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Specification Revision History
Version |Content |
EM78813 ICE
1.0 Initial version
11 Add “VNWSB” pin 2002/12/25
Add touch panel pen press/ unpress detection
12 Remove “VNWSB” pin 2003/3/4
Change FSK, DTMF and CW power control
1.3 Maodify Current DA resolution from 7 bits to 10 bits 2003/3/26
1.4 Add 208 pin QFP package 2003/9/1
15 1. Modify norma mode operation voltage 2003/12/3
2. Modify DC electrical characteristic
3. Remove AD and Touch panel function
1.6 Remove |dle mode 2004/8/19
EM78R813 EM78P813 EM78813 EM78815
DataRAM 16K X 8 16K X 8 4K X 8 4K X 8
PRG ROM 64K X 13 64K X 13 48K X 13 64K X 13
DATA ROM 256K X 8 256K X 8 256K X 8 256K X 8
Expand ROM 2M X 8 2M X 8 - 2M X 8
STACK 32 24 24 24
Common RAM 256 byte 128 byte 128 byte 128 byte
OoP 0 X X X
Current DA ®) ®) ®) ®)
DED input Share with TIP Independent pin Independent pin Independent pin
Key scan Chipsel pin decide | Chipsel pin decide | Share with SEG Share with 10
Pin 256 186 184 105
Process .5 5 5 .35

EM 78813/EM 78815 mode select

EM 78813 mode(l OCB pagel bit6=0) |EM78815 mode(IOCB pagel bit6=1)
KEY strobe pin Share with SEG50~SEG65 Share with PORT8 and PORT9
Internal LCD driver |Enable Disable(COM,SEG pin high impedance)
Expand function NO Interface share with SEG34~SEG65

Application Note

1. 2.0V reference voltage will power down when both RD PAGE2 bit7(DAREF) and RA PAGE2 bit7(CMPEN) are clear
to 0.

2. For targeting interrupt and program run to address 0x0008, ACC, R3(STATUS), R5(Program page) and R4(6,7) will
be automatically saved and R3(6,7) R register page will set to PAGEO, and reload after the instruction “RETI”.

3. Beforeusing Key tone function, please set Port 76 as output type.

4, In EM78R813, pin EGIN1 and EGIN2 are shared with pin TIP and RIN, but they are independent in EM78P813 and

EM78813.

5. In EM78R813, user can turn on one of FSK, DTMF and CW power at the same time. In OTP and mask version, user
can turn on both CID(one of FSK and DRMF) or CW power at the same time, but FSK and DTMF power can not turn
on simultaneously.

6. Please do not switch MCU operation mode from normal mode to sleep mode directly. Before into sleep mode, please

switch MCU to green mode.

7.For accessing data ROM,EM 78P813 (OTP) can work at 10.74MHz, but please note that ROM type EM 78813 only can

work at 5.37MHz

8. While switching main clock (regardless of high freq to low freq or on the other hand), adding 6 instructions delay (NOP)

isrequired.

* This specification is subject to change without notice.
2004/8/19 (V1.6
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|. General Description
The EM78P813 is an 8-bit CID (Call Identification) RISC type microprocessor with low power, high speed
CMOS technology. There are 64Kx13 bits and 256K x8 bits Electrical One Time Programmable Read Only Memory
(OTP-ROM) within it. It provides security bits and some One time programmable Option bits to protect the OTP
memory code from any external access aswell asto meet user’s options.

Integrated onto a single chip are on chip watchdog (WDT), programmable real time clock/counter,
external/internal interrupt, power down mode, LCD driver, FSK decoder, Call waiting decoder, Energy Detector (DED) ,
DTMF receiver, Programming Tone generator, build-in KEY TONE clock generation, Comparator and tri-state 1/0. The
EM78P813 provides a single chip solution to design a CID of calling message display.

|l. Feature
> CPU
Operating voltage : 2.2V~5.5V at main CLK less then 3.58MHz.

Main CLK(H2) Under 3.58M 5.37TM 10.74M
Operating V oltage(min) 2.2 25 3
64K %13 Program ROM
256K x8 data ROM
16K x8 data RAM
128x8 common register
Up to 56 bi-directional tri-state 1/O ports (32 shared with LCD Segment pins)
O with internal Pull high, wake-up and interrupt functions
STACK: 24 level stack for subroutine nesting
TCC: 8-bit real time clock/counter (TCC) with 8-bit prescaler
COUNTERZ1: 8 or 16 bit counter with 8-bit prescaler can be an interrupt source
COUNTER2: 8-bit counter with 8-bit prescaler can be an interrupt source
Watch Dog : Programmable free running on chip watchdog timer

CPU modes:
Mode CPU status Main clock 32.768kHz clock status
Sleep mode Turn off Turn off Turn off
Green mode Turn on Turn off Turn on
Normal mode |Turnon Turn on Turn on

4 step Normal mode CLK : 1.79, 3.58, 5.37, 10.74 MHz generated by internal PLL.
13 interrupt source, 8 external , 5 internal
Key Scan : Port key scan function up to 16x4 keys
Sub-Clock: 32.768KHz crystal.
Key tone output :4KHz, 2KHz ,1KHz (shared with 10)
Comparator: 3-channel comparators: internal (16 level) or external reference voltage. (shared with
10)
> Serial transmitter/receiver interface
Serial Peripheral Interface (SPI): Interrupt flag available for the read buffer full, Programmable baud rates of
communication, Three-wire synchronous communication. (shared with 10)
» Current D/A
Operation Voltage: 2.5V 5.5V
10-hit resolution and 3-hit output level control
Current DA output can drive speaker through atransistor for sound playing. (shared with 10)
» Programmable Tone Generators
Operation Voltage 2.2V 5.5V
Programmable Tonel and Tone2 generators
Independent single tone generation for Tonel and Tone2

* This specification is subject to change without notice.
2004/8/19 (V1.6
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Mixed dual tone generation by Tonel and Tone2 with 2dB difference
Can be programmed for DTMF tone generation
Can be programmed for FSK signal (Bell202 or V.23) generation
> CID
Operation Voltage 2.7V 5.5V for FSK
Operation Voltage 2.7V 5.5V for DTMF receiver
Compatible with Bellcore GR-30-CORE (formerly as TR-NWT-000030)
Compatible with British Telecom (BT) SIN227 & SIN242
FSK demodulator for Bell 202 and ITU-T V.23 (formerly as CCITT V.23)
Differential Energy Detector (DED) for line energy detection
» CALL WAITING
Operation Voltage 2.6V 5.5V
Compatible with Bellcore specia report SR-TSV-002476
Call-Waiting (2130Hz plus 2750Hz) Alert Signal Detector
Good talkdown and talkoff performance
Sensitivity compensated by adjusting input OP gain
> LCD (16x112, 24x106 , 32x98)
Operating Voltage range:
Supply voltage : 2.5V to 5.5V
Through charge pump circuit and regulate adjusting, LCD device voltage : 3.6V to 5.3V
Maximum common driver pins: 16/24/32
Maximum segment driver pins: 112(SEGO0..SEG111)/106(SEGO0..SEG105)/ 106(SEG0..SEG97)
Shared COM 16 ~ COM23 pinswith SEG113 ~ SEG106 pins
Shared COM24 ~ COM 31 pins with SEG105 ~ SEG98 pins
1/5 biasfor 16 common mode, 1/6 bias for 24 common mode and 1/7 for 32 common mode
1/16, 1/24, 1/32 duty
32 Level LCD contrast control (software)
Internal resistor circuit for LCD bias.
» External LCD controller (64 x 256 dot MAX for a pair of Master and Slave LCD Driver)
Multi-chip operation(Master, Slave) available for external LCD device.
» Expand
128K Program ROM (64K on_chip and provided Parallel transmitter interface for 64K external
program ROM access.) Through external address & data bus, 2M byte Data ROM can be addressing.
» Package type
186 pin die : EM78P813H
208 pin QFP : EM78P813AQ(POVD disable)
EM78P813BQ(POVD enable)

[11. Application

adjunct units
SM S phones
feature phones

* This specification is subject to change without notice.
2004/8/19 (V1.6
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Configuration

V. Pin

SEG49/EXA5
SEGA8/EXA6
SEGA7/EXAT7
SEG46/EXA8
SEG45/EXA9
SEGA44/EXA10
SEG43/EXA11
SEG42/EXA12
SEG4VEXA13
SEGA40/EXA14
SEG39/EXA15
SEG38/EXA16
SEG37/EXA17
SEG36/EXA18
SEG35/EXA19

SEG34/EXA20
SEG33

LVDD

Cc2

C1

LVSS
SEG66/P80

SEG67/P81

SEG69/P83
SEG70/P84
SEG71/P85
SEG73/P87
SEG74/P90
SEG75/P91
SEG76P92

SEG77/P93
SEG78/P94
SEG79/P95
SEG80/P96
SEG81/P97
SEG83/PB1/LD1

SEG68/P82

137| SEGS0/EXA4
136| SEGS5LEXA3

=
w
(o]

135| SEG52/EXA2
134| SEGS53/EXA1
133| SEGB54/EXA0
132| SEGB55/CS

131| SEGS56/WR

130| SEG57/RD

129| SEGSH8/EXD7
128| SEGS59/EXD6
127| SEG60/EXD5
126| SEG61/EXD4
125| SEG62/EXD3
124| SEGE3/EXD2
123| SEG64/EXD1
122| SEGGE5/EXDO

121

4

11
12
13
14
15
16
17
18
19
20
21

120| VvC5
119| VvC4
118| VvC3
117| vC2
116 VvC1
115| VREF

22
23
24
25
26
27
28
29
30
31

114
113

112| Vout

111
110
109
108
107
106
105

94| SEG82/PBO/LDO

104 SEG72/P86
103
102
101
100
99
98
97
96
95
55

32
33
34
35
36
37
38
39
40
41
43
44

42

06

COM13

COM6

COM5

COomM4

COM3

COomM2

Ccom1

COMO
AVDD

POVD

PLLC
TONE

TIP
RING
CWGS

CWIN

EGIN1
EGIN2

POVD
AVSS
P60/STGT

P6L/EST

P62

P63

P64
P65/CMP1
P66CMP2

P67CMP3
PDO

PD1

PD2

PD3
PD4/SCK
PD5/SDO
PD6/SDI
PD7/DAOUT
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Fig.1 a: EM78P313 die pin assignment
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Fig.1_b: EM78P813 208 pin QFP pin assignment

2004/8/19 (V1.6

* This specification is subject to change without notice.



VAT

EM78P813

8-bit OTP Micro-controller

V. Functional Block Diagram

VDD
AVDD
h 4 l
DTME R DT MF Vol tagie
signal T Recei ver Regul gt of
MCU
2.7 'V
FSK - FSK il
s n a I D er
9 ecod X 2
cw Prog{DATA Charge| Pump
S— —» ROM ROM
CA Decoder Vll Vs
%AATMA IR_’EI\[/I) Generajtior] &
G Dual Tonle drivingiapility
TONE g
Gener gt ort cont r|ol
PLL }
Ainnaluotg » Comparjator LCD
p dr i vef
Dat R Seri al | OEnerjgy | Currfen
b " (SPI/UART)Detectd DA
A
A
AVVSSSS FSK DTMF BASUT
signal
Fig.2 Block diagraml
Xip Xqut RPLLC
Vi on ] [
WDT timer Y
Oscillator 4
timing control *
4 Instruction ALU
7'y Interruption register
control
Control sleep EE’:‘AERAL * Eg ACC
and wake-up A Instruction \
on 1/0 port I_RI4_| decoder 1
! w3 ' vy
DATA & CONTROL BUS
¢ 4
LCD RAM I
DATA RAM
DATA ROM v PORT6 PORT7 PORTS8 PORT9 PORTB PORTC PORTD
FSK DECODER
Call waiting decoder 10C6(R6| |10Cc7|R7| |10C8[R8| [10C9|R9| [10CB|RB| |locc|rc| [locD|rD
DTMF receiver
DUAL TONE GENERATOR
KEY TONE
SERIAL 1/O
COMPARATOR P60~P67  P70~P77  P80~P87  P90~P97 PBO~PB7 PCO~PC7 PDO~PD2
CURRENT DA

Energy Detector

Fig.3 Block diagram2

>COM&SEG

* This specification is subject to change without notice.
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VAT

VI. Pin Descriptions

|. POWER pin
Pin 1/0 Description
VDD POWER |Digital Power
AVDD POWER |Anaog Power
LvDD POWER |Charge pump used power
GND POWER |Digital Ground
AVSS POWER |Anaog Ground
LVSS POWER |Charge pump used power
II.CLOCK pin
Pin 1/0 Description
XIN I Input pin for 32.768 kHz oscillator
XOUT O] Output pin for 32.768 kHz oscillator
PLLC I Phase loop lock capacitor, connect a capacitor 0.01u to 0.047u
with GND
I11.1. Embedded L CD pin
Pin 1/0 Description
COMO0..COM15 0 Common driver pinsof LCD drivers
COM16..COM23 O COM16..COM23 are shared with SEG111..SEG106
COM24..COM31 0O COM24..COM31 are shared with SEG105..SEG98
SEGO..SEG65 0] Segment driver pins of LCD drivers
SEG66..SEG73 0] Segment driver pins of LCD drivers share with PORT8
SEG74..SEG81 ®) Segment driver pins of LCD drivers share with PORT9
SEG82..SEG89 (6] Segment driver pins of LCD drivers share with PORTB
SEG90..SEG97 (0] Segment driver pins of LCD drivers share with PORTC
C1,C2 - Charge Pump capacitor. C1 connect 1uF Cap To C2.
Vout - Charge pump output voltage ,connect 1uF Cap to GND
VREF - 2.7V, need to be connected 0.1uF capacitor to GND
VC1..VC5 Reference voltage input. Each one connect a capacitor (0.1u)

with GND.

I11.2. External L CD device control pin

Pin 1/0 Description
LCDDO0..LCDD7 1/0 External LCD driver data bus. Shared with PORTBO0..PORTB7.
/WR 0 Write enable output (active low signal). Shared with PORTC2.
/RD O] Read enable output (active low signal). Shared with PORTC3.
A0 0] Used asregister selection. When A0 equal to 1, data bus transmit
LCD DATA. When A0 equal to 0,data bus transmit LCD
Address. The pin shared with PORTCA4.
/CS1../CS2 0 Chip Selection signal output. Shared with PORTC1..PORTCO
IV.FSK,CW
Pin 1/0 Description
TIP I Should be connected with TIP side of twisted pair lines for FSK.
RING I Should be connected with RING side of twisted pair lines for
FSK.
CWGS 0] Gain adjustment of single-ended input OPAmp
CWIN I Single-ended input OP Amp for call waiting decoder
EGIN1,EGIN2 I DED input
V.DTMF receiver
Pin 1/0 Description
EST 0] Early steering output. Presents a lodic high immediately when

* This specification is subject to change without notice.
2004/8/19 (V1.6
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the digital algorithm detects a recognizable tone-pair (signal
condition). Any momentary loss of signal condition will cause
EST to return to alogic low. This pin shared with PORT61.

STGT 1/10 Steering input/guard time output (bi-directional). A voltage
greater than Vtst detected at ST causes the device to register the
detected tone-pair and update the output latch.
A voltage less than Vtst frees the device to accept a new
tone-pair. The GT output acts to reset the external steering
time-constant; its state is a function of EST and the voltage on
ST . This pin shared with PORT60.

VI. Serial 10, Comparator , Current DA , Tone
Pin 1/0 Description

SCK 1/0 Master: output pin , Slave: input pin. This pin shared with
PORTD4

SDO 0] Output pin for serial data transferring. This pin shared with
PORTDS.

SDI I Input pin for receiving data. This pin shared with PORTD6.

CMP1 I Comparator input pins. Shared with PORT65.

CMP2 I Comparator input pins. Shared with PORT66

CMP3 I Comparator input pins. Shared with PORT67.

DAOUT 0] Current DA output pin. It can be a control signa for sound

generating. Shared with PORTD?.
KTONE 6] Key tone output. Shared with PORT76.
TONE 6] Dual tone output pin
VII. 10

Pin 1/0 Description

P60 ~P67 1/0 PORT 6 can be INPUT or OUTPUT port each hit.

Internal pull high.

P70 ~ P77 /0 PORT 7 can be INPUT or OUTPUT port each bit.

Internal Pull high function.
Auto key scan function.
Interrupt function.

Shared with Key tone output

P80 ~ P87 1/0 PORT 8 can be INPUT or OUTPUT port each bit.
Shared with LCD Segment signal.

P90 ~ P97 1/0 PORT 9 can be INPUT or OUTPUT port each bit.
Shared with LCD Segment signal.

PBO ~ PB7 1/10 PORT B can be INPUT or OUTPUT port each bit.
Shared with LCD Segment signal.

PCO ~ PC7 1/10 PORT C can be INPUT or OUTPUT port each bit.
Shared with LCD Segment signal.

PDO ~ PD7 1/0 PORT D can be INPUT or OUTPUT port each hit.
Shared with SPI pin
Share with CMP input pin.

P70 ~ P76 I Interrupt sources. Any pin from PORT70 to PORT76 has a
falling edge signal, it will generate a corresponding
interruption..

P77 I Interrupt source. Once PORT77 has afalling edge or rising edge
signal (controlled by CONT register), it will generate a
interruption.

/RESET | Low reset

* This specification is subject to change without notice.
2004/8/19 (V1.6
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VIl Expand Program/Data ROM interface

Pin 1/0 Description
EXDO ~ EXD7 1/0 Expand Program/Data memory Data Bus
RD 0] Expand Program/Data memory Read reguest output
WR 0 Expand Program/Data memory Write request output
CS 6] Expand Program/Data memory CS reguest output
EXA-1~EXA19 6] Expand Program/Data memory Address Bus
EXSEL I 0/1 > Internal 64K Program ROM select used/unused

CHIPSEL Pin : EM78813 or EM 78815 function select . In EM 78813 mode , Key strobe pin are share with SEG50 ~ SEG
65. If select to EM 78815 mode , Key strobe pin are share with 1/0 Port8 and Port9. SEG34 ~SEG65 pin will switch
to expand flash memory interface.

Connect to ground = EM 78813 mode
Connect to VDD =» EM 78815 mode

EM 78813 mode

V1
V2
com2 ] va
I I V5
GND

\ Vi1

V2
I V4
SEG V5
GND
Vi
V2
V4
> U< -
- 30us GND

Fig.4(a) : EM 78813 mode K ey scan signal(share with SEG pin)

* This specification is subject to change without notice.
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ELAN MICROELECTRONICS CORP.

EM 78815 mode (must set RE page2 bit2 ~ bit4 = 1)

Key scan

ENEEEREN

p|i n

T e———

VDD

—> ,ﬁ,SDMS,,,,,,,

———GND

Fig.4(b) : EM 78815 mode K ey scan signal(share with 1O pin)

EXSEL pin: 0/1 - On-Chip program ROM used/unused switch(EM 78815 mode only).
EM 78P813 support MAX 128K Program . User can port program to both 64K EM 78P813 on_chip ROM and

64K expand ROM .

User also can ignore 64K EM 78P813 on_chip ROM and porting all programsto a external
128K ROM. Using this function, user can upgrade program or download new function easily.

EM 78P813 provide Data ROM expand function. When user access data which addressis over 256K, external
ROM will beload. User must set expand start address of Data ROM to RF PAGE1L, PAGE2 and IOCB PAGE1L. A
diagram of expand function is as below.

EM78P813
(EXSEL pin go

Figs(a) :

| ow)

EXSEL =0,both internal and external program are used.

MAX 2M Byte Expand ROM
(FLASH ROM)
N\ Expand Data ROM start address
64K Progrfa
E RF PAGE2RF PAGE1l
(PAGED P1BE 63) 64K word Program ROM 'osg, od b7 bol
(PAGE64~PAGE127)
L | 000 X| X[ X|X|X]| X[ X|X|X|X]|X|X]|X]|X]|X|X|X|0
******** i) 1)
— RoM RoM Rom
Address Address Address
17 o 3
256K byt
Dat a ROM
ExpandDagta ROM
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MAX 2M Byte Expand ROM
(FLASH ROM)

Expand Data ROM start address
64K P ROM
Unursoegdram RF PAGE2RF PAGE1l
128K word Plrogram ROME bd b7 bo)
(PAGEO-PAQE127) ‘O‘O‘O‘XX‘X‘X‘X‘X‘X‘X‘XXX’X‘X’X‘X‘X‘XO
ffffffff @ T T T
I RoM RoM ROM
Address Address Address
17 B o
256K byt
Dat a ROM
ExpandData ROM
EM78P813
(EXSEL pin pulll high)

Fig5(b) : EXSEL =1, only external program are used.

How to set start address for expanding Data ROM?

EM 78815 support maximum 2M Byte expanding data memory, but user must fix the start address of external
program at 0x00000 and set start address of expanding Data ROM by user. By this way, MCU will get data from external
memory if the data ROM is over 256K.

Thewidth of an instruction is 13 bit and the data bus for external memory is 8bit, so an instruction will captured two
address size and the L SB address of start address at external ROM will be 0. Besides, EM 78815 only support MAX 128K
program, so the start address of Data ROM will smaller than 256K -2 andA 20, A19 and A18 will be 0 also. User only hasto
according to write Data ROM address A17~A1l to |OCB PAGE2 hi7,RF PAGE3 and RF PAGE2.

» EM78P813 writer pin

OTPwriter PIN NAME MASK ROM PIN NAME PS.

1.vDD VDD,AVDD

2VPP /RESET

3.DINCK P77

4.ACLK P76

5.PGM P75

6.0E P74

7.DATA P73

8.GND VSS,AVSSTEST

9.ROMSEL P72 High : Data ROM
Low : Program ROM

* This specification is subject to change without notice.
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VII. Function Descriptions
VI1.1 Operational Register

ntrol ntrol
REGISTER REGISTER REGISTER REGISTER Rggl ;TOER Rggl ;TOER
PAGEO PAGE1 PAGE2 PAGE3 PAGEO PAGE1
Address
01 | RYTCC Buffer) R1(Real Interrupt flagl) | R1(Real Interrupt flag2) | R1L(UART receiver buffer)
02 | R2(PC)
R3(6,7) R3(5)
03 | R3(STATUS) i ¢
— 04 | RA4(RSR,bank select) R4(Unused) R4(Undefined) R4(Undefined)
05 | R5(Program page) R5(Counter setting) R5(CNT1 low 8 bit data) | R5( CurrentDA control) 10C5(Address auto |OC5(DRAM2 data buffer)
inc/dec control)
06 | R6(Port6 10 data) R6(DROM data buffer) R6(CNT1 high 8 bit data)| R6(CurrentDA control) 10C6(Port6 1/0 control) | IOC6(DRAM2 address)
07 | R7(Port7 10 data) R7(DROM address) R7(CNT2 data) R7(SP! control) 10C7(Port7 /O control)  |IOC7(DRAM2 address)
08 | R8(Port8 10 data) R8(DROM address) R8(DTMF receiver) R8(SP! data buffer) 10C8(Port8 1/0 control) | 1OC8(IO/SEG switch)
RO(DROM address, )
09 | R9(Port9 10 data) LCD addressMSB ) R9(CMP 10 control) R9(Key tone control) 10C9(Port9 1/0 control) | IOCI(PB I/O/SEG switch)
OA | RA(Power saving, FSK) | RA(LCD address) RA(Comparator control) | RA(Tontl control) IOCA(STACK point) I0OCA(PC I/O/SEG switch)
10CB(External LCD driver|
0B | RB(PortB 10 data) RB(LCD data buffer) RB(Key strobe control) RB(Tone2 control) 10CB(PortB 1/0 control) control interface)
0C | RC(PortC IO data) RC(DRAM1 data buffer) | RC(Key strobe control) RC(Undefined) 10CC(PortC 1/0 control) |IOCC(P6 pull high control)
0D | RD(PortD 10 data) RD(DRAM1 address) RD(LCD control) RD(Undefined) 10CD(PortD 1/0 control) | IOCD(P7 pull high control
RE(DRAM1 address, RE(LCD control , X
OE | RE(Interrupt flagl) DED output) Key scan , CAS) RE(Undefined) IOCE(Interrupt mask1) |0CE(DED control)
RF(Externa DataROM | RF(External Data ROM |
OF | RF(Interrupt flag2) Start adldress L OW) Start address HIGH) RF(Undefined) IOCE(Interrupt mask?2)
10
: 16 Byte Commom register
1F
| | | LCD RAM a7 E:gEAlR(a)d,\g . DATA RAM(index1) DATA RAM(index2)
20 RA PAGE : address - address(L) RD PAGEL: address(L) | 10C6 PAGEL : address(L
R4 | | | RS PAGEL - address(M) esyL) esy(L)
: %Z"'éo %azrg(lél %azr;lg Baazn? RB PAGEL : data R9 PAGEL - address(H) RE PAGEL1 : address(H) 10C7 PAGE1 : address(H)
P1(7.8) 8 | | | 32¢ : RC PAGEL : data 10C5 PAGEL : data
P3(7) R6 PAGEL : data

Commom register

Fig.6: control register configuration

VI1.2 Operational Register Detail Description

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

Example:
Mov A , @0x20
Mov Ox04, A
Mov A
Mov O0x00, A
R1 PAGEO TCC data buffer

;store aaddress at R4 for indirect addressing

@OxAA ;write data OXAA to R20 at bankO through RO

TCC data buffer. Increased by 16.38KHz or by the instruction cycle clock (controlled by CONT register).Written and
read by the program as any other register.

* This specification is subject to change without notice.
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R1 PAGEL1 Interrupt Flagl real value
7 6 5 4 3 2 1 0
INTR7 | INTR6 | INTR5 | INTR4 | INTR3 | INTR2 | INTR1 | INTRO

Bit 0~Bit 7(INTRO~INTR?7) : Interrupt flagl real value. The relation of R1 Pagel, RE PAGEO and IOCE PAGEOQ is
shown in fig. When user disable interrupt mask, whether interrupt occur or not , interrupt flag(RE PAGEOQ) will
appear “0”. Opposite of RE PAGEO, R1 PAGE1 will show real interrupt occur status regardless this interrupt
mask enable or disable. User can clear corresponding external interrupt flag by RE PAGEO or R1 PAGE1.

Interrupt

Mask |

| OCE, | OCF Interrupt
Interrupt Fl ag( RE, RF)
occuT

Real Interrupt
Flag(RO P1,P2)

Fig7 : Relation with interrupt mask ,flag and real flag

R1 PAGE2 Interrupt Flag2 real value
7 6 5 4 3 2 1 0
RBF/STD| FSK/CW X X DED CNT?2 CNT1 TCC
RW-0 | RRW-0 | R'\W-0 | R'W-0 | RI'W-0 | R'W-0 | R/'W-0 | R/W-0
Bit 0~Bit 3, Bit 6~Bit 7(Internal interrupt flag real value) : Interrupt flagl real value. The relation of R1 Page2, RF
PAGEO and IOCF PAGEQO is shown in fig7. When user disable interrupt mask, whether interrupt occur or not ,
interrupt flag(RF PAGEQ) will appear “0". Opposite of RF PAGEO, R1 PAGE1 will show real interrupt occur
status regardless this interrupt mask enable or disable. User can clear corresponding interrupt flag in RF
PAGEO or R1 PAGE2.
Bit 4~ Bit 5: Undefined register, these two bits are not allowed to use.

R1 PAGE3 Undefined Register
R1 page3isundefined register, thisisnot allowed to use.

R2 Program Counter

External 128K x 13 PROGRAM ROM addresses to the relative programming instruction codes. The structure is
depicted in Fig.8

"IJMP" ingtruction alows the direct loading of the low 10 program counter bits.

"CALL" ingtruction loads the low 10 bits of the PC, PC+1, and then push into the stack.

"RET" ("RETL k", "RETI") instruction loads the program counter with the contents at the top of stack.

"MOV R2,A" dlows the loading of an address from the A register to the PC, and the ninth and tenth bits are cleared to
"0".

"ADD R2,A" dlows arelative address be added to the current PC, and contents of the ninth and tenth bits are cleared
to"0".

"TBL" allows arelative address be added to the current PC, and contents of the ninth and tenth bits don't change. The
most significant bit (A10~A14) 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.

If ainterrupt trigger, PROGRAM ROM will jump to address 8 at page0. The CPU will store ACC,R3 status and R5
PAGE automatically, it will restore after instruction RETI.

* This specification is subject to change without notice.
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R5(PAGE)
CALL
Il -
INTERRUPT
Al6 A15A14A13A12A11 A10| A9 A8 | AT~AO L:’ STACK1
STACK2
RET STACK3
—>| 0000000 PAGEO 00000~003FF| RETL STACKA4
RETI store
STACK5
_,| 0000001 PAGE1 00400~007FF| STACKS
STACKT ACC,R3,R5(PAGE)
—>| 0000010 PAGE2 00800~OOBFF| STACKS
. restore
STACK30
STACK31
STACK32
—>| 1111110 PAGE126 1F800~1FBFF|
_>| 1111111 PAGE127 1FC00~1FFFF|
Fig.8 : Program counter organization
R3 Satus Register
7 6 5 4 3 2 1 0
RS1 RSO |OCS T P Z DC C

Bit 0 (C) : Carry
Bit 1 (DC) : Auxiliary carry flag
Bit 2 (2) : Zeroflag
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.
Bit 4 (T) : Time-out bit.
Set to 1 by the"SLEP" and "WDTC" command, or during power up and reset to 0 by WDT timeout.

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 5 (I0CS) : I0C register select bit. Change |OC5 ~ |OCE to another PAGE
Bit 6~Bir 7 (RS0 ~RS1) : Rregister select bits. Change R5 ~ RE to another PAGE.

RS1 RSO R PAGE
0 0 PAGEO
0 1 PAGE 1
1 0 PAGE 2
1 1 PAGE 3

* This specification is subject to change without notice.
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R4 RAM select for common Registers R20~R3F , UART control
PAGEO

7 6 5 4 3 2 1 0
RBS1 RBS0 RSR5 RSR4 RSR3 RSR2 RSR1 RSRO
Bit 0 ~Bit 5 (RSR0 ~ RSR5) : Indirect addressing for common registers R20 ~ R3F
RSR bits are used to select up to 32 registers (R20 to R3F) in the indirect addressing mode.

Bit 6 ~Bit 7 (RBO ~ RB1) : Bank selection bits for common registers R20 ~ R3F
These selection hits are used to determine which bank is activated among the 4 banks (RBS2 isin R4 PAGE3 Bit7)
for 32 register (R20 to R3F)..

R4 PAGE1 Undefined Register
R4 pagel is undefined register, thisisnot allowed to use.

PAGEZ2 Undefined Register

7 6 5 4 3 2 1 0
X X X X X X 0 0
RW-0 | RRW-0 | RIWW-0 | R'W-0 | RIW-0 | R'W-0 | R/W-0 | R/W-0
Bit 0~ Bit 1: Undefined registers, please clear these two bitsto 0.
Bit 2~ Bit 7: Undefined registers, these bitsare not allowed to use.
R4 PAGE3 Undefined Register
R4 page3 isundefined register, thisisnot allowed to use.
R5 Program page selection , CNT CLK & scale setting , CNT1 data(L)
PAGEO Program page
7 6 5 4 3 2 1 0
X PS6 PS5 PA PS3 PS2 PS1 PSO
X R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
Bit 0 ~ Bit 6 (PSO ~ PS6) : Program page selection bits
PS6 | PS5 | P | PS3 | PS2 | PS1 | PSO [Program memory page (Address)
0 0 0 0 0 0 0 |PageO
0 0 0 0 0 0 1 |Pagel
0 0 0 0 0 1 0 |Page?2
0 0 0 0 0 1 1 |Page3
1 1 1 1 1 1 0 |Page 126
1 1 1 1 1 1 1 |Page 127
User can use PAGE instruction to change page to maintain program page by user.
Bit 7 : Unused.
PAGEL Counter1 Counter2 CLK and scale setting
7 6 5 4 3 2 1 0
CNT2S C2P2 C2P1 C2P0 CNT1S C1P2 C1P1 C1PO

Bit 0~Bit 2(C1P0~C1P2) : Counterl scaling

* This specification is subject to change without notice.
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C1P2 C1P1 C1P0O COUNTER1

1.2

1:4

1:8
1:16
1:32
1:64
1:128
1:256

Rk |[R|[O|O|O|O

RPO|IFR|IO|R|[O|F]|O

N EER )

1
Bit 3 (CNTL1S) : Counterl clock source

0/1 = 16.384kHz/instruction clock
Bit 4~Bit 6(C2P0~C2P2) : Counter2 scaling. Prescaler is as different as Bit 0~Bit 2.

C2P2 C2P1 C2P0 COUNTER2
0 0 0 1.2
0 0 1 1:4
0 1 0 1:8
0 1 1 1:16
1 0 0 1:32
1 0 1 1.64
1 1 0 1:128
1 1 1 1:256
Bit 7 (CNT2S) : Counter2 clock source
0/1 =» 16.384kHz/instruction clock
PAGE2 Counter 1 Low 8bit Data buffer
7 6 5 4 3 2 1 0
CN17 CN16 CN15 CN14 CN13 CN12 CN11 CN10

Bit 0~Bit 7(CN10~CN17) : Counterl's data buffer

User can switch Counterl between 8 bits or 16 bits counter by setting Control register bit 4. When CNT1BS set

to O, counterl is a8 bits up-counter with 8-bit prescaler that user can use R5 page?

to preset and read the counter.

(‘write = preset). Else counter1 will be a 16 bits up-counter with 8-bit prescaler and user can read or write the counter

through R5 page2 and R6 page2. After ainterruption, it will reload the preset value.
Example: write: MOV 0x05,A
Example: read: MOV A,0x05
Example: write: MOV 0x06,A
Example: read: MOV A,0x06

: read R5 data and write to accumul ator

PAGE3 Current DA Control

; write the data at accumulator to counter1 (preset)

; write the data(high 8 bits) at accumulator to counterl
; read R6 data(high 8 bits) and write to accumulator

7 6 5 4 3 2 1 0
X X X X CDAS | CDAL2 | CDAL1 | CDALO
R-X R-X R-X R-X R/W-0 R/W-0 R/W-0 R/W-0
Bit 0 ~Bit 2 (DALO ~ DAL 2) : change output level of current DA
CDAL2 | CDAL1 | CDALO |Output level
0 0 0 LO (ratio = 1/8)
0 0 1 L1 (ratio = 2/8)
0 1 0 L2 (ratio = 3/8)
0 1 1 L3 (ratio = 4/8)
1 0 0 L4 (ratio = 5/8)
1 0 1 L5 (ratio = 6/8)
1 1 0 L6 (ratio = 7/8)
1 1 1 L7 (ratio =1)

* This specification is subject to change without notice.
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Bit 3 (CDAYS) : Current DA switch
0 = norma PORTD7
1 =>» Current DA output
Bit 4 ~Bit 7: These 4 bitsare undefined, they are not allowed to use.

R6 Port 6 |/O Data , Data ROM data buffer, CNT1 Data(H),DA control
PAGEOQ Port 6 1/0 Data

7 6 5 4 3 2 1 0
P67 P66 P65 P64 P63 P62 P61 P60
R/W-X R/W-X R/W-X R/W-X R/W-X R/W-X R/W-X R/W-X
Bit 0 ~ Bit 7 (P60 ~ P67) : 8-bit PORT6 (0~7) 1/0 data register
User can use |OC register to define input or output each bit..
PAGE1 Data ROM Data buffer
7 6 5 4 3 2 1 0
DRD7 DRD6 DRD5 DRD4 DRD3 DRD2 DRD1 DRDO
R/W-X | R/W-X R/W-X R/W-X R/W-X | R/W-X R/W-X R/W-X
Bit 0 ~Bit 7 (DRDO ~ DRD?7) : Data ROM data buffer for ROM reading.
Example.
MOV A,@1
MOV R7_PAGE1A
MOV A,@0
MOV R8 PAGE1A
MOV A,@0
MOV R9 PAGE1A
MOV A,R6 PAGElL ;read the data at Data ROM which addressis "00001".
PAGE2 Counter1 high 8bit Data buffer
7 6 5 4 3 2 1 0
CN1F CN1E CN1D CN1C CN1B CN1A CN19 CN18
Bit 0~Bit 7(CN18~CN1F) : Counterl's high 8 bits data buffer. Please refer to |OC9 page2 counterl low 8 bit data buffer
for detail.
PAGE3 DA Control
7 6 5 4 3 2 1 0
DA9 DAS8 DA7 DAG6 DA5 DA4 DA3 DA2
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 0 ~Bit 7 (DA2 ~DAY9) : Current DA most significant 8 bits of Current DA output buffer
Combine these 8 hits and R9 page3 hit4~bit5 2 bits as complete 10 bits Current DA output data. Control
register bit3 is Current DA power control .

* This specification is subject to change without notice.
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DA9..DAO VDD

current DA DAOUT
circuit

PORTD7 MUX
T >
DAEN T
DAS N

Fig.12 Current DA structure

g PORTD7

R7 Port 7 1/0O Data , Data ROM address, CNT2 Data , SPI control
PAGEO Port 7 1/0 Data
7 6 5 4 3 2 1 0
P77 P76 P75 P74 P73 P72 P71 P70
R/W-X | RIW-X | RIW-X | RIW-X | RIW-X | RIW-X | RIW-X | RIW-X
Bit 0~ Bit 7 (P70 ~ P77) : 8-bit PORT7(0~7) |/O data register
User can use 10C register to define input or output each bit.

PAGE1 Data ROM address

7 6 5 4 3 2 1 0
DRA7 DRAG DRAS DRA4 DRA3 DRA2 DRA1 DRAO
R/W-X R/W-X R/W-X R/W-X R/W-X R/W-X R/W-X R/W-X
Bit 0 ~Bit 7 (DRAO ~DRAY7) : DataROM address ( 0~7 ) for ROM reading

PAGE2 Counter 2 Data buffer
7 6 5 4 3 2 1 0

CN27 CN26 CN25 CN24 CN23 CN22 CN21 CN20
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 0~Bit 7(CN20~CN27) : Counter2's data buffer

User can read and write this buffer. Counter2 is a eight bit up-counter with 8-bit prescaler that user can use R7

page? to preset and read the counter. (write = preset) After ainterruption, it will reload the preset value.

Example: write: MOV 0x07,A ; writethe data at accumulator to counterl (preset)

Example read: MOV A, 0x07 ;read R7 data and write to accumulator

PAGE3 SPI Control Register
7 6 5 4 3 2 1 0
RBF SPIE SRO SE SCES SBR2 SBR1 SBRO

Fig.7 shows how SPI to communicate with other device by SPI module. If SPI is a master controller, it sends clock
through the SCK pin. An 8-bit datais transmitted and received at the same time. If SPI, however, is defined as a slave,
its SCK pin could be programmed as an input pin. Data will continue to be shifted on a basis of both the clock rate and
the selected edge.

* This specification is subject to change without notice.
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SDO > SDI
Master Device Salve Device
R5 pagel
SPIR register H SPIW register
] SPIS Reg -« DO SPI module
Bit7 Bit 0
SCK |—®| sck

Fig.13 Single SPI Master / Salve Communication

Bit 0 ~ Bit 2 (SBR0O ~ SBR2) : SPI baud rate selection hits

SBR2 SBR1 SBRO Mode Baud rate

0 0 0 Master Fsco
0 0 1 Master Fsco/2
0 1 0 Master Fsco/4
0 1 1 Master Fsco/8
1 0 0 Master Fsco/16
1 0 1 Master Fsco/32
1 1 0 Slave
1 1 1 X

<Note> Fsco = CPU instruction clock

For example :

If PLL enable and RA PAGEO (Bit5,Bit4)=(1,1), instruction clock is 3.58MHz/2 =» Fsco=3.5862MHz/2
If PLL enable and RA PAGEO (Bit5,Bit4)=(0,0), instruction clock is 0.895MHz/2 =» Fsco=0.895MHz/2
If PLL disable, instruction clock is 32.768kHz/2 = Fsco=32.768kHz/2.
Bit 3 (SCES) : SPI clock edge selection bit
1 = Data shifts out on falling edge, and shiftsin on rising edge. Datais hold during the high level.
0 => Data shifts out on rising edge, and shiftsin on falling edge. Datais hold during the low level.
Bit 4 (SE) : SPI shift enable bit
1 =>» Start to shift, and keep on 1 while the current byte is still being transmitted.
0 = Reset as soon as the shifting is complete, and the next byte is ready to shift.
<Note> This bit hasto be reset in software.
Bit 5 (SRO) : SPI read overflow bit
1 =>» A new dataisreceived while the previous datais still being hold in the SPIB register. In this situation, the
datain SPIS register will be destroyed. To avoid setting this bit, users had better to read SPIB register even
if the transmission isimplemented only.
0 = No overflow
<Note> This can only occur in slave mode.
Bit 6 (SPIE) : SPI enable bit
1 => Enable SPI mode
0 => Disable SPI mode
Bit 7 (RBF) : SPI read buffer full flag
1 =» Receiveisfinished, SPIB isfull.
0 = Receiveisnot finish yet, SPIB isempty.

* This specification is subject to change without notice.
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[ [ A A >
Read Write
R5 R5
\

SPIR reg.

A

spups2| | oo L‘b_, SPISreg Mg
o o PORT62 >
-—

bit 0 A bit 7

y

I SPIC reg. (R4 pagel)

Sisle}

SPICreg. :

SDO/P61 <
il MUX PORT61 T
| ———
0

SPIE

3 .
SBRO 1SBR2 SBR2~SBRO Il:ﬂ
Filter
\
’—L\ = SCK/P60
MUX | -

Tsco Prescaler
PORT60
—_—

4,8, 16, 32, 64, 128

16.38kHz

SPIE

Fig.14 SPI Structure

SPI control register

SDO/P61 : Serid data out

SDI/P62 : Seria datain

SCK/P60 : Serial clock

RBF : Set by buffer full detector, and reset in software.

RBFI : Interrupt flag. Set by buffer full detector, and reset in software.

Buffer Full

Detector : Setsto 1, while an 8-bit shifting is complete.

SE : Loads the datain SPIW register, and begin to shift
SPIE : SPI control register
SPIS reg. : Shifting byte out and in. The MSB will be shifted first. Both the SPIS register and the SPIW register are

SPIR reg. :

SPIW reg. :

loaded at the same time. Once data being written to, SPIS starts transmission / reception. The received
data will be moved to the SPIR register, as the shifting of the 8-bit data is complete. The RBF (Read
Buffer Full ) flag and the RBFI(Read Buffer Full Interrupt) flag are set.

Read buffer. The buffer will be updated as the 8-bit shifting is complete. The data must be read before the
next reception is finished. The RBF flag is cleared as the SPIR register read.

Write buffer. The buffer will deny any write until the 8-bit shifting is complete. The SE bit will be kept in

1if the communication is still under going. This flag must be cleared as the shifting is finished. Users can
determine if the next write attempt is available.

SBR2 ~ SBRO: Programming the clock frequency/rates and sources.
Clock select : Selecting either theinternal instruction clock or the external 16.338KHz clock as the shifting clock.

Edge Select

: Selecting the appropriate clock edges by programming the SCES hit

* This specification is subject to change without notice.
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s —( X X X O X
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/

Clear by software

NS NS

Shift datain Shift data out
Fig.15 SPI timing

R8 Port 8 1/0 Data , Data ROM address, DTMF receiver , SPI Data
PAGEO Port 8 I/0 Data

7 6 5 4 3 2 1 0
P87 P86 P85 P84 P83 P82 P81 P80
Bit 0~ Bit 7 (P80 ~ P87) : 8-bit PORT8 ( 0~7) /O data register
User can use 10C register to define input or output each bit.
PAGE1 Data ROM address
7 6 5 4 3 2 1 0
DRA15 | DRA14 | DRA13 | DRA12 | DRA1l1 | DRA10 | DRA9S DRAS8
Bit 0~ Bit 7 (DRA8 ~ DRA15) : Data ROM address ( 8~15) for ROM reading
PAGE2 DTMF Receive
7 6 5 4 3 2 1 0
CMPFLAG| STD - - Q4 Q3 Q2 Q1

Bit 0 ~Bit 3(Q1~Q4) : DTMF receiver decoding data
To provide the code corresponding to the last valid tone-pair received (see code table). STD signal which
steering output presents alogic high when areceived tone-pair has been registered and the Q4 ~ Q1 output latch
updated and generate a interruption (IOCF has enabled); returns to logic low when the voltage on ST/GT falls

below Vist.
Flow | Fhigh Key DREN Q4~Q1
697 1209 1 1 0001
697 1336 2 1 0010
697 1477 3 1 0011

* This specification is subject to change without notice.
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770 1209 4 1 0100
770 1336 5 1 0101
770 1477 6 1 0110
852 1209 7 1 0111
852 1336 8 1 1000
852 1477 9 1 1001
941 1209 0 1 1010
941 1336 * 1 1011
941 1477 # 1 1100
697 1633 A 1 1101
770 1633 B 1 1110
852 1633 C 1 1111
941 1633 D 1 0000
Any Any Any 0 XXXX
(x:unknown)

Bit 4~Bit 5: Unused
Bit 6 (STD) : Delayed steering output.

Presents a logic high when areceived tone-pair has been registered and the output latch updated; returns to logic

low when the voltage on St/GT fallsbelow V tst.

0/1 = Datainvalid/datavalid

Be sure open main clock before using DTMF receiver circuit . A logic’0,0” applied to R5 page3 b4 and b3 will
shut down power of the device to minimize the power consumption in a standby mode. It stops functions of the filters.
In many situations not requiring independent selection of receive and pause, the simple steering circuit of is
applicable. Component values are chosen according to the following formulae:

tREC=tDP+tGTP tID=tDA+tGTA

The value of t DPis a parameter of the device and t REC is the minimum signal duration to be recognized by the
receiver. A value for C of 0.1 uF is recommended for most applications, leaving R to be selected by the designer. For
example, asuitable value of R for at REC of 30mS would be 300k.

Different steering arrangements may be used to select independently the guard-times for tone-present (t GTP)
and tone-absent (t GTA ). This may be necessary to meet system specifications which place both accept and reject
limits on both tone duration and inter digital pause.

Guard-time adjustment also allows the designer to tailor system parameters such astalk off and noise immunity.
Increasing t REC improves talk-off performance, since it reduces the probability that tones simulated by speech will
maintain signal condition for long enough to be registered. On the other hand, arelatively short t REC with along t DO
would be appropriate for extremely noisy environments where fast acquisition time and immunity to drop-outs would be
required.

VDD

VDD

STIGT

=

R

Fig.16 DTMF receiver delay time control

* This specification is subject to change without notice.
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TONE TONE

Tdp Tgta

520ms—» <— —» <4 30mSTyp.
EST by SI'W
Tatp > <
30mS Typ. Vist
ST/IGT 1/2VvDD
Tpg

—» 4— 3us Typ.

STD
LINE_ENG

Fig.l7 DTMF receiver timing.

Bit 7 (CMPFLAG) : Comparator output flag
0 = Input voltage < reference voltage
1 => Input voltage > reference voltage

<Note>Please refer to RA page 2 comparator control register .

PAGE3 SPI Data buffer

7 6 5 4 3 2 1 0
SPIB7 SPIB6 SPIB5 SPIB4 SPIB3 SPIB2 SPIB1 SPIBO
Bit 0~ Bit 7 (SPIBO ~ SPIB7) : SPI data buffer

If you write data to this register, the data will write to SPIW register. If you read this data, it will read the data
from SPIR register. Please refer to Fig.9

R9 Port 91/0 Data, LCD address MSB , Data ROM address ,OP , Key tone control,
PAGEO Port 91/0 Data
7 6 5 4 3 2 1 0
P97 P96 P95 P94 P93 P92 POl P90
Bit 0 ~Bit 7 (P90 ~ P97) : 8-bit PORT9 ( 0~7) 1/O dataregister
User can use 10C register to define input or output each bit.
PAGE1 LCD addressMSB , Data ROM address
7 6 5 4 3 2 1 0
LCDAS8 DRA20 | DRA19 | DRA18 | DRA17 | DRA16

Bit 0 ~Bit 4 (DRA16 ~DRAZ20) : Data ROM address(16~20) for ROM reading..

Bit 5~Bit 6 : Unused

Bit 7 (LCDAS) : MSB of LCD address for internal LCD RAM reading or writing
Other LCD address bits LCDA7 ~ LCDAO are set from RA PAGEL Bit 7 ~ Bit 0.
For LCD address access over OxFFH, set this bit to “1”; otherwise set this bit to “0”.

* This specification is subject to change without notice.
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PAGE2 OPinput control Register, FSK/CW/DTM F Power select
7 6 5 4 3 2 1 0
PCTRL1 | PCTRLO| ADCS3 | ADCS2 | ADCS1 - - -

Bit 0 ~Bit 2: Unused.

Bit 3 ~Bit 5(ADCS1 ~ ADCS3) : PORT65 ~ PORT67 normal 10 or CMP input control bit.
ADCSX = 1 =»Comparator input
ADCSX =0 =>norma |10

Bit 6~Bit 7 (PCTRLO~PCTRL1) : FSK,CW and DTMF receiver power control hits

PCTRL1 | PCTRLO |Select Relation Register
0 0 FSK and DTMFr power off -
0 1 FSK power on RA PAGEQO
1 0 DTMF receiver power on R8 PAGE2
1 1 Can not used

* Please do not set 1 to both the bits, or FSK and DTMFr function will fail..
*When User turn on DTMF receiver power, PORT60 and PORT61 will switch to /STGT and

EST pin.
PAGE3 KEY Tone Control
7 6 5 4 3 2 1 0

URTS8 URRS DA1 DAO URINV KT1 KTO KTS
Bit 0 (KTS) : Key tone output switch

0 = norma PORT76

1 =>» key tone output .
Bit 1 ~Bit 2(KT0~KT1) : Key tone output frequency and its power control

KT1 KTO |Key tone frequency and power
0 0 32.768KHz/32 = 1.024kHz clock and enable
0 1 32.768KHz/16 = 2.048kHz clock and enable
1 0 32.768KHz/8 = 4.096kHz clock and enable
1 1 Power off key tone

Bit 3(URINV) : Enable UART TXD, RXD port inver se output
0=» Disable UART TXD, RXD port inverse output
1=» Enable UART TXD, RXD port inver se output
Bit 4 ~ Bit 5(DA0~DAL) :These two bitsaretheleast significant 2 bits of Current DA. Combine R6 PAGE3 and
these 2 bits as complete 10 bits Current DA output data.
Bit 6(URRS) : MSB of UART receiver data buffer.
Bit 7(URT8) : MSB of UART transmitter data buffer.

RA CPU Power saving , main CLK select , FSK , WDT timer , LCD address
Comparator control , Tonel generator
PAGEO Power saving, main CLK select , FSK , WDT timer
7 6 5 4 3 2 1 0
0 PLLEN | CLK1 | CLKO | ROMRI |[FSKDATA| /CD |WDTEN

Bit 0 (WDTEN) : Watch dog control register
User can use WDTC instruction to clear watch dog counter. The counter 's clock source is 32768/2 Hz. If the
prescaler assigns to TCC. Watch dog will time out by (1/32768 )*2 * 256 = 15.616ms. If the prescaler assigns to
WDT, the time of time out will be more times depending on the ratio of prescaler.
0/1 =» disable/enable

* This specification is subject to change without notice.
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Bit 1 (/CD) : FSK carrier detect indication
0/1 =>» Carrier Vdid/Carrier Invalid
It'saread only signa. If FSK decoder detect the energy of mark or space signal. The Carrier signal will go to
low level. Otherwise it will go to high.. Note!! Should be at normal mode.

Bit 2 (FSKDATA) : FSK decoding data output
It's aread only signal. If FSK decode the mark or space signal , it will output high level signa or low level
signal at this register. It's araw data type. That means the decoder just decode the signal and has no process on
FSK signal. Note!! Should be at normal mode.
User can use FSK data falling edge interrupt function to help data decoding.

Example:

MOV  A,@01000000

IOW  IOCF ;enable FSK interrupt function
CLR RF

ENI ;wait for FSK data's falling edge

0 = Space data ( 2200Hz )

1= Mark data (1200Hz)

FSK block power is controlled by R5 page3 bit3,4. When PCTRI1=0 and PCTRL0=1 , FSK power on.

The relation between R5 hit3 to bit4 and RA bitl to bit 2 are show in Fig.14. You have to power FSK decoder
up first, then wait a setup time (Tsup) and check carrier signal (/CD). If the carrier is low, program can process the
FSK data.

FIRST RING SECOND RING

2 SECONDS 05 SEC 05SEC 2 SECONDS
TIP/RING FSK signal

——>§ &4——'nm —p lcdh
/cD | ‘
) Tdoc
FSKDATA
DATA

) Tsup ¢
PCTRLO

PCTRL1

Fig.18 The relation between R5 bit3 to bit4 and RA bitl to bit 2

The controller isa CMOS device designed to support the Caller Number Deliver feature which is offered by the
Regional Bell Operating Companies. The FSK block comprises one path: the signal path. The signal path consist of an
input differential buffer, aband pass filter, an FSK demodulator and a data valid with carrier detect circuit.

In atypical application, user can use his own external ring detect output as a triggering input to 10 port. User
can use this signal to wake up whole chip by external ring detect signal. By setting “0,1” to R5 b4 and b3 (PCTRL1 &
PCTRLO) of register RA to activate the block of FSK decoder. If b4 and b3 of register R5 is set to “0,1”, the block of
FSK decoder will be powered down.

The input buffer accepts adifferential AC coupled input signal through the TIP and RING input and feeds this signal
to aband passfilter. Once the signal isfiltered, the FSK demodulator decodes the information and sendsit to a post filter.
The output data is then made available at bit 2 (FSKDATA) of register RA. This data, as sent by the central office, includes
the header information (alternate "1" and "0") and 150 ms of marking which precedes the date, time and calling number. If

* This specification is subject to change without notice.
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no datais present, the bit 2 (DATA) of register RA isheld on “1" state. Thisis accomplished by an carrier detect circuit
which determinesif the in-band energy is high enough. If the incoming signal isvalid, bit 1 (/CD) of register RA will be
“0" otherwiseit will be held on “1". And thus the demodulated data is transferred to bit 2 (DATA) of register RA. If itis
not, then the FSK demodulator is blocked.

Bit 3 (ROMRI) : External Data ROM read data address auto_increase enable.

RO IDEN ROMRI Result

0 X Regar dless Read/Write external Data ROM,
Addressflag cannot increase or decrease.

1 0 Addressflag will auto_increase or decrease
after Read/Write external Data ROM

1 1 Addressflag will auto_increase or decrease
after Write external Data ROM, but address
flag is constant after read external Data ROM.

Bit 4 ~Bit 5 (CLKO ~CLK1) : Main clock selection bits
User can choose different frequency of main clock by CLK1 and CLK2. All the clock selection is list below.

PLLEN CLK1 CLKO Sub clock MAIN clock CPU clock

1 0 0 32.768kHz 5.374MHz 5.374MHz (Normal mode)
0 1 32.768kHz | 1.7913MHz | 1.7913MHz (Normal mode)
1 0

32.768kHz | 10.7479MHz | 10.7479MHz (Normal mode)

1

1

1 1 1 32.768kHz | 3.5826MHz | 3.5826MHz (Norma mode)
0 Don't care | don't care | 32.768kHz Don't care 32.768kHz (Green mode)
0

0

Don't care | don't care | 32.768kHz Don't care 32.768kHz (Green mode)
Don'tcare | don't care | 32.768kHz Don't care 32.768kHz (Green mode)

0 Don't care | don't care | 32.768kHz Don't care 32.768kHz (Green mode)

Bit 6 (PLLEN) : PLL enable control bit
It is CPU mode control register. If PLL is enabled, CPU will operate at norma mode (high frequency , main
clock); otherwise, it will run at green mode (low frequency, 32768 Hz).
0/1 = disable/enable

—»3.5826M Hz to analog circuit

+ 2=>1.7913MHz
gl g
? x 3 =>10.7479M Hz _
Sub-clock ENPLL SNJ:Ch System clock
32.768kHz L [o]

Fig.19 The relation between 32.768kHz and PLL

* This specification is subject to change without notice.
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V2

Bit 7: Unused register. Always keep this bit to O or some un-expect error will happen!
The status after wake-up and the wake-up sources list as the table below.

Wakeup signal SLEEP mode |GREEN mode NORMAL mode
RA(7,6)=(0,0) |RA(7,6)=(x,0) RA(7,6)=(x,1)
+ SLEP no SLEP no SLEP

TCC time out No function Interrupt Interrupt

IOCF hit 0=1 (jump to address 8 |(jump to address

And "ENI" at page0) 8 at pagel)

COUNTER1 timeout |No function Interrupt Interrupt

IOCF hit 1=1 (jump to address 8 |(jump to address

And "ENI" at page0) 8 at page0)

COUNTER2 timeout |No function Interrupt Interrupt

IOCF hit 2=1 (jump to address 8 |(jump to address

And "ENI" at page0) 8 at page0)

WDT time out RESET and RESET and Jump |RESET and
Jump to address |to address 0 Jump to address
0 0

PORT7 RESET and Interrupt Interrupt

Any onebit in |OCE  |Jump to address |(jump to address 8 |(jump to address

page0 =1 0 at page0) 8 at page0)

And"ENI"

DED interrupt No function Interrupt Interrupt

IOCE pagel hit6=1 (jump to address 8 |(jump to address

And RF hit3 logic level at page0) 8 at page0)

variation

(switch by EDGE bit)

And “ENI”

Stack overflow No function Interrupt Interrupt

|OC5 pagel bit7=1 (jump to address 8 |(jump to address

& RF bit 4: 021 at page0) 8 at page0)
And “ENI”

<Note> Stack overflow interrupt function isexist in ROM less and OTP chip only.
<Note> PORT70 ~ PORT76 's wakeup function is controlled by IOCE PAGEDQ hit O~bit 6 and ENI instruction. They
arefalling edge trigger.
PORT77 's wakeup function is controlled by IOCE PAGEO hit 7 . It can betrigger in falling edge or rising
edge (controlled by CONT register).

PAGE1 L CD address
7 6 5 4 3 2 1 0
LCDAY | LCDAG6 | LCDAS5 | LCDA4 | LCDA3 | LCDA2 | LCDA1 | LCDAO

Bit 0~ Bit 7 (LCDAO ~LCDA7) : LCD addressfor internal LCD RAM reading or writing
The datain the internal LCD RAM correspond to the COMMON and SEGMENT signals asthe table.

COM31~COM24 |COM23~COM16 |COM15~COM8 [COM7~COMO
(set R9 PAGEL (set R9 PAGEL (set ROPAGE1  |(set RO PAGEl
bit7=1) bit7=1) bit7=0) hit7=0)
Address 180H Address 100H Address 080H Address 000H SEGO
Address 181H Address 101H Address 081H Address 001H SEG1
Address 182H Address 102H Address 082H Address 002H SEG2
* This specification is subject to change without notice.
2004/8/19 (V1.6
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Address 1I.EEH Address 1éEH Address 6EEH Address 66EH SEéllo

Address 1EFH Address 16FH Address OEFH Address 06FH SEG111

Address 1FOH Address 170H Address OFOH Address 070H Empty

Address 1|.:FH Address ﬁFH Address 6FFH Address 67FH Erﬁpty
PAGE2 Comparator control Register

7 6 5 4 3 2 1 0
CMPEN |CMPREF| CMPS1 | CMPSO | CMPB3 | CMPB2 | CMPB1 | CMPBO

If user define PORT63 , PORT64 or PORT65 (by CMPIN1, CMPIN2, CMPIN3 at R9 page2) as a comparator input or
PORT®6. User can use this register to control comparator's function.
Bit 0~Bit 3(CMPB0 ~ CMPB3) : Reference voltage selection of internal bias circuit for
comparator.
Reference voltage for comparator = VDD x (N +0.5)/ 16, N =0to 15
Bit 4~Bit 5(CMPS0~CMPS1) : Channel selection from CMP1 to CMP3 for comparator

CMPS1 | CMPSO Input
0 0 CMP1
0 1 CMP2
1 0 CMP3
1 1 Reserved

Bit 6(CM PREF) : Switch for comparator reference voltage type
0 = internal reference voltage
1 <> external reference voltage
Bit 7(CMPEN) : Enable control bit of comparator.
0/1 => disable/enable, When CMPEN bit set to “0” , 2.0V ref circuit will powered off.
The relation between these registers shown in Fig.20.

* This specification is subject to change without notice.
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CMP1
P65/CM P1
- > MUX | porTes
[~
f ADCS1
CMP2 >
P66/CM P2 > Mux ———————————» +
- . g CMPFLAG
MUX" 1 poRrT66
[—
f ADCS2 $2
oM CMPS1
P67/CMP3 MUX CMPS0
* > PORT67 1
[ L
? MUX
ADCS3 0,
VDD
V2.0 " mux YR CMPREF
ref. | 20V —3 I CMPEN
t ] <
>
CMPEN 2R
VRSEL 1111
R
1110
R MUX |
0000
1/2R
4
CMPB3 to CMPBO
Fig.20 Comparator circuit
CMPEN

CMP1to CMP3

reference

voltage

CPU clock

CMPFLAG

-

Setup time 10us

-

..
s
v
193
s
I

UL

N

Compare start Compare end
Fig.21 Comparator timing
PAGE3 Tone 1 Control Register
7 6 5 4 3 2 1 0
T17 T16 T15 T14 T13 T12 T11 T10

Bit 0~Bit 7(T10~T17) : Tone generatorl frequency
divider and power control
Please Run in Norma mode.

* This specification is subject to change without notice.
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Clock source = 85300Hz
T17~T10='11111111" =>Tone generatorl will has 334(85300/255) Hz SIN wave output.

T17~T10 ='00000010' => Tone generatorl will has 41150(85300/2) Hz SIN wave output.

T17~T10 =‘00000001" =»DC bias voltage output

T17~T10 =*00000000" =>»Power off

Built-in tone generator can generate dialing tone signals for telephone of dialing tone type or just a single tone.
In DTMF application, there are two kinds of tone. One is the group of row frequency (TONEL), the other is the group
of column frequency (TONEZ2), each group has 4 kinds of frequency, user can get 16 kinds of DTMF frequency totally.
Tone generator contains a row frequency sine wave generator for generating the DTMF signal which selected by RA
page3 and a column frequency sine wave generator for generating the DTMF signal which selected by RB page3. This
block can generate single tone by filling one of these two register.
If al the values are low, the power of tone generators will turn off .

TONE2 (RB page3) High group freq.
1201.4Hz | 1332.8Hz | 1470.7Hz | 1640.4Hz
(0X47) | (0X40) | (0X3A) | (0X34)

TONEL(RA page3) | 699.2Hz(0x07A) 1 2 3 A
768.5Hz(0x06F) 4 5 6 B

Low group freg. 853.0Hz(0x064) 7 8 9 C
937.4Hz(0x05B) * 0 # D

Also TONEL and TONEZ2 are an asynchronous tone generator so the both can be used to generate Caller ID FSK
signal. In FSK generator application, TONEL or TONE2 can generate 1200Hz Mark bit and 2200Hz Space bit for
Bell202 or 1300Hz Mark bit and 2100Hz Space bit for V.23. See the following table.

TONEL(IOCC PAGEL) or | Freq. (Hz) meaning
TONE2(10CD PAGEY)
0x47 1201.4 Bell202 FSK Mark bit
0x27 2187.2 Bell202 FSK Space bit
0x42 1292.4 V.23 FSK Mark bit
0x29 2080.5 V.23 FSK Space bit

Tone generator can also generate CW or SMS signal. See the following table.

TONEL(IOCC PAGEL) or | Freq. (Hz) meaning
TONE2(10CD PAGEY)

0x28 21325 CASfreq

Ox1F 2751.6 CASfreq

RB Port B 1/0 Data, LCD Data buffer , Key strobe , Tone 2 generator
PAGEO Port B I/O Data
7 6 5 4 3 2 1 0
PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
Bit 0 ~ Bit 7 (PBO ~ PB7) : 8-bit PORTB ( 0~7) 1/O data register
User can use 10C register to define input or output each bit.

* This specification is subject to change without notice.
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PAGEL1 L CD Data buffer

7 6 5 4 3 2 1 0
LCDD7 | LCDD6 | LCDD5 | LCDD4 | LCDD3 | LCDD2 | LCDD1 | LCDDO
Bit 0~ Bit7(LCDDO~LCDD?7) : LCD databuffer for LCD RAM reading or writing

Example.

MOV A,@0

MOV R9_PAGE1lA

MOV RA_PAGEL1A ;/ADDRESS

MOV A ,@O0XAA

MOV RB_PAGELA 'WRITE DATA 0XAA TOLCD RAM
MOV A,RB_PAGEl ;READ DATA FROM LCD RAM

PAGE2 KEY Srobe Control Register

7 6 5 4 3 2 1 0
STRB7 | STRB6 | STRB5 | STRB4 | STRB3 | STRB2 | STRB1 | STRBO
Bit 0 ~Bit 7 (STRBO ~ STRB7) : Key strobe control bits

These key strobe control registers correspond to SEGMENT50 ~ SEGMENT57 or Port80 ~ Port87 (decided by
CHIPSEL pin). Please refer KEY STOBE explanation (RE page3).

PAGE3 Tone 2 Control Register
7 6 5 4 3 2 1 0
T27 T26 T25 T24 T23 T22 T21 T20

Bit 0~Bit 7(T20~T27) : Tone generatorl's frequency divider and power control. Please refer to RA
Page3 Tonel control register for detail.

RC Port C 1/0O Data , Data RAM data buffer , Tone 2 generator
PAGEOQO Port C I/O Data
7 6 5 4 3 2 1 0
PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Bit 0 ~Bit 7 (PCO ~ PC7) : 8-hit PORTC ( 0~7) |/O data register
User can use |0C register to define input or output each bit.

PAGE1 Data RAM data buffer1

7 6 5 4 3 2 1 0
RAM1D7 RAM1D6RAM1D5RAM1D4|RAM1D3|RAM1D2|RAM1D1RAM1DO
Bit 0 ~Bit 7 (RAM1D0 ~RAM1D7) : DataRAM data bufferl for RAM reading or writing.

Example.

MOV A@1l

MOV RD_PAGE1A

MOV A,@0

MOV RE_PAGELA

MOV A, ,@0x55

MOV RC PAGE1LA ;write data 0x55 to DATA RAM which addressis "0001".
MOV A,RC_PAGEl ;read data

* This specification is subject to change without notice.
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PAGE2 KEY Srobe Control Register
7 6 5 4 3 2 1 0
STRB15 | STRB14 | STRB13 | STRB12 | STRB11 | STRB10 | STRB9 | STRBS8

Bit 0 ~Bit 7 (STRB8 ~ STRB15) : Key strobe control bits
These key strobe control registers correspond to SEGMENT58 ~ SEGMENG5 or Port90 ~ Port97 (decided by
CHIPSEL pin). Please refer KEY STOBE explanation (RE page3).

PAGE3 Undefined Register

7 6 5 4

0 0 0 X
Bit 0~3, 5~7: Undefined register. These bits must keep to 0.

o|lw
N
[
oo

o
o

RD PORT D 1/O Data , Data RAM address, LCD control
PAGEO PORT D 1/O Data , Data RAM address
7 6 5 4 3 2 1 0
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
Bit 0~ Bit 7 (PDO ~ PD7) : 7-bit PORTD ( 0~6) I/O dataregister
User can use 10C register to define input or output each bit.

PAGE1 Data RAM Address1(L ow 8 bits)

7 6 5 4 3 2 1 0
RAM1A7 RAM1A6|RAM1A5 RAM1A4|RAM1A3|RAM1A2|RAM1A1RAM1AQ
Bit 0~Bit 7 (RAM1A0 ~RAM1A7) : DataRAM addressl (addressO to address?) for RAM reading or writing

PAGE2 L CD Control Register
7 6 5 4 3 2 1 0
- IRS1 IRSO Bias4 Bias3 Bias2 Biasl BiasO
Bit 0 ~Bit 4 (BiasO ~ Bias4) : LCD operation voltage selection
About the relation with VDD and V1, please refer Fig.20 and 21.

(Bias4 to BiasD) VEV voltage V1(1+Rb/Raratio = 2)
00000 Vref * (1-2/100) 5.29V
00001 Vref * (1-3/100) 5.24V
00010 Vref * (1-4/100) 5.18V
00011 Vref * (1-5/100) 5.13V
00100 Vref * (1-6/100) 5.08V
11101 Vref * (1-31/100) 3.73V
11110 Vref * (1-32/100) 3.67V
11111 Vref * (1-33/100) 3.62V

* This specification is subject to change without notice.
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Bit 5~ Bit 6 (IRS0~IRSL) : Internal regulator resister ratio modulate .
LCD driver biasvoltage V1 = 2.7V x (1-Biag/100) x IRSrate ; If V1 larger than 5.4V,V1 will limit to 5.4V.

VDD

Regul g

y

IRS1 IRSO (1+Rb/Ra) ratio
0 0 15
0 1 1.75
1 0 2.0
1 1 2.25
Charge
» pump C €—t——t
( Vref| x 2 )

t o
Circul
\}ref

Fig.23 Therelation between VDD and V1

5.4V
5.3V

= VEV*(1+Rb/ Ra)
—>

> COMs
VC1-~VC5 LCD driver
Vi———» Bias . for
generator | COM and SEG o
VCl1~VC5

Fig.24 Therelation between BIASand VC1 ~VC5

* This specification is subject to change without notice.
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com1 JO0O030O el
cov 2 JROO0 vez
: 00000 vVC4
00000 cowvo \(/ch

VC1
VC2

VC3
VC4
VC5

Gnd

COM 1

VC1
vC2

VC3
COM 2 VC4

VC5
Gnd

VC1
VC2

I | VC3
VC4

VC5
Gnd

SEG 0

VC1
VC2

VvC3

VC5
Gnd

VC1

SEGi-com2 Ll r ”””””””””””””””””””””””” VsS
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Fig.25 1/5,1/6,1/7 bias LCD COMMON and SEGMENT waveform

Bit 7 : Unused

* This specification is subject to change without notice.
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PAGE3 Undefined register
This register is not alowed to used.

RE Interrupt flagl , Data RAM addressl(H) CAS, LCD Control , Key Scan ,
PAGEQO Interrupt flagl

7 6 5 4 3 2 1 0
INT7 INT6 INTS INT4 INT3 INT2 INT1 INTO

Bit O (INTO) : External INTO pin interrupt flag

If PORT70 has afalling edge trigger signal. CPU will set this bit.
Bit 1 (INT1) : External INT1 pin interrupt flag

If PORT71 has afalling edge trigger signal. CPU will set this bit.
Bit 2 (INT2) : External INT2 pin interrupt flag

If PORT72 has afalling edge trigger signal. CPU will set this bit.
Bit 3(INT3) : External INT3 pin interrupt flag

If PORT73 has afalling edge trigger signal. CPU will set this bit.
Bit 4 (INT4) : External INT4 pin interrupt flag

If PORT74 has afalling edge trigger signal. CPU will set this bit.
Bit 5 (INT5) : External INT5 pin interrupt flag

If PORT75 has afalling edge trigger signal. CPU will set this bit.
Bit 6 (INT6) : External INT6 pin interrupt flag

If PORT76 has afalling edge trigger signal. CPU will set this bit.
Bit 7 (INT7) : External INT7 pin interrupt flag

If PORT77 has afaling (or rising and falling) edge trigger signal. CPU will set this bit.

Signa Trigger <Note>
INTO
: Falling edge
INT6
INT7 Falling/Falling & rising edge |Controlled by CONT register

PAGE1 Data RAM Addressl(H)
7 6 5 4 3 2 1 0
RAM1A13RAM1A12|RAM1A11|RAMIA10[RAM1AQ|RAMIAS

Bit 0~Bit 5(RAM1A8 ~RAM1A13) : Data RAM address (address8 to address13) for RAM reading.
Bit 6~Bit 7 : Unused

PAGE2 CAS, LCD Control , Key Scan

7 6 5 4 3 2 1 0
CAS KEYSTROBKEYSCAN| LCD1 | LCDO | LCDM1|LCDMO
Bit 0~Bit (LCDMO0O~LCDM1) : LCD common mode, hias select and COM/SEG switch control bits
LCDM1 | LCDMO | COM output mode LCD hias COM/SEG switch
0 0 32 common 17 COM 16 ~ COM 31 select
0 1 24 common 16 COM 16 ~COM 23,
SEG98 ~ SEG 105 select

1 X 16 common 1/5 SEG 98 ~ SEG 111 select

<Note> When 32 LCD common mode is set, COM16/SEG111 pin ~ COM31/SEG98 pin are set to COM16 ~
COM31 and LCD hiasis switch 1/7 bias. When 24 LCD common mode is set, COM16 pin ~ COM23/SEG106
pin are set to COM16 ~ COM23 and COM24/SEG105 pin ~ COM31/SEG98 pin are set to SEG105 ~ SEG98.
When 16 LCD common mode is set, COM16 pin ~ COM31L/SEG98 pin are set to SEG1131~ SEG98.

* This specification is subject to change without notice.
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Bias VC1 VC2 VC3 VC4 VC5

1/5 V1 4/5:V1 3/5*V1 2/5*V1 1/5*V1
1/6 V1 5/6*V1 4/6*V1 2/6*V1 6*V1
17 V1 6/7*V1 5/7*V1 207*V1 U7*Vv1

Bit 2~Bit 3(LCDO~LCD1) : LCD operation function definition.

LCD1 | LCDO |[LCD operation
0 0 Disable
0 1 Blanking
1 0 Reserved
1 1 LCD enable
<Note 1> Key strobe and Key check functions should be normal operating whenever LCD is
enabled or disabled.

<Note 2> When LCD operation disable:
(2) Interna Voltage regulator will disable and VREF pin isinto high impedance.
(2) Charge pump circuit disable.
(3) Internal non-Inverter OP Amp power off.
The controller can drive LCD directly. LCD block is made up of LCD driver, display RAM, segment output pins,
common output pins and LCD operating bias pins.
Duty is determined by RD PAGE2 hit5. The number of segment , the number of common and frame frequency are
determined by LCD mode register RE PAGE2 Bit 0~ Bit 1.
When 16 LCD commons and 1/4 duty are used, LCD operating bias pins VC1, VC2, VC4 and VC5 need to be
connected 0.1uF capacitors to the ground (VC3 is not necessary). When 24 and 32 LCD common is used, all LCD
operating bias pins VC1 ~ VC5 need to be connected 0.1uF capacitors to the ground.
LCD driver can be controlled as different driving ability (refer to RD PAGEZ register).
The basic structure contains a timing control which uses the basic frequency 32.768kHz to generate the proper timing
for different duty and display access. RE PAGE2 register is a command register for LCD driver and display. The LCD
display (disable, enable, blanking) is controlled by RE PAGEOQ Bit 2 ~ Bit 3 and the driving duty is decided by RE
PAGE2 Bit 0 ~ Bit 1. LCD display data is stored in data RAM which address and data access controlled by registers
R9, RA PAGE1 and RB PAGEL.
User can regulate the contrast of LCD display by RD PAGE2 (BIASA..BIAS0). Up to 32 levels contrast is convenient
for better display. And the internal voltage follower can afford large driving source.
Bit 4 (KEYSCAN) : Key scan function enable control bit
0/1 <> disable/enable
If you enable key scan function LCD waveform will has a small pulse within a period like fig.23

* This specification is subject to change without notice.

2004/8/19 (V1.6
37



VAT

EM78P813
8-bit OTP Micro-controller

Vi

V2

COM2

V4

GND

V1

V2

V4

SEG

V5

GND

V1

V2

V4
V5

( 30us

GND

Bit 5 (KEYSTRB) : Key strobe enable control bit
0/1 = disable/enable
key strobe signa , if you set this bit , segment will switch to strobe signal temporally and output zero signal
(‘one instruction long ) one by one from segment 50 to segment 65. During one segment strobe time, CPU will
check port7(0:3) equal to "1111" or not. If not, CPU will latch a zero at RB PAGEL and RC PAGEL one by one
depends on which segment strobe. After strobe, this bit will be cleared . Fig.27 iskey strobe signal.

One instruction

Fig.26 key scan waveform for 1/16 duty

_’ 4—
REGISTER
RB(0) [ RB(1) RB(2) RB(3) RB(4) RB(5) RB(6) RB(7) RC(0) RC(1) RC(2) RC(3) RC(4) RC(5) RC(6) RC(7)
STROBE
SEG50 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SEG51 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SEG52 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1
SEG53 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
SEG54 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1
SEG55 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1
SEG56 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
SEG57 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1
SEG58 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
SEG59 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1
SEG60 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1
SEG61 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1
SEG62 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1
SEG63 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1
SEG64 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1
SEG65 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Fig.27 key strobe signal

* This specification is subject to change without notice.
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Fig.28 show the relationship between KEY SCAN, KEY STROBE and segments.
Fig.29 is key scan flow by interrupt trigger.

RELATION BETWEEN SEGMENT , KEYSCAN, KEY STROBE

KEY SCAN PULSE KEY SCAN
—_—
CONTROL

SEG50~SEG65 v 0

KEY STROBE SIGNAL MUX +>
oo

KEYSTROBE

\J

Fig.28 KEYSCAN, KEYSTROBE

Set port7(3:0) input
port7 pull high
enable key scan signal
Set INTO~INT3 interrupt
ENI

Interrupt occur?

Enable main clock (Normal mode)
Execution program delay

key function Analysis external interrupt ( column key )
set strobe function

enable keystrobe

program delay

read strobe data (row key)

Get the key location

Fig.29 key scan flow by interrupt trigger

Bit 6 : Unused
Bit 7 (CAS) : CALL WAITING decoding output

0/1 = CW datavalid / No data

* This specification is subject to change without notice.
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PAGE3 UART transmitter data buffer

7 6 5 4 3 2 1 0
URT7 | URT6 URT5 URT4 URT3 URT2 URT1 URTO
Bit 0~Bit 7(URTO~URT7) : Low 8 bit UART transmitter data buffer

RF Interrupt flag

7 6 5 4 3 2 1 0
RBF/SDT| FSK/CW - UART DED CNT2 CNT1 TCC
"1" means interrupt request, "0" means non-interrupt
Bit 0 (TCC) : TCC timer overflow interrupt flag

Set when TCC timer overflows .
Bit 1 (CNT1) : Counterl timer overflow interrupt flag
Set when counterl timer overflows.
Bit 2 (CNT2) : Counter2 timer overflow interrupt flag
Set when counter2 timer overflows.
Bit 3 (DED) : Interrupt flag of Differential Energy Detector (DED) output data. If DEDD(RE page2 bit7) has afalling
edge signal (or falling & rising edge signal , switch by IOCE pagel hit5), CPU will set this bit.
Bit 4 (UART) : Universal Asynchronous Receiver Transmitter interrupt flag. When
transmitter buffer empty , receiver buffer full or receiver data error, this bit will be set.
Bit 5Undefined register. Note that thisbit isnot ensured to be a fix value.
Bit 6 (FSK/CW) : FSK data or Call waiting data interrupt flag.
If FSKDATA or CAShas afaling edge trigger signal, CPU will set this bit.
Bit 7 ( RBF/STD) : SPI datatransfer complete or DTMF receiver signal valid interrupt
If serial 10 's RBF signal has arising edge signal (RBF set to "1" when transfer data completely), CPU will set
thisbit. Or DTMF receiver's STD signa hasarising edge signal (DTMF decode a DTMF signal).
IOCF isthe interrupt mask register. User can read and clear.

Trigger edge as the table
Signa Trigger <Note>
TCC Time out
COUNTER1 [Timeout 8/16 bits select by CONT register
COUNTER2  |Timeout
DED Signal detect
UART Receiver full, Transmitter
empty or error(if enable)
ADI AD sampling success
FSK Falling edge
RBF/STD Rising edge

EM 78813 MCU will store ACC,R3 status and R5 PAGE automatically after an interrupt istriggered.
And it will berestored after instruction “RETI".

PAGEZ2 External Data ROM

7 6 5 4 3 2 1 0
EXA8 | EXA7 EXAG6 EXAS5 EXA4 EXA3 EXA2 EXAl
Bit 0~Bit 7(EXA1~EXAS) : Expanding Data ROM start address A1~A8

PAGEZ2 External Data ROM

7 6 5 4 3 2 1 0
EXA16| EXA15 | EXA14 | EXA13 | EXA12 | EXA1l | EXA1O0 | EXA9
Bit 0~Bit 7(EXA9~EXAL16) : Expanding Data ROM start address A9~A16

* This specification is subject to change without notice.
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PAGE3 Undefined register
This register is not alowed to used.

R10~R3F (General Purpose Register)
R10~R3F (Banks 0 ~ 3) : All of them are general purpose registers

VI1.3 Special Purpose Registers

A (Accumulator)
Internal datatransfer, or instruction operand holding

It's not an addressable register.
CONT ( Control Register )
7 6 5 4 3 2 1 0
INT/EDGE| INT TS DAEN PAB RSR2 RSR1 RSRO
Bit 0 ~ Bit 2 (PSRO ~ PSR2) : TCC/WDT prescaler bits
PSR2 PSR1 PSRO TCCrate WDT rate
0 0 0 1:2 1:1
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

Bit 3(PAB) : Prescaler assignment bit

0/1 = TCC/WDT
Bit 4 (DAEN) : Current DA enable control

0/1 = disable/enable
Bit 5(TS) : TCC signal source

0/1 =>» Instruction clock / 16.384K Hz

Instruction clock = MCU clock/2, Refer to RA Bit 4 ~ Bit 6 for PLL and Main clock selection. See Fig.15.
Bit 6 (INT) : INT enableflag

0 = interrupt masked by DIS| or hardware interrupt

1 => interrupt enabled by ENI/RETI instructions
Bit 7(INT_EDGE) : interrupt edge type of P77

0= P77 'sinterruption sourceis arising edge signal and falling edge signal.

1 => P77 'sinterruption sourceis afalling edge signal.

CONT register is readable (CONTR) and writable (CONTW).There is an 8-hit counter available as prescaler for
the TCC or WDT. The prescaler is available for the TCC only or WDT only at the sametime.

An 8 bit counter isavailable for TCC or WDT determined by the status of the bit 3 (PAB) of the CONT register.
See the prescaler ratio in CONT register.Fig.25 depicts the circuit diagram of TCC/WDT. Both TCC and prescaler
will be cleared by instructions which write to TCC each time. The prescaler will be cleared by the WDTC and SLEP
instructions, when assigned to WDT mode.
The prescaler will not be cleared by SLEP instructions, when assigned to TCC mode.

* This specification is subject to change without notice.
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Data
Byis
Instruction clock M I
e E—
| M
16.384kHz U U SYNC J Tocry
X - 2 cycles
f : 1
TS P;IB TCC overflow interrupt
M
U 4>‘ 8-bit Counter ‘
WDT X
T T PSRO ~
WDTE PAB ‘ 8-to-1 MUX ‘<—BSR2
|

MUX ——PAB

l

WDT timeout

Fig.30 Block diagram of TCC and WDT
| OC5 Address Automatic | ncrease/Decrease control , Data RAM data buffer2
PAGEO Address Automatic | ncrease/Decr ease control register

7 6 5 4 3 2 1 0
DA2 ID | DAL ID| DO ID |LCD ID |DA2 IDEN|DAL IDEN|DO IDEN|LCD IDEN

Bit 0 (LCD_IDEN) : Enable on_chip LCD RAM address Increase/Decrease Enable Function.
If set thishit, LCD address flag will increase or decrease after access ( read or write) LCD data.
1/0 = Enable/ Disable
**EM 78813 provided 32x98 dot LCD driver and it's SEGMENT address(COM 0~COM 7) is 0x00~0x7F(RA
PAGE1). When using 32 x 98 LCD driving mode, LCD RAM will mapping to
0x000~0x061,0x080~0x0E1,0x100~0x161 and 0x181~0x1EL1. If enable on_chip LCD RAM address
auto_increase function , After accessdatafrom LCD driver in address 0x061, LCD RAM address will
auto_increase to 0x062 and it will over LCD range. User must assign addressto 0x080 when LCD RAM
address point to 0x061.
Bit 2 (DO_IDEN) : Enable DATA ROM address flag Increase/Decrease Enable Function.
If set thishit, DATA ROM address will increase or decrease after access ( read or write ) DATA ROM data.
1/0 = Enable/ Disable
Bit 3(DA1_IDEN) : Enable DATA RAM address flagl(RD and RE register) Increase/Decrease Enable Function.
If set thisbit, DATA RAM address will increase or decrease after access ( read or write ) DATA RAM data (RC
register).
1/0 = Enable/ Disable
Bit 4 (DA2_IDEN) : Enable DATA RAM address flag2(10C6 and |OC7) Increase/Decrease Enable Function.
If set thisbit, DATA RAM address will increase or decrease after access ( read or write ) DATA RAM data (I0C5
register).
1/0 = Enable/ Disable
Bit 5(LCD_ID) : on_chip LCD RAM address automatic increase/decrease switch. Set to 1 means
auto_increase, clear to 0 means auto_decrease.
1/0 =» auto increase / auto decrease
Bit 6 (DO_ID) : DATA ROM address automatic increase/decrease switch. Set to 1 means
auto_increase, clear to 0 means auto_decrease.
1/0 =» auto increase / auto decrease
Bit 7 (DAL ID) : DATA RAM address(RD and RE register) automatic increase/decrease switch. Set to 1 means
auto_increase, clear to 0 means auto_decrease.

* This specification is subject to change without notice.
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1/0 =» auto increase / auto decrease

Bit 7 (DA2_ID) : DATA RAM address(IOC6 and I0C7 register) automatic increase/decrease switch. Set to 1 means
auto_increase, clear to 0 means auto_decrease.
1/0 =» auto increase / auto decrease

PAGE1 Data RAM data buffer2
7 6 5 4 3 2 1 0
RAM2D7|RAM2D6|RAM2D5|RAM2D4|RAM2D3|RAM2D2|RAM2D1|RAM2D0

Bit 0 ~Bit 7 (RAM1D0 ~RAM1D7) : Data RAM data buffer for RAM reading or writing.
Collocation RC~RE PAGE?2 , user can move alarge number continue data from an address to another in data RAM.

Example(move data from 0x0000 to 0x1000):

BC R3,@5

MOV A, @0xFO  ;Enable RataRAM flagl and flag2 auto_increase function
IOW  0x05

BS R3, @5 :Set correspond PAGE

BS R3, @6

BC R3, @7

MOV A, @0x00  ;Assign DATA RAM index1 start address’ 0x0000"
MOV 0x0D,A

MOV OxOE,A

IOW  0x06 ; Assign DATA RAM index2 start address’ 0x1000”
MOV A, @0x10

IOW  0x07

MOV A, 0x0C ;Read data from index1(address:0x0000)

IOW  0x05 ;Write data to index2(address;0x1000)

MOV A, 0x0C ;Read data from index1(address:0x0001)

IOW  0x05 ;Write data to index2(address;0x1001)

|OC6 PORT 6 1/0O Control , Data RAM address(L)
PAGEO PORT 6 1/0 Control

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

Bit 0~Bit 7 (I0C60 ~ 10C67) : PORT6(0~7) 1/0O direction control register
0 = put the relative 1/O pin as output
1 => put the relative I/O pin into high impedance

PAGEL Data RAM Address2(L)

7 6 5 4 3 2 1 0
RAM2A7 RAM2A6|RAM2A5 RAM2A4 RAM2A3|RAM2A2|RAM2A1 RAM2A0
Bit 0~Bit 7 (RAM2A0 ~RAM?2A7) : DataRAM address (address0 to address7) for RAM reading or writing

IOC7 PORT 7 1/0O Control , Data RAM Address2(H)
PAGEO PORT 71/O Control

7 6 5 4 3 2 1 0
IOC77 | 10C76 | 10OC75 | 10C74 | 10C73 | I0C72 | 10C71 | 10C70

Bit 0~Bit 7 (I0OC70 ~ 1OC77) : PORT7(0~7) 1/O direction control register
0 = put the relative 1/O pin as output
1 => put the relative I1/0O pin into high impedance

* This specification is subject to change without notice.
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PAGE1 Data RAM address2(H)
7 6 5 4 3 2 1 0
RAMZ2A13[RAM2A12|RAM2A11|RAM2A10|RAM2A9 RAM2A8

Bit 0~Bit 5 (RAM2A8 ~RAM2A13) : Data RAM address (address8 to address13) for RAM reading or writing
Bit 6~Bit 7 : Unused

|OC8 PORT 81/0O Control ,Port8 and Port9 | O/SEG& COM Control
PAGEOQ PORT 8 1/0O Control

7 6 5 4 3 2 1 0
IOC87 | 10C86 | 10OC85 | I0OC84 | 10C83 | I0OC82 | 10C81 | 10C80

Bit 0 ~Bit 7 (10C80 ~ 10C87) : PORT8(0~7) I/O direction control register
0 = put the relative 1/O pin as output
1 => put therdative |/O pin into high impedance

PAGE1 I0/SEG& COM Control Register
7 6 5 4 3 2 1 0
- - LCDDV1|LCDDVO| P9OSH PIOSL P8SH P8SL

Bit 0 (P8SL) : Switch low nibble 1/0O Port8 or LCD segment output for share pins SEGxx/P8x pins
0 = select normal P80 ~ P83 for low nibble PORT8
1 =>» select SEG66~SEGE9 output for LCD SEGMENT output.
Bit 1 (P8SH) : Switch high nibble 1/0O Port8 or LCD segment output for share pins SEGxx/P8x pins
0 =>» select normal P84 ~ P87 for high nibble PORT8
1 = select SEG70 ~ SEG73 output for LCD SEGMENT output.
Bit 2 (P9SL) : Switch low nibble 1/0O Port9 or LCD segment output for share pins
0 = select normal P90 ~ P93 for low nibble PORT9
1 = select SEG74~SEG77 output for LCD SEGMENT output.
Bit 3 (P9SH) : Switch low nibble 1/0 Port9 or LCD segment output for share pins
0 =>» select normal P94 ~ P97 for high nibble PORT9
1 <> select SEG78~SEG8L output for LCD SEGMENT output.
Bit 4~Bit 5(LCDDVO0~LCDDV1) : LCD driver'sdriving ability control

LCDDV1 | LCDDVO |Driving mode
0 0 Normal mode (ratio = 1)
0 1 Weak mode (ratio = 1/2)
1 0 Strong mode (ratio = 2)
1 1 Maximum mode (ratio = 4)

LCDDVO0 ~ LCDDV1 are used to select the driving ability of LCD driver. The driving ability is Maximum
mode > Strong mode > Normal mode > Weak mode by 1/2 ratio individually. The larger driving ability it is selected,
the larger output loading of LCD driver output can be afforded and the more current consumption is occurred. It
depends on user’ s application.

Bit 6~ Bit7: Undefined register. These two bits are not allowed to use.

|OC9 PORT9 1/0O Contral , Port B 1O/SEG Control
PAGEO PORT 91/0 Control

7 6 5 4 3 2 1 0
IOC97 | 10C96 | 1OC95 | 10C94 | 10C93 | 10C92 | 10C91 | 10C90

Bit 0~ Bit 7 (I0C90 ~ 10C97) : PORT9(0~7) 1/O direction control register
0 = put the relative 1/O pin as output
1 => put the relative 1/0O pin into high impedance

* This specification is subject to change without notice.
2004/8/19 (V1.6



m EM78P813
8-bit OTP Micro-controller

PAGE1 Port B |O/SEG Control Register
7 6 5 4 3 2 1 0
PBS7 PBS6 PBS5 PBHA PBS3 PBS2 PBS1 PBSO
Bit 0~Bit 7 (PBS0~PBS?7) : Switch I/O PORTB or LCD segment(com) output for share pins COMxx/SEGxx/PORTB
ins
8-) select norma PORTB 1/0
1 > select output for LCD COM/SEGMENT output.

| OCA Sack point , Port C I1O/SEG Control

PAGEO STACK Point

7 6 5 4 3 2 1 0

- - - STKP4 | STKP3 | STKP2 | STKP1 | STKPO
Bit 0~ Bit 5 (STKPO ~ STKP4) : Stack Point selection bits

Stack4 | STKP3 | STKP2 | STKP1 | STKPO |Stack Point
0 0 0 0 0 Stack 1
0 0 0 0 1 Stack 2
0 0 0 1 0 Stack 3
0 0 0 1 1 Stack 4
1 0 1 1 0 Stack 22
1 0 1 1 1 Stack 23
1 1 0 0 0 Stack 24

User can read bit 5 .. bit 0 to understand how many stack layer that program used . Bit 4 .. bit O is a six hit
counter. The counter will incrementally after user use internal , external interrupt or “CALL” instruction and it will
decrement when user use “RET” or “RETI” instruction. These five bits are read only bits.

Bit 5~Bit 7 : Unused

PAGEL Port C IO/SEG Control Register
7 6 5 4 3 2 1 0
PCS/ PCS6 PCS5 PCHA PCS3 PCS2 PCS1 PCSO
Bit 0~Bit 7 (PCSO0~PCS7) : Switch I/O PORTC or LCD segment(com) output for share pins COMxx/SEGxx/PORTC
ins
8 => select normal PORTC I/0O
1 <> select output for LCD COM/SEGMENT output.

IOCB PORT B I/0 Control ,External LCD driver interface (for EMC 65x132)
PAGEO PORT B I/O Control

7 6 5 4 3 2 1 0
IOCB7 | 10CB6 | IOCB5 | 10CB4 | IOCB3 | I0CB2 | IOCB1 | 10CBO

Bit 0~Bit 7 (I0CB0~IOCB?7) : PORTB(0~7) I/O direction control register
0 = put the relative 1/O pin as output
1 =» put the relative /O pin into high impedance

PAGE1 External LCD Driver controller
7 6 5 4 3 2 1 0
EXA1l7 |[CWPWR| RES1 RSEO CSS CSSON DIS EXLCD

Bit O(EXLCD) : Internal/External LCD driver switch.
0/1 =» Internal only/Internal and External LCD driver control

* This specification is subject to change without notice.
2004/8/19 (V1.6



V2

EM78P813

8-bit OTP Micro-controller

If EXLCD equal to O, internal LCD driver selected . PortB and PortC output are decided on 10C9 and |OCA Pagel.
When EXLCD equal to 1, PortB and PortC are switch to external LCD driver control pin. At thistime, when user execute
read or write PORTB instruction, PORTC timing characteristic plot is follow below.

Tah
>

A0 ( PC4X

K

CS(PCOFPgKL)

1 Ta
WR( PC217
RD(PC3) !

Tcyc

A A

Tcc

i Tds
) E——

PORTB——— DATA

- Toh

——C

PORTB——(DATA >—<_

i

Fig.31 timing characteristic of external LCD driver data read/write

Symbol Applicable Rated value Unit
pins Min Max
Tah AO 0
Taw AO 0
Tcyc A0 150
Tce WR/RD 60 ns
Tds DO ~D7 20
Tdh D0 ~D7 10
Tacc DO ~D7 - 60
Toh DO ~D7 10 40

Tah : Address hold time
Taw : Address setup time
Teyc : System cycletime

Tcc : Pulse width

Tds: Data setup time
Tdh : Data hold time
Tacc : Read accesstime

Toh ; Output disable time

User can operate in coordination on chip Data ROM address automatic increase function to write a large number of
datafrom internal Data ROM to external LCD RAM.
Example( To collocate EM9L8580 LCD driver ):

START:

MOV
IOW

MOV
IOW

MOV
MOV
MOV
MOV
MOV

A, @0x0C;
IOC5_PAGEO
A, @0x09

IOCB_PAGEL1 ;Externa LCD driver chip 1 INSTRUCTION mode select .

A, @0xBO;

RB_PAGEO,A ;Setexternal LCD driver start address PAGE 0

A, @0x10
RB_PAGEO, A
A, @0x00

:Set Data ROM address automatic increase after read/write data

* This specification is subject to change without notice.
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MOV RB _PAGEO,A ; Setexterna LCD driver start address Column 0O
MOV A, @0xQ0;
MOV R7_PAGEL,A;
MOV R8 _PAGEL,A;
MOV R9 PAGEl,A ;Start address: (0x00000
MOV A, @0x0B
IOW |0CB_PAGEl1l ;select datamode
CNI1:
MOV A ,R6 PAGEl ;read datafrom Data ROM and address flag increase
MOV RB _RAGEO,A ;writedatatoexternal LCD driver.
JMP  LOOP

Bit 1(DIS) : External LCD driver DATA/INSTRUCTION switch.
0/1 = INSTRACTION/DATA
When EXLCD equal to 1 and DIS hit equal to 0, MUC will transmit/receive INSTRUCTION. AO(PortC7) will
output 0. If DIS hit set to 1, MUC will transmit/receive DATA. AO(PortC4) will output 1

Bit 2(CSSON) : External LCD driver select enable

CSSON CSS0 CS1..CS2
LOW HIGH
0 X - CS1,Cs2
1 0 Cs1 CS2
1 1 CS2 CSl1

Example( for EMC 65x132 LCD driver ):
MOV A, @0x01

IOW 10CB_PAGEl ;Select external LCD driver & INSTRUCTURE mode
MOV A,@0xBO

MOV RB,A ;Select external LCD driver COMO

MOV A,@0x10

MOV RB,A ;Select external LCD driver SEG Upper 4-bit =0
MOV A,@0x00

MOV RB,A ;Select external LCD driver SEG Lower 4-bit =0
MOV A,@0x03

IOW [0CB_PAGE1L ;switch to DATA mode

MOV A ,@OxFF

MOV RB,A :write OXFF to COMO & SEGO

User must assign external LCD address at first time. After writing or reading the display data, The SEGMENT
address is automatically incremented. So that the MUC can continuously write or read data to the address.
Bit 3(CSS) : External LCD driver chip select hit.

0/1 =» chipl/ chip2
Bit 4..Bit 5(RESO ~ RESL1) : Touch panel biasresister switch..
Bit 6(CWPWR) : CAS decoder power control.

0/1 > Power off / Power on.
Bit 7(EXA17) : Expand Data ROM start address M SB. Thisbit can not set unless CHIPSEL

and EXSEL pin connect to VDD.

* This specification is subject to change without notice.
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IOCC PORT C I/0O Control , Port 6 Pull high register
PAGEO PORT C I/O Control

7 6 5 4 3 2 1 0
IOCC7 | IOCC6 | I0OCC5 | I0CC4 | I0CC3 | I0CC2 | IOCC1 | 10CCO

Bit 0~Bit 7 (IOCCO~IOCC7) : PORTC(0~7) I/O direction control register
0 = put the relative 1/O pin as output
1 => put the relative 1/O pin into high impedance

PAGEL Port 6 Pull High Register
7 6 5 4 3 2 1 0
PHG7 PH66 PH6E5 PH64 PHG63 PHG62 PHG61 PH6E0
Bit 0~Bit 7(PH60~PH67) : PORT6(0~7) pull high control register
0 => disable pull high function.
1 => enable pull high function

IOCD PORT D 1/O Control , Port 7 Pull high register
PAGEO PORT D 1/O Control

7 6 5 4 3 2 1 0
IOCD7 | 10CD6 | IOCD5 | I0OCD4 | 10CD3 | I0CD2 | 1I0CD1 | 10CDO

Bit 0~Bit 6 (I0OCDO~IOCD6) : PORTD(0~6) I/O direction control register
0 = put the relative 1/O pin as output
1 =» put the relative /O pin into high impedance

PAGE1 Port 7 Pull High Register
7 6 S 4 3 2 1 0
PH77 PH76 PH75 PH74 PH73 PH72 PH71 PH70
Bit 0~Bit 7(PH70~PH77) : PORT7(0~7) pull high control register
0 =>» disable pull high function.
1 =>» enable pull high function

| OCE Interrupt mask , Differential Energy Detect
PAGEQ Interrupt Mask Register1

7 6 5 4 3 2 1 0
INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO

Bit 0~Bit 7 : Interrupt enable bits.
0/1 =» disable interrupt/enable interrupt

PAGEL1 Differential Energy Detect
7 6 5 4 3 2 1 0
VRSEL | DEDD EDGE |WUEDD |CW SMB|DEDCLK|DEDPWR|DEDTHD

Bit O(DEDTHD) : The minimum detection threshold of Differential Energy Detector (DED)
0/1 = -45dBm/-30dBm
Bit 1 (DEDPWR) : Power control of Differential Energy Detector (DED)
0/1 =» Power off / Power on
Bit 2 (DEDCLK) : Operating clock for Differential Energy Detector (DED)
0/1 = 32.768kHz/3.5826M Hz
This bit is used to select operating clock for Differential Energy Detector (DED). When this bit is set to “1”, the
PLL is also enabled regardless of RA bit 6 (ENPLL) . At this time, the Energy detector works at high frequency

* This specification is subject to change without notice.
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mode. When this bit is set to “0”, the Energy Detector works at low frequency mode. The difference between high
frequency and low frequency is as follows.

DEDPWR |DEDCLK | ENPLL | Energy detector clock Main CLK
0 X X X Decision by ENPLL
1 0 0 32.768 KHz Disable
1 0 1 32.768 KHz Enable
1 1 0 3.5826 MHz Enable
1 1 1 3.5826 MHz Enable

PS. “X” meansdon’t care
Bit 3(CW_SMB) : Call Waiting / short message receiver switch
0 =>» Short message mode select. + 5.5% CAS tone accepted frequency range deviation.(Protocol : + 5%)
1 = Cal Waiting mode select. CAS tone accepted frequency range deviation is decided on CODE Option
Register bit 5 ( 1:for Europe and USA / O:for China)

Bit 4 (WUEDD) : Wake-up control of Energy Detector (DED) output data
1/0 = enable/disable

Bit 5 (EDGE) : Wake-up and interrupt trigging edge control of Energy Detector (DED) output
1/0 = Falling edgetrig. / Rising edge and Falling edge trig.

Bit 6(DEDD) : Output data of Differential Energy Detector (DED) If input signal from TIP/EGIN1 and RING/EGIN2 pin
to Differential Energy Detector is over the threshold level setting at IOCE PAGE 2 bit 0 (DEDTHD), the DED will
extract the zero-crossing pulse waveform corresponding to input signal.

Bit 7 (VRSEL) : Reference voltage VR selection bit for Comparator

0= VR=VDD

12> VR=20V

When thisbitisset to “0”, V2_0 ref. circuit will be powered off. 2.0V ref. circuit is only powered on when this
bit and RA page2 bit 7(CMPEN) are all setto“1”.

|OCF Interrupt Mask Register2

7 6 5 4 3 2 1 0
RBF/STD| FSK/CW 0 UART DED CNT2 CNT1 TCC
Bit 0~Bit 4, Bit6~Bit7 : Interrupt enable hits.

0/1 = disable interrupt/enable interrupt
Bit4: Undefined register. This bit must keep to O.

* This specification is subject to change without notice.
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Fig.32 Thecircuit of I/O port and I/O control register

The I/O registers are bi-directional tri-state I/O ports. The 1/0O ports can be defined as "input”" or "output” pins by the
1/O control registers under program control. The 1/0 registers and I/O control registers are both readable and writable.
The I/O interface circuit is shown in Fig.27

VII.SRESET

The RESET can be caused by

(1) Power on voltage detector reset (POV D) and power on reset

(2) WDT timeout. (if enabled and in GREEN or NORMAL mode)

(3) /RESET pin pull low

<Note> At case (1), POVD is controlled by CODE OPTION. If you enable POVD, CPU will reset at 2V under. And
CPU will consume more current about 3uA . And the power on reset is a circuit always enable. It will reset CPU at
about 1.4V and consume about 0.5uA.

Once the RESET occurs, the following functions are performed.

. The oscillator isrunning, or will be started.

The Program Counter (R2) isset to all "0".

When power on, the upper 3 bits of R3 and the upper 2 bits of R4 are cleared.

The Watchdog timer and prescaler counter are cleared.

The Watchdog timer is disabled.

The CONT register isset to all "1"

The other register (bit7..bit0)

* This specification is subject to change without notice.
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address | R register R register R register R register IOC register | 10C register
page0 pagel page2 page3 page0 pagel
1 -- 00000000 00000000 XXXXXXXX
2 - - - —
4 OOXXXXXX XXXXXXXX 10001000 xxx00000
5 x0000000 00000000 00000000 Xxxx0000 11110000 XXXXXXXX
6 XXXXXXXX XXXXXXXX 00000000 00000000 11111111 XXXXXXXX
7 XXXXXXXX XXXXXXXX 00000000 00000000 11111111 XXXXXXXX
8 XXXXXXXX XXXXXXXX x0000000 XXXXXXXX 11111111 00000000
9 XXXXXXXX XXXXXXXX 00000xxx Xxxx0000 11111111 00000000
A 00000xx0 XXXXXXXX 00000000 00000000 00000000 00000000
B XXXXXXXX XXXXXXXX 11111111 00000000 11111111 00xx0000
C XXXXXXXX XXXXXXXX 11111111 00000000 11111111 00000000
D XXXXXXXX XXXXXXXX x0011111 XXXXXXXX 11111111 00000000
E 00000000 XXXXXXXX 10000000 XXXXXXXX 00000000 0x000000
F 00000000 XXXXXXXX XXXXXXXX XXXXXXXX 00000000 --
VI11.6 wake-up

The controller provided sleep mode for power saving.
SLEEP mode, RA(7)=0 + "SLEP" instruction .

The controller will turn off all the CPU and crystal. Other circuit with power control like key tone control or

PLL control (which has enable register), user has to turn it off by software.

Wake-up from SLEEP mode:
(1) WDT time out

(2) externa interrupt
(3) /RESET pull low

All these cases will reset controller , and run the program at address zero. The status just like the power on reset.
Be sure to enable circuit at case (1) or (2).

VII.7 I nterrupt

RE and RF is the interrupt status register which records the interrupt request in flag bits. IOCE and IOCF is the
interrupt mask register. TCC timer, Counterl and Counter2 are internal interrupt source. P70 ~ P77(INTO ~ INT7) are
external interrupt input which interrupt sources are come from the external. If the interrupts are happened by these
interrupt sources, then RE or RF register will generate '1' flag to corresponding register if you enable IOCE or IOCF
register. Global interrupt is enabled by ENI instruction and is disabled by DIS| instruction. When one of the interrupts
(when enabled) generated, 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 RE and RF register. The
interrupt flag bit must be cleared in software before leaving the interrupt service routine and enabling interrupts to

avoid recursive interrupts.

* This specification is subject to change without notice.
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VII.8 Instruction Set

Instruction set has the following features:

(1) Every hit of any register can be set, cleared, or tested directly.

(2) The l/O register can be regarded as general register. That is, the same instruction can operates on 1/0O 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. "k" represents an 8 or 10-bit constant or literal value.

INSTRUCTION HEX | MNEMONIC |OPERATION STATUS Instruction
BINARY AFFECTED cycle
0 0000 0000 0000 0000 |NOP No Operation None 1
0 0000 0000 0001 0001 |DAA Decimal Adjust A C 1
0 0000 0000 0010 0002 |CONTW A — CONT None 1
0 0000 0000 0011 0003 |SLEP 0 — WDT, Stop oscillator |T,P 1
0 0000 0000 0100 0004 |WDTC 0> WDT TP 1
0 0000 0000 rrrr 000r |IOWR A — IOCR None 1
0 0000 0001 0000 0010 |ENI Enable Interrupt None 1
0 0000 0001 0001 0011 |DISI Disable Interrupt None 1
0 0000 0001 0010 0012 |RET [Top of Stack] —» PC None 2
0 0000 0001 0011 0013 |RETI [Top of Stack] — PC None 2
Enable Interrupt
0 0000 0001 0100 0014 |CONTR CONT - A None 1
0 0000 0001 rrrr 001r |IORR IOCR — A None 1
0 0000 0010 0000 0020 |TBL R2+A — R2 bits Z,CDC 2
9,10 do not clear
0 0000 Olrr reer 00rr MOV RA A—>R None 1
0 0000 1000 0000 0080 |CLRA 0—>A Z 1
0 0000 11rr reer 00rr |CLRR 0—->R Z 1
0 0001 OOrr rrer Olrr |SUBAR R-A—A Z,C.DC 1
0 0001 Olrr reer Olrr |SUBRA R-A—> R Z,CDC 1
0 0001 10rr reer Olrr |DECAR R-1—>A Z 1
0 0001 1irr reer Olrr |DECR R-1—->R Z 1
0 0010 OOrr reer 02rr |ORAR AvR—->A Z 1
0 0010 Olrr reer 02rr |ORRA AvR—->R Z 1
0 0010 10rr reer 02rr |ANDAR A&R—->A Z 1
0 0010 1irr reer 02rr |AND RA A& R—>R Z 1
0 0011 OOrr reer 03rr |XORAR ADR—-SA Z 1
0 0011 Olrr reer 03rr | XORRA ADR—->R Z 1
0 0011 10rr reer 03rr |ADDA,R A+R—>A Z,CDC 1
0 0011 1rr rrer 03rr |ADDRA A+R—>R Z,C.DC 1
0 0100 OOrr rrrer Odrr MOV AR R—>A Z 1
0 0100 Olrr reer Odrr MOV RR R—>R Z 1
0 0100 10rr reer Odrr |COMAR IR— A Z 1
0 0100 1irr reer O4rr |COM R IR—>R Z 1
0 0101 OOrr reer 05rr |INCAR R+1—>A Z 1
0 0101 Olrr rrer 05rr |INCR R+1 >R Z 1
0 0101 10rr reer 05rr  |DJZAR R-1— A, skipif zero None 2 if skip
0 0101 1irr rerr O5rr |DIZR R-1 > R, skipif zero None 2 if skip

* This specification is subject to change without notice.
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0 0110 OQOrr reer oerr  [RRCAR R(n) - A(n-1) C 1
R(0) > C,C—>A(7)

0 0110 Orr rerr oérr  |RRCR R(n) - R(n-1) C 1
R(0) - C,C — R(7)

0 0110 10rr reer oérr |RLCAR R(n) »> A(n+1) C 1
R(7) —» C, C— A(0)

0 0110 1rr rerr o0érr |RLCR R(n) - R(n+1) C 1
R(7) - C, C - R(0)

0 0111 OOrr reer O7rr  [SWAPAR R(0-3) - A(4-7) None 1
R(4-7) > A(0-3)

0 0111 Olrr rrer 07rr  |SWAPR R(0-3) & R(4-7) None 1

0 0111 10rr rerr o7rr  |JZAR R+1 — A, skipif zero None 2 if skip

0 0111 11mr reer 07rr | ZR R+1 — R, skipif zero None 2if skip

0 100b Dbbrr reer Oxxx |BCR,b 0— R(b) None 1

0 101b bbrr rerr Oxxx |BSRb 1> R(b) None 1

0 110b bbrr rerr Oxxx [JBCR,b if R(b)=0, skip None 2 if skip

0 111b bbrr rerr Oxxx |[JBSR,b if R(b)=1, skip None 2if skip

1 O0O0kk Kkkkk  Kkkkk| 1kkk [CALLKk PC+1 — [SP| None 2
(Page, k) > PC

1 O01kk Kkkkk Kkkkk | 1kkk [IMPk (Page, k) > PC None 2

1 1000 Kkkkk Kkkkk| 18kk [MOV Ak k—>A None 1

1 1001 Kkkk Kkkkk| 19k [ORAk Avk—A z 1

1 1010 Kkkkk kkkk | 1Akk [ANDA Kk A& k—>A z 1

1 1011 kkkk kkkk | 1Bkk |XORAk ADKk—>A z 1

1 1100 kkkk kkkk | 1Ckk |RETL k k — A, [Top of Stack] - [None 2
PC

1 1101 kkkk kkkk | 1Dkk |SUBA k k-A—>A Z,C,DC 1

1 1110 0000 0001 | 1EO1 |(INT PC+1 — [SP| None 1
001H —» PC

1 1110 1kkk Kkkk 1E8k |PAGE k K->R5(4:0) None 1

1 1111 Kkkkk kkkk | 1Fkk |JADDA k k+A —> A Z,C.DC 1

** 1 Instruction cycle= 2 main CLK

* This specification is subject to change without notice.
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VI1.9 CODE Option Register

The controller has one CODE option register which is not part of the normal program memory. The option bits cannot be
accessed during normal program execution.

CODE Option Register1 ( Program ROM)

7 6 5 4 3 2 1 0
- CWMODE| /DED /PTB
Bit O(/PTB) : Program ROM data protect bit.
0/1 =>» protect / unprotect
When user clear this bit to 0, another person will unable read the originally program code from program ROM.
Bit 1(/DED) : enable/disable DED function.
0->enable DED function
1->disable DED function
Bit 2(CWMODE) : CAStone (2130 Hz plus 2750 Hz ) accepted frequency range select.
0> =+ 2% Call waiting accepted frequency range deviation.(Application for China protocol :
+15%)
1> =+ 1.2% Call waiting accepted frequency range deviation.(Application for Europe and USA  protocol : + 0.5%)

CODE Option Register2 ( Data ROM)

7 6 5 4
0 0 0 0 0 0 0 /DTB
Bit O(PTB) : Data ROM data protect bit.
0/1 =» protect / unprotect
When user clear this bit to 0, another person will unable read the originally program code from data ROM.
Bit 1~Bit 7 : Unused

w
N
=
o

PAD Option
/POV D(power on voltage detect) reset can be enabled/disabled by PAD Option. This POVD pad is not shown on the pin
assignment. Internally or externally connecting this pad to GND/V DD to enable/disable /POVD reset.

/POVD 2.2V /POVD reset voltage | 2.2V Power on reset voltage Sleep mode current (VDD=5V)
1 No Yes (2.2V) 1uA
0 Yes (2.2V) No 15uA

* This specification is subject to change without notice.
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VII1.10 CALL WAITING Function Description

TIP DATA
FSK >
RING demodulator /CD,
GAIN
CWTIP
o | Detection

+ | Filter

\Vdd/2|  Voltage
reference

block

CAS

v

Fig.33 Call Waiting Block Diagram

Call Waiting service works by aerting a customer engaged in a telephone call to a new incoming call. This way
the customer can till receive important calls while engaged in a current call. The CALL WAITING DECODER can
detect CAS(Call-Waiting Alerting Signal 2130Hz plus 2750Hz) and generate avalid signal on the data pins.

The call waiting decoder is designed to support the Caller Number Deliver feature, which is offered by regional

Bell Operating Companies.

In a typical application, after enabling CW circuit (by R5 page3 bit3 & bit4 ) this IC receives Tip and Ring
signals from twisted pairs. The signas as inputs of pre-amplifier, and the amplifier sends input signal to a band pass
filter. Once the signd is filtered, the Detection block decodes the information and sends it to RE page2 bit7 . The

output data made available at RE CAS hit.

The data is CAS signals. The CAS is normal high. When this IC detects 2130Hz and 2750Hz frequency, then

CAS pin goesto low.

* This specification is subject to change without notice.
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VII.11 Differential Energy Detector (DED)

EGIN1

DED
EGIN2

£y

DEDPWR DEDTHD

*

EGCLK

DEDD

Fig.34 DED Block diagram

The Differential Energy Detector is differential input level and zero crossing detector named as DED. It can
detect any incoming AC signal above its threshold level and output corresponding zero-crossing frequency pulse. For
this energy detector, the user can set it's minimum detection threshold level at —35dBm or -45dBm by DEDTHD bit.
All the minimum detection value can be achieved under input capacitor more than 4700pF and input resistor around

100k ohms. The energy detector has power control by IOCE PAGEL bit 1 (DEDPWR).

Register bits of Energy Detector :

Register bits Descriptions
RE PAGEOQ bit 3 (DED) |DED : Interrupt flag of DED output data
RE PAGEL bit 7 (DEDD) |DEDD : Output data of DED
IOCE PAGE1 EDGE : edge control of DED output data
Bit 5 (EDGE) 1/0 => Falling edge trig. / Rising edge and Falling edge trig.
IOCE PAGE1 WUEDD : Wake-up control of DED output data
Bit 4 (WUEDD) 1/0 => enable/disable
IOCE PAGEL1 DED : Interrupt mask of DED output data
Bit 6 (DED) 1/0 =» enable/disable interrupt of DED output data
IOCE PAGE1 DEDTHD : Minimum detection threshold of DED
Bit 0 (DEDTHD) 0/1 = -45dBm/-35dBm
IOCE PAGE1 DEDPWR : Power control of DED
Bit 1 (DEDPWR) 0/1 = power off/power on
IOCE PAGEL1 DEDCLK : operating clock of DED
Bit 2 (DEDCLK) 0: low frequency clock
1 : high frequency clock

* This specification is subject to change without notice.
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VIII. Absolute Operation Maximum Ratings

RATING SYMBOL Min Typ Max Unit
DC SUPPLY VOLTAGE VDD -0.3 6 \Y
INPUT VOLTAGE Vin vVDD-05| vDD |VDD+05| V
OPERATING TEMPERATURE RANGE |Ta 0 25 70
| X. DC Electrical Characteristic
(Operation current consumption for Analog circuit)
Parameter Symbol Condition Min [Typ |Max |Unit
Operation current for FSK [I_FSK VVDD=5V, CID power on 25| 4 |mA
VDD=3V, CID power on 20 | 35
Operation current for CW | CW VDD=5V, CID power on 25| 4 |mA
VDD=5V, CID power on 20 | 35
Operation current for DTMF |I_DR VDD=3V, DTMFr power on 25 | 40 |mA
Receiver VDD=3V, DTMFr power on 20 | 35
Operation current for TONE [I_DTMF VDD=5V, DTMF power on 09 | 1.2 [mA
generator VDD=3V, DTMF power on 05 [ 08
Current DA output current  |I_DA VDD=5V, CDA power on 25 | 4 |mA
VDD=3V, CDA power on 20 | 35
Operation current for OP |_OP VDD=5V, PT power on 0.17 mA
VDD=3V, PT power on 0.1
Operation current for I_CMP VVDD=5V, PT power on 0.15] 0.3 |mA
Comparator VDD=3V, PT power on 0.13 | 0.2
(Ta=25°C, VDD=5V+5%, V SS=0V)
Parameter Symbol Condition Min [Typ |Max |Unit
Input Leakage Current for|lIL1 VIN =VDD, VSS 1 A
input pins
Input Leakage Current for(lIL2 VIN =VDD, VSS +1  |uA
bi-directional pins
Input High Voltage VIH 2.0 V
Input Low Voltage VIL 08 |V
Input high threshold Voltage |VIHT /RESET, TCC, RDET1 2.0 V
Input low threshold Voltage |VILT /RESET, TCC,RDET1 08 |V
Clock Input High Voltage  [VIHX OSCI 1.8 \%
Clock Input Low Voltage VILX OSCI 12 |V
Output High Voltage VOH1 IOH = -6mA 20 (24 Vv
(port 8,9,B,C,D)
(port6,7,D) IOH = -10.0mA 20 |24 \Y
Output Low Voltage VOL1 IOL = 6mA 04 |V
(port 8,9,B,C,D)
(port6,7) IOL =10.0mA 04 |V
Pull-high current IPH Pull-high active input pin at -10 |-15 [pA
VSS
Power down current ISB1 All input and 1/0O pin at 1 4 JIVAN
(SLEEP mode) VDD, output pin floating,

* This specification is subject to change without notice.
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WDT disabled
Low clock current ISB2 CLK=32.768KHz,All analog 35 |50 ([uA
(GREEN mode) circuit disable, All input and
I/O pin at VDD, output pin
floating, WDT disabled,
LCD disable
Operating supply current ICC /RESET=High, PLL enable 28 |35 [mA
(NORMAL mode) CLK=3.579MHz, output pin
floating, LCD disable, all
analog circuit disable
Tone generator reference|Vref2 0.5 0.7 |vDD
voltage
Differential Energy Detector (DED) (Ta=25°C, VDD=5.0V+5%, VSS=0V)
Symbol Parameter Condition Min [Typ |Max |Unit
EGIN1 Operating current for SED SEDCLK hit=0 20 |25 |uA
EGIN2 Operating current for SED ~ |SEDCLK bit=0 20 |25 |uA
Embedded LCD driver
Symbol Parameter Condition Min [Typ |Max |Unit
Ron LCD driver ON resistance LCD function enable 2 4 kQ)
fen LCD frame frequency 1/24 duty 88 Hz
1/16, 1/32 duty 64 Hz
| pee Dynamic current consumption |Charge pump x 2, no load 60 |65 |uA
Vour V oltage converter output Charge pump x 2, no load 95 |97 %
| LCD driver current Weak mode 75 LA
driver
Normal mode 150 LA
Strong mode 300 LA
Double strong mode 600 LA
X. AC Electrical Characteristic
CPU instruction timing (Ta=25°C, VDD=5V, VSS=0V)
Parameter Symbol Condition Min Typ Max  [Unit
Input CLK duty cycle Dclk 45 50 55 %
Instruction cycle time Tins 32.768kHz 60 us
3.579MHz 550 ns
Device delay hold time Tdrh 16 ms
TCC input period Ttce Note 1 (Tins+20)/N ns
Watchdog timer period Twdt Ta=25°C 16 ms

Note 1: N= selected prescaler ratio.

* This specification is subject to change without notice.
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FSK AC Characteristic (Vdd=5V,Ta=+25°C)

CHARACTERISTIC [Min  [Typ [Max |Unit
FSK sensitivity

Low Level Sensitivity Tip & Ring @SNR20dB  |-40  |-48 dBm
High Level Sensitivity Tip & Ring @SNR 20dB 0 dBm
Signal Reject -51 dBm
FSK twist

Positive Twist (High Level) +10 dB
Positive Twist (Low Level) +10 dB
Negative Twist (High Level) -6 dB
Negative Twist (Low Level) -6 dB

DTMF (DTMF receiver) AC Characteristic (Vdd=5V, Ta=+25°C)

CHARACTERISTIC [Min  [Typ [Max |Unit
DTMF receiver

Low Level Signa Sensitivity -36 dBm
High Level Signal Sensitivity 0 dBm
L ow Tone Frequency +2 %
High Tone Freguency +2 %
DTMF receiver noise endurance

Signal to noise ratio [15 | | [dB

TONE generators for AC Characteristic (Vdd=5V,Ta=+25°C)

CHARACTERISTIC

[Min

[Typ [Max |unit

Tonel/Tone2 signal strength (root mean square voltage)

Tonel signal strength V1rms (psl) 130 [155 [180 | Vv
Tone2 signal strength V2rms (psl) 1.259V1rms Y
Tone twist

(Tonel — Tone2) twist | [-2 | [dB
Tone frequency deviation

Frequency deviation | | l+1 %

(psl) : V1rms and V2rms has 2dB difference. It means 20log(V2rms/V 1rms) = 20l0g1.259 = 2 (dB)

DED AC Characteristic (Vdd=+5.0V,Ta=+25 )

CHARACTERISTIC

MIN |TYP MAX JUNIT

Input sensitivity TIP and RING for DED, DEDTHD bit=0

-45 - dBm

Input sensitivity TIPand RING for DED, DEDTHD hit=1

-35 -- dBm

Timing characteristic (Vdd=5V,Ta=+25°C)

Description | Symbol [Min [Typ [Max |Unit

Oscillator timing characteristic

OSC start up 32.768kHz Tosc 1500 |ms
3.579MHz PLL 5 10 |us

FSK timing characteristic

Carrier detect low Tedl -- 10 (14 |ms

Carrier detect low to datavalid Tedv -- 10 20 |ns

Power up to FSK (setup time) Tsup -- 15 [20 |ms

End of FSK to Carrier Detect high Tedh -- 4 ms

* This specification is subject to change without notice.
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CW timing characteristic
CASinput signal length Tcas 80 ms
(2130,2750Hz @ -20dBm )
Call waiting data detect delay time Tewd 42 ms
Call waiting datarelease time Tewr 26 ms
DTMF receiver timing characteristic
Tone Present Detection Time Tdp (psl)
the guard-times for tone-present Tatp 30 ms
(C=0.1uF, R=300K)
the guard-times for tone-absent Tgta 30 mS
(C=0.1uF, R=300K)
Propagation Delay (St to Q) Tpg 8 us
Tone Absent Detection Time Tda (ps2) ms
SPI timing characteristic (CPU clock 3.58MHz and Fsco = 3.58Mhz /2)
/SS set-up time Tcss 560 ns
/SS hold time Tcsh 250
SCLK hightime Thi 250 ns
SCLK low time Tlo 250 ns
SCLK rising time Tr 15 (30 |ns
SCLK falling time Tf 15 (30 |ns
SDI set-up time to the reading edge of SCLK Tisu 25 ns
SDI hold time to the reading edge of SCLK Tihd 25 ns
SDO disable time Tdis 560 |ns
(psl) : Controlled by software
(ps2) : Controlled by RC circuit.
Data ROM access timing characteristic
Symbol Description Condition [Min Typ Max  |Unit
Tdiea Delay from Phase 3 end to Cl=100pF 30 ns
INSEND active
Tdiei Delay from Phase 4 end to Cl=100pF 30 ns
INSEND inactive
Tiew INSEND pulse width 30 ns
Tdca Delay from Phase 4 end to C1=100pF 30 ns
CA Busvalid
Tacc ROM data access time 100 ns
Teds ROM data setup time 20 ns
Tedh ROM data hold time 20 ns
Tdca-1 Delay timeof CA-1 C1=100pF 30 ns

* This specification is subject to change without notice.

60

2004/8/19 (V1.6



m EM78P813
8-bit OTP Micro-controller

XI. Timing Diagrams

AC Test Input/Output Waveform

24

S %mm%( S

0.45

AC Testing: Input are driven at 2.4V for logic "1", and 0.45V for logic "0". Timing
measurements are made at 2.0V for logic "1", and 0.8V for logic "0".

RESET Timing
o |
53w N I I I S I O A
/ ////
/RESET ____ /
< Tah >
TCC Input Timing
Tins
CLK
< Tice >

Fig.38 ACtiming

* This specification is subject to change without notice.
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FIRST RING SECOND RING
2SECONDS 05SEC 05SEC  2SECONDS

TIP/RINGWWU\}T AWWW
ITRIG | | | i

) (Tcdl ) <Tcdh
/CD
> Tdoe

DATA DATA ‘

(internal
clock) | 3.579MHz
> Tsup <

/358E

Fig.39 FSK timing diagram

CAS_
plug in Tcasi
on hook
in use
Tcwd
ﬁ }E
CAS *>J<—Tcwr
CWPWR power off \ power on

Fig.40 Call waiting timing diagram

* This specification is subject to change without notice.
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TONE TONE

Tdp Tgta
5-20ms—» <— —» <4 3omSTyp.
EST by SI\W
Tgtp >
30mS Typ Vist
STIGT 1/2VDD

Tpg
—» <4— 3us Typ.

STD ‘
LINE_ENG

Fig.41 DTMF receiver timing diagram

* This specification is subject to change without notice.
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XI1 Application Circuit

L CD panne
32x98 pixels
VDD
SEGMENT] COMMON Q
CA [ 1
4.7u I STGT
| ce|
VDD,AVDD,LVDD,
VDD O EST AN
| XN vouT
27p [132.768Kk —_|_
| = XOUT 1
= —®
27 L
| PLLC ver —
|
0.1u AVSS,GND ve2
EGIN1 LS
TIP — ¢ VC4
47K
LINE 4700p
|1 a7k Ww—— =1
T TITTIT
* H Vv = - - — =
4700p 47K RING VREF
*— W lul
47K
4700p
CWGS l
CWIN -
47p
L e A } |
150K 39K 4700p
Line Speetc¢
I nter|f a Net wor k
Fig.43 Internal LCD driver application circuit
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Fig.44 Externa multi-chip LCD driver application circuit
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