051. 19-6
P3 0xBO R/W | General Purpose I/0 3 19-6
P4 0xCO R/W | General Purpose I/0 4 19-6
PS5 0x88 R/W | General Purpose I1/0 5 19-6
P6 0x98 R/W | General Purpose I/0 6 19-6
P7 0xB8 R/W | General Purpose I/0 7 19-6
pg™ OXE8 RMW | General Purpose 1/O 8 19-7
JTAGOFF 0xFE40 R/W | JTAG port control Register 19-7
EINTMODO OxFE41 R/W | External Interrupt Control Register 0 19-7
EINTMOD1 OxXFE42 R/W | External Interrupt Control Register 1 19-7
EINTMOD2 OXFE43 | R/ | External Interrupt Control Register 2 19-7
EINTMOD3 OxFE44 | R/MW | External Interrupt Control Register 3 19-8
EINTENO OXFE45 | R/W | External Interrupt Enable Register 0 19-8
EINTEN1 OxFE46 R/W External Interrupt Enable Register 1 19-8
EINTPNDO OxFE47 W External Interrupt Pending Register 0 19-8
EINTPND1 OxFE48 w External Interrupt Pending Register 1 19-9
POMODO OXFE49 | R/W | GP0OO ~ GP01 Mode Control Register 0 19-10
POMOD1 OXFE4A | R/W | GP02 ~ GP03 Mode Control Register 1 19-10
POPUR OxFE4B R/W PORT 0 Pull-Up Control Register 19-10
P1MODO OXxFE4AC | R/W | GP10 ~ GP13 Mode Control Register 0 19-11
P1MOD1 OXFE4D | R/MW | GP14 ~ GP17 Mode Control Register 1 19-11
P1PUDO OXFE4E | R/W | PORT 1 Pull-Up/Down Control Register 0 19-11
P1PUD1 OXFE4F | R/W | PORT 1 Pull-Up/Down Control Register 1 19-11
P3MODO O0xFES50 R/W | GP30 ~ GP33 Mode Control Register 0 19-12
P3MOD1 OxXFE51 R/W | GP34 ~ GP37 Mode Control Register 1 19-12
P3PUDO OXFE52 | R/W | PORT 3 Pull-Up/Down Control Register 0 19-12
P3PUD1 OXFE53 | R/W | PORT 3 Pull-Up/Down Control Register 1 19-12
P4MODO OxFE54 R/W | GP40 ~ GP43 Mode Control Register 0 19-13
PAMOD1 OXFE55 | RMW | GP44 ~ GP47 Mode Control Register 1 19-13
P4PUR OXFE56 | R/W | PORT 4 Pull-Up Control Register 0 19-13
P5MODO OXFES57 R/W | GP50 ~ GP53 Mode Control Register O 19-14
P5MOD1 OxFES8 R/W | GP54 ~ GP57 Mode Control Register 1 19-14
P5PUR OxFES59 R/W PORT 5 Pull-Up Control Register 0 19-14
P6MODO OXFES5A | R/W | GP60 ~ GP63 Mode Control Register 0 19-15
P6MOD1 OXFE5B | R/W | GP64 ~ GP67 Mode Control Register 1 19-15
P6PUR OXFESC | R/W | PORT 6 Pull-Up Control Register 0 19-15
P7MODO OXFESD | R/W | GP70 ~ GP73 Mode Control Register 0 19-16
P7MOD1 OXFES5E | R/W | GP74 ~ GP77 Mode Control Register 1 19-16
P7PUR OXFESF R/W PORT 7 Pull-Up Control Register 0 19-16
P8MODO ™ OxFE60 R/W | GP10 ~ GP13 Mode Control Register 0 19-17
P8MOD1™ OxFE61 R/W | GP14 ~ GP17 Mode Control Register 1 19-17
P8PUDO™ OxFE61 R/W | PORT 1 Pull-Up/Down Control Register 0 19-17
P8PUD1™ OXFE63 R/W | PORT 1 Pull-Up/Down Control Register 1 19-17

*1: These registers are only available in 80-QFP package. User must not access these registers in 68-QFN package.

BRAC® ControlRegisters

Name Add. R/W Description Page
BRAC_CTRL O0xFF00 R/W | Control Register for BRAC” 6-12
BRAC_CTRL2 OxFFO1 R/W | Control Register2 for BRAC” 6-12
BRAC _INT_EN OxFF02 R/W 6-12
BRAC_INT_PEND OXFFO3 | RW 6-12
BRAC_START ADRL OXEFO04 W Iag\tlzl Byte of BRAC™ Start Address for decoding compressed 6-13
BRAC_START ADRM OXEEO5 W Middle Byte of BRAC™ Start Address for decoding 6-13

compressed data.
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T ® T
BRAC_START ADRH OXEFO06 W s;gt;;] Byte of BRAC™ Start Address for decoding compressed 6-13
BRAC SIZEL OXEEO7 W The data amount to be read from internal e-FLASH or 6-13
— external serial FLASH
BRAC SIZEM OXFEO8 W The data amount to be read from internal e-FLASH or 6-13
— external serial FLASH
BRAC SIZEH OXEF09 W The data amount to be read from internal e-FLASH or 6-13
— external serial FLASH
IBB_READ PTR OxFFOA | R\ | IBB Read Pointer for Channel 0 6-13
BRAC_CMD_ADDR OxFFOB | RW | Command address for BRAC” Decoding and Encoding 6-13
BRAC_CMD_DATA OXFFOC | RW | Command data for BRAC® Decoding and Encoding 6-13
BRAC_BUFF O0xFFOD w Buffer for BRAC” Decoding 6-14
BRAC_CTRL3 OXFFOE | R/W | Control Register3 for BRAC 6-14
BRAC_ENC_CTRL OxFF10 R BRAC Encoder Status Register 6-15
BRAC_ENC_SAMPLE_L | OxFF11 W BRAC Encoder Sample Low Register 6-15
BRAC_ENC_SAMPLE_H OxFF12 w BRAC Encoder Sample High Register 6-15
BRAC ENC RESULT O0xFF13 R BRAC Encoder Result Register 6-15
DAC _CTL OxFF18 R/W | DAC Control Register 6-15
DACOUT L OxFF19 R/W | DAC Low Output Register 6-15
DACOUT _H OxFF1A | R/W | DAC High Output Register 6-15
Volume Control Register in Decoding Mode. 6-16
VOLUME OxFF1B W Auto Gain Control Register in Encoding Mode
DCO_L OxFF1C w DCO Low Register 6-16
DCO_H OxXFF1D W DCO High Register 6-16
Serial Flash Control Registers
Name Add. R/W Description Page
SFCTRL O0xFF20 R/W | SF Control register(For CPU mode only) 7-5
SFPORT OxFF21 | RMW | SF Receive/Transmit Buffer(For CPU mode only) 7-5
SFDMA_CTRL OxFF22 | R/W | SFDMA Control Register 7-5
SFDMA_START_ADRL OxFF23 w SFDMA Start Address Low 7-5
SFDMA_START_ADRM | OxFF24 w SFDMA Start Address Middle 7-5
SFDMA_START_ADRH OxFF25 w SFDMA Start Address High 7-5
SFDMA_RXBUF OxFF26 R SFDMA Rx Buffer 7-5
SFDMA_TSIZE OxFF27 | R/MW | SFDMA Transfer Size 7-6
SFDMA X BASE L OxFF28 W SFDMA Target XRAM Base Address Low 7-6
SFDMA_X BASE_H OxFF29 W SFDMA Target XRAM Base Address High 7-6
SFCTRL2 OxFF2A | R/ | SF Control register 2 7-6
BRJPEG® Decoder Control Registers
Name Add. R/W Description Page
BRIJPEG BUF PTR L OxFF40 | R/W | Low byte of XRAM buffer base address 8-7
BRJPEG_BUF PTR H OxFF41 | R/W | High byte of XRAM buffer base address 8-7
BRJPEG_TABLE_PTR_L OxFF42 | R/W | Low byte of constant table base address in internal eFlash 8-7
BRJPEG TABLE PTR H O0xFF43 | R/W | High byte of constant table base address in internal eFlash 8-7
BRJPEG IBB PTR L OxFF44 | R/W | Low byte of video input bit stream buffer address 8-7
BRJPEG_IBB_ PTR M OxFF45 | R/W | Middle byte of video input bit stream buffer address 8-7
BRJPEG_IBB_ PTR H OxFF46 | R/W | High byte of video input bit stream buffer address 8-7
BRJPEG_IBB_XRAM_PTR OXEFEA7 R/W \rT/:ggg input bit stream buffer offset address in XRAM IBB 8-7
BRJPEG_GET BUFFER L OxFF48 | R/W | Low byte of intermediate bit stream buffer 8-8
BRIJPEG GET BUFFER M O0xFF49 | R/W | Middle byte of intermediate bit stream buffer 8-8
BRJPEG_GET BUFFER_H OXFF4A | R/W | High byte of intermediate bit stream buffer 8-8
BRJPEG BITS LEFT OxFF4B R/W | Number of valid bits in GET_BUFFER 8-8
BRJPEG_GET PEEK L OXFF4C | R/W | Low byte of the get_bits/peek_bits result 8-8
BRJPEG_GET _PEEK H OXFF4D | R/W | High byte of the get_bits/peek_bits result 8-8
BRIJPEG QP Y OXFF4E | R/W | Quantization scale for luminance component 8-8
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BRJPEG QP _C OxFF4F | R/W | Quantization scale for chrominance component 8-8
BRJPEG PREV DC Y L OXFF50 | R/W | Low byte of previous DC value for Y component 8-8
BRJPEG_PREV_DC_Y_H OXFF51 | R/W | High byte of previous DC value for Y component 8-8
BRJPEG_PREV_DC CB L OXFF52 | R/W | Low byte of previous DC value for Cb component 8-8
BRJPEG_PREV_DC_CB H OxFF53 | R/W | High byte of previous DC value for Cb component 8-9
BRJPEG _PREV DC CR L OxFF54 | R/W | Low byte of previous DC value for Cr component 8-9
BRJPEG PREV DC CR H OxFF55 | R/W | High byte of previous DC value for Cr component 8-9
BRJPEG_CFG OXFF56 | R/W | Configuration 8-9
BRJPEG_BUF_SEL OXFF57 | R/W | Input/Output buffer selection for processing engines 8-9
BRJPEG_CMD OxFF58 | R/W | Command 8-10
BRJIPEG_IE OxFF59 | R/W | Interrupt enable 8-10
BRJPEG ICLR OXFF5A | W Interrupt clear 8-10
BRJPEG_ST OxFF5B | R/W | Status 8-10
BRJPEG_VLD_MODE OXFF5C | R/W | Mode setting for the VLD engine 8-10
BRJPEG_IDCT_MODE OXFF5D | R/W | Mode setting for the IDCT engine 8-11
BRJPEG_IDCT_ACC_0 OxFF60 | R/W | Accumulator byte 0 (LSB) in IDCT engine 8-11
BRJPEG_IDCT _ACC 1 OxFF61 | R/W | Accumulator byte 1 in IDCT engine 8-11
BRJPEG_IDCT_ACC_2 OxFF62 | R/W | Accumulator byte 2 in IDCT engine 8-11
BRJPEG_IDCT_ACC_3 OxFF63 | R/W | Accumulator byte 3 (MSB) in IDCT engine 8-11
RTC Control Registers

Name Add. R/W Description Page
RTCCONO 0xFF80 R/W | RTC Control Register 0 15-5
RTCCON1 OxFF81 R/W | RTC Control Register 1 15-5
BCDSEC OxFF82 R/W | BCD Second bits 15-5
BCDMIN OxFF83 R/W | BCD Minute bits 15-5
BCDHOUR OxFF84 R/W | BCD Hour bits 15-6
BCDDATE OxFF85 R/W | BCD Date bits 15-6
BCDDAY OXFF86 R/W | BCD Day of a week bits 15-6
BCDMON OxFF87 R/W | BCD Month bits 15-6
BCDYEARL OxFF88 R/W | BCD Year lower bits 15-6
BCDYEARH OxFF89 R/W | BCD Year upper bits 15-6
RTCALM OxFF8A R/W | ALARM Control Register 15-7
ALMSEC 0xFF8B R/W | ALARM Second Data bits. (BCD value) 15-7
ALMMIN OxFF8C R/W | ALARM Minute Data bits. (BCD value) 15-7
ALMHOUR O0xFF8D R/W | ALARM Hour Data bits. (BCD value) 15-7
ALMDATE OxFF8E R/W | ALARM Date Data bits. (BCD value) 15-7
Embedded Flash Control Registers

Name Add. R/W Description Page
FCON_CTRL OXFFAO R/W | FCON Control Register 20-4
FCON_STAT OxFFAl R Status Register 20-4
FCON_ADDR_L OXFFA2 R/W | Address Low 20-4
FCON_ADDR_M OxFFA3 R/W | Address Middle 20-4
FCON_ADDR_H OxXFFA4 R/W | Address High and Write Start Register 20-4
FCON_WDATA L OxFFA5 R/W | Write Data Low 20-4
FCON_WDATA_H_EN OxXFFAG6 R/W | Write Data High and Write Enable Register 20-4
FCON_WP_L OxFFA8 R/W | Program/Sector_Erase Protect Low Register 20-5
FCON_WP_H OxFFA9 R/W | Program/Sector_Erase Protect High Register 20-5
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180 I/F Registers
Name Add. R/W Description Page
Number of HCLK cycles from LCD_RS to LCD_CSN low in LCD 17-11
180LCD_TP_WO OXFFCO | RIW write operation becomes I80LCD_TP_WO0
Number of HCLK cycles from LCD_RS to LCD_WRN low in LCD 17-11
180LCD_TP_W1 OXFFC1 | RIW write operation becomes I80LCD_TP_W1
Number of HCLK cycles from LCD_RS to LCD_D valid output in 17-11
180LCD_TP_W2 OXFFC2 | RIW LCD write operation becomes I80LCD_TP_W?2
Number of HCLK cycles from LCD_RS to LCD_WRN high - 1 in 17-11
180LCD_TP_W3 OXFFC3 | RW LCD write operation becomes I80LCD TP W3 +1
Number of HCLK cycles from LCD_RS to LCD_D high-impedance - 17-11
180LCD_TP_W4 OXFFC4 | RIW 1in LCD write operation becomes I80LCD_TP_W4 + 1
Number of HCLK cycles from LCD_RS to LCD_CSN high in LCD 17-11
180LCD_TP_W5 OXFFC5 | RIW write operation becomes I80LCD_TP_W5 +1
Number of HCLK cycles for single LCD write operation becomes 17-11
I80LCD_TP_W6 OxFFC6 | RW 180LCD TP W6 + 1
Number of HCLK cycles from LCD_RS to LCD_CSN low in LCD 17-11
180LCD_TP_RO OXFFC7 | RIW read operation becomes I80LCD_TP_RO
Number of HCLK cycles from LCD_RS to LCD_RDN low in LCD 17-12
180LCD_TP_R1 OXFFC8 | RIW read operation becomes IBOLCD_TP_R1
Number of HCLK cycles from LCD_RS to LCD_RDN high in LCD 17-12
180LCD_TP_R2 OXFFC9 | RIW read operation becomes I80LCD TP R2 +1
Number of HCLK cycles from LCD_RS to LCD_CSN high in LCD 17-12
180LCD_TP_R3 OXFFCA | RW read operation becomes I80LCD TP R3 +1
Number of cycles for single LCD read operation becomes 17-12
I80LCD_TP_RA4 OxFFCB | R/W 180LCD TP R4 + 1
I80LCD_CFG_0 OxFFDO | R/W | Configuration byte 0 17-12
1I80LCD_CFG_1 OxFFD1 | R/W | Configuration byte 1 17-13
1I80OLCD_DATA 0 OXFFD2 | R/W | Data buffer byte 0 17-13
I80LCD_DATA 1 OXFFD3 | RMW | Data buffer byte 1 17-13
I80LCD_DATA 2 OxFFD4 | RMW | Data buffer byte 2 17-13
I80LCD_DATA 3 OXFFD5 | R/W | Data buffer byte 3 17-13
1IBOLCD_DATA 4 OXFFD6 | R/W | Data buffer byte 4 17-13
I80LCD_DATA 5 OxFFD7 | R/W | Data buffer byte 5 17-13
1I80LCD_CMD OxFFD8 | RW | Command 17-14
IBOLCD_IE OXFFD9 | R/W | Interrupt enable 17-14
I80LCD_ICLR OXFFDA | RMW | Interrupt clear 17-14
I80LCD_ST OXFFDB | R/W | Status 17-14
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VDMA Control Registers

Name Add. R/W Description Page
VDMA_CFG_0 OXFFEO R/W | Configuration byte 0 16-4
VDMA_CFG_1 OXFFE1 R/W | Configuration byte 1 16-4
VDMA H LEN OXEFE2 RIW Horlgontal length 7 1 for the background and destination 16-4

- = moving area
VDMA V LEN OXEFE3 RIW Vertl_cal length 7 1 for the background and destination 16-4
- = moving area
VDMA_DST_H_WIDTH_L | OxFFE4 R/W | Low byte of the horizontal width of the destination frame 16-5
VDMA_DST_H_WIDTH_H | OxFFES5 R/W | High byte of the horizontal width of the destination frame 16-5
VDMA DST ADDR L OXFFE6 R/W | Low byte of the destination area starting address 16-5
VDMA_DST_ADDR_H OXFFE7 R/W | High byte of the destination area starting address 16-5
VDMA_BG_H_WIDTH_L OXEFES RIW }_rgvr;(lgyte of the horizontal width of the background source 16-5
VDMA_BG_H_WIDTH_H OXEFEQ RIW E;gr:ebyte of the horizontal width of the background source 16-5
VDMA_BG_ADDR_L OXFFEA R/W | Low byte of the background source area starting address 16-5
VDMA_BG_ADDR_M OxFFEB R/W | Middle byte of the background source area starting address 16-5
VDMA BG_ADDR_H OXFFEC R/W | High byte of the background source area starting address 16-5
VDMA FG_H OFFSET OxFFFO R/W | Horizontal offset of the foreground area 16-5
VDMA FG V _OFFSET OxFFF1 R/W | Vertical offset of the foreground area 16-5
VDMA_FG_H_LEN OXFFF2 R/W | Horizontal length i 1 for foreground moving area 16-6
VDMA_FG_V_LEN OXFFF3 R/W | Vertical length i 1 for foreground moving area 16-6
VDMA_FG_H_WIDTH_L OXEEF4 RIW L_rgvr; ‘lanyte of the horizontal width of the foreground source 16-6
VDMA_FG_H WIDTH_H OXEFE5 RIW E;gni:ebyte of the horizontal width of the foreground source 16-6
VDMA_FG_ADDR_L OxFFF6 R/W | Low byte of the foreground source area starting address 16-6
VDMA_FG_ADDR_M OxXFFF7 R/W | Middle byte of the foreground source area starting address 16-6
VDMA FG_ADDR _H OxFFF8 R/W | High byte of the foreground source area starting address 16-6
VDMA_CMD OXFFF9 R/W | Command 16-6
VDMA_IE OxFFFA R/W | Interrupt enable 16-6
VDMA_ICLR OxFFFB R/W | Interrupt clear 16-6
VDMA_ST OxFFFC R/W | Status 16-7
VDMA RGB R OxFFFD R/W | VDMA RGB Red value 16-7
VDMA_RGB_G OXFFFE R/W | VDMA_RGB Green value 16-7
VDMA _RGB B OXFFFF R/W | VDMA_ RGB Blue value 16-7
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NOTES:
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INSTRUCTION SET

All instructions are binary code compatible and perform the same functions as they do with the standard 8051.
The effects of these instructions on bits, flags, and other status functions are identical to the standard 8051. However, the

timing of the instructions is different, in terms of the number of clocks per instruction cycles and timing within the

instruction cycle.

3.1 REGISTER DESCRIPTION FOR CPU

Summary
Name Add. R/W Description Reset
SP 0x81 R/W | Stack Pointer 0x07
DPOL 0x82 R/W | Lower Byte of Data Pointer O 0x00
DPOH 0x83 R/W | Higher Byte of Data Pointer 0 0x00
DP1L 0x84 R/W | Lower Byte of Data Pointer 1 0x00
DP1H 0x85 R/W | Higher Byte of Data Pointer 1 0x00
DPSEL 0x86 R/W | Select DPTR 0/1 register 0x00
PSW 0xDO R/W | Program Status Word 0x00
ACC 0xEQ R/W | Accumulator 0x00
B 0xFO R/W | B Register 0x00
SP (0x81)
Name | Bit | RIW Description Reset
SP 7:0 | R/W | Stack Pointer. 0x07
On PUSH/CALL: before Increment, on POP/RET: after Decrement. Available only by
internal 256 bytes SRAM (I-RAM). The SP is initialized to 07H after a reset. This
means the internal data addressed after 08H is used as stack.
DPOL (0x82)
Name | Bit | RIW Description Reset
. Lower Byte of Data Pointer O.
DPOL 70 RIW If DPSEL = 0, this register is available. 0x00
DPOH (0x83)
Name | Bit | RIW Description Reset
. Higher Byte of Data Pointer O
DPOH 70 RIW If DPSEL = 0, this register is available. 0x00
DP1L (0x84)
Name | Bit | RIW Description Reset
. Lower Byte of Data Pointer 1.
DPIL 70 R/W If DPSEL = 1, this register is available. 0x00
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DP1H (0x85)

Name | Bit | R/W Description Reset
. Higher Byte of Data Pointer 1
DPIH 70 RIW If DPSEL = 1, this register is available. 0x00
DPSEL (0x86)
Name Bit | RIW Description Reset
RSVD 71 - Reserved -
Select DPTR 0/1 register
DPSEL | 0 RIW 0: DPTRO, 1: DPTR1 0
PSW (0xDO0)
Name Bit | RIW Description Reset
CcYy 7 R/W | Carry Flag 0
AC 6 R/W | Auxiliary Carry Flag 0
FO 5 R/W | Flag0 available to the user for general purpose. 0
00: Register Bank 0 (0x00 ~ 0x07)
. 01: Register Bank 1 (0x08 ~ OxOF)
RS 43 | RW 10: Register Bank 2 (0x10 ~ 0x17) 00
11: Register Bank 3 (0x18 ~ Ox1F)
ov 2 R/W | Overflow Flag 0
F1 1 R/W | Flagl available to the user for general purpose. 0
Parity Flag
P 0 R/W | Set/Cleared by hardware each instruction cycle to indicate an odd/even number of 0
6016 bits in the accumul ator
ACC (0xEO0)
Name Bit | RIW Description Reset
ACC 7:0 | RIW | Accumulator 0x00
B (OxFO)
Name Bit | RIW Description Reset
B 7:0 | R\W | B Register 0x00
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3.2 PSW

The PSW (Program Status Word) contains several status bits that reflect the current state of the CPU. The PSW resides
in SFR space at OxDO. It contains the CY (Carry) bit, the AC (Auxiliary Carry) for BCD operations, the two registers bank
select bits (RS), the OV (Overflow), the P (Parity), and a FO/F1 (user defined status flag). The CY serves the functions of
a carry bit in arithmetic operations, also serves as the accumulator (A) for a number of Boolean operations. Auxiliary
carry flag (AC) is set when the last arithmetic operation resulted in a carry into (during addition) or borrows from (during
subtraction) the high order nibble. The bits of RS are used to select one of the four register banks. A number of
instructions refer to these I-RAM locations as RO through R7. Overflow flag (OV) is set when the last arithmetic operation
resulted in a carry (addition), borrow (subtraction), or overflow (multiply or divide).

The Parity bit reflects the number of 1s in the Accumulator: P=1 if Accumulator contains an odd number of 1s (Odd Parity
Check). Thus the number of 1s in the Accumulator plus P is always even.
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3.3

Instruction Types

The register and operand notations for instructions are follows:

Table 3-1. Operand Notations

Dir Direct address

A 8-bit accumulator

PC 16-bit program counter

DPTR 16-bit [DPxH:DPxL] of the currently selected data pointer register

Rn Register RO ~ R7 of the currently selected register bank

@RI 8-bit internal I-RAM location (O0OH ~ FFH) addressed indirectly through RO or R1

bit direct addressed bit in I-RAM (20H ~ 2FH) or SFR (80H ~ FFH)

el Si g n e ds cgnipleneeidt) 8-hit offset byte, used by SIMP and all conditional umps, Range -128 to +127
bytes relative to first byte of the following instruction

addr16 16-bit destination address, used by LCALL and LIMP, a branch can be anywhere within the 64KB code
memory address space
11-bit destination address, used by ACALL and AJMP, a branch can be within the same 2KB page of code

addrll ' gl .
memory as the first byte of the following instruction.

#imm 8-bit constant included in instruction

#imm16 16-bit constant included in instruction
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3.3.1 Data Transfer Instructions

Data transfer instructions are available for moving data around SFR, internal I-RAM, X-RAM and e-FLASH area.

The MOV instruction allows data to be transferred between any internal I-RAM spaces or SFR locations and between
accumulator to internal I-RAM spaces or SFR locations. Remember the Upper 128 bytes of internal I-RAM can be
accessed only by indirect addressing and SFR space only by direct addressing.

The stack pointer resides in internal I-RAM. The PUSH instruction increment the SP, then copies the byte into the stack.
The POP instruction fetches the byte from the stack, and then decrement the SP. PUSH and POP use only direct
addressing to identify the byte being saved or restored, but the stack itself is accessed by indirect addressing using the
SP register. This means the stack can go into the upper 128, but not SFR space.

The Data Transfer instructions include a 16-bit MOV that can be used to initialize the Data Pointer (DPTRX, x=0, 1) for
look-up tables in e-FLASH, or for X-RAM accesses.

The XCH, XCHD can be used to facilitate data manipulations.
MOVX instruction is used to access the internal X-RAM and e-FLASH area. Only indirect addressing can be used. The
choice whether to use a one-byte address, @RI, where Ri can be either RO or R1 of the selected register bank, or a two-

byte address, @DPTR. MOVC instructions are available for reading lookup tables in internal X-RAM or e-FLASH
memory.

Table 3-2. Mnemonic and Operand of Data Transfer Instrunctions

Mnemonic & Operand Operation & Funtions (iE'CEO)?)e cY AC Fo PSWRS oV P
MOV A, #imm A Y imm 74 il q il 1 1 z
MOV A, @RI A Y (Ri) E6,E7 1 1 q 1 1 z
MOV A, Rn A Y Rn E8 ~ EF 1 1 q 1 1 z
MOV A, Dir A Y Dir E5 1 1 1 1 1 z
MOV @Ri, A (Ri) Y A F6,F7 1 il 1 1 1 1
MOV @RI, #imm (Ri) Y imm 76,77 1 q T 1 1 1
MOV @RI, Dir (Ri) Y Dir AB,A7 il q T 1 1 1
MOV Rn, A Rn v A F8 ~ FF l 1 il 1 1 1
MOV Rn, Dir Rn v Dir A8 ~ AF l 1 il 1 1 1
MOV Rn, #imm Rn v imm 78 ~ 7F 1 1 T 1 1 1
MOV Dir, A Dir v A F5 1 1 T 1 1 1
MOV Dir, #imm Dir v imm 75 1 1 1 Ul ol Y
MOV Dir, @Ri Dir Y (Ri) 86,87 1 1 1 ol ol Y
MOV Dir, Rn Dir v Rn 88 ~ 8F 1 1 1 i ol Y
MOV Dir1, Dir2 Dirl v Dir2 85 1 1 1 Ul Ul Y
MOV DPTR, #imm16 DPTR v imm16 90 l 1 il 1 1 1
MOVC A, @A+DPTR A v (A+DPTR) 93 l 1 il 1 1 z
MOVC A, @A+PC KC $ &E;é) 83 q 1 1 | | z
MOVX A, @DPTR A v DPTR EO 1 1 1 1 1 z
MOVX A, @RI A Y (Ri) E2,E3 q q q 1 1 z
MOVX @DPTR, A (DPTR) Y A FO 1 1 1 1 1 1
MOVX  @Ri, A (Ri) v A F2,F3 1 1 1 1 1 1
XCH A, @RI A z (Ri) C6,C7 1 1 1 1 1 z
XCH A, Rn A z Rn C8~CF 1 1 1 1 1 z
XCH A, Dir A z Dir c5 1 1 1 1 1 z
XCHD A, @Ri Aso 7 (Ri)a.0 D6,D7 [ [ [ 1 1 z
PUSH  Dir (SSPP) i g:)r *1 Co 1 1 1 1 1 1
POP  Dir o I, DO T T T T T T
6VY6: I f destination address are EOH (Accumul ator), it
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Table 3-2 is Mnemonic and Operand description of each data transfer instruction. Each function and effects on PSW are

also describef. mthaeassymbokfbdect to PSWO6 and the symbol 06206 m
3.3.2 Arithmetic Instructions
These instructions are addition, subtraction, decimal adjustment, increment, decrement, multiplication, and division
between two operands. The accesses of addition and subtraction are by all addressing mode except indexed addressing.
The I-RAM space can be incremented or decremented without going through the accumulator.
The MUL AB instruction multiplies the Accumulator by the B-register and puts the product into the concatenated B and
Accumulator registers. The DIV AB instruction divides the Accumulator by the data in the B-register and leaves the 8-bit
quotient in the Accumulator, and the remainder in the B-register.
The DA A instruction is for BCD (Binary Coded Decimal) arithmetic operations. In BCD arithmetic, ADD and ADDC
instruction should always be followed by a DA A operation, to ensure that the result is also in BCD. DA A will not convert
a binary number to BCD. The DA A operation produces a meaningful result only as the second step in the addition of two
BCD bytes.
Table 3-3 is Mnemonic and operand description of each arithmetic instruction. Each function and effects on PSW are
al so describef®. mthassymbokefébdbect t PSWO6, the symbol 6206 means
6al ways force to 606.
Table 3-3. Mnemonic and Operand of Arithmetic Instructions
Mnemonic & - ] Opcode PSW

Operand QR EIE & AT (EIEX) CY | AC | FO [ RS [ OV | P
ADD A, #imm A Y A+imm 24 z z 1 1 z z
ADD A, @RI A Y A+ (Ri) 26,27 i z 1 1 z z
ADD A, Rn A Y A+Rn 28 ~ 2F z z 1 1 z z
ADD A, Dir A Y A+ Dir 25 z z 1 1 z z
ADDC A, #imm A Y A+imm + CY 34 z z 1 1 z z
ADDC A, @RI A Y A+ (Ri) + CY 36,37 z z 1 1 z z
ADDC A, Rn A Y A+Rn+CY 38~3F z z 1 1 z z
ADDC A, Dir A Y A+ Dir + CY 35 z z 1 1 z z
SUBB A, #imm A Y AT immi CY 94 z z T 1 z z
SUBB A @Ri A Y AT (Ri)T1 CY 96,97 z z T 1 z z
SUBB A Rn A Y AT Rni CY 98 ~ 9F z z T 1 z z
SUBB A, Dir A Y AT Diri CY 95 z z T 1 z z
INC A A Y A+1 04 1 1 1 1 1 z
INC @Ri (Ri) Y (Ri)+1 06,07 l l l 1 1 1
INC Rn Rn Y Rn+1 08 ~ OF l l l 1 1 1
INC Dir Dir Y Dir + 1 05 1 1 1 1 1 Y
INC DPTR DPTR Y DPTR +1 A3 T T T 1 1 1
DEC A A Y Ail 14 1 1 1 1 1 z
DEC @Ri (Ri) Y (Ri)i 1 16,17 T T T 1 1 1
DEC Rn Rn Y Rni 1 18~ 1F T T T 1 1 1
DEC Dir Dir Y Diri 1 15 1 1 1 1 1 Y
DA A A Y Da(A) D4 z [ [ ol ol i
MUL AB AB Y AxB Ad 0 ol ol ol i i
DIV AB AB Y A/B 84 0 1 1 i i i
6Y6: I f destination address are EOH (Accumul ator), it is set
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3.3.3 Unconditional Branch Instructions

The Unconditional Branch in®Ptrud&dMPonsIMRGE. thheeSIFMR martst rolSctM
destination address as a relative offset. The instruction is 2-bytes long, consisting of the opcode and the relative offset

byte. The jump distance is limited to a range of -128 to +127 bytes relative to the instruction following the SIMP. The

LIMP instruction encodes the destination address as a 16-bit constant. The instruction is 3-bytes long, consisting of the

opcode and two address bytes. The destination address can be anywhere in the 64KB code memory space. The AIMP

instruction encodes the destination address as an 11-bit constant. The instruction is 2-bytes long, consisting of the

opcode, which itself contains 3 of 11 address bits, followed by another type containing the low 8-bits of the destination

address. Hence the destination has to be within the same 2KB block as the instruction following the AJMP.

The JMP @A + DPTR instruction supports case jumps. The destination address is computed at execution time as the
sum of the 16-bit DPTR register and the Accumulator. Typically, DPTR is set up with address of a jump table, and the
Accumulator is given an index to the table.

Table 3-4 is Mnemonic and operand description of unconditional branch instruction. Each function and effects on PSW
are also described. As shown in the table, any instruction related subroutine call can not effects on PSW.

Table 3-4. Mnemonic and Operand of Unconditional Branch Instructions

Mnemonic & Operand Operation & Funtions (2E%o>ge cy AC Fo PSWRS oV P
AJMP  addil PCoo Y  addrll 01,21,
41,61,
81.A1, 1 1 1 1 1 1
ClE1
JMP @A+ DPTR PC Y  A+DPTR 73 1 1 1 1 1 1
SIMP  rel PC Y PC + rel 80 il il il 1 1 1
LIMP  addrl6 PC Y addr16 02 l l l ol ol ol
NOP No operation 00 bl bl bl i i i

3.3.4 Boolean Instructions

The Boolean Instructions are single-bit processing functions. The I-RAM (20H ~ 2FH) contains 128 addressable bits
(O0H ~ 7FH), and the SFR space (address ends in 000b, that OH or 8H) can support up to 128 other addressable bits
(80H ~ FFH). The instructions that access these bits are conditional branches, move, set, clear, complement, OR, and
AND instructions. All bit accesses are by direct addressing

Table 3-5 is Mnemonic and operand description of each Boolean instruction. Each function and effects on PSW are also

described. fhmeaypymbohoodoeffect to PSWO6 and t he sysnbmHdoldz&0 dne a
means O0force to 006.

Table 3-5. Mnemonic and Operand of Boolean Instructions

it Operation & Funtions OIERnl: i

Operand (HEX) CY AC FO RS oV P
ANL C, bit CcY Y CY & bit 82 z 1 il 1 1 1
ANL C, /bit CcY Y CY & Ibit BO z 1 il 1 1 1
CLR C CY Y 606 C3 z 1 il 1 1 1
CLR bit bit Y 606 C2 1 1 1 1 1 Y
CPL C CcY v ICY B3 z 1 il |l 1 1
CPL bit bit Y Ibit B2 1 1 1 l 1 Y
MOV C, bit CcY Y bit A2 z 1 il 1 1 1
MOV bit, C bit Y cY 92 1 1 1 1 1 Y
ORL C, bit CcY Y CY | bit 72 z 1 T 1 1 1
ORL C, /bit CcY Y CY | bit A0 z 1 T 1 1 1
SETB C CcY Y 016 D3 z 1 T 1 1 1
SETB  bit bit Y 616 D2 1 1 1 1 1 Y
6Yo: I f destination address are EOH (Accumul ator), it is set
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3.3.5 Subroutine Call Instructions

The LCALL instruction uses the 16-bit address format, and the subroutine can be anywhere in the 64KB code memory
space. The ACALL instruction uses the 11-bit address format and the subroutine must be in the same 2KByte clock as
the instruction following the ACALL. Subroutines should end with a RET instruction, which returns execution to the
instruction following the CALL, RETI is used to return from interrupt service routine. The only difference between RET
and RETI is that RETI tells the interrupt control system that the interrupt in progress is done.

Table 3-6 is Mnemonic and operand description of instructions related to the subroutine call. Each function and effects on
PSW are also described. As shown in the table, any instruction related subroutine call can not effects on PSW.

Table 3-6. Mnemonic and Operand of Instructions related to the Subroutine Call

. . . Opcode PSW
Mnemonic & Operand Operation & Funtions (HEX) cY AC Fo RS oV P

PC Y PC+2
SP Y SP+1 11,31,
(SP) v PClow 51,71,

ACALL  addll SP Y SP+1 oy, | T [ T T T T
(SP) Y PChign D1,F1
PCio 0 Y addrll
PC Y PC +3
SP Y SP+1
(SP) ? PClow

LCALL  addrl6 Sp Y SP+1 12 1 1 1 1 1 1
(SP) Y PCrign
PCio 0 Y addrl6
PChigh Y (SP)
SP Y SPi 1

RET PClow Y (SP) 22 1 1 1 1 1 1
SP Y SP-1
PChigh Y  SP)
SP Y SPi1l

RETI PClow Y (SP) 32 1 1 1 1 1 )l
SP Y SP-1
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3.3.6 Conditional Branch Instructions

All of these Jumps specify the destination address by the relative offset method, and so are limited to a jump distance of -
128 to +127 bytes from the following the conditional jump instruction. Since no ZERO bit is in the PSW, the JZ and JNZ
instructions test the Accumulator data instead of PSW.

The DINZ (Decrement and Jump If Not Zero) instruction is for loop control. To execute a loop N times load a counter

byte with N and terminate the loop with a DJNZ to the beginning of the loop. The CINE (Compare and Jump if Not
Equal) instruction can also be used for loop control. Two bytes are specified in the operand field of the instruction. The

Anot he

jump is executed only if the two bytes are not equal
comparisons. The two bytes in the operand field are taken as unsigned integers. If the first is less than the second, then
the CY is set. If the first is greater than the second, the CY is cleared.

Table 3-7 is Mnemonic and operand description of each conditional branch instruction. Each function and effects on PSW
are also descr iftmed.nsThe os yerhifelcté to PSW6, the symbol 6z
Table 3-7. Mnemonic and Operand of Conditional Branch Instructions

. . . Opcode PSW
Mnemonic & Operand Operation & Funtions (HEX) oy AC Fo RS oV =
. If bit=1,
JB bit, rel PC ¥ PC + rel 20 9 i i q q
If bit=1,
JBC bit, rel PC Y  PCH+rel 10 T T | 1 1 Y
bit Y 6050
IfCYy =1,
)€ rel PC Y  PC+rel 40 T T T T T T
. If bit =0,
JNB bit, rel PC ¥ PC + rel 30 | 1 1 i i 1
If CY =0,
INC rel PC Y  PC+rel S0 T T T T T T
IfA=0,
)z rel PC Y PC + rel 60 T T T i i T
IfAl=0,
INZ rel PC Y  PC+rel 0 T T T T T T
If (Ri) '=imm
L PC Y PC +rel ,
CINE @RI, #imm, rel cy ¥ 616: (Ri) |< BGI, EFer z i i T T i
Cy Y 606: (Ri) [>= i mm
If Al=imm
. PC Y PC + rel ,
CINE A, #imm, rel cy Y 616: A < i mmB4 Z i i 1 1 i
CYy Y 6006: A >= |i mm
If A != Dir
. PC Y PC + rel ,
CJINE A, Dir, rel cy Y 616: A < Oir B5 z 1 1 1 1 i
Cy Y 606: A >= |Dir
If Rn !=imm
) PC Y PC +rel ,
CINE Rn, #imm, rel cy Y 616: Rn < li Br%mBF z i i T T i
Cy Y 60006: Rn >3 i mm
Dir Y Dir-1
DJINZ Dir, rel I f Dir !'= 06006 D5 ] ] ] 1 1 ]
PC Y PC + rel
RN Y Rni 1
DJINZ Rn, rel If Rn !'= 606 D8 ~ DF 1 1 1 1 1 1
PC Y PC + rel
6VYo I f destination addresses are EOH (Accumul ator), it

3-9




INSTRUCTION SET

3.3.7 Logical Instructions

The instructions that perform Boolean operations (AND, OR, XOR, NOT) on bytes perform the operation on a bit-by-bit

basis. CLR (clear), CPL (complement), SWAP, Rotate (RL, RLC, RR, RRC) instructions manipulate the Accumulator. The

Rotate instructions shift the Accumulator 1 bit to the left or right. For a left rotation, the MSB rolls into the LSB position.
For a right rotation, the LSB rolls into the MSB position. The SWAP instruction interchanges the high and low nibbles

within the Accumulator. This is a useful operation in BCD manipulations.

Table 3-8 is Mnemonic and operand description of each logical instruction. Each function and effects on PSW are also

described. Thmeawpmbohooeffect to PSWO, the symbol 67206
Table 3-8. Mnemonic and Operand of Logical Instructions
Mnemonic & . . Opcode PSW
Operand Operation & Funtions (E|EX) cY AC Fo RS oV P
ANL A, #imm A Y A &imm 54 Ul 1 1 ol ol ya
ANL A, @RI A Y A& (Ri) 56,57 ol ol il 1 1 z
ANL A, Rn A Y A&Rn 58 ~ 5F Ll Ll Ll 1 1 z
ANL A, Dir A Y A & Dir 55 Ll Ll Ll ol ol z
ANL Dir, #imm | Dir Y Dir & imm 53 Ll Ll Ll 1 1 Y
ANL Dir, A Dir Y Dir & A 52 il 1 1 1 1 1
ORL A, #imm A Y Alimm 44 1 1 1 1 1 z
ORL A, @Ri A Y A| (Ri) 46,47 1 1 1 1 1 7
ORL A, Rn A Y A|Rn 48 ~ 4F 1 1 1 1 1 7
ORL A, Dir A Y A| Dir 45 1 1 1 1 1 7
ORL Dir, #imm | Dir Y Dir | imm 43 1 1 1 1 1 Y
ORL Dir, A Dir Y Dir | A 42 1 il 1 1 1 1
XRL A, #imm A Y AN imm 64 1 1 1 1 1 7
XRL A, @Ri A Y A (Ri) 66,67 1 1 1 1 1 7
XRL A, Rn A Y A"RN 68 ~ 6F 1 1 1 1 1 7
XRL A, Dir A Y A" Dir 65 1 1 1 1 1 7
XRL Dir, #imm Dir Y Dir ~imm 63 q 1 1 1 1 Y
XRL Dir, A Dir Y Dir ~A 62 il 1 1 1 1 1
CLR A A Y 6006 E4 1 1 1 1 1 z
CPL A A Y 1A F4 1 1 1 1 1 1
SWAP A A7 4 Y As o C4 1 1 1 1 1 1
RL A ﬁnﬂ b 2" (n=0-9) 23 1 1 1 1 1 1
0 - 7
An+1 << An (n=0 ~ 6)
RLC A cY = A; 33 i 1 ] 1 1 z
Ao = cY
RR A ﬁnﬂ = 2" (n=0-6) 03 1 1 1 1 1 1
0 - 7
An+1 >> An (n=0 ~ 6)
RRC A A; = CY 13 z ] ] 1 1 z
CcY = Ao
6VYo I f destination address are EOH (Accumul ator),

3-10
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3.4 Instruction Set Summary

The is fully binary compatible with the standard 8051 instruction set. The difference between the
the standard 8051 is the number of cycles required to execute an instruction.

Fsys = 10MHz, The execution time of NOP is 50ns.

and

Detailed Data Transfer Instruction Summary
() : In this case, destination is internal flash area.

. Maximum Clock Cycles

Data Transfer Instruction Bytes Standard 8051

MOV A #imm 2 12 2
MOV A, @RI 1 12 2
MOV A, Rn 1 12 1
MOV A, Dir 2 12 2
MOV @RI, A 1 12 2
MOV @RI, #imm 2 12 2
MOV @RI, Dir 2 24 3
MOV Rn, A 1 12 1
MOV Rn, Dir 2 24 3
MOV Rn, #imm 2 12 2
MOV Dir, A 2 12 2
MOV Dir, #imm 3 24 3
MOV Dir, @RI 2 24 3
MOV Dir, Rn 2 24 2
MOV Dirl, Dir2 3 24 3
MOV DPTR, #imm16 3 24 3
MOVC A, @A+DPTR 1 24 4
MOVC A, @A+PC 1 24 4
MOVX A, @DPTR 1 24 3
MOVX A, @RI 1 24 3
MOVX @DPTR, A 1 24 3(4)
MOVX @R, A 1 24 3(4)
XCH A, @RI 1 12 3
XCH A, Rn 1 12 2
XCH A, Dir 2 12 3
XCHD A, @RI 1 12 3
PUSH Dir 2 24 3
POP Dir 2 24 2

Detailed Arithmetic Instruction Summary

Maximum Clock Cycles

Arithmetic Instruction Bytes Standard 8051
ADD A, #imm 2 12 2
ADD A, @RI 1 12 2
ADD A, Rn 1 12 1
ADD A, Dir 2 12 2
ADDC A, #imm 2 12 2
ADDC A, @RI 1 12 2
ADDC A, Rn 1 12 1
ADDC A, Dir 2 12 2
SUBB A, #imm 2 12 2
SUBB A, @RI 1 12 2
SUBB A, Rn 1 12 1
SUBB A, Dir 2 12 2
INC A 1 12 1
INC @RI 1 12 3
INC Rn 1 12 2
INC Dir 2 12 3
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INC DPTR 1 24 1
DEC A 1 12 1
DEC @RI 1 12 3
DEC Rn 1 12 2
DEC Dir 2 12 3
DA A 1 12 1
MUL AB 1 48 1
DIV AB 1 48 11
Detailed Unconditional Branch Instruction Summary
. . Maximum Clock Cycles
Unconditional Branch Instruction Bytes Standard 8051
AJMP add1l 2 24 3
JMP @A+DPTR 1 24 3
SIMP rel 2 24 3
LIMP add16 3 24 3
NOP 1 12 1
Detailed Boolean Instruction Summary
. Maximum Clock Cycles
Boolean Instruction Bytes Standard 8051
ANL C, bit 2 24 2
ANL C, /bit 2 24 2
ORL C, bit 2 24 2
ORL C, /bit 2 24 2
CLR C 1 12 1
CLR bit 2 12 3
CPL C 1 12 1
CPL bit 2 12 3
SETB C 1 12 1
SETB bit 2 12 3
MOV C, bit 2 12 2
MOV bit, C 2 24 3
Detailed Subroutine Call Instruction Summary
. . Maximum Clock Cycles
Subroutine Call Instruction Bytes Standard 8051 BMC513
ACALL addi11 2 24 3
LCALL add16 3 24 3
RET 1 24 4
RETI 1 24 4
Detailed Conditional Branch Instruction Summary
() : In this case, jump is not taken.
. . Maximum Clock Cycles
Conditional Branch Instruction Bytes Standard 8051
JB bit, rel 3 24 4(3)
JNB bit, rel 3 24 4(3)
JBC bit, rel 3 24 4(3)
JC rel 2 24 3(2)
JNC rel 2 24 3(2)
Jz rel 2 24 3(2)
JNZ rel 2 24 3(2)
CJINE @RI, #imm, rel 3 24 4(3)
CJINE A, #imm, rel 3 24 4(3)
CJINE A, Dir, rel 3 24 4(3)
CJINE Rn, #imm, rel 3 24 4(3)
DJINZ Dir, rel 3 24 4(3)
DJINZ Rn, rel 2 24 3(2)
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Detailed Logical Instruction Summary

Maximum Clock Cycles

Logical Instruction Bytes Standard 8051
ANL A, #imm 2 12 2
ANL A, @RI 1 12 2
ANL A, Rn 1 12 1
ANL A, Dir 2 12 2
ANL Dir, #imm 3 24 3
ANL Dir, A 2 12 3
ORL A, #imm 2 12 2
ORL A, @RI 1 12 2
ORL A, Rn 1 12 1
ORL A, Dir 2 12 2
ORL Dir, #imm 3 24 3
ORL Dir, A 2 12 3
XRL A, #imm 2 12 2
XRL A, @RI 1 12 2
XRL A, Rn 1 12 1
XRL A, Dir 2 12 2
XRL Dir, #imm 3 24 3
XRL Dir, A 2 12 3
CLR A 1 12 1
CPL A 1 12 1
SWAP A 1 12 1
RL A 1 12 1
RLC A 1 12 1
RR A 1 12 1
RRC A 1 12 1
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NOTES:
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SYSTEM CONTROLLER
4.1 OVERVIEW

The system controller consists of three parts: reset management, system clock management, and system power
management control. The system clock management logic can generate the required system clock signals. There is a
PLL to generate internal clocks for USB. Software program can control the operation frequency of the PLLs, internal
clock sources and either enable or disable the clock to reduce the power consumption.

The has various power-down modes to keep optimal power consumption for a given task. The power-down
modes consists of three modes: General Clock Gating mode, IDLE mode and STOP mode.

General Clock Gating mode is used to control the ON/OFF of clocks for internal peripherals in the . User can
optimize the power consumption of the using this General Clock Gating mode by supplying clocks for
peripherals that are necessary for a certain application.

4.2 FEATURES

- Include on-chip PLL

- Include on-chip 16MHz Main oscillator

- Include on-chip 32.768KHz Sub oscillator

- Independent clock ON and OFF control to reduce power consumption

- Supports power-down mode: Power clock gating, IDLE and STOP mode to optimize the power consumption.

- Wake-up by one of external interrupt, WDT wake-up, USB wake-up and RTC alarm wake-up. (STOP mode
Only)
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4.3 OPERATION
4.3.1 RESET MANAGEMENT

RESET Types

The processor has four types of resets and reset controller can place the system into the predefined states with
one of the following resets.

- Pin RESET(PnRESET): Uncompromised, unmask-able, and complete reset, it is generated when PNRESET
pin is asserted.

- Software RESET(SWRST): Software can initialize the internal state by writing the RSTCON register.

- Watchdog RESET(WDTRST): The watchdog timer monitors the devices state and generates the watchdog
reset when the state is abnormal.

- Low Voltage Detect RESET(LVDRST): When Vpp is changed in condition for LVD operation in the normal
operation mode, reset occurs.

PNRESET £§t>w L

SWRST

WDTRST RESET

LVDRST r

Figure 4-1. RESET source of the

When LVD circuit detects Vpp below V\yp, reset is generated.
When Watch-dog timer overflow is occurred, reset is generated.
PNRESET pin is issued to low, reset is generated.

Chip reset occurs when it writes fDxBointo RSTCON register.

PoNPE
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PIN RESET (PNnRESET)

Pin reset is invoked when the PNRESET pin is asserted and all units in the system (except RTC block) are initialized to
known states. When the unmaskable PNRESET pin is asserted as flowq the internal hardware reset signal is generated.
Upon assertion of PNRESET, the
stabilization time is 6.1ms.

enters into reset sate regardless of the previous state. The internal oscillator

PNRESET

IMCLK

Internal
Reset

Fsys

PN

Over 2us

Internal Oscillator Stabilization time

about 6.1 ms @16MHz

Ll /AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV

[ |

LVD RESET (LVDRST)

The Low Voltage Detect Circuit (LVD) is built on the

Figure 4-2. Pin Reset Sequence

to generate a system reset. When LVD circuit detects Vpp

below Vo, reset is generated. The internal oscillator stabilization time is 2ms.

Vbb

LVDRST

IMCLK

Internal
Reset

FSYS

N\

Vivp

AR AVAVAVAVAVAVAVAVAVAVAVAVAN

Internal Oscillator Stabilization time about 2 ms @16MHz

Figure 4-3. LVD Reset Sequence
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Software RESET

Software can initialize the device state itself when it writes fDxBoto RSTCON register.

FSYS

Ji

N

SW Reset

Internal Reset

Write™ 0xB

Uubuuuuuuyl

6.5 times Fsys

Watchdog RESET

Figure 4-4. Software Reset Timing

Watchdog reset is invoked timer overflows under the condition that both watchdog timer and reset are enabled.

FSYS

Ji

N

Watch-dog Reset

Internal Reset

Uubuuuuuuyl

6.5 times Fsys

4-4
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4.3.2 CLOCK MANAGEMENT

Overview

Figure 4-6 show a block diagram of the clock architecture. The main clock source comes from an external oscillator

(EMCLK), an internal 16M main oscillator clock (IMCLK), PLL output clock (PLLCLK), an external sub oscillator (ESCLK)

or an internal 32K sub oscillator clock (ISCLK).

CLKCONI[2:0] IDLE
Jg» CPU
PXI Max. 12MHz  EMCLK DIVIDER RAM
[ | ‘ » 001 Interrupt
/1 GPIO
PLL PLLCLK Fsource 2 Fsys
» /2 » 101 >
Max. 48MHz /4
IMCLK /8 Softwarel Peripheral x
Internal OSC 000 ce e
Typ. 16MHz " .
Peripheral y
Internal osc|  ISCLK 010 CLKCONJ4:3] Peripheral z
Typ. 32KHz d
PXTI : 32.768KHz ESCLK
» 011
» WDT
> USB
RTCCLK
» RTC, WDT
111 «—— CLK12M_PLL from USB
110(«—— CLK12M_SIE from USB
101«— ESCLK
CLKOUT
100«— EMCLK
011«— RTC output clock
010 ¢&— ISCLK
001'«— IMCLK
000 f¢— Fsvs
CLKCONI7:5]

Figure 4-6. Clock generator block diagram

The RTC working clock is generated by PXTI (RTCCLK). The frequency is 32.768KHz.
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IMCLK: INTERNAL MAIN CLOCK 16MHz

IMCLK means an internal main clock 16MHz.

The internal 16MHz oscillator supplies the clock to the Fsource when CLKSRC field in CLKCON register is fD00ba
Enabling and disabling the internal 16MHz oscillator is possible by controlling Int16MOSCdis bit in SYSCFG register.
User should check Int16MOSCstable bit in SYSCFG register when IMCLK is used for the Fsource. The IMCLK cand be
used for PLL input.

After reset, IMCLK is enabled by default and can be used for Fsource by default.

EMCLK: EXTERNAL MAIN CLOCK 4 ~ 12MHz
EMCLK means an external main clock. The frequency range of external clock oscillator is allowed from 4MHz to 12MHz.

When the resonators (from 4MHz to 8MHz) and load capacitors are used as the external oscillator (not recommended),
they have to be placed as close to the processor as possible in order to have the stable clock and minimize the
stabilization time. The value of load capacitor should be chosen according to the external oscillator.

EMCLK can be used for the Fsource or PLL input source. It can be disabled or enabled by controlling MAIN_OSC_DIS
bit in SYSCFG register. User should check MAIN_OSC_STABLE bit in SYSCFG register when EMCLK is used for the

Fsourck.

After reset, EMCLK is enabled.

External PXI
— Pl Clock
]
Cc2
— — PXO PXO

Main Oscillator Circuit
(External Crystal or Ceramic Resonator) External Clock Circuit

Figure 4-7. Main Oscillator Circuit

ISCLK: INTERNAL SUB CLOCK 32.768KHz

ISCLK means an internal sub-clock 32.768KHz. ISCLK can be used for the Fsource. It is not impossible to use as PLL
input source. The internal 32.768KHz oscillator is used for wakeup of watch dog timer as a clock source in STOP mode.
It can be optionally enabled or not.

ISCLK cannot be used for the RTC working clock.

After reset, ISCLK is enabled.

ESCLK: EXTERNAL SUB CLOCK 32.768KHz

ESCLK means an external sub-clock 32.768KHz. ESCLK can be used for the Fsource. It is not impossible to use as PLL
input source. It can be disabled by S/W

ESCLK can be used for the RTC working clock and watch dog timer clock source.
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PLL

The PLL (Phase-Locked-Loop) frequency synthesizer is constructed in CMOS in single monolithic structure. The PLL has
frequency multiplication capabilities for the output clock frequency (PLLCLK) based on the input clock frequency

(EMCLK) by the following equation.

PLLCLK = EMCLK * (MDIV[5:0] +8) / (PDIV[3:0]+2) / (25P"V1:0)

Where,
MDIV: the value for Main Divider
PDIV: the value for Pre Divider
SDIV: the value for Post Scaler
EMCLK Pre-Divider PFD Cphuanrque VCO » Post-Scaler PLLCLK
PDIV SDIV
Main-Divider
MDIV

Figure 4-8. PLL Block Diagram

MDIV, PDIV and SDIV are the values for programmable dividers (see the register description).

The PLL consists of a Phase/Frequency Detector (PFD), a Charge Pump, a Voltage Controlled Oscillator (VCO), a pre-

divider, a main-divider and post scaler as depicted in Figure 4-8 above.

PLL generates clock sources for USB and Fsource.

Changing PLL Settings in Normal Operation

During the operation of the
PMS value, the sequences are as follows:

IR S

in NORMAL mode, if the operation frequency wants to be changed by writing the

Enable an external main oscillator (EMCLK) by controlling MAIN_OSC_DIS bit in CLKCON register.
Checking an external main oscillator stable by monitoring MAIN_OSC_STABLE bit in SYSCFG register.
Changes PMS value in PLLCONO and PLLCONL1 register.

Enable PLL by controlling PLL_EN bit in PLLCONO register

Checking a PLL stable by monitoring PLL_STABLE bit in PLLCONO register. (300us Lock-up time)

If PLL is stable, set CLKSRC fields in CLKCON register to iL01b@g and then Fsource is fed from PLLCLK/2.
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Clock Source Selection

Clock input source (Fsource) can use EMCLK(PXI), ESCLK(PXTI), PLLCLK, IMCLK(internal 16MHz OSC, default) or
ISCLK(internal 32K OSC) as its clock source by setting CLKCON][2:0] only after stabilization. Otherwise, it might bring
the chip into unexpected status of operations.

Especially, when using PLLCLK as clock source, must use EMCLK as PLL clock input.

Figure 4-9 shows system clock source change timing diagram. Other case is same operation.

JULHL Uy
External Oscillator
_ _Stabilization time (10ms)
MainOSCdis
I Main OSC enable
MainOSCstable \
INtMOSCdis
A A
nt MOSC disable Int MOSC enable
IntMOSCstable
- Internal Oscillator Stabilization
. ] _ time (2ms)
wewe [|[[][]L UL - I il
Fsource —L Freezed —L —L

A A
During 3 timeg EMCLK During 3 times IMCLK

CLKCON[2:0] oh >< 1h >< oh
Check MainOSCstable Check IntMOSCstable
It changes to EMCLK It changes to IMCLK

Figure 4-9. The case that changes clock source
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How to control clock source:

After Reset, system is running by IMCLK
Using ESCLK

rISYSCFG = 0;

rCLKCON = 0x1B;

Using ISCLK
rSYSCFG = 0;
rCLKCON = Ox1A;

Using IMCLK
rISYSCFG = 0;
While (I(rSYSCFG & 0x80));
rCLKCON = 0x10;

Using EMCLK
rSYSCFG = 0;
While ({(rSYSCFG & 0x40));

rCLKCON = 0x19;

rSMCLKCON = 0xF7;
rCLKCON = 0x18;

Using PLLCLK
rSYSCFG = 0;
While ({(rSYSCFG & 0x40));

rPLLCON1 = (0x28<<2) + 0x0;
rPLLCONO = PLL_EN + OxA,
While (/(rPLLCONO & 0x80));

rPCON = rPCON & OxBF;
rSMCLKCON = OxFA,
rCLKCON = 0x1D;

/I enable external Sub-Oscillator
Il Fsource = ESCLK, Fsys = Fsource

/I enable internal Sub-Oscillator
Il Fsource = ISCLK, Fsys = Fsource

/I enable internal Main-Oscillator
/I wait internal Main-Oscillator stable
Il Fsource = IMCLK, Fsys = Fsource/ 2

/I enable external Main-Oscillator
/I wait external Main-Oscillator stable

Il Fsource = EMCLK, Fsys = Fsource

Il or

/I Flash Access 1 wait, ONE_CACHE_EN
Il Fsource = EMCLK, Fsys = Fsource/ 2

/I enable external Main-Oscillator
/I wait external Main-Oscillator stable

/I PLL output frequency = 48MHz
/I MDIV = 0x28, SDIV = 0x0

/I PDIV = 0xA, PLL enable

/I wait PLL stable

/I EF_WAIT_MODE =0
/I Flash Access 2 wait, ONE_CACHE_EN =1
Il Fsource = PLLCLK/2, Fsys = Fsource = 24MHz
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4.3.3 POWER MANAGEMENT

The power management block controls system clocks by software for the reduction of power consumption of the
. The has three power-down modes

Power Saving Mode State Diagram

Figure 4-10 shows Power saving mode state with either Entering or Exiting condition. In general, the entering conditions
(CMD) are set to PCON register by CPU.

Normal
(General Clock Gating
Mode)

Reset,
Reset External Int.
InternaI/Exte;naI Int. RTC Wakeup
WDT Wakeup
USB Wakeup
IDLE STOP

Figure 4-10. Power-down mode State Diagram

General Clock Gating Mode (Normal Mode)

In General Clock Gating mode, both On and OFF of clock gating of the individual clock source of each block are
performed by controlling each corresponding clock source enable bit of CLK_ENO and CLK_EN1 registers. The Clock
Gating is applied instantly whenever the corresponding bit (or bits) is changed.

IDLE Mode
In IDLE mode, clock to CPU is in stop.
Idle mode is invoked when the IDLE Mode bit of PCON is set to d6 In IDLE mode, CPU operations are halted while
some peripherals remain active. During IDLE mode, the internal clock is gated away from the CPU, but all peripherals
remain active.
There are two ways to release IDLE mode:
1. Execute areset. All system and peripheral control registers (except RTC block) are reset to their default values.
If interrupts are masked, a reset is the only way to release IDLE mode.
2. Activate any enabled interrupt, causing IDLE mode to be released.
How to Enter into IDLE mode:
orl PCON, #01H
nop
nop

nop

Because the next instruction just after IDLE mode entrance will also be executed, the next instruction of IDLE MUST be
fNOPOinstruction.
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STOP Mode

STOP mode is invoked when the STOP Mode bit of PCON is set to A6 In STOP mode, the operation of the CPU and all
peripherals except RTC and WDT (If WAKEEN bit is set to d.6for using wakeup feature) are halted. That is, the external
main oscillator and internal 16MHz main oscillator are stopped (Stopping oscillator circuit is optional for the necessary of
faster oscillation stabilization time. See MAIN_OSCEN_STOP and INT_MOSCEN_STOP bits in SYSCFG register). The
supply current is reduced. External sub oscillator and internal 32KHz sub oscillator are configurable. The clock supply to
Fsource is disconnected in entry of STOP mode and connected in exit of STOP mode. All system functions stop when the
clock ffreezesq but data stored in the internal register file is retained.

Table 4-1. IP status on Normal and STOP mode

Normal mode STOP mode
External Main Oscillator Configurable (MAIN_OSC_DIS bit of Configurable (MAIN_OSCEN_STOP
(EMCLK) SYSCEFG register) bit of SYSCFG register)
Internal 16MHz Main Oscillator Configurable(INT_MOSC_DIS bit of Configurable(INT_MOSCEN_STOP
(IMCLK) SYSCFG register) bit of SYSCFG register)
PLL Configurable (PLL_EN bit of STOP
(PLLCLK) PLLCONQO register)
ADC Configurable STOP
DAC Configurable STOP
USB Configurable Enter SUSPEND mode
How to Enter into STOP mode:
anl IVCONO, #0ODEH ; disable LVD circuit
orl PCON, #02H
nop
nop
nop

Because the next instruction just after STOP mode entrance will also be executed, the next instruction of STOP MUST
be ANOPOGinstruction.

Following operation will be executed before entering STOP mode

1. LVD circuit should be disabled. (Mandatory): LVD circuit will be automatically enabled when wakeup is
generated except reset source, and then LVD circuit checks the voltage level. If voltage level is over V vp,
STOP mode will be released. If not, LVD reset is generated.

2. If system is using the PLLCK for Fsource, should change it to IMCLK or EMCLK before entering STOP mode.
Because PLLCLK will be stopped in STOP mode.

3. When any of external interrupts are used as Wakeup sources, bits of registers (EINTENO and EINTEN1)

related to the external interrupts should be only enabled. Otherwise, it might cause unexpected system

malfunction.

Disable JTAG function. (Optional)

Internal 3.3V LDO Power down (Optional)

Disable USB PHY pull-up. (Optional)

Disable Internal 32K sub-oscillator (Optional)

Disable External 32K sub-oscillator (Optional)

If system is using the EMCLK for FSOURCE, make internal 16M main oscillator (IMCLK) disable to reduce

current before entering STOP mode. (Optional)

10. If system is using the IMCLK for FSOURCE, make external main oscillator (EMCLK) disable to reduce current
before entering STOP mode. (Optional)

©Ce~NoO A~

There are several ways to release STOP mode

1. Execute areset. All system and peripheral control register (except RTC block) are reset to their default values.

2. WDT Wakeup. WDT counting overflow by when WAKEEN bit in WDTCON register is set to fiLdoin STOP mode
causes STOP mode to be released.

3. RTC wakeup. In STOP mode, the RTC ALARM feature causes STOP mode to be released. If any of RTC
related Interrupts are enabled, after the release, RTC ALARM interrupt takes.

4. External Interrupt.

5. USB Wakeup
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MainOSCEN_STOP =0

STOP mode is initiated

OSC settle time
Fsys |_| |_| |_| |_|

About 2ms
LVDEN _I
A Enable If Vpp > Vivp, STOP is released
y automatically y If Vpp < Vi, LVD reset is issued
'}
STOP

Wake-up
except reset

MainOSCEN_STOP =1

STOP mode is initiated

Fsys

About 2ms
LVDEN _I
A Enable If Vop > Vovp, STOP is released
\ 4 automatically v If Vpp < Vyvp, LVD reset is issued
STOP

Wake-up
except reset

Figure 4-11. Entering STOP mode and Exiting STOP mode (Wake-up)
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4.4 REGISTER DESCRIPTION
SUMMARY

Name Add. R/W Description Reset
ROMB O0xAl R/W ROM Bank Selection 0x00
XRAMB 0xA2 R/W Data Memory Bank Selection 0x00
CLKCON 0xA3 R/W | System Clock Control Register 0x10
SMCLKCON 0xA4 R/W Smart Clock Control Register O0xFO
CLK_ENO O0xA5 R/W Peripheral Clock Enable Register 0 0x01
CLK_EN1 0xA6 R/W Peripheral Clock Enable Register 1 0x00
PCON 0xA7 R/W Power Control Register 0x20
RSTCON 0xA8 w Reset Control Register 0x00
RSTSTAT 0xA9 R Reset Source Status Register 0x00
SYSCFG OxAA R/W System Configuration Register 0x08
IVCONO O0xAB R/W IVC Control Register 0 0x13
IVCON1 0xAC R/W IVC Control Register 1 0x00
WKUPSTAT 0xAD R/W | Wakeup Source Status Register 0x00
PLLCONO OXAE R/W PLL Control Register 0 Ox0A
PLLCON1 OXAF R/W PLL Control Register 1 OxAO0
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ROMB (0xA1)

Name Bit | RIW Description Reset
RSVD 75 R Reserved. Always read as &6 -
ROM Bank Selection
Immediately after the changing of ROMB, the fetch of next instruction loads code
ROMB | 4:0 | RW | from the new BANKn selected by ROMB. 0x00
BankO: 0x0000 ~ Ox07FFF (32KB)
Bank(this value + 1): 0x08000 ~ OXOFFFF (32KB per Bank)
XRAMB (0xA2)
Name Bit | RIW Description Reset
RSVD 7:5 R Reserved. Always read as &6 -
e-FLASH 32KBytes Bank Selector.
. If this value 0, Select Bank 0
XRAMB | 4:0 | RIW | 4,000 ~ Ox7FFF : e-FLASH area 0x00
0x8000 ~ OX8FFF : X-RAM area

CLKCON (0xA3)

This register will be only reset by PnRESET or LVDRST. This register configures the source clock and the division
ratio of clock. The operation speed of clock can be slower to reduce the overall power consumption, if application does
not require full performance.

Name

Bit

R/W Description

Reset

CLKO

75

Select source clock with CLKOUT pad (GP14)
111: CLK12M_PLL from USB

110: CLK12M_SIE from USB

101: ESCLK

R/W | 100: EMCLK

011: RTC output clock

010: ISCLK

001: IMCLK

000: Fsys

000

CLKDIV

4:3

System clock divisor select.
00: Fsys = Fsource / 8
R/W 01: Fsys = Fsource /4
10: Fsys = Fsource / 2
11: Fsys = Fsource / 1

10

CLKSRC

2:0

System source (Fsource) clock select.

000: IMCLK (Internal Main-Clock, Typ. 16MHz)

001: EMCLK (External Main-Clock, 4 ~ 12MHz, Using PXI and PXO)
010: ISCLK (Internal Sub-Clock, Typ. 32.768KHz)

011: ESCLK (External Sub-Clock 32.768KHz, Using PXTI and PXTO)
101: PLLCLK / 2 (Output from PLL)

RW

000
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SMCLKCON (0xA4)

This register will be only reset by PnRESET or LVDRST. The smatrt clock control register, which controls input clock

of VDMA, 180 LCD, BRJPEG and BRAC and also controls a number of wait clocks, is used for low-power and
performance enhancement.

Name Bit | RIW Description Reset
SMCLK_EN_VDMA 7 R/W | Smart Clock Enable for VDMA block 1
SMCLK EN I80LCD | 6 R/W | Smart Clock Enable for 180 LCD block 1
SMCLK_EN_JPEG 5 R/W | Smart Clock Enable for BRJIPEG block 1
SMCLK EN BRAC 4 R/W | Smart Clock Enable for BRAC block 1

Flash Read Wait Count register.
When EF_WAIT_MODE of PCON is ®6:
All Flash Area -> 0: 0-wait, 1: 1-wait, 2: 2-wait, 3: Reserved
. When EF_WAIT_MODE of PCON is 4.6
FLASH_WAIT_CNT | 3:2 | RIW | 5,00000 = OXOFFFF area -> 0: O-wait, 1: 0-wait, 2: 1-wait, 3: Reserved | °°
0x10000 ~ OX5FFFF area -> 0: 0-wait, 1: 1-wait, 2: 2-wait, 3: Reserved
This bit should be set to 2 when Fsys is greater than 20MHz and set
to 1 when Fsys is greater than 10MHz. (If user want to use PLLCLK
or IMCLK as clock source, should think these bit value)
ONE CACHE EN 1 RIW One Cache Enable for CPU performance enhancement and low power 0
— — flash access.
Reserved. Don@ make this bit set to d.éto avoid anything
RSVD 0 RIW unexpected. 0
CLK_ENO (0xA5)
Fsys to supply each peripheral is frozen when bit of this register is set to ®a
Name Bit | RIW Description Reset
UO_CKEN 7 RIW C-on_trol Fsys.lntO UART 0 block 0
0: disable, 1: enable
Control Fsys into Timer 2 block
T2_CKEN 6 RIW 0: disable, 1: enable 0
Control Fsys into Timer 1 block
T1_CKEN 5 RV 0: disable, 1: enable 0
Control Fsys into Timer 0 block
TO_CKEN 4 RV 0: disable, 1: enable 0
Control Fsys into SPI block
SPI_CKEN 3 RIW 0: disable, 1: enable 0
ADC CKEN 2 RIW C-on_trol FSYS.lnto ADC block 0
— 0: disable, 1: enable
Control Fsys into RTC block. Even if this bit is set to 0, RTC counter is alive if
RTC_CKEN 1 R/W | RTCCLK is running. 0
0: disable, 1: enable
WDT_CKEN 0 RIW Control Fsys into WDT block 1

0: disable, 1: enable
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CLK_EN1 (0xA6)

Fsvs to supply each peripheral is frozen when bit of this register is set to ®a

Name Bit | RIW Description Reset
Control Fsys into LCD block
LCD_CKEN 7 RIW 0 : disable, 1 : enable 0
Control Fsys into VDMA block
VDMA_CKEN 6 RW 0 : disable, 1 : enable 0
180LCD_CKEN 5 RIW C(_)nt_rol Fsys |lnto 180LCD block 0
0 : disable, 1 : enable
JPEG_CKEN 4 RIW C(?nt_rol Fsvs |.nt0 BRJPEG block 0
0 : disable, 1 : enable
Flash control block® clock enable bit
FLASH_CKEN 3 RW 0 : disable, 1 : enable 0
: @
BRAC_CKEN 5 RIW Qontrol Fsyslor Fsys/2 into BRAC™ block 0
0: disable, 1: enable
RSVD 1 - Reserved
Control Fsys into USB Device block
UT1_CKEN 0 RIW 0: disable, 1: enable
PCON (0xA7)
Name Bit | RIW Description Reset
USBPHYPUPEN | 7 | rw | YSB PHYPull-UP enable 0
0: disable, 1: enable
Controls internal flash wait mode.
Flash read wait count is determined by SMCLKCON.FLASH_WAIT_CNT.
EF_WAIT_MODE | 6 R/W | But when this bit is set, the wait count of 0x0000 ~OxFFFF flash area is 0
decremented by 1.
Refer to SMCLKCON FLASH_WAIT_CNT bits.
3.3V LDO Power Down
LDO33_PD 5 RIW 0 : Normal Operation 1 : Power-Down L
RSVD 4:2 - Reserved -
Full System Stop with Oscillator. Stop mode can be released by PIN Reset,
STOP 1 RIW LVD Reset, Power-on Reset, External pin wake-up signal, USB wake-up or 0
RTC wake-up.
0: Disable, 1: Enable
Disable clock only provided to CPU, It can be released by interrupt of each
IDLE 0 R/W | peripheral and external interrupt. 0
0: Disable, 1: Enable
RSTCON (0xA8)

Name Bit | RIW Description Reset
RSVD 7:5 - Reserved -
RTCRST 4 W RTC res_et by software. Set this bit to d.ébefore starting RTC. This bit is

automatically cleared.
SWRST 3.0 w If this field has BQ then the system will restart.
RSTSTAT (0xA9)

Name Bit | RIW Description Reset
RSVD 7:4 - Reserved -
LVDRST 3 R Reset by LVD 0
WDTRST 2 R Reset by Watchdog timer 0
SWRST 1 R Reset by Software 0
PINRST 0 R Reset by PNRESET 0
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SYSCFG (0xAA)

Name Bit | RIW Description Reset
Internal 16MHz Oscillator stable flag
INT_MOSC_STABLE 7 R 0: Internal 16MHz Oscillator is unstable 0

1: Internal 16 MHz Oscillator is stable

Main Oscillator stable flag

MAIN_OSC_STABLE 6 R 0: Main Oscillator is unstable, 1: Main Oscillator is stable

Internal 16MHz Main Oscillator enable bit in STOP mode
INT_MOSCEN_STOP 5 RW 0: disable in STOP mode, 1: Enable in STOP mode 0

External Main Oscillator enable bit in STOP mode
MAIN_OSCEN_STOP 4 RW 0: disable in STOP mode, 1: Enable in STOP mode 0

Internal 32KHz Oscillator enable control

INT_32K_OSC_DIS 3 RIW 0: enable, 1: disable 1
Internal 16MHz Oscillator enable control

INT_MOSC_DIS 2 RIW 0: enable, 1: disable 0

SUB_OSC_DIS 1 RIW S.ub Oscﬂlator(P.X'_I'I) enable control 0
0: enable, 1: disable

MAIN_OSC_DIS 0 RIW I\/!am Oscillator (P)_(I) enable control 0
0: enable, 1: disable

IVCONO (OxAB)

BLD(Battery Level Detector) is to check the level of Input power(VDD),which will be set by fields of BLD_SELand Xet 6
of BLDOUT field of IVCON1 Register when VDD goes below the level set by BLD_SEL.

ISTOP field sets the SUB-IVC driving capability to minimize leakage current in STOP mode.

LVR(Low Voltage Reset) will reset the CHIP automatically when VDD goes below values set by LVR_SEL field.

Name Bit | R/IW Description Reset

BLD Level selection bits: each value A 0.2V tolerance.

BLD_SEL 7:6 | RIW | Be careful with the order of bit values. 00
00: 3.08V, 11 :2.77V,10: 2.43V, 01 : 2.23V

BLD_EN 5 RIW Bgttgry Level .Detector(BLD) Enable 0
0 : disable, 1 : enable
Control IVC driving capability in STOP mode

ISTOP 43 | RW E weakest, smallest 10
00: strongest, largest
Low Voltage Reset (LVR) Level selection bits

LVR_SEL 2:1 | R\W | Be careful with the order of bit values. 01
00:2.051V, 11 : 2.000V, 10: 1.951V, 01 : 1.905V
LVR Enable

LVR_EN 0 RW 0 : disable, 1 : enable L

IVCON1 (OxAC)

IVCON1 mainly turns on and off IVC (Internal Voltage Control block) by fields[4:0] in special purpose.

However, it@& used only by CHIP Maker in chip test mode. Those fields should be remained as they are.

BLDOUT field will be set @éwhen VDD goes below the conditions set by IVCCONO.

Name Bit | RIW Description Reset
RSVD 7:6 - Reserved -
BLDOUT 5 R BLD(Battery Level Detector) output signal
RSVD 20 | RW Reserved for factory test. DonG make these bits set to d6to avoid anything

unexpected.

WKUPSTAT (OXAD)

The field [7:4] of this register indicates which source is used for changing system state into normal mode from STOP
mode. The field [7:4] of this register can be cleared by writing d.dper bit or by entering into STOP mode.
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Name Bit | RIW Description Reset
USB_WKUP 7 R/W | Wake-up by USB from STOP mode 0
EINT_WKUP | 6 R/W | Wake-up by External Interrupt from STOP mode 0
RTC_WKUP 5 R/W | Wake-up by RTC from STOP mode 0
WDT WKUP | 4 R/W | Wake-up by Watchdog timer from STOP mode 0
RSVD 3:0 - Reserved -

PLLCONO (OXAE)

PLL control, PLLCLK = EMCLK * (MDIV[5:0] +8) / (PDIV[3:0]+2) / (25"
The output frequency of the PLL is determined by the value PDIV, MDIV and SDIV fields. The reset value of PDIV, MDIV
and SDIV generates 48MHz output frequency when input PXI is 122MHz. When PLL_EN bit is set, PLL clock will be
generated after 300us (lockup time) when PXI is 12MHz. Especially, you want to use over 24MHz PLL clock for Fsource,
the fields CLKDIV in CLKCON register should be set over Fsource/2. This register will be only reset by PNnRESET or

LVDRST.
Name Bit | RIW Description Reset
PLL STABLE 7 R 0: PLL unstable, 1: PLL stable 0
RSVD 6:5 - Reserved -
PLL EN 4 R/W | O: PLL disable, 1: PLL enable 0
. PLL P value
PDIV 30 | RW These bits cand be set Do OxA
PLLCONL1 (OxAF)
This register will be only reset by PnRESET or LVDRST.
Name Bit | RIW Description Reset
. PLL M value
MDIV 72 | RIW These bits cand be set 0 0x28
SDIV 1:0 | RIW | PLL S value 0

Note: Although there is the equation for choosing PLL value, we strongly recommended only the values in the PLL value
recommendation Table 4-2 below. If you have to use other value, please contact to us.

Table 4-2. PLL value Recommendation

FIN(MHz) Target PLLCLK(MHZz) PDIV(decimal) MDIV(decimal) SDIV(decimal)

8 2 24 2

12 2 40 2

4 16 2 24 1
20 2 32 1

24 2 40 1

48 2 40 0

8 4 24 2

12 4 40 2

6 16 4 24 1
20 4 32 1

24 4 40 1

48 4 40 0

8 6 24 2

12 6 40 2

8 16 6 24 1
20 6 32 1

24 6 40 1

48 6 40 0

12 10 40 2

16 10 24 1

12 20 10 32 1
24 10 40 1

48 10 40 0
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INTERRUPT STRUCTURE

5.1 OVERVIEW

The interrupt controller has a total of 28 interrupt sources. Each Interrupt request can be generated by internal
function blocks or external interrupt pins.

Figure 5-1 shows how the IEX, IPx registers and the polling sequence work together to determine which interrupt will be
served.

After reset, the CPU begins execution from location 0x0000. Each interrupt causes the CPU to jump to that location,
where it commences execution of the service routine. If any interrupt is assigned to location 0x0003 and it is going to be
used, its service routine must begin at location 0x0003. If the interrupt is not going to be used, its service location is
available as general purpose program memory. The interrupt service locations are spaced at 8-byte intervals. If an
interrupt service routine is short enough, it can reside entirely within that 8-byte interval. Longer service routines can use
a jump instruction to skip over subsequent interrupt location, if other interrupt are in use.



0 INTERRUPT STRUCTURE

Individulsxenables GIE IPx Srlg;ﬁ;
WDT pending > Q/ O O (}$tﬁ_é/ IL_S;\:E;
e en Lo 07 oo o e 1,
B e RN R R e n pnea R
“anmen” O oo o T,
Tate® OO0 oo o,
SPI pending > O/ O O O\it*
TIMER 0 pending —— o1 O O\O%*>
TIMER 1 pending —— o1 O O\O%*>
TIMER 2 pending O O o7 O Cy$‘
I I e s nea o e
e 07 oo O]
e 07 oo O]
S o L 0T OO O e O,
I e R o pe (e e
I e e Reien n e foh n R
e 107 OO oo,
e 107 OO o 0,
ENTeres { >———10~ OO O R
s { 10" OO0 R
ENarers { ———10~ OO0 R
e { )———10~ 000 R
T ™ 0" OO0 Tl
RTCAAIaLr'\rAnE;:')\Iending D—F*Q/ T O C%*V
usB t/ d/!
RST:'SreE‘r)\lseﬁzs??spr:\:;; D—F—O/ o1 O o1 »>
USBSSOJS|Eterrupt D—F*O/ T O <%+V
Ve {0~ oo T o=,
Ve {0~ oo T o=,
. O—
et { 10" 0100 1,
. O—
e {0000 v
. O—
™ e 0T 00O R

Figure 5-1. Interrupt Control System
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5.2 Interrupt Priority

Each interrupt source can also be individually programmed to one of two priority levels by setting or clearing a bit in
Special Function Register IPx. A low-priority interrupt can itself be interrupted by a high-priority interrupt, but not by
another low-priority interrupt. Ahigh-pr i or i ty i nt er r up tanyotheridterrugt souréent err upt ed

If two requests of different priority levels are received simultaneously, the request of higher priority level is serviced. If

requests of the same priority level are received simultaneously, smaller number of default priority value is serviced. Table
5-1 describes Interrupt Default Priority just after reset:

Table 5-1. Interrupt Default Priority

( PDXeLa(L)J Iérlloxmzy 1) Source Vector Address

RESET 0000H

0 (Highest) WDT Interrupt 0003H
1 BRAC” Interrupt 000BH
2 ADC Interrupt 0013H
3 External Interrupt O 001BH
4 External Interrupt 1 0023H
5 SPI Interrupt 002BH
6 Timer O Interrupt 0033H
7 Timer 1 Interrupt 003BH
8 Timer 2 Interrupt 0043H
9 BRJPEG Interrupt 004BH
10 UART TX Interrupt 0053H
11 UART RX Interrupt 005BH
12 UART RX Error Interrupt 0063H
13 VDMA Interrupt 006BH
14 180 Interrupt 0073H
15 External Interrupt 2/3 007BH
16 External Interrupt 4/5 0083H
17 External Interrupt 6 008BH
18 External Interrupt 7 0093H
19 External Interrupt 8 009BH
20 External Interrupt 9 00A3H
21 RTC Periodic interrupt 00ABH
22 RTC ALARM interrupt 00B3H
23 USB Device Reset/Suspend/Resume interrupt 00BBH
24 USB Device SOF interrupt 00C3H
25 USB Device Endpoint 0 interrupt 00CBH
26 USB Device Endpoint 1 interrupt 00D3H
27 USB Device Endpoint 2 interrupt 00DBH
28 USB Device Endpoint 3 interrupt 00E3H
29 USB Device Endpoint 4 interrupt 00EBH
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5.3 Interrupt Handling

The interrupt flags are sampled at the end of instruction cycle. When an interrupt occurs, only the Program Counter is
automatically pushed on to the stack area, not the PSW or any other registers.

Normal Lower/Higher Level
Program Interrupt Processing by the
Processing default priority

<

INT Disable —»| WDT Interrupt
Service Routine
Setting Level——p|
IPWDT=0, IPSPI=0 v
or
IPWDT=1, IPSPI=1
INT Enable —p|

WDT/SPI Interrupt

Generated
simultaneoulsy
SPI Interrupt
Service Routine

Figure 5-2. Handling Same Level of Interrupts

Normal Higher Level Interrupt
Program Processing by the interrupt
Processing priority register (Ipx)

<

) SPI Interrupt
INT Disable —»| Service Routine
Setting Level—p|
IPWDT=0, IPSPI=1 L4
INT Enable —

WDT/SPI Interrupt

Generated
simultaneoulsy
WDT Interrupt
Service Routine

Figure 5-3. Handling Different Level of Interrupt (Higher Level is first issued)
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Normal Lower Level Interrupt
Program Processing by the default
Processing priority

IPWDT=0, IPSPI=1

Lower priority(WDT)
Interrupt Generated

INT Disable ——
Setting Level——p|

INT Enable —p
—p

WDT Interrupt
Service Routine

SPI Interrupt

\ Service Routine

SPI Interrupt
Generated

Figure 5-4. Handling Different Level Interrupts (Lower Level is first issued)

Normal
Program Single Interrupt
Processing 2-Level
Interrupt
INT Disable WDT Interrulpt 3-Level
Service Routine Interrupt

Setting Level
IPWDT=0, IPSPI=1,
IPT2=1, IPEXT1=1

v
INT Enable —»|

—
WDT Interrupt
Generated

SPI Interrupt
Service Routine

T2 Interrupt Service
Routine

Y

—P EXINT1
odify IPSPI to Interrupt
v zero . Servicz
SPI Interrupt Modify IPT2 to .
Routine
Generated zero
' ' EXINTL. '
T2 Interrupt v
Interrupt
Generated
Generated

Figure 5-5. Handling Multiple Level Interrupts
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5.4 REGISTER DESCRIPTION

SUMMARY

Name Add. R/W Description Reset
GIE 0x91 R/W | Global Interrupt Enable 0x00
IEO 0x92 R/W | Interrupt Enable 0 0x00
IPO 0x93 R/W | Interrupt Priority O Register 0x00
IE1 0x94 R/W | Interrupt Enable 1 0x00
1P1 0x95 R/W | Interrupt Priority 1 Register 0x00
IE2 0x96 R/W | Interrupt Enable 2 0x00
P2 0x97 R/W | Interrupt Priority 2 Register 0x00
IE3 0x99 R/W | Interrupt Enable 3 0x00
1P3 0x9A R/W | Interrupt Priority 3 Register 0x00
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GIE (0x91)
Name | Bit | R/W Description Reset
Global Interrupt Enable.

GIE ! RW 0: Disable All interrupt, 1: Enable All interrupt 0
RSVD | 6:0 R Reserved 0x00
IEO (0x92)

Name Bit | RIW Description Reset
IET1 7 R/W | 0: Disable Timer 1 interrupt 1: Enable Timer 1 interrupt 0
IETO 6 R/W | 0: Disable Timer O interrupt 1: Enable Timer O interrupt 0
IESPI 5 R/W | 0: Disable SPI interrupt 1: Enable SPI interrupt 0
IEEXT1 4 R/W | 0: Disable External interrupt 1 1: Enable External interrupt 1 0
IEEXTO 3 R/W | 0: Disable External interrupt O 1: Enable External interrupt 0 0
IEADC 2 R/W | 0: Disable ADC interrupt 1: Enable ADC interrupt 0
IEBRAC 1 R/W | 0: Disable BRAC” interrupt 1: Enable BRAC” interrupt 0
IEWDT 0 R/W | 0: Disable Watch-dog timer interrupt 1: Enable Watch-dog timer interrupt 0
IPO (0x93)
Interrupt Priority O register. IPO, IP1, IP2, and IP3 contain information for interrupt priority. Each IPx register value
determines the priority of the corresponding interrupt source.
Default Priority: IPWDT > IPBRAC -IPU1TX > IPUSBEP4

Name Bit | RIW Description Reset
IPT1 7 R/W | 0: Lower priority level, 1: Higher priority level 0
IPTO 6 R/W | 0: Lower priority level, 1: Higher priority level 0
IPSPI 5 R/W | 0: Lower priority level, 1: Higher priority level 0
IPEXT1 4 R/W | 0: Lower priority level, 1: Higher priority level 0
IPEXTO 3 R/W | 0: Lower priority level, 1: Higher priority level 0
IPADC 2 R/W | 0: Lower priority level, 1: Higher priority level 0
IPBRAC 1 R/W | 0: Lower priority level, 1: Higher priority level 0
IPWDT 0 R/W | 0: Lower priority level, 1: Higher priority level 0
IE1 (0x94)

Name Bit | RIW Description Reset
IEEXT2_3 7 R/W | 0: Disable External interrupt 2/3 1: Enable External interrupt 2/3 0
IEIBOLCD 6 R/W | 0: Disable IBOLCD interrupt 1: Enable I80LCD interrupt 0
IEVDMA 5 R/W | 0: Disable VDMA interrupt 1: Enable VDMA interrupt 0
IEURXERR | 4 R/W | 0: Disable UART RX Error interrupt 1: Enable UART RX Error interrupt 0
IEURX 3 R/W | 0: Disable UART Receive interrupt 1: Enable UART Receive interrupt 0
IEUTX 2 R/W | 0: Disable UART Transmit interrupt 1: Enable UART Transmit interrupt 0
IEBRIPEG 1 R/W | 0: Disable JPEG interrupt 1: Enable JPEG interrupt 0
IET2 0 R/W | 0: Disable Timer 2 interrupt 1: Enable Timer 2 interrupt 0
IP1 (0x95)

Name Bit | RIW Description Reset
IPEXT2_3 7 R/W | 0: Lower priority level, 1: Higher priority level 0
IPIBOLCD 6 R/W | 0: Lower priority level, 1: Higher priority level 0
IPVYDMA 5 R/W | 0: Lower priority level, 1: Higher priority level 0
IPURXERR | 4 R/W | 0: Lower priority level, 1: Higher priority level 0
IPURX 3 R/W | 0: Lower priority level, 1: Higher priority level 0
IPUTX 2 R/W | 0: Lower priority level, 1: Higher priority level 0
IPBRJIPEG 1 R/W | 0: Lower priority level, 1: Higher priority level 0
IPT2 0 R/W | 0: Lower priority level, 1: Higher priority level 0
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IE2 (0x96)
Name Bit | R/IW Description Reset
0: Disable USB reset/suspend/resume interrupt

IEUSBRST ! RIW 1: Enable USB reset/suspend/resume interrupt 0
IERTCALM 6 R/W | 0: Disable RTC ALARM interrupt 1: Enable RTC ALARM interrupt 0
IERTCPRI 5 R/W | 0: Disable RTC Periodic interrupt 1: Enable RTC Periodic interrupt 0
IEEXT9 4 R/W | 0: Disable External interrupt 9 1: Enable External interrupt 9 0
IEEXT8 3 R/W | 0: Disable External interrupt 8 1: Enable External interrupt 8 0
IEEXT7 2 R/W | 0: Disable External interrupt 7 1: Enable External interrupt 7 0
IEEXT6 1 R/W | 0: Disable External interrupt 6 1: Enable External interrupt 6 0
IEEXT4 5 0 R/W | 0: Disable External interrupt 4/5 1: Enable External interrupt 4/5 0
IP2 (0x97)

Name Bit | RIW Description Reset
IPUSBRST 7 R/W | 0: Lower priority level, 1: Higher priority level 0
IPRTCALM | 6 R/W | 0: Lower priority level, 1: Higher priority level 0
IPRTCPRI 5 R/W | 0: Lower priority level, 1: Higher priority level 0
IPEXT9 4 R/W | 0: Lower priority level, 1: Higher priority level 0
IPEXT8 3 R/W | 0: Lower priority level, 1: Higher priority level 0
IPEXT7 2 R/W | 0: Lower priority level, 1: Higher priority level 0
IPEXT6 1 R/W | 0: Lower priority level, 1: Higher priority level 0
IPEXT4 5 0 R/W | 0: Lower priority level, 1: Higher priority level 0
IE3 (0x99)

Name Bit | RIW Description Reset
RSVD 7:6 - Reserved -
IEUSBEP4 5 R/W | 0: Disable RTC Periodic interrupt 1: Enable RTC Periodic interrupt 0
IEUSBEP3 4 R/W | 0: Disable External interrupt 7 1: Enable External interrupt 7 0
IEUSBEP2 3 R/W | 0: Disable External interrupt 6 1: Enable External interrupt 6 0
IEUSBEP1 2 R/W | 0: Disable External interrupt 5 1: Enable External interrupt 5 0
IEUSBEPO 1 R/W | 0: Disable External interrupt 4 1: Enable External interrupt 4 0
IEUSBSOF 0 R/W | 0: Disable External interrupt 3 1: Enable External interrupt 3 0
IP3 (0x9A)

Name Bit | RIW Description Reset
RSVD 7:6 - Reserved -
IPUSBEP4 5 R/W | 0: Lower priority level, 1: Higher priority level 0
IPUSBEP3 4 R/W | 0: Lower priority level, 1: Higher priority level 0
IPUSBEP2 3 R/W | 0: Lower priority level, 1: Higher priority level 0
IPUSBEP1 2 R/W | 0: Lower priority level, 1: Higher priority level 0
IPUSBEPO 1 R/W | 0: Lower priority level, 1: Higher priority level 0
IPUSBSOF 0 R/W | 0: Lower priority level, 1: Higher priority level 0
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BRAC® CODEC

The has Audio decoder/encoder (Embedded hardwired ADPCM based Voice Codec).

6.1 FEATURES

- 3/4 bit decoder

- 3/4 bit encoder

- 3-up interpolation filter

- DMAfor internal e-FLASH and external serial FLASH

- Sampling Frequency Generation by DCO (Digital Controller Oscillator)

6.2 OPERATION

Voice Encoding (Compressing) sequence using Power Studio

All the voice data to be played should be stored in flash memory. The voice data can be stored into internal flash memory
(e-FLASH) or external serial flash memory. Each of flash memory can be distinguished by the value of DATA_SRC in
BRAC_CTRL2 register.

Before playing the voice data in the user program, user should prepare the compressed voice data and store it into flash
memory as follows. For more details, please refer to Power Studio User& Manual.

This example is the default samples included in Power Studio.
Open the project. (Project -> Open projecté -> SimpleVoice/SimpleVoice.prj)
If the default project (SimpleVoice) is opened, then step 1 to 3 in the following procedure can be skipped.

1. Prepare the waveform (.wav file) to be encoded.
2. Include the waveform into Wav File Folder in the project through fAdd files to projectoin Project Menu.
3. Edit the waveform (Cut, Paste, Delete, Copy) and test it with Play, Stop and re-sampling command in tool

bar.
4. Build -> fBuild Bracoin Menu.
A. Choose the order of waveform and Compression ratio (3bit, 4bit).
B. All the information for this compression is stored into 2 files with the name of fproject_name.brco

and fproject_name.hqg which are located in the chosen directory.
C. Fill the blank in Memory start address of BRAC Data

D. Press fBuildobutton. If any error, check the size of compressed voice data.
5. Download the compressed data (i p r 0 _pame.ldrcointo e-FLASH.

A. Tools -> fBrac Data Writingdin Menu.

B. Choose type of flash memory (internal e-FLASH or external Serial Flash

C. Type the same address as the start address (written in 4-C step) in the range of the chosen flash
memory (for this example, 0x7FFF). ft10of End address means fDownload all the data to the end of
file.0

D. Download and verify.

File Format of project_name.h

Letdés assume the name of waveform files are as foll ows:
/* 0%/ Aichord_ 16K_mono. wavo
[* 1% Adi K _Imono. wavo
[* 2% Ainotify_ _16K_mono. wavo
1* 3* Aringin_8K_mono.wavo
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[* 4%/ Airingout _8K_mono. wavo

[* 5% itada_16K_mono. wavo

[* 6%/ AChi mes _ _16K_mono. wavo

[* 7 Achinese_part_16_monoO. wavo
[* 8* fichinese_part_16_mono0O_3. wavo
[* 9%/ Ainumber _0. wavo

1*10%*/ Ainumber _1. wavo

[*11*/ Ainumber _2. wavo

[*12%/ Anumber 3. wavo

[*13%/ Anumber 4. wavo

[*14%/ Anumber _5. wavo

[*15%/ Anumber 6. wavo

1*16*/ Ainumber _7. wavo

117 Ainumber _8. wavo

[*18*/ Ainumber _9. wavo

[*¥19%/ Ainumber _10. wavo

The generated header file for BRAC® includes the enumeration of file name, the start address and the size of each
compressed voice data.

#if 1 /I only English file name cane be enumerated.

enum {

//16000Hz, 4Bit
//16000Hz, 4Bit
// 8000Hz, 4Bit
// 8000Hz, 4Bit
// 8000Hz, 4Bit
//16000Hz, 4Bit
//116000Hz, 4Bit
//16000Hz, 4Bit
//16000Hz, 4Bit

_chord_16K_mono,
_ding_16K_mono,
_notify_16K_mono,
_ringin_8K_mono,
_ringout_8K_mono,
_tata_16K_mono,
_Chimes_16K_mono,
_chinese_part_16_mono0,
_chinese_part_16_mono0_3,

_humber_0, //16000Hz, 4Bit
_number_1, //16000Hz, 4Bit
_number_2, //16000Hz, 4Bit
_number_3, //16000Hz, 4Bit
_number_4, //16000Hz, 4Bit
_number_5, //16000Hz, 4Bit
_nhumber_6, //16000Hz, 4Bit
_nhumber_7, //16000Hz, 4Bit
_humber_8, //16000Hz, 4Bit
_nhumber_9, //16000Hz, 4Bit
_number_10, //16000Hz, 4Bit

I3

#endif

Const struct _Filelnfo {
char *FileName;
unsigned int  Fs;
unsigned char Nbit;

} Filelnfo[] = {
/* 0%/ {fichord_16K_mono. wavo, 16000, 41,
/* 1%/ {Ading_16K_mono. wavo, 16000, 41},
[* 2%/ {fAnotify_ 16K_mono. wavo, 16000, 41,
* 3* {Aringin_8K_mono.wavo, 8000, 4},
[* 4%/ {Aringout _8K_mono. wavo, 8000, 4},
[* 5% {Atada_16K_mono. wavo, 16000, 4},
[* 6%/ {AChi mes_16K_mono. wavo, 16000, 4},
[* 7% {Achinese_part 16 _monoO. wavo, 16000,
[* 8% {AiChinese_part_16_mono0O_3. wavo, 16000,
[* 9%/ {Anumber _0. wavo, 16000, 41},
[%10%/ {Anumber _1. wavo, 16000, 41},
[*¥11%/ {Anumber _2. wavo, 16000, 4},
[*¥12%/ {Anumber _3. wavo, 16000, 4},
[*13*/ {Anumber _4. wavo, 16000, 4},
[*14%/ {Anumber _5. wavo, 16000, 4},
[¥15%/ {Anumber _6. wavo, 16000, 41},
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}

[*16*/ {Anumber _7
[*17% {Anumber _8
[*18%/ {Anumber _9
[*¥19%/ {Anumber _1

const unsigned char FilePos[] = {
/I addrh addrm addrl sizeh sizel
/* 0%/ 0x01, 0x00, 0x00, 0x22, 0x6b,
[* 1%/ 0x01, 0x22, Ox6¢c, 0x1c, Oxad,
[* 2% 0x01, 0x3f, Oxla, Ox2a, 0x5c,
[* 3%/ 0x01, 0x69, 0x77, 0x0e, Ox2c,
[* 4*%] 0x01, 0x77, Oxa4, 0x07, 0x56,
[* 5% 0x01, 0x7e, 0xfb, 0x3c, 0xb9,
/* 6%/ 0x01, Oxbb, 0xb5, 0x13, 0xc5,
[*7* 0x01, Oxcf, Ox7b, Oxea, 0x96,
/* 8%/ 0x02, Oxba, 0x12, Oxea, 0x96,
/* 9%/ 0x03, Oxa4, 0xa9, 0x0f, 0xa3,
/*10%/ 0x03, Oxb4, 0x4d, 0x0c, Oxef,
[*11*/ 0x03, 0xc1, 0x3d, 0x0c, 0x3c,
[*12*/ 0x03, Oxcd, 0x7a, 0x0d, 0x75,
[*13*/ 0x03, Oxda, 0xf0, Ox0e, 0x6b,
[*14*/ 0x03, 0xe9, 0x5c, 0x0e, Oxeb,
[*15*/ 0x03, 0xf8, 0x48, 0x0d, 0x7e,
/*16*/ 0x04, 0x05, 0xc7, 0x0Ob, 0xcb,
[*17%/ 0x04, 0x11, 0x93, 0x0a, 0xf7,
/*18*/ 0x04, 0x1c, 0x8b, 0x10, 0x10,
[¥19%/ 0x04, 0x2c, 0x9c, 0x08, Ox2f

}

. wavo, 16
. wavo, 16
. wavo, 16
0.,avo, 1

The voice compressed data can be stored into any address of flash memory. User can define the address in the Power
Development Studio tool. For this example, it is assumed that the address starts from Ox7FFF.

The Filelnfo information includes the string data of waveform file name, sampling frequency and compression

format.

The FilePos information includes the start address and the size of each voice compressed data. These data are
required to play the voice for the BMC513. The address is consisted of three byte and the size is two bytes.

[select the range of waveform by mouse drag]

> [Wave / create new waveform with select].

If the 3-bit compression is selected, then higher compression algorithm is selected and the file size of compression data
becomes smaller than 4-bit compression. And to provide the compression type, the selected compression algorithm is

listed in Filelnfo va

riables.

The lower sampling frequency causes the smaller compressed data. But in this case, the quality of voice sound can be

degraded so that c

areful editing the wave file is required.

Decoding the compressed voice data

S(Trr:(tjeer;(ce C Programming
void PlayNext();
int PlayAddr;
const UCHAR*fPos; I/ Pointer variable of FilePos][]
PlayAddr = _chord_16k_mono * 5; /'l Letébés Play _chord_168
A Setting BRAC CTRL2
fPos = FilePos + PlayAddr;
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rBRAC_START_ADRH = *fPos++; /I Set the Start Address
rBRAC_START_ADRM = *fPos++; I of BRAC® Compressed Data
B rBRAC_START_ADRL = *fPos++;
rBRAC_SIZEM = *fPos++; I Set Size of BRAC® Compressed Data
rBRAC_ SIZEL = *fPos++;
C rDCOH = 0x02; /I Set DCO Value
rDCOL = 0x0C; /l Fs=16KHz, Fsource=12Mhz, Upsampling
If (Filelnfo[_chord_16k_mono] == 4)
D rBRAC_CTRL = 0x81 Il 4 Bit BRAC® Starts
Else
rBRAC CTRL = 0x89 // 3 Bit
}

This sample code describes hoowmadm. pToayplaayv otihcee viioiccheor d 16 K_m

BRAC initialization is done like Sentence Index A.

BRAC Start Address and the size like Sentence Index B.

DCO_VAL like Sentence Index C.

Depending on the compressed data, BRAC® Starting Command is set. In the above case, the voice data

i_chord_16K_mono @A i s c¢ o mBircempressidnisiselected like Sdhierice INnd&E. t he 4

PowbdE

Using Interrupt Service routine for BRAC® decoding

BRAC® decoding starts immediately after the setting of BRAC_CTRL as 0x81 or 0x89. And the end of BRAC® decoding

can be detected by fipol | ipol;oemeans BG5I3tstould chepkithe BRAE tSIZBxdegistar h e

whet her itods value becomes zer o ‘dataindetodedahemomore dathis emainedans al |
to be played. But this operation requires the operational load of the and spends more power. Instead of this, the

interrupt method is simple and easy to check the end of BRAC® decoding.

Sentence .
Index C Programming
A void BracDmalnt() interrupt 1 /'l using i nterrupt sefrvice r
{
B rBRAC INT PEND |= BRAC PEND;
PlayNext();
}
void BracDmaTest()
{
rlEO0 |= IEBRAC;
c IGIE = 0x80;
PlayNext();
}

BRAC® interrupt is assigned to Interrupt 1 as like Sentence |l ndex A. The syntax fAinterrupt 10
information to the C compiler and the interrupt vector table is generated automatically at address 0x0B by C compiler.

And the interrupt should be enabled like Sentence Index C in the initialization routine. And in the interrupt service routine,

the interrupt pending vector should be cleared like Index B.
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Playing Mute

If there needs mute period between two waveforms, then MUTE command can be used for it. The mute period can be

calculated with BRAC_SIZEx and DCOL/DCOH.

Ex) For 1 seconds muting, Assumption: Fsource = 12MHz, and upsampling

DCO_VAL = 0x20C (16KHz)
BRAC_SIZE =1/ Sampling Time
=1/(1/16000)
= 16000 = 0x3e80

Sentence .
Index C Programming
rBRAC_SIZEM = 0x3e; Il Set Size of MUTE period
rBRAC_SIZEL = 0x80
rDCOH = 0x2;
A

rDCOL = 0x0C;
rBRAC CTRL = 0x40; /l MUTE Command

DCO (Selecting the sampling frequency for playing)

The can generate all kinds of sampling frequency depending on the value of DCOL/DCOH register. So, the
proper DCOL/DCOH is selected depending on the waveform sampling frequency. The value of DCOL/DCOH can be
calculated as follows.

{rDCOH, rDCOL} = Fs * 2" * 3/ Fin  for upsampling output

Given Fs=16KHz and Fsource=12MHz, then rDCOH = 0x2, rDCOL = 0x0C

{rDCOH, rDCOL} = Fs * 2'" / Fin for non-upsampling output

Given Fs=16KHz and Fsource=12MHz, then {rDCOH, rDCOL} = OXAE

Fs is the desired output sampling frequency. And Fsource is the operating frequency (described in chapter 4).
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DC level shifting and Pause Operation

When the is reset or power on, the DAC output signal has zero Voltage. But the DAC output pin should have
VOmax/2 offset before playing a waveform. For this operation, the BMC513 supports the DC level shifting by hardware.
The basic concept of DC level shifting is as Figure 6-1.

Duration Time = 1024 / Fs(Sampling Frequency)

Interrupt Interrupt Interrupt

'

VOma Duration Tim‘

A

¥  DACOFF

>
| Ll Y P« L

GOTOMIDDLE Waveform GOTOBOTTOM |

Figure 6-1. DC level shifting

Before playing a waveform, GOTO_MIDDLE should be issued like sentence index A in the following table

Sentence .
Index C Programming
rDCOH = 0x0;
rDCOL = 0x80;
A
BRAC CTRL = 0x20; // GOTO MIDDLE

After the end of playing waveforms, if the BMC513d ondt need to play any more waveform,
better go to bottom (Zero Volt) with command with GOTO_BOTTOM.

The speed of increment and decrement depends on the value of DCOL/DCOH. The calculation of this value is same as
normal waveform.
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Playing normal PCM data

The supports the direct output of PCM data to DAC. The control sequence of sine wave is as follows.

Sentence

Index C Programming

const char BracDirectPcm_Sine[] =
{
0x00, 0xf0, 0x18, Ox0f, 0x13, 0x47, 0xa8, 0x65,
Ox6a, 0x64, 0x87, 0x7d, Oxff, 0x87, 0x7d, 0x64,
0x67, Ox6a, 0xa8, 0x15, 0x47, Ox0f, Oxf3, 0x18,
0x00, 0x00, Oxe7, 0xfO, Oxec, Oxb8, 0x57, 0x9a,
0x95, 0x9c, 0x78, 0x82, 0x00, 0x78, 0x82, 0x9c,
0x98, 0x95, 0x57, Oxea, 0xb8, 0xf0, 0xOc, Oxe7,
0x00, 0xf0, 0x18, Ox0f, 0x13, 0x47, 0xa8, 0x65,
0x6a, 0x64, 0x87, 0x7d, Oxff, 0x87, 0x7d, 0x64,
A 0x67, Ox6a, 0xa8, 0x15, 0x47, 0xOf, 0xf3, 0x18,
0x00, 0x00, Oxe7, 0xfO, Oxec, 0xb8, 0x57, 0x9a,
0x95, 0x9c, 0x78, 0x82, 0x00, 0x78, 0x82, 0x9c,
0x98, 0x95, 0x57, Oxea, 0xb8, 0xf0, 0xOc, Oxe7,
0x00, 0xf0, 0x18, Ox0f, 0x13, 0x47, 0xa8, 0x65,
Ox6a, 0x64, 0x87, 0x7d, Oxff, 0x87, 0x7d, 0x64,
0x67, Ox6a, 0xa8, 0x15, 0x47, OxOf, Oxf3, 0x18,
0x00, 0x00, Oxe7, 0xfO, Oxec, 0xb8, 0x57, 0x9a,
0x95, 0x9c, 0x78, 0x82, 0x00, 0x78, 0x82, 0x9c,
0x98, 0x95, 0x57, Oxea, 0xb8, 0xf0, 0x0c, Oxe7

}
rBRAC_SIZEM = 0;
rBRAC_SIZEL = 0x2f; /I should be size i 1

rBRAC_START_ADRH = 0;
rBRAC_START_ADRM = (UCHAR)(((UINT)BracDirectPcm_Sine&0xff00)>>8);
rBRAC_START_ADRL = (UCHAR)((UINT)BracDirectPcm_Sine&0xff);

B rBRAC_CTRL = 0x87,;

The PCM output is very simple. The size and the address of PCM sample is set first and BRAC_CTRL is set as 0x87.

The PCM data can be stored in any position of memory. This means the data can be located in the area of program
memoryor data memory. Above example shows the data is stored i
charo.

The format of PCM sample is 12 bit and all the data should be concatenated. The following program shows how to
generate the PCM samples of sine table. The byte order can be easily understood.

Sentence .
Index C Programming

For(i=0; i<Ox2000; i+=2)

{
ddd = (unsigned short)(sin(i*1.0*P1/16.0)*0x7fff);
fprintf(fp, A%co, (ddd&oOoxffO0o)>>4);
ddd1 = (unsigned short)(sin((i+1)*1.0*P1/16.0)*0x7fff);
fprintf(fp, A%co, ((ddd&0OxfO000)>>12) + ddd1&0x
fprintf (fp, i%co, ((dddil1&Ooxff00)>>8));

}
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Reducing the total size of compressed data

If the total size of compress data is larger than the allowed memory space, then programmer should decrease its size.
Power Studio provides two kinds of scheme for this.

1. Resample the voice data into lower sampling frequency
[Open Waveform] > [Wave / Re-sampling] > [Select Sampling Frequency]
2. Split the wave into several waves and remove the mute period between the waves.

EX)

1.3

Amplitude

L R R A s
6 12 18 24 Time(sec)

Figure 6-2. The Playing Time of the Waveform

As Figure 6-2, the playing time of the waveform is about 24 seconds and the total sum of mute period is over 8.7
seconds. If the waveform is split into 6 waveforms(A,B,C,D,E and F) which are compressed separately and mute period

is replaced with MUTE command, then about 36% of voice data can be reduced.

Volume Control

The has digital volume and it can be controlled through re
Therefore, during the sound output from the , changing the level of volume with the big difference value

compared to the previous one may cause noise.
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Digital Low pass filtering and Upsampling

The has

analog filter

digital

outside

|l ow pass

of

fi

t he

I ter
three times from original waveform, which means the sound quality is improved a lot without the implementation of

chi

p.

nsi de

Even

of the

t hough

-gaimplep

programmer

be changed. But if up-sampling function is selected, then the BRAC_DCO_VALXx should be set with 3 times larger value

than the original value.

S(T:;eer;(ce C Programming
#define UPSAMPLING
#ifdef UPSAMPLING
rDAC_CTL =1, /I 3x up-sampling On
#else
rDAC_CTL =3; I/l 3x up-sampling Off
#endif

Original Sine Wave

Upsampled Sine Wave

Figure 6-3. 3x Up-sampling

IBB (Input Bit stream Buffer) Mode

The

supports BRAC data read from X-RAM instead of voice data memories. This is very useful for NAND flash

devices because of direct playback in X-RAM. In other words, BRAC DMA reads BRAC data from X-RAM instead of e-
FLASH or external serial flash.

The size of IBB for each channel is 256 Bytes. For this mode, some of X-RAM area should be reserved for IBB mode.
And the start address of IBB can be set by lower 13 bit of BRAC_START_ADR at each channel.
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eFlash
BRAC_START_ADR[23:0]—
BRAC_SIZE[23:0] { IBB |
BRAC
3
o BRAC 3-up V‘é:ri?]e/ A
i 2 Decoder sampling
Serial Flash s Control
START_ADR[23:0] — M m
BRAC_SIZE[23:0] { IBB =™
SEL_DATA_SRC
10-bit B —
DAC
Figure 6-4. BRAC Decoder Decoding Scheme(Normal Play Mode)
XRAM BRAC
BRAC_START_ADR[11:0] — M= ) Volume/
IBB - BRAC 3 UF Gain -
(256 bytes) Decoder sampling Control
‘> Circular Buffer
CPU
. 10-bit |-——
Serial Flash DAC
SFDMA_START_ADR[23:0]—
IBB ———m» | SF DMA

Figure 6-5. BRAC Decoder Decoding Scheme(IBB Play Mode)
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6.3 REGISTER DESCRIPTION

SUMMARY
Name Add. R/W Description Reset
BRAC_CTRL OXFFO0 | R/W | Control Register for BRAC” 0x00
BRAC_CTRL2 O0XFFO1 | RW [ Control Register2 for BRAC® 0x00
BRAC_INT_EN OxFF02 | R/W | BRAC® Interrupt enable Register 0x00
BRAC_INT_PEND OxFF03 | RW | BRAC® Interrupt pending Register 0x00
BRAC_START ADRL OXEEO4 W Iag\t/ev1 Byte of BRAC™ Start Address for decoding compressed Undef.
BRAC START ADRM OXEEO5 W Middle Byte of BRAC™ Start Address for decoding Undef.
— - compressed data.
T ® .
BRAC_START ADRH OXEFO06 W :;%2 Byte of BRAC™ Start Address for decoding compressed Undef.
BRAC SIZEL OXEEO7 W The data amount to be read from internal e-FLASH or 0x00
- external serial FLASH
The data amount to be read from internal e-FLASH or
BRAC_SIZEM OxFF08 w external serial ELASH 0x00
BRAC SIZEH OXEFO9 W The data amount to be read from internal e-FLASH or 0X00
- external serial FLASH
IBB_READ PTR OxFFOA R IBB Read Pointer for Channel 0 0x00
BRAC_CMD_ADDR OXxFFOB | RW | Command address for BRAC® Decoding and Encoding Undef.
BRAC_CMD_DATA OXFFOC | RW | Command data for BRAC® Decoding and Encoding Undef.
BRAC_BUFF OxFFOD W | Buffer for BRAC® Decoding Undef.
BRAC _CTRL3 OXFFOE | R/W | Control Register3 for BRAC” 0x00
ENC_CTRL OxFF10 R BRAC® Encoder Status Register 0x00
ENC_SAMPLE_L OxFF11 W | BRAC® Encoder Sample Low Register Undef.
ENC_SAMPLE H OxFF12 W | BRAC® Encoder Sample High Register Undef.
ENC_RESULT OxFF13 R BRAC® Encoder Result Register Undef.
DAC_CTL OxFF18 | R/W | DAC Control Register 0x0C
DACOUT L OxFF19 | R/W | DAC Low Output Register 0x00
DACOUT _H OXFF1A | R/W | DAC High Output Register 0x00
Volume Control Register in Decoding Mode. OXFF
VOLUME OxFF1B w Auto Gain Control Register in Encoding Mode
DCOL OxFF1C W | DCO Low Register 0x00
DCOH OxXFF1D W | DCO High Register 0x00

Note) These registers have to be accessed using MOVX instruction.
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BRAC_CTRL (0xFF00)

Name Bit | R/W Description Reset
1: Enable DMA operation
DMA_EN ! RIW This bit must set to 616 for audio pPayi
1: Silence Start , size with BRAC_SIZEx
SIL_EN 6 RIW This bit generates interrupt when operation is completed. 0
1: Bring the Output DAC level to VOmax/2 from zero
GO_MID 5 RW This bit generates interrupt when operation is completed. 0
1: Bring the Output DAC level to zero from VOmax/2
GO_BOT 4 RW This bit generates interrupt when operation is completed. 0
0: Enable 4bit BRAC® Decoding
B3BIT_EN RIW | 1 Enable 3bit BRAC® Decoding
RSVD 2 R Reserved 0
DIR_ PCM _EN 1 R/W | 1: Enable Direct PCM output 0
1: Start the BRAC® Decoding
This bit generates interrupt when operation is completed.
BRAC_EN 0 RW 0
SIL_EN, GO_MID, GO_BOT and BRAC_EN bits should be asserted
exclusively. Only one bit should be asserted at one time.
BRAC_CTRL2 (0xFFO01)
BRAC Control Register 2
Name Bit | RIW Description Reset
XRAM IBB Enable bit.
XRAM_IBB_EN 7 R/W | 1:BRAC raw data is from XRAM pointed by BRAC_START_ADR 00
0 : BRAC raw data is from internal Flash or serial Flash.
RSVD 6:2 | RIW | Reserved 0
BRAC Encoding Mode Enable
0: BRAC decoding, 1: BRAC encoding
ENC_MODE 1| RW 1 BRAC encoding is initialized when 1 is written to this bit. 0
This bit should be set whenever BRAC encoding starts.
This bit determines where the BRAC raw data resides.
DATA_SRC 0 R/W | 1: External serial FLASH data used for BRAC decoding. 0
0 : Internal embedded FLASH used for BRAC decoding.
BRAC_INT_EN (0OxFF02)
BRAC Interrupt Mask register
Name Bit | RIW Description Reset
RSVD 7:2 - Reserved -
IBB half empty interrupt enable register
IBB_MASK 1 RW 1 : Enable, 0 : Disable 0
BRAC interrupt enable register
BRAC_MASK 0 RIW 1 : Enable, 0 : Disable 0
BRAC_INT_PEND (0OxFF03)
BRAC Interrupt Pending register
Name Bit | RIW Description Reset
RSVD 7:2 - Reserved -
IBB half empty interrupt pending register
IBB_PEND 1 R/W | IBB half empty interrupt makes this bit 1. When this bit is set, pending bitis | O
cleared.
BRAC interrupt pending register.
BRAC_PEND 0 RIW BRAC interrupt makes this bit 1. When this bit is set, pending bit is cleared. 0
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BRAC_START_ADRL (0xFF04), BRAC_START_ADRM (0xFF05), BRAC_START_ADRH (0xFF06)

BRAC_START_ADR[23:0] registers is increasing by 1 after starting BRAC® decoding automatically.

Name Bit | RIW Description Reset
STARTADRL | 7:0 W The start address bit [7:0] for BRAC" decoding Undef.
Name Bit | R/W Description Reset
STARTADRM | 7:0 W [ The start address bit [15:8] for BRAC" decoding Undef.
Name Bit | R/IW Description Reset
STARTADRH | 7:0 W The start address bit [23:16] for BRAC® decoding Undef.

BRAC_SIZEL (0xFF07), BRAC_SIZEM (0xFF08), BRAC_SIZEH (0xFF09)

BRAC_SIZE[23:0] registers is automatically decreasing by 1 after starting BRAC® decoding.

Name | Bit | RIW : Description _ _ Reset
SIZEL | 70 W \?vftl;]a SSI?IEE Izoabnedrg?g Eflzﬁ.m e-FLASH or external Serial FLASH. This is concatenated 0x00
Name | Bit | RIW : Description : _ Reset
sizem | 7:0 W 3ﬁ;asslléélgo;nedrg?§lzf[?m e-FLASH or external Serial FLASH. This is concatenated 0x00
Name | Bit | R/W : Description . _ Reset
sizeH | 7:0 W \?vietlaasslgglt/?:r?dr%?géfm e-FLASH or external Serial FLASH. This is concatenated 0X00

IBB_READ_PTR (OXFFOA)

Name Bit | RIW Description Reset

BRAC DMA read pointer. CPU should observe this register before CPU writes

RD_PTR | 7:0 R BRAC data to IBB area not to overwrite BRAC data. 0x00

If the half of IBB is consumed, interrupt is generated.

BRAC_CMD_ADDR (0xFFOB)

Command address for BRAC Decoding/Encoding

Name Bit | RIW Description Reset

CMD ADDR | 7.0 | RIW | Reserved Undef.

BRAC_CMD_DATA (0xFFOC)

Command value for BRAC Decoding/Encoding

Name Bit | RIW Description Reset

BRAC DATA | 7.0 | R/'W | Reserved Undef.
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BRAC_BUFF (OxFFOD)
Name Bit | R/W Description Reset
Buffer for BRAC® Decoding
BRAC_BUFF | 7:0 W Voice data is stored to this buffer by CPU. This buffer is used only when CPU Undef.
mode. CPU mode is NOT recommended.
BRAC_CTRL3 (OxFFOE)
Name | Bit | R/W Description Reset
RSVD | 7:0 R/W | Reserved for test. Undef.
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BRAC CODEC

_ENC_CTRL (0xFF10)

Name Bit | RIW Description Reset
RSVD 7:1 - Reserved -
BRAC ENC BUSY | 0 R 1 : BRAC Encoder is under running, 0 : BRAC is idle. Undef.
ENC_SAMPLE_L (0xFF11)

Name Bit | RIW Description Reset

Encoding PCM Sample Lower Bits.
SAMPLE_L | 7:4 | R/W | BRAC Encoding starts when this bit is written. Then this register should be Undef.
written after SAMPLE_H is written.
RSVD 3:0 - Reserved -
ENC_SAMPLE_H (OxFF12)
Name Bit | RIW Description Reset
. Encoding PCM Sample Upper Bits.
SAMPLE_H | 7:0 R This should be signed number. Undef.
ENC_RESULT (0xFF13)

Name Bit | RIW Description Reset
RSVD 7:4 - Reserved -
RESULT 3.0 R Encoding Result Data Undef.
DAC_CTL (0OxFF18)

DAC Control Register

Name Bit | RIWW Description Reset
RSVD 74 - Reserved -

I nternal DAC goes to power down when his
DAC_PDN 3 RW 0: DAC is operating, 1: DAC power down i

Vol ume value has maxi mum when this bi i s
VOL_DIS 2 RIW 0: Enable volume control, 1: Disable volume control i
D3 _UP_DIS R/W | 0: Enable 3x up-sampling, 1: Disable 3x up-sampling 0

0: Disable DAC, 1: Enable DAC
DAC_EN 0 RIW When this bit is set to 61606, t he dateoout
DACOUT_L (0xFF19)

Name Bit | RIW Description Reset

RSVD 7:2 - Reserved -
Output Data for DAC[1:0]. This is concatenated with DACOUT_H.

DACOUT_L | 1:0 | RW | This Register should be written before DACOUT_H and should not be written 0x0
during decoding because this value affects Vout of DAC.

DACOUT_H (OxFF1A)

Name Bit | RIW Description Reset

Output Data for DAC[9:2]. This is concatenated with DACOUT _L.

DACOUT_H | 7:0 | R/W | This register should not be written during decoding because this value affects 0x00

Vout of DAC.
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0 BRAC CODEC
VOLUME (0OxFF1B)
Name Bit | R/IW Description Reset
[Decoding Mode] - Volume
0x00: Mute, OxFF: Max Volume
Volume 7:0 W OxFF
[Encoding Mode] i AGC_GAIN
Value: (upper 4-bit) + (lower 4-bit/16)
*VOmax: Maximum Output Voltage of DAC
DCOL (0xFF1C)
DCOH (0xFF1D)
This register selects BRAC Sampling rates at decoding and ADC auto sample rate at encoding.
Encoding/Decoding is paused by writing 0 to this register.
Fs(sampling Frequency when 3-up sampling mode) = Fsource * (DCO_VAL/Z”)
Example) Fs =10KHz, Fsource = 4MHz A DCO_VAL = 0x3d7 and up-sampling
Name Bit | RIW Description Reset
DCO L | 7.0 W DCO lower value 0x00
Name Bit | RIW Description Reset
DCO_H | 7:0 w DCO higher value 0x00
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SERIAL FLASH CONTROLLER 0
7.1 FEATURES
External Serial Flash controller with BSPI signals.
Dedicated Read DMA(SFDMA) for transferring from serial flash to XRAM
Dedicated SPI signals (BSPI) for the access of external serial flash.
7.2 PIN DESCRIPTION
Table 7-1. BSPI Pin Description
GPIO Pin Name Function Type
GP34 BSCLK Serial Flash Clock @)
GP35 BMISO Serial Data Input [
GP36 BMOSI Serial Data Output o]
GP37 BSCSN Serial Flash Chip Select ®)

/7.3 BLOCK DIAGRAM

SFDMA_START_ADR[23:0]

~ SFDMA_TSIZE

XRAM

Max. 256

Serial Flash SFDMA_X_BASE[11:0] i

- »| SFDMA bytes

Figure 7-1. SFCON Block Diagram

7-1




0 SERIAL FLASH CONTROLLER

7.4 OPERATION

CPU access by SFCTRL and SFPORT

BSPI CSN (BSCSN) signal is controlled by CPU in software GPIO control. When BSPI_CSN bit of SFCTRL register is
written 0 and if there& no master which is using BSPI, CPU come to have the right to use BSPI port. After CPU finishes
the use of BSPI, BSPI_CSN bit of SFCTRL register should be written to 1. If not, other masters which want to use
BSPI cannot access BSPI permanently.

SFDMA is strongly recommended except SPI Erase/Programming by CPU when high speed serial read operation is
required.

s JIIUUUUN IEERIIR

BSPI_BUSY J

L
trsaseTs
e T R T

BMSO —— Command ADDR 2 ADDR 1 ADDR 0 DATA 0 DATAn jp———

Figure 7-2. Timing Diagram of read operation from external serial FLASH
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SERIAL FLASH CONTROLLER 0

SFDMA (Serial Flash Read DMA)

The SFCON supports a dedicated DMA to read data from external serial flash to XRAM. This feature is absolutely useful
to continuously read data up to 256 bytes during voice playback. SFDMA can transfer data without CPU intervention from
external serial flash to XRAM. In this case, SFDMA operation has no relation to sampling rate of voice playback.

The usage of BRDMA is as follows.

Set SFDMA_START_ADRL/M/H ,TSIZE and X_BASE
BRDMA_CTRL = 0x3

While (BRDMA_CTRL & 0x01)

Trasfer to XRAM is done.

PonpE

RISC CPU R SR e S
Voice S/W Delay t
. Decoder
Serial

Flash | DN

Data Data Buffering

No Delay by BRDMA t

Internal Voice Data Read
RAM Data Read (1 Byte)

Figure 7-3. Application of voice Playing
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0 SERIAL FLASH CONTROLLER

7.5 REGISTER DESCRIPTION

SUMMARY

Name Add. R/W Description Reset
SFCTRL OXFF20 | R/W | SF Control register(For CPU mode only) 0x02
SFPORT OxFF21 | R/W | SF Receive/Transmit Buffer(For CPU mode only) Undef.
SFDMA_CTRL O0xFF22 | R/W | SFDMA Control Register 0x00
SFDMA_START_ADRL OxFF23 w SFDMA Start Address Low Undef.
SFDMA_START_ADRM OxFF24 w SFDMA Start Address Middle Undef.
SFDMA_START_ADRH OxFF25 w SFDMA Start Address High Undef.
SFDMA_RXBUF OxFF26 R SFDMA Rx Bulffer Undef.
SFDMA_TSIZE OxFF27 | R\W | SFDMA Transfer Size 0x00
SFDMA_X BASE L OxFF28 W SFDMA Target XRAM Base Address Low Undef.
SFDMA_X BASE_H OxFF29 W SFDMA Target XRAM Base Address High Undef.
SFCTRL2 OXFF2A | R\W | SF Control register 2 0x00

Note) These registers have to be accessed using MOVX instruction.
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SERIAL FLASH CONTROLLER

SFCTRL (0xFF20)

This register is only for CPU mode.

Name Bit | RIW Description Reset
RSVD 7:3 R Reserved -
SE RS 5 W When it is s.e.t to d§ BSPI read operation starts. This bit is cleared automatically 0
- just after writing.
SPI chip select signal. When both this bit and SF_BUSY bit are ®§ external
SF_CSN 1 RIW SF_CSN pin goes to ®6 1
SF_BUSY 0 R Itll_s flag 'Fhat BSPI operation is running 0
0: idle, 1: busy
SFPORT (0xFF21)
This register is only for CPU mode.
Name Bit | RIW Description Reset
[Write]
MSB in this register goes out through BSPI_MOSI port firstly.
SF_PORT | 7.0 | RIW Undef.
[Read]
The value is inputted through BSPI_MISO MSB firstly.
SFDMA_CTRL (0xFF22)
Name Bit | RIW Description Reset
RSVD 7:3 - Reserved -
0 : BRDMA automatically stores serial flash data to XRAM.
SFDMA_CPU_MODE | 2 RW 1: XRAM is NOT written by BRDMA. 0
SFDMA_AUTO INC 1 R/W | 1: BRDMA_START_ADR is automatically incremented. 0
SFDMA_EN 0 RIW BRDMA starts _Whe_n this bit is set. And this bit is cleared when DMA 0
transfer operation is done.
SFDMA_START_ADRL (0xFF23)
SFDMA_START_ADRM (0xFF24)
SFDMA_START_ADRH (0xFF25)
Name Bit | RIW Description Reset
ADDR L | 7.0 W BRDMA Start Address Undef.
Name Bit | RIW Description Reset
ADDR_M | 7:0 w BRDMA Start Address Undef.
Name Bit | RIW Description Reset
RSVD 7:3 - Reserved -
ADDR H | 2.0 W BRDMA Start Address Undef.
SFDMA_RXBUF (O0xFF26)
This is used for CPU mode.
Name Bit | RIW Description Reset
RXBUF | 7:0 W BRDMA Read Buffer Undef.
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0 SERIAL FLASH CONTROLLER

SFDMA_TSIZE (0xFF27)

Name | Bit | R/W Description Reset

TSIZE | 7.0 W (TSIZE+1) bytes are transferred to XRAM from Serial Flash. Undef.

SFDMA_XBASE_L (0xFF28)

Name Bit | RIW Description Reset

BASE L | 7.0 W XRAM base lower address Undef.

SFDMA_XBASE_H (0xFF29)

Name Bit | RIW Description Reset

BASE H | 7.0 w XRAM base higher address Undef.

SFCTRL2 (OXFF2A)

Name Bit | RIW Description Reset

RSVD 75 R Reserved

SF 4BYTE ADDR | 4 RW |When this bit is set to 616, serialb fl

as h

Bank address for 128Mbits (16Mbytes) blocks.
SF_BANK_ADDR 3:1 | R/W | This bits are used when the serial flash greater than 128Mbits is needed. 000
This bits are valid only when SF_4BYTE_ADDR bit is set.

This bit selects the speed of SPI clock
SF_FAST_MODE 0 R/MW | 1: SF clock = Fsys 0
0 : SF clock = Fsys/2
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BRJPEG DECODER 0

BRJPEG DECODER

8.1 OVERVIEW

The has a BRIPEG decoder to decode graphic image bit streams which are encoded by Boo-Ree& own PC
based software encoder.

8.2 FEATURES

- Embedded own DCT based image decoder
V  128x128 10 frame decoding @12MHz
V  192x192 10 frame decoding @24MHz
- Built-in processing engines for image decoding
V  Variable length decoding(VLD) engine
V  Inverse discrete cosine transform(IDCT) engine
- Variable length decoding(VLD) engine
V  Bit processing
V  Huffman decoding
V  Run-length decoding
V  Inverse quantization(lQ)
- Inverse DCT engine
V  16-bit multiplier and 32-bit accumulator supporting 4-point and 8-point DCT
V  Clipping circuit
V  Support additional MAC/MUL/ADD/SUM instructions with up to 16 data input

8.3 OPERATION

Figure 8-1 on the next page shows BRIPEG Decoder decoding scheme. BRIPEG Decoder has two hardwired engines,
VLD and IDCT. VLD engine consists of bit processor (BP), variable length decoder (VLD) and inverse quantizer (IQ). Bit
processor reads the bit stream data from input bit-stream buffer (IBB) in internal e-FLASH, external serial flash or XRAM.
The Huffman codes extracted from BP are decoded by VLD and IQ with the table information in e-FLASH. And the output
is sent to the one of BUF01 and BUF23 in XRAM. IDCT engine reads the VLD engine output from BUFO1 or BUF23,
performs 2-D IDCT and clipping, and saves the result to the one of BUFO, BUF2, BUF4, and BUF5. Then VDMA takes
the decoded YCbCr data, does the color space conversion from YCbCr to RGB on the fly, and sends RGB data to the
I80LCD controller for display.

For the maximum performance, BRIPEG decoder provides ping-pong buffers for both VLD engine and IDCT engine.
VLD engine can select one of BUF01 and BUF23 for its output. IDCT engine can select the input data from one of BUF01
and BUF23 and the output data from one of BUF4 and BUF5. 6 buffers may need for the maximum throughput.

For the minimum memory usage, only BUF01 (BUFO and BUF1) is needed. VLD engine sends the output to the BUFO1,
and then IDCT engine read the input from BUF01 and send its output to BUFO.
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0 BRJPEG DECODER
Tables (1440 bytes)
LOOK_NBITS_DC (256 bytes) RISC
. LOOK_SYM_DC (256 bytes) CPU
eFlas
LOOK_NBITS_AC (256 bytes)
BRIJPEG_TABLE_PTR —#»
B B Tables LOOK_SYM_AC (256 bytes)
(1440 bytes) HUFFVAL_AC (256 bytes) BRJPEG
QTABLESXS (2 x 64 bytes) Control
BRJPEG_IBB_PTR —p Status
BB QTABLE4x4 (2 x 16 bytes) Registers
_ BRJIPEG
Serial Flash VLD engine
BRIPEG_IBB_PTR —» A/ Y
BB . BH VID > 1Q
Processor
XRAM
BRIPEG_IBB_PTR —»
BRIPEG_IBB_PTR + . IBB
BRJPEG_IBB_XRAM_PTR (128 bytes)
P BUFO01 or BUF23
BRIPEG_BUF_PTR —»- — - (3 64 x 2 =384 bytes)
BUFO (1/2/3/415) BUFO BUFOL
Y
(64 bytes) (192 bytes) (284 bytes BRJPEG
Cb IDCT engine
(64 bytes) BUF1
Cr (192 bytes)
(64 bytes) | — - IDCT | Clipping
BUF2 BUF23
BUFO1 (23) (192 bytes) (384 bytes)
v =
(128 bytes) BUF3
(192 bytes) ). BUFO or BUF2 or BUF4 or BUF5
Cb - 3x 64 x1=192 byt
(128 bytes) BUF4 (3x64x ytes)
(192 bytes) L VDMA External
Cr LCD
(125 bytes) BUF5 YICﬁCr tlo RGB » 180LCD > -
(192 bytes) Alpha blending memory
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Figure 8-1. BRIPEG Decoder Decoding Scheme
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Y U #

MAC16
XRAM Byte Addr Offset
3|2|1]o| [1]o[3]2]5]|4]7]6 5
IDCT Accumulator AOH[AOL [BOH|BOL|A1H|ALL|B1H[B1L

signed adder

Up to 16 iteration

—+ )=

16x16 signed
multiplier

XRAM Byte Addr Offset| 3 |2 | 1|0

AOH([AOL [BOH|BOL

i

MUL16 ﬁ ﬁ

~
»
a1
I

AlH|ALL|B1H(B1L

16x16 signed -
multiplier

63

Al5

v

Figure 8-2. IDCT engine operation for MAC16 and MUL16 instructions



BRJPEG DECODER

0
ADD16H
XRAM Byte Addr Offset| 1 | O 6160|6362
Al5|A15|B15|B15
HIL|H|L

ADD16W

XRAM Byte Addr Offset| 3

signed adder ( % )

60 127126|125124

ADD32

~

B70 312110

XRAM Byte Addr Offset

B15(B15|B15|B15

AO3

signed adder

|

o

Figure 8-3. IDCT engine operation for ADD16H, ADD16W and ADD32 instructions



















































































































































































































































































































































































































































