eLD5016

8-BIT
Microcontroller

Product
Specification

ELAN MICROELECTRONICS CORP.
February 2017




Trademark Acknowledgments:
IBM is a registered trademark and PS/2 is a trademark of IBM.
Windows is a trademark of Microsoft Corporation.

ELAN and ELAN logo are trademarks of ELAN Microelectronics Corporation.

Copyright © 2017 by ELAN Microelectronics Corporation
All Rights Reserved
Printed in Taiwan

The contents of this specification are subject to change without further notice. ELAN Microelectronics assumes no
responsibility concerning the accuracy, adequacy, or completeness of this specification. ELAN Microelectronics
makes no commitment to update, or to keep current the information and material contained in this specification.
Such information and material may change to conform to each confirmed order.

In no event shall ELAN Microelectronics be made responsible for any claims attributed to errors, omissions, or
other inaccuracies in the information or material contained in this specification. ELAN Microelectronics shall not
be liable for direct, indirect, special incidental, or consequential damages arising from the use of such information
or material.

The software (if any) described in this specification is furnished under a license or nondisclosure agreement, and
may be used or copied only in accordance with the terms of such agreement.

ELAN Microelectronics products are not intended for use in life support appliances, devices, or systems. Use of
ELAN Microelectronics product in such applications is not supported and is prohibited.

NO PART OF THIS SPECIFICATION MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM OR BY
ANY MEANS WITHOUT THE EXPRESSED WRITTEN PERMISSION OF ELAN MICROELECTRONICS.

ELAN MICROELECTRONICS CORPORATION

Headquarters: Hong Kong: USA:

ELAN (HK) Microelectronics ELAN Information

Corporation, Ltd. Technology Group

Flat A, 19F., World Tech Centre (US.A)

95 How Ming Street, Kwun Tong PO Box 601

Kowloon, HONG KONG Cupertino, CA 95015

Tel: +852 2723-3376 U.S.A.

Fax: +852 2723-7780 Tel: +1 408 366-8225
Fax: +1 408 366-8225

No. 12, Innovation 1% Road
Hsinchu Science Park
Hsinchu, TATWAN 30076
Tel: +886 3 563-9977

Fax: +886 3 563-9966
webmaster@emc.com.tw
http:/www.emc.com.tw

Shenzhen: Shanghai:

ELAN Microelectronics
Shenzhen, Ltd.

8A Floor, Microprofit Building
Gaoxin South Road 6

Shenzhen Hi-Tech Industrial Park
South Area, Shenzhen

CHINA 518057

Tel: +86 755 2601-0565

Fax: +86 755 2601-0500
elan-sz@elanic.com.cn

ELAN Microelectronics
Shanghai, Ltd.

6F, Ke Yuan Building

No. 5 Bibo Road
Zhangjiang Hi-Tech Park
Shanghai, CHINA 201203
Tel: +86 21 5080-3866
Fax: +86 21 5080-0273
elan-sh@elanic.com.cn



http://www.emc.com.tw/
mailto:elan-sz@elanic.com.cn
mailto:elan-sh@elanic.com.cn

Contents
Contents
N C 1= T [=T = T B =T of £ 1 o] 4 o ] o N SURPPPPPTP 1
2 FRALUIES ..o 1
3 PN ASSIONMENT 2
N LA =t of ] o1 {0 o I PP PPPPPPPPPPPPPPPP 3
5  Functional DeSCIIPLION .......iiiicie e e e 4
5.1  Operational REJISIEIS ......uuuiii i e e e e et e e 5
5.1.1 RO (IndA: Indirect Addressing RegIStEN) .......coocuuiiiiiiiieeiiie e 5
5.1.2 R1 (TCCD: TCC DAIA) ....veeetvieiiiiieiiiiesitie st siee st e s e sne e e nnnee e 5
5.1.3 R2 (PC: Program Counter and Stack)................uuuerermrmimmmrmmmmnininininiminnn.. 5
5.1.4 R3 (STA:IOC Page, Status Flags) .......ccocuiieiiiiiiiiiiiie e 8
5.1.5 R4 (RBSR: RAM Bank, RAM Select for Common Registers R20 ~ R3F) ......... 8
5.1.6 R5 (P5IOD: Port 5 I/O Data, Program ROM Page Select).........cccocveeeiniieeennnnn. 9
5.1.7 RG6 (P6IOD: POrt 6 I/O DAA) .....vevevirieiiiieiiiiesiiee ettt 10
5.1.8 R7 (P7IOD: POrt 7 /O DALtA) ...evveereeeeeiiiiiiiieieeeeseiiiieeeeeeesesenieeeeeae e e s s snnnsneneeeee s 10
5.1.9 R8 (P8IOD: POrt 8 I/O DAta) .......cccccuueeieiiiieeeiiiiee ettt sireee e 10
5.1.10 R9 (POIOD: POrt 9 I/O DALA) ......vvveireeririeiiiie st eiee et re e 10
5.1.11 RA (MCUC: CPU Power Saving, PLL, Main Clock Selection, R Page)........... 11
5.1.12 RB (ASPC: ASPCM CONMIOl) ...ccuviiiiieiiie ittt 13
5.1.13 RC (RAMA: Data RAM AdArESS).......uueiiiiiiiieiiiieee ettt 13
5.1.14 RD (RAMD: Data RAM Data BUffer) .........cccciiiriiiiiiie e 13
5.1.15 RE (WUPC: WaKe-UP CONLIOI) .......uuuuiuiriiiiiiieieieininieisinrsiernisininisreinrnnnn.. 14
5.1.16 RF (INTF: Interrupt Status REQISIEr) ...c.oouiiiiiiiiieii et 14
B.1.17 RI0 ~ R3BF ittt ettt bbb e 15
5.2  Special FUNCHON REQJISIEIS .......uuuiiiiiiiiiiiiiiiiiiiiiiiiiiieeieieiibaebieeeneeeenseeeeeeeeneneeaees 16
L R N (oo [ U1 =\ o) ) I 16
5.2.2 CONT (CONtrol REQISLEI) ....uuvuueiiieiiieiiinieieieieisisisinisisrsrnrnrernrnrnrnrrr———————. 16
5.2.3  1OCS5 (P5IOC, CDAC).....c.cuiieeeeeeeeeeeeeeeeeeeeeeeee e eees s s en s anannennas 17
5.2.4  1OCB (PBIOC) ...ttt ettt ettt stttk abe e e b 19
5.2.5  1OCT7 (P7IOC, VRAH) ..ot nn e 19
5.2.6  10C8 (P8BIOC, VRALY) ..coiutiiitiie ittt ettt ettt 20
5.2.7 10C9 (POIOC, VRD) ...ciiiiiiitiee ittt ste ettt teeastee e atee e sneeesnteeesneeesnneeanneeens 20
N I (0 [0 (0. =10 ISR 21
5.2.9  IOCB (CNLD) ..eiiitiieiitieeiie it ste ettt ettt sttt bbbttt sns e e ssbe e abeeesnbeeenreen 21
5.2.10 TOCC (CN2D) .eeieiuiiieiiieeeieeeeieeesieeesteeessaeesteeeanteeeteeasseeeenseeesnseesnseeeaseeesneeanseeens 21
5.2.11 TOCD (P7PHC) .ttt ettt ettt ettt st st sbeeanre e 22
5.2.12 TOCE (CNPSC) ...ttt iiie ettt et se e stee e s e et eastee e s nteeesneeesnteeeaseeesnneeanneeens 22
5.2.13 10OCF (Interrupt Mask REGISTEI) ......ouuiiiiiiiiiee ittt 23
5.3 TCC/WDT and PreSCaAlEN .........uuuimiiiiiiiiiiiiiiiiiiiiiiieiieeneeeseeseeessseennenneneeeeeennnnes 24

Product Specification (V1.0) 2.16.2017 e iii



Contents

ST 1@ I o 4 (TS 25

5.5 RESEl ANU WaAKE-UD ....uiiiiiiiiiiiiiiiiiiiiiiiiiiieieieiee e seessebebeeeeennnnne 26

Lo T 1 (=] U o USSP 28

LT A 1= 1 T 1o o 1= PP 29

5.8 C0de OPLiON REGISTEN ......uviiiiiiiiiiiiiiiiiiitiieiieeieeieeeeeebseaeebebe b ssneseebenbeseennennnnne 31

6  Absolute MaxXimum RatiNgS.......ciiiiiieiiiiiiiie e e e e e aare s 32
Electrical CharaCteriSTiCS ... ... ittt baaeanennnne 32

A R B T O O g - = od (= ] 1[0 F PR 32

A A O O g =T = Toi (=] 1] 1o 33

8  TIMING DIAGIAIMS ... 34

Specification Revision History
Doc. Version Revision Description
1.0 Official original version 2017/2/16
ive Product Specification (V1.0) 2.16.2017



eLD5016

8-Bit Microcontroller

1 General Description

This is an 8-bit RISC type microprocessor with low power, high speed CMOS technology.
Integrated onto a single chip are on-chip Watchdog Timer (WDT), RAM, ROM, programmable
real time clock/counter, internal interrupt, power down mode, ASPCM voice synthesizer
(decoder), voice ROM, Current DAC, and tri-state I/O. It provides a single IC solution to design an
electric wall mount clock.

2 Features

B Single power supply m /O
Operating voltage range: e Up to 26 hi-directional tri-state 1/0O ports (18
e 2.5V~ 3.6V (Normal mode under 14.331 MHz ~ independent 1/O)
17.913 MHz) e 1/O with internal Pull high, wake-up and
e 2.2V ~ 3.6V (Normal mode under 447.829kHz ~ interrupt functions
14.331 MHz)

B Operation Mode
e 2.2V ~ 3.6V (Sleep/ldle/Green mode)
Three modes can be selected (Main clock is

= CPU generated by internal PLL)

e 8-bit RISC kernel
. . . ‘ Mode CPU Status | Main Clock [ 32768 Hz Clock
e 99.9% single instruction cycle commands e —

Sleep mode Turn off Turn off Turn off
m  Clock
Idle mode Turn off Turn off Turn on
e 32.768 kHz clock source
e Built-in PLL to generate main clock 3.5826 MHz Green mode Turn on Turn off Turm on
x0.125,0.25,0.5,1,2,3,40r5 Normal mode | Turn on Turn on Turn on
B Timer and Counter B Interrupt

e Watchdog: Programmable free running on-chip
Watchdog Timer

e TCC: 8-bit real time clock/counter (TCC) with
8-bit prescaler o Eightinterrupt sources: 4 external, 4 internal

e Selective signal sources and overflow interrupt

e Stack: 8-level stack for subroutine nesting

o Counter 1: 8-bit counter with 8-bit prescaler can B Reset

be an interrupt source .
P e Power-on reset, /POVD reset (by code option)

e Counter 2: 8-bit counter with 8-bit prescaler can
be an interrupt source

or external /RESET pin

B DAC
®  Memory

8-bit t DAC
e 16k x 13 on-chip program ROM ¢ itcurren

« 40k x 5 on-chip voice ROM (the max. timing e Can be accessed by ASPCM hardware or from

from voice ROM enable to its data finish = 1.25 DAC input register

Hs) B Package

e 0.25k x 8 on-chip Data RAM e 42-pad die (eLD5016H)

e 144 x 8 common registers

Product Specification (V1.0) 2.16.2017 o1
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3 Pin Assignment

EE
S % =
N I10~N0Soust oA
ZSERECREERR
EEEEEEEEERN
VOICE (Il B ovss
vDD |l Wl P71INT2
XIN | Wl P70/NTO
| 'ovDbD
| /RESET
XOouT | Bl P97
IovDD |l Wl ros
P67 | Bl P57
P66 | | rs6
IovSsS |l Bl P55
P65 | B P54
P64 |l B Ps3
Figure 3-1 42-Pin eLD5016 Pin Assignment
20 Product Specification (V1.0) 2.16.2017
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8-Bit Microcontroller

4 Pin Description

NEWTE ‘ Function Input Output Description
Type Type
Power
IOVDD Power - VDD for 1/0
VDD Power - VDD for other circuit
IOVSS Ground GND for I1/O
VSS Ground - GND for circuit
Clock for MCU
XIN XTAL Input pin for 32768 Hz crystal
XOuUT XTAL Output pin for 32768 Hz crystal
PLLC AN Phase locked loop capacitor; connect a 0.01p to
0.047p capacitor to the ground.
Current DAC
Voice AN DAC output
Test
TEST ST Test pin into test mode, normal low
Reset
/IRESET ST Reset input. Low enable
/0
P54 ~ P57 P54 ~ P57 [ ST CMOS Bidirectional I/O pin
P60 ~ P67 P60 ~ P67 | ST CMOS Bidirectional 1/0O pin
E;tl) ; :El(l) P70 ~P73 | ST CMOS Bidirectional 1/O pin with programmable pull- high
P72/ INT2 , . i
P73/ INT3 INTO~INT3 | ST - External interrupt pin triggered by a falling edge
P74 ~ P75 P74 ~P75 | ST CMOS Bidirectional 1/0O pin
P76, P77 P76, P77 ST CMOS Bidirectional I/O pin with programmable open-drain
P80 ~ P83 P74 ~P77 | ST CMOS Bidirectional 1/0O pin
pso.psr[pss.por st |owos | e 10 sk o s

Product Specification (V1.0) 2.16.2017
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8-Bit Microcontroller

5 Functional Description

CPU

Timing Control

Program ROM

Voice ROM

IRIRIRl
U

Data RAM
Control Register

1/0 Port

—

ASPCM Decoder
Current D/A

Timer / TCC
Counter1/2
WDT

Figure 5-1 eLD5016 Functional Block Diagram 1

WDT

XIN  XOUT PLLC

timer

STACK

+ + + ROM
Oscillator | R2
Timing Control Prescaler v A A
A Interrupt Instruction
R1(TCC) control register
A
Control G;Teral ¢
Sleep
& wakeup Instruction
on 1/0 port decoder
t Y Y ¢ A

DATA & Control Bus

X Y Y Y \ \
10C5 10C6 loler4 lole::] 10C9
ASPCM R5 R6 R7 RS R9
decoder
PORT5 PORT6 PORT7 PORTS PORT9
P54~P57 P60~P67 P70~P77 P80~P83 P96~P97

Voice Data

Current DAC

VOICE

Figure 5-2 eLD5016 Functional Block Diagram 2

Product Specification (V1.0) 2.16.2017
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8-Bit Microcontroller

5.1 Operational Registers

5.1.1

RO (IndA: Indirect Addressing Register)

RO is not a physically implemented register. It is useful as an indirect addressing
pointer. Any instruction using RO as register actually accesses data pointed by the
RAM Select Register (R4).

Example:

MOV A, @0x20 ; store an address at R4 for indirect addressing
MOV 0x04, A

MOV A, QO0xAA ; write data 0xAA to R20 at BankO through RO
MOV 0x00, A

5.1.2 R1 (TCCD: TCC Data)

m Increased by the instruction cycle clock.

m  Writable and readable by the program as any other register.

m Defined by PAB (CONT-3) reset.

m  The prescaler is assigned to TCC, if the PAB bit (CONT-3) is reset.

m  The contents of the prescaler counter will be cleared only when the TCC register is
written with a value.

5.1.3

R2 (PC: Program Counter and Stack)

m  Depending on the device type, R2 and hardware stack are 10-bit wide. The
structure is depicted in the following figure.

CALL
PC A13 A12 A11 A10 A9 A8 | A7~AO > Stackl
44— Stack?2
RET Stack 3
p|{ 0000 PAGEO 0000~03FF RETL Stack 4
RETI Stack 5
——» 0001 PAGE1l 0400~07FF Stack 6
Stack 7
L »| 0010 PAGE2 0800~0BFF Stack 8
p| 1110 PAGE14 3800~3BFF
__p| 1111 PAGE15 3C00~3FFF
Figure 5-3 Program Counter Organization
Product Specification (V1.0) 2.16.2017 o5
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m  The configuration structure generates 16k x 13 bits on-chip ROM addresses to the
relative programming instruction codes. One program page is 1024 words long.

m  R2is setas all "0" under RESET condition.

m  "JMP" instruction allows direct loading of the lower 10 program counter bits. Thus,
"JMP" allows the PC to go to any location within a page.

m  "CALL" instruction loads the lower 10 bits of the PC, and then PC + 1 are pushed
onto the stack. Thus, the subroutine entry address can be located anywhere within
a page.

m  "RET" ("RETL K", "RETI") instruction loads the program counter with the contents
of the top-level stack.

m  Anyinstruction written to R2 (e.g., “ADD R2, A”, "MOV R2, A", "BC R2, 6", etc.) will
cause the 9t and the 10" bits (A8 ~ A9) of the PC to be cleared. Hence, the
computed jump is limited to the first 256 locations of a page.

m  "TBL" allows a relative address to be added to the current PC while contents of the
9th and the 10t bits remain unchanged. The most significant bits (A10 ~ A13) will be
loaded with the content of bit PSO ~ PS3 in the status register (R5) upon the
execution of a "JMP", "CALL", "ADD R2, A'', or "MOV R2, A" instruction.

m  The Data Memory Configuration is as follows:

R PAGE Registers I0C PAGE
R PAGEO R PAGE1 I0C PAGEO I0C PAGE1
00
Indirect addressing
01 |[TCCD
TCC data
02
Program counter
03 |STA
I0C Page, Status
04 |RBSR
Register bank, RSR
05 |[P5IOD CDAD) CDAC]
Port 5 1/0O data, Program Current DAC |Port51/0 Clear CDA, ASPCM rate
page input data control, and volume control
(P76, P77)
open drain
06 |P6IOD P6I0C]
Port 6 1/0 data Port 6 I/O (undefined, non-existent
control and set to “0” at all time)
6e Product Specification (V1.0) 2.16.2017
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R PAGE Registers I0C PAGE
07
Port7 1/0O data Port 7 110 VROM Addr (8~15)
control
08 |P8IOD RAL
Port 8 1/0 date Port 8 110 VROM Addr (0~7)
control
09 |P9IOD P9I0(
Port 9 I/O data Port 9 110 VROM data
control
0A DEDC]
CPU power saving, PLL, DAC stop, ROM and DA
Main clock, VROM status, switch
R page
0B CN1D)
ASPCM control Counter 1 data
0C CN2D)
Data RAM address Counter 2 data
oD |[RAMD B7PHCI
Data RAM data Port 7 pull high
0E |WUPC]
Wake-up control, Port 8 CNT1, 2 CIk source and
high nib, switch prescaler
OF [INTF
Interrupt flag Interrupt
mask
10 |16 bytes
Common registers
1F
20 |Bank O~Bank 3
Common registers
3F | (32x8 for each bank)

Figure 5-4 Data Memory Configuration

Product Specification (V1.0) 2.16.2017
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5.1.4 R3 (STA: I0C Page, Status Flags)

Bit 7 Bit 6 ‘ Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
IOCPAGE - - T P z DC C
R/W-0 R-0 R-0 R R R/W R/W R/W

Bit 7 (IOCPAGE): Change I0C5 ~ IOCE to another page
0: I0C PAGEO
1: 10C PAGE1

Bits 6 ~ 5: Undefined bits, set to “0” at all time
Bit 4 (T): Time-out bit

Set to “1” with "SLEP" and "WDTC" commands or during power up, and
reset to “0” by WDT time-out.

Bit 3 (P): Power down bit

Set to “1” during power on or by a "WDTC" command, and reset to “0” by
a "SLEP" command.

Event T P Remark
WDT wake up from sleep mode 0 0
WDT time out (not sleep mode) 0 1
/RESET wake up from sleep 1 0
power up 1 1
Low pulse on /RESET X X X: Don’t care

Bit 2 (2): Zero flag

Set to "1" if the result of an arithmetic or logic operation is zero.
Bit 1 (DC):  Auxiliary carry flag
Bit 0 (C): Carry flag

5.1.5 R4 (RBSR: RAM Bank, RAM Select for Common Registers

R20 ~ R3F)
Bit 7 | Bit 6 H Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
RB1 RBO RSR5 | RSR4 | RSR3 | RSR2 | RSR1 | RSRO
RW-0 | RW-0 RIW RIW RIW RIW RIW RIW

Bits 7 ~6 (RB1 ~0): Bank select bits for Common Registers R20 ~ R3F

These select bits are used to determine which bank is activated among
the four banks for 32 registers (R20 to R3F). Refer to Figure 5-3 Control
Register Configuration for details.

8e Product Specification (V1.0) 2.16.2017
(This specification is subject to change without prior notice)
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Bits 5 ~ 0 (RSR5 ~ 0):

Indirect addressing for common registers R20 ~ R3F

RSR bits are used to select up to 32 registers (R20 to R3F) in indirect
addressing mode. For the Data Memory Configuration, refer to Figure

5-3.

5.1.6 R5 (P5IOD: Port 5 1/0O Data, Program ROM Page Select)

Page 0 (P510D: Port 5 I/0O Data)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
P57 P56 P55 P54 PS3 PS2 PS1 PSO
RW RW R/W R/W R/W-0 R/W-0 R/W-0 R/W-0

Bits 7 ~ 4 (P57 ~ P54): 4-bit Port 5 (7 ~ 4) /O data register

Bits 3 ~ 0 (PS3 ~ 0): Page selection bits

They should be set before JMP or CALL instruction.

Page select bits

PS3 | PS2 | PS1 | PSO | Program Memory Page (Address)
0 0 0 0 Page 0
0 0 0 1 Page 1
0 0 1 0 Page 2
0 0 1 1 Page 3
1 1 1 0 Page 14
1 1 1 1 Page 15

User can use PAGE instruction to change page and maintain program
page by user. Otherwise, user can use far jump (FIMP) or far call
(FCALL) instructions to program user's code. The program page is
maintained by Elan's compiler. It will change user's program by inserting
instructions within the program.

Page 1 (CDAD: Current DAC Input Data Buffer)

Bit7 | Bité | Bits | Bit4 | Bit3 | Bitz | Bitl | BitO
CDAD7 CDADG6 CDADS5S CDAD4 CDAD3 CDAD2 CDAD1 CDADO
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Bits 7 ~ 0 (CDAD7 ~ 0): Current DAC input data buffer
Product Specification (V1.0) 2.16.2017 e 9
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5.1.7 R6 (P6IOD: Port 6 1/0 Data)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
P67 P66 P65 P64 P63 P62 P61 P60
RIW RIW RIW RIW RIW RIW RIW RIW

Bits 7 ~ 0 (P67 ~ P60): 8-bit Port 6 (0~7) I/O data register

User can use the 10C register to define each bit as input or output.

5.1.8 R7 (P7IOD: Port 7 I/O Data)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit1 | Bit 0
P77 P76 P75 P74 P73 P72 P71 P70
R/W R/W R/W R/W R/W RW RW RW

Bits 7 ~ 0 (P77 ~ P70): 8-bit Port 7 (0~7) 1/0O data register

User can use the |OC register to define each bit as input or output.

5.1.9 R8 (P8IOD: Port 8 I/0 Data)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0 0 0 0 P83 P82 P81 P80
R-0 R-0 R-0 R-0 RW R/W R/W R/W

Bits 7 ~4:  Undefined bits, always “0”
Bits 3 ~ 0 (P83 ~ P80): 4-bit Port 8 (3~0) I/O data register

User can use the |OC register to define each bit as input or output.

5.1.10 R9 (P9IOD: Port 9 /0 Data)

itz | Bite | Bits | Bit4 | Bits | Bitz | Bit1 | Bito
P97 P96 0 0 0 0 0 0
RIW RIW R-0 R-0 R-0 R-0 R-0 R-0

Bits 7 ~ 6 (P97, P96): 2-bit Port 9 (7~6) I/O data register
User can use the |OC register to define each bit as input or output.

Bits 5 ~ 0: Undefined bits, set to “0” at all time

10 e Product Specification (V1.0) 2.16.2017
(This specification is subject to change without prior notice)
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5.1.11 RA (MCUC: CPU Power Saving, PLL, Main Clock Selection,

R Page)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
IDLE ENPLL | CLK2 CLK1 CLKO 0 STA_VR | RPAGE
RW-0 | RW-0 | RW-0 | RMW-0 RW-0 R-0 R-1 RW-0

Bit 7 (IDLE): Idle mode/Sleep mode select bit
0: Sleep mode
1: Idle mode

This bit will determine which mode to go after SLEP instruction.

These two modes can be awakened by TCC clock, Watchdog timer
(WDT), Ports 97~96, or Ports 70~73, and run from “SLEP” next

instruction.
Sleep mode Idle mode Green mode Normal mode
RA(7,6) = (0,0) | RA(7,6) = (1,0) RA(7,6) = (x,0) | RA(7,6) = (x,1)
+ SLEP + SLEP no SLEP no SLEP
Wake-up
TCC time out X + Interrupt Interrupt Interrupt

+ Next instruction

Wake-up

WDT time out Reset ) i Reset Reset
+ Next instruction
Wake-up
Ports 96, 97 Reset i i X X
+ Next instruction
Wake-up
Ports 70 ~ 73 Reset + Interrupt Interrupt Interrupt

+ Next instruction

P73 ~ P70's wakeup functions are controlled by IOCF (1, 2, 3) and ENI
instructions.

CONT REGISTER Bit 7 defines whether P70's wakeup signal is a rising
or falling edge.

Port 97, Port 96, Port 73, Port 72 and Port 71's wake-up patterns are
falling edge trigger signals.

Bit 6 (ENPLL): PLL's power control bit is CPU mode control register
0: Disable PLL
1: Enable PLL

If PLL is enabled, CPU will operate at normal mode (high frequency).
Otherwise, it will run at green mode (low frequency, 32768 Hz).

Product Specification (V1.0) 2.16.2017 o1l
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PLL
@ 447.8293kHz ~17.9132MHz
)
CLK2 ~ CLKO
et
- » switch |—> ystem
T clock
ENPLL E
Sub-clock
32.768kHz

Figure 5-5 Correlation between 32768 Hz and Main clock

Bits 5 ~ 3 (CLK2 ~ 0): Main clock select bits.

User can choose different frequencies for the main clock through CLK1
and CLK2. All clock selections are listed below.

PLLEN | CLK2 | CLK1 | CLKO | Sub clock Main clock CPU clock
1 0 0 0 32768 Hz | 447.829 kHz | 447.829 kHz (Normal mode)
1 0 0 1 32768 Hz | 895.658 kHz | 895.658 kHz (Normal mode)
1 0 1 0 32768 Hz 1.791 MHz 1.791 MHz (Normal mode)
1 0 1 1 32768 Hz 3.582 MHz 3.582 MHz (Normal mode)
1 1 0 0 32768 Hz 7.165 MHz 7.165 MHz (Normal mode)
1 1 0 1 32768 Hz 10.747 MHz 10.747 MHz (Normal mode)
1 1 1 0 32768 Hz 14.331 MHz 14.331 MHz (Normal mode)
1 1 1 1 32768 Hz 17.913 MHz 17.913 MHz (Normal mode)
0 Don’t care 32768 Hz Don'’t care 32768 Hz (Green mode)

Bit 2: Undefined bit, set to “0” at all time

Bit 1 (STA_VR):

0: Voice ROM busy

Status flag for voice ROM operation

1: Voice ROM data ready

When this flag is “0”, the bus of the voice ROM is busy processing its
data. When this flag is “1”, the bus of the Voice ROM is on standby and
its data is ready for users to read.

Bit 0 (RPAGE): Change R PAGE 5 to another page
0: R5 PAGEO

1: R5 PAGE1

12 e Product Specification (V1.0) 2.16.2017
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5.1.12 RB (ASPC: ASPCM Control)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

- - PLAY S/P - - - -
R-0 R-0 RW-0 | R/MW-0 R-0 R-0 R-0 R-0

Bits 7 ~6:  Undefined bits, set to “0” at all time
Bit 5 (PLAY): voice-playing control

0: Disable voice-playing

1: Enable voice-playing

PLAY | S/IP Function Description

. The playing address is reset to the beginning of
190 0 Stop-playing the play. D/A data is reset.

1 Pause-playing The playing address is not reset.

0 Plaving from sto The playing address is reset to the beginning of
021 ying P the play. D/A data is reset. Then it begins to play.

1 Playing from pause | The playing address is not reset and it plays again.

Note: While playing voice by setting (PLAY, S/P) = (1, 0) or (1, 1), if the
play comes to an end (meet the stop code), the (PLAY, S/P) bits will
automatically clear to (0, 0).

Bit 4 (S/P):  Setting for voice stop-playing and voice pause-playing
0: Voice stop-playing
1: Voice pause-playing

Bits 3 ~ 0: Undefined bits, set to “0” at all time

5.1.13 RC (RAMA: Data RAM Address)

Bitz | Bite | Bits | Bita | Bit3 | Bit2 | Bit1 | Bito
DATAA7 | DATAAG | DATAAS | DATAA4 | DATAA3 | DATAA2 | DATAAL | DATAAO

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Bits 7 ~ 0 (DATAA7 ~ 0): Data RAM address
User can select Data RAM Address from 0 to 255.

5.1.14 RD (RAMD: Data RAM Data Buffer)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
DATAD7 | DATADG | DATADS | DATAD4 | DATAD3 | DATAD2 | DATAD1 | DATADO
RIW RIW RIW RIW RIW RIW RIW RIW

Bits 7 ~ 0 (DATAD7 ~ 0): Data RAM data register.

User can see the IOCA register as to how to select Data RAM banks.

Product Specification (V1.0) 2.16.2017 e13
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5.1.15 RE (WUPC: Wake-up Control)

0 /WDTE /WUP97 | WUP96 0 0 0 0
R-0 R/W-0 R/W-0 R/W-0 R-0 R-0 R-0 R-0
Bit 7: 1 bit, set to “0” at all time

Bit 6 (/WDTE): Watchdog Timer enable control bit
0: Disable WDT
1: Enable WDT

Bit 5 (/WUP97): Port 9 Bit 7 wake-up control
0: Disable
1: Enable

Bit 4 (/WUP96): Port 9 Bit 6 wake-up control
0: Disable
1: Enable

/WUP9

Port 96

/WUP97. > /WDTEN 0/1 = enable/disable
Port 97

WDTE >¢

Figure 5-6 Wake up Function and Control Signal

Bits 3 ~ 0: Undefined bits, set to “0” at all time

5.1.16 RF (INTF: Interrupt Status Register)

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl
- - CNT2 CNT1 INT2/INT3 INT1 INTO TCIF
R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Note: “1”means with interrupt request “0” means no interrupt occurs

Bits 7 ~ 6: Undefined bits, set to “0” at all time
Bit 5 (CNT2): 8 bit Counter 2 overflow interrupt flag.
It will be set when Counter 2 overflows.

Bit 4 (CNT1): 8 bit Counter 1 overflow interrupt flag.

It will be set when Counter 1 overflows.

14 Product Specification (V1.0) 2.16.2017
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Bit 3 (INT2/INT3): External INT2 and INT3 pins interrupt flag. Set by a falling edge
on the /INT2 and /INT3 pins, reset by software.

It can be used when Port 72 or Port 73 is set to input port.

Bit 2 (INT1): External INT1 pin interrupt flag. Set by a falling edge on /INT pin, reset by
software.
It can be used when Port 71 is set to input port.

Bit 1 (INTO): External INTO pin interrupt flag. Set by a falling edge on /INT pin, reset by
software.
It can be used when Port 70 is set to input port.

Bit O (TCIF): TCC Timer Overflow Interrupt Flag. It will be set when TCC timer
overflows, reset by software.

INTO ~ INT3 interrupts are edge triggering (falling edge or rising edge) which can be set
by CONT Bit 7 (INT_EDGE). Also, see corresponding interrupt mask in IOCF register.
User can read and clear.

RF can be cleared by instruction but cannot be set.

NOTE
The result of reading RF is the "Logic AND" of RF and IOCF.

5.1.17 R10 ~ R3F

R10 ~ R3F (Banks 0~3) are all general-purpose registers.

Product Specification (V1.0) 2.16.2017 e 15
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5.2 Special Function Registers

5.2.1 A (Accumulator)

Internal data transfer operation, or instruction operand holding usually involves the
temporary storage function of the Accumulator, which is not an addressable register.

5.2.2 CONT (Control Register)

Bit 7 Bit 6 B|t5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

INT_EDGE TS - PSR2 PSR1 PSRO
R/W-0 R/W-0 R/W-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0

The CONT register is both readable and writable by instruction “CONTW” and
“CONTR".

Bit 7 (INT_EDGE): interrupt edge type of P70
0: P70's interrupt sources are rising and falling edge signals.
1: P70's interrupt source is a falling edge signal.
Bit 6 (INT): Interrupt Enable flag
0: Masked by DISI or hardware interrupt
1: Enabled by ENI / RETI instructions
Bit 5 (TS): TCC signal source
0: Instruction clock
1: 16384 Hz

Instruction clock = MCU clock / 2. Refer to RA Bits 4 ~ 6 for PLL and
Main clock selection. See Figure 5-5 for details.

Bit 4: Undefined bits, set to “0” at all time
Bit 3 (PAB): Prescaler Assignment Bit
0: TCC

1. WDT

16 e Product Specification (V1.0) 2.16.2017
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Bits 2 ~ 0 (PSR2 ~ PSR0): TCC / WDT prescaler bits

PSR2 PSR1 PSRO TCC Rate WDT Rate

0 0 0 1:2 11

0 0 1 1:4 1:2

0 1 0 1:8 1:4

0 1 1 1:16 1:8

1 0 0 1:32 1:16

1 0 1 1:64 1:32

1 1 0 1:128 1:64

1 1 1 1:256 1:128

5.2.3 I0C5 (P5IOC, CDAC)

Page 0 (P5IOC: Port 5 I/0 Control, P7 (7, 6) Open Drain)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 |
locs7 | 10cs6 | 1ocss | 10cs4 0 0 op77 | oP76

R/W-1 R/W-1 R/W-1 R/W-1 RW-0 RW-0 RW-0 RW-0

Bits 7 ~ 4 (I0OC57 ~ 10C54): Port5 (4 ~ 7) /O direction control register
0: put the relative 1/0O pin as output
1: put the relative 1/O pin into high impedance
Bits 3~2:  Undefined bits, set to “0” at all time
Bit 1 (OP77): P77 open-drain control bit
0: Disable open-drain output
1: Enable open-drain output
Bit 0 (OP76): P76 open-drain control bit
0: Disable open-drain output

1: Enable open-drain output

Product Specification (V1.0) 2.16.2017 e 17
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Page 1 (CDAC: Clear CDA Data, Voice Synthesizer Sampling Rate and Volume
Control)

Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0
CLDA RATE2 RATE1 RATEO VOL3 VOL2 VOL1 VOLO
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Bit 7 (CLDA): Current D/A data clear enable control
0: Disable

1: Enable

When this bit is set (enabled), the internal Current D/A data will be
cleared and its output will go to ground level with the VOICE pin
connecting a resistor to ground. After setting this bit, remember to clear
(disable) it again otherwise it will keep outputting to ground level no
matter if voice ROM is playing or not.

Bits 6 ~ 4 (RATE2 ~ 0): Voice synthesizer sampling rate control

RATE2 ~0 | Sampling Rate

000 X

001 X

010 32768 Hz /2= 16384 Hz
011 32768 Hz / 3 = 109227 Hz
100 32768 Hz /4= 8192 Hz
101 32768 Hz /5= 65536 Hz
110 32768 Hz /6 = 54313 Hz
111 32768 Hz /7= 46811 Hz

Bits 3 ~0 (VOL3 ~ 0): Voice synthesizer volume control

Max. Voice Output Current (mA)

0000 0
0001 5x 2/16 mA=0.625 mA
0010 5x 3/16 mA=0.9375 mA
0011 5x 4/16 mA=125mA
0100 5x 5/16 mA=1.5625 mA
0101 5x 6/16 mA=1.875mA
0110 5x 7/16 mA=2.1875mA
0111 5x 8/16 mA=25mA
1000 5x 9/16 mA=2.8125mA
1001 5x10/16 mA =3.125 mA
18 e Product Specification (V1.0) 2.16.2017
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Max. Voice Output Current (mA)

1010 5x11/16 mA =3.4375 mA
1011 5x12/16 mA=3.75mA
1100 5x13/16 mA =4.0625 mA
1101 5x14/16 mA=4.375mA
1110 5x15/16 mA = 4.6875 mA
1111 5 mA

5.2.4 10C6 (P6IOC)

Page 0 (P61OC: Port 6 I/0O Control)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
I0C67 | 10C66 | 10C65 | 10C64 | 10C63 | 10C62 | 10C61 | 10C60

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

Bits 7 ~ 0 (I0OC67 ~ 10C60): Port 6 (7 ~ 0) I/O direction control register
0: put the relative 1/0 pin as output

1: put the relative I/O pin into high impedance

5.2.5 10C7 (P710C, VRAH)

Page 0 (P710C: Port 7 1/0 Control)

Bit 7 | Bit 6 | Bit5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
loc77 | 10c76 | 1oc75 | 10c74 | 10c73 | 1oc72 | 1oc7i | 1ocTo

R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

Bits 7 ~ 0 (I0OC77 ~10C70): Port 7 (0~7) I/O direction control register
0: put the relative 1/0O pin as output

1: put the relative 1/O pin into high impedance

Page 1 (VRAH: Voice ROM Address (8~15))

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
VRAI5 | VRA14 | VRAI3 | VRAL2 | VRAI1 | VRAIO | VRA9 | VRAS

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Bits 7 ~ 0 (VRA15 ~ 8): Voice ROM address register bit (15 ~ 8)

Voice ROM address can be accessed to a maximum of 40k-1.
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5.2.6 10C8 (P8IOC, VRAL)

Page 0 (P8IOC: Port 8 I/O Control)

Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0

10C83 10C82 10C81 I0C80
R-0 R-0 R-0 R-0 R/W-1 R/W-1 R/W-1 R/W-1

Bits 7 ~4:  Undefined bits, set to “0” at all time
Bits 3 ~ 0 (I0C83 ~ 10C80): Port 8 (0~3) I/O direction control register
0: put the relative I/O pin as output

1: put the relative I/O pin into high impedance

Page 1 (VRAL: Voice ROM Address (0~7))

Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0
VRA7 VRAG6 VRAS5 VRA4 VRA3 VRA2 VRA1 VRAO
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Bits 7 ~ 0 (VRA7 ~ 0): voice ROM address register bit (7 ~ 0)

Voice ROM address can be accessed to a maximum of 40k-1.

5.2.7 10C9 (P9IOC, VRD)

Page 0 (P9IOC: Port 9 I/0O Control)

10C97 I0C96 0 0 0 0 0 0

R/W-1 R/W-1 R-0 R-0 R-0 R-0 R-0 R-0

Bits 7 ~ 6 (I0OC97 ~ I0C96): Port T9 (7 ~ 6) I/O direction control register
0: put the relative 1/0 pin as output
1: put the relative I/O pin into high impedance

Bits 5~ 0: Undefined bits, set to “0” at all time

Page 1 (VRD: Voice ROM Data)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
0 0 0 VRD4 | VRD3 | VRD2 | VRD1 | VRDO
R-0 R-0 R-0 RIW RIW RIW RIW RIW

Bits 7 ~ 5: Undefined bits, set to “0” at all time

Bits 4 ~ 0 (VRD4 ~ 0): 8-bit voice ROM data register
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5.2.8 |OCA (DAPC)

Page 1 (DAPC: DAC Power Control)

Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0

/IDASTOP VRDASW 0
R/W-0 R-0 R-0 R-0 R/W R-0 R-0 R-0

Bit 7 (DASTOP): D/A stop conversion and power down
0: Disable and power down D/A
1: Enable and power on D/A
Bits 6 ~4:  Undefined bits, set to “0” at all time
Bit 3 (VRDASW): Voice ROM & Current D/A access selection.

0: Access voice ROM memory, current D/A input are controlled by
ASPCM hardware (ASPCM mode)

1: Access voice ROM memory, current D/A input can be directly
accessed from their relative registers by software (S/W mode)

Bits 2 ~ 0: Undefined bits, set to “0” at all time

5.2.9 IOCB (CN1D)

Page 1 (CN1D: Counter 1 Data)

Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 | Bit 2 | Bit 1 | Bit 0
CN17 | CNi6 | CNI5 | CN14 | CNI13 | CN12 | CNil | CNi0o

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Bits 7 ~ 0 (CN17 ~ CN10): Counterl's buffer that user can read and write.

Counter 1 is an 8 bit up-counter preset and read out register.
(Write = preset). After an interrupt, it will reload the preset value.

5.2.10 IOCC (CN2D)

Page 1 (CN2D: Counter 2 Data)

Bits 7 ~ 0 (CN27 ~ CN20): Counter 2's buffer that user can read and write.

Counter 2 is an 8 bit up-counter preset and read out register.
(Write = preset). After an interrupt, it will reload the preset value.
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5.2.1110CD (P7PHC)

Page 1 (P7PHC: Port 7 Pull high control)
Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0
PH7 PH6 PHS5 PH4 PH3 PH2 PH1 PHO

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

Bits 7 ~ 0 (PH7 ~ 0): Port 7 Pull high control bits
0: Disable internal pull-high
1: Enable internal pull-high

These control bits are used to enable the pull-high of Port 7 (0 ~ 7) pins.

5.2.12 IOCE (CNPSC)

Page 1 (CNPSC: Counter 1, 2 Clock Source and Prescaler)

Bit 7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 | Bit 0
CNT2S |C2_PSc2|c2_PSC1l|C2_PSCO| CNT1S |C1_PSC2|C1_PSC1 |C1_PSCO
RW-0 | RW-0 | RW-0 | RW-0 | RW-0 | RW-0 | RW-0 | RMW-0

Bit 7 (CNT2S): Counter 2 source
0: 32768Hz

1: Instruction clock which Instruction clock period = 2 x Main clock
period

Bits 6 ~ 4 (C2_PSC2 ~ C2_PSC0): Counter 2 prescaler setting, described in
the following table.

Bit 3 (CNT1S): Counterl source
0: 32768Hz

1: Instruction clock which Instruction clock period = 2 x Main clock
period

Bits 0 ~2 (C1_PSC2 ~ C1 _PSCO0): Counter 1 prescaler setting, described in
the following table.
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Reset = (0,0,0)

(C1_PSC2, C1_PSC1, C1_PSCO)

(C2_PSC2, C2_PSC1, C2_PSCO)

Scaler Ratio

(0,0,0) 1:1
(0,0,1) 1:2
(0,1,0) 1:4
(0,1,1) 1:8
(1,0,0) 1:16
(1,0,1) 1:32
(1,1,0) 1:64
(1,1,1) 1:128

5.2.13 IOCF (Interrupt Mask Register)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
- - CNT2 CNT1 INT2/INT3 INT1 INTO TCIE
R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Bits 7 ~ 6: Undefined bits, set to “0” at all time
Bits 5~0: Interrupt enable bit

0: Disable interrupt

1: Enable interrupt, Instruction clock period = 2 x Main clock period

Individual interrupt is enabled by setting its associated control bit in the
IOCF to "1".

Global interrupt is enabled by the ENI instruction and is disabled by the
DISI instruction.

The IOCF Register is both readable and writable. They work with RF

registers.
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5.3 TCC/WDT and Prescaler

An 8-bit counter is available as prescaler for either TCC or WDT.

m  An 8-bit counter is available for either TCC or WDT, determined by the status of Bit
3 (PAB) of the CONT register.

m  See the prescaler ratio in the CONT register.
m  Figures 5-7 depict the circuit diagram of TCC/WDT.

m Both TCC and the prescaler will be cleared by instructions which write to TCC each
time.

m  The prescaler will be cleared by the WDTC and SLEP instructions when assigned
to WDT mode.

m  The prescaler will not be cleared by SLEP instructions when assigned to TCC
mode.

Instruction cycle clock

Data Bus
L M Y v
16.384kHz U SYNC
- -
X U 2 cycles - TCC(R1)
i " !
T TCC overflow
™ PAB interrupt
M
4>‘ 8-bit Counter ‘

X C

WDT

WDTE

PSRO ~ PSR2
80-1 MUX |«

MUX «——PAB

l

WDT timeout

R

—
> —

Figure 5-7 TCC and WDT Block Diagram
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5.4 1/0O Ports

The I/O registers, Port 5 ~ Port 9, are bidirectional tri-state 1/0O ports. Port 7 can be
pulled-high internally by software control. In addition, P66 and P67 can also have
open-drain outputs through software control. Wake-up functions are available from
P96 and P97. Each I/O pin can be defined as an "input" or "output” pin by the I/O
control registers (I0OC5 ~ 10C9). The /O registers and I/O control registers are both
readable and writable. The I/O interface circuits for Port 5 ~ Port 9 are shown in Figure

5-8.
L—
Q kR b
CLK¢——PCWR
—a ¢
B 10D|
CLK¢——PDWR
—0 €
T PDRD
0 M
U
1 X L —
Figure 5-8 Circuit of I/O Port and 1/0 Control Register Circuit
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5.5 Reset and Wake-up

A RESET can be caused by:

(1) External /RESET pin

(2) Power on reset or Power on voltage detector reset (/POVD reset)

(3) WDT timeout (If enabled and in Green or Normal mode)

Note that only Power on reset or Power on voltage detector reset in Case (2) are
enabled in the system by Code Option bit. If /POVDs are disabled, Power on reset is
selected in Case (2). Refer to Figure 5-9.

VDD
I—— o a =
Oscillator |\_ D oL - =
I: | cim
Power-on
sel
Rese LT
u
0| X
Volage
Detector
k/l:‘n.l:le
Code
Option
WDTE

WDT e = 18 ms |—-

Figure 5-9 Block Diagram of Reset of controller

Once RESET occurs, the following functions are performed.

m  The oscillator is running, or will be started.

m  The Program Counter (R2) is set to all "0".

m  When power on, the upper 3 bits of R3 and the upper 2 bits of R4 are cleared.
m  The Watchdog timer and prescaler are cleared.

m  The Watchdog timer is disabled.

m  The CONT register is set to all "1".

m  The other registers (Bit 7...Bit 0)
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R5 Page 0 ="xxxx0000" [ R5 Pagel ="00000000"

I0OC5 Page0="11110000"

IOC5 Pagel ="00000000"

R6 = Port

I0C6 Page0="11111111"

R7 = Port

IOC7 Page 0="11111111"

IOC7 Pagel ="00000000"

R8 ="0000xxxx"

I0C8 Page 0 ="00001111"

IOC8 Pagel ="00000000"

R9 ="xx000000"

I0C9 Page 0 ="11000000"

IOC9 Pagel = "000xxxxx"

RA ="00000010"

IOCA Pagel ="00000000"

RB ="0000x000"

IOCB Pagel ="00000000"

RC ="00000000"

IOCC Pagel ="00000000"

RD = "xxxxxxxx"

IOCD Pagel ="00000000"

RE ="00000000"

IOCE Pagel ="00000000"

RF ="00000000"

IOCF ="00000000"

The controller can be awakened from Sleep mode (execution of "SLEP" instruction,
named as Sleep mode) by (1) WDT time-out (if enabled) (2) external input at Port 9.
After the CPU wakes-up, user should control the Watchdog in case of reset in Green

mode or Normal mode. These two cases will set an RF flag.
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5.6 Interrupt

The MCU has internal interrupts which are falling edge triggered, as follows: TCC timer
overflow interrupt (internal), two 8-bit counters overflow interrupt.

If these interrupt sources change signal from high to low, the RF register will generate
'1' flag to the corresponding register if IOCF register is enabled.

RF is the interrupt status register which records the interrupt request in flag bit. IOCF is
the interrupt mask register. Global interrupt is enabled by ENI instruction and is
disabled by DISI instruction. When one of the interrupts (when enabled) is generated, it
will cause the next instruction to be fetched from Address 008H. Once in the interrupt
service routine, the source of the interrupt can be determined by polling the flag bits in
the RF register. The interrupt flag bit must be cleared in the software before leaving the
interrupt service routine and enabling interrupts to avoid recursive interrupts.

There are four external interrupt pins including INTO, INT1, INT2, and INT3. And four
internal counter interrupts available.

Signals of external interrupt INTO, INT1, INT2, and INT3 are from Port 7 Bit O to Bit 3. If
IOCF is enabled, these signals will cause an interrupt, or these signals will be treated
as general input data.

After reset, the next instruction will be fetched from Address 000H, the Instruction
Interrupt is 001H and the Hardware Interrupt is 008H.

TCC will go to Address 0x08 in Green mode or Normal mode after time out.
These two cases will set the RF flag.
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5.7 Instruction Set
Instruction set has the following features:
(1) Every bit of any register can be set, cleared, or tested directly.

(2) The I/O register can be regarded as general register. That is, the same instruction
can operate on I/O register.

The symbol "R" represents a register designator which specifies which one of the 64
registers (including operational registers and general purpose registers) is to be utilized
by the instruction. Bits 6 and 7 in R4 determine the selected register bank. "b"
represents a bit field designator which selects the number of the bit, located in the
register "R", affected by the operation. The symbol "k" represents an 8 or 10-bit
constant or literal value.

Mnemonic Operation Status Affected
NOP No Operation None
DAA Decimal Adjust A C
CONTW A — CONT None
SLEP 0 — WDT, Stop oscillator T,P
WDTC 0> WDT T,P
I0W R A — IOCR None
ENI Enable Interrupt None
DISI Disable Interrupt None
RET [Top of Stack] —» PC None
RETI [Top of Stack] > PC  Enable Interrupt None
CONTR CONT - A None
IOR R IOCR > A None
TBL R2+A — R2 Bits 9,10 do not clear Z,C,DC
MOV R, A A—>R None
CLRA 0->A z
CLR R 0->R z
SUB A,R R-A—> A Z,C,DC
SUB R,A R-A—> R Z,C,DC
DECA R R-1-5A z
DEC R R-1 >R 4
OR A,R AvVR > A 4
OR R,A Av VR >R z
AND A,R A&R—>A z
AND R,A A&R >R 4
XOR A,R ADR->A Z
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Mnemonic | Operation | Status Affected

XOR R,A ADPR->R Z

ADD A,R A+R->A Z,Cc,bC
ADD R,A A+R->R Z,Cc,bC
MOV A,R R—->A z

MOV R,R R—R z

COMA R R—>A Z

COM R /R—>R z

INCA R R+1 —>A z

INC R R+1 >R z
DJZA R R-1 — A, skip if zero None
DJZ R R-1 — R, skip if zero None
RRCA R R(n) > A(n-1) R(0) > C,C—>A(7) C

RRC R R(n) > R(n-1) R(0)—>C,C—>R(7) C
RLCA R R(n) > A(n+l) R(7) > C,C —> A(0) C

RLC R R(n) > R(n+1) R(7) > C,C — R(0) C
SWAPA R R(0-3) »> A(4-7) R(4-7) > A(0-3) None
SWAP R R(0-3) <> R(4-7) None
JZA R R+1 — A, skip if zero None
JZ R R+1 — R, skip if zero None
BC R, b 0 - R(b) None
BS R,b 1 —> R(b) None
JBC R,b if R(b)=0, skip None
JBS R,b if R(b)=1, skip None
CALL k PC+1 — [SP], (Page, k) » PC None
JMP k (Page, k) > PC None
MOV Ak k—>A None
OR Ak Avk—>A Z

AND Ak A&k—>A Z

XOR A,k ADk—>A Z

RETL k k — A, [Top of Stack] - PC None
SUB Ak k-A— A Z,C,DC
INT PC+1 — [SP], 001H —» PC None
PAGE k K—> R5 None
ADD A,k k+A — A Z,C,DC
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5.8 Code Option Register

The IC has one CODE option register which is not part of the normal program memory.

The option bits cannot be accessed during normal program execution.

F“‘ﬂ‘ﬂ“ﬂ“““q
/POVD

Bits 12 ~ 1: Undefined bits, set to “0” at all time

Bit 0 (/POVD): Power on voltage detector reset.
0: Enable
1: Disable

The /POVD reset voltage when VDD = 3.3V is as follows.

/POVD | Reset Type Sleep Mode Current

1 1.6V Power on reset 1pA
0 1.8V /POVD reset 6uA

Note: When /POVD is disabled, the CPU is reset by power on reset
circuit. When /POVD is enabled, the CPU is reset by /POVD reset circuit.
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6 Absolute Maximum Ratings

Items Rating
DC Supply Voltage 2.1V to 3.6V
Input Voltage Vss - 0.3V to Vop + 0.5V
Operating Temperature Range - 40°C to 85°C

Note: “These parameters are theoretical values and have not been tested.

7 Electrical Characteristics
7.1 DC Characteristics

(Ta=-40°C ~ 85°C, Vop = 3.3V £ 5%, Vss = OV

Symbol | Parameter Condltlon Typ. | Max. | Unit

liL1 Input Leakage Current for input pins  [VIN = VDD, VSS - +1 JIVAN
Input Leakage Current for _
2 bi-directional pins VIN = VDD, VSS ) ) 1 A
VIH Input High Voltage 25 - - \Y,
VIL Input Low Voltage - 0.8 \Y,
VIHT Input High Threshold Voltage /RESET, TCC, RDET1 2.0 - \%
VILT Input Low Threshold Voltage /RESET, TCC,RDET1 - - 0.8 \%
VIHX Clock Input High Voltage OSClI 3.5 - - \%
VILX Clock Input Low Voltage OSCI - - 15 \Y,
IOH Output High Drive Current VOH =2.72V @ VDD = 3.0V - 7.5 - mA
Output Low Sink Current
- 76.5 - mA
0L (Port6 /7, P80 and P81) VOL = 0.67V
(Port5/9, P82, and P83) - 42 - mA
IPH Pull-high current Pull-high active input pin at VSS - -15 | -20 | pA
Power down current
. - 1 4 pA
ISB1 (Sleep mode, POVD disable) All input and I/O pin at VDD, output
Power down current pin floating, WDT disabled
- 5 15 A
(Sleep mode, POVD enable) H
Low clock current CLK = 32768 Hz, All input and 1/O
. ] . . - 35 50 pA
1SB2 (Green mode, POVD disable) pin at VDD, output pin floating,
Low clock current WDT disabled, other analog 45 65 A
(Green mode, POVD enable) Circuits disabled ) H
Low clock current CLK = 32768 Hz, All input and 1/O
. ] . i - 55 75 pA
1SB4 (Green mode, POVD disable) pin at VDD, output pin floating,
Low clock current WDT disabled, other analog 65 9 A
(Green mode, POVD enable) Circuits disabled i H
Operating supply current /RESET = High, CLK = 3.58MHz,
ICC P g supply Output pin floating, other analog - 048 | 1.0 | mA
(CPU enable) A
circuits disabled

Note: “These parameters are theoretical values and have not been tested.
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Current D/A (Ta = -40°C ~ 85°C, Vop = 3.3V + 5%, Vss = OV)

Symbol Parameter ‘ Condition Typ. | Unit

ICC Max. output current for Current D/A IOC5 PAGEL bit0 ~ 3 =1111 mA

7.2 AC Characteristics

Ta =25°C, Vob = 3.3V, Vss = 0V

Parameter Conditions

Dclk Input CLK duty cycle - 45 50 55 %
Tins | Instruction cycle time 32.768 Hz - 00 - He
3.5826MHz 550 ns

Tdrh Device delay hold time - - 18 - ms
Ttcc TCC input period Note 1 (Tins + 20) / N - - ns
Twdt Watchdog timer period Ta = 25°C - 18 - ms
Tdiea | Delay from Phase 3 end to INSEND active Cl=100pF - - 30 ns
Tdiei Delay from Phase 4 end to INSEND inactive Cl=100pF - - 30 ns
Tiew INSEND pulse width - 30 - - ns
Tdca | Delay from Phase 4 end to CA Bus valid C1=100pF - - 30 ns
Tacc ROM data access time - 100 - - ns
Teds ROM data setup time - 20 - - ns
Tedh ROM data hold time - 20 - - ns
Tdca-1 | Delay time of CA-1 C1=100pF - - 30 ns

Note: These parameters are theoretical values and have not been tested.
*N = selected prescaler ratio
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8 Timing Diagrams

AC Test Input/Output Waveform

24

2.0 2.0
>< >— TEST POINTS —< ><
0.8 08

0.4

Note: AC Testing: Input are driven at 2.4V for Logic “1” and 0.4V for Logic “0”
Timing measurements are made at 2.0V for Logic “1” and 0.8V for Logic “0”

Figure 8-1a AC Test Input/Output Waveform Timing Diagram

Reset Timing (CLK ="0")

Instruction 1
NOP Executed

ax LI LT L) L

/.
///

/IRESET

——— Tdrh ——pf

Figure 8-1b Reset Timing Diagram

TCC Input Timing

Tins
CLK
TCC —\— —\—
< Tice >
Figure 8-1c TCC Input Timing Diagram
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