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LISTING PROGRAM



$MOD51

ORG O0O0O0CH
AJMP RESET

MT8888
DTMFE'1
DIGIT
PASS
COMP
FIXED

BUZZ
RS

(a9}
[0 9]
s 9]

;‘8

e N NG!
mm

0X

PESANO:
FESANL:
PESANZ:
PESAN3:
PESAN4:
PESANS:
PESANG:

DSEG
MODE :

CSEG

DB
DB
DB
DB
DB
DB
DB

AT 30H
DS

EQU 0000H

EQU ODH

EQU 31H

EQU 50H

EQU 60H

EQU 701

BIT P2.7

BIT FE3.0

BIT P3.1

BIT P3.2

BIT P3.4

BIT P3.5

'INPUT PASSWORD ',OFH
'"INFUT TELF NO ', 0FH
'AGREE?1=NO 2=YES', OFH
'-——>CHECKING<---"', QFH
' ALARM ACTIVATE ', OFH

'VERIFY PASSWORD', OFH
'SET PASS 1=Y 2=N', OFH

1

D B e 2 R o

RESET:
MOV
MOV
MOV
LCALL
MOV

LCALL
LCALL
LCALL
AJIMP

F1, #0H ;MATIKAN MOTOR DC

P2, #01 ;MATIKEN BUZZER

SF, #40H ; STACK POINTER PADA 40H

RESET8668 ;RESET MT8888

MODE, #DTMF1 ;PINDAH DATA ODH UNTUK
INISIALISASI MT8888

INIT8888 ; INISIALISASI MT8888

INIT L1CD

PASSWORD

NOMOR



PASSWORD:
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV

CEK_PASS:
MOV
ACALL
MOV

CJINE
AJMP

PASS]:
CJINE
OV
MOV
RET

PASS2:
MOV
ACALL
MOV
SWAP
MOV
MOV
INC
AJMP

A, #01H

KIRIM _PERINTAH
DPTR, #PESANO
KIRIMPESAN LCD
A, #0COH

KIRIM FERINTAH
PASS, #51H

DIGTT, #00H
SCAN_KEY

A, DIGIT

A, #00H, PASS1
CEK_PASS

A, #23H, PASS2
R1, PASS
BR1, #'8"

A, #2AH

KIRIM KARAKTER
A, DIGIT

A

R1, PASS

@R1,A

50H

CEK_PASS

;DISPLAY CLEAR
; TAMPILKAN PESAN 0

; BARIS 2 LCD AKTIF

; CEK PENEKANAN TOMBOL

;TOMBOL # DITEKAN ?

;ISI PASSWORD SELESAI

;TAMPILKAN * PADA LCD
;KIRIM KE LCD

FIXED, #71H

A, #01H

KIRIM PERINTAH
DPTR, #PESAN1
KIRIMPESAN LCD
R, #0C0H

KIRIM PERINTAH

;DISPLAY CLEAR
;TAMPILKAN PESAN 1

;BARIS 2 LCD AKTIF

[ 2%



CEK_NO:
MOV
ACALL
MOV
CJINE
AJMP

CEK1:
CJNE
MOV
MOV
AIMP

CEK2:
MOV
ACALL
MOV
MOV
INC
AIMFP

DIGIT, #00H
SCAN KEY

A, DIGIT

A, #00H, CEK1
CEK_NO

A, #23H, CEK2
R1, FIXED
GRL, #'S"
STARTD

A, DIGIT
KIRIM KARAKTER
R1, FTXED
@R1,DIGIT

T0H

CEK_NO

; TOMBOL # DITEKAN?

;IST NOMCR SELESAI

;IST AKUMULATOR=ISI DIGIT
; TAMPILKAN DI LCD

- ——— e ———— o

STARTD:
MOV
ACALL
MOV
ACALL

TANYAL:
MOV
ACALL
MOV
CJINE
AJMP

TANYAZ2:
CJINE

PROSES:
MOV
ACALL
MOV
ACALL

A, #80H

KIRIM PERINTAH
DPTR, #PESAN2
KIRIMPESAN LCD

DIGIT, #00H
SCAN_KEY

A, DIGIT

A, #31H, TANYA?
NOMOR

A, #32H, TANYAL

A, #01H

KIRIM PERINTAH
DPTR, #PESAN3
KIRIMPESAN LCD

;AKTIFKAN BARIS 1 LCD

; TAMPILKAN PESAN 2

;1 DITEKAN ?
; UBAH NOMOR TELEPON

;2 DITEKAN?

;DISPLAY CLEAR

;TAMPILKAN PESAN 3



SETB P3.3 ;P3.3 = INPUT SENSOR
NOP

NOP
;RED ALERT

JNB P3.3,$ ; SENSOR TERHALANG?
RED ALERT:

MOV A, #01H ; CLEAR LCD

ACALL KIRIM PERINTAH

MOV DPTR, #PESAN4

ACALL KIRIMPESAN 1CD

SETB BUZZ ;BUZZER ON

SETB P1.0 ; TEMPAT BARANG TURUN
ACALL DELAY?2S

ACALL DELAY?2S

CLR P1.0

SETB P1.1 ; TUTUP DAERAH UTAMA
ACALL DELAY 38

ACALL DELAYS00MS

CLR P1.1

SETB RE ;ANGKAT GAGANG TELEPON
ACALL DELAY 3S

ACALL DTMEDIALING ;MELAKUKAN DTMF DIALING
ACALL DELAY2S

ACALL DELAY2S

ACALL DELAY2S

ACALL DELAY2S

ACALL DELAY2S

CLR BUZZ ;BUZZER OFF

CLR RE ; TUTUP GAGANG

B e e e e e e ——— > e G e i —— — = —

CONE

MOV A, #01H ;DISPLAY CLEAR
ACALL KIRIM PERINTAH

MOV DPTR, #PESANS ; TAMPTILKAN PESAN 5

ACALL KIRIMPESAN LCD



MoV
ACALL
MOV

CEK_CONF':
MOV
ACALL
MOV

CINE
AJMP

CONF1l:
CJINE
MOV
MOV
AJMP

CONF2:
MOV
ACALL
MOV
SWAP
MOV
MOV
INC
AJTMP

A, #0COH
KIRIM PERINTAH
COMP, #61H

DIGIT, #00H
SCAN_KEY
A, DIGIT

" A, #00H, CONF1

CEK_CONF

A, #23H, CONE2
R1, COMP

@RI, #'S"

VER

A, $28H
KIRIM KARAKTER
A, DIGIT

A

R1, COMP

gR1,4A

60H

CEK_CONF

;BARIS 2 LCD AKTIF

; TOMBOL # DITEKAN?

; PERIKSA PASSWORD

; TAMPILKAN * PADA LCD

'ER:
MOV
MOV

CEK_VER:
MOV
MOV
MOV
MOV

CJINE

INC
INC
CJNE
MOV
CJINE

PASS, #51H
COMP, #61H

R1, COMP
A,QR1
R1, PASS
B, @R1

A, B, CONF

50H

60H

A, #'$',CEK VER
A, B
A,#'S"',CONF

;s COMP->A

; PASS->B

;AMBIL DATA BERIKUTNYA
;AMBIL DATA BERIKUTNYA
;DATA DI COMP HABIS?

;DATA DI PASS HABIS?
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CHANGE

MOV A, #01H ;CLEAR LCD
ACALL KIRIM_PERINTAH
MOV DPTR, #PESANG
ACALL KIRIMPESAN LCD
CHL:

MOV DIGIT, #00H
ACALL SCAN KEY

MOV A, DIGIT

CINE A, #31H, CH2
AJMP CH3

CHZ:

CJINE A, #32H, CH1
AJMP COMPLETE

CH3:

LCALL PASSWORD

SETB P1.3 ;BUKA DAERAH UTAMA
ACALL DELAY 38

CLR P1.3

SETB Pl.2 ; TEMPAT BARANG NAIK
ACALL DELAY2S

ACALL. DELAY2S

ACALL DELAY500MS

CLR pl.2

AJMP PROSES ;KEMBALI PERIKSA SENSOR

sWRITE DTME
; DIAMBIL DARI TUTORIAL PHONE INTERFACE

B e o . — e R - e P — A  —

WRITEDTME':
FUSH DrH
PUSH DPL

CLR RS0X ;RS0=0



MOV DFTR, #MTB888

MOVX @DPTR, A
POP DPL

POP DEH

RET

;READ STATUS MT8888
;DIAMBIL DARI TUTCRIAIL PHONE INTERFACE

PUSH DPH

PUSH DPL

SETB RSOX :RS0O=1
MOV DPTR, #MT8888

MOVY A, BDPTR

CLR RSOX ;s R50=0
BOP DPL

POP DPR

RET

;WRITE CONTROL REGISTER
;DIAMBIL DART TUTORTAL PHONE INTERFACE

WRITECR:

PUSH DPFH

PUSH DPL

SET RE0OX ;RSO0=1
MOV DPTR, #MT8888

MOVYX @DPTR, A

CLR R30OX ;RS0=0
POP DPL

pOP DPH

RET

;RESET MT8888
;DIAMBIL DART TUTQRIAL PHONE INTERFACE

RESET8888:

PUSH ACC

CLR csSB888
CLR RE
ACALL READSTAT
MOV A, #00H

ACALL WRITECR



ACALL WRITECR

MoV A, #08H
ACALL WRITECR
MOV A, #00H
ACALL WRITECR
ACALL READSTAT
POP ACC

RET

;INIT MTB888
;DIAMBIL DARI TUTORIAL PHONE INTERFACE

INITS8888:

PUSH ACC

PUSH DPH

FUSH DPL

MOV A, MODE

ACALL WRITECR

JNB ACC.3,E0 INITHS388
SWAP A N

ACALL WRITECR

EO_INIT8888:

EOP DPL
POP DPH
POP ACC
RET

; DTME DIALING NUMBER
; DIAMBIL DARI TUTORIAL PHONE INTEREFACE
; DENGAN MODIFIKASI PADA PRQSES PENGIRIMAN DATA

DTMEFDIALING:

MOV FIXED, #71H
NXTNUMBER:

MOV R1, FIXED
MOV A, ER1

CJINE A,#'$',DIAL
RET

DIAL:

INC ‘TUH

CJINE A, #30H, DIAL1Y



DIALO:

MOV A, #OAH
ACALL WRITEDTME
Upl:

ACARLL READSTAT
JNB ACC.1,UupPl
AIMP NXTNUMBER
DIAL1S:

ACALL WRITEDTME
Up2:

ACALL READSTAT
JNB ACC.1,U0P2
AJIMP NXTNUMBER

R T o N N S e S A e S S e T
H PROSEDUR SCAN KEYPAD

D o e o T S O o S R S S
SCAN KEY:

KOLOMLl:  PUSH 80U ; SAVE LOGTIC P2.7
MOV B, #7EH
MOV P2,A

ACALL DELAY 15MS
MOV A, P2

ACALL DELAY 15MS
CIJNE A, #7EH, ANGKA1
AJMP  KOLOM2

BNGKAl: CJINE A, #76H, ANGKA4
MOV B, #31H
MOV DIGIT,A
ACALL DELAY 0655
AJMP  QUT_KEY

ANGKA4 : CJINE A, #6EH, ANGKAT
MOV A, #34H
MOV DIGIT, A

ACALL DELAY 0658
AJMP  OUT KEY

ANGKA7T: CJNE A, #5EH, ANGKAll
MOV R, #37H
MOV DIGIT,A
ACALL DELAY 0658
AJMP  OUT_KEY



IANGKAll:

KOLOMZ2:

ANGKA?Z:

ANGKAS:

ANGEKAS:

KOLOM3:

MOV
MOV
ACALL
AJMP

MOV
MOV
ACALL
MOV
ACALL
CJINE
AJMP

CJINE
MOV
MOV
ACALL
AJMP

CJINE
MOV
MOV
ACALYL
AJMP

CJNE
MOV
MOV
ACALL
AJMP

MOV
MOV
ACALL
AJMP

MOV
MOV
ACALL
MOV
ACALL
CJINE
AJIME

A, #2BH
DIGIT,A
DELAY 0653
OUT KEY

A, #7DH

P2, A

DELAY 15MS

A, P2

DELAY 15MS

A, #7DH, ANGKA?2
KOLOM3

A, #75H, ANGKAS
A, #32H
DIGIT, A
DELAY 0658
OUT KEY

R, #6DH, ANGKAS
A, #35H
DIGIT,A
DELAY 065S
OUT_KEY

R, #5DH, ANGKAO
A, #38H
DIGIT, A
DELAY 065S
OUT_KEY

A, #30H
DIGIT,A
DELAY 065S
OUT KEY

A, #7BH

P2, A

DELAY 15MS

A, P2

DELAY 15MS

A, #7BH, ANGKA3
OUT KEY

10
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ANGKA3: CJNE A, #73H, ANGKA6
MOV A, #33H
MOV DIGIT,A
ACALL DELAY 065S
AJMP  OUT KEY

ANGKA6: CJNE A, #6BH, ANGKAY
MOV A, #36H
MOV DIGIT,A
ACALL DELAY 0658
AJMP  QUT KEY

ANGKA9:  CJNE A, #5BH, ANGKA12
MOV A, #39H
MOV DIGIT,A
ACALL DELAY 065S
AJMP  OUT_KEY

ANGKAl2: MOV A, #23H
MOV DIGIT,A
ACALL DELAY 065S
AJMP  OUT KEY

OUT_KEY: POP 80H
RET

D I T I B e N R R
H PROSEDUR INISIALISASI LCD

P i o o T B O R  ta e o = S
INIT LCD:

MOV A, #30H

ACALL KIRIM PERINTRH

MOV A, #30H

ACALL KIRIM PERINTAH

MOV A, #30H

ACALL KIRIM PERINTAH

MOV R, $20H

ACALL KIRIM PERINTAH

MOV A, #28H ; FUNCTION SET
ACALL KIRIM PERINTAH

MOV A, #06H ;ENTRY MODE SET
ACALL KIRIM PERINTAH

MOV n, #0CH ;:DISPLAY ON
ACALL KIRIM PERINTAH

MOV A, $#01H ; DISPLAY CLEAR
ACALL KIRIM PERINTAIL

RET



KIRIM PERINTRH:

CLR RS
ACALL KIRIM DATALCD
SWAP A

ACALL KIRIM DATALCD
ACALL DELAY 4MS

RET

KIRIM DATALCD:

PUSH ACC
ANL A, #OFOH
MOV R2,A
MOV A, Tl
ANL A, #0FH
ORL A, R2
MOV P1,A
SETB E

CLR E

POP ACC
RET

KIRIMPESAN LCD:

LOOPKIRIMPESAN:
MOV A, #00H

MOVE A, @A+DPTR

CINE A, #0FH, KIRIM LCD
RET

KIRIM LCD: ACALL KIRIM KARAKTER
INC DPTR
AJMP LOOPKIRIMPESAN

KIRIM KARAKTER:

SETB RS

ACALL KIRIM DATALCD
SWAP A

ACALL KIRIM DATALCD
ACALL DELAY 50US

RET
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E e T L O a2 ot o o S O SRR SR B S R ¥

: PROSEDUR DELAY
F e o ok L e g e e e e o o R A B U SR Rl 8 o R o 0 o R ol o A 1
DELAY25: PUSH QO5H

PUSH O6H

PUSH 07H

MOV RS, #20

LDEL2S 2: MOV R6, #200
LDEL2S 1: MOV R7, #250

DJNZ R7,$
DJNZ R6, LDEL2S_1
DJNZ R5,LDEL2S 2

POP  07H
POP  O6H
POP  0SH
RET
DELAY 4MS: MOV RO, #0FFH
MOV R1, #10H
DELAY 4MSi: DJNZ RO, DELAY 4MS1
DJNZ R1, DELAY__thS 1
RET
DELAY 50US: MOV RO, #12H

MOV  R1, #02H
DELAY 50USl: DJNZ RO,DELAY 50US1
DJNZ R1,DELAY 50US1

RET
DELAY 15MS: MOV RO, #0FFH
MOV R1, #2FH
DETAY_15MS1:  DJINZ RO, DELAY 15MS1
DJNZ R1,DELAY 15MS1
RET

DELAYS0OOMS: MOV R2, #04H

D5S: MOV RO, #OFFH
D51: MOV R1, #0FEFH
DJINZ R1,$

DJINZ RO, D51
DJNZ R2,DE
NOP

RET



DELAY_1S: MOV RO, #62H
LOP: MOV R1, H68H
LOPL: MOV R2, #32H
HERE: DJNZ R2,$
DJINZ R1,LOP1
DJINZ RO, LOP
RET
DELAY_3S: ACALL DELAY 18
ACALL DELAY_ 18
ACALL DELAY_ 18
RET
DELAY_200MS: MOV R7, #14
AGAIN: ACALL DELAY 15MS
DJNZ  R7,AGRIN
RET
DELAY_065S: MOV RO, #5H
TNDAL: MOV R1, #0FFH
TNDA2 : MOV R2, #OH
DJINZ R2,$
DJINZ R1, TNDA2
DJINZ RO, TNDAL
RET

END

;DELAY 0, 658

14
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Features

Compatible with MCS-51™ Products

+ 4K Bytes of in-System Reprogrammabile Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fuily Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

32 Programmable VO Lines

Two 16-Bit Timar/Counters

Six Interrupt Sources

Programmabla Serlal Channel

Low Power idle and Power Down Modes

@ & & 8 & 8

Description

The ATB9C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatile memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Fiash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly fiexible and cost effective solution to many embedded control appli-
cations.

(continued)
[ 3 L]
Pin Configurations POIP
P1.0 1
P11z
P1.2 3
P13«
Pt.4 5
PI.SC{6
plec]?
P1.7ds
RSTO 9
(RXD) £3.0
PQFP/TQFP (TXD) P3.1
soas (INTT) P3.2
ooaQo (IRTT) P3.3
5.5 (To) P3.4
LTI S e s ) 636
\ senaazZ>onan (RD) P3.7
XTALZ
XTALA
P1.5 1 O PO.4 {AD4) GND
P18 ]2 32 [P0.5 (ADY)
IRE=E 31 [3P0.8 (ADS)
RST 4 30 OPO.T - (ADT)
(RXD} P3O S 20 O EA/VPP aCan
NCCO B 28 KNG aaao
(TXD) P3.105 7 27 B ALE/PRTe LLs
(TRTD Py>.2(]8 26 M PEEN INDEX TAN-O QOrNn
(TRt P33 e 28 3P2.7 (A15) CORRER  _ - ___vQosde
(To) PyaCd 10 24 QP28 (AL \ cacanZ>nand
(T1) P38 3 11 23 F9P2.8 (A13)
P M TS T T i:l"ﬂ-l (AD4)

[aP0.5 (ADS)
P08 (ADS)
[DP0.7 (ADT)
D EAIVPP
=112

[ ALE/FROG
D PFSEN

P27 (A15)
P2.8 (A4}
A [oP2.8 (A13)

8-Bit
Microcontroller
with 4K Bytes
Flash

AT89C51

0265F -A-12/97

4-29
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lock Diagram

PO.0 - PO.7 P20 - P27
e U =
Vee i .
— .
; PORT 0 DRIVERS PORT 2 DRIVERS !
GND | T \ T :
- :
' RAM ADDR. PORT 0 PO '
; REGISTER RAM LATCH L2 FLASH '
,- 7 ;
. 4 y g
: :
: PROGRAM :
1 B STACK 0
REGISTER ACC POINTER REGISTER :
= ]
5 e
i BUFFER :
' TMP2 TMPY : :
'
) [}
: :
PC :
] ALU INCREMENTER :
] )
! '
, INTERRUPT, SERIAL PORT, '
. AND TIMER BLOCKS ;
; .
: b PROGRAM :
! PSW COUNTER '
: :
' r :
PSEN 4—— H
1] ]
ALEPROG 4——] TaANG | insTRUCTION OFIR »
EA / Ve ——P| CONTROL | REGISTER :
RST ——M :
= :
. PGRT 1 PORT 3 ‘
H LATCH LATCH :
: :
H .
; :
' osc :
! PORT 1 DRIVERS —»  PORT 3 DRIVERS '

jl' P10 - P17 P30 - P37

k3

430 AT89C51 e —————



The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The ldle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions untii the next
hardware reset.

Pin Description

Vee
Supply voltage.

GND
Ground.

Port 0

Part 0 is an 8-bit open drain bidirectional /O port. As an
output part each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal put-
lups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. Extemnal pullups are required during program verifica-
tion. '

Port 1

Port 1 is an 8-bit bidirectional 1/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (|, ) because of the internal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 Is an 8-bit bidirectional /O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulied low will source
current {}; ) because of the intemal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTRY). In this application it uses strong internal pullups

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port3

Port 3 is an 8-blt bidirectional 1/O port with intemal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I } becausa of the pullups,

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternata Functions
P3.0 RXD {serial input port)
P3.1 TXD (serlal output port)

AlmEL

P3.2 TNTO (external Interrupt 0)
P33 INTT (external interrupt 1)
P34 TO (timer O external input)
P35 T1 (timer 1 external input)
P38 WR (external data memory write strobe)
P37 RD (extarnai data memory read strobe)

Port 3 also receives some controt signals for Flash pro-
gramming and verification.

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device,

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit O of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode,

PSEN
Program Store Enable is the read strobe 1o external pro-
gram memory.
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When the ATB9CS51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to extermal data memory.

EANpp .

External Access Enable. EA must ba strapped to GND in
order 10 enable the device to fetch code from extemal pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
intemally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp} during Flash programming, for parts that require
12-voit Vpp.

XTALY
Input to the inverting oscillator amplifier and input to the
intemmal clock operating circuit.

XTAL2
Qutput from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and qutput, respeciively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the exteamal

It should be noted that when idle is terminated by a hard
ware resat, the davice normally resumas program execu-
tion, from where it left off, up to two machine cycles before
the internal raset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes !dle
should not be cne that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

r—c)i—I— XTAL2
£

4-—3}——1——— XTAL1

i GND

Note; C1,C2 =30pF £ 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Regonators
Figure 2. External Clock Drive Configuration

clock signal, since the input to the internal clocking circuitry NC —————1 X7aL2
is through a divide-by-two flip-fop, but minimum and maxi-
mum voltage high and low time specifications must be
observed,
EXTERNAL XTALY
QSCILLATOR ————]
Idle Mode SIGNAL
In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by GND
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled = |
interrupt or by a hardware reset.
Status of External Pins During Idle and Power Down Modes
Mode Program Maemory ALE PSEN PORTO PORT1 PORT2 PORT3
Idie Internal 1 1 Data Data Data Data
Idle External 1 1 Float Data Address Data
Power Down internal ) 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data

AT89C51 mmesssssssse——e———————————



Power Down Mode

in the power down mode the osgcillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is
restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (1) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

Whaen lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
assary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Blts Protection Type
LB1 LB2 LB3
1 U U U No program lock features.
2 P u U MOVC instructions executed from external program memory are disabled from fetching code
bytes from internal memory, EA is sampled and latched on reset, and further programming of the
Flash is disabled,
P P u Same as mode 2, also verify is disabled.
P P P Same as mode 3, also external execution is disabled.

Programming the Flash

The AT88C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-volitage
{(Vce) program enabie signai. The low voltage program-
ming mode provides a convenient way to program the
ATB89C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers. -

The AT89CS51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective

top-side marking and device signature codes are listed in
the following table.

Vpp = 12V Vpp= 5V
Tep-Side Mark AT89C51 ATB9C51
XXX 000¢-5
YYWW yyww
Signature (030H)=1EH (03CH)=1EH
(031H)=51H (031H)=51H
{032H)=FFH (D32H)=05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on~chip Flash Memoary, the enlire memory
must be erasad using the Chip Erase Mode.

AImEY

Programming Algorithm: Before programming the

ATE83C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89C51, take the follow-

ing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

4. Raise EANVpp to 12V for the high-voltage programming
moda.

5. Pulse ALE/PROG once to program a byte in the Flash
amay or the lock bits. The byte-write cycle is self-timed
and typicaily 1akes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Poliing: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7, Once the write cycle
has been completed, true data are valid on ali outputs, and
the next cycle may begin. Data Polling may bagin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also

be monitored by the RDY/BSY output signal. P3.4 is pulled

low after ALE goes high during programming to indicate

BUSY. P3.4 is puiled high again when programming is

done to indicate READY.
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Program Verify: If lock bits LB1 and LBZ have not been
pregrammed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1°s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, '

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values returned are as follows.

(030H) = 1£H indicates manufactured by Atme!
(031H) = 51H indicates 89C51

{032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byie in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer woridwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the apptopriate software revision.

Flash Programming Modes

Mode RST | PSEN- ALE/PROG EAVpp | P26 | P27 | P36 | P37
Write Code Data H L H/12v L H H H
~_
Read Code Data H L H H L L H H
Write Lock Bit - 1 H L H/12v H H H H
~_
Bit-2 H L Hi12v H H L L
~ S
Bit-3 H L H/12v H L H L
~"
Chip Erase H 8 " Hii2v H L L L
~
Read Signature Byle H L H H L L L L
Note: 1. Chip Erase requires a 10-ms PROG pulse.

4-34
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Figure 3. Programming the Flash

Figure 4, Vaerifying the Flash

+5V +8V
AT89C51 AT89CS51
apor A0 AT ) g Voo ADDR, AL AT,1 oy Vee J
OOOMOFFF:B ¥ P20 - P23 PO [ TN ”::"‘CFFF:B —» P20 -F23 PO r—»a%ké Soe
AL [P s P26 PULLUPS)
SEE FLASH | —»| P27 ALE |« PROG SEE FLASH | —»] P27 ALE
PROGRAMMING PROGRAMMING
MODES TABLE | —% P36 MODES TABLE | —»{ P36 I
—»f P37 B ——»{ P37 _
XTALZ EA je—— V, N XTAL2 EA
324 MHz l I 3-24 MHz
— -
ﬂ XTAL1 RST f¢—— V,, XTAL RST le—— Vv,
GND PSEN GND PSEN
! 1 < 4
Flash Programming and Verification Characteristics
To=0°Cto 70°C, Voo = 5.0 £ 10%
Symbol Parameter Min Max Units
Vpplh Programming Enable Voltage 1.5 125 v
tppl! Programming Enable Current 1.0 mA
MereL Oscillator Frequency 3 24 MHz
tavGL Address Setup to PROG Low 48t oL
toHAX Address Hold After PROG 48tc oL
toveL - Data Setup to PROG Low 48t
teHOX Data Hold After PROG 48t oL
tensH P2.7 (ENABLE) High to Vpp 48tc oL
tsHGL Vpp Setup to PROG Low 10 us
tons ! Vpp Hold After PROG 10 us
teLGH PROG width 1 110 us
tavav Address to Data Vaiid 48ic oL
oy ENABLE Low to Data Valid 48ie oy
‘eraz Data Fioat After ENABLE 0 48leicy
toHaL PROG High to BUSY Low 1.0 us
e Byte Write Cycle Time 20 ms
Note: 1. Only used in 12-voit programming mode.
AIMEL &3
L
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

P10 - P17 ’ PROGRAMMING VERIFICATION
P20 - P23 4 ADDRESS \—jﬁ ADDRESS
— tAVQV
PORT O ¢ DATA IN ( DATA OUT E——~—
* tovel  tonox [
tavelL [* tonax
ALE/PROG /
tSHGL - ‘_tGLGH“__d tGHSL
A _Nee 0GIC 1
EANep . —. oeicol 1 _______.

le—t
P27 EHSH teLov -~ *— tenaz
(ENABLE)
toraL —1

P34__
(ROY/BSY) BUSY READY

Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
. . N .
P20 - P23 — ADDRESS /—j ADDRESS
[*— tavav
PORT 0 DATA IN ) DATA OUT p———
tovaL  toHox [+
taveL [+ —* tomax
ALE/PROG N A
fenat [* ‘—tGLGH—ﬁ
. LOGIC 1
EAVpp AN A weecol___ L _____
— {
P2.7 EnsH terav e *— tenaz
(ENABLE)
toneL —*
P34
(RDY/BSY) BUSY READY
twe
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Absolute Maximum Ratings*

Operating Temperature ..................-.....oooveee -55°C to +125°C "NOTICE:  Stresses beyond those lisled under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature ................oeeeeeeeeevn e -65°C to +150°C age to the device. This is a siress rating only and
functional operation of the device at these or any
Voitage on Any Pin other conditions beyond those indicated in the
with Respectto Ground .................oo v -1.0Vto +7.0V operational sections of this specification is not
implied. Exposure o absolute maximum reting
Maximum Operating Voltage................ccccoivrvenniiiinncnns 6.6V conditions for exterxied pariods may affect device
rellabilty.
DC Output CUMeN......c...coivirie e e 150mA
DC Characteristics
Ta = -40°C to 85°C, Ve = 5.0V £ 20% {unless otherwise noted)
Symbot Parameter Condition Min Max Units
Ve input Low Voitage {Except ER) 0.5 0.2Vee-0.1 v
Vi« Input Low Violtage (EA) 05 0.2Ve-03 v
Vin input High Voltage {Except XTAL1, RST) 0.2 Ve + 0.9 Vee+ 0.5 v
Vi Input High Voltage (XTAL1, RST) 0.7 Vee Voo ¥ 0.5 v
VoL Output Low Voltage!") (Ports 1,2,3) low = 1.6 mA 0.45 v
Vous Output Low Vokage'") loL = 3.2 mA 045 v
(Port 0, ALE, PSEN)
Vou Output High Voitage low = 80 pA, Ve = 5V £ 10% 24 v
(Ports 1.2.3, ALE. PSEN) lon= 25 pA 0.75Vee v
lon=-10 uA 0.9Vee v
Vo Output High Voltage loy = -800 HA, Vee =5V 10% 24 v
i B
{Port 0 in External Bus Mode) lon = -300 pA 0.75 Vee Vv
ton = 80 yA 0.9 Vee v
Iy, Logical @ Input Current (Ports 1,2,3) Vin = 045V -60 HA
In Logical 1 to 0 Transltlon Current ViN=2V,VCC =5V £ 10% -850 HA
{Potts 1,2,3)
Iy Input Leakage Current (Port 0, EA) 045 <V )y < Voo +10 pA
RRST Reset Pulidown Reslistor 50 300 KQ
Co Pin Capacitance Test Freq. = 1 MHz, Tp = 25°C 10 pF
lec Power Suppiy Current Active Mode, 12 MHz 20 mA
idie Mode, 12 MHz 5 mA
Power Down Mode(? Voo = 8V 100 RA
VCC = 3V 40 BA
Notes: 1. Under steady state (non-transient) conditions, I must be externally limited as follows:

Maximum Igy_per port pin: 10 mA
Maximum lg, per B-bit port: Port 0: 26 mA

Ports 1, 2, 3: 15 mA
Maximum total i for all cutput pins: 71 mA

If | exceeds the test condition, Vo may exceed the related spacification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum V¢ for Power Down is 2V,

AIMEL
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF)

External Program and Data Memory Characteristics

Symbol Parameter 12 MHz Osclilator 16 to 24 MHz Osclllator Units
Min Max Min Max
Moo Osclliator Fraquency o 24 MHz
WHL ALE Pulse Width 127 ey ¢ 40 ns
tavie Address Valid to ALE Low 43 torc-13 ns
tax Address Hold After ALE Low 48 tore 20 ns
tuw ALE Low to Valid Instruction in 233 Mg o 85 ns
tupeL ALE Low to PSEN Low 43 ' toLe-13 ns
teLpn PSEN Pulse Width 205 3ty 20 ns
toLiv PSEN Low 1o Valid Instruction In 145 3t e 45 ns
texix Input Instruction Hold After PSEN 0 0 ns
pyiz Input Instruction Fioat Aar PSEN 58 =10 ns
toxav PSEN to Address Valid 75 oo 8 ns
taviv Address to Valid Instruction In 312 S5t 55 ns
tpaz PSEN Low to Address Float 10 ' 10 ns
tRLRH RD Pulse Width 400 Bty -100 ns
twLwH WR Pulse Width 400 Btg c -100 ns
triov RD Low to Valid Data In 252 StoLcL-90 ns
tRHDX Data Hoid After RD 0 0 ns
trHDZ Data Float After RD a7 ¢ 0728 ns
tupy ALE Low to Valid Data In 517 8l -150 ns
tavov Address to Valid Data In 585 BMoLoL-185 ns
tow, ALE Low to RD or WR Low 200 300 3t 50 3tgy ¢ +50 ns
tavwL Address 1o RD or WR Low 203 o o 15 ns
tavwx Data Valid to WR Transition 23 tere 20 ns
tavwn Data Valid to WR High 433 TtoLcL-120 ns
twHax Data Hold Afier WR 33 oL 20 ns
triaz RD Low to Address Float 0 0 ns
b H RD or WR High to ALE High 43 123 tereL-20 to oL +25 ns
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External Program Memory Read Cycle

b, —*
ALE N
N toLpn
Lt * Y
— tLLPL [e— N
PSEN TN ¥ touv . .
—» tPLAZ tp PXA)
tiax xz
toxix e
PORT 0 D G  INSTRIN__ D > a0-ar_ <
o Yoy —————»
PORT 2 D¢ AB-AlS X AB-A15

External Data Memory Read Cycle

tLHLL—"T
ALE ‘t ‘r — tLNHTL____/

PSEN :
- |l tLLW u
tRLRH -~
o towy e
=Th N
RD et | ax ——] __*/V .
. tAVLL“'s triov RHDZ

t .
RLAZ ™1 — tarox
PORT 0 DTQ‘O - A7 FROM Rl OR DPLX K DATA mz AD - A7 FROM PCL>—< INSTR IN

F—- tavwi

vy ——————,
PORT 2 X P20 - P2.7 OR A8 - A15 FROM DPH X A3 . A5 FROM PCH

ATMEL 30
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External Data Memory Write Cycle

Yh—»
ALE N
—» bk
PSEN 7 _/
e twe —se—twiwn —#]
WR et Lax A
tAVLL_""”” tQVWX - ™ k" tWHQx
— tavwn -—#
PORT 0 AD - A7 FROM Ri OR DPL DATA OUT AQ - AT FROM PCLO—(INSTR IN
tawy —
PORT 2 P20 - P27 OR AB - A15 FROM DPH ¢ AB - A15 FROM PCH

External Clock Drive Waveforms

1c tomex
Voo - 05V HEX torew — 1 e
0.7 Vee
sy J 0.2 Vge- 0.1V N Z k
+—— toiex —*
- teict —
External Clock Drive

Symbol Paramater Min Max Units
1o Oscillator Frequency 0 24 MHz
teLaL Clock Period 416 ns
teHex High Time 15 ns
toLex Low Time 15 ns
teren Rise Time ~ 20 ns
cHe Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Ve = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol Paramatar 12 MHz Osc Variable Oscillator Units
Min Max Min Max

o xt Serial Port Glock Cycle Time 1.0 12teeL us

tavxr Output Data Setup to Clock Rising Edge 700 10t e -133 ns

txHax Output Data Hold After Clock Rising Edge 50 Ao -117 ns

txrox Input Data Hoid ARer Clock Rising Edge 0 0 ns

txHoV Clock Rising Edge to Input Data Valid 700 10tg L -133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION [ q® ot 2 | 3 4 | 5 | .6 | 7 | _8_
ae LU L L e e e e
t)(L)(L
CLOCK - S T O I U N N B
XH
‘ — '4— banax
WRITE TC SBUF, 0 112 X3 a4 x5 X8 X717 7
v — t
OUTPUT DATA txriow fe——] [ txwox SETT\T
L CLEARRI |
v
INPUT DATA SET RIT

AC Testing Input/Output Waveforms(!)  Float Waveforms!!)

Vee- 0.5V

0.45v ~———/

02 Vo + 0.8V

TEST POINTS
02 Vg - 0.9V

Note: 1. AC Inputs during testing are driven at Vo - 0.5V for  Note: 1. For timing purposes, a port pin Is no longer fioating

alogic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs, A
ments are made at Vi,y min. for a logic 1 and V) port pin begins to float when 100 mV change from
max. for a logic 0. the icaded VoV leve! occurs.

AIMEL 4
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Ordering Information

Spead Power
{MHz) Supply Ordering Code Package Operation Range

12 5V £ 20% AT88C51-12AC 44A Commercial
AT88C51-12)C 44) {0°C to 70°C)
AT89C51-12PC 40P8
AT89C51-12QC 4Q
ATB9C51-12A 44A Industrial
AT89C51-12JI 44 (-40°C 1o 85°C)
AT839C51-12PI 40P6
AT88C51-12Qu 44Q
AT88C51-12AA 44A Automotive
AT89C51-12A 4 (-40°C 10 105°C)
ATB89C51-12PA 40P6
AT89C51-12QA 44Q

16 5V = 20% AT89C51-16AC 44A Commercial
AT89C51-184C 44) (0°C 10 70°C})
AT89C51-16PC 40P6
AT88C51-16QC 44Q
AT89C51-16Al 44A industrial
AT89C51-16J 4.1 (-40°C to 85°C)
ATB9C51-16PI 40P6
AT88C51-16Ql 44Q
AT89CE1-16AA 44A Autormnotive
ATB9C51-16JA 44J (-40°C to 105°C)
ATB9C51-16PA 40P6
AT83C51-18QA A0

20 5Vt 20% AT89C51-20AC 44A Commarcial
AT89C51-20JC 444 (0°C to 70°C)
AT89C51-20PC 40P6
ATBSC51-20QC 44Q
ATBSC51-20Al 44A Industrial
AT88CS51-20J1 44J (-40°C 1o 85°C)
AT89CS51-20PI 40P6
ATB9CS51-20Q1 4Q
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Ordering Information

Speed Power
(MHz) Suppiy Ordering Code Package Operation Range
24 5V £ 20% ATBBCE51-24AC 44A Commercial
AT89C51-24.C 44) (0°C to 70°C)
ATBYC51-24PC 44P6
AT88C51-24QC 4Q
AT89C51-24A) 44A industriai
AT89051 -24J1 44) (-40°C to 85°C)
AT89C51-24PI 44r8
AT89C51-24Q! 4Q
PER U ST A oA A '*1
Universitas Fato & beer e seauudld
U LA s B
Package Type
44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead. 0.600" Wide, Plastic Dual Inline Package (PDIP) o
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP) )

AlmEL




Dimensions Diagram
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NN e s s S SRR R E ALE]
I DAt RS O S [ O O S | O Sla7l 5
sl gl sl e - I o T e N S L
gl Sads [ e+ Daowomomomown g hoow o gls | ¢
g =izl s P 1 A T [ I T D 1O 1 | T O g :
EAENI ] L) gl
N T :
= 1 - —— <
13 1= T =t olxl
: E “ = /(.220) HL.Omax/.1S5Tmac
] = . .20 .Omax./.
= ! 15.385/.60¢ 55.7130.3/2.194 (r:.}uﬂ/i.sn) = (5.8)
- 385/, : =
S
2 J r 01015}/ 423} = |
: I '2'25/"82‘_ 22082 ! l p ] ) 10. tmas./ . J0émac.
i ! I 72451 {583/
1.0/.2% 12.8/2. S
L T

1]
]
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i1 T l.::]
Unit : mm/inch
General tolerance: £0.5mm
- No. | Symbol| Level Function i
| Vss - 0V (GND)
2385109, ]o.15/.0%0 P
2 Vee . Sowclr 5V £10%
’ u
29.50/.ozo_ 0.07..083 3 Voc " pply for LCD Drive
3 I B 4 RS H/L |H: Data Input
s gchg L: Instruction Input i
e nooD 5 | RW | HL |H:READ L:WRITE }
of I 2 8 6 C H, 3. (Enable Signal
3l < 000 7 | DBO | HL
. * LUOAdoy $ | b8l [ ni [
o ooooo L 9 | DB2 | HL
3 ) ) 10_| ©B3 | HL

11 DB4 HL Data Bus

12 DB3 H'L
13 336 Hu
14 D7 H/L

Bnck 4 - 4.2V "
15 | V+BL - Light 50-200mA

16 [ v-oL | - ]wely  [oviGND) |

Figure 1 Dimensions diagran




OPERATING INSTRUCTIONS

INTRODUCTION

include: 1) Register select RS input consisting of instruction
register (IR) when RS = 0 and data register {DR) when

. RS =1, 2) Read/write (R/W); 3) Data bus (DB7~ DBO);
and 4) Enable strobe (E) depending on the MPU or
through an external parallel /O port. Details on insfruc-
tions data entry, execution times, etc. are explained in the
following sections.

Selko Instruments intelligent dot matrix liquid crystal
display modules have on-board controller and LS| drivers,
which display alpha numerics, Japanese KATA KANA char-
acters and a wide variety of other symbols in either 5 x 7 dot
matrix. .
The internal operation in the KS0066 controller chip is
determined by signals sent from the MPU. The signals

Reap AND WRITE TIMING DIAGRAMS AND TABLES

The following timing characteristics are applicable for all of Seiko's LCD dot matrix character modules.

WRITE TIMING CHARACTERISTICS .~

ReaD TimING CHARACTERISTICS

Ve=5.0V15%, V=0V, T;-O"C 1050°C

Ve=5.0V 5% Va=O\, T=0'C 10 50°C

ltem Syrnbo Standnd Unit ltem Symbol Standard
Min, Max. Min. Max.
Enabla cycle time tevcE 5C0 — 1} ns Enable cycle time tovcE 500 — ns
Enabie pulse width _ High Level PWey, 230 —_ ns Enable pulse width _ High Level PWe, 230 — ns
Enable rise and fall time kel — 20| ns Enable dse and fall time g ber —_ 20 ns
Address setup time RS RW—E | t,; 40 — | ns Address getup time RS, RW—E | 1, 40 — ns
Addrass hold time fan 10 —_ ns Address hold time b 10 — ns
Data delay time toor — 160 ns Data setup time _losw 80 —_ ns
lEatz hold time E™ 5 — ns Data hold time t 10 — ns

RS > : Vo MK_'_ RS >< VJ'" Vu‘b(
Ly L3 [ [,
" Veu e /7
RAR / Voo N RW v Vo
un e PW,. (™
— t . bmuwie [l naa X
[ ' Vo Voo Ve
—— 4]\ Vo e ‘{.- € - ; ¥V v % N
—] f—t, ___.1 fo— &,
looe )
-
DSk D8, X vaid geia * - v - V.
Voo Var D&, o 08, v Vel data v B
LE
Note: *VOL1 is assumed 10 be 0.8 V at 2 Mz operation.

DATA READ FROM MODULE TO MPU

DATA WRITE FROM MPU TO MODULE




OPERATING INSTRUCTIONS

INTRODUCTION CODES

Set . - B . Instruction Code

‘RS RW_ D! DBs DBS DB4 DB3 DB2 DB1 DBO.

- Deseription™~

Execution Time
" {when Ip O fose

" . -is250kH1)

Clears alf display memory and
Clear Display 0 0 0 ¢} 0 0 0 0 o] 1 returns the cursor to the home | B2 uS - 1.64ms
position (Address 0).
Returns the cursor to the
home position (Address 0}
Return Home ojo|lofofo oo of v - shifted Lo the original position. | 40 s - 1.6ms
DD RAM contents remain
unchanged.
Sets the cursor move direction
and specifies to or not to shift
Entry 0 4] 0 0 0 0 0 1 m | s the dispiay. These operations 40 uS - 1.64ms
Mode Set write and read.
Display (D} is display ON/OFF control
ON/OFF 0 0 0 0|0 0 1 o[c s memory remains unchanged
Control i OFF gondition. (C) cursor 40 us
ON/OFF (B) blinking cursor.
Moves the cursor and shifts
Cursor of 0 0 0 0 0 1 SIC| R * . the display without changing A0 us
Display Shift DD RAM contents. ]
Sets interface data length
fFunction Set 0 0 0 0 1 DL| N F . . (DL). number of display lines 40 ps
(N}, and character font (F).
Sets the CG RAM address.
Set CG RAM 0 [1] 0 ] Acg CG RAM data is sent and 40 p5
Address received after this setting.
Sets the DD RAM address. 40us
Set DD RAM 0 0 1 Aco DD RAM data is sent and
Address received after this setting.
Read Reads Busy Flag (BF)
Busy Flag AN IR B AC indicating internal operationis | 145
& Address being performed and reads
address counter contents.
Write Data Writes data into DD RAM o 4O pus
toCGor 1 0 Write Data CG RAM.
to DD RAM
Read Data Reads data from DD RAM or
from CG or 1 1 Read Data CG RAM. 4Q ps
DD RAM
* Doesn't matter
DDRAM:  Display data RAM D=1  Increment Cs: Cursor ON RL=1: Right shift
CGRAM:  Charscter generator RAM VD=0:  Decrsment Cx0:  Cursor OFF RLs0;  Left shift
- CG RAM address . ; i 8= Blink ON
e :ﬂf szp‘.“l"'"";m Ba0:  BlinkOFF DLe1  Bbis
Aoo DO RAM address comesponds to i display shit ) ) DL=0:  4bis
CUrsor address Del: Oisplay ON SICe 1 Display shit
i i Y SK =0 Cursor movement . .
) D=0 Dispiay OFF N=1: 2 bines (L16T1)
L Address coumnmsed for both DD BF=1: tnermal oparalion in progress
RAM and CG address BFs 0 Instruction can be sccepted Fel: 5 x 7 dot matix

Execution times in the above table indicate the minimum values when operating frequency is 250 kHz.

When €. s 220 kHz: 405 x 250/250 = 3TkS



OPERATING INSTRUCTIONS

INTRODUCTION CODE EXPLANATIONS

The two registers 1) Instruction Register (IR) and the
2) Data Register (DR) in the KS0066 controller chip are directly
controlied by the MPU. Control information is temporarily stored
in these registers prior to internal operation start. This.allows
interface to various types of MPUs which operate at different

speeds from that of the KS0066, and aliows interface from
peripheral control ICs. internal operations of the KS0066 are
determined from the signals sent from the MPU. These signals,
including register selection signals (RS), Read/Write (R/W) and
data bus signals (DBO0 - DB7) are polled instructions.

- REGISTER SELECTION

RS RIW Operation

0 0 IR selection, IR write. Internal operation: Display clear

0 1 Busy flag (DB7) and address counter (DBO to DB6} read

) 0 DR selection, DR write. Internal operation: DR to DD RAM or CG RAM
1 1 DR selection, DR read. Internal operation: DD RAM or CG RAM to DR

Apbress Counter (AC)

The counter specifies an address when data is writien
intoc DD RAM or CG RAM and the data stored in DD RAM or
CG RAM is read out. If an Address Set instruction {for DD
RAM or CG RAM) is written in the IR, the address information
is transferred from the IR to the AC. When display data is writ-

Cuear DisprLav
RS R/W DB? DBO

Code 1 oJofJofJoJoJoJoJoJo]]

Clear all display memory and return the cursor to the

CursorR Home

RS RW D87 DBC
Code (ofofofjoJoJoflofol1]-]
*Doesn't matter

Returns cursor to home position. First line first character

Conditions of use

" RESTRICTIONS-ON EXECUTION OF DispLAY CiEAR AND CURSOR HOME INSTRUCTIONS

ten into or read from DD RAM or CG RAM, the AC is automati-
cally incremented or decremented by one according to the
Entry Mode Set. The contents of the AC are output to DBO to
DB6; refer to above “Register Selection Table” when RS =0
ang RIW = 1,

home position. In other words, the cursor returns to the first
character block on the first line on all 1, 2, and 4 line charac-
ter modules except L4044. | the above is entered on E2Z (the
second controller for lines 3 and 4), the cursor will return to
the first character on the third line.

blocks on all 1, 2 and 4 line display; except L4044 refer "clear
display”: (Address 0; Aso “80"). The contents of the DD RAM
remain unchanged.

Restrictions

When executing the Dispiay Clear or Cursor Home
instruction when the display is shifted
{after execution of Display Shift instruction).

The Cursor Home instruction shouid be executed again immediately
after the Display Clear or Cursor Home instruction is executed.
Do not leave an interval of a multiple of 400/,s.* second after the first execution.
o LAO5Z: foge = 250 kHZ
* The other modules: fuce = 270 kHz
*fosc: Osciliation frequency

When 23,,, 217, 63, or 67, is used as a DD RAM
address (0 execute Cursor Home instruction.

Cofore exacuting the Cursor Home instruction, the data of the four DO

RAM addresses given at the left should be read and saved. After execution, write
the data again in DD RAM. (This restriction is necessary to prevent the contents
of the DD RAM addresses from being destroyed after the Cursor Home
instruction has been executed.)




OPERATING INSTRUCTIONS

EnTRY MODE SeY
RS RW D87 DBO

Code [oJoJoJoJoJo|[oJ1[w[s]

I/D: Increments (I/D = 1) or decrements (I/D = 0) the DD
RAM address by one block when writing or reading a charac-
ter code from DD RAM or CG RAM. The cursor automatically
moves to the right when incremented by one or to the left if
decremented by one.

DispLay AND CursOr ON/OFF ConTrOL
RS RMW DB7 DBO

Coe [oJoJoJoJoJoJrJojc]s]

D: Display is turned ON when D = 1 and OFF when D =
0. When display is OFF, display data in DD RAM remains
unchanged. Information comes back immediately when D =
1 is entered.

C: Cursor is displayed when C = 1 and not displayed
when C = 0. If the cursor disappears, function of /D etc.

S: Shifts the entire display to either the right or left when
S = 1 {(high). When S = 1 and I/D = 1 the display shifts one
position to the left. When § = 1 and 1/D = 0 the display shifts
one position to the right, This right or left shift occurs after
each data write to DD RAM,. Display Is not shifted when read-
ing from DD RAM. Display is not shifted when S = 0.

does not change during display data write.Ina 5 x 7 dot
matrix there is an eighth line which functions as the cursor.

B:When B = 1, the character at the cursor position starts
blinking. When B = 0 the cursor does not blink. The blink is
done by stiching between the all black dot matrix and dis-
played character at 0.4 seconds intervals. The cursor and the
plink can be set at the same time (fosc = 250 kHz).

5 x 7 DOT MATRIX

C = 1 {cursor display)

<+~ Cursor
CursoRr Or DispLAY SHIFT
RS RW DB? 0BO
Coce {ofofolaolofr {sefmf-T]-]
* Doesn't Matter

Cursor/Display Shift moves the cursor or shifts the dis-
piay without changing the DD RAM contents.

The cursor position and the AC contents match. This
instruction is available for display correction and retrieval
because the cursor position or display can be shifted without
writing or reading display data. In case of a 2-line display, the

B = 1 (blinking)

cursor is shifted from character block 40 of line 1 to character
block 1 of line 2. Displays of lines 1 and 2 are shifted at the
same time. In case of a 4-line display, the cursor does not
move continuously from line 2 1o line 3. The cursor is shifted
from character block 40 of line 3 to character block 1 of line 4.
Displays of lines 3 and 4 are shifted at the same time. The dis-
play pattern of line 2 or 4 is not shifted to line 1 or 3.

S/IC RIL Operation

(] o The cursor position is shifted to the left (the AC decrements one)

0 1 The cursor position is shifted to the right (the AC increments one)

) 0 The entire display is shifted to the left with the cursor A
1 1 The entire display is shifted to the right with the cursor
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FuncTioN Set

RS RMW DB7 DBD
Code [ojofofJofrJoufnfef-]-}
* Doesn't Matter

Function Set sets the interface data length, the number
of display lines and the character font.

Number of display lines

Character font
5 x 7 dot matrix

DL: interface data length
When DL = 1, the data length is set at 8 bits (DB7 to DBO).
When DL = 0, the data length is set at 4 bits (DB7 to DB4).
The upper 4 bits are transferred first, then the lower 4
bits follow.
N: Number of display lines
F: Sets character font

LCD Module
All character LCD modules

Duty Cycle

The Function Set instruction must be executed prior (o all other instructions except for Busy Flag/Address Read. If another instruction is
executed first. no function instruction except changing the interface data lenght can be executied.

CG RAM Aporess Ser

RS RW DB7 DBO
Code JoJofof 1 JaTalafalafal]
+ Upper bit Lower bit ~

CG RAM addresses, expressed as binary AAAAAA, are
set to the AC. Then data in CG RAM is written from or read to
the MPU.

DD RAM ADDRESS SeT

RS RMW DB7 DBO
Cole [0Jo 1 JAJAJATATATATRA]
- Upper bit Lower bit -

DD RAM addresses expressed as binary AMAAAA are
set to the AC. Then data in DD RAM is written from or read to
the MPU.

Busy FLAG/ADDRESS READ

RS RW DB7 DBO
Coe {oJoferJalafafafalalnl]
~— Upper bit Lower bit —

The BF signal can be read to verify if the controller is indi-
cating that the module is working on a current instruction.

When BF = 1, the module is working internally and the next
instruction cannot be accepted until the BF value becomes 0.

When BF = g, the next instruction can be accepted.

Therefore, make sure that BF = ( before writing the next
instruction. The AC values of binary AAAAAA are read out at
the same time as reading the busy flag. The AC addresses
are used for both CG RAM and DD RAM but the address set
before execution of the instruction determines which address
is to be used.

Data Write o CG RAM or DD.RAM

RS RW DB7 DBO
Code [1]oJofofofofofofofo]
- Upper bit Lower bit —

Binary eight-bit data DDDDDDDD Is written into CG RAM
or DD RAM. The CG RAM Address Set instruction or the DD
RAM Address Set instruction before this instruction selects
either RAM, After the write operation, the address and dis-
play shift are determined by the entry mode setting.

Daia Reap 1o CG RAM or DD RAM

RS RW DB? DBO
Cde |1 ]1]pfojJoJofojoJoJo]
« Upper bit Lower bit —

Binary eight-bit data DDDDDDBDD is read from CG RAM
or DD RAM. The CG RAM-Address Set instructicn or the DD
RAM Address Set instruction before this instruction selects
either RAM, In addition, either instruction is executed imme-
diately before this instruction. If no Address Set instruction is
executed before a read instruction, the first data read
becomes invalid. If read instructions are executed consecu-
tively, data is normally read from the second time. However,
if the cursor is shifted by the Cursor Shift instruction when
reading DD RAM, there is no need to execute an address set
instruction because the Cursor Shift instruction does this.

Alter the read operation, the address is automatically
incremented or decremented by one according to the entry
mode, but the display is not shifted. :

Note: The AC is automaticaily incremented or decremented by
one according to the entry mode after a write instruction is
excecuted to write data in CG RAM or DD RAM. However, the
data of the RAM selected by the AC are not read out even if a
read instruction is executed immediately afterwards.
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5 x 7 + CURSOR

Relationships between CG RAM addresses and character codes {DD RAM) and character patterns (CG RAM data),

{5 x 7 dot matrix).5 X 7 Table

~» Character code ) Character pattern
Z»- (OD RAM data) CG RAM address {CG RAM data)
7 65 43 210 5 4 3 2 1 0{1(17 6 5 4 3 2 10
Upper bit Lower bit Upper bit Lower bit Upper bit Lower bit
0 0 off|s + <jAF 0
0o 0 1 : 1| Example of
7| character
g : 2 ; pattern (R)
0 000 0 00 o 0 a]1 0 O 0 ] a
1 0 1 470 051 0
110 70 0 03
1 1 1 « = +[0 0 00O Cursecr position
0 0 0. « «|Hi0 0 01,
0 o 1 10 Example of
o 1 o 1..3 | character
0000 001 ¢ ¢ {0 1 0 ¢ pattern(¥)
1.0 0 S}
1 0 1 [
110 ‘00
T 1 1 * . e 00
0 0 0 . s .
60 0 1
— L —
0000 * 1 11 1
i1 0 0
1 0 1
P10
1 1 1 . . .

Nores:

In CG RAM data, 1 corresponds to Selection and 0 to Non-sefec-
tion on the display.

Character code bits 0 to 2 and CG RAM address bits 3 to 5 corre-
spond with each other (three bits, eight types).

CG RAM address bits 0 to 2 specify a line position for a character
pattern. Line 8 of a character pattern is the cursor position where
the logical sum of the cursor and CG RAM data is displayed. Set
the data of line & to 0 to display the cursor. if the data is charged
to 1, one bit lights, regardless of the cursor.

The character pattern column position corresponds to CG RAM
data bits 0 to 4 and bit 4 comes to the left end. CG RAM data bits
5 to 7 are not displayed but can be used as general data RAM.
When reading a character pattern from CG RAM, set to 0 all of
character code bits 4 to 7. Bits 0 to 2 determine which pattern
will be read out. Since bit 3 is not valid, 00« and 08+ select the
same character.
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PrOGRAMMING THE CHARACTER GENERATOR RAM (CG RAM)

The character generator RAM (CG RAM) allows the user
1o create up to eight custom 5 x 7 characters + cursor (5 x 8).
Once programmed, the custom characters or symbols are
accessed exactly as if they were in ROM. However since the
RAM is a volatile memory, power must be continually
maintained. Otherwise, the custom characters/symbols must
be programmed into non-volatile external ROM and sent to
the display after each dispiay initialization. All dots in the 5 x 8
dot matrix can be programmed, which includes the cursor
position.

The modutes RAM are divided into two parts: data
display RAM (DD RAM) and custem character generator RAM
(CG RAM). This is not to be confused programming the
custom character generator RAM with the 192 character
generator ROM, The CG RAM is located between hex 40 and
7F and is contiguous. Locations 40 thru 47 hold the first
custom character (5 x 8), 48 thru 4F ho!d the second custom
character, 50 thru 57 hold the third CG, and so forth to 78
thru 7F for the eighth CG character/symbol.

If during initialization the display was programmed to
automatically increment, then only the single initial address,
40, need be sent. Cansacutive row data will automatically
appear at 41, 42, etc. until the completed character is
formed. All eight custom CG characters can be programmed
in 64 consecutive "writes” after sending the single initial 40
address.

The CG RAM is 8 bits wide, although only the right-most
5-bits are used for a custom CG character row. Tk® left-most
dot of programming the CG RAM character corresponds to
D4 in the most significant nibble (XXXD4) of the data bus
code, with the remaining 4 dots in the row corresponding to
the least significant nibble (B3 thru DQ), DO being the right-
most dot. Thus, hex 1F equals all dots on and hex 00 equals
all dots off. Examples include hex 15 (10101) equai to 3 dots
on the hex 0A (01010} equal 2 dots on. In each case the key
5-bits of the 8-bit code program one row of a custom CG
character, When all 7 or 8 rows are programmed, the char-
acter is complete. A graphic example is shown below:

0 0 40 — addresses 1st row, 1st CG character
1 0 11 . result of 11, 1st row
1 0 0A . result of 0A, 2nd row
1 0 1F el result of 1F, 3rd row
1 0 04 * result of 04, 4th row
1 0 1F el result of 1F, 5th row
1 0 04 * result of 04, 6th row
1 ) 04 * result of 04, 7th row
1 0 00 — result of 00, 8th row {cursor position)
1 0 15 wew 1st row, 2nd CG character.
Note: Addressing not now required,
hex 48 is next in the sequence.
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ADDRESS LOCATIONS

1)

L1671-Series (16 characters x 1 line)

1 2 3 4 5 6 78 9 1011 12131415 16

tine 1 [so]er ] e2] asfes [ as]ss o7 [co]cr]c2]cs[calcs]es[cr

2)

Line 1
Line 2

3)

Line 1
Line 2
Line 3
Line 4

4)
Line 1
Line 2
5)
Line 1
Line 2
Line 3
Line 4
6)
Line 1

Line 2

7

Line 1
Line 2
Line 3
Line 4

NOTE: L1671 series is initilized s a 2 line display, because of the
absence of an LCD driver. You must #ddress characier no. 9 as you
would the first position on the 2nd line which is (CO).

L1672-Series {16 characters x 2 lines)
L1682-SERiES
L1692-SERIES

1 2 3 4 5 6 7 8 9 1071 12 13 14 15 16

80|81 82| 83|84385|86|87|88|69[8A|8B|8C)aD|8E | 8F
€0[C11C2| C3|C4{C5|C6|CT|CBICI|CA|CBI|CCICD)CE|CF

L1634-Series {16 characters x 4 lines;

1 2 3 4 5 6 7 8 9 1011 12 1314 15 16
B80j61182| 83]84]85/85(87)88(89|B8A]8B|3C|8D]|8E |8&F
colc1] c2| cajcal csics|cr|ce|co|ca|ce|ccicolcecr
90191 92]| 93|94 95]|96|97 98|99} 9A198|9C| 9D 9€ {oF
DO{D1| D2| DY D4| D5| D6 D7| 08| D9)| DA{ DB| DC| DDY DE | DF

L2032-Series (20 characters x 2 lines)

T 2 3 45 6 7 8 9 1011 1213141516 17 18 19

80|81182]83784,85|86|67|88)|89|8A|8B|6C|8D|BE|8F 0] 91|92

8

C1) €2} CI{C4| C5|C6{CT[Ca|CI;CALCB| CC|CD|CE|CF|DO} D1| D2

L2034-Series (20 characters x 4 lines)
2 3 45 6 0 B 9 W01 12 1334 15 16 17 18 19

81)182|83|84)|85|86}87 88(89|BA[8BI8C|8D|8BE[BF190]91)92

951 96{ 97{98] 99| 9A| 98| 9C|9D| 9E | 9F | AD| A1| A2 | A3| A4) AS| A

1
80
cojC1 C2C3C4CSC5C7C8@QCBCCCDCEﬁDOD‘IDZ
84
D4

D5} D6} D7) 08| O8] DA| DB| OC| DD} DE| DF | EOJ E1|E2|E3 | E4| ES|E6

L2462-Series (24 characters x 2 lines)
2 3 485 6 78 9 101 12131415 16 17 18 19

0212223 4

1
80| 81}82: 83|64 )85,86|87 |68 |89 |8A|88)8C 8D 8E |8F |90 | 91|92

9394 195 96|97

cojc1{C2|C3{C4|C5(|C6(CT|CB8|CO{CA|CB]CCICDICE {CF |DO| D1jD2

D3[D4 |D5 | D6| D7

L4052-Semies (40 characters x 2 lines)
L4044-Series (40 characters x 4 lines)

1 2 3 45 6 7 8 9 101 121314151 17 819

022234252 272829 30 31 32 3334 35 36 37 38 38 40

81] 82]83[a4 |85 {85] 87] 88| 29| aa| 88 acTan] ac; er [ s0] 9] 02

839405SI"OBNQAOBQCSODEQFADMAZMM AS|AS| A?

€| €C2| CI|C4{CS5]CBI CT) Ca) C9| CA} CB] CCI COE CE| CF M;D\DZ

DX 04105 07108 DS| baf D& OCEOO] DE |OF | €O | E1 [E2 |E3 €4 | ES|EBLET

81 82583 (R4 | 85786] 87| B8] 8] BA] 8B| 8C| 80| BE| &F | 90| 91| 82

sixi1g|8

c1| c2jcajca{csics| C7f c8| Cal CA} CB{ CC| CDf CEf CF| DO| DY D2

D4
§3]94195] 96| 97(98 | 99]5A |98 [9C|90|9€E | 9F | AD]A1]A2{A3|A4] AS|AG| AY
D3| 0405 | D8] D7{ 08| 09{ DA| D8] DC| DD| DE| OF  E0| E1]E2 [E3 |E4 | ESEG | E7

Note: Address locations on lines 1 & 2 are controlled by enabling E3.

Address locations on lines 3 & 4 are controlied by enabling E2.
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Lower 4 Bit Hexadecimal

CHARACTER FONT CODES (5 X 7 DOT MATRIX)

Upper 4 Bit Hexadecimal

Upper
4 bits
Lower

4 by

0000
(0)

c010
(2)

0100
{4)

0101
{5)

oo
{6)

0114
{7)

1010
(A)

1011
(8)

1101
(D)

£G6

Pa] . . Y. aees oy
RAM 3.+"¢ .y 3 YT . e aeras ‘e 3 e e $ 7.
xxx %0000 | (1) LI I e IR R RO I
(0) i
i *§ N R T R - e s
xxxwooor b b bR gl E O [ ] S I IR R e
{ H
@ | FE TR i L e ] T i L, s
xxxxoot0 SO I S O N I I S K e e
(2) i
ol e e e ] PN I PP
xocxxoory WL EEY Ty pg e B - TR S AL O B NG S I IS
(3)
o e L LT TR 10t S N SR I SEPR RPN SRR
x ¥ X x 0100 P sarge § . 3 I i e 1 - 30 1" H .i e ot
16) R I OO BN B S e, 113 . bl S QP s 4 e g s
X x x %0101 PPN RO B I oo I JOULI ISl 0% O (R (e S (UL NVOOC S (R Ot (R
(5}
.t 2O IR LI I .- e v ens Dby
[+ U IO SOV (I SOV S N wHPH poves I IS .
“xnone e (R N I O O G IR Ry et E...* e
1
8 3 "::3 !'::: § . i eor [y g ] e ':g:: (el .:::= Loee egege
x xx x0111 H 1 3 1t avey 11 3 ] N .t 1 ; i
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8
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EXAMPLES OF 8-BIT AND 4-BiT DATA TRANSFER OPERATION

DiSPLAY INITIALIZATION

Each time the medule is turned on or reset, an mode. All the initialization sequences are performed under
initialization procedure must be executed. The procedure the condition of Register Select (RS) = 0 (low) and
consists of sending a sequence of hex codes from the Read/Write {R/W) = 0 (fow). .
microprocessor or paraliel /O port. The initialization The 4-bit data bus microcontroller may operate the
sequence turns on tha cursbr, clears the dispiay, and sets the  display module by sending the initialization sequence in 4-bit
module onto an auto-increment mode. format. Since 4-bit operation requires the data to be sent
The initial hex code 30, 34, or 38 is sent two or more twice over the higher 4-bit bus lines (D4-D7), memory
times to ensure the module enters the 8-bit or 4-bit data requirements are doubled.

A. Exampie FOR THE MODULE WITH 5§ X 7 Character Format Under 8-.Bit Data Transfer

Intialization
Flow Chan
POWER ON Hex Coce | D,D, D, D, D, D, D, D, Instructions
(1)]38(Hex) |0 0O 1 11000
—_—

$ Funclion Set

-5 8 bit Data Length
—3% 2 Line

— § x 7 Dot Format

@loeHex) |lDOO0O0CO1T 10

et

mozZmcomy —munmxy

» Entry Mode Set
— Increment one

—~—4 No Shift
(3)|O0E(Hex) [O O 0 O 11 10
———tet—
I * Display ON/OFF Control

—+ Display ON

—p Cursor ON

— Blink OFF
tenp oF (4)|01(Hex) [0 O 0O OO0 O 1
INITIALIZATION —_—

80 (HEX) {5) L_—___, Display Clear

240 uS (5] 80(Hex) 1 0 0O 000 0O
1 e et e i
E » DD RAM Address Set
— 1st Digit

Note: 1) Both RS and R/W terminals shall be “0 in this sequence.
2) RS, R'W and Data are latched at the falling edge of the Enable signal,
(falling edge is typically 10nSec; Max: 20nSec).
3} L4044 has t obe initialized on E1 and E2 respectively.
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ExampLEs OF 8-Bit AND 4-Bit DATA TRANSFER OPERATION

B. EXAMPLE FOR THE MODULE WITH § X 7 Character Format Under 4-Bit Data Transfér

Flow Chart

POWER ON

-imwémDn

moOzmCcomwy

—
—
—

D CF

1st 2nd .
Hex Code ED. Dsolov 0. D, D} Instructions
(1)} 2(Hex) {6 0 10
YW .
L 1 + Function Set
-+ 4 bit Data Length
8 (Hex) 1000
l » 2 Line
— 5 x 7 Dot Format
(2} | 0{Hex) 000CO
6 (Hex) 0110
N—
t + Entry Mode Set
+ Increment
+ No Shift
(3)y] O{Hex} O O 0 O
E (Hex) _ _1/ 110
* Display ON/OFF Control
— Dispiay ON
— Cursar ON
+ Blink OFF
{4){ O{Hex) D O 0 O
1 {Hex) 0001
——
p————.—+—% Display Clear
(S)] 8{(Hex} |1 O 0 O
0 {Hex) 000COC
————
i » DD RAM Address Set

L+ 1s1 Digit

Note: 1) Both RS and R/W terminals shall be “0" in this sequence.
2) RS, R/W and Data are latched at the falling edge of the Enable signat,
3) Enable signal has to be sent after every 4-bit Data transfer.




Philips Semiconductors Linear Products Product specification
Timer NE/SA/SES55/SES55C

DESCRIPTION PIN CONFIGURATIONS

The 555 monolithic timing circuit is a highly stable controller capable

of producing accurate time delays, or oscliliation. In the time delay D, N, FE Packages

mode of operation, the time I8 precisely controlled by one extemal

resistor and capacior. For a stable operation as an oscillator, the oND ] vee

free running frequency and the duty cycie are both accuratsly e

controlled with two extemal resistors and one capacitor. The circuit ::] ARGE

may be triggered and reset on falling waveforms, and the output oureur :] THRESHOLD

structure can source or sink Up to 200mA. RESET E CONTROL VOLTAGE

FEATURES F Package

@ Turn-off ime less than 21s ool hl—"E vee

® Max. operating frequency greater than 500kHz nel2 E] NC

® Timing from microsaconds to hours TRIGGER | 3 2] oiwcHance

® Operates In both astable and monostable modes outpuY |4 1] e

[ 10
® High output current e 0] neesuoLo
© Adiustab Resev [ 8 %] ne
Adjusm e duty cycle el B OLTAGE

® TTL compatible

® Tamperature stabllity of 0.005% per°C TOP VIEW

APPLICATIONS

® Precision timing

@ Puiss generation

® Sequential timing

¢ Time delay generation

@ Puise width modulation

ORDERING INFORMATION

DESCRIPTION TEMPERATURE RANGE ORDER CODE DWGo ¥

8-Pin Plastic Small Outline (SO) Package 0to +70°C NEB55D 0174C
8-Pin Plastic Dual in-Line Package (DIP) 010 +70°C NESSSN 04048
8-Pin Plastic Dual InLine Package (DIP) -40°C to +85°C SAS555N 04048
8-Pin Plastic Small Outline (SO) Package ~40°C 1o +85°C SAS555D 0174C
8-Pin Hermetic Caramic Dual In-Line Package (CERDIP) -65°C to +125°C SESS5CFE

8-Pin Piastic Dual In-Line Package (DIP) $55°C 1o +125°C SES55CN 04048
14-Pin Plastic Duat Indine Package (DIP) -65°C to +125°C SES55N 04058
8-Pin Hermetic Cerdip 55°C to +125°C SESSSFE
14-Pin Ceramic Dual In-Line Package (CERDIP) 0to+70°C NE555F 05818
14-Pin Ceramic Dual In-Line Package (CERDIP) 65°C to +125°C SES55F 05818
14-Pin Ceramic Dual in- ine Package (CERDIP) 55°C to +125°C SES55CF 0581B
August 31, 1994 853-00368 13721




Philips Semiconductors Linear Products Product spacification

Timer NE/SA/SE555/SE555C

BLOCK DIAGRA
[ .

EQUIVALENT SCHEMATIC
| FM
CONTROL VOLTAGE
o ‘ 4 . N o
vee ) R2 RI SR SR R12
47K N 4T 4 T
K 1 s
X X
Q2
Qs Qs Qv Qs |
—/ an
= b o8 ) a1 R13
35K
L
o o} S R
THRESHOLD 3 t—o
az Q 82, OUTPUT
X an
c| [
L
4
<
TRGGER
a2 -+ 2]
RESET
DISCHARGE o4
oND = =
NOTE: Pin numbars are for 8-Pin package
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Philips Semiconductors Linear Products Product specification
Timer NE/SA/SE555/SES55C
ABSCLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Supply voltage
Veo SESSS +18 v
NES555, SE555C, SABSS5 +16 A
Po Maximum allowable power dissipation® 800 mw
Ta Operating ambient temperature range
NES55 0to +70 °c
SAS55 -40 to +85 °C
SESS56, SES5E5C 5510 +125 °C
TsT16 Storage temperature range -85 to +15C °C
TsoLd Lead soldering temperature (10sec max) +300 °C
NOTES:

1. The junction tamperature must be kept below 125°C for the D package and baelow 150°C for the FE, N and F packages. At ambient tempera-

tures above 25°C, where this limit wouid be derated by the following factors:

D package 160°C/W
FE package 150°C/W
N package 100°C/W
F package 105°CW

August 31, 1994



Philips Semiconductors Linear Products Product specification

Timer NE/SA/SE555/SES55C

DC AND AC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Vg = +5V 10 + 15 unless otherwise specified,

SES55 NESSS/ISESSSC
SYMBOL PARAMETER ' TEST CONDITIONS Min Ty Mo Min Tvo Max UNIT
Vee Supply voltage 45 18 4.5 18 \'4
lee Supply cument (low Vo=V, Ry = 3 5 3 8 mA
state)’ Vee=15V, R = 10 12 10 15 mA
Timing emrmor (monocstable) RA=2K to 100k02
w Initial accuracy? C=0.1yF 0.5 20 1.0 | 30 %
At/AT Drift with temperature 30 100 50 150 ppm/°C
Aty/avg Drift with supply voltage 0.05 0.2 0.1 0.5 %N
Timing error (astable) Ra, Rg=1ki2 10 100k
ta initial accuracy? C=0.1pF 4 8 5 13 %
Atg/AT Drift with temperature Vee=15V 500 500 ppm/°C
Alp/AVg Drift with supply voltage 0.15 | 08 03 1 %V
Ve Control voltage ievel Voe=15V 9.8 100 | 104 9.0 0.0 | 1.0 \
Veoes5v 29 333 | 3.8 28 333 | 40 v
Veo=158V 84 10.0 | 106 | 88 100 | 1.2 \
Vrw Threshold voltage
Vee=5V 27 333 40 24 3.33 4.2 v
[ Threshold current? 01 ] 025 0.1 | 025 A
Vrmic Trigger voltage Vec=15V 4.8 5.0 6.2 45 5.0 5.6 v
Vees5v 145 | 167 19 1.1 187 | 22 v
lraig Trigger cument Vrrig=0V 0.5 0.9 0.5 20 A
VreseT Raset voltaget Vo= 18V, Viy =10.8V 0.3 1.0 0.3 1.0 v
lreseT Raset current Vreser=0.4V 0.1 a4 0.1 0.4 mA
Reset current VreseT=0V 0.4 1.0 0.4 1.5 mA
Vee=15V
Igink=10mA 0.1 0.15 0.1 0.25 A\
Ism=50mA 0.4 0.5 0.4 0.75 v
Voo Output voitage (low) Igink=100mA 2.0 2.2 20 25 v
Isink=200mA 25 25 v
Vcc=5V
Igink=BmA 0.1 0.25 0.3 04 v
Isink=5mA 0.05 0.2 .25 0.35 v
Vee=15v
IsourcE=200mMA 12.5 12.6 v
VoH Output voitage {high) Isource=100mA 13.0 | 13.3 1275 | 13.3 A
Vee=6V
Isource™ 1OOmMA 30 33 275 | 33 v
toFF Turn-off time> VreseT=Vee 0.5 20 0.5 20 Mus
™ Rise time of output 100 | 200 100 300 ns
™ Fail time of output 100 200 100 300 ns
Discharge leakage current 20 100 20 100 nA
NOTES:
1. Supply current when output high typically 1mA less.
2. Testad at Veo=5V and Veg=15V.
3. This will determine the max value of R, +Rg, for 15V operation, the max total R=10MG, and for 5V operation, the max. Wotal R=3.4MQ
4. Spacified with trigger input high.
5. Time measured from a positive going input pulse from 0 to 0.8xV¢ into the threshold to the drop from high to low of the output. Trigger is

tied to threshold.
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Phiiips Semiconductors Linear Products

Product specification

Timer

NE/SA/SES55/SES55C

TYPICAL PERFORMANCE CHARACTERISTICS

Minimum Pulse Width
Required for Triggering

180
w128
£
51” -58°C

//T
PSR
£ —— /——"' *28°C
2 s TC 1i—
s
% 28 “280C ._‘
R 1]
] o9 0.2 0.3 04 Ve el

LOWEST VOLTAGE LEVEL OF TRIGGER PULSE

Low Output Voitage
vs Output Sink Current
1’ T L |
Ve = &V
. .
==
p 10 wcl f____ e
g g
) J *20°C
§ 0.4 I MIT
> T
0.004
10 28 88 10 20 0 100
K - mA
High Output Voltage Drop
vs Output Source Current
2.0 T T T
18 }T{ ~58°C '
1.8 quoc. =
E 14 e
9, 12 | L
f *125°C A
5 =
> 03
Y )
> o4
82 sVsVgg s18v |
o [
10 20 50 10 28 0 100
ISOURCE ~mA

SUPPLY CURRENT - mA

Vour -VouTs

NORMALIZED DELAY TIWE

Supply Current
vs Supply Voltage
10.0 l l
8.0 »1250C
|
*25°C
a0 ]
S8°C
'Y )
20
[
5.0 100 16.0
SUPPLY VOLTAGE - VOLTS
Low Output Voltage
v Output Sink Current
10 T LI
Vee =10V ]
I
10 +5°C
R i
+25°C ’
l *25°C
3¢
L
o s
L
-85°C
0.m L
10 20 80 10 20 S50 400
IBINK - mA
Delay Time
va Supply Voltage
1.018
1018
A
1008 |\
\ L A
1.000 \‘1
0595
0.990
0.98%

1¢

L1 20

SUPPLY VOLTAGE -V

NORMAL ITED DELAY TIME

Voyr - vOLTS

PROPAGATION DELAY - ns

Delay Time
vs Temperature
1.045
1.510
1.008 —y
——
1.000 -
T~
0.908
0980
o.588
S0 25 0 425 530 TS {0H2S
TEMPERATURE - oC
Low Output Voltage
vs Output Sink Current
18 T T 11
VCC =45V
T
19 +—
85°C
04 +28°C
[ +26°C
B5°C
.01 f
10 20 a0 16 20 80 100
IBINK ~ mA
Propagation Delay vs Voltage
Lavel of Trigger Pulse
s08
280
200
rLA
150
/ Y I
100 —-‘; *235C
- oTIFC
50 }
*250C
N 1
[ 041 52 o3 u
LOWEST VOLTAGE LEVEL
OF TRIGGER PULSE - XVc o
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Philips Semiconductors Linear Products

Product specification

Timer

NE/SA/SES55/SE555C

TYPICAL APPLICATIONS

Vee
o
<
T, 555 OR1/2 556
__________________ 1
DISCHARGE o- 5§ ’; |
< |
g 3" ,
— o— —
I VOLTAGE A com = |
o J.  THRESHOLD o— t !
< | e L
= [V 3
} R Flop [~ OUTPUT [-1—0
| |
| = !
TRIGGER il s i
| I
| " i
J_ I = |
l L | 148
c e — fa
T ]! Ry + 2RgIC
- RESEY
Astable Operstion
Yee
o
2 Ra
2 3 555 OR 1/2 568
— e ———— e ——— ———— — — — — — —— —
DISCHARGE o '1:— 1|
| S |
__ CONTROL 8| |
i YOLTAGE o) coMP = | fat]
o L THRESHOLD o _T_ +- |
< = | |
= j: I g fo | ourpur __4_10
= | 9 | ouTPUT
|
| p :
24
TRIGGER S . |
! l
- Lvee | ji R [
3 - !
| |
4 AT=1.4RC
6
RESET
Monostabie Operation
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Philips Semiconductors Linear Products Product specification
Timer NE/SA/SE555/SES55C
TYPICAL APPLICATIONS
Vee |
Voo vee Il
T l
- |
o Nvee i
2 558 |
= OvoLrs A
—ol ke oumanmer
DURATION OF
TRIGGER PULSE AS
SEEN BY THE TIMER
SWITCH GROUNDED
NOTE: All resicior values are in AT THS POINT
Figure 1. AC Coupling of the Triggsr Pulse

Trigger Pulse Width Requirements and Time
Delays
Due to the natute of the trigger circuitry, the timer will trigger on the
negative going edge of the input pulse. For the davice to time out
properly, & is necessary that the trigger voltage leval be returned to
some voitage greater than one third of the supply before the time out
pariod, This can be achieved by making either the trigger pulse

" sufficiently short or by AC coupling into the trigger, By AC coupling
the trigger, see Figure 1, a short negative going pulse is achieved
when the trigger signat goes to ground. AC coupling is most
frequently used in conjunction with & switch or a signal that goes to
ground which initiates the timing cycle. Shouki the trigger be hald
low, without AC coupling, for a longer duration than the timing cycie
the output will remain in 2 high state for the duration of the low
trigger signal, without regard to the threshold comparator state. This
is due to tha predominance of Q45 on the base of Qyg, controlling
the state of the bi-stable flip-flop. When the trigger signal then
returns to a high level, the output will fall immediately, Thus, the
output signal will follow the trigger signal in this case.

August 31, 1994
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Another consideration is the “turn-off time”. This is the measurement
of the amount of time required after the threshold reaches 2/3 V¢
to tumn the output low. To explain further, Q, at the threshold input
turns on after reaching 2/3 Ve, which then tums on Qs, which turns
on Qg. Current from Qg tums on Q45 which turns Q47 off. This
allows curment from Q.g to tum on Q4 and Q,, to given an output
low. These steps cause the 2.8 max, delay as stated in the data
sheet.

Also, a delay comparable to the turn-off time is the trigger release
time. When the trigger is low, Q4q Is on and turns on Q44 which turns
on Qqs. Q5 tums off Qg and aliows Q47 to tum on. This turns off
cumrent 1o Qzp and Quy, which results in output high. When the
trigger is releasad, Qg and Q44 shut off, Q45 tums off, Q45 tums on
and the circult then follows the same path and time delay explained
as “tumn off time”. This trigger release time is vary important In
designing the trigger pulse width so as not to interfere with the
output signal as explained previously.
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SEMICONDUCTOR w

BD135/137/139

Medium Power Linear and Switching
Applications

+ Complement to BU136, BD 138 and BD140 respeclively

1 TO-126
1. Emitter 2.Collector 3.Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings Lc=25 G uniess otherwise noted
Symbol Parameter Vaiue Units
Vceo Coilector-Base Vollage :BD13§ 45 A
180137 60 '
:BD138 80 A9
Veeo Collectar-Emitter Voltage :BD135 45 \%
:BD137 60 v
: BD139 80 v
Vepo Emitler-Base Voltage 5 v
ic Collectar Current (DC) 15 A
lep Collector Current (Puise) o 3.0 A
g Base Current a.5 A
Pc Collector Dissipation (T=25"C) 12.5 w
Pe Coltector Dissipation (1,=25°C) 125 W
T, Junction Temperature R o
Tsta Storage Temperature -55 - 150 "C
Electrical Characteristics T¢=25"C uniess olherwise noted
Symbotl Parameter Test Condition Min. | Typ. | Max. | Units
Veeolsus) Collector-Emitter Sustaining Voltage
1 BD135 ke =30mA, lg=0 45 v
:BO137 60 v
:BD139 80 \4
iceo Coliector Cut-off Currart Veg =30V, g =0 0.1 uA
lego Emitter Cut-off Curent Veg=5V. =0 10 pA
hegy OC Cutrent Gain ~ : ALL DEVICE Vee = 2V Ig = SmA 25
Nees T ALL DEVICE Ve = V. 1= 0.5A 25
hgga :BD135 Ve = 2V, I = 150mA 40 250
1 BD137, 8D13¢ 40 160
Vepisat) Collector-Emitter Saturation Voltage Ic = 500mA, Ig= S0mA ‘ 79.5"” v
Vag(on) Base-Emitter ON Voltage ] Ve = 2V, Ig = G.5A 1| v
hgg Classification
Ciassification 6 10 16
NEea 40 - 100 63 ~160 100 ~ 250

£2000 Fawrchid Semiconduchor internalional

Rev A Feoruary 2050

6eL/LeL/seELag



HN 8014

NPN Silicon Expitaxial Planar Transistor
for switching and AF amplifier applications.

The transistor is subdivided into four groups, A, B, C, and
D, according to its DC current gain. As complementary
type the PNP transistor HN 9015 is recommended.

On special request, these transistors can be manufactured
in different pin configurations. Please refer to the “T(-92
TRANSISTOR PACKAGE OUTLINE"® on page 80 for the
available pin options. :

T0-92 Plastic Package
Weight approx. 0.18 g
Dimensions in mm

Absolute Maximum Ratings

Symbol Value Unit
Colisctor Base Voltage Veso 30 \'
‘Collector Emitter Voitage VCES 30 v
Collector Emitter Voltage Vceo 30 v
] Emitter Base Voltage Veso 5 v
.
Cofilector Current ic 100 mA
Peak Coliector Current Icm 200 mA
Peak Base Current e 200 mA
Peak Emitter Current -lem 200 mA
Power Dissipation at Tays = 25 C Piot 5001 mw
Junction Temperature ‘ Ti ‘ 150 °C
Stqtage Temperature Rangs Ts -65 to +150 'C
1) vaiid provided that leads are kept at ambient temperature at a distance of 2 mm from case

G SPFORMA AVAILABLE

SEMTECH ELECTRONICS LTD. H®&

{ wholly owned subsidiary of HGNEY TECHRGLOGY LTD. ) ot s srwe




HN 8014

Charactsristics at Tgmp = 25 °C

Symbol Min, Typ. Max, Unit
DC Current Gain '
atVee =5V, lc = 1 mA
Current Gain Group A he 60 - 150 -
B hee - 100 - 300 -
C Pee 200 - 600 -
0 hee 400 - 1000 -
Collector Saturation Voltage
atlc=10mA, g =05 mA Vessa - 80 200 mVv
atlec= 100 mA, g = 5 mA VeEest - 200 600 mv
Base Saturation Voltage ,
atlc = 10mA, lg = 0.5 mA Votea - 700 - mv
atlc = 100 mA, Ig = 5mA VaEsal - 900 - mv
Base Emitter Voltage
atVee =5V, lc=2mA VaEe 580 660 70 mv
atVeg =56V lc =10 mA : Vee - - 750 mv
Collector Cutoft Current
atVeeg=30V- lces - 02 15 nA
8thg=wV.T]-125°C kees - - 4 pA
atVeg =30V lcao - - 15 nA
atVes =30V, Tj=150C iceo - - 5 pA
Gain Bandwidth Proguct fr - 30 - MHz
atVoe =5V, Ic=10mA, f = 100 MHz
Collector Base Capacitance Ceno - 35 6 pF
atVes = 10V, f = 1 MHz
Emitter Base Capacitance Cemo - 9 - pF
atVeg= 0.5V, f= 1 MHz
Noise Figure F - 2 10 aB
atVee =5V, Ic=200uA, Rg=2kQ2 ~
fu1 kHZ. Af = 200 Hz
Therrmal Resistance Junction to Ambient Rina - - 2501 KW

" Vaiid provided that leads are kept at ambient temperature at a distance of 2 mm from case

G § P FORM A AVAILABLE

SEMTECH ELECTRONICS LTD.-

( wholly owned subsidiary of HONEY TECKCGLOGY LTLL )




@ MOTOROLA

QUAD 2-INPUT OR GATE

SN54/74LS32

QUAD 2-INPUT OR GATE
LOW POWER SCHOTTKY

F’ J BUFFIX
CERAMIC
CASE 832-08

14

GND 1
N SUFFiX
PLASTIC
14 CASE 848-06
1
D SUFFIX
“ 80IC
1 CASE 751A02
ORDERING INFORMATION
SNS4ALSXX)  Ceramic
SNT4LSXXN  Plastic
SN74LSXXD SOIC
GUARANTEED OPERATING RANGES
Symbol Parameter Min Typ Max Unit
Vee Supply Voliage 54 4.5 50 55 v
74 4.75 5.0 5.25
Ta Operating Amblent Temperature Range 54 -55 25 125 °C
) 74 0 25 70
IOH Quiput Cumrent — High 54,74 -04 mA
oL OCutput Cument — Low 54 4.0 mA
T4 8.0
FAST AND LS TTL DATA

51




SN54/74L.532

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless ctherwise specified)

52

Limits
Symbol Parameter Min Typ Max Unit TestConditions
Guaranteed Input HIGH Voltage for
Vi Input HIGH Voltage 2.0 v Al Inputs
v Input LOW Vota 54 0.7 v Guaranteed Input LOW Voitage for
il npi onage 73 0.8 A |nputs
VIK Input Clamp Diode Voltage -0.85 -1.5 v Ve =MIN, |y =-18 mA
54 25 35 Vv Vee = MiN, lop = MAX, Viy = ViH
V IGH Volta
OH Output H oltage 7a 27 35 v or V| per Truth Table
54,74 0.25 04 v loL=40mA | Vce = Vee MIN,
VoL Cutput LOW Voltage VIN=VILorViH
74 0.35 05 v loL=8.0mA | per Tryth Table
20 pA Voo = MAX, Viy=27V
iy input HIGH Cument ce N
0.1 mA | Voo =MAX, Viy=7.0V
W tnput LOW Current 04 mA Voo = MAX, Viy =04V
os Short Circult Current (Note 1) ~20 -100 mA Ve = MAX
Power Supply Cument
icc Total, Cutput HIGH 8.2 mA Voe ® MAX
Total, Cutput LOW 98
Note 1; Not mors than ons output should be sharted at a ime, nor for mors than 1 aacond.
AC CHARACTERISTICS (T = 25°C)
Limits
Symbol Parameter Min Typ Max Unit Test Conditions
PLH Turn-Off Delay. Input to Output 14 2 ns Voo =50V
tPHL Turn-On Delay, Input to Output 14 22 ns CL=15pF
FAST AND LS TTL DATA




with Intel Micro Interface

. MT8888C
MITEL Integrated DTMF Transceiver

Features ISSUE 6 March 1807
Ordering Information
» Central office quality DTMF transmitter/receiver MT8888CE 20 Pin Plastic DIP
» Low power consumption MT8888CS8 20 Pin SOIC
» High speed Inte! micro interface MT8888CN 24 Pin SSOP
» Adjustable guard time -40°C to +85°C
» Automatic tone burst mode
+ Call progress tone detection to -30dBm Description
Applications The MT8888C is a monolithic DTMF transceiver with
call progress filter. It is fabricated iIn CMOS
« Credit card systems technology offering low power consumption and high
» Paging systems ' relaabllity.' Lo .
. R ; ' /mobil i The receiver section is based upon the industry
epealer sysiems/mobile raclo standard MT8870 DTMF receiver while the
* Interconnect dialers transmitter utilizes a switched capacitor DIA
+ Personal computers converter for low distortion, high accuracy DTMF

signalling. Internal counters provide a burst mode
such that tone bursts can be transmitted with precise
timing. A call progress filter can be selected allowing
a microprocessor to analyze call progress fones.

The MT8888C utilizes an Intel micro interface, which
allows the device to be connected to a number of
popular microcentrollers with minimal external logic.

Tone Burst Control
Gating Cet. Logle

Dial
Tone High Group Digital

Aigorithm
and Code
Low Group Converter
1  Oscillator Fitter
Cirouit I

Control

Filter Fitter

Bias
Circuit

L |
1 1 1

Voo VRet Vss




MT8888C
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Pin Description

Pin #
20 | 24 Name Description
IN+ |Non-inverting op-amp input.
2 IN- [inverting op-amp input.
GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.
4 | 4 Vrzet |Reference Voltage output (Vpp/2).
5158 Vgg |Ground (0V).
6 6 | OSC1 jOsclllator input. This pin can alsc be driven directly by an external clock.
7 | 7 | OSC2 |Oscillator output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes

the internal oscillator circuit. Leave open circuit when OSC1 is driven externally.
10 | TONE (Output from internal DTMF transmitter.
11 | WR |Write microprocessor input. TTL compatible.

101 12 TS [Chip Select input. Active Low. This signal must be quaiified externally by address latch
enable (ALE) signal, see Figure 12.

11 | 13 | RSO jRegister Select input. Refer to Table 3 for bit interpretation. TTL compatible.
12 ] 14 | RD |Read microprocessorinput. TTL compatible.

13 | 15 | TRQ/ |Interrupt Request/Cali Progress {open drain) output. In interrupt mode, this output goes
CP |low when a valid DTMF tone burst has been transmitted or received. In cali progress mode,
this pin will cutput a rectangular signal representative of the input signal applied at the input
op-amp. The input signal must be within the bandwidth limits of the call progress filter, see
Figure 8.

14- | 18- | DO-D3 |Microprocessor Data Bus. High impedance when TS =1orRD = 1.
17 | 21 TTL compatible.

18 | 22 | ESt |Early Steering output. Presents a logic high once the digital algorithm has detected a valid
tone pair (signat condition). Any momentary loss of signal condition will cause ESt to retum
to a logic low.

19 | 23 | SH/GT |Steering Input/Guard Time output (bidirectional). A voltage greater than Vg, detected at St
causes the device to register the detected tone pair and update the output latch. A voitage
less than Vg, 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.

20 | 24 | Vpp {Positive power supply (5V typ.).

89 NC |No Connection.
18,17

4-90



MT8888C

Functional Description

The MT8888C Integrated DTMF Transceiver consists
of a high performance DTMF receiver with an
internal gain setting amplifier and a DTMF generator
which employs a burst counter to synthesize precise
tone bursts and pauses. A call progress mode can
be selected so that frequencies within the specified
passband can be detected. The {ntel micro interface
allows microcontrollers, such as the 8080, 80C31/51
and 8085, to access the MT8888C internal registers.

Input Configuration

The input arrangement of the MT8883C provides a
differential-input operational amplifier as well as a
bias source (VRres), which is used to bias the inputs at
Vpp/2. Provision is made for connection of a
feedback resistor to the op-amp output (GS) for gain
adjustment. In a single-ended configuration, the
input pins are connected as shown in Figure 3.

Figure 4 shows the necessary ccnnections for a
differential input configuration.

Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies (see Table 1). These
filters incorporate notches at 350 Hz and 440 Hz for
exceptional diat tone rejection, Each filter output is
followed by a single order switched capacitor filter
section, which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators
which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs
of the comparators provide full rail logic swings at the
frequencies of the incoming DTMF signals.

VOLTAGE GAIN
(AV)=Re /Ry

Figure 3 - Single-Ended Input Configuration

DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF

Rt = R4 = R5 = 100 k2

R2 = 60KQ, R3 = 37.5 k&

R3 = (RZREV(R2 + R5)

VOLTAGE GAIN

(A, diff) - RER1

INPUT IMPEDANCE
(Zodi) = 2V R1Z+ (1hCP

Frow Fraan DIGIT | Dy D, D, Dy
697 1209 1 0 0 0 1
697 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 0 1 0 0
770 1336 5 0 1 ¢ 1
770 1477 6 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 0
852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
941 1209 " 1 0 1 1
941 1477 # 1 1 0 0
697 1633 A 1 1 0 1
770 1633 B 1 1 1 0
852 1633 Cc 1 1 1 1
841 1633 D 0 0 0 Q

0= LOGIC LOW, 1= LOGIC HIGH
Table 1. Functional Encode/Decode Table
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Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they comrespond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
deveioped to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state,

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (refetred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (tgrp), V. reaches the threshoid
(Vrgy) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the Receive Data Register. At this point the GT
output is activated and drives v, to Vpp GT
continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch to
settle, the delayed steering output flag goes high,
signalling that a received tone pair has _been
registered. The status of the delayed steering flag
can be monitored by checking the appropriate bit in
the status register. If Interrupt mode has been
selected, the IRQ/CP pin will pull iow when the
delayed steering flag is active.

The contents of the output latch are updated on an
active delayed steering transition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals toc short to be considered valid, the receiver
wilt tolerate signal interruptions (drop cut) toc short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
performance to meet a wide variety of system
requirements.
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R1

tgra = (R1C1) In (Vpp/ Vigy)

rGTP F (R1C1) in [vw/(VwVTS!)I

gure

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the following inequalities
(see Figure 7):

trec 2 topmax MG TPmax = toAmin

$55C S topminMaTPmin = toamax
tip 2 toamax*tGTAmax = toPmin
t50 S toamin*GTAmINn * tDPmax

The value of typ is a device parameter (see AC
Electrical Characterisiics) and trge is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 uF is recommended for most

tarp = (RpC1) In [Vpp / (Vpp-Vrsyl]
igTa = (R1C1} In (Vpp/Vrsy)
Rp = (R1R2)/ (R1+ R2)

8) decreasing tGTP; ({IGTP < tGTA)

tore = (R1C1) In Voo / (Vpo-Visd)
15TA = (RgC1) In (VppiVrg:)
Rp = (R1R2)/ (R1 + R2)

RrR2

b) decreasing tGTA; {{GTP > tGTA)
Adjustment
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applications, leaving R1 to be selected by the
designer. Different steering arrangements may be
used to select independent tone present (igyp) and
tone absent (igra) guard times. This may be
necessary to meet system specifications which place
both accept and reject limits on tone duration and
interdigital pause. Guard time adjustment also allows
the designer to tailor system parameters such as talk
off and ncise immunity.

Increasing tggc improves talk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively
short trec with a long thg would be appropriate for
extremely noisy environments where fast acquisition
time and immunity to tone drop-outs are required.
Design information for guard time adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 7 with a description of the events in Figure 9.

Call Progress Fiiter

A cali progress mode, using the MT8888C, can be
selected allowing the detection of various tones,
which identify the progress of a telephone call on the
network. The call progress tone input and DTMF
input are common, however, call progress tones can
only be detected when CP mode has been selected.

DTMF signals cannot be detected if CP mode has
been selected (see Table 7). Figure 8 indicates the
useful detect bandwidth of the call progress filter.
Frequencies presented to the input, which are within
the ‘accept’ bandwidth limits of the filter, are hard-
limited by a high gain comparator with the TRG/CP
pin serving as the output. The squarewave output
obtained from the schmitt trigger can be analyzed by
a microprocessor or counter arrangement to
determine the nature of the call progress tone being
detected. Frequencies which are in the ‘reject’ area
will not be detected and consequently the [RG/CP
pin will remain low.

~1 A

DECODED TONE # (n-1)
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EXPLANATION OF EVENTS

A) TONE BURSTS DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.
C) END OF TONE #n DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

RETAINED UNTIL NEXT VALID TONE PAIR.

D) TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.
E) ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID, DATA REMAINS UNCHANGED.
F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.

ESt EARLY STEERING OUTPUT, INDICATES DETECTION OF VALID TONE FREQUENCIES.

SYGT
RXg-RX4

STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT,
4-BIT DECODED DATA IN RECEIVE DATA REGISTER

b3 DELAYED STEERING. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

VALID DTMF SIGNAL..

b2 INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE STATUS

REGISTER IS READ.

INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS

CLEARED AFTER THE STATUS REGISTER IS READ.

MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.
MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

TIME TO DETECT VALID FREQUENCIES PRESENT.
TIME TO DETECT VALID FREQUENCIES ABSENT.

GUARD TIME, TONE PRESENT.
GUARD TIME, TONE ABSENT.

DTMF Generator

The DTMF transmitter employed in the MT8888C is
capable of generating all sixteen standard DTMF
tone pairs with low distortion and high accuracy. All
frequencies are derived from an external 3.579545
MHz crystal. The sinusoidal waveforms for the
individual tones are digitally synthesized using row
and column programmable dividers and switched
capacitor D/A converters. The row and column tones
are mixed and filtered providing a DTMF signal with
low total harmonic distortion and high accuracy. To
specify a DTMF signal, data conforming to the
encoding format shown in Table 1 must be written to
the transmit Data Register. Note that this is the
same as the receiver output code. The individual
tones which are generated (f ow and fyguH) are
referred to as Low Group and High Group tones. As
saen from the table, the low group frequencies are
697, 770, 852 and 941 Hz. The high group
frequencies are 1209, 1336, 1477 and 1633 Hz,
Typically, the high group to low group amplitude ratio
{wist) is 2 dB to com-pensate for high group
attenuation on long loops.

The period of each tone consists of 32 equal time
segments. The period of a tone is controlled by
varying the ilength of these time segments. During
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write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length,
which will ultimately determine the frequency of the
tone. When the divider reaches the appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
of time segments is fixed at 32, however, by varying
the segment length as described above the
frequency can also be varied. The divider output
clocks another counter, which addresses the
sinewave lockup ROM.

The lookup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to produce row and
column tones, which are then mixed using a low
noise summing amplifier. The oscillator described
needs no ‘“start-up” time as in other DTMF
generators since the crystal oscillator is running
continucusly thus providing a high degree of tone
burst accuracy. A bandwidth limiting filter is
incorporated and serves to attenuate distortion
products above 8 kHz. It can be seen from Figure 8
that the distortion products are very low in amplitude.
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| Scaling Information

10 dB/Div
Stant Frequency = 0 Hz
Stop Frequency = 3400 Hz

Marker Frequency = 697 Hz and
1209 Hz

orve A -

Burst Mode

In certain telephony appiications it is required that
DTMF signals being generated are of a specific
duration determined either by the particutar
application or by any one of the exchange transmitter
specifications currently existing. Standard DTMF
signal timing can be accomplished by making use of
the Burst Mode. The transmitter is capable of issuing
symmetric bursts/pauses of predetermined duration.
This burst/pause duration is 51 ms+1 ms, which is a
standard interval for autodiaier and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, the burst/pause
duration is doubled to 102 ms £2 ms. Note that when
CP mode and Burst mode have been selected,
DTMF tones may be transmitted only and not
received. In applications where a non-standard
burst/pause time is desirable, a software timing loop
or external timer can be used to provide the timing
puises when the burst mode is disabled by enabling
and disabling the transmitter,

Single Tone Generatlon

A single tone mode is available wherehy individual
tones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowledgment tone
generation and distortion measurements. Refer to
Control Register B description for details.

pectrum Plot
OUTPUY FREQUENCY {Hz
ﬁg’!# SPECIFIED ACTI:AL) %ERROR
L 697 699.1 +0.30
2 - 770 766.2 -0.49
3 852 8474 (.54
L4 941 948.0 +0.74
H1 1209 12159 +0.57
H2 1336 13317 -0.32
H3 1477 14719 -0.35
H4 16833 1645.0 +0.73
“Table 2. Actual F;'equencies Versus Standard
Requirements

Distortion Calculations

The MT8888C is capable of producing precise tone
bursts with minimal error in frequency (see Table 2).
The Internal summing amplifier is followed by a first-
order lowpass switched capacitor filter to minimize
harmonic components and intermodulation products.
The total harmonic distortion for a single tone can be
calculated using Equation 1, which is the ratio of the
total power of all the extraneous frequencies to the
power of the fundamental frequency expressed as a
percentage.




MT8888C

The Fourier components of the tone output
correspond 1o V... Vi as measured on the output
waveform. The total harmonic distortion for a dua/
tone can be calculated using Equation 2. V| and V,
correspond to the low group ampiltude and high
group amplitude, respectively and v2 Mp is the sum
of ali the intermodulation components. The internal
switched-capacitor filter following the D/A converter
keeps distortion products down to a very low level as
shown in Figure 10.

THD (%) = 100

DTMF Clock Circuit

The internal clock circuit is completed with the
addition of a standard television colour burst crystal.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: +0.1%
Resochance Mode: Parallel

Load Capacitance: 18pF

Maximum Series Resistance:150 chms
Maximum Drive Level: 2mw

e.g. CTS Knights MP036S
Toyocom TQC-203-A-9S

A number of MT8888C devices can be connected as

Figures 17 and 18 are the timing diagrams for the
Intel 8031, 8051 and 8085 (5 MHz) microcontrollers.
By NANDing the address latch enable (ALE) output
with the high-byte address (P2) decode output, TS is
generated. Figure 12 summarizes the connection of
these Intel processors to the MT8888C transceiver.

The microprocessor interface provides access to five
internal registers. The read-only Receive Data
Register contains the decoded output of the last valid
DTMF digit received. Data entered into the write-only
Transmit Data Register will determine which tone
pair is to be generated (see Table 1 for coding
details). Transteiver control is accomplished with two
control registers (see Tables 6 and 7), CRA and
CRB, which have the same address. A write
operation to CRB is executed by first setting the most
significant bit (b3) in CRA. The following write
operation to the same address will then be directed
to CRB, and subsequent write cycles will be directed
back to CRA. The read-only status register indicates
the current transceiver state (see Table 8).

A sgoftware reset must be included at the beginning
of all programs to initialize the control registers upon
power-up or power reset (see Figure 17). Refer to
Tables 4-7 for bit descriptions of the two control
registers.

The multiplexed IRQJCP pin can be programmed to
generate an interrupt upon validation of DTMF
signals or when the transmitter is ready for more
data (burst mode only). Alternatively, this pin can be
configured to provide a squarewave output of the call
progress signal. The TRG/CP pin is an open drain
output and requires an external pull-up resistor (see
Figure 13).

shown in Figure 11 such that only one crystal is RSO WR RD FUNCTION
required. Alternatively, the OSC1 inputs on all —
devices can be driven from a TTL buffer with the 0 0 1 w:;;’;t’"ﬂ’m“
OSC2 outputs left unconnected. 0 1 0 oadTrom Racaive
Data Reglater
MT2888C MTB888C MT8388C 1 0 1 Wiite 1o Contrel Register
0sC1 0sc2 0SC1 0Ssc2 1 1 0 Read from Status Register
L-‘ I Table 3. Internal Registeﬁﬁncﬁons
3570545 MHz b3 b2 b1 b0
RSEL IRQ CP/IDTMF TOUT
gure ommon Crysta —
Table 4. CRA Bit Positions
Mlcroproqessor interface = — v s
CIR SD TEST BURST
The MT8888C incorporates an Intel microprocessor ENABLE
interface which is compatible with fast versions (16

MHz) of the 80C51. No wait cycles need to be
inserted.
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BIT

NAME

DESCRIPTION

TOUT

Tone Output Control. A logic high enables the tone output; a fogic low turns the tone output
off, This bit controls all transmit tone functions.

b1

CPOTMF

Call Progress or DTMF Mode Select. A logic high enabies the receive cali progress mode;
a logic low enables DTMF mode. In DTMF mode the device is capable of receiving and
transmitting DTMF signals. In CP mode a rectanguiar wave representation of the received
tone signal will be present on the TRQ/CP output pin if IRQ has been enabled (control
register A, b2=1). In order fo be detected, CP signals must be within the bandwidth
specified in the AC Electrical Characteristics for Call Progress.

Note: DTMF signals cannot be detected when CP mode is selected.

b2

IRQ

Interrupt Enable. A logic high enables the interrupt function; a logic low de-activates the
interrupt function. When IRQ is enabled and DTMF mode is selected (control register A,
b1=0), the IRQ/CP output pin will go low when either 1) a valid DTMF signal has been
received for a valid guard time duration, or 2) the transmitter is ready for more data (burst
mode only).

b3

RSEL

Register Select. A logic high selects control register B for the next write cycle to the control
register address. After writing to control register B, the following control register write cycle
will be directed to control register A.

" Table 6. Control Register A Description

BIT

NAME

DESCRIPTION

b0

BURST

Burst Mode Select. A logic high de-activates burst mode; a logic jow enables burst mode.
When activated, the digital code representing a DTMF signal (see Table 1) can be written
to the transmit register, which will result in a transmit DTMF tone burst and pause of equal
durations {typically 51 msec.). Following the pause, the status register will be updated (b1 -
Transmit Data Register Empty), and an interrupt will occur if the interrupt mode has been
enabled.

When CP mode {(control register A, b1) is enabled the normal tone burst and pause
durations are extended from a typical duration of 51 msec to 102 msec.

wWhen BURST is high (de-activated) the transmit tone burst duration is determined by the
TOUT bit (control register A, b0).

b1

TEST

Test Mode Control. A logic high enables the test mode; a logic low de-activates the test
mode. When TEST is enabled and DTMF mode is selected (control register A, b1=0), the
signal present on the TRCYCP pin will be analogous to the state of the DELAYED
STEERING bit of the status register (see Figure 7, signal b3).

b2

Single or Dual Tone Generation. A logic high selects the single tone output; a logic low
selects the dual tone (DTMF) output. The single tone generation function requires further
selection of either the row or column tones (low or high group) through the C/R bit (control
register B, b3).

b3

Column or Row Tone Select. A logic high selects a column tone output; a logic low selects
a row tone output. This function is used in conjunction with the S/D bit (control register B,
b2).

Table 7. Control Register B Description
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BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupt has occurred. Bit one interrupt is inactive. Cleared after
(b1) or bit two (b2) is set. Status Register is read.
b1 { TRANSMIT CATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
(BURST MODE ONLY) data.
b2 | RECEIVE DATA REGISTER | Valid data is in the Receive Data | Cleared after Status Register is
FULL Register. read.
b3 | DELAYED STEERING Set upon the valid detection of Cleared upon the detection of a
the absence of a DTMF signal. valid DTMF signal.
Table 8. Status ﬁeglstefﬁescrlption

8031/8081
8080/8085

C1 R1
DTMF/CP D ‘
INPUT l I
R2

/77 X-al U! I::

SN N RSN EUENED)

Notes:
R1,R2=100 k2 1%

R3 =374 k1 1% _)
R4 = 3.3 Q2 10%

Ry =10k Q2 (min.) * Microprocessor based systems can inject undeskable noise into the supply rails.
€1=100 nF 5% The performance of the MT8888C can be optimized by keeping

C2 =100 nF 5% noise on the supply rails to a minimum. The decoupling capacitor {C3) should be
C3 = 100 nF 10%* connected close to the device and ground oops should be avoided.

X-al = 3.579545 MHz
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MMD8150 (or
TEST POINT equivalent) ) TEST POINT

O

MMD7000 (or I
equivalent)

Test load for DO-D3 pins Test ioad for [RG/CP pin

INITIALIZATION PROCEDURE
A software reset must be included at the beginning of all programs to initialize the control registers after
power up.The initialization procedure should be implemented 100ms after power up.
Description: Control
, RS0 WR RD
Read Status Register 0
Write to Control Register 1
Write to Control Register 1
Write to Control Register 1
Write to Control Register 1
Read Status Register 0

Data

b2
X
0
0
0
0
X

TYPICAL CONTROL SEQUENCE FOR BURST MODE APPLICATIONS
Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones.

Sequence:
RS0 WR

1) Write to Control Register A 1 0
(tone out, DTMF, TRQ, Sefect Control Register B)

2) Wirite to Control Register B 0
(burst mode})

3) Write to Transmit Data Register 0
{send a digit 7)

4} Wait for an interrupt or poll Status Register

5) Read the Status Register 1 1

-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0
{send a digit 5)

-if bit 2 is set, a DTMF tone has been received, in which case ...
Read the Receive Data Register 0 1

-if both bits are set...
Read the Receive Data Register X X
Write to Transmit Data Register Q 0 0 1

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ma {12 ms} AFTER THE DATA IS
WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (1 4 ms).
&
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Absolute Maximum Ratings*

Parametor Symbol Min Max Units
1 | Power supply voltage Vpy-Vgs Vbo 6 v
2 | Voltage on any pin Vi Vgs0.3 Vop+0.3 \"
3 | Current at any pin {Except Vop and Vss) 10 mA
4 | Storage temperature Tst 65 +150 °C
_51 Package power dissipation — Pp 1000 mw
Excesding these vaiues may cause permanent damage. Functicnal operation under these conditions Iis not implied.
Recommended Operatl ng Conditions - Volages are with respect to ground (Vgg) unless otherwise stated.
Parameter Sym Min Typ* Max | Units | Test Conditions
1 | Positive power supply Voo 4.75 5.00 5.25 \'%
2 | Operating temperature To -40 +85 °C
i Crystal clock frequency fouk | 3.575965 | 3.579545 | 3.583124 | MHz
1 Typlcal figures ane at 25 “C and for design aid only: not guamnteed and not subject to production testing,
DC Electrical Characteristicst-vgg=ov.
Characteristics Sym | Min | Typt | Max | Units Test Conditions
1 s Operating supply voltage Vop | 475 | 50 5.25 \'
2 U | Operating supply current lbo 70 1 mA
3 [ Power consumgtion Pc 578 | mwW
4 i | High level input voltage Vino | 3.5 V 1 Note 9*
N | (OSC1)
5| T | Low levelinput voltage Vio 15 | V |Noteg
T | {0sC1)
6 $ | Steering threshold voltage Vige | 2.2 23 25 Y Vpp=5V T
T Low level output voltage No load
(OSC2) VoLo 0.1 Y Note 97
8 | O [ Highlevel output voltage No ioad
T | {0OSC2) Vono | 49 A Note 9°
9 5 Output leakage current
T }{IRQ) loz 1 10 BA | Vou=24V
10| S | Vgyr output voltage Veet | 24 | 25 | 28 V | Noload, Vpp=5V
11 Viaer OUtPUL resistance Ror 13 kQ
12| D | Low level input voltage ViL 0.8 Vv
13| o | High level input voltage Vi | 20 v
14 t' input leakage current Iz 10 pA | Viy=VgstoVpp
a
I
15 | pata | Source current loH 14 | 66 mA | Vou=2.4V
16 | Bus | Sink current oo | 20 | 40 mA | Vo =04V
17 | ESt | Source curment lon | 0.5 ] 30 mA | Vou=4.6V
18 :&1& Sink current oL 2 4 mA | Vg, =0.4V
19 Tg"c/: Sink curment oL | 4 | 16 mA | Vo =04V

1 Chamctsristics are over recommended operating conditions unless otherwise stated.
t Typicai figures are at 25 °C, Vg =8V and for design aid only: not guaranteed and not subject to production testing.
* See “Notes” following AC Electrical Characteristics Tables.
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Electrical Characteristics

Gain Setting Ampliﬂer - Voltages are with respect to ground {Vgg) uniess otherwise stated, Vgg= OV.

Characteristics Sym | Min | Typ Max | Units Test Conditions
1 |input leakage current N 100 nA Vss < Vin £ Voo
2 |linput resistance Rin 10 MQ
3 |lInput offset voltage Vos 25 mv
4 |Power supply rejection PSRR | 50 dB 1 kHz
5 [ Common mode rejection CMRR | 40 dB
68 |DC open loop voltage gain AoL 40 dB C_=20p
7 Unity gain bandwidth BW 1.0 MHz CL=20p
8 |Output voltage swing Vo 0.5 Vpp05| V R 2100 kQ to Vgg
9 | Allowable capacitive load (GS) CL 100 pF PM>40°
10 | Allowable resistive load (GS) RL 50 kQ Vo = 4Vpp
11 | Common mode range Ve 1.0 Vpp-10| V R, = 50kQ2

Figures are for design aid only: not guaranteed and not subject to production testing.
Characteristics are over recommended operating conditions unless otherwise stated,

MT8888C AC Electrical Characterlstics?- Voltages are with respect to ground (Vgg) unless otherwise stated.

Characteristics . Sym Min Typt | Max | Units Notes*
R Valid input sighal levels -29 +1 dBm 1,235,6
1 (each tone of composite 9 v, 12356
X signal) 27.5 86 MVams 2,3,5,

t Characteristics are over recommaended operating conditions (unless otherwise stated
AC Electrical Characteristics!

) using the test circuit shown in Figure 13.

~ Voltages are with respect to ground (Vgg) unless otherwise stated. fc=3.579545 MHz

Characteristics Sym Min Typ* [ Max { Units Notes*
1 Positive twist accept 8 dB 2,369
2 Negative twist accept 8 dB 2,369
3 Freq. deviation accept +1.5%+ 2Hz 235
4 | & | Freq. deviation reject +3.5% 235
5 Third tone tolerance -16 dB 2,34,59,10
6 Noise tolerance -12 dB 2,3,4,57,910
7 Dial tone tolerance 22 dB 234589

1 Characieristics are over recommended oparating conditions unless otherwi

se stated.

t Typical figures are at 25°C, Vg = 5V, and for design aid only: not guaranteed and not subject to production testing.
= *See “Notas” following AC Electrical Characteristics Tables.

4101



MT8888C

AC Electrical Characteristics?. Call Progress -votages are with respect to ground (Vgs), unless otherwise stated.

Characteristics Sym | Min | Typt | Max | Units Conditions
1 | Accept Bandwidth fa 310 500 Hz | @-25dBm,
Note 9
2 | Lower freq. (REJECT) fir 290 Hz | @-25dBm
Upper freq. (REJECT) fur 540 Hz | @-25dBm
Call progress tone detect level (total -30 dBm
power)

1 Characleristics are over recommended operating conditions unless otharwisa stated
4+ Typical figures are at 25°C, V=5V, and for design aid only: not guaranteed and not subject to production testing

AC Electrical Characteristics’- DTMF Reception = Typical DTMF tone accept and reject requirements. Actual
values are user selectabie as per Figures 5, 6 and 7,

Characteristics Sym | Min | Typt | Max | Units Conditions
1 | Minimum tone accept duration trec 40 ms
2 | Maximum tone reject duration treE 20 ms
3 | Minimum interdigit pause duration tip 40 ms
4 | Maximum tone drop-out duration too 20 ms

+ Characteristics are over recommended operating conditions unless otherwise stated
1 Typical figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing

AC Electrical Characteristics?' - Voitages are with respect to ground (Vgg), unless ctherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Conditions
1 | T |Tone present detect time top 3 11 14 ms |Note 11
2 ﬁ Tone absent detect time toa 05 4 8.5 ms |Note 11
3 | © |Delay Sttob3 tosms 13 us |See Figure 7
4 :‘ Delay St to RX-RX3 tpsiRX 8 us (See Figure 7
5 Tone burst duration tasy 50 52 ms |DTMF mode
6 Tone pause duration tps 50 52 ms |DTMF mode
7 Tone burst duration (extended) tasTE 100 104 ms |Call Progress mode
8 | 1 |Tone pause duration (extended) tese 100 104 ms |[Call Progress mode
9 | O [High group output level Viour | 6.1 21 | dBm [R =10kQ
10 | ® [Low group output level Viour | 8.4 4.1 | dBm |R =10k
11 8 Pre-emphasis dBp 0 2 3 dB |R =10k
12 | v [Output distortion (Single Tone) THD «35 dB |25 kHz Bandwidth
13 R, =10kQ
14 Frequency deviation o 0.7 1.5 % |fc=3.579545 MHz
15 Output load resistance Rir 10 50 kQ
16 Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz
17 | ¥ [Clockinput rise and all time teLrF 110 | ns |Ext clock
18 t Clock input duty cycle DCqy 40 50 60 % |Ext clock
19 Capacitive load (OSC2) Cio 30 pF

1'-1"1ming is over recommended temperature & power supply voltages.
1 Typical figunes are at 25°C and for design aid only: not guaranteed and not subject to production testing.
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AC Electrical Characteristics’™ MPU Interface - Voltages are with respect 1o ground (Vgg), unless otherwisa stated.

Characteristics Sym | Min | Typ* | Max | Units Conditions
1 | RD/WR clock frequency feve 4.0 MHz | Figure 16
2 | RD/WR cyde period teve 250 ns | Figure 16
3 | RB/WR rise and fail ime tr te 20 ns | Figure 16
4 | Address setup time tas 23 ns | Figures 17 & 18
5 | Address hold time tan 26 ns Figures 17 & 18
6 | Data hold time (read) toHR 22 ns | Figures 17 & 18
7 | RD to valid data delay (read) toor 100 ns | Figures 17 & 18
8 | RD, WR pulse width low tewL 150 ns | Figures 16, 17 & 18
9 | RD, WR putse width high trwH 100 ns | Figures 16, 17 & 18
10 | Data setup time (write) tpsw 45 ns Figures 17 & 18
11 | Data hold time (write) toHw 10 ns Figures 17 & 18
12 | Input Capacitance {data bus) Cin ' 5 pF
13 | Output Capacitance (IRQ/CP) Cour 5 pF

1 Characteristics are over recommernded operating conditions uniess otherwise stated
1 Typical figures are at 25°C, Vpp=5V, and for design aid only: not guaranteed and not subject to production testing

NOTES: 1) dBmz=decibels above or balow a reference power of 1 mW into a 800 ohm load.
2) Digit sequence consists of all 18 DTMF tones,
3) Tone duration=40 ms. Tone pausa=40 ms.
4) Nominal DTMF frequencies are used.
5) Both tones in the composite siqnal have an equal amgplitude.
8) The tone pair is deviated by £ 1.5 Hz.
7) Bandwidth limited (3 kMz} Gaussian noise.
8) The precise dial tone fraquencies are 350 and 440 Mz (12%).
9) Guaranteed by design and characterization. Not subject 1o production testing.
10) Referenced to the lowast amplitude tone in the DTMF signal.
11) For guard time calculation purposes.
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DATA BUS

DATA BUS
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