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$MOD51 

ORG OOOOH 
AJMP RESET 

MT8888 
DTMFI 
DIGIT 
PASS 
COMP 
FIXED 

BUZZ 
RS 
E 
C58888 
RE 
RSOX 

PESANO: 
2ESAN1: 
PESAN2: 
PESAN3: 
PESAN4: 
PESANS: 
PESAN6 : 

DSEG 
MODE: 

EQU OOOOH 
EQU ODH 
EQU 31H 
EQU 50H 
EQU 60H 
EQU '/ OIl 

BIT P2.7 
BIT P3.0 
BIT P3.1 
I3IT P3.2 
BIT P3.4 
BIT P3.S 

DB 'INPUT PASSWORD ',OFH 
DB 'INPUT TEL£' NO ' , OFH 
DB 'AGREE?l=NO 2=YES',OFH 
DB '--->CHECKING<---',OFH 
DB ' ALA~~ ACTIVATE ',OFH 
DB 'VERIFY PASSWORD',OFH 
DB 'SET PASS l=Y 2=N',OFH 

AT 30H 
OS 1 

CSEG 
;+++++++++++++++++++++++++++++++++++++++++++ 

RESET: 
MOV Pl,#OH ;MATlKAN MOTOR DC 
HOV P2,#OH ;MATIKAN BUZZER 
HOV SP,#40H ;STACK POINTER PADA 
LCALL RESET8888 ;RESET MT8888 

40H 

HOV HODE, #DTMFl ;PINDAH DATA ODH UNTUK 
INISIALISASI MT8888 

LCALL INIT8888 ;INISIALISASI MT88SS 
LCALL IN IT LCD 
LCALL PASSWORD 
AJMP NOHOR 



;--------------------------------------
;PROSEDUR PASSWORD 
._-------------------------------------, 
PASSWORD: 
MOV 
ACALL 
MOV 
ACALL 
MOV 
ACALL 
MOV 

CEK PASS: 

A,#OlH 
KIRIM PERINTAH 
DPTR,#PESANO 
KIRIMPESAN LCD 
A,#OCOH 
KIRIM PERINTAH 
PASS,#51H 

MOV DIGIT,#OOH 
ACALL SCAN KEY 
MOV A,DIGIT 
CJNE A,#OOH,PASSl 
AJMP CEK PASS 

PASS1: 
CJNE 
MOV 
MOV 
RET 

PASS2: 
MOV 
ACALL 
MOV 
SWAP 

A,#23H,PASS2 
Rl,PASS 
@Rl,#'$' 

A,#2AH 
KIRIM KARAKTER 
A, DIGIT 
A 

MOV Rl,PASS 
MOV @Rl,A 
INC SOH 
AJMP 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 

;---------------------------------------
; PROSEDUR MASUKKAN NOMOR 
;---------------------------------------
NOMOR: 
MOV 
MOV 
ACALL 
MOV 
ACALL 
HOV 
ACALL 

FIXED,#71H 
A,#OlH 
KIRIM PERINTAH 
DPTR,#PESANl 
KIRIMPESAN LCD 
A, !fOCOl! 
KIRIM PERINTAH 

;DISPLAY CLEAR 

;TAMPILKAN FESAN 1 

;BARIS 2 LCD AKTTf 
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CEK NO: 
MOV 
ACALL 
MOV 
CJNE 
AJMP 

CEK1: 
CJNE 
HOV 
MOV 
AJMP 

CEK2 : 
MOV 
ACALL 
MOV 
MOV 
INC 
A,)}!F 

DIGIT, #OOH 
SCAN KEY 
A, DIGIT 
A,#OOH,CEKl 
CEK NO 

A,#23H,CEK2 
Rl,FIXED 
@Rl,#'$' 
STARTD 

A, DIGIT 
KIRIM KARAKTER 
Rl,FIXED 
@Rl,DIGIT 
70H 
CEK NO 

3 

;TOMBOL # DITEKAN? 

;IS1 NOMOR SELESAI 

;ISI AKUMULATOR=ISI DIGIT 
;TAMPILKAN DI LCD 

;---------------------------------------
: CONFIRM PHONE NUMBER 
;-------~-------------------------------

STARTD: 
l'lOV A,#80H :AKTIFKAN BARIS 1 LCD 
rlCALL KIRIM PERINTAH 
MOV DPTR,#PESAN2 :TAMPILKAN PESAN 2 
rlCrlLL KIRIMPESAN LCD 

TANYA1: 
HOV DIGIT,#OOIl 
ACALL SCAN KEY 
MOV A,DIGIT 
CJNE A,#31H,TANYA2 ;1 DITEKAN ? 
AJMP NOMOR ;UBAH NOMOR TELEPON 

TANYA2: 
CJNE A,#32H,TANYAl ;2 DITEKAN? 

PROSES: 
MOV A, #OlH ;DISPLAY CLEAR 
ACALL KIRIM PERINTAH 
MOV DPTR,#PESAN3 ;TAMPILKAN PESAN 3 
ACALL KIRIHPESAN LCD 



SETB 
NOP 
NOP 

P3.3 ;P3.3 INPUT SENSOR 

i--------------------------------------
;RED ALERT 
._-------------------------------------, 
JNB 

RED ALERT: 
MOV 
ACALL 
MOV 
ACALL 
SETB 
SETB 
ACALL 
ACALL 
CLR 
SETB 
ACALL 
ACALL 
CLR 

P3.3,$ 

A,#OlH 
KIRIM PERINTAH 
DPTR,#PESAN4 
KIRIMPESAN LCD 
BUZZ 
PI. 0 
DELAY2S 
DELAY2S 
PI. 0 
Pl.l 
DELAY 3S 
DELAY500MS 
Pl.l 

;SENSOR TERHALANG? 

iCLEAR LCD 

iBUZZER ON 
i TEMPAT BARANG TURUN 

;TUTUP DAERAH UTAMA 

i--------------------------------------

;DIALING NUMBER 
:--------------------------------------
SETB 
ACALL 
ACALL 
ACALL 
ACALL 
ACALL 
ACALL 
ACALL 
CLR 
CLR 

RE 
DELAY 3S 
DTMFDIALING 
DELAY2S 
DELAY2S 
DELAY2S 
DELAY2S 
DELAY2S 
BUZZ 
RE 

i ANGKAT GAGANG TELEPON 

iMELAKUKAN DTMF DIALING 

iBUZZER OFF 
;TUTUP GAGANG 

;--------------------------------------
iCONFIRM PASSWORD 
;--------------------------------------
CONF: 
MOV 
ACALL 
MOV 
ACALL 

A,#OlH 
KIRIM PERINTAH 
DPTR,#PESAN5 
KIRIMPESAN LCD 

;DISPLAY CLEAR 

iTAMPILKAN PESAN 5 
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MOV A,#OCOH iBARIS 2 LCD AKTIF 
ACALL KIRIM PERINTAH 
MOV COMP,#61H 

CEK CONF: 
MOV DIGIT,#OOH 
ACALL SCAN KEY 
MOV A,DIGIT 
CJNE . A, #OOH, CONFl 
AJMP CEK CONF -

CONF1: 
CJNE A,#23H,CONF2 iTOMBOL # DITEKAN? 
MOV Rl,COMP 
MOV @Rl, #' $' 
AJMP VER iPERIKSA PASSWORD 

CONF2: 
MOV A,#2AH iTAMPILKAN * PADA LCD 
ACALL KIRIM KARAKTER 
MOV A, DIGIT 
SWAP A 
MOV Rl,COMP 
MOV @Rl,A 
INC 60H 
AJMP CEK CONF 

i--------------------------------------

iPASSWORD VERIFY 
;--------------------------------------

VER: 
MOV PASS,#51H 
~IOV COMP, #61H 

CEK VER: 
MOV R1,COMP 
MOV A,@Rl 
MOV R1,PASS 
MOV B,@Rl 

CJNE A, B, CONF 

INC SOH 
INC 60H 
CJNE A,#'$',CEK VER 
HOV A,B 
CJNE A, # ' $ , , CONF 

iCOMP->A 

iPASS->B 

iA = B ? 

;AMBIL DATA BERIKUTNYA 
;AMBIL DATA BERIKUTNYA 
iDATA 01 COMP HABIS? 

iDATA DI PASS HABIS? 
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;--------------------------------------
;CHANGE PASSWORD 
;--------------------------------------
CHANGE: 
MOV A,#OlH ; CLEAR LCD 
ACALL KIRIM PERINTAH 

MOV DPTR, #PESAN6 
ACALL KIRIMPESAN LCD 

CHI: 
MOV DIGIT,#OOH 
ACALL SCAN KEY 
HOV A, DIGIT 

CJNE A,#3IH,CH2 
AJMP CH3 

CH2: 
CJNE A,#32H,CHI 
AJMP COMPLETE 

CH3: 
LCALL PASSWORD 

;--------------------------------------
;PASSWORD CHANGE COMPLETE 
i--------------------------------------
COMPLETE: 
SETB P1.3 ; BUKA DAERAH U'l'AMA 
ACALL DELAY 3S 
CLR PI. 3 
SETB P1.2 ;TEMPAT BARANG NAIK 
ACALL DELAY2S 
ACALL. DELAY2S 
ACALL DELAY500MS 
CLR PI.:: 
AJMP PROSES ;KEMBALI PERIKSA SENSOR 

;--------------------------------------
;WRITE DTMF 
;DIAMBIL DARI TUTORIAL PHONE INTERFACE 
;--------------------------------------
WRITEDTMF: 
PUSH DPH 
PUSH OPL 
CLR RSOX ;RSO=O 



MOV 
MOVX 
POP 
POP 
RET 

DPTR,#HT8888 
@DPTR,A 
DPL 
DPH 

i----------------------------------------
;READ STATUS MT8888 
; DIAMBIL DARI TUTORIAl, PHONE INTE.RFACE 
;----------------------------------------
RE.AOSTAT: 
PUSH 
PUSH 
SETB 
MOV 
MOVX 
CLR 

DPH 
DPL 
RSOX 
DPTR,#MT8888 
A,@DPTR 
RSOX 

POP DPL 
POP DPH 
RET 

;RSO=l 

; R80=0 

i-------------------------------------
;WRITE CONTROL REGISTER 
;DIAMBIL DARI TUTORIAL PHONE. INTERFACE 
i--------------------------------------
WRITECR: 
PUSH DPH 
PUSH DPL 
SETB RSOX ;RSO=l 
MOV DPTR,#MT8888 
MOVX @DPTR,A 
CLR RSOX ;RSO=O 
POP DPL 
POP DPH 
RET 

i---------------------------------------
;RESET MT8888 
;DIAMBIL OARI TUTORIAL PHONE INTERFACE 
;---------------------------------------
RESET8888: 
PUSH ACC 
CLR CS8888 
CLR RE 
ACALL REAOSTAT 
MOV A, #OOH 
ACALL WRITECR 
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ACALL WRITECR 
MOV A, #08H 
ACALL WRITECR 
MOV A, #OOH 
ACALL WRITECR 
ACALL READS TAT 
POP ACC 
RET 

;----------------------------------------
;INIT MT8888 
;DIAMBIL DARI TUTORIAL PHONE INTERFACE 
i----------------------------------------
INIT8888: 
PUSH ACC 
PUSH DPH 
FUSH DFL 
MOV A, MODE 
ACALL WRITECR 
JNB ACC.3,EO INIT8888 

-
SWAP A 
ACALL WRITECR 

EO INIT8888: 
POP DPL 
POP DPH 
POP ACC 
RET 

i----------------------------------------------
;DTMF DIALING NUMBER 
;DIAMBIL DARI TUTORIAL PHONE INTERFACE 
;DENGAN MODIFIKASI PADA PROSES PENGIRIMAN DATA 
;----------------------------------------------
DTMFDIALING: 
MOV FIXED,#71H 

NXTNUMBER: 
MOV 
MOV 
CJNE 
RET 

DIAL: 
INC 
CJNE 

Rl,FIXED 
A,@Rl 
A, # ' $ , , DIAL 

IOH 
A,#30H,DIAL19 
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DIALO: 
MOV 
ACALL 
UPl: 
ACALL 
JNB 
AJMP 

DIALl9 : 
ACALL 
UP2: 
ACALL 
JNB 
AJMP 

A,#OAH 
WRITEDTMF 

READSTAT 
ACC.l,UPl 
NXTNUMBER 

WRITEDTMF 

READS TAT 
ACC.1,U?::> 
NXTNUMBER 

;++++++++++++++++tt+++++++++++++t++++++t+ttt 
PROSEDUR SCAN KEYPAD 

;+++++++++++++++++++++++++++++++++++++++++++ 
SCAN KEY: 

KOLOM1: PUSH BOH ; SAVE LOGTC 
MOV A,#7EH 
MOV P2,A 
ACALL DELAY iSMS 
MOV A, P2 
ACALL DEL/l..Y l,)MS 
CJNE A,#7EH,ANGKAl 
/l..JMP KOLOM2 

ANGKA1: CJNE A,#76H,ANGKA4 
MOV A,#31H 
MOV DIGIT,A 
AC/l..LL DELAY 0658 -
AJMP OUT KEY 

ANGKA4 : C,TNE /l..,#6EH,ANGKA7 
MOV A,#34H 
MOV DIGIT,A 
ACALL DELAY 0658 
AJMP OUT KEY 

ANGKA7 : CJNE A, #5EH, ANGKAll 
MOV A,#37H 
MOV DIGIT,A 
ACALL DELAY 0658 
AJMP OUT KEY 

P2.7 
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ANGKAll : MOV A, #2AH 
MOV DIGIT, A 
ACALL DELAY 0653 
AJMP OUT KEY 

KOLOM2 : MOV A,#7DH 
MOV P2,A 
ACALL DELAY 15M3 
MOV A, P2 
ACALL DELAY 15M3 
CJNE A,#7DH,ANGKA2 
AJMP KOLOM3 

ANGKA2: CJNE A,#75H,ANGKA5 
MOV A,#32H 
MOV DIGIT, A 
ACALL DELAY 0653 
A,}1v!P OUT KEY 

-

ANGKA5: CJNE A,#6DH,ANGKAB 
MOV A,#35H 
MOV DIGIT,A 
ACALL DELAY 0653 
A,]MP OUT KSY 

ANGKAB: CJNE A,#5DH,ANGKAO 
MOV A,#3BH 
MOV DIGIT,A 
ACALL DELAY 0653 
AJMP OUT KEY 

ANGKAO: MOV A,#30H 
MOV DIGIT,A 
ACALL DELAY 0653 
AJMP OUT KEY 

KOLOM3: MOV A,#7BH 
MOV P2,A 
ACALL DELAY 15M3 -
MOV A, P2 
ACALL DELAY 15M3 
CJNE A, #7BH, ANGKA3 
AJMP OUT KEY 



ANGKA3: CJNE A,#73H,ANGKA6 
MOV A,#33H 
MOV DIGIT,A 
ACALL DELAY 0658 
AJMP OUT KEY 

ANGKA6: CJNE A,#6BH,ANGKA9 
MOV A,#36H 
MOV DIGIT,A 
ACALL DELAY 0658 
AJMP OUT KEY 

ANGKA9: CJNE A,#5BH,ANGKA12 
MOV A,#39H 
MOV DIGIT,A 
ACALL DELAY 0658 
A.JMP OUT KEY 

ANGKA12 : MOV A,#23H 
MOV DIl~IT, A 
ACALL DELAY 0658 
A~TMP OUT KEY 

OUT KEY: POP 80H 
RET 

;+++++++++++++++++++++++++++++++++++++++++++ 
; PR08EDUR INI8IALI8A81 LCD 
;+++++++++++++++++++++++++++++++++++++++++++ 
INIT LCD: 
MOV 
ACALL 
MOV 
ACALL 
MOV 
ACALL 
MOV 
ACALL 
MOV 
ACALL 
MOV 
ACALL 
t-!OV 
ACALL 
MOV 
ACALL 
RET 

A, #30H 
KIRIM PERINTAH 
A,#30H 
KIRIM PERINTAH 
A,#30H 
KIRIM PERINTAH 
A,#20H 
KIRIM PERINTAH 
A,#28H 
KIRIM PERINTAH 
A,#06H 
KIRIM PERINTAH 
A,#OCH 
KIRIM PERINTAH 
A,#OlH 
KIRIM PERINTAll 

; FUNCTION SET 

;ENTRY MODE SET 

;DI8PLAY ON 

;DISPLAY CLEAR 

II 



KIRIM PERINTAH: 
CLR RS 
ACALL 
SWAP 
ACALL 
ACALL 
RET 

KIRIM 
PUSH 
ANL 
MOV 
MOV 
ANL 
ORL 
MOV 
SETB 
CLR 
POP 
RET 

KIRIM DA'1'ALCD 
A 
KIRIM DATALCD 
DELAY 4MS 

DATALCD: 
ACC 
A,#OFOH 
R2, A 
A, Pl 
A,#OFH 
A,R2 
P1, A 
E 
E 
ACC 

KIRIMPESAN LCD: 

LOOPKIRIMPESAN: 
MOV A,#OOH 
Move A,@A+DPTR 
CJNE A,#OFH,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 SOUS 
RET 
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;~~+++++++++++++++++++++++++++++++++++++++++ 

; PROSEDUR DELAY 
; r t- H-t- l-l-l-H- H- t- t t-t- j- H t t t H- H r + + + + + +++++++++ ++ 
DELAY2S: PUSH 05H 

PUSH 06H 
PUSH 07H 
MOV R5,#20 

LDEL2S 2: MOV R6,#200 
LDEL2S 1: MOV R7,#2S0 

DJNZ R7,$ 
DJNZ R6,LDEL2S 1 -
DJNZ R5,LDEL2S_2 
POP 07H 
POP 06H 
POP 05H 
RET 

DELAY 4MS: MOV RO,#OFFH 
MOV Rl,#10H 

DELAY 4MS1: DJNZ RO,DELAY 4MSl 
DJNZ R1,DELAY_4MS1 

DELAY 50US: 

DELAY 50US1: 

DELAY iSMS: 

DF.l,AY L5MS 1: 

DELAY500MS: 
D5: 
D51: 

RET 

MOV RO,#12H 
MOV Rl,#02H 
DJNZ RO,DELAY_50US1 
DJNZ Rl,DELAY_50US1 
RET 

MOV RO,#OFFH 
MOV Rl,#2FH 
D,JNZ RO,DELAY 15MS1 
DJNZ R1, DELAY_ L'lMSl 
RET 

MOV R2,#04H 
MOV RO, #OFFH 
MOV R1,#OFFH 
DJNZ R1,$ 
DJNZ RO,D51 
D,JNZ R2, D5 
NOP 
RET 
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DELAY lS: MOV RO,#62H 
LOP: MOV IU, 1t68H 
LOP1: MOV R2,#32H 
HERE: DJNZ R~,$ 

DJNZ R1,LOP1 
DJNZ RO,LOP 
RET 

DELAY 38: ACALL DELAY 18 
ACALL DELAY lS 
ACALL DELAY lS 
RET 

DELAY 200MS: MOV R7,#14 
AGAIN: ACALL DELAY 15M8 

DJNZ RI,AGAIN 
RET 

DELAY 065S: MOV RO,#5H ;DELAY 0,658 
TNDA1 : MOV Rl, #OFFH 
TNDA2 : MOV R2,#OH 

D,JNZ R2,$ 
DJNZ Rl,TNDA2 
DJNZ RO,TNDAl 
RET 

END 
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Features 
o Compatible with MCS-51 no Products 
o 4K Bytes of In..system Reprogrammable Flash Memory 

- Endurance: 1,000 Write/Erase Cycles 
o Fully Static Operation: 0 Hz to 24 MHz 
o Three-Level Program Memory Lock 
o 128 x a-Bit Internal RAM 
o 32 Programmable VO Lin .. 
o Two 16-B1t TImer/Countel"ll 
o Six Interrupt Sources 
o Programmable Serial Channel 

Low Power Idle and Po_r Down Modes 

Description 
The AT89C51 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 Flash 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 flexible and cost effective solution to many embedded control appli­
cations. 

Pin Configurations 

P1.5 
PL. 
P1.7 
RST 

(InD, P3.0 
Ne 

(TXD) P3.1 
(TR"TV) P 3. 2 
(T"RTT) '3.3 

(TO) P3." 
(T1) Pl.5 

PQFPITQFP 
O_NI"I 

ooco 
~~!~ 

UO-Nf"I 

"':":":":";OOOQOO 
0.0. 0. o.o.z >0..0. 0. II. 

-----.. ao .... r... 
":<0(--­
--<C:<"': 

33 PO." fAD", 
32 PO.5 fADS) 
31 pO.e (A08) 
30 PO.7· (1.07) .. EA/'VPP 
2& Ne 
27 ALEJ151fOo ,. JfRN 
25 P2.1 (AU) ,. P2.' IA'4, 
23 P2.5 (A13) 

P1.0 
P1.1 
P1.2 
P1.3 
P1 .• 
P1,5 
P1.8 
P1.7 
RST 

(RXD, P3.0 
(TXO) P3. t 

CfllTtr-, P 3 , 2 
(TRTT) P3.3 

(TO) P3.4 
(Tt) P3.5 

(I'lR) P3 .• 
(R'iT) P3. 7 

XTAL2 
XTAL 1 

GND 

INDEX 
CORNER 

Pt.5 
1".1 
1'1.7 
RaT 

(RXD) P3.D 
Ne 

(TXD) P3.1 
(TRn) P3.' 
(fIIn) .0.3 

(TO) 1'3." 
(T1) P3 •• 

POIP 
(continued) 

vee 
PO.O (ADO) 
PO.1 (AD1) 
PO.2 (A02) 
PO.3 (AD3) 
PO." (AD") 
PO.S (ADS) 
PO. I (AOI) 
PO.7 (A07) 
~/VPP 
AlE/P'RU'C 
!'TEll 
P2,7 (AU) 
P2,' (At .. ) 
P2.! (AU) 
P2." (A12) 
P2.3 (A11) 
P2.2 (A1D) 
P2.1 (A5I) 

...:.:=--_....:.;;.r P2.D (AI) 

PLCC 

PO." (AD .. ) 
1'0.5 (A05) 
PO.& (AD&) 
PO.7 (AD7) 
n/v" 
Ne 
ALE I P"JfIn: 
I'1YII 
'2.7 (AU, 
P2.' (AU' 
1'2.5 (AU) 

8-Bit 
Microcontroller 
with 4K Bytes 
Flash 

AT89C51 

0265F.,l..-12197 
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,lock Diagram 
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______________ AT89C51 

The AT89C51 provides the following standard features: 4K 
bytes of Flash, 128 bytes of RAM, 32 110 lines, two 16-bit 
timer/oounters, a five vector two-level intenupt 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 Idle 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 until the next 
hardware reset. 

Pin Description 
Vcc 
Supply voltage. 

GND 
Ground. 

PortO 
Port 0 is an 8-bit open drain bidirectional 110 port. As an 
output port 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 pul­
lups. 

Port 0 also receives the code bytes during Flash program­
ming, and outputs the oode bytes dUring program verifica­
tion. Extemal pull ups are required during program verifica­
tion. 

Port 1 
Port 1 is an 8-bit bidirectional 110 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 (11Ll because of the intemal pullups. 

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

Port 2 
Port 2 Is an 8-bit bidirectional I/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 pulled low will source 
current (lid 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@ 
DPTR). In this application it uses strong internal pull ups 

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

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

Port 3 
Port 3 is an 8-bit bidirectional 110 port with intemal pullups. 
The Port 3 output buffers can sink/source four TIL inputs, 
When 1s are written to Port 3 pins they are pulled high by 
the Intemal pullups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current (lId becauso of the pullups. 

Port 3 also serves the functions of various speaal features 
of the A T89C51 as listed below: 

Port Pin Alternate Functions 

P3.0 RXD (serial Input port) 

P3.1 TXD (serial output port) 

P3.2 INTO (external Interrupt 0) 

P3.3 Jm'1 (external Interrupt 1) 

P3.4 TO (timer 0 external Input) 

P3.5 T1 (timer 1 external Input) 

P3.6 WR (external data memory write strobe) 

P3.7 RD (external data memory read strobe) 

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

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

ALElPIWG 
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 aocess to extemal Data Mem­
ory. 
If desired, ALE operation can be disabled by setting bit 0 of 
SFR location BEH. With the bit set, ALE Is active only dur­
ing a MOVX or MOVe instruction. Otherwise, the pin is 
weakly pulled high. Setting the ALE-disable bit has no 
effect if the microcontrolier is In external execution mode. 

PSEN 
Program Store Enable is the read strobe to external pro­
gram memory. 
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AlmEL 
When the AT89C51 Is executing code from external pro­
gram memory. i5SEiii is activated twice each machine 

cycle. except that two PSEN activations are skipped during 
each access to external data memory. 

EA/Vpp 
External Access Enable. EA must be strapped to GND in 
order to enable the device to fetch code from external pro­
gram memory locations starting at OOOOH up to FFFFH. 
Note. however. that if lock bit 1 is programmed. EA will be 
internally latched on reset. 

EA should be strapped to Vee 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-volt Vpp. 

XTAL1 
Input to the inverting oscillator amplifier and input to the 
intemal clock operating circuit. 

XTAL2 
Output from the inverting oscillator amplifier. 

Oscillator Characteristics 
XTAL 1 and XTAL2 are the input and output. respectively. 
of an inverting amplifier which cen be configured for use as 
an on-chlp oscillator. as shown in Figure 1. Either a quartz 
crystal or ceramic resonator may be used. To drive the 
devioe from an external ciock source. XT AL2 should be left 
unconnected while X TAL 1 is driven as shown in Figure 2. 
There are no requirements on the duty cycle of the extemal 
clock signal. since the input to the Internal clocking circuitry 
is through a divide-by-two flip-flop. but minimum and maxi­
mum voltage high and low time specifications must be 
observed. 

Idle Mode 
In idle mode. the CPU puts itself to sleep while all the on­
chip peripherals remain active. The mode Is invoked by 
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. 

It should be noted that when Idle is terminated by a hard 
ware reset. the device normally resumes program execu­
tion. from where it left off. up to two machine cycles before 
the internal reset algorithm takes control. On-chlp hardware 
inhibits aocass 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 Idle 
should not be one that writes to a port pin or to external 
memory. 

Figure 1. Oscillator Connections 

C2 

" 
XTAL2 

-,. XTAL1 

GND 

Note: C1. C2 = 30 pF ± 10 pF for Crystal. 
= 40 pf ± 10 pF for CeramIC Resonators 

Figure 2. External Clock Drive Configuration 

NC 

EXTERNAL 
OSCILLATOR ----/ 

SIGNAL 

XTAl2 

XTAL1 

ONO 

Status of External Pins During Idle and Power Down Modes 

Mode Program Memory ALE PSEN PORTO PORn PORT2 PORT3 

Idle Internal 1 1 Data Date Data Data 

Idle External 1 1 FlOat Data Address Data 

PowerOawn I Internal 0 0 Data Data Data Data 

PowerDOIVn External 0 0 Float Data Data Data 
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Power Down Mode 
In the power down mode the oscillator 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 Vee 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 Lock BItS Protection Type 

LB1 LB2 LB3 

1 U U U No program lock features. 

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

When 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 nee­
essa.). 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. 

2 p U U MOVe 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. 

3 P P U Same as mode 2, also verify Is disabled. 

4 p P P Same as mode 3, also external 8lecutlon Is disabled. 

Programming the Flash 
The AT89C51 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 Blow-voltage 
(Vecl program enable signal. The low voltage program­
ming mode provides a convenient way to program the 
AT89C51 inside the user's system, while the high-voltage 
programming mode is compatible with conventional third 
party Flash or EPROM programmers. 

The AT89C51 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 

Top-Side Mark AT89C51 AT89C51 

xxxx xxxx-5 
yy.NW yy.NW 

Signature (030H)=1EH (030H)=1EH 

(031H)=51H (031H)=51H 
(032H)=FFH (032H)=OSH 

The AT89C51 code memory alTay is programmed byte-by­
byte in either programming mode. To program any non­
blank byte in the on-chip Flash Memory, the entire memory 
must be erased using the Chip Erase Mode. 

Programming Algorithm: Before programming the 
AT89C51, 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 EAIV pp to 12V for the high-voltage programming 
mode. 

5. Pulse ALEIPROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed 
and typically takes no more 1han 1.5 ms. Repeat steps 
1 through 5, changing the address and data klr the 
entire alTay or until the end of the object file is reached. 

Diii Polling: The AT89CS1 features Data POlling to Indi­
cate the end of a write cycle. During a write cycle, an 
attempted read of the last byte written wHI result In the com­
plement of the written datum on PO.7. Once the write cycle 

has been completed, true data are valid on all outpum, and 
the next cycle may begin. Data Polling may begin any time 
after a write cycle has been initiated. 

Ready/Busy: The progress of byte programming can also 
be monitored by the RDYIBSY output Signal. P3.41s pulled 
low after ALE goes high during programming to indicate 
BUSY. P3.4 is pulled high again when programming is 
done to indicate READY. 
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Program Verify: If lock bits LB1 and LB2 have not been 
programmed, 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 ~r combination of control signals and by 
holding ALEIP~ 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. 

Mode RST PSEN· 

Write Code Data H L 

(030H) = 1 EH indicates manufactured by Atmel 
(031H) = 51 H indicates 89C51 
(032H) = FFH indicates 12V programming 
(032H) = 05H indicates 5V programming 

Programming Interface 
Every code byte 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 worldwide support for 
the Atmel microcontroller series. Please contact your local 
programming vendor for the appropriate software revision. 

Flash Programming Modes 

ALEIPROG EA/Vpp P2.6 P2.7 P3.6 P3.7 

H/12V L H H H 
~ 

Read Code Data H L H H L L H H 

Write Lock BII- 1 H L H/12V H H H H 

~ 

Bit - 2 H L H/12V H H L L 
~ 

Bit - 3 H L H/12V H L H L 
~ 

Chip Erase H L (t) H/12V H L L L 
~ 

Read Signature Byte H L H H L L L L 
Note. 1. Chip Erase requires a 10-ms PROG pulse. 
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Figure 3. Programming the Flash 

AT89C51 

AODR PI 
OOOOHIOFFFH 

P2.0 - P2.3 
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P2.6 

~~{ P2.7 
PROGRAMMING 
MODES TABLE P3.6 

P3.7 

XTAL2 

~24 M~ 

D 

'--..... ---l~ XTAL 1 

GND 

Vee 

PO 

ALE 

EA 

RST 
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PGM 
DATA 

PROG 

V,.!Vpp 

Figure 4. Verifying the Flash 
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Flash Programming and Verification Characteristics 
TA = o·c to 70·C, Vee = 5.0 ± 10% 

Symbol Parameter Min Max 

V pp(1) Programming Enable 'v\:>ltage 11.5 12.5 

Ipp(1) Programming Enable Currenl 1.0 

IAClCl_ Oscillator Frequency 3 24 

IAIiGL Address Setup to pm)G Low 48tcLCL 

IQ.w( Address Hold Aller PROO 48tcLCL 

~L Data Setup to J5ROO Low 481cLcL 

iGHDX Data Hold Aller PROG 48tcLCL 

tEHSH P2.7 (ENABLE) High 10 Vpp 48tcLCL 

ISHGL Vpp Setup to PROO Low 10 

iGHSL (1) Vpp Hold After PROG 10 

iGLGH PROGWldth 1 110 

IAVOV Address 10 Data Valid 48tcLCL 

~LQV ENABLE Low 10 Dala Valid 48tcLCL 

It:HClZ Data Floal After ENABLE 0 48tcLCL 

IGHeL PROO High 10 BiJSY Low 1.0 

1wc Byte Write Cycle Time 2.0 

NoIe: I. Only used In 12-volt programming mode. 

Vr;t; 

PO 

ALE 

EA 

+eN 

V .. 

Units 

V 

rnA 

MHz 

115 

I1s 

115 

115 

ms 
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp == 12V) 
P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

ALEIPROG 

P2.7 
(ENABLE) 

P3.4 
(RDV/BSY) 

tAIIGL 

IsHGL 

L 

------------
---. 

/ 

PROGRAMMING VERIFICATION 
ADDRESS ADDRESS - i"- tAVav 

I. .1 
DATA IN DATA OUT 

~ tCWL ~DxR 
toHAX 

"- / 

i---toLGH-
toHSL 

Vpp ______ ['::J.OGIC 1 --------------f-------------- _______ L.991Q. .!l --------- ---------
I+-tEHSH 

tELQV- -- 14-- t EHOZ 

"- V 

taHsL --0 4-

BUSY READY 

twc 

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

P1.0 - P1.7 
P2.0 - P2.3 

PORT 0 

EA/Vpp 

P2.7 
(ENABLE) 

P3.4 
(RDV/BSY) 

PROGRAMMING 
ADDRESS -I. .1 
DATA IN 

t AIIGL 
~~L ~DxR tow..x 

" / 
tSHGL ~ 

I+-toLGH--

LOGIC 1 
///////////// -------------- ______ .L.QgjS;_ !L 

- ~tEHSH laav 
/ 

toHBL --0 +- I 

BUSY 

1wc 

AT89C51 
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V 
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Absolute Maximum Ratings* 

Operating Temperature .................................. -55"C to +125"C 

Storage Temperature ................ " ................... -65"C to +150"C 

Voltage on ArY>J Pin 
with Resped to Ground ............ " ....................... -1.0V to +7.0V 

Maximum Operating Voltage ............................................. 6.6V 

DC Output Current ............................ " ........................ 15.0 mA 

DC Characteristics 
TA = -4O·C to 8S·C. VCC = S.OV ± 20% (unless otherwise noted) 

Symbol Para_ ConDition 

VIL Input Low \bltage (Except~) 

VIU Input Low \bltage (~) 

·NOTICE: Stresses beyond those listed under·Absolute 
Maximum Ratings· may cause permanent darn­
age to the device. This Is a stress rating only and 
functional operation of the device at these or any 
other conditions beyond those indicated In the 
operational sections of this specification Is not 
Implied. Exposure to absolute maximum rating 
conditions for e;dended periods may affect device 
reliability. 

Min Max Units 

.(I.S 0.2 Vee-0.1 V 

.(1.5 0.2Vcc -0.3 V 

VIIi Input High \bltage (Except XTAL 1. RST) 0.2Vcc + 0.9 Vcc+ 0.5 V 

VIH, Input High \bltage (XTALI. RST) 0.7 Vee Vee+ O.S V 

VOL Output Low Voltage(1) (Ports 1.2.3) IOL ,. 1.6 rnA 0.45 V 

VOl., Output Low VoIIage(1) IOL = 3.2 rnA 0.45 V 
(Port O. ALE. J5SEN) 

VOH Output High Voltage IOH" -60 1lA. Vcc = SV ± 10% 2.4 V 
(Ports 1.2.3. ALE. J5$EN) 

IOH= -251lA 0.7SVcc V 

IOH = -10 IlA 0.9Vcc V 

VOH1 Output High Voltage IOH"' -600 IlA. Vee = 5V ± 10% 2.4 V 
(Port 0 In Exlernal Bus Mode) 

IOH = -300 IlA 0.7SVcc V 

IOH=.ao IlA 0.9Vcc V 

III.. Loglcel 0 Input Current (Ports 1.2.3) VIN = 0.45'1 -SO IlA 
IlL Logical 1 to 0 Transition Current VIN = 2\1, VCC = 5V ± 10% -650 IlA 

(Ports 1.2.3) 

1\.1 Input Leakage Current (Port 0, ~) 0.45 <VIN < Vcc ±10 IlA 
RRST Reset Pulldown Resistor SO 300 KO 

CIO Pin capacitance Test Freq. ,. 1 MHz. TA ,. 25"C 10 pF 

Icc Power Supply Current Actiw Mode. 12 MHz 20 rnA 

Idle Mode. 12 MHz S rnA 

Power Oown Mode(2) VCC ·6V 100 IlA 
Vee"' 3V 40 IlA 

Notes: 1. Under steady state (non-transient) conditions. IOL must be extemally limited as follows: 
Maximum IOL per port pin: 10 mA 
Maximum IOL per 8-blt port: Port 0: 26 mA 

Ports 1. 2. 3: 15 mA 
Maximum totallOL for all output pins: 71 mA 
If IOL exceeds the test condition. VOL may exceed the related speclflcatlon. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power Down is 2V. 
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AC Characteristics 
(Under Operating Conditions; Load Capacitance for Port 0, ALEIPROG, and PSEN = 100 pF; Load Capacitance for all other 
outpuls = 80 pF) 

External Program and Data Memory Characteristics 

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz OscUlator Units 

Min Max Min Max 

111CLCL Osclilator Frequency 0 24 MHz 

tLHLl ALE Pulse Width 127 2ICLCL -40 ns 

tAVLL Address Valid to ALE Low 43 tcLCL-13 ns 

tLlAX Address Hold After ALE Low 48 tcLCL-20 ns 

~IV ALE lOW to valid Instruction In 233 4tcLCL~5 ns 

tLlPL ALE Low to PSEN Low 43 tcLCL-13 ns 

It>LPH ~ Pulse Width 205 31CLCL-20 ns 

It>LIV J5SEN Low to Valid Instruction In 145 3tcLCL -45 ns 

tpXJ)( Input Instruction Hold Aller PSEN 0 0 ns 

tpXIZ Input Instruction Float After PSEN 59 ICLCL-10 ns 

tpXAV PSEN to Address Valid 75 tcLCL~ ns 

tAVIV Address to Valid Instruction In 312 5ICLCL -55 ns 

tPlAZ PSEN Low to Address Float 10 10 ns 

tRLRH 1m Pulse Width 400 6tcLCL-1OO ns 

tWLWH WR Pulse WIdth 400 6tcLCL-100 ns 

tRLD/ RI5 Low to Valid Data In 252 51CLCL-90 ns 

tRHDX Data Hold After RD 0 0 ns 

~DZ Data Float Aller lID 97 2tcLCL-28 ns 

tLlDV ALE Low to Valid Data In 517 BlCLCL-150 ns 

IAVOV Address to valid Dala In 585 91CLCL-165 ns 

tLlWL ALE Low to RD or WR Low 200 300 3leLCL -50 3ICLCL +50 ns 

IAVWL Address to RD or WR Low 203 41CLCL-75 na 

\c:.wwx Data valid to WR Transition 23 tcLCL-20 ns 

tow,,; Dala valid to WR High 433 7tcLCL-120 na 

tWHOJ( Data Hold After WR 33 tcLCL-20 ns 

~ Rl5 Low to Address Float 0 0 ns 

IWHLH RD or WR High to ALE High 43 123 tcLCL-20 ICLCL+25 ns 
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External Program Memory Read Cycle 

tLHLL --

ALE "-
tpLPH 

t"VLL ~LIV -- ~LPL I-
"- tpuv V 

..... I-tpLAZ 
tpXlZ 

I-tp)(Ay-. 

~lAX 
tmx--" I-

PORTO >-- AG-A7 INSTRIN > f- AG-A7 

tAVIV 

PORT 2 A8-A15 AS - A15 

External Data Memory Read Cycle 

tlHll----

ALE -
---0 I--lwHlH 

~/ 
tLL[N "I !+-- IRlRH --.-. 

-.- tLLWL -----

-lllAX -

I-tAVLL-
~ ~LDII 4---<0 tRHIlZ 

tRLAZ 4 f-
-40 +-- IRHDX 

PORT 0 =>- AO - A7 FROM RI OR DPL r- DATA IN 7) AD - A7 FROM PCL INSTR IN 

IAVWL 

IAVDI/ 

PORT 2 ~ P2.0 - P2.7 OR AS - A15 FROM OPH AS - A15 FROM PCH -' 
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External Data Memory Write Cycle 

ALE 

PORT 0 OA.TII. OUT 

PORT 2 P2.0 - P2.1 OR N3 - M 5 FROM DPH 

External Clock Drive Waveforms 

Vee - 0.5V -t= IcHCX 

,?f0.7Vcc 

+ 0.2 Vcc - O.W 
O.45V --./ 

lwHUi 

Nl - 11.1 FROM pel INSTR IN 

1\8 - A15 FROM PCH 

14------- IctCL 

External Clock Drive 

Symbol Parameter MIn Max 

MClCl Oscillator Frequency 0 24 

IcLCl Clock Period 41.6 

IcHcx High Time 15 

Ia.cx Low Time 15 

lcL.CH RIse Time 20 

IcHCL Fall Time 20 

AT89C51 

Units 

MHz 

ns 

ns 

ns 

ns 
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Serial Port Timing: Shift Register Mode Test Conditions 
(VCC = 5.0 V + 20%; Load Capacitance = 80 pF) -

Symbol Parameter 

t)(l)(l Serial Port Clock Cycle TIme 

IoYXH Output Data Setup to Clock Rising Edge 

tXHQ)( Output Data Hold After Clock Rising Edge 

txHOx Input Data Hold After Clock Rising Edge 

tXHDV Clock Rising Edge to Input Data Valid 

Shift Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

,WRITE TO SBUF, 
... 

OUTPUT DATA 
, CLEARRI , 

... 
INPUTOATA 

AC Testing Input/Output Waveforms(1) 

0.2 Vee + 0.9V 

TEST POINTS 

0.2 Vee - 0.1V 

12MHzOsc Variable Oscillator Units 

Min Max Min Max 

1.0 12tc~CL J.UI 

700 1~CL-133 ns 

50 ~CL-117 ns 

0 0 ns 

700 1~c~-133 ns 

Float Waveforms(1) 

Note: 1. AC Inputs during testing are driven at Vee - O.SV tor Note: 
a logic 1 and OA5V for a logic O. Timing measure-

1. For timing purposes, a port pin Is no longer floating 
when a 100 mV change from lOad voltage occurs. A 
port pin begins to float when 100 mV change trom 
the lOaded VO~OL level occurs. 

ments are made at VIH min. for a logic 1 and VI~ 
max. for a logic O. 
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Ordering Information 

Speed Power 
(MHz) Supply Ordering Code Package Operation Range 

12 fN±20% AT89C51-12AC 44A Commercial 

AT89C51-12JC 44J (OOC to 70"C) 

AT89C51-12PC 4OP6 

AT89C51-120C 440 

AT89C51-12A1 44A Industrial 

AT89C51-12JI 44J (-40°C to 85°C) 

AT89C51-12PI 4OP6 

AT89C51-1201 440 

AT89C51-12AA 44A AUtomollw 

AT89C51-12JA 44J (-40·C to 105°C) 

AT69C51-12PA 4OP6 

AT89C51-12QA 440 

16 fN±20% AT89C51-16AC 44A Commercial 

AT89C51-16JC 44J (O"C to 70°C) 

AT89C51-16PC 40P6 

AT89C51-160C 440 

AT89C51-16AI 44A Industrial 

AT89C51-16JI 44J (-40"C to 85·C) 

AT89C51-16PI 4OP6 

AT89C51-1601 440 

AT89C51-16AA 44A AUtomotive 

AT89C51-16JA 44J (-4O"C to 1 05"C) 

AT89C51-16PA 40P6 

AT89C51-16QA 440 

20 fN±20% AT89C51-20AC 44A Commercial 

AT89C51-20JC 44J (O"C to 700C) 

AT89C51-20PC 4OP6 

AT89C51-200C 440 

AT89C51-20Al 44A Industrial 

AT89C51·20JI 44J (-40°C to 85·C) 

AT89C51·20PI 4OP6 

AT89C51-2001 440 

AT89C51 



______________ AT89C51 

Ordering Information 

Speed Power 
(MHz) Supply Ordering Code Package Operation Range 

24 5V±20% AT89CS1-24AC 44A Commercial 

AT89CS1-24JC 44J (O"C to 70"C) 

AT89CS1-24PC 44P6 

AT89CS1-240C 440 

AT89CS1-24AI 44A Industrial 

AT89CS1-24J1 44J (-40·C to 8S·C) 

AT89CS1-24PI 44P6 

AT89CS1-2401 440 

Package Type 

44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) 

44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 

4OP6 40 Lead, 0.600" Wide, Plastic Duallnline Package (PDIP) 
0 

44Q 44 Lead, Plastic Gull Wing Ouad Flatpack (POFP) 
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Unit : mm/incn 
General tolerance: ± O.S mm 

No. Symbol Level Function 
I Vss - OV (GND) 
2 Vee - Power 

5V±10% 
3 Vee Supply - for LCD Drive 
4 RS H/L 1-1: Data Input 

L: Instruction Input 
5 R/W HlL H:READ L:WRITE '""-. 

6 E H.~ Enable Signal 
7 DOO HlL 
8 D131 H.'L I 9 D02 H/L 
IQ [)W . .t._ . I-tL 

II D04 I·I.L Data l3us 

12 0135 H/L 
13 D06 ilL 

14 007 H;L 

15 V+ BL Back 4 - 4.2V - Light 50-2001nA 
16 V-ilL - Supply 

OV (GND) 

I 

I 

, 
I 
I 

I 



OPERATING INSTRUCTIONS 

INTRODUCTION 

Selko Instruments intelligent dot matrix liquid crystal 
display modules have on-board controller and LSI 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 

Include: 1) Register select RS input consisting of instruction 
register (IR) when RS .. 0 and data register (DR) when 
RS .. 1; 2) Read/write (RIW); 3) Data bus (DB7- DBO); 
and 4) Enable strobe (E) depending on the MPU or 
through an external parallel 110 port. Details on instruc­
tions data entry, execution times, etc. are explained in the 
following sections. 

READ AND WRITE TIMING DIAGRAMS AND TABLES 

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

- R£Ao OPERATION - WRITE OPERATION 

=:J<'~- ==>.~.' AS v- AS ~.- K v, .. ... ~ - ---.I v., v., ANI ~ v .. /V, 
""~ ... ""~ .. 

--- 1--., 

-

..( -= i-- ., 
~ e r~:., ~., e r~- ~-v .. v" v" - --'- ... I-"- .. -

~ I" , ~ 

06.10 06. >< .- . -- 'k oe,,, 08, .>< rv-
_ .... 

}: >( .... ...l.e 

,.,.: • VOl1 i& auumed to be 0_81/ at 2 MHz operation. 

DATA READ FROM MODULE TO MPU DATA WRITE FROM MPU TO MODULE 



OPERATING INSTRUCTIONS 

INTRODUCTION CODES 

-. . 
lnsIructlon Set 

. - R$ .RIW DR1 

Clear Display 0 0 0 

Return Home 0 0 0 

Entry 0 0 0 
Mode Set 

Display 
ON/OFF 0 0 0 

Control 

C..-soror 0 0 0 
DiSplay Shift 

Function Set 0 0 0 

SelCG RAM 0 0 0 
Address 

SelDDRAM 0 0 1 
Address 

Read 0 1 SF Busy Flag 
& Address 

Write Data 
to CG or 1 0 
toDD RAM 

Read Data 
from CG or 1 1 
OORAM 

• Doesn't matter 

DO RAM: Display ria .. RAM 

CG RAM: Choracter generator RAM 

AcG: CG RAM address 

"00= 00 RAM address c~s to 
C1S'SOI' address 

~ts'So cout"'-er ~ hl( both 00 
RAM and CG RAM lIddress 

. , 
. Instruction Code 

DB6 DBS DB4 DB3 DB2 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 1 

0 0 0 1 0 

0 0 1 SIC RlL 

0 1 DL N F 

1 Act; 

Aoo 

AC 

Write Data 

Read Data 

UD· I: Increment 
UD·O: Decrement 

S. I: Display st-ift 

S.O: No display shill 

D. I: OisplayON 
0.0: Display OFr 

- -

- DescrIption 
-

-
DBI DBD 

. 
- . 

Ctears all display memory and 
0 1 returns the 0Jrs0I' to the home 

position (Address 0). 

Returns the rursor to the 
home position (Address 0) 

1 · shifted to the original position. 
DO RAM corIents remain 
unchanged. 

Sets the rursor move direction 
and specmes to or not to shift 

110 S the display. These operations 
write and need. 

(D) is display ON/OfF control; 
C 8 memory remains unchanged 

In OFF condition. (C) cursor 
ON/OFF (8) blinking cursor. 

Mo\Ies the rursor and shifts . · the display without changing 
DO RAM rontents. 

. · Sets interface data length 
(DL), number of display lines 
(N), and character font (F). 

Sets the CG RAM address. 
CG RAM ~ is sent and 
received after this setting. 

Sets the 00 RAM address. 
DO RAM ~ is sent and . 
received after this selling. 

Reads Busy Flag (8F) 
indicating nernal operation is 
being performed and reads 
address COUlter contents. 

Writes data into DO RAM or 
CGRAM. 

Reads data from DO RAM or 
CGRAM. 

C. I: C...,.. ON 
e.o: CInor orF 

B. I: Stink ON 
S·O: Blinkorf 

SIC. 1: Di>pIIy~ 

SIC .0: eur...._ 
Of • 1: ktemat operllion in progress 
Sf • 0: tnstlUClion an be occep!ed 

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

When fos<: is 270 kHz: 40).l.S x 2501250 ; 37).1.S 

. 
Execution Time 

(when 'ep or 'ose 
:ts25DkHz) - ' . 

B2 P.s - 1.64ms 

40 p.S - 1.6ms 

40 P.s • 1.64ms 

40 p.S 

·40 .. s 

40 P.s 

40 P.s 

40p.S 

lp.S 

40 p.S 

.0 p.S 

RJl. I: Right shifl 

R/l- 0; Len shin 

Dl.l: 8 bits 
Dl.O: Hits 

N ·1: 2 lineS (1.1611) 

f.O: 5 J: , dol matrix 



OPERATING INSTRUCTIONS 

INTRODUCTION CODE EXPLANATIONS 

The two registers 1) Instruction Register (IR) and the 
2) Data Register (DR) In the KS0066 conlroller chip are directly 

conlrolled by the MPU. Conlrol information Is temporarily stored 

in these registers prior to Internal operation start. Thi~. allows 
interface to various types of MPUs which operate at different 

speeds from that of the KSOO66. and allows Interface from 
peripheral conlrol ICs. Internal operations of the KS0066 are 

determined from the Signals sent from the MPU. These signals. 

including register selection signals (RS). ReadlWrile (R/W) and 
data bus signals (OBO - OB7) are polled instructions. 

= 
-

- REGISTER SELECTION 

RS R!W Operation 

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

0 t Busy nag (DB7) and address counter (DBO to DB6) read , 0 DR selection. DR write. Internal operation: DR to DO RAM or CG RAM , , DR selection, DR read. Internal operation: DO RAM or CG RAM to DR 

ADDRESS COUNJ[I( (AC) 
The counter specifies an address when data is written 

into DO RAM or CG RAM and the data stored In DO RAM or 
CG RAM is read out. If an Address Set Instruction (for DO 
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-

CUAR DISPLAY 

RS RfW DB7 DBO 

Code 10101010 o o o o o 1 ' 
Clear all display memory and return the cursor to the 

CURSOR HOME 
RS RfW DB7 DBO 

Codelolololo o o o o 
'Doesn't matler 

Returns cursor to home position. First line first character 

ten into or read from DO 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 
and 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. I the above is entered on E2 (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; ADo "SO'). The contents of the DO RAM 
remain unchanged. 

-
RESTRICTlONS~N EXECUTION OF DISPLAY ClEAR 'AND 'CURSOR HOME' INSTRUCTIONS • 

Conditions of use Restrictions 

When executing the Display Clear Of Ca-sor Home The cursor Home instnJClion should be executed again immediately 
instruction when the display is shifted after the Display Clear Of CLKsor Home inslnK:tion is executed. 
(after execution at Display Shift inSlniction). Do not leave an interval at a multiple at 4001fosc' second after the rlf"St execution • 

• l4052: lose • 250 kHz 
• The Olher modules: lose • 270 kHz 

'fose: Oscillation frequency 

WIlen 23,. 27 .. 63,. or 67. is used as a DO RAM Ce/ore executing the cursor Home instruction. the data d the IOU" 00 
address to execute Cursor Home lnstnJction. RAM addresses given at the left should be read and saved. After execution. write 

the data again in DO RAM. (This restriction is necessary to prevent the contents 

01 the DO RAM addresses lrom being destroyed after the Ca-sor Home 
inSll\lction has been executed.) 



OPERATING INSTRUCTIONS 

ENTRY MODE SET 

RS Rf\N DB7 __________ DBO 

Codelolololo 0 0 0 1/0151 

110: Increments (110 = 1) or decrements (I/O = 0) the DO 
RAM address by one block when writing or reading a charac­
ter code from DO 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 Rf\N DB7 

Code 1010101010101110 
DBa 

c I B I 

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

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

S: Shifts the entire display to either the right or left when 

S = 1 (high). When S = 1 and I/O = 1 the display shifts one 
position to the left. When S = 1 and 1/0 = 0 the display shifts 
one poSition to the right. This right or left shift occurs after 
each data write to DO RAM. Display Is not shifted when read­
ing from DO RAM. Display is not shifted when S = O. 

does not change during display data write. In a 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 seoonds Intervals. The cursor and the 
blink can be set at the same time (fosc = 250 kHz). 

5 x 7 DOT MATRIX 

C .. 1 (cursor display) 

CURSOR OR DISPLAY SHIFT 

RS Rf\N OB7 DBa 

Code 101010iol0111s/clRllI'I'I 
• Doesn't Matter 

Cursor/Display Shift moves the cursor or shifts the dis­
play without changing the DO RAM oontents. 

The cursor position and the AC contents match. This 
instruction is available for display oorrection 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 

SIC RlL Op_eratlon 

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 oontlnuously from line 2 to 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. 

0 0 The cursor position is shifted to the left (the AC decrements one) 
0 1 The cursor POSilion is shifted to the right (the AC increments one) 
1 0 The enl~e displaV is shifted to the left with the cursor 
1 1 The entire display is shifted to the right with the cursor 



OPERATING INSTRUCTIONS 

FUNCTION SET 

RS RJW DB7 080 

CodeJololololl OL N FI-I-I 
- Doesn't Maner 

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

DL: Interface data length 
When OL = 1, the data length is set at 8 bits (OB7 to OBO). 

When OL = 0, the data length is set at 4 bits (OB7 to 0B4). 
The upper 4 bits are transferred first, then the lower 4 

bits follow. 

N: Number of display lines 
F: Sets character foot 

N F Number of display lines Character font Duty Cycle LCD Module 

o 2 5 x 7 dot matnx "16 All character LCD modules 

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

CG RAM ADDRESS SET DATA WRITE TO CG RAM OR DD.RAM 

RS RJW OB7 ___________ OBO RS RJW DB7 ___________ 080 

CodeJolololllA A A AIAIAI CodeJllolololololo 00101 
- Upper bit Lewer 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. 

DO RAM ADDRESS SET 

RS RJW DB7 OBO 

CodeJololllA A A I A I A A I A I 
- Upper bit Lower bit-

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

Busy FLAGI ADDRESS READ 

RS RJW OB7 

Code \OIO!BFIA\A A A 
-upper bit 

OBO 

A A \ A I 
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 Cionnot be accepted until the SF value beCOmes O. 

When BF = 0, the next instruction can be 8CCellted. 

Therefore, make sure that BF = 0 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 DO RAM but the address set 
before exeCution of the instruction determines which address 
is to be used. 

- upper bit Lower bit -
Binary eight-bit data ODOOOOOD is written into CG RAM 

or DO RAM. The CG RAM Address Set instruction or the DO 
RAM Address Set instruction before this instruction selects 
either RAM. Mer the write operation, the address and dis­

play shift are determined by the entry mode setting. 

DATA READ TO CG RAM OR DO RAM 

RS R/W OB7 080 

Codelll'lololololo 0 0101 
- Upper bit Lower bit -

Binary eight-bit data 00000000 is read from CG RAM 
or DO RAM. The CG RAM·Address Set Instruction or the DO 
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 DO RAM, there is no need to execute an address set 
instructiOil because the Cursor Shift instruction does this. 

Mer the reed 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 automatically incremented or decremented by 

one according to the entry mode after a write instruction is 

excecuted to write data In CG RAM or DO RAM. However, the 
data of the RAM selected by the AC. are not read out even if a 
read instruction is executed immediately afterwards. 



OPERATING INSTRUCTIONS 

5 x 7 + CURSOR 

Relationships between CG RAM addresses and character codes (DO RAM) and character patterns (CG RAM data), 
(5 x 7 dot matrix).5 X 7 Table 

.:;G Character code Character pattern 
"- (DO RAM data) CG RAM address (CG RAM data) 

7 6 5 4 3 2 , 0 5 4 3 2 , 0 7 6 5 4 3 2 , 0 
Upper bit Lower bit Upper bit Lower bit Upper bit Lower bit 

0 0 0 

0 0 , 
0 , 0 

0 , , 
0 0 0 0 · 0 0 0 0 0 0 , 0 0 , 0 , , , 0 , 1 , 

0 0 0 

0 0 , 
0 , 0 

0 0 0 0 · 0 0 , 0 0 1 0 1 1 

1 0 0 
1 0 1 

1 , 0 

1 1 1 

0 0 0 

0 0 , 
;-

0 0 0 0 · 1 1 , , , 1 
1 0 0 

1 0 1 
1 1 0 

1 1 1 

· · · 

· · · 
· · · 

· · · 
· · · 

1 

· · · 

'" '<1 ;,'1 0 

1 0 0 0 , 
,1· 0 0 OJ 
~li.,1.;l, , 0 

f'" 0 ,j 0 0 

!) 0 0 0 

"', 0 
0 0:":' 

0 0 0 0 0 

I\b 0 0 0 ~~\i': 
o ;', 0 , 0 
~l~;~'lI;·:l: 

, .J 
o 0 '.1 0 0 

'1 ",.", ,"", 
0 0 " 0 0 

0 0 .l 0 0 

0 0 0 0 0 

:::::--

Example 01 
character 
pattern (R) 

Cursor posilion 

Example 01 
character 
pattern (¥) 

Nons: ~ In CG RAM data, 1 corresponds to Selection and 0 to Non-selec­
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 8 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 os.. select the 
same character. 



OPERATING INSTRUCTIONS 

PROGRAMMING THE CHARACTER GENERATOR RAM (CG RAM) 

The character generator RAM (CG RAM) allows the user 
to 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 display initialization. All dots in the 5 x 8 
dot matrix can be programmed, which includes the cursor 
position. 

The modules RAM are divided into two parts: data 
display RAM (DO RAM) and custom 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 hold 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. Consecutive 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"9 left-most 
dot of programming the CG RAM character corresponds to 
D4 in the most significant nibble (XXX04) of the data bus 
code, with the remaining 4 dots in the row corresponding to 
the least significant nibble (03 thru DO), 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) equal to 3 dots 
on the hex OA (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: 

RS RIW . Data Display' . .... .. •..••. - . Description" . - -
0 0 40 - addresses 1st row 1st CG character 

1 0 11 • . result of 11, 1 st row 

1 0 OA .. result of OA, 2nd row 

1 0 1F *** ... result of 1 F 3rd row 

1 0 04 · result of 04, 4th row 

1 0 1F ***** result of 1 F 5th row 

1 0 04 · result of 04, 6th row 

1 0 04 · result of 04, 7th row . 

1 0 00 - result of 00, 8th row !cursor eosition) 

1 0 15 ... 1st row, 2nd CG character . 
Note: Addressing not now required; 
hex 48 is next in the sequence. 



OPERATfNG INSTRUCTIONS 

ADDRESS LOCATIONS 

1) l1671-SERIES (16 characters x 1 line) 

I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Line' 180 181 1821 83184185186187ICojc1IC**+IC6IC7I 

NOTE: L 1671 series is initiabed as a 2 line dsplay. because oflhe 

.bsI!nGo 01 an lCO dtiwr. You rruSll(jjress chMacter roo 9 as)OU 
woold thefu-sc position on the 2nd line which is (CO). 

2) L 1672-SERIES (16 characters x 2 lines) 
L 1682-SERIES 
L 1692-SERIES 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Line' 180181/821d84185 86 87 88 89 SA 8B 8C 8D 8E 8F 

Line 2 I colc11c21c31c41c5 C6 C7 C8 C9 CA CB CC CD cr CF 

3) L 1634-SERIES (16 characters x 4 lines) 

Lint" 

Line 2 

Line 3 

line 4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

80 81 82 83 84 85 86 87 B8 89 SA 8B 8C 8D 8E 8F 

CO C1 C2 C3 C4 C5 C5 C7 C8 C9 C}. CB CC CD CE CF 

90 91 92 93 94 95 96 97 98 99 9A 98 9C 9D 9E 9F 

DO 01 02 0 D4 05 IJ6 D7 DB D9 DA DB DC DD DE Of 

4) L2032-SERIES (20 characters x 2 lines) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Line , I 80 81 82 83 84 85 186 87 B8 89 SA 8B 8C 80 BE 8F 90 91 92 93 I 
Line 2 lco Cl C2 C3 C4 c51c6 C7 C8 CBCA C8 CC CD cr CF DO D1 D2 DJ I 

5) L2034-SERIES (20 characters x 4 lines) 

1 2 J 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Line 1 

Line 2 

Line 3 

Line 4 

80 81 82 83 84 85 86 87 88 89 SA 88 8C 80 BE 8F 

CO Cl C2 CJ C4 C5 C6 C7 C8 CBCA CB CC CO 

94 95 96 97 98 99 9A 9B 9C 90 9E 9f AD Al 

04 05 IJ6 07 DB D9 OA DB DC 00 DE OF EO E1 

6) L2462-SERIES (24 characters x 2 lines) 

Line' 

Line 2 

7) L4052-SERIES (40 characters x 2 lines) 
L4044-SERIES (40 characters x 4 lines) 

CE CF 

A2A] 

E2 E3 

90 91 92 93 

DO 01 02 OJ 

A4 AS AS A7 

E4 E5 E6 E7 

1 2 3 4 5 6 7. 8 10 11 12 13 14 15 16 17 18 19 20 21 22 2J 24 25 2Ii 27 21 21 JO 31 32 33 34 35 36 37 38 J9 40 

Line' 

Line 2 

Line 3 
lint 4 

80 81 82 83 84 85 86 87 88 89 SA 8B 8e 80 8E Sf 80 91 92 83 94 

CO Cl C2 C3 C4 C5 C6 C7 CBCB CA CB cc CC CE CF ,DO 0102 , OJ 04 

lOll e~ u u as 86 87 M 89 SA Mac lOBE sF 90 91 92 93 94 

CO Cl C2 C3 C4 C5 C6 C7 CB CB CA C8 CC CD CE CF DO 01 D2 DJ 04 

Note: Address locallOOS on hnes , & 2 are controlled byenabhng E'. 

85 96 81 88 99 IA 88 9C 90 9E 9F AD Al A2 A] A4 AS'" A7 

os IJ6 07 os D911A 08 DC 00 DE OF EO El E2 E3 E4 E5 E6 E7 

9596 97 98 99 9A 9B 9C9D 9E9F AD A1 AlA] A4 AS AS A7 

05 IJ6 07 DBD9 1IAD8 DC OD DE OF EO E1 E2 E3 E4 E5 E6 E7 

Address locations on hnes 3 & 4 are controlled by enablong E2. 
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.. 

ro 
E 
'u 
Q) 

"0 
co 
~ 
::c 

xxxxOOOO 
(0) 

X)( x x 0001 

(1) 

xxxxOOtO 

(2) 

)()()( x0100 
(4) 

)( x)( .0101 
(5) 

... )C ... 0ttO 

CHARACTER FONT CODES (5 X 7 DOT MATRIX) 

Upper 4 Bit Hexadecimal 

0000 0010 0011 0100 0101 0110 0111 
(0) (2) (3) (.) (5) (6) (7) 

CG 
RAM 

(1) 

(3) 

(0) 

(~) 

(6) 

(7) 

. :.!. 

.:.:. 
; : 

" , 
.. :: 

:::0 .. ..... 

of 
.:. 

.: .... 

..::­
", 

: ... 
... : 

..... 

L. 
i .. ·· 
: .... 

, ..... 
i··· .. 

i : 
: ... : 

i i , , 

" , 

... : ... : 

(:\ 
...... ::::0 

.::: . ..... 

: : 
'" 'j 

I i 
" ' 

1010 1011 
(A) (B) 

i:! 

. .1 

:: 

::::j 
, ' 

..... 
)' 

,,' , i 

•• 1 •• 
: i 

'T' 
.. ! .. 

(6) -, 

.)l:kx01n 
(7) 

)()()()( '000 
(8) 

)( x)()( 1001 

(9) 

x )( )( )(1010 

(A) 

lIt:)()()( 1011 

(B) 

)()( x x "00 
(e) 

)II)()()( 1101 

(0) 

II) :: 

(1) 

, 

: 

(0) 

(~) 

(6) 

.... :: 
! 

..... ! 

" 

:: 
n 

:: 
:: 

: ... i 
i i 

: 
.t. 

, 
r .. 

: 
i .... 

, 

: 
: 

: 

: .. i. 0 , " 
'\ 

\ 
.i. 

: , 
t.l I 

, 
, . 

...... 

.: ... 

, , 
" 

::i:: 

+" , ' 

.. ! 

.... : 

...• 1 

" 
::, ,I 

.::1. .. : 

1100 1101 
(e) (0) 

: : : 
" 

i 
r 

) 
. 

i i 

! ... . 
' ... . 

, " 
, " 

... L 

::::'1' . ... 

: 
i ... " .. 

1'''\ I .. , 

.... 1 j'''i 
.... .." 

, , 

• .... ' 

)( )( )( )( "'0 
" ' i··· .. ::- .. 

t : :::i T:' ,:';,",' : ... 
0" .. 

II 
(E) 

..... )It"" i i 
: ... : . :.: : i ""j II) i:: 

(F) 

1110 
(E) 

'" -:::! 

,,' 
I::: 
! 

;""j ::: : 

.. : 

'i 
..' 

" , 

.l. 
,I, 
t ••• 

:,", 
I I 

..... 
: ... : 

11 ~ 1 
(F) 

" ... : 
j 

! ••• : 
: ... : 

:: " 

: : 
" •• '1 

, " 

:::1 



OPERATING INSTRUCTIONS 

EXAMPLES OF 8-BIT AND 4-BIT DATA TRANSFER OPERATION 

DISPlAY INITIALIZATION 

Each time the module is turned on or reset, an 
initialization procedure must be executed. The procedure 

consists of sending a sequence of hex codes from the 
microprocessor or parallel I/O port. The initialization 
sequence turns on the curstlr, clears the display, and sets the 
module onto an auto-increment mode. 

mode. All the initialization sequences are performed under 
the condition of Register Select (RS) = 0 (low) and 

Read/Write (R/W) = 0 (low). 

The initial hex code 30, 34, or 38 is sent two or more 
times to ensure the module enters the 8-bit or 4-bit data 

The 4-bit data bus microcontroller may operate the 
display module by sending the initialization sequence in 4-bit 
format. Since 4-bit operation requires the data to be sent 
twice over the higher 4-bit bus lines (04-07), memory 
requirements are doubled. 

A, EXAMPLE FOR THE MODULE WITH 5 x 7 Character Format Under a·Bit Data Transfer 

R 
E 
5 
E 
T 

Hex CoGe D, D, D, 0, 0, D. 0, D. 

END OF 
INITIALIZATION 

r-----2:=-:--, 
(5) 

'----'-r~~..,! 

(1) 

(2) 

(3) 

(4) 

(5) 

38 (Hex) 

06 (Hex) 

OE (Hex) 

01 (Hex) 

80 (Hex) 

001 1 1 0 

T 
o 0 o 0 o 1 

I 

0 o 0 o 1 1 

I 

o 0 0 o 0 0 , 

T 
1 o 0 o 0 0 

I -. 
L 

Note: 1) Both RS and RNV terminals shall be '0' in this sequence. 

o 0 

1 0 

I 
I 

1 0 

o 1 --
o 0 -

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 El and E2 respectively. 

tnstructions 

Function Set 
9 bit Data length 
2 LIne 
5 x 7 Dot Format 

Entry Mode Set 
tncrement one 
No Shift 

Disptay ON/OFF Control 
Display ON 
Cursor ON 
Blink OFF 

Display Clear 

DD RAM Address Set 
1st Oigit 



OPERATING INSTRUCTIONS 

EXAMPLES OF 8-BIT AND 4-BIT DATA TRANSFER OPERATION 

B. EXAMPlE FOR THE MODULE WITH 5 X 7 Character Format Under 4-Bit Data Transfer 

R 
E 
S 
E 
T 

S 
E 
Q 
U 
E 
N 
C 
E 

(1) 

(1 ) 

(2) 

(3) 

(4) 

(S) 

Hex Code 

2 (Hex) 

8 (Hex) 

o (Hex) 
6 (Hex) 

a (Hex) 
E (Hex) 

o (Hex) 
1 (Hex) 

8 (Hex) 
o (Hex) 

ro. IS~:-D]D,ind~ o 0 0, 0 0, 0, 0 0 

001 0 

----'---1 
I 

; r o 0 

I 

o 000 
a 1 1 0 

------------- I I 1 I 
I 

000 a 
1 1 1 0 

~"l-"~ I 
I 

o a 0 a 
'-

a a a 1 ...-

1 a a 0 

I , o 0 0 ~ ....-

Note: 1) Both RS and RfIN terminals shall be -0· in this sequence. 

Instructions 

Function Set 
4 bit Data Length 

2 Line 
5 x 7 Oct Format 

Entry Mode Set 
Increment 
NoShi!t 

Display ON/OFF Conlrol 
Display ON 
Cursor ON 
Blink OFF 

Display Clear 

DO RAM Address Set 
1st Digit 

2) RS. RfIN and Data are latched at the falling edge of the Enable signal. 
3) Enable signal has to be sent after every 4-bit Data transfer. 



Philips Semiconductors Une.r Products 

Timer 

DESCRIPTION 
The 555 monoHthlc timing clrcu~ Is a highly stable controller capable 
of producing accurate time delays. or oscillation. In the time delay 
mode of operation. the time Is preclsely controlled by one extemal 
resistor and capac~or. For a stable operation as an osclilator. the 
free running frequency and the duty cycle are both accurataly 
controlled with two external resistors and one capacltor. The circu~ 
may be triggered and reset on failing waveforms. and the output 
structure can source or sink up to 2OOmA. 

FEATURES 
e Tum-otf time less than 2j1s 

e Max. operating frequency greater than 500kHz 

e TIming from microseconds to hou", 

e Operates In both aateble and monoateble modes 

• High output current 

• Adjustable duty cycle 

e TTL compatible 

• Temperature stability of 0.005% per °C 

APPUCATIONS 
e Precision timing 

• Puise generation 

• Sequential timing 

e TIme delay generation 

e Puise width modulation 

ORDERING INFORMATION 
DESCRIPTION 

s-Pln Plastic Small OutUne (SO) Package 

8-Pln Plastic Dualln-Llne Package (DIP) 

8-Pin Plastic Dual In-Line Package (DIP) 

s-Pln Plastic Small OutUne (SO) Package 

8-Pln Hermetic Ceramic Dualln-Llne Package (CERDIP) 

s-Pln Plastic Dual In-Llne Package (DIP) 

14-Pin Plastic Dualln-Llne Package (DIP) 

8-Pln Hermetic Cerdlp 

14-Pin Ceramic Dual In-Line Package (CERDlP) 

1~ln Ceramic Dualln-Line Package (CERDIP) 

1~ln Ceramic Dual In-Llne Package (CERDIP) 

August31.1994 348 

Product specification 

NElSAlSE555/SE555C 

PIN CONFIGURATIONS 

D. N. FE Pecka" .. 

TRIGGER DISCH .... GE 

OUTPUT 3 • THMIIHOLD 
GNDOVCC 

RESEr • a COHTAOL \IOLTAGE 

F Packa"e 

HC 

TIIIGGER 

TEMPERATURE RANGE 

Oto +70"C 

Oto+70°C 

-4O"C to +85°C 

-40OC to +85°C 

-05OC to +125OC 

-05OC to + 125°C 

-05OC to + 125°C 

-05OC to + 1250C 

o to +70"C 

-05OC to +125°C 

-05OC to + 1250C 

Vee 
He 
DISCHARGE 

CONTROl. VOLTAGE 

TOP VIEW 

ORDER CODE DWG. 

NE555D 0174C 

NE555N 04048 

SA.555N 04048 

SA555D 0174C 

SE555CFE 

SE555CN 04048 

SE555N 04058 

SE555FE 

NE555F 05818 

SE555F 05818 

SE555CF 05818 

853-0038 13721 



PhUips Semiconductors Linear Products 

Timer 

BLOCK DIAGRAM 

Vee 
• 

" CClImICl. 
YQl.lAGE 

+----1-0 1 

DiS­
CHARGE 

= 

OUTPUT CHD 

EQUIVALENT SCHEMATIC 

August31.1994 

2 

Product apeclf\catlon 

NElSAlSE555/SE555C 

FU 
CONTROL VOLTAGE 

R12 
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PhUips Semiconductors Linear Products Product specifICation 

Timer NElSAlSE555/SE555C 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL PARAMETER RATING UNIT 

Supply voltage 

Vee SE555 +18 V 

NE555,SE555C,SA555 +16 V 

PD Maximum allowable power dissipation 1 600 mW 

TA Operating ambient temperature range 

NE555 010 +70 °C 

SA555 -4010 +65 °C 

SE555, SE555C .0510+125 "C 

TSTG Storage temperature range .a5 10 +150 "C 

TSOLD Lead soldering temperature (10sec max) +300 "C 

NOTES: 
1. The junction temperature must be kept below 125°C for the 0 package and below 15O"C for the FE, Nand F packages. At. ambient tempera-

tures above 25"C, where this lim~ would be derated by the following factors: 
o peckage 160°C/W 
FE package 15CJ'CIW 
N package 1000c/w 
F package 105°C/W 
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PhUips Semiconductors Linear Products Product specillcation 

Timer NElSAlSE555/SE555C 

DC AND AC ELECTRICAL CHARACTERISTICS 
TA = 25·C. vee II +5V 10 +15 unless otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS 
SE&55 NE5MlSE!5SoC 

Min Typ Max Min Typ Max 
UNIT 

Vee Supply voltage 4.5 18 4.5 16 V 

Icc SuPply current (low Vee=5V.~= .. 3 5 3 6 mA 

state)' Vee=15V. Rt.~ .. 10 12 10 15 mA 

TIming error (monostable) RA=21<O 10 1001<0 

IN Initial accuracy2 C=O.lpF 0.5 2.0 1.0 3.0 % 

AlN/ll.T Drift with temperature 30 100 50 150 ppml"C 

AlNI{Ns Drift with supply voltage 0.05 0.2 0.1 0.5 %IV 

Timing error (astable) RA• Ro= 1 1<11 to 1001<0 

t,., Initial accuracf C=O.I)lF 4 6 5 13 % 

~/6T Drift with temperature Vcc=15V 500 500 ppmi"C 

M.A/.Ws Drift with supply voltage 0.15 0.6 0.3 1 %N 

Vc Control voltage level Vee-15V 9.8 10.0 10.4 9.0 10.0 11.0 V 

VcC=5V 2.9 3.33 3.8 2.6 3.33 4.0 V 

Vcc=15V 9.4 10.0 10.6 8.8 10.0 11.2 V 

VTH Threshold voltage 

Vcc=5V 2.7 3.33 4.0 2.4 3.33 4.2 V 

ITH Threshold currentl 0.1 0.25 0.1 0.25 )lA 

VTRIG Trigger voltage Vcc=15V 4.8 5.0 5.2 4.5 5.0 5.8 V 

Vcc=5V 1.45 1.67 1.9 1.1 1.67 2.2 V 

ITRIG Trigger current VTRIG=OV 0.5 0.9 0.5 2.0 )lA 

VRESET Reset volta~ Vee=15V. VTH=10.5V 0.3 1.0 0.3 1.0 V 

IRES"T Reset current VRESEr=0.4V 0.1 0.4 0.1 0.4 mA 

Reset current VRESET=OV 0.4 1.0 0.4 1.5 mA 

Vcc=15V 

ISINK=10mA 0.1 0.15 0.1 0.25 V 

ISINK=50mA 0.4 0.5 0.4 0.75 V 

VOl Output voltage (low) ISINK=I00mA 2.0 2.2 2.0 2.5 V 

ISINK=200mA 2.S 2.S V 

Vcc=5V 

ISINK=6mA 0.1 0.25 0.3 0.4 V 

ISINK=5mA 0.05 0.2 0.25 0.35 V 

Vcc=15V 

ISOURcE=2OOmA 12.5 12.5 V 

VOH Output voltage (high) ISOURCE= 1 OOmA 13.0 13.3 12.75 13.3 V 

Vcc=5V 

ISOURCE= l00mA 3.0 3.3 2.76 3.3 V 

!oFF T um-olf timeS VRESET=VCC 0.5 2.0 0.5 2.0 liS 

IR Rise time of output 100 200 100 300 ns 

If' Fall time of output 100 200 100 300 n. 

Discharge leakage current 20 100 20 100 nA 

NOTES: 
1. Supply current when output high typically 1 mA less. 
2. T .... ted at Vee=5V and Vee=ISV. 
3. This wKi determine the max value of R,.,+Re. for 15V operation. the max total R=10Mo, and for SV operation. the max. total R=3.4MO, 
4. Specilied with trigger input high. 
5. Time measured from a positive going input pulse from 0 to 0.8xVcc Into the threshold to the drop from high to low of the output Trigger I. 

tied to threshold. 
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Philips Semiconductors Linear Products 

Timer 

TYPICAL PERFORMANCE CHARACTERISTICS 

Minimum Pul". Width 
Required for Triggering 

o 0.1 0.2 0.3 0.4 IXYccl 
LOWEST VOLTAGE LEVEl. OF TRIGGER PULSE 

low Output Voltage 
Y1I Output Sink Current 

... U LO 10 to 50 100 

'S_-mA 

High Output Voltage Drop 
Y1I Output Source Current 

August 31. 1994 

LO 10 to 

'SO\RCE-mA 

110 100 

Supply Current 
va Supply Voltage 

... 11U1 111.0 

IlPF'LYVOLTAQE-VOLTS 

low Output Voltage 
Y1I Output Sink Current 

1.0 2.0 LQ 10 to 10 100 

'SINK-IlIA 

Delay Time 
va Supply Voltage 

I UII\ 
~ '.006I--f-':\\-+--+--+--I~+-+-, .. --j --: 1_ f---I~~-+,.....~9--+-+-l 

: 0~~~-1--+--+--~4--1--1 
0~~-+--+--r-4--+~1-4-~ 

• 1 " 11 20 

IlA'LV-'TAGE-V 

350 

Product specification 

NEfSNSE555/SE555C 

DelayTima 
Y1I Temperature 

I 1.t1. 

; 

I 
1_ ~+-+--~~-+-+--+--1 r-r-
1_ r-_ 
..... ~+-t--t--+-t--t--+-l 

0.Il0l '--'--'---'_.J.......J....--'_.J-..J 
-60 ~2I • +25.u.7I +110+125 

TEMPERATURE - DC 

1.0 U U 11» 10 101 

,,--IlIA 

Propagation Delay Va Voltage 
Laval of Trigger Pul .. 

LOWEST VOLT""'" UM!L 
OI-_-XVcc 



Philips Semiconductors Linear Products Product specifICation 

Timer NE/SAlSE555/SE555C 

TYPICAL APPUCATIONS 

.01" 

Vee 

• 5&5OR112551 
---------------1 

DlSCHNtGEo--,.,.....-'-i--+-----, I 

RBI R 

~:= <>--+-O-'--+-H 
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1 

21 
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1 
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R 

I 
I 
I 
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I 
I ) 

I 
1 

I 
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1 

I 
1 ______ J 

f so 1..49 
(R" • 2RsJC 

l ________ _ 
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Vcc 

• 

• 
R!SET 

Astable Operation 

6515 OR 1/2 561 
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COO/TROI.. 
,- VQ.T_ 

..1 Tl<RUHOLD O--4-~--+--t--t 
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~ 
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e I I 
":"1 

I 
1 

21 
0--- 1 
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I 
1 -= l ________ _ 

Mono.table Operation 
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PhUipa Semiconductors Linear Products Product specification 

Timer NElSAlSE555/SE555C 

TYPICAL APPUCATIONS 
.----------------------------------------------------

vccf----., 

v e v c 

, ... 
'/3 Vcc 

OyOLTlL--------4~I.----------I~--­
DURATlON Of' 
TRIGGER PULSE AS 
SEEN BY THE T"ER 

NOTE: AI reslli:M" vllllJes.re In [) 

SIWTCI/ G/IOIIMlI!D 
ATntaPOlNT 

Figure 1. AC Coupling ofthe Trlggsr Pul.e 

Trigger Pulse Width Requirements and TIme 
Delays 
Due to the nature of the trigger circuitry, the timer will trigger on the 
negatlve going edge of the Input pulse. For the device to time out 
properly, k Is necessary that the trigger voltage level be returned to 
some voltage greater than one third of the supply before the tlme out 
period. This can be achieved by making either the trigger pulse 
sullicientiy short or by AC coupling Into the trigger. By AC coupling 
the trigger, _ Figure I, a short negative going pulse is achieved 
when the trigger signal goes to ground. AC coupling Is most 
frequentiy used in conjunction with a _Itch or a signal that goes to 
ground which Initiates the timing cycle. Should the trigger be held 
low, without AC coupling. for a longer duration than the timing cyde 
the output wili remain in a high state for the duration of the low 
trigger signal. without regard to the threshold comparator state. This 
is due to the predominance of o,~ on the base of 0,6, controlHng 
the state of the bl-stable flip-llop. When the trigger signal then 
returns to a high level, the output will fali Immediately. Thus, the 
output slgnel will follow the trigger signal In this case. 

August 31, 1994 352 

Another consideration Is the "turn4 time". This is the measurement 
of the amount of time required after the thremld reaches 213 Vee 
to tum the output low. To expialn further, a, at the threshold Input 
turns on after reaching 213 Vee, which then turns on Os, which turns 
on Os. Current from 06 tums on 0,6 which turns 0,7 011. This 
allows current from O,g to tum on 020 and au to given an output 
low. Th_ steps cause the 2jIs max. delay as stated in the data 
sheeL 

Also, a delay comparable to the tum4 time is the trigger release 
time. When the trigger Is low, 0'0 Is on and turns on a" which turns 
on 0,5' 0'5 turns off 0'6 and allows 0,7 to tum on. This turns off 
current to ~ and 0:.., which results in output high. When the 
trigger Is released, 0'0 and 0" shut 011; 0" turns oil, 0'8 turns on 
and the elrcu. then follows the same path and time delay explained 
as "tum 011 time". This trigger release time Is very Important In 
designing the trigger puise width so as no! to Intatf.r. with the 
output signal as explained previously. 



F=AIRCI-IIL-C 
SEMICONOUCTOR", 

80135/137/139 

Medium Power Linear and Switching 
Applications 
• Complement to B0136, B0138 and B0140 rospoclivoly 

1 TO-126 

1. Emiller 2.Collector 3.Base 

NPN Epitaxial Silicon Transistor 

Absolute Maximum Ratings Ic=:<o <.; unless otherwise noted 

Symbol Parameter Value Units -----
VCBO Collector-Base Voltage : B0135 45 V 

: B0137 60 V 
: B0139 80 V 

VCEO Collector-Em iller Voltage : B0135 45 V 
: B0137 60 V 
: B0139 80 V 

VcSO Emiller -Base Voltage 5 V 

tc Collector Current (DC) 1.5 A ... _--- --- .. ---- --_.------- -----~ . --.--._---
Icp Collector Current (Pulse) 3.0 A 

18 Base Current 0.5 A 

Pc COllector Oissipabon (T c=25"C) 12.5 w 
Pc Coilecto< Oissipahon (Ta=25'C) 1.25 W 

-,._.,.---"---- ,. ---- -_ ... ---- - -,. 

TJ Junction Temperature lSO °C 

TSTG Storage Temperature -55-150 "C 

Electrical Characteristics T c=2S'C unless olherwise noled 

Symbol Parameter Test Condition Min. Typ. Max. lJniIs 

VCEolsus) Colleclor-Emil1er Sustaining Voltage 
: B0135 Ie = 30mA, la = 0 45 V 
: B0137 60 V 
: B0139 80 V 

leBO Collector Cut-<lff Current Vee = 30V, IE = 0 0.1 ~A 

lEBO Emitter Cut-off Current VEe = SV. le-O 10 ~A 

hFE, OC Current Gain :ALLOEVICE VCE - 2V, Ic = SmA 25 
hFE2 : ALL DEVICE VCE = 2V, Ie = O.SA 25 

hFE3 : B0135 VeE = 2V, Ie = 1SOmA 40 250 
: B0137. B0139 40 160 

Vcr\sat) Collector-Emiller Saturation Voltage Ic = 500mA, 18 = SOmA 0.5 V -_ .. _._- .. _"-- - -~----

VBE(on) Base-Emitter ON Voltage VeE = 2V.le = 0.5A 1 V 

hFE Classification 
Classification 6 10 16 

40 - 100 63 - 160 100 - 250 



I 

, 

HN 9014 

NPN SUicon 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 "T0-92 
TRANSISTOR PACKAGE OUTLINE" on page 80 for the 
available pin options. 

Absolute Maximum Ratings 

mllLao..~ • 

.2.1. 

E\~C 
''-../ 

B 

.. I. •• 

TO-92 Plastic Package 
Weight approx. 0.1 B. g 
Dimensions in mm 

Symbol Value 

Collector Base Voltage VCBO 30 

Collector Emitter Voltage VCES 30 

Collector Emitter Voltage VCEO 30 

Emitter Base Voltage VEao 5 

Collector Current Ie 100 

Peak Collector Current leM 200 

Peak Base Current .IBM 200 

Peak Emitter Current -IEM 200 

Power Dissipation at iamb = 25 "C Ptot 5001) 

Junction Temperature Tj 150 

Storage Temperature Range Ts -65 to +150 

1) Valid provided that leads are kept at ambient temperature at a distance of 2 mm from case 

G S P FORM A AVAILABLE 

f~ SEMTECH ELECTRONICS LTD" 
\ I(V) J ( wholly owned sub.idi"'Y 01" HCiI:lEV TEIlItIIillG'f' lTD. ) 
~/® 

Unit 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

mW 

·C 

·C 



HN 9014 

Characteristics at T 8IT'I> = 25 ·C 

Symbol Min. Typ. Max. Unit 

DC Current Gain 
at VeE = 5 V. Ie = 1 rnA 

Current Gain Group A h£ EO - 150 -
B I"fe 100 - 3:X) -
C I"fe 200 - Em -
0 hF£ 4CO - 1(0) -

Colleetor Saturation Voltage 
at Ie .. 10 mAo Is .. 0.5 rnA VC&tiI. - 00 2Xl mV 
at Ie .. 100 rnA. Is. 5 mA VCEMl · 200 Em mV 

Base Saturation Voltage 
at Ie" 10 rnA. Is .. 0.5 rnA Ve&aI · 700 · mV 
at le:o 100 rnA. Is" 5 mA VeE.U.1 · £0) · mV 

Base Emitter Voltage 
at VCE - 5 V. Ie • 2 rnA Vse 580 Em 700 mV 
at Vee = S V, Ie .. 10 mA VeE. · . 750 mV 

Collector Cutoff Current 
atVce" 30V las - 0.2 15 nA 
at VCE" 30 V. TJ - 125 "C Ices · - 4 pA 
stVes = 30V Icao - - 15 nA 
at VCB = 30 V. TJ = 150 "C leBO · - S pA 

Gain Bandwidth Product IT · 300 · MHz 
atVce = SV,1e = 10mA. f .. 100 MHz 

Collector Base Capacitance Cceo · 3.5 6 pF 
atVes- 10V.f= 1 MHz 

Emitter Base Capacitance Ceo · 9 · pF 
at VES .. 0.5 V. f = 1 MHz 

Noise Figure F · 2 10 dB 
at Vee :0 5 V, Ic .. 200 !lA. Aa .. 2 kn 
f ,. 1 kHz. At • 200 Hz 

Thermal Resistance Junction to Ambient RIM · . 25(1) KJW 

1) Valid provided that leads are kept at ambient temperature at a distance of 2 mm from case 

G S P FORM A AVAILABLE 

SEMTECH ELECTRONICS LTD.-
( wholly o,,"nod oubaidialy of HtxEY TEt:KC(]LIIlV LTD- ) 



® MOTOROLA 

QUAD 2-INPUT OR GATE 

Vee 

GUARANTEED OPERATING RANGES 

Symbol Parametor 

VCC Supply Voltage 

TA Operating Ambient Temperature Range 

IOH Output Current - High 

IoL Output Current - Low 

GND 

54 
74 

54 
74 

54, 74 

54 
74 

FAST AND LS TTL DATA 

5-1 

Min 

4.5 
4.75 

-55 
0 

SN54/74LS32 

QUAD 2.JNPUT OR GATE 

LOW POWER SCHOTTKY 

JSUFFIX 
CERAMIC 

CASE 632-08 

N8UFFIX 
PLASTIC 

CASE 846-06 

D8UFFIX 
SOIC 

CASE 751A'()2 

ORDERING INFORMATION 

SN54LSXXJ 
SN74LSXXN 
SN74LSXXD 

Typ 

5.0 
5.0 

25 
25 

Ceramic 
Plaltlc 
SOIC 

Max 

5.5 
5.25 

125 
70 

-0.4 

4.0 
8.0 

Unit 

V 

"C 

mA 

mA 



SN54/74LS32 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unlessotherwlsespecffied) 

Umlta 

Symbol Para_l8r Min Typ Max 

VIH Input HIGH Voltage 2.0 

54 0.7 
Vll Input LOW Voltage 

74 0.8 

VIK Input Clamp Diode Voltage -0.66 -1.5 

54 2.5 3.5 
VOH Output HIGH Voltage 

74 2.7 3.5 

54. 74 0.25 0.4 
VOL Output LOW Voltage 

74 0.35 0.5 

20 
IIH Input HIGH Current 

0.1 

IlL Input LOW Current -0.4 

los Short Clrcul Current (Note 1) -20 -100 

Power Supply Current 

Icc ToI8~ Output HIGH 8.2 

Totel, Output LOW 9.8 
Note 1: Not more I\a"I ani output shcKAd be 8horted at a time. nor for more than 1 _cond. 

AC CHARACTERISTICS (TA = 2S·C) 

Symbol Pararnet.r 

If>LH Turn.Q1f Delay, Input to Output 

If>HL Turn.()n Delay. Input to Output 

Umlta 

Min Typ Max 

14 22 

14 22 

FAST AND LS TTL DATA 

5-2 

Unit THtCondltions 

V 
Guaranteed Input HIGH Voltage for 
AIIlnpuls 

Guaranteed Input lOW Voltage for 
V AR Inputs 

V VCC = MIN. liN = -18 mA 

V VCC = MIN.IOH" MAX. VIN = VIH 

V or Vll per Truth Table 

V IOL =4.0 mA VCC = VCC MIN. 
VIN" VIL orVIH 

V IoL : 8.0 mA per Truth Table 

ItA VCC=MAX. VIN=2.7V 

mA VCC = MAX. VIN = 7.0 V 

mA VCC = MAX. VIN "0.4 V 

mA VCC=MAX 

mA VCC·MAX 

Unit THtCondltlons 

ns VCC = 5.0 V 

ns CL=15pF 
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Features 

Central office quality DTMF transmitter/receiver 
Low power consumption 

High speed Intel micro interface 
Adjustable guard time 

Automatic tone burst mode 

Call progress tone detection to -30dBm 

Applications 

Credit card systems 
Paging systems 

Repeater systems/mobile radio 

Interconnect dialers 
Personal computers 
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MT8888C 
Integrated DTMF Transceiver 

with Intel Micro Interface 

ISSUES March 1997 

Ordering Information 
MT8888CE 20 Pin Plastic DIP 
MT8888CS 20 Pin SOIC 
MT8888CN 24 Pin SSOP 

-40°C to +85°C 

Description 

The MT8888C is a monolithic DTMF transceiver with 
call progress filter. It is fabricated in CMOS 
technologY offering low power consumption and high 
reliability. 
The receiver section is based upon the industry 
standard MT8870 DTMF receiver while the 
transmitter utilizes a switched capacitor D/A 
converter for low distortion, high accuracy DTMF 
signalling. Intemal 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 tones. 

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

IN+ r 1 
U 

20 VOO IN+ 1 
U 24 VOO 

IN. F= 2 19 SVGT IN· 2 23 SVGT 
GS 3 18 ESt GS 3 22 ESt 

VRef 4 17 03 VRef 4 21 03 
VSS 5 16 02 VSS 5 20 02 

OSCI 8 15 01 OSCI 8 19 01 
OSC2 7 14 DO OSC2 7 18 DO 
TONE~ 8 13 TmiICP NC 8 17 NC 

RlWF= 9 12 1m NC 9 18 NC 
~'- 10 11 RSO TONE 10 15 Tmi/CP 

RIW 11 14 1m 
B 12 13 RSO 

ZlI Eitli EL ASII~ [lIElSQI~ 2~EltlISSQE 

f'11 ure:l - t'ln {.;onnectlona g 

Pin Description 

Pin' 

20 24 
Name Description 

1 1 IN+ Non-Inverting op-amp input. 

2 2 IN· Inverting op-amp input. 

3 3 GS Gain Select. Gives access to output of front end differential amplifier for connedion of 
feedback resistor. 

4 4 VRef Reference Voltage output (Vod2). 

5 5 Vss Ground (OV). 

6 6 OSC1 Oscillator input. This pin can also be driven directly by an external clock. 

7 7 OSC2 Oscillator output. A 3.579545 MHz crystal comected between OSC1 and OSC2 completes 
the internal oscillator circuit. Leave open circuit when OSC1 is driven externally. 

8 10 TONE Output from internal DTMF transmitter. 

9 11 ~ Write microprocessor input. TTL compatible. 

10 12 ~ Chip Select input. Adive Low. This signal must be qualified externally by address latch 
enable (ALE) signal, see Figure 12. 

11 13 RSO Register Select input. Refer to Table 3 for bit interpretation. TTL compatible. 

12 14 RO RNd microprocessor input. TTL compatible. 

13 15 TRQI Interrupt Request/Call Progress (open drain) output. In interrupt mode, this output goes 
CP low when a valid OTMF tone burst has been transmitted or received. In call progress mode, 

this pin will output a redangular 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- 00-03 Miaoprocessor Data Bus. High impedance when ~ = 1 or m5 = 1. 
17 21 TTL compatible. 

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

19 23 StlGT Steering Input/Guard TIme output (bidirectional). A voltage greater than VTSt detected at St 
causes the device to register the detected tone pair and update the output latch. A voltage 
less than VTSt frees the device to accept a new tone pair. The GT output ads to reset the 
external steering time-constant; its state is a function of ESt and the voltage on 8t 

20 24 Voo Positive power supply (5V typ.). 

8,9 NC No Connection. 
18,11 
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Functional DeacrlpUon 

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 Intel 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 MT8888C provides a 
differential-input operational amplifier as well as a 
bias source (VRef), which Is used to bias the inputs at 
VorJ2. 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 connections 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 dial 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. 

IN+ 

[>~ 0-0 . ,.. ...... 
IN-

C RIN 

. ... 
GS RF 

VR&f 

VOLTAGE GAIN MT88I8C 

(Ay) = RF I RIN 

rll ure 3 --sin 9 9 le.;e-ndecf In p ut Conti. uration 9 

MT8888C 

o-I~ ............ 
1 Cl Rl IN+ 

~ I IN-

o-I~ ............. 
C2 R4 R5 ......... "" ........ GS 

• : : ~ 
R3 : ~ ~ ~R2 

V .... f 

MTI8IIC 

DIFFERENTIAL INPUT AMPUFIER 
Cl =C2=10nF 
Rl =R4=R5=100110 
R2 = 60110, R3 = 37.5 kO 
R3 = (R2R5Y(R2 + RS) 

VOLTAGE GAIN 
(Ay dill) - R51R 1 

INPUT IMPEDANCE 

(;z.,pill) = 2./ R1' + (1hoCf 

. Fl. ure 4 • DifferenUiJ In 9 p ut~onfiguratlon 

FLOW F HMJH DIGIT D. D2 0, 0. 

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 0 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 C 1 1 1 1 

941 1633 D 0 0 0 0 
0= LOGIC LOW, 1= LOGIC HIGH 

Table 1. Functional Encode/Decode Table 
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MT8888C 

Following the filter section is a decoder employing 
digital counting techniques to determine the 
frequencies of the incoming tones and to verify that 
they correspond 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 
developed 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 (referred to 
as character recognition condition). This check is 
performed by an external RC tlme constant driven by 
ESt. A logic high on ESt causes Vc (see Figure 5) to 
rise as the capacitor discharges. Provided that the 
signal condition is maintained (ESt remains high) for 
the validation period (~TP)' Vc reaches the threshold 
(V TSt) 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 Vc to Voo- 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 regiSgj' 'If Interrupt mode has been 
selected, the IR CP pin will pull low when the 
delayed steenng 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 
slgnals too short to be considered valid, the receiver 
will tolerate signal interruptions (drop out) too 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. 

4-92 
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MTB888C 

voo f---
:: C1 

SVGT J-----... Vc 

EStI-_~ ....... ....... 
R1 

larA = (R1C1) In (VDDIVrsJ 

taw = (R1C1) In (Vool {VOUVTsJJ 

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 ~ Iopmax+toTPmax "foAmln 

_ ~ tOPmln+toTPmln "tOAmaX 
tiD ~ toAmax+toTAmax • tOPmln 

too ~ toAmln +toTAmln "toPmax 

The value of top is a device parameter (see AC 
Electrical Characteris:ics) and tREe is the minimum 
signal duration to be recognized by the receiver. A 
value for C1 of 0.1 I1F is recommended for most 

1GTl' = (RpCl) In lVoo I (Voo-VTSJI 
IGTA = (R1Cl) In (VooNTsJ 

Voo 0..----..1--. 
C1 

Rp = (R1R2) I (Rl + R2) 

SVGT rll--..... - ... 

ESt 

Voo Ot--.... 

SVGTn-.... - .. 

ESt 

R2 

.) decre.slng tGTP; (tGTP < tGTA) 

1GTl' = (R1Cl) In lVoo I (Voo-vTsJJ 
IGTA = (RpCl) In (VOoNTS') 

Rp = (R1R2)1 (Rl + R2) 

ustment 



applications, leaving R1 to be selected by the 
designer. Different steering arrangements may be 
used to select independent tone present (IQTP) and 
tone absent lIQTA} 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 noise immunity. 

Increasing tREC 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 ~EC with a long 100 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 Filter 

A call progress mode, using the MT8888C, can be 
selected allowing the detection of various tones, 
which identify the progress of a telephone calion 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. 

EVENTS I A B 

MT8888C 

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 l1«l/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 ~CP 
pin will remain low. 

LEVEL 
(dBm) 

-25 

o 

................ 

250 

= Reject 

= May Accept 

= Accept 

FREQUENCY (Hz) 

C I D E F 

TONE#n 
TONE 
#n + 1 

TONE 
#n + 1 

lop 
ESt 

StlGT 

RX,,-RX3 DECODED TONE # (n-1) ~ #n X #(n+ 1) 

- E~D3 
b3 I 
b2 h n 

I n Read I n 
Sta1IJs I 
Register 

I Jm:i/CP U U 
iagram 
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EXPLANATION OF EVENTS 
A) TONE BURSTS DETECTED. TONE DURATION INVALID. RX DATA REGISTER NOT UPDATED. 
8) 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. 
Dl TONE #n+1 DETECTED. TONE DURATION VALID. TONE DECODED AND LATCHED IN RX DATA REGISTER. 
E) AeCEPTABLE 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 
SVGT 
RXo-RX3 
b3 

EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES. 
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT. 
4-BIT DECODED DATA IN RECEIVE DATA REGISTER 
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. 

Jm:i/CP INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX OATA 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. 

Figure!r. DeSCription of Timing events 

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 DIA 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 (fLOW and fHIGH) are 
referred to as Low Group and High Group tones. As 
seen 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 
(twist) 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 length 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 lookup 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. l\No 
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 
continuously 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. 



Burst Mode 

In certain telephony applications it is required that 
DTMF signals being generated are of a specific 
duration determined either by the particular 
application or by anyone 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 bursUpause duration is 51 mS±1 ms, which is a 
standard interval for autodialer and central office 
applications. After the bursUpause 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 bursUpause 
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 
bursUpause time is desirable, a software timing loop 
or external timer can be used to provide the timing 
pulses when the burst mode is disabled by enabling 
and disabling the transmitter. 

Single Tone Generation 

A single tone mode is available whereby 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. 

MT8888C 

ACTIVE OUTPUT FREQUENCY (Hz) 
%ERROR INPUT SPECIFIED ACTUAL 

L1 697 699.1 +0.30 
L2 770 766.2 -0.49 

L3 852 847.4 -0.54 

LA 941 948.0 +0.74 
H1 1209 1215.9 +0.57 

H2 1336 1331.7 -0.32 
H3 1477 1471.9 -0.35 

H4 1633 1645.0 +0.73 
Table 2. Actual Frequencies 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. 

THO (%)= 100 

one 
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The Fourier components of the tone output 
correspond to V 21 .... V nf as measured on the output 
waveform. The total harmonic distortion for a dual 
tone can be calculated using Equation 2. VL and VH 
correspond to the low group amplitude and high 
group amplitude, respectively and V2

1MO is the sum 
of all the intermodulation components. The internal 
switched-capacitor filter following the DIA converter 
keeps distortion products down to a very low level as 
shown in Figure 10. 

v221. + v231. + •.. v2 
nL + v22H + 

v23H + .• v2nH + v2IMD 

THO (%) = 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: ±O.1 % 
Resonance Mode: Parallel 
Load Capacitance: 18pF 
Maximum Series Resistance:150 ohms 
Maximum Drive Level: 2mW 

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

A number of MT8888C devices can be connected as 
shown in Figure 11 such that only one crystal is 
required. Alternatively, the OSC1 inputs on all 
devices can be driven from a TTL buffer with the 
OSC2 outputs left unconnected. 

MT8888C MT8888C MT8888C 

OSC1 OSC2 OSCl OSC2 

Microprocessor Interface 

The MT8888C incorporates an Intel microprocessor 
interface which is compatible with fast versions (16 
MHz) of the 80C51. No wait cycles need to be 
inserted. 
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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, ~ 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). Transceiver 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 software 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 IRQ/CP 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 ~CP pin is an open drain 
output and requires an external pull-up resistor (see 
Figure 13). 

RSO m 1m FUNCTION 

0 0 1 Wrtle to T,ansm~ 
Data Register 

0 1 0 Read from Receive 
Data Register 

1 0 1 WrtIe to Contrel Register 

1 1 0 Read from Slalila Regia,., 

Table 3. Internal Register Functions 

b3 b2 b1 bO 

RSEL IRa CP/DTMF TOUT 
Table 4. CRA Bit Positions 

I b3 

C/R 

Table 5. CRB Bit Positions 
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BIT NAME DESCRIPTION 

bO TOUT Tone Output Control. A logic high enables the tone output; a logic 10000tums the tone output 
off. This bit controls all transmit tone functions. 

b1 CPJOmF!' Call Progress or DTMF Mode Select. A logic high enables the receive call progress mode; 
a logic low enables DTMF mode. In DTMF mode the device is capable of receMng and 
transmitting DTMF signals. In CP mode a rectangular wave representation of the received 
tone signal will be present on the IROICP output pin if IRQ has been enabled (control 
register A, b2=1). In order to 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=O), the ~CP output pin will go lOIN' when either 1) a valid DTMF signal has been 
received for a valid guard tirTle 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 foIlOIN'ing control register write cyde 
will be directed to control register A. 

Table 6. Control Register A Description 

BIT NAME DESCRIPTION 

bO BURST Burst Mode Select. A logic high de-activates burst mode; a logic lOIN' 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. 

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

b1 TEST Test Mode Control. A logic high enables the test mode; a logiC lOIN' de-aclivates the test 
mode. When TEST is enabled and DTMF mode is selected (control register A, b1=O). the 
signal present on the iRQ/cp pin will be analogous to the state of the DELAYED 
STEERiNG bit of the status register (see Figure 7. Signal b3). 

b2 SJCj' Single or Dual Tone Generation. A logic high selects the single tone output; a logic lOIN' 
selects the dual tone (DTMF) output The single tone generation function requires further 
selection of either the rOlN' or column tones (lOIN' or high group) through the C/~ bit (control 
register B, b3). 

b3 CIR Column or ROIN' Tone Select A logic high selects a column tOrie output; a logic low selects 
a row tone output. This function is used in conjunction with the SID bit (control register B, 
b2). 

Table 7. Control Register B Description 
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BIT NAME STATUS FLAG SET STATUS FLAG CLEARED 

bO IRQ Interrupt has occurred. Bit one Interrupt is inactive. Cleared after 
(b1) or bit two (b2) Is set. Status Register is read. 

b1 TRANSMIT DATA Pause duration has terminated Cleared after Status Register is 
REGISTER EMPTY and transmitter is ready br 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 

b3 DELAYED STEERING 

Cl 

Register. read. 

Set upon the valid detection of Cleared upon the detection of a 
the absence of a DTMF signal. valid DTMF signal. 

Table 8. Status Re Ister Oeserl g p tlon 

803118051 
808018085 MT8888C 

11 CS AB-A15 

-e~ RSO 

I 
[)()'[)3 

PO -1m 1m 
~ Ii'm 

C3 

DTMF/CP '""--.J t-"V'N...,.. ..... ----+-f'] 
INPUT LJ"""I R4~ 

DTMF 
OUTPUT 

Note.: 
Rl. R2 = 100 kQ 1% 
R3=374 kQ1% 
R4 = 3.3 kQ 10% 
~ = 10 k (} (min.) 
Cl = 100 nF 5% 
C2 = 100 nF 5% 
C3 = 100 nF 10%" 
X-lal " 3.579545 MHz 
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" Microprocessor based systems can Inject undesirable noise Into the supply raMs. 
The performance of the MT8888C can be optimized by keeping 
noise on the supply raU. to a minimum. The decoupUng capacitor (C31 should be 
connected close to the device and ground loops should be avoided. 
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Teat load for DO-D3 pins 

5.0VDC 

MMD7000 (or 
equivalent) 

TEST POINT 

INITIALIZATION PROCEDURE 

Teatloadfor~P pin 

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 Data 

RSO WR RD b3 b2 b1 bO 
1) Read Status Register 1 1 0 X X X X 
2) Write to Control Register 1 0 1 0 0 0 0 
3) Write to Control Register 1 0 1 0 0 0 0 
4) Write to Control Register 1 0 1 1 0 0 0 
5) Write to Control Register 1 0 1 0 0 0 0 
6) Read Status Register 1 1 0 X X X X 

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

Sequence: 
RSO WR RD b3 b2 b1 bO 

1) Write to Control Register A 1 0 1 1 1 0 1 
(tone out, DTMF, TFm, Select Control Register B) 

2) Write to Control Register B 1 0 1 0 0 0 0 
(burst mode) 

3) Write to Transmit Data Register 0 0 1 0 1 1 1 
(send a digit 7) 

4) Wait br an interrupt or poll Status Register 
5) Read the Status Register 1 1 0 X X X X 

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

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

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

NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ma t±2 mal AFTER THE DATA IS 
WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 _ (±4 mal. 

Figure 1:1· ApplicatIon Notes 
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Absolute Maximum Ratings" 

Parameter Symbol Min Max Units 

1 Power supply voltage Voo-Vss Voo 6 V 

2 Voltage on any pin VI VsS.{)·3 Voo+O·3 V 

3 Current at any pin (Except VOO and VSS) 10 rnA 

4 Storage temperature TST ~5 +150 °C 
5 Package power dissipation Po 1000 mW . . . Exceeding these values may cause permanent damage. Functional operation under thas. conditions II not ""plied . 

Recommended Operating Conditions· Voltages are with respect to ground (VSS) unless otherwise stated. 

Parameter Sym Min Typt Max Units Test Conditions 

1 Positive power supply Voo 4.75 5.00 5.25 V 

2 Operating temperature To -40 +85 ·C 
3 Crystal clock frequency fCLK 3.575965 3.579545 3.583124 MHz 

i Typical ligures are at 25 C and for deSign aid only. not guaranteed and not IUbjed to producllon testing. 

DC Electrical Characterlstlcst -Vss=ov. 

Characteristics Sym Min Typi Max Units Test Conditions 

1 s Operating supply voltage Voo 4.75 5.0 5.25 V 
r-y u Operating supply current 100 7.0 11 rnA 

7 p 
Power consumption Pc 57.8 mW 

4 I High level input voltage VIHO 3.5 V Note 9· 
N (OSC1) 

"5" p 
Low level input voltage VILO 1.5 V Note 9" u 

T (OSC1) 

'6 s Steering threshold voltage VTSt 2.2 2.3 2.5 V Voo=5V 

7 Low level output voltage No load 
(OSC2) YOLO 0.1 V Note 9* 

fg 0 
High level output voltage No load u 

T (OSC2) VOHO 4.9 V Note 9· 

~ p 
Output leakage current u 

T (IRQ) loz 1 10 J.1A VoH=2.4 V 

~ S VRa! output voltage VRa! 2.4 2.5 2.6 V No load, Voo=5V 

~ VRef output resistance RoR 1.3 kO 

12 0 Low level input voltage VIL 0.8 V 

'13 i 
High level input voltage VIH 2.0 V g 

~ i Input leakage current lIZ 10 J.1A VIN=VSS to Voo t 
a 
I 

15 Data Source ament IOH -1.4 -6.6 rnA VoH"'2AV 
'16 Sus Sink current IOL 2.0 4.0 rnA VOL:()·4V 

17 ESt Source aJrrent IOH .{).5 -3.0 rnA VOH.:4·fN 

Ts and 
Sink current IoL 2 4 rnA VoL:()·4V St/Gt 

19 IR(lf 

CP 
Sink current IOL 4 16 rnA VoL:()·4V 

. . . . t CharaclafistiGS are over rao:>ml118nded operating conditiOns unless othafwIsa stated • 
i Typical ligures are at 25°C, Voo =5V and for design Bid only: not guaranteed Bnd not subject to producllon testlng. 
• Sea -Notes" follOWing AC Electrical Characteristics Tables. 
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Electrical Characteristics 
Gain Setting Amplifier. Voltages are with respect to ground (Vss) unless otherwise stated, Vss= Ov. 

Characteristics Sym Min Typ Max 

1 Input leakage current liN 100 

2 Input resistance RIN 10 

3 Input offset voltage Vos 25 

4 Power supply rejection PSRR 50 

5 Common mode rejection CMRR 40 

6 DC open loop voltage gain "vOL 40 

7 Unity gain bandwidth BW 1.0 

8 Output voltage swing Vo 0.5 Voo.{)·5 

9 Allowable capacitive load (GS) CL 100 

10 Allowable resistive load (GS) RL 50 

11 Common mode range VCM 1.0 Voo-1.0 
Figures are for d ... lgn aid only: not guaranteed and not subject to production testing. 
Characterlstlcs are o\'er recommended operating oondltlons unless otherwise stated. 

Units Test Conditions 

nA Vss S VIN S Voo 

Mil 

mV 

dB 1 kHz 

dB 

dB Ct. .. 20p 

MHz CL =20p 

V RL ~ 100 k.Q to Vss 

pF PM>4Qo 

kn Vo=4Vpp 

V RL = 501<0. 

MT8888C AC Electrical Characterlsticst . Voltages are with raspect to ground (Vss) unleSs otherwise slated. 

Characteristics . Sym Min Typt Max Units Notes-

R Valid input signal levels -29 +1 dBm 1,2,3,5,6 
1 X (each tone of composite 

27.5 869 mVRMS 1.2,3,5,6 
Signal) 

r Characl8ristics ara over recommended operating oondltlons (unless otherwise stalad) using the test clreuk shown In Figure 13. 

AC Electrical Characteristics t - Voltages are w~h respect to ground (Vss) unles. otherwise slated. 'c=3.579545 MHz 

Characteristics Sym Min Typ'* Max Units Notes-

1 Positive twist accept 8 dB 2,3,6,9 
r--

2 Negative twist accept 8 dB 2,3,6,9 
-

3 Freq. deviation accept ±1.5%±2Hz 2,3,5 
- R 

4 X Freq. deviation reject ±3.5% 2,3,5 
f-

5 Third tone tolerance -16 dB 2,3,4,5,9,10 
f-

6 Noise tolerance -12 dB 2,3,4,5,7,9,10 
f-

7 Dial tone tolerance 22 dB 2,3,4,5,8,9 
r Characl8ris1lcs are over recommended operating oondltlons unleu otherwise stated. 
i Typical figunas are at 25°C. Voo = 5V, and for design aid only: not guaranteed and not subject to production .ating. 
• ·s .. "Noles" folioNlng AC Electrical Characteristics Tabl .... 
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AC Electrical Characteristics t - Call Progress - Voltages ani with respect to ground (Vas) unless otherwise stated 

Characteristics Sym Min Typ:t: Max Units Conditions 

1 Accept Bandwidth fA 310 500 Hz @-25dBm. 
Note 9 

2 Lowerfreq. (REJECT) fLR 290 Hz @-25dBm 

3 Upper freq. (REJECT) fHR 540 Hz @-25dBm 

4 Call progress tone detect level (total -30 dBm 
power) 

.. " t CharadsrlsUcs ara ovar recommended operaUng conditions unless otherwIse stated 
:t: Typical figures are at 25°C, Voo=5V, and for design aid only: not guaranteed and not subject to production testing 

AC Electrical Characteristics t - DTMF Reception - Typical oTMF tone accept and reject requirements. Actual 
values are user selectable as per Figures 5, 8 and 7. 

Characteristics Sym Min 'Typi Max Units Conditions 

1 Minlmum tone accept duration ~EC 40 ms 

2 Maximum tone reject duration m 20 ms 

3 Minimum interdigit pause duration ~o 40 ms 

4 Maximum tone drop-out duration too 20 ms 
.. t CharadsnsUcs ara ovar recommended operamg conditions unless otharwlse stated 

; Typical figures ara at 25°C, Voo=5V, and for design aid only: not guaranteed and not subject to production testing 

AC Electrical Characteristics t -Voltages are with raspect to ground (Vas). unless otherwiae stated, 

Characteristics Sym Min Typi Max Units Conditions 

1 T Tone present detect time top 3 11 14 ms Note 11 - 0 
2 N Tone absent detect time tOA 0.5 4 8.5 ms Note 11 

3 E Delay St to b3 tpStb3 13 !lS See Figure 7 

""'4 I Delay St to RXo-RX3 tpStRX 8 !lS See Figure 7 
N 

5 Tone burst duration tSST 50 52 ms OTMFmode 
-

6 Tone pause duration tps 50 52 ms OTMFmode 

'1 Tone burst duration (extended) taSTE 100 104 ms Call Progress mode 
-

8 T Tone pause duration (extended) ipSE 100 104 ms Call Progress mode 
- 0 . 

9 N High group output level VHOUT ~.1 -2.1 dBm RL=10kn 
- E 10 Low group output level VLQUT -8.1 -4.1 dBm Rt. =10kn - 0 Pre-emphasis dBp 0 2 3 dB RL =10kn 11 

12 U 
T Output distortion (Single Tone) THO -35 dB 25 kHz Bandwidth -13 RL=10kn 

-
14 Frequency deviation to :to.7 ±1.5 % fc=3.579545 MHz 

-
15 Output load resistance Rt.T 10 50 kn 

16 CrystaUdock frequency fc 3.5759 3.5795 3.5831 MH;!: - x 
17 T Clock input rise and fall time lcLRF 110 ns Ext clock 

'18 A 
r-- L 

Clock input duty cycle DCCL 40 50 60 % Ext clock 

19 Capacitive load (OSC2) CLO 30 pF 
t nmlng IS over recommended temperature & power supply voltages. 
i Typical figures are at 2ScC and for design aid only: not guaranteed and not subject to production testing, 
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AC Electrical Characteristics t - MPU Interface. Voltages are with respect to ground (Vss), unless otherwise stated. 

Characteristics Sym Min Typ:t Max Units Conditions 

1 RD~ clock frequency fCYC 4.0 MHz Figure 16 

2 'RDIWR cycle period !evc 250 ns Figure 16 

3 ~JWR rise and fall time tR, tF 20 ns Figure 16 

4 Address setup time tAS 23 ns Figures 17 & 18 

5 Address hold time tAH 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 tPWL 150 ns Figures 16, 17 & 18 

9 Rn, WR" pulse width high tPWH 100 ns Figures 16, 17 & 18 

10 Data setup time (write) tosw 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 (l1m/CP) COUT 5 pF 
t CharadensUca are over recommended operaUng conditions unless otherwise ataled 
:t Typical figure. a1'8 at 2SoC, V oo"5V. and for design aid only: not guaranteed and not subject to production testing 

NOTES: 1) dBm=declbels above or below a raference power of 1 mW Into a 600 ohm load. 
21 Olg~ sequence consists of all 18 OTMF tones. 
3 Tone duration=40 ms. Tone pause=40 ma. 
4 Nominal OTMF frequencies are used. 
5 Both tones in the composite signal have an equal amplitude. 
S The tone pair Is deviated by ± 1.S%±:! Hz. 
7tBandWIdth limited (3 kHz) Gaussian noise. 
a The precise dial tone frequencle. are 3S0 and 440 Hz (±2%,. 
e Guaranteed by design and characterization. Not subject to production testing. 
1 ) Referenced to the lowest ampl"ude tone In the OTMF signal. 
11, For guard time calculation purposes. 
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If>wL ...... 

" "" ..... H ~ 

tAS 

~ lEW!) 

CS,RsO )c K 
toOR OHR 

----< ~--DATA BUS 

agram 

If>wL .. • 
..... ~ '" ..... H 

1 
~tAS) tAl< 

~,RSO )c >( 
tosw toHW 

DATA BUS => K 

agram 

4-104 



BIODATA 

Nama Rudianto Tjahyono 

NRP 5103000030 

Tempat, Tg1. Lahir Surabaya, 30-10-1981 

Agama Katolik 

Alamat rumah J1. Ploso I / 24 A 

Surabaya 

Riwayat Pendidikan : 

• Tahun 1994 Lulus SDK St XA VERIUS I, Surabaya. 

• Tahun 1997 Lulus SLTPK AC I, Surabaya. 

• Tahun 2000 Lulus SMUK FRATERAN, Surabaya. 




