
LAMPlRAN 



LampiranA 

Kata - kata yang direkam dan diputar kembali pada ISD 2560 yaitu : 
1. Nol 
2. Satu 
3. Dua 
4. Tiga 
5. Empat 
6. Lima 
7. Enam 
8. Tujuh 
9. Delapan 
10. Sembilan 
II. Alat ukur tinggi badan manusia Portable 
12. Tinggi badan anda 
13. Error 
14. Centimeter 
15. Kurang tinggi 



LAMPIRANB 

LISTING PROGRAM BAHASA ASSEMBLY 

._---- Dewi Sutanti Karyadi 5103003002 -----. 
;pO Data lcd 
;p2.0 RS 
;p2.1 R/W 
;p2.2 E 
;pl. 0 CE 
;p1.1 PO 
;pl. 2 EOM 
;pl. 3 MO 
;p2.6 Ref saklar 
;p2.7 Input saklar 
;p3.0 Input sensor 
;p3.2 Select sensor 1 
;p3.3 Select sensor 2 

org Oh 
;----- Penyimpanan Data 30H-7FH -----

._----. delay -----
;---15ms--
delay1 equ 30h 
delay2 equ 31h 
;---15ms end---

;---isd--
delayisd_1 equ 33h 
delayisd_2 equ 34h 
;---isd end---
;----- delay end -----

:----- data sensor 
;----- data sensor 1 ----
sens_1_a equ 40h 
sens_l_b equ 41h 
sens 1 c equ 42h 
hasil ukur sensl equ 43h 
sens_l_2_a equ 50h 
sens_l_2_b equ 51h 
sens_l_2_c equ 52h 
;----- data sensor 1 end ----
;----- data sensor 2 
sens_2_a equ 44h 
sens_2_b equ 45h 
sens_2_c equ 46h 
hasil ukur sens2 equ 47h 
sens 2 2 a equ 55h 
sens=2=2=b equ 56h 
sens_2_2_c equ 57h 
;----- data sensor 2 end -----



hasil_pengurangan equ 4ah 
inch crn equ 4bh 
final a equ 4ch 
final b equ 4dh 
final c equ 4eh 
;----- data sensor end 
;----- data ISD ----
ce equ pl. 0 
pd equ pl.l 
eorn equ pl. 2 
rnO equ pl.3 
lewat equ 70h 
;----- data ISD end -----
;----- Penyirnpanan Data 30H-7FH end -----

;------ Init LCD ------
rnov a,#38h 
acall init lcd 
acall delay 
rnova,#Och 
acall init lcd 
acall delay 
rnova,#Olh 
acall init lcd 
acall delay 
rnov a,#06h 
acall init lcd 
acall delay 
;------ Init LCD end ------

;------ Program utarna -----
rnulai: 
clr rnO 
setb ce 
clr pd 

;nonaktifkan MO 
;rnengkondisikan CE agar standby 
;reset ISD 
;rnernatikan sensor 2 
;referensi tombol start 
;mengkondisikan tombol start menjadi 

clr p3.3 
clr p2.6 
setb p2.7 
acall tulis 
acall intro 

intro ;rnenarnpilkan intro pada LCD 
;menampilkan intro pada ISD 

ulang_dr_error: 

High 

acall tulis tombol start ; menarnpilkan "Tekan ... " pada LCD 

tunggu_start: 
jb p2.7,tunggu start ;tunggu tombol start di tekan 
jrnp sensor ;mengukur sensor ketika tombol start ditekan 

lanjutan_stlh_ada hsl: 
acall tulis_tinggi anda 
rnova,#Oc9h 
acall init lcd 
acall delay 
acall hasil ke lcd 
acall tulis crn 
acall tinggi_bdn_anda 

;rnenulis "Tinggi anda ... " pada LCD 

;menulis hasil pengukuran tinggi ke 
;menulis "cm" pd LCD 
;menampilkan "Tinggi bdn ... " pd ISO 

LCD 



aeall hasil ke isd 
aeall sentimeter 

;menampilkan hasil pengukuran pd ISD 
;menampilkan "Sentimeter" pd ISO 

jmp ulang_dr_error 
;------ Program utama end ------

;----- Sensor 
sensor: 
mov tmod,jf20h 
mov thl,jf-3 
mov seon,jf50h 
setb trl 
setb p3.2 
elr p3.3 
aeall delay 
;aeall delay 

data sensorl: 
elr ri 
jnb ri,$ 
mov a,sbuf 

;timer 1 mode 2 
;baud rate 9600bps 
;8 bit,l stop bit 

;aktifkan sensor 1 
;nonaktifkan sensor 2 

ejne a,jf'R',data sensorl ;deteksi huruf "R" 
elr ri 
jnb ri,$ 
mov sens 1 a,sbuf ;mengambil angka pertama -
elr ri 
jnb ri,$ 
mov sens 1 _b,sbuf ;mengambil angka kedua 
elr ri 
jnb ri,$ 
mov sens 1 e,sbuf ;mengambil angka ketiga 
elr ri 

;----- Tambahan sensor 1 ----
tunggu_sensorl 2: 
elr ri 
jnb ri,$ 
mova,sbuf 
ejne a,jf'R',tunggu_sensorl 2 
elr ri 
jnb ri,$ 
mov sens 1 2 a,sbuf 
elr ri 
jnb ri,$ 
mov sens 1 _2_b,sbuf 
elr ri 
jnb ri,$ 
mov sens 1 2 e,sbuf 
elr ri 
;----- Tambahan sensor 1 end 

;deteksi huruf "R" 

;mengambil angka pertama 

;mengambil angka kedua 

;mengambil angka ketiga 

;asell to hex sensl 
anI sens 1 a,jOfh 
mov a,sens_l_a 

;mengubah angka kel menjadi heksa 

mov b,jflOO 
mul ab ;mengubah angka kel menjadi ratusan 
mov sens 1 a,a 



anI sens I b,#Ofh ;mengubah angka ke2 menjadi heksa 
mov a,sens I b 
mov b,#IO ;mengubah angka ke2 menjadi puluhan 
mul ab 
mov sens _I_b,a 
anI sens I c,#Ofh ;mengubah angka ke3 menjadi heksa 
mov a,sens I a 
add a,sens I b 
add a,sens I c ;menjumlah ratusan, puluhan, dan satuan 
mov hasil ukur sensl,a 

;ascii_to_hex_sensl_2 
anI sens I 2 a,#Ofh 
mov a,sens 1_2_a 
mov b,#IOO 
mul ab 
mov sens_I_2_a,a 
anI sens_I_2_b,#Ofh 
mov a,sens_I_2_b 
mov b,#IO 
mul ab 
mov sens_I_2_b,a 
anI sens I 2 c,#Ofh 
mov a,sens_I_2_a 
add a,sens_I_2_b 

;mengubah 

;mengubah 

;mengubah 

;mengubah 

;mengubah 

angka kel menjadi heksa 

angka kel menjadi rat us an 

angka ke2 menjadi heksa 

angka ke2 menjadi puluhan 

angka ke3 menjadi heksa 

add a,sens_I_2_c ;menjumlah ratusan, puluhan, dan satuan 
cjne a,hasil ukur sensl,ke_data_sensorl 
jmp lanjut_data sensorl ;menunggu data sampai stabil 

ke data sensorl: - -
jmp data_sensorl 
lanjut_data_sensorl: 
cjne a,#7,sensl_hex_ulang ;jarak min sensor diatas kepala I7,5cm 
sensl_hex_ulang: 
jnc cek_30 
acall tulis_kurang_dr I5cm 
acall kurang_dr I5cm 
jmp ulang_dr_error 

cek 30: 
cjne a,#30,sensl hex ulang 2 ;jarak sensor diatas kepala <75cm 
sensl_hex_ulang_2: 
jc simpan_sensl 
acall tulis error 
acall error 
jmp ulang_dr_error 
simpan_sensl: 
mov hasil_ukur_sensl,a 
setb p3.3 ;mengaktifkan sensor 2 
clr p3.2 ;mematikan sensor I 
acall delay 
;acall delay 

data sensor2: 
clr rJ. 
jnb ri,$ 



mov a,sbuf 
cjne a,#'R',data sensor2 
clr ri 
jnb ri,$ 
mov sens 2 a,sbuf 
clr ri 
jnb ri,$ 
mov sens _2_b,sbuf 
clr ri 
jnb ri,$ 
mov sens 2 c,sbuf 
clr ri 

;----- Tambahan sensor 2 ----
data sensor2 2: - -
clr ri 
jnb ri,$ 
mov a,sbuf 
cjne a,#'R',data sensor2 2 
clr ri 
jnb ri,$ 
mov sens_2 2_a,sbuf 
clr ri 
jnb ri,$ 
mov sens_2_2_b,sbuf 
clr ri 
jnb ri,$ 
mov sens_2_2_c,sbuf 
clr ri 

Pengarnbi1an data ke1 
Sensor 2 

Pengarnbi1an data ke2 
Sensor 2 

;----- Tambahan sensor 2 end -----

clr p3.3 
setb p3.2 
;ascii to hex sens2 
anI se~s 2 a,#Ofh 
mov a,sens_2_a 
mov b,#100 
mul ab 
mov sens 2 a,a 
anI sens=2=b,#Ofh 
mov a,sens 2 b 
mov b,#10 - -
mul ab 
mov sens 2 b,a 
anI sens 2 c,#Ofh 
mov a,sens_2_a 
add a,sens_2_b 
add a,sens_2_c 
mov hasil ukur sens2,a 
;ascii_to_hex_sens2_2 
anI sens 2 2 a,#Ofh 
mov a,sens-2=2_a 
mov b,#100 
mul ab 
mov sens 2 2 a,a 
anI sens-2-2=b,#Ofh 



mov a,sens_2_2_b 
mov b,#lO 
mul ab 
mov sens_2_2_b,a 
anI sens_2_2_c,#Ofh 
mov a,sens_2_2_a 
add a,sens_2_2_b 
add a,sens_2_2_c 

cjne a,hasil_ukur_sens2,ke data sensor2 ;menunggu data stabil 
jmp lanjut_data_sensor2 
ke data sensor2: 
jmp data sensor2 
lanjut d~ta sensor2: 
cjne a~hasil_ukur_sensl,sens2_hex_ulang ;jika sensl=sens2, error 
sens2_hex_ulang: 
jnc lanjut_proses 
acall tulis error 
acall error 
jmp ulang_dr_error 
lanjut_proses: 
mov a,hasil ukur sens2 
cjne a,#120~lanj~t_proses 19 
lanjut_proses 19: 
jc lanjut_proses_sekali 19 
acall tulis error 
acall error 
jmp ulang dr error 
lanjut_proses sekali_lg: 

mov a,hasil_ukur_sens2 
subb a,hasil_ukur_sensl 
mov hasil_pengurangan,a 
cjne a,#20,lanjut_proses2 
lanjut_proses2: 
jnc sensor_beres 
acall tulis error 
acall error 
jmp ulang_dr_error 

sensor beres: 

;inch_to cm 
mov b,#2 
mul ab 
mov inch_cm,a 
mov a,hasil_pengurangan 
mov b,#2 
div ab 
add a,inch_cm 
mov hasil_pengurangan,a 

;hex_to_bcd 
mov a,hasil_pengurangan 
mov b,#lOO 
div ab 

;jarak maksimum 300cm 

;jarak sens2 - jarak sensl 

;jarak minimum 50cm 

Inci ke em 



mov final a,a 
mov a,hasil _pengurangan 
mov b,JllO 
div ab 
mov b,JllO 
div ab 

final _b,b 
Heksa ke BCD 

mov 
mov a,hasil_pengurangan 
mov b,JllO 
div ab 
mov final e,b 
jmp lanjutan_ stlh ada hsl -
;----- Sensor end -----

;----- Tampilkan hasil ke led ----
hasil ke led: 
mov a,final_a 
ejne a,JlOh,hasil_ke led lanjutl 
jmp hasil_ke_led_2 
hasil ke led lanjutl: 
add a-;-BOh -
aeall write led 
aeall delay 
jmp hasil_ke_led_lanjut2 
hasil ke led 2: 
mova,final_b 
ejne a,JlOh,hasil ke led lanjut2 
jmp hasil_ke_led_3 
hasil_ke_led_lanjut2: 
mov a,final_b 
add a,Jl30h 
aeall write led 
aeall delay 
hasil ke led 3: 
mov a, final e 
add a,BOh 
aeall write led 
aeall delay 
ret 

Hasil ke LCD 

;----- Tampilkan hasil ke led end -----

;----- Tampilkan hasil ke isd 
hasil ke isd: 
mova,final_a 
ejne a,JlOh,hasil_ke isd lanjutl 
jmp hasil2 ke isd 
hasil ke isd_lanjutl: 
mov lewat,a 
aeall play 
jmp hasil_ke isd lanjut2 
hasil2 ke isd: 
mov a,final_b 
ejne a,JlOh,hasil ke isd lanjut2 
jmp hasil3_ke_isd 
hasil_ke_isd_lanjut2: 
mov lewat,final_b 

Hasil ke ISD 



aeall play 
hasi13 ke isd: 
mova,final_e 
mov lewat,a 
aeall play 
ret 
;----- Tampilkan hasil ke isd end -----

;------- LCD ------
tulis intro: 
aeall elr led 
mova,#08Ih 
aeall init led 
aeall delay 
mov dptr,#intro_barisl 
aeall tulis 
mova,#Oe3h 
aeall init led 
aeall delay 
mov dptr,#intro_baris2 
aeall tulis 
ret 

tulis tombol start: 
aeall elr led 
mov a,#082h 
aeall init led 
aeall delay 
mov dptr,#tombol start barisl 
aeall tulis 
mova,#Oe4h 
aeall init led 
aeall delay 
mov dptr,#tombol start baris2 
aeall tulis 
ret 

tulis mengukur: 
aeall elr led 
mov a,#082h 
aeall init led 
aeall delay 
mov dptr,#mengukur 
aeall tulis 
ret 
tulis error: 
aeall elr led 
mov a,#084h 
aeall init led 
aeall delay 
mov dptr,#led_error 
aeall tulis 
ret 
tulis kurang dr I5em: 
aeall elr led 
mova,#082h 



acall init lcd 
acall delay 
mov dptr,#lcd_kurang_dr l5cm barisl 
acall tulis 
mova,#Oc4h 
aeall init led 
aeall delay 
mov dptr,#led_kurang_dr l5em baris2 
aeall tulis 
ret 

tulis_tinggi anda: 
aeall elr led 
mova,#082h 
aeall init led 
aeall delay 
mov dptr,#tinggi_anda barisl 
aeall tulis 
mova,#OeOh 
acall init led 
aeall delay 
mov dptr,#tinggi anda baris2 
aeall tulis 
ret 

tulis em: 
mov dptr,#tinggi anda baris2 2 
aeall tulis 
ret 
clr led: 
mova,#Ol 
aeall init led 
aeall delay 
ret 

tulis: 
ulang_tulis: 
elr a 
move a,@a+dptr 
aeall write led 
aeall delay 
inc dptr 
jz selesai tulis 
sjmp ulang:=tulis 
selesai tulis: 
ret 

init led: 
mov pO,a 
elr p2.0 
elr p2.l 
setb p2.2 
aeall delay 
elr p2.2 
ret 

T .... 



LAMPIRANC 

PETUN~PENGGUNAAN 

ALAT UKUR TINGGI BADAN MANUSIA PORT ABEL 

1. Hidupkan alat dengan menekan tombol 1 untuk ON/OFF. 

2. Letakkan alat diatas kepala dengan tangan kedua seperti terlihat pada 
gambar dibawah dengan jarak antara 15 Cm - 50 Cm dari atas kepala. 

" . 
.

~ : ." . 

3. Tekan tombol 2 untuk memulai pengukuran. 

Ada beberapa kemungkinan yang akan ter jadi : 

• Apabila kedua sensor dapat menerima signal yang dipantulkan dari 
obyek dengan baik maka hasil dari pengukuran tinggi badan akan 
langsung tampil pada LCD dan terdengar lewat speaker. 

• Apabila jarak yang diukur kedua sensor tidak sesuai maka akan tampil 
pada LCD dan terdengar pada speaker "error" dan "kurang tinggi". 

4. Selesai matikan alot dengan menekan tomboll untuk ON/OFF. 

Catatan : 

Terjadi error atau kurang tinggi ada beberapa kemungkian seperti : 
"Error" 

.Tarak yang diukur kedua sensor soma 

Posisi sensor tidak tepat mengenai objek yang akan diukur. 

Hasil ukuran tinggi badan kurang dari 50 Cm atau lebih dari 300 Cm. 

"Kurang tinggi" 
.T arak sensor 1 ke kepala kurang dari 15 em - 50 Cm 

T I' 
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_____________________ MaxSonar®-EZ1 .... ___ _ 

The MaxSonar® -EZ1 TN Data Sheet 

High Performance 
Sonar Range Finder 

h 
® ,~ 

T, e MaxSonar -£ZI offers very 
short to long-range detection and ranging, 
in an incredibly small package with ultra 
low power consumption. The MaxSonar®
£ZI'~ detects objects from O-inches to 254-
inches (6.45-meters) and provides sonar 
range information from 6-inches out to 
254-inches with I-inch resolution. Objects 
from O-inches to 6-inches range as 6-
inches. The interface outputformats 
included are pulse width output, analog 
voltage output, and serial digital output. 

I-- J 
approximately 

actual size 

Features 
• Continuously variable gain 

for beam control and side 
lobe suppression 

• Object detection includes 
zero range objects 

• Single 5Y supply with 2mA 
typical current draw 

• Readings can occur up to 
every 50mS, (20-Hz rate) 

• Free run operation can 
continually measure and 
output range information 

• Triggered operation provides 
the range reading as desired 

• All interfaces are active 
simultaneously 

• Serial, 0 to 5Y 
• 9600Baud,81N 

• Analog (IOmY/inch) 
• Pulse width (l47uS/inch) 

• Learns ringdown pattern 
when commanded to start 
ranging 

• Designed for protected 
indoor environments 

• Sensor operates at 42KHz 
• High output lOY PP square 

wave sensor drive 

Benefits 
• Yery low cost sonar 

ranger 
• Half the size of other 

sensors in its class 
• Sensor dead zone 

virtually gone 
• No central blind spot 
• Quality beam 

characteristics 
• Mounting holes 

provided on the 
circuit board 

• Lowest power 
ranger, excellent for 
multiple sensor or 
battery based 
systems 

• Can be triggered 
externally or 
internally 

• Sensor reports the 
range reading 
directly, frees up 
user processor 

• Fast measurement 
cycle 

• User can choose any 
of the three sensor 
outputs 

W91ght, 4.3 grams 

A 0.785" 19.9 mm F 0.510" 12.6mm 
B 0.870" 22.1 mm G 0.124" • •. 3.1 mmdO. 
C 0.100" 2.54 mm H 0.100" 2.54 mm 
D 0.100" 2.54 mm J 0.645" 16.4 mm 
E 0.670" 17.0 mm K 0.610" 15.5 mm 

dimensions are nominal 

Beam Characteristics 
Sample results for measured beam patterns 
are shown below on a 12-inch grid. The 
detection pattern is shown for; 
(A) O.25-inch diameter dowel, note the very 

narrow beam for close small objects, 
(B) I-inch diameter dowel , dowel, note the 

long narrow detection pattern, 
(C) 3.25-inch diameter rod, note the long 

controlled detection pattern, 
(D) II-inch wide board moved left 

to right with the board parallel 
to the front sensor face and the 
sensor stationary. The displayed 
beam length shows the long
range capability of the sensor. 

Note: The displayed beam width of (D) is a 
function of the specular nature of sonar and 
the shape of the board (i.e. nat mirror like) 
and should never be confused with actual 
sensor beam width. C 

B 

1\ 
A , V 

1\ J 
'V ~ \ 

beam characteristics are approximate 

D 

'V 

20ft 

1 5 ft. 

10 ft. 

5 ft. 

MaxBotix® Inc. 
MaxBotix, MaxSonar & EZl are tredemarXs of MaxBotix Inc. 

EZ"" • v1.0 • 1012006 Copyright 2005 • 2006 

8757 East Chimney Spring Drive, Tucson AZ, 85747 USA 
1821 Graydon Avenue, Brainerd, MN, 56401 USA 
Email: info@maxbotix.com Web:www.maxbotix.com 



write led: 
mov pO,a 
setb p2.0 
elr p2.1 
setb p2.2 
aeall delay 
elr p2.2 
ret 
;------- LCD end -------

;-------- ISD -------
intro: 
mov lewat,#Oah 
aeall play 
ret 

error: 
mov lewat,#Obh 
aeall play 
ret 

sentimeter: 
mov lewat,#Oeh 
aeall play 
ret 

tinggi_bdn_anda: 
mov lewat,#Odh 
aeall play 
ret 

kurang_dr 15em: 
mov lewat,#Oeh 
aeall play 
ret 

play: 
setb pd 
aeall delay_isd 
elr pd 
aeall delay_isd 
mov a,lewat 
ejne a,#Oh,lanjut kurangi 
jmp mainkan 
lanjut kurangi: 
setb mO 
aeall delay_isd 
lanjut_kurangi2: 
elr ee 
aeall delay_isd 
setb ee 
aeall delay_isd 
dec a 
ejne a,#Oh,lanjut_kurangi2 



mainkan: 
elr mO 
aeall delay_isd 
elr ee 
aeall delay_isd 
setb ee 

tunggu_play: 
jb eom,tunggu_play 
ret 
;---------- ISD End ---------

;----- delay ----
delay: 
mov delayl,#75 
ulang delay: 
mov delay2,#200 
djnz delay2,$ 
djnz delayl,ulang_delay 
ret 
._----, delay end 

;----- delay isd 
delay_isd: 
mov delayisd_l,#75 
ulang_delay_isd: 
mov delayisd_2,#100 
djnz delayisd_2,$ 
djnz delayisd_l,ulang_delay isd 
ret 
;----- delay isd end -----

;------- Data LCD ------
org 400h 
intro barisl: db "Dewi Sutanti K ",0 
intro baris2: db "5103003002 ",0 
tombol start barisl: db "Tekan tombol ",0 
tombol start baris2: db "Start... " ,0 
mengukur: db "Mengukur... ",0 
led error: db "Error!! ",0 
led_kurang_dr l5em_barisl: db "Kurang dari 
led kurang dr l5em baris2: db "15 Cm 
tinggi_and~_b~risl-;- db "Tinggi anda ",0 
tinggi_anda_baris2: db" adalah 
tinggi_anda_baris2_2: db " Cm ",0 
;------- Data LCD end ------

end 

",0 
",0 

",0 



_____________________ MaxSonar4!>-EZ1 TlI ___ _ 

MaxSonarill>-EZ1 TIl Pin Out Data Sheet, pg. 2 
GND - Return for the IX power supply. Must be ripple and MaxSonar® -EZ1 TIl Circuit 

noise free for best operation. The MaxSonar®-EZI Th< sensor functions using active 
+5V - Requires 5VIX +/- 0.5VDC. Current capability of components consisting of an LM324, a diode array, a 

3mA capacity recommended. PIC16F676, together with a variety of passive 
TX - Delivers asynchronous serial with an RS232 format, components. 

except voltages are 0-5V. The output is an ASCII 
capital "R", followed by three ASCII character digits 
representing the range in inches up to a maximum of 
255, followed by a carriage return (ASCII 13). The 
baud rate is 9600, 8 bits, no parity, with one stop bit. 
Although the voltage of 0-5 V is outside the RS232 
standard, most RS232 devices have sufficient margin 
to read 0-5V serial data. If standard voltage level 
RS232 is desired, invert, and connect an RS232 
converter such as a MAX232. 

RX - This pin is internally pulled high. The EZ I n< will 
continually measure range and output if RX data is 
left unconnected or held high. If held low the EZ I Th< 

will stop ranging. Bring high for 20uS or more to 
command a range reading. 

AN - Outputs 0 to 2.55 volts with a scaling factor of 
10m V per inch. The output is buffered and 
corresponds to the most recent range data. 

PW - This pin outputs a pulse width representation of 
range. The distance can be calculated using the scale 
factor of 147uS per inch. 

BW - N.C., Reserved 

MaxSonar®-EZ1 TIl Timing Description 
250mS after power-up, the MaxSonar®-EZI Th< is ready to accept the RX command. If the RX pin is left open or held 

high, the sensor will first run a calibration cycle (49mS), and then it will take a range reading (49mS). Therefore, the first 
reading will take lOOmS. Subsequent readings will take 49mS. The MaxSonar® -EZI n< checks the RX pin at the end of 
every cycle. Range data can be acquired once every 49mS. 

Each 49mS period starts by the RX being high or open, after which the MaxSonar®-EZI n< sends seven 42KHz waves, 
after which the pulse width pin (PW) is set high. When a target is detected the PW pin is pulled low. The PW pin is high 
for up to 37.5mS if no target is detected. During the next 4.7mS the serial data is sent. The remainder of the 49mS time is 
spent adjusting the analog voltage to the correct level. When a long distance is measured immediately after a short 
distance reading, the analog voltage may not reach the exact level within one read cycle. The MaxSonar® -EZI '" timing is 
factory calibrated to one percent and in use is better than two percent. 

MaxSonar4!>-EZ1 TIl General Power-Up Instruction 
Each time after the MaxSonar®-EZI ru is powered up, it will calibrate during its first read cycle. The sensor uses this 

stored information to range a close object. It is important that objects not be close to the sensor during this calibration 
reading. The best sensitivity is obtained when it is clear for fourteen inches, but good results are common when clear for at 
least seven inches. If an object is too close during the calibration cycle, the sensor may then ignore objects at that distance. 

® n( 

The MaxSonar -EZI does not use the calibration data to temperature compensate for range, but instead to compensate 
for the sensor ringdown pattern. If the temperature, humidity, or applied voltage changes during operation, the sensor may 
require recalibration to reacquire the ringdown pattern. If the temperature increases, the sensor is more likely to have false 
close readings. If the temperature decreases, the sensor is more likely to have reduced up close sensitivity. To recalibrate 
the MaxSonar®-EZl TM, cycle power, then command a read cycle. 

Product 1 specifications subject to change without notice. For more info visit www.maxbotix.comiMaxSonar-EZ1~FAQ 

MaxBotix® Inc. 
MaxBotlx, MaXSonar & EZ1 are trademarks of MaxBotix Inc. 
EZ1 TIl • v1.0 • 1012006 patent pending 

8757 East Chimney Spring Drive, Tucson AZ, 85747 USA 
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1. GENERAL DESCRIPTION 

Winbond's ISD2500 ChipCorder® Series provide high-quality, single-chip, RecordIPlayback solutions 
for 60- to 120-second messaging applications. The CMOS devices include an on-chip oscillator, 
miaophone preamplifier, automatic gain contro~ antiaIiasing filter, smoothing filter, speaker amplifier, 
and high density muRi-1eveI storage array. In addition, the IS02500 is miaocontroHer compatible, 
allowing complex messaging and addressing to be achieved. Recordings are stored into on-chip 
nonvolatile memory ceAs, providing zero-power message storage. This unique, singIe-c:hip solution is 
made possible through VVinbond's patented multilevel storage technology. Voice and aooio signals 
are stoNd directly into memcJly in Iheir naIuraI tonn, ptOwidilig higb-quaIity, solid-state voice 
reproduction. 

2. FEATURES 

• Easy-to-use single-chip, voice record/playback solution 

• High-quality, natural voice/audio reproduction 

• Single-chip with duration of 50, 75,90, or 120 seconds. 

• Manual switch or microcontroIIeI compatible 

• Playback can be edge- or level-activated 

• Directly cascadable for longer durations 

• Automatic power-(!own (pustH>utton mode) 

- Standby current 1 IJA (typical) 

• Zero-power message storage 

- Eliminates battery backup circuits 

• FuRy addressable to handle multiple messages 

• 100-year message retention (typical) 

• 100,000 record cycles (typical) 

• On-chip clock source 

• Programmer support for play-only applications 

• Single +5 volt power supply 

• Available in die form, POIP, SOIC and TSOP pacbging 

• Temperature = die (OOC to +5O"C) and package (DOC to +700c) 

-2-
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5. PIN CONFIGURATION 
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6. PIN DESCRIPTION 

PINNa. 
ANNAlE SOICI TSOP FUNerlJli 

PIlIP 

AxlMx 1-101 8-171 Address/Mode Inputs: The Address/Mode Inputs have two 

1-7 8-14 functions depending on the level of the two Most Significant Bits 
(MSB) ofthe address pins (A8 and A9). 

If either or both of the two MSBs are LOW, the inputs are all 
interpreted as address bits and are used as the start address for 
the current record or playback cycle. The address pins are inputs 
only and do not output any internal address information during the 

-
operation. Address inputs are latched by the faDing edge of CE. 

If both MSBs are HIGH, the Address/Mode inputs are interpreted as 
Mode bits according to the Operational Mode tabfe on page 12. 
There are six operational modes (MO ... M6) available as indicated in 
the table. It is possible to use multiple operational modes 
simultaneously. Operational Modes are sampled on each faRing -
edge of CE, and thus Operational Modes and direct addressing 
are mutually excfusive. 

AUXIN 11 18 Auxiliary Input: The Auxiliary Input is multiplexed through to the 
- -

output amplifier and speaker output pins when CE is HIGH, P/R 
is HIGH, and playback is currently not active or if the device is in 
pIa~ overftow. When cascading multiple 1SD2500 devices, the 
AUX IN pin is used to connect a playback signal from a following 
device to the previous output speaker drivelS. For noise 
considerations, it is suggested that the auxiliary input not be driven 
when the storage array is active. 

VSSA, Vsro 13, 12 20, 19 Ground: The 1802500 series of deVices utiliZes separate analog 
and digital ground busses. These pins shook! be connected 
sepalately through a Iow-impedanCe path to power suppfy ground. 

SP+ISP- 14115 21122 Spa'" Outputs: All devices in the IS02500 series incfude an on-
chip differential speaker driver, capable of driving 50 rdN into 16 Q 
from AUX IN (122mWfrom memory~ 

ttl The speaker outputs are hekI at VSSA levels during record and 
power down. It is therefore not possible to paraHel speaker outputs 
of multiple 1SD2500 devices or the outpuIs of other speaker drivers. 

P:I A silIQle end output may be used (incfuding a coupling capacitor 
between the SP pin and the speaker). These outputs may be used 
individually with the output signal taken from either pin. However, 
the use of single-end output resuIIs in a 1 to 4 rectoction in its 
output powee 

[I] Con nection of speaker oulpuls in parallel may cause damage to Ihe device. 
w Never ground or driw an unused speaker ouiput 
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PINHO. 
PIN NAME SOICI TSOP FUNCTION 

POP 

OVF 22 1 Overflow: This signal pulses LOW at the end of memory array, 
indicating the device has been filled and the message has 

- -
overflowed. The OVF output then follows the CE input until a 
PO pulse has reset the device. This pin can be used to cascade 
several 1502500 devices together to increase record/playback 
durations. 

23 2 -
CE Chip Enable: The CE input pin is taken LOW t(i) enable all 

playback and record operations. The address pins and 
- -

playback/record pin (P/R ) are latched by the falling edge of CE. 
-
CE has additional functionality in the M6 (Push-Button) 
Operational Mode as described in the Operational Mode section. 

PO 24 3 Power Down: When neither record nor playback operation, the PO 
pin shook! be pulled HIGH to place the part in standby mode (see 

-
lsa specification). lNhen overflow (OVF) pulses LOW for an 
overflow condition, PO should be brought HIGH to reset the 
address pointer back to the beginning of the memory array. The PO 
pin has addiIionaI funcIionaIity in the M6 (Push-Button) Operation 
Mode as described in the Operational Mode section. 

-- 25 4 E~ Manage· A nonvaIatiIe marker is autornaticaIIV inserted at EOM 
the end of each recorded message. It remains there until the 

message is recorded over. The EOM output pulses LOW for a 
period of T EOM at the end of each message. 

In addition, the 1502500 series has an internal Vee deIIect circuit to 
maintain message integrity should Vee fall below 3.5V. In this case, 

EOM goes LOW and the device is fixed in PIayback-omy mode. 

When the device is configured in Operational Mode M6 (Push-
Button Mode), this pin provictes an active-HIGH signal, indicating 
the device is currently recooing or playing. This signal can 
conveniently drive an LED for visual indicator of a record or 
playback operation in process. 
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ANNO. 
PINNAE SOICI TSOP 

PDP 

XCLK 26 5 

- 27 6 P/R 

1802560175/90/120 

.. 

FUNCTION 

Ex1ernal Clock: The external clock input has an internal pull-down 
device. The device is configured at the factory .,.,;m an intemal 
sampling clock frequency centered to ±1 percent of specification. 
The frequency is then maintained to a variation of :12.25 percent 
over the entire commercial temperature and operating voltage 
ranges. If greater precision is required, the device can be cIock.ed 
through the XCLK pin as follows: 

Part Number SampleRaie Required Clock 

1502560 8.0 kHz 1024kHz 

IS02575 6.4 kHz 6192 kHz 

1802590 5.3 kHz 682.7 kHz 

18025120 4.0 kHz 512 kHz 

These recommended clock rates should not be varied because the 
antialiasing and smoothing filters are fixed, and aliasing problems 
can occur if the sample rate differs from the one recommended. 
The duty cycle on the input clock is nol critical, as the clock is 
immediately divided by two. If the XCLK is not used, this input 
must be COI.IeCNd to ground. 

-
PlaybacklReconS: The P/R input pin is latched by the faRing edge 

-
of the CE pin. A HIGH level selects a playback cycle while a LOW 
level selects a record cycle. For a record cycle, the address pins 
provide the starting adcl"ess and lectJldiilg continues until PO or 
-
CE is pulled HIGH or an overflow is detected (i.e. the chip is full). 

-
When a recon:l cycte is terminated by puKing PO or CE HIGH, 

--
then End-OJ-Message (EOM) marker is stored at the current 
address in memory. For a playback cycle, the address inputs 

--
provide the starting address and the device will play UfttiI an EOM 

--
martter is encountered. The device can oontinue to pass an EOM 

-
marker if CE is hek:l LOW in address mode, or in an Operational 
Mode. (See Operational Modes section) 

- 9-
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7. FUNCTIONAL DESCRIPTION 

7.1. DETAILED DESCRIPTION 

Speech/Sound Quality 

ISD2560!75/90/120 

The Winbond's 1802500 series includes devices offered at 4.0, 5.3, 6.4, and 8.0 kHz sampling 
frequencies, allowing the user a choice of speech quality options. Increasing the duration within a 
product series decreases the sampling frequency and bandwidth, which affects the sound quality. 
Please refer to the ISD256OI75190112O Product Summary table below to compare the duration, 
sampling frequency and filter pass banet 

The speech samples are stored direCtly into the on-chip nonvolatile rnemofy without any digitilation 
and compression associated like o1her solutions. Direct analog storage provides a WIlY true, naIuraI 
sounding reprodUCtion of voice, music, tones, and sound etrecIs not avaIabIe with most solid state 
digital solutions. 

Duration 

To meet various system requirements, the 1SD2560175r'901120 products otter singIe-c:hip solutions at 
50, 75,90, and 120 seconds. Parts may also be cascaded together for longer durations. 

TABLE 1: 1SD256C»7519Wt20 PRODUCT SUMIIARY 

Part Number 

1802560 

1802575 

18D2590 

18025120 

* 3db roll-off point 

EEPROM Storage 

DuraIon 
(S a II ~ 

60 

75 

90 

120 

...... Sempfe TypcaIF~ 
RIIIe.~ Baad* 

8.0 3.4 

6.4 2.7 

5.3 2.3 

4.0 1.7 

One of the benefi1s of Winbond's ChipCorde~ technology is the use of on-chip nonvolatile memory, 
providing zero-power message storage. The message is retained for up to 100 years typicaUy without 
power. In addition, the device can be re-recorded typically over 100,000 times. 

Microcontroller Interface 

In addition to its simplicity and ease of use, the 1502500 series includes aU the interfaces necessary 
for microcontro/ler-driven applications. The address and control lines can be interfaced to a 
microcontroHer and manipulated to perform a variety 01 tasks, inckJding message assemtJIy, message 
COl!" t NItioI .. pntdei!MId fixed mess rge segmenatioo, and message management. 

- HJ-
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Programmilllg 

The IS02500 series is also ideal for playback-only applications, where single or multiple messages 
are referenced through buttons, switches, or a miaocontroller. Once the desired message 
configuration is created, duplicates can easily be generated via a gang programmer. 

7.2. OPERATIONAL MoDES 

The IS02500 series is designed with several built-in Operational Modes that provide maximum 
functionality with minimum external components. These modes are described in deIais as below. The 
0perati0naJ Modes are accessed via the address pins and mapped beyond the normal message 
addn!ss range. When Ihe two Most Sigllilcant Bits (MSB). AS and A9, are HIGH, the remaining 
address signals are interpreted as mode bits and not as address bits. Therefore, Opeflltiollal Modes 
and direct addressing are not compaIibIe and cannot be used sinn r 1WUIIy. 

There are two important considerations br using 0pendi0naJ Modes. First, aI operations begin initially 
at.sdntss 0 of Is memoty. l*r opeIIItiof. can begirt at oller address 1oaItioI ....... ding on the 
Operational Mode(s) chosen. In addition, the address pointer is nJset to 0 when the devide is cf1anged 
from record to plll)lbeck. playback to ftICOId (e'lIIICIIPI M6 mode). or wilen • Power-tIIoM\ c:yde is 
executed. 

Second, Operational Modes are executed when CE goes LOW. This OperatIonal Mode remHlS in 

elect until the next LOW-going CE signal. at which point the CUf11!fIt mode(s) are tampIed and 
executed. 

TABLE 2: OPERATIONAL MODES 
Modell) FunctIon T",..v.e .IoInIIy lit 

MO Message cueing Fast-forward through messages M4, MS, M6 

M1 -- M3, M4, MS, M6 Delete EOM markers Position EOM marker at the end of 
the last message 

M2 Not applicable Reserved NfA 

M3 Looping Continuous playback from I>ddress 0 M1, MS, M6 

M4 Consecutive Record/playback multiple MO, M1, M5 
addressing consecutive messages 

M5 - Allows message pausing MO, M1, M3, M4 CE level-activated 

M6 Push-button control Simplified device interface MO, M1, M3 

1'1 Besides mode pin _d ID be '1". AB and AS pin are also requinKllD be "1" in OIlIer ID enter into Ihe reJided operallonaJ 
mode. 

III Indicales additional Opel3liollai Modes which can be used sinwIIaneousIy wi1h !he oNen mode. 
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7.2.1. Operational Modes Description 

The Operational Modes can be used in conjunction with a microcontroller, or they can be hardwired to 
provide the desired system operation. 

MO - Message Cueing 

Message Cueing allows the user to skip through messages, without knowing the actual physical 

addresses of each message. Each CE LOW pulse causes the internal address pointer to skip to the 
next message. This mode is used for playback only, and is typically used with the M4 Operational 
Mode. 

M1 - Delete EOM Markers 

The M1 Operational Mode allows sequentiaUy recorded messages to be combined into a single 

message with only one EOM marker set at the end of the final message. When this Operational 
Mode is configured, messages recorded sequentially are played back as one continuous message. 

M2-Unused 

When Operational Modes are selected, the M2 pin should be LOW. 

M3 - Message Looping 

The M3 Operational Mode alows for the automatic, continuously repeated playback of the message 
located at the beginning of the address space. A message can completely fill the 1802500 device and 

willoop from beginning to end without OVF going LOW. 

M4 - Consecutive Addu II ing 

During normal operation, the address poimer wit reset when a message is played through an EOIII 

marker. The AM Operational Mode inhibits the addfess pointer reset on EOM, allowing messages ., 
be played back consecuIiveIy. 

M5 - CE -Level Activated 

The default mode for 1802500 devices is for CE to be edge-activated on playback and level

activated on record. The M5 Operational Mode causes the CE pin to be interpreted as level
activated as opposed to edge-activated during playback. This is especially useful fOr terminating 

- -
playback operatioIlS using the CE signal. In tIIis mode. CE LOW begins a playback cycle, at the 

beginning of the device memory. The playback cycle COIDIues as long as CE is held LOW. When 

CE goes HIGH, playback will immediately end. A new CE LOW will restart the message fiom the 
beginning unless M4 is also HtGH. 

- J2-
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M6 - Push-Button Mode 

The 1802500 series contain a Push-Button Operational Mode. The Push-Button Mode is used 
primarily in very low-cost applications and is designed to minimize external circuitry andi components, 
thereby reducing system cost. In order to configure the device in Push-Button Operational Mode, the 
two most signilicant address bits must be HIGH, and the M6 mode pin must also be HIGH. A device in 

this mode always powers down at the end of each playback or record cycle after CE goes HIGH. 

When this operational mode is implemented, three of the pins on the device h8ve alternate 
functionality as described in the table below. 

TABLE 3= ALTERNATE FUNCTIONAUlY IN PINS 

Pin Name- A ... " ..... Ftn:IIcMI.., In~ Mode 
- StartlPause Push-Button (LOW pulse-activated) CE 

PO StopIReset Push-Button (HIGH pulse-activated) 

EOM Active-HIGH Run Indicator 

CE (STARTIPAUSE) 

In Push-Button Operational Mode, CE acts as a LOW-going pulse-activated STARTIPAUSE signal. 
If no operation is currently in progress, a LOW-going pulse on this signal will initiate a playback or 

- -
record cycle according to the lew! on the P/R pin. A subsequent pulse on the CE pin, before an 

EOM is reached in playback or an overflow condition occurs, will pause the current operation, and 

the address counter is not reset. Another CE pulse wit cause the device to continue the opetation 
from the place where it is paused. 

PO (STOPIRESET) 

In Push-Button Operational Mode, PO acts as a HtGH-going puIse-ecIivaIed 8TOPIRESET signal. 
When a playback or record cycle is in progress and a H/GH-going pulse is obserVed on PD, the 
current cycle is terminated and the address pointer is reset to address 0, the beginning of the 
message space. 

EOM (RUN) 

In Push-Bulton Opetational Mode, EOM becomes an active-HIGH RUN signal which can be used to 
driYe an LED or other exlernal device. It is HIGH whenetfer a record or playback. operation is in 
progress. 

Recording in Push-Button Mode 

1. The PO pin should be LOW, usually using a pull-down resistor. 

- 13-
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-
2. The PIR pin is taken LOW. 

3. The CE pin is pulsed LOW. Recording starts, EOM goes HIGH to indicate an 
operation in progress. 

4. When the CE pin is pulsed LOW. Recording pauses, EOM goes ba<* LOW. The 

internal address pOinters are not cleared, but the EOM marker is stored In memory to 

indicate as the message end. The PI R pin may be taken HIGH at this time. Any 

subsequent CE would start a playback at address O. 

5. The CE pin is pulsed LOW. Recording starts at the next address after the previous set 

EOM marker. EOM goes back HIGH.PI 

6. When the recording sequences are finished, the final CE pulse LOW will end the last 

record cycle, leaving a set EOM marker at the message end. Recording may also be 

tenninated by a HIGH level on PD, which will leave a set EOM marker. 

Playback in Push-Button Mode 

1. The PO pin should be LOW. 
-

2. The PIR pin is taken HIGH. 

3. The CE pin is pulsed LOW. Playback starts, EOM goes HIGH to indicate an operation 
in progress. 

4. If the CE pin is pulsed LOW or an EOM marker is encountered during an operation, 

the part wi. pause. The internal address pointers are not cleared, and EOM goes back 

LOW. The P/R pin may be changed at this time. A subsequent record operation would 
not reset the address pointers and the recording would begin where playback ended. 

5. CE is again pulsed LOW. Playback starts where it left off, with EOM going HIGH to 
indicate an operation in progress. 

6. Playback continues as in steps .. and 5 until PO is pulsed HIGH or over1Iow occurs. 

7. If in overftow, pulling CE LOW will reset the address pointer and start playback from the 
beginning. After a PO pulse, the part is reset to address O. 

Note: Push-Button Mode can be used in conjunction with modes MO, M1, and M3. 

1'1 If the M1 Operationat Mode pin is also HIGH, the just pnMoosIy written EOM bit is erased, and recording slar1s at tI1at 
address. 

-14 -



ISD2560175/90/120 

Good Audio Design Practices 

Wmbond products are very high-quality single-chip voice recording and playback systems. To ensure 
the highest quality voice reproduction, it is important that good audio design practices on layout and 
power supply decoupling be followed. See Application Information or below links for details. 

Good Audio Design Practices 

http://wwwwinbond-usacom/products/isd products/chipcorder/applicationinfo/apin11. pdf 

Single-Chip Board Layout Diagrams 

http://www.winbond-usa.com/products/isd products/chi ocorder/a ppl ication info/a pi n 12. pdf 

- 15 -
Publication Release Dale: May 2003 

Revision 1.0 



18D2560175/90/120 

8. TIMING DIAGRAMS 
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Notes 
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Start Pause Start Stop 

(2) (3) (4.5) (8.7) (8) 

FIGURE 3: PUSH-BUTTON MODE RECORD 

Start Pause Start stop 

(2) (3) (4.5) (6.1) (8) 

FIGURE 4: PUSH-BUTTON MODE PLAYBACK 
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Notes for Push-Button modes: 

1. A9, AB, and AS = 1 for push-button operation. 

2. The first CE LOW pulse performs a start function. 

3. The part will begin to play or record after a power-up delay T PUD. 

4. The part must have CE HIGH for a debounce period T DB before it will recognize another fatting edge of 

CE and pause. 

5. The second CE LOW pulse, and every even pulse thereafter, performs a Pause function. 

6. Again, the part must have CE HIGH for a debounce period T DB before it will recognize another falling 

edge of CE, which would restart an operation. In addition, the part wiD not do an internal power down 

until CE is HIGH for the T DB time. 

7. The third CE LOW pulse, and every odd pulse thereafter, performs a Resume function. 

B. At any time, a HIGH level on PO will stop the current function, reset the address counter, and power 
down the device. 

- /8-
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9. ABSOLUTE MAXIMUM RATINGS 

TABLE 4: ABSOLUTE MAXIMUM RATINGS {DIE) 

CONDITION VAL,* 

Junction temperature 150°C 

Storage temperature range -65°C to +150OC 

Voltage applied to any pad (Vss -Q.3V) to 
(Vee +O.3V) 

Voltage applied to any pad (Input current limited to ±20mA) (Vss-1.0V)to 
(Vee +1.0V) 

Vee-Vss -O.3Vto +7.0V 

TABLE 5: ABSOLUTE IIAx.JII RATINGS (PACKAGED PARTS) 

CONDITION VAL~ 
Junction temperature 150°C 

Storage temperature range -65OC to +150OC 

Voltage applied to any pin (Vss -Q.3V) to 
(Vee +O.3V) 

Voltage applied to any pin (Input current limited to ±20 mAl (Vss -1.0V) to 
(Vee +1.0V) 

Lead temperature (Soldering -10sec) 300"C 

Vee -Vss -O.3V to +7.0V 

Note: Stresses above those IisEd may cause permanent damage to the device. Expo$u/9 to the 
absolute maximum ratings may affect device reIiabIity and perfonnance. Functional 
operation is not implied at these conditions. 

- 19-
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9.1 OPERATING CONDITIONS 

TABLE 6: OPERATING CONDITIONS (OlE) 

CONDmON VAluf 
Commercial operating temperature range O°C to +500C 

Supply voltage (Ved [1] +4.5V to +6.5V 

Ground voltage (V ss) [2] OV 

TABLE 7: OPERATING CONDITIONS (PACKAGED PARTS) 

CONDITION 
Commercial operating temperature range 131 

Supply voltage (Vee) [1) 

Ground voltage (Vss) [2] 

1
1
)VCC =VCCA=VCCD 

I2Ivss = VSSA = VSSD 

131 Case Temperature 

-20-

VAl", 

O°Cto +700C 

+4.5V to +5.5V 

OV 



18D2560175/901120 

10. ELECTRICAL CHARACTERISTICS 

10.1. PARAMETERS FOR PACKAGED PARTS 

TABLE 8: DC PARAMETERS - Packaged Parts 

PARAMETER 8Y.-ot. MIN'lII yypI't JWAXR UNITS CONDfl1ONS 
Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.0 V 

Output Low Voltage VOl 0.4 V IOL=4.0mA 

Output High Voltage VOH Vee -0.4 V IOH=-10 IJA 
-- VOH1 2.4 V 1oo=-1.6mA OVF Output High Voltage 

-- VOH2 Vee- 1.O Vee -0.8 V IOH=-3.2 mA EOM Output High Voltage 

Vee Current (Operating) lee 25 30 mA REJCr = GO [31 

Vee Current (standby) lsa 1 10 IJA 
(3J 

Input Leakage Current IlL ±1 IJA 

Input Current HIGH wlPull 111.1'0 130 IJA Force Vee 141 

Down 

Output load Impedance REJCr 16 Q Speaker load 

Preamp Input Resistance RMic 4 9 15 KQ MlCand MIC 
REF Pins 

AUX IN Input Resistance RAUX 5 11 20 KQ 

ANA IN Input Resistance RANAIN 2.3 3 5 KQ 

Preamp Gain 1 ~1 21 24 26 dB AGe=O.OV 

Preamp Gain 2 ~ -15 5 dB AGe =2.5V 

AUX INISP+ Gain ~ 0.98 1.0 VN 

ANA IN to SP+I- Gain At- 21 23 26 dB 

AGC Output Resistance ~ 2.5 5 9.5 KQ 

Notes: 

!II Typical values @ TA = 25° and Vee = 5.OV. 

121 AM MinIMax limits are guaranteed by ~ via eIedIicat testing or characterization. Not aU specifications are 100 
percent tested. 

PI VeeA and Veeo connected tOgether. 

[4] XCLK pin only. 

- 21-
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TABLE 9: AC PARAMETERS - Packaged Parts 

CHARACTERISTIC SYMBOL ,..,pa. yypl'l MAx'" UNfl'S CONOmONS 

5ampling Frequency Fs 

1502560 8.0 kHz [7] 

1502575 6.4 kHz [7] 

1502590 5.3 kHz [7] 

15025120 4.0 kHz [7] 

Filter Pass Band Fcr 

1502560 3.4 kHz 3 dB Roll-Off PomtPJl'l 

1502575 2.7 kHz 3 dB Roll-Off Pointl'l!8l 

1502590 2.3 kHz 3 dB Roll-Off Pointpl!8l 

15025120 1.7 kHz 3 dB Roll-Off Pointl3ll8l 

Record Duration TREe 

1502560 58.1 60.0 62.0 sec Commercial Operalion[7] 

1502575 72.6 75.0 77.5 sec Commercial Operation(7) 

1502590 87.1 90.0 93.0 sec Commercial Operation[7] 

15025120 116.1 120.0 123.9 sec Commercial Operation[7] 

Playback Duration T Pl.AY 

1502560 58.1 60.0 62.0 sec Commercial Operation 

1502575 72.6 75.0 77.5 sec Commercial Operation 

1502590 87.1 90.0 93.0 sec Commercial Operation 

IS025120 116.1 120.0 123.9 sec Commercial Operation 

- TCE 100 nsec CE Pulse Width 

ContrOVAddress Setup Time TSET 300 nsec 

Control/Address Hold Time THOw 0 nsec 

Power-Up Delay TPUO 
1502560 24.1 25.0 27.8 msec Commercial Operation 

1502575 30.2 31.3 34.3 msec Commercial Operation 

1502590 36.2 37.5 40.8 rnsec Commercial Operation 

15025120 48.2 SO.O 53.6 msec Commercial Operation 

PO Pulse Width (record) TPOR 

1502560 25.0 msec 

1502575 31.25 msec 

1502590 37.5 msec 

15025120 so. 0 msec 

-22 -
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TABLE 9: AC PARAMETERS - Packaged Parts (Confd) 

CHARACTERISTIC SYMBOL .". TYP'" MAx'" UMTS CONDmONS 
PO Pulse Width (Play) TPOP 

1802560 12.5 msec 

1802575 15.625 msec 

1802590 18.75 msec 

18025120 25.0 msec 

PO Pulse Width (8tatic) TpDS 100 nsec (&J 

Power Down Hold TPDH 0 nsec 
-- TEOM EOM Pulse Width 

1802560 12.5 msec 

1802575 15.625 msec 

1802590 18.75 msec 

18025120 
25.0 msec 

Overflow Pulse Width TOVF 6.5 Ilsec 

T etal Harmonic Distortion THD 1 2 % @1kHz 

8peaker Output Power Pour 12.2 50 mW Rexr = 16 0 141 

Voltage Across Speaker Pins Voor 2.5 Vp-p Rexr =600 0 

MIC Input Voltage V,N1 20 mV Peak-t~eak(S) 

ANA IN Input Voltage V ,N2 50 mV Peak-t~eak 

AUX Input Voltage VIN3 1.25 V Peak-to-Peak; 
Rexr = 160 

Notes: 

~I Typical values @ T, = 25"C and Vee = 5.0V. 

121 All MiniMax limits are guaranteed by Winbond via etectrical testing or characterizaIio. Not all specifications are 100 
percent tested. 

Pl Low-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions) 

(4J From AUX IN; if ANA IN is drNen at 50 mV p-p. the POUT = 12.2 mW, typical. 

[OJ IMIh 5.1 K 0 series resistor at ANA IN. 

Pl T?OS is required during a static condition, typically overftow. 

\1l Sampling f'fequenq- and playback Duration can YBJY as much as ±2.25 pen:ent overlhe w"i"ercial temperature range. 
For greater stability, an extamaI clock can be _ (see Pin Descriptions) 

~I Filter specification applies to the antialiasing filler and the smoothing filter. Therefore, from input to output, expect a 6 dB 
drop by nature of passing throogh both titers. 

-23 -
Publication R£lease Date: May 2003 

Revision 1.0 



ISD2560175/90/120 

10.1.1. Typical Parameter Variation with Voltage and Temperature (Packaged Paris) 

Chart 1: Record Mode Operating 
Current (Icc) 
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Chart 3: Standby Current (lsJ 
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Chart 4: Oscillator Stability 

0.4 

- 0.2 
~ - 0 .. ... 
c -0.2 .. 
.<: 
0 --0.4 c .. e -0.6 .. 
Q. 

-0.8 

-1.0 

-40 25 70 85 
Temperature (e) 

• 5.5 Volts • 4.5 Volts I 



ISD2560175/90/120 

O'inbond 
ElKtronics Corp. 

10.2. PARAMETERS FOR DIE 

TABLE 10: DC PARAMETERS - Die 

PARAMETER 81'M8OL ... TVP"J MAx'" UNITS CONDITIONS 
Input Low Voltage V,L 0.8 V 

Input High Voltage V,H 2.0 V 

Output Low Voltage VOL 0.4 V IOL =4.0mA 

Output High Voltage VOH Vee- 0.4 V IOH= -10 JJA 
-- VOH1 2.4 V IOH=-1.SrnA OVF Output High Voltage 

-- V0H2 Vee- 1.O Vee - V 100=-3.2 rnA EOM Output High Voltage 
0.8 

Vee Current (Operating) lee 25 30 rnA Rexr = _ (3J 

Vee Current (standby) Iss 1 10 JJA 
[2] 

I nput Leakage Current I'L ±1 JJA 

Input Current HIGH wlPuli I,LPO 130 IJA Force Vee 141 
Down 

Output Load Impedance Rexr 16 n Speaker Load 

Preamp IN Input RMIC 4 9 15 Kn MICand MIC 
Resistance REF Pads 

AUX IN Input Resistance RAUX 5 11 20 Kn 

ANA IN Input Resistance RANI\IN 23 3 5 Kn 

Preamp Gain 1 ~1 21 24 26 dB AGe=O.OV 

Preamp Gain 2 ~ -15 5 dB AGC::2.5V 

AUX INlSP+ Gain A..ux 0.98 1.0 VN 

ANA IN to SP+I- Gain ~ 21 23 26 dB 

AGe Output Resistance RAGe 2.5 5 9.5 Kn 

Notes: 

1'1 Typical values @T.= 25"C and Vee = s.ov. 
I2l AM MinIMax limits are guaranteed by Winbond via electlical testing or d1aradefizalion. Not an speci1icaIions are 100 

percent tested . 

• , Vee. and Veeo connected together. 

(4) XCLK pad only. 
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TABLE 11: AC PARAMETERS-Die 

CHARACTERISTIC SYMBOL 
..,. npl'I MAx" UNffS CONIJIT1ONS 

Sampling Frequency Fs 

1502560 8.0 kHz [7] 

1502575 6.4 kHz [7] 

1502590 5.3 kHz [7] 

15025120 4.0 kHz [7] 

Filter Pass Band FCF 

1502560 3.4 kHz 3 dB Roll-Off PointpPI 

1502575 2.7 kHz 3 dB RoD-Off Point(3J18J 

1502590 2.3 kHz 3 dB Roll-Off Point13JI8J 

15025120 1.7 kHz 3 dB Roll-Off Pointl3!181 

Record Duration TREC 

1502560 58.1 60.0 62.0 sec Commercial Operation[7] 

1502575 72.6 75.0 77.5 sec Commercial Operation[7] 

1502590 87.1 90.0 93.0 sec Commercial Operalion[7] 

15025120 116.1 120.0 123.9 sec Commercial Operalion[7] 

Playback Ouration T PlAY 

1502560 58.1 60.0 62.0 sec Commercial Operation[7] 

1502575 72.6 75.0 77.5 sec Commercial Operation[7] 

1502590 87.1 90.0 93.0 sec Commercial Operation[7] 

15025120 116.1 120.0 123.9 sec Commercial Operation[7] 

- TCE CE Pulse Width 100 nsec 

ControVAddress Setup Time Tser 300 nsec 

ControVAddress Hold Time THOLO 0 nsec 

Power-Up Delay TPUO 

1502560 24.1 25.0 27.8 msec Commercial Operation 

1502575 30.2 31.3 34.3 msec Commercial Operation 

1502590 36.2 37.5 40.8 msec Commercial Operation 

15025120 48.2 50.0 53.6 msec Commercial Operation 

PO Pulse Width (Record) TPOR 

1502560 25.0 msec 

1502575 31.25 msec 
1502590 37.5 msec 

15025120 50.0 msec 
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TABLE 11: AC PARAMETERS - Die (Cont'd) 

CHARACTERISTIC SYMBOL MfPI'A -,ypN MAxP' UNIlS CONDfTIONS 

PO Pulse Width (Play) TPOP 

1802560 12.5 msec 

1802575 15.625 msec 

1802590 18.75 msec 

18025120 25.0 msec 

PO Pulse Width (8tatic) TpDS 100 nsec (6J 

Power Oown Hold TPOH 0 nsec 
-- TEOM EOM Pulse Width 

1802560 12.5 msec 

1802575 15.625 msec 

1802590 18.75 msec 

18025120 
25.0 msec 

OVerflow Pulse Width ToVF 6.5 Ilsec 

T etal Harmonic Distortion THD 1 3 % @1kHz 

Speaker Output Power Pour 12.2 50 mW Rexr = 160141 

Voltage Across Speaker Pins Vour 2.5 Vp-p Rexr =600 0 

MIC Input Vol\age V'N' 20 mV Peak-to-PeaJ<ISI 

ANA IN Input Voltage V'N2 50 mV Peak-to-Peak 

AUX Input Vottage V'N3 1.25 V Peak-to-Peak; 
Rexr = 160 

Notes: 

(~ Typical values @ T. = 25"<: and Vee = 5.W. 

(2f AM MinIMax limits are guaranteed by 'Mnbond via electrical testing or characterization. Not all specifications are 100 
percent tested. 

PI Low-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions) 

''I From AUX IN; if ANA IN is dlNen at 50 mV~, the POUT = 122 mW, typical. 

(~ With 5.1 K n series resistor at ANA IN. 

'" T POS is required during a stalic condition, IypicaHy oIIef1Iow. 

(7l Sa....,ting Frequency and pIIIybIIck 0...-.. can vary as rnuc:f1 as ±2.25 percent 0_ the commerciallempefature 
range. For greater sIabiity, an exIIemaI clock can be utilized (see Pin Descriptions) 

'" Filter specification applies 10 the antiaIiasing filter and the smoothing filter. Therefore, from input 10 output, e>ped a 6 
dB drop by nature of paSSing through both fillers. 
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10.2.1. Typical Parameter Variation with Voltage and Temperature (Die) 

Chart 5: Record Mode Operating 

30 --
Current ('cd 

1 25 ~t~=------------___ 
'l: 20--
~ .------~~-------. 
:::I o 
'" c 

I 
o 

-~ !!... 
c 
0 
1: 
g .. 
C -c 
II 
I:! 
II 
D. 

15 --

10 - -

5 --

0 I I 
I I 

-40 25 50 
Temperature (e) 

• 6.5 VoI1s + 5.5 Volts .4.5 VoI1s I 

Chart 6: Total Hannonic Distortion 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

-40 25 50 
Temperature (e) 

• 6.5 Volls + 5.5 VoI1s .4.5 Volts I 

- 28-

Chart 7: Standby Current (lsJ 
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10.3. PARAMETERS FOR PUSH-BUTTON MODE 

TABLE 12: PARAMETERS FOR PUSH-BUTTON MODE 

PARAMEtER SYMBOL 

CE Pulse Width TCE 
(Start/Pause) 

Control/Address Setup Time TSET 

Power-Up Delay TPUD 

IS02560 

1802575 

1802590 

18025120 

PO Pulse Width (StopIRestart) TPO 
- -- TRUN CE to EOM HIGH 
- -- TpAUSE CE to EOM LOW 
- TDS CE HIGH Oebounce 

1802560 

1802575 

1802590 

IS025120 

Notes: 
[~ Typical values @ T. = 25"C and Vee = 5.0\1. 

MfNlII TYP"I MAxR UNIT CONDITIONS 
S 

300 nsec 

300 nsec 

25.0 msec 

31.25 msec 

37.25 msec 

50.0 msec 

300 nsec 

25 400 nsec 

50 400 nsec 

70 105 msec 

85 135 msec 

105 160 msec 

135 215 msec 

121 AM MinIMax limits are guaranteed by IMnbond via eIecIricaI testing or characterization. Not aU specifications are 100 
percent tested. 
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11. TYPICAL APPLICATION CIRCUIT 

1S02HOI76/1Otl20 

Vew 1"2"-.S ___ --.-~>--~ 

V VCCA 1-'16"----=--.-_\---,'" 

R4 
CHIP ENABLE 100 KO .-. 

XCLK 

~CREF~1~S~~~---------_, 

~~1~7-----------------, 

~~ 470 r 4.7pF ELECTRET 
IIICROPHONE ~R5 

1
10KO 

FIGURE 5: DESIGN SCHEMA TIC 

Note: If desired, pin 18 (PDIP package) may be left unconnected (microphone preamplifier noise will be higher). In 
this case, pin 18 must not be tied to any other signal or voltage. Additional design example schematics are 
provided below. 
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TABLE 13: APPLICATION EXAMPLE - BASIC DEVICE CONTROL 

Control Step FUnctfon Actfon 

1 Power up chip and select Record/Playback Mode -
1. PD= LOW, 2. P/R =As desired 

2 Set message address for record/playback Set addresses AO-A9 

3A Begin playback - -
P/R = HIGH, CE = Pulse LOW 

3B Begin record - -
P/R = LOW, CE =LOW 

4A End playback Automatic 

4B End record -
PD or CE = HIGH 

TABLE 14: APPLICATION EXAMPLE - PASSNE COMPONENT FUNCTIONS 

Part FUnctfon 

R1 Microphone power supply decoupling 

R2 Release time constant 

R3,R5 Microphone biasing resistors 

R4 Series limiting resistor 

R6 Series limiting resistor 

C1, C5 Microphone DC-bIocking capacitor Low-
frequency cutoff 

C2 AttackIRelease time constant 

C3 Low-frequency cutoff capacitor 

C4 Microphone power supply decoupling 

CS,C7, C8 Power supply capacitors 

- 31 -

CoInnl8l'lts 

Reduces power supply noise 

Sets release time for AGe 

Provides biasing for microphone operation 

Reduces level to prevent distortion at 
higher supply voltages 

Reduces level to high supply voltages 

DecoupIes microphone bias from chip. 
Provides single-pole Iow-frequency cutoff 
and command mode noise rejection. 

Sets attack/release time for AGC 

Provides additional pole for Iow-frequency 
cutoff 

Reduces power supply noise 

Filter and bvpass of power supply 

Publication Release Dale: May 2003 
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.l~ .l:,v • :. ~ '0, RLN 

IOIIIICII2IM \. 
\. &IIIiiIil1lil9itt31 

- aD P8J 

- = PB1 lfl(J V= !JL 
PI'O - R,,,? 

~ Al Va>< ~ 
-
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~ (}IF 

~ JQ:lK /VI; ~ 
-

FIGURE 6: 18025601751901120 APPUCA TION EXAMPLE - MICROCONTROLLERlIS02500 
INTERFACE 

In this simplified block diagram of a microcontroHer application, the Push-Sutton Mode and message 
cueing are used. The microcontroHer is a 16-pin version with enough port pins for buttons, an LED, 
and the IS02500 series device. The software can be written to use three buttons: one each for play 
and record, and one for message selection. 8ecatJse the microcontroller is interpreting the buttons 
and commanding the IS02500 device, software can be written for any function desired in a particular 
application. 

Note: Wmbond does not recommend connecting address lines directly to a microprocessor bus. 
Address lines should be extemaUy latched. 

- 32-



ISD2560I7S/90/120 

~--+-__ --'i' NJ Va;o f2B=-__ ---<~+---, 

V =+,',,-6 -=:--._-+--=-. 

R6 R1 

100Ko 100K 8'.-. 
V""'I-"3~ ______ -. 

srART I PAUSE ~~'~'------~~,--,( 
~I-"5~ _______ ~-k 

AUXIN 11 

"""".....,. ANA IN 1"20"----~-~ 

ANA OUT F2~1 ~VW·~~ 

MiCREF '8 C-) 

~CI-"7~ _______ ---, 

~~R5 
1

10Kn 

FIGURE 7: 1S025601751901120 APPLICATION EXAMPLE - PUSH-BUnON 

Note: Please refer to page 13 for more details. 
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TABLE 15: APPLICATION EXAMPLE - PUSH-BUTTON CONTROL 

ControfStap FunctfDn Actfon 

1 Select RecordJPlayback Mode -
P/R = As desired 

2A Begin playback - -
P/R = HIGH, CE = Pulse LOW 

2B Begin record -
P/R = LOW, CE = Pulse LOW 

3 Pause record or playback -
CE = Pulsed LOW 

4A End playback --
Automatic at EOM marker or PO = Pulsed HIGH 

48 End record PO = Pulsed HIGH 

TABLE 16: APPLICATION EXAMPLE - PASSIVE COMPONENT FUNCTIONS 

Part FUnctkIn Col ........ 

R2 Release time constant Sets release time for AGC 

R4 Series limiting resistor Reduces level to prevent distortion at 
higher supply voltages 

RS,R7 PuU-up and puH-down resistors Defines static state of inputs 

C1, C4, C5 Power supply capacitors Filters and bypass of power supply 

C2 AttacklReIease time constant Sets attack/release time for AGC 

C3 Low-frequency cutoff capacitor Provides additional pole for Iow-frequency 
cutoff 
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12. PACKAGE DRAWING AND DIMENSIONS 

12.1. 28-LEAD 300-MtL PLASTIC SMALL OUTLINE IC (SOIC) 

1 2 3 4 5 6 7 8 9 10 1112 13 14 

A-----i-.l 
D+Ilr-:t--utl--u-~-r-u-~-6-~-P--'~ ; 

INCHES 
MIn Nota Max 

A 0.701 0.706 0.711 

B 0.097 0.101 0.104 

C 0.292 0.296 0.299 

D 0.005 0.009 0.0115 

E 0.014 0.016 0.019 

F 0.050 

G 0.400 0.406 0.410 

H 0.024 0.032 0.040 

Note: Lead coplanarity to be within 0.004 inches. 

- 35-

MIn 

17.81 

2.46 

7.42 

0.127 

0.35 

10.16 

0.61 

IIILlIMETERS 

Nota ... 
17.93 18.06 

2.56 2.64 

7.52 7.59 

0.22 0.29 

0.41 0.48 

1.27 

10.31 10.41 

0.81 1.02 
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12.2. 28-LEAD 6OO-MIL PLASTIC DUAL INLINE PACKAGE (PDIP) 

• U lI6 III 14 III 21 21 III 19 I. 17 16 III 

) 0 o 

INCHES MlLUMETERS 
Min Nom Max Min Nom Max 

A 1.445 1.450 1.455 36.70 36.83 36.96 

81 0.150 3.81 

82 0.065 0.070 0.075 1.65 1.78 1.91 

C1 0.600 0.625 15.24 15.88 

C2 0.530 0.540 0.550 13.46 13.72 13.97 

D 0.19 4.83 

D1 0.015 0.38 

E 0.125 0.135 3.18 3.43 

F 0.015 0.018 0.022 0.38 0.46 0.56 

G 0.055 0.060 0.065 1.40 1.52 1.62 

H 0.100 2.54 

J 0.008 0.010 0.012 0.20 0.25 0.30 

S 0.070 0.075 0.080 1.78 1.91 2.03 

q O· 15· O· 15· 
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12.3. 28-LEAD 8x13.4MM PLASTIC THIN SMALL OUTLINE PACKAGE (TSOP) TYPE 1 

,~ to A I ., 
B --4 G r-

28 

T Z1 
2& 
25 

~ 24 
23 
22 
21 C 
20 

1 19 
18 
17 
15 
15 

Plastic Thin Small Outline Package (TSOP) Type 1 Dimensions 

INCHES .. .... IIax. 
A 0.520 0.528 0.535 

B 0.461 0.465 0.469 

C 0.311 0.315 0.319 

0 0.002 0.006 

E 0.007 0.009 0.011 

F 0.0217 

G 0.037 0.039 0.041 

H 0" 3" 6" 
I 0.020 0.022 0.028 

J 0.004 0.008 

Note: Lead copillnarity to be within 0.004 inches. 
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.. 

ilia 
13.20 

11.70 

7.90 

0.05 

0.17 

0.95 

a" 
0.50 
0.10 

IULUMETERS ... --13.40 13.60 

11.80 11.90 

8.00 8.10 

0.15 

0.22 0.27 

0.55 

1.00 1.05 

3" 6" 
0.55 0.70 

0.21 
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12.4. ISD25601751951120 PRODUCT BoNDtNG PHYSICAL LAYOUT (DIE) [1] 

IS025601751951120 

o Die Dimensions 

X: 149.5 ! 1 mils 

Y: 262.0! 1 mils 

o Die Thickness [2] 

11.8:!:..4 mils 

o Pad Opening 

Notes: 

111 x 111 microns 

4.4x4.4mils 

ISD2560175/90/120X 

(11 The backside of die is internally connected to V ••. It MUST NOT be connected to any other potential or damage may 
occur, 

[2J Die thickness is subject to change, please contact \l\linbond factory for status and availability. 
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Pad 

AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

AUXIN 

VS&) 

VS5A 

SP+ 

SP-

VCCA 

MIC 

MICREF 

AGC 

ANA IN 

ANA OUT 
-
OVF 

CE 

PO 

EOM 

XCLK 

P/R 

Vcco 

ISD2560175/90/120 

ISD2560n51901120 PRODUCT PAD DESIGNATIONS 

(with respect to die center) 

Pad ..... 

Address 0 

Address 1 

Address 2 

Address 3 

Address 4 

Address 5 

Address 6 

Address 7 

Address 8 

Address 9 

Auxiliary Input 

Vss Digital Power Supply 

Vss Analog Power Supply 

Speaker Output + 

Speaker Output -

V cc Analog Power Supply 

Microphone Input 

Microphone Reference 

Automatic Gain Control 

Analog Input 

Analog Output 

overflow Output 

Chip Enable Input 

Power Down Input 

End of Message 

No Connect (optional) 

PlaybacklRecord 

Vcc Digital Power Supply 
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XAId&CID) YAxlse&-) 
-897.9 3135.2 

-1115.4 3135.2 

-1331.0 3135.2 

-1544.0 3135.2 

-1640.4 2888.9 

-1698.2 2671.0 

-1698.2 2441.5 

-1731.2 -2583.2 

-1731.2 -2768.4 

-1731.2 -3050.8 

-1410.2 -3115.7 

-1112.4 -3096.5 

-408.2 -3138.9 

-46.65 -3068.4 

386.1 -3068.4 

746.9 -3110.8 

1101.2 -3146.0 

1294.7 -3146.0 

1666.4 -3130.3 

1728.6 -2654.0 

1700.9 -2411.0 

1674.6 2489.5 

1726.7 2824.4 

1730.5 3094.0 

1341.2 3122.1 

986.5 3160.7 

807.2 3163.4 

544.4 3159.6 
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13. ORDERING INFORMATION 

Product Number Descriptor Key 

15025 ----'--y-J '--y-J 

1SD2500 Series I I 
Duration:~ 

60 = 60 seconds 

75 75 seconds 

90 90 seconds 

120 120 seconds 

ISD2560175/90/120 

L Special Temperature Field: 
Blank = Commercial Packaged (O"C to +70'C) 

or Commercial Die (O'C to +50'C) 

Package Type: 

P = 28-Lead 600mil Plastic Duallnline 
Package (PDIP) 

S = 28-Lead 300mil Small Outline 
Integrated Circuit (SOIC) 

E 28-Lead 8x13.4 mm Thin Small 

Outline Package (TSOP) Type 1 

x = Die 

When ordering 18D25601751901120 products refer to the following part numbers which are supported 
in volume for this product series. Consult the local Wmbond Sales Representative or Distributor for 
availabHity information. 

Part II I e ..... tu Part ... till ,. PaRNumbar 

18D2560P 18D2575P 18D2590P 18D25120P 

1SD25608 18025758 18D259OS 18D251208 

ISD2560E ISD2575E ISD2590E 

ISD2560X ISD2575X ISD2590X ISD25120X 

For the latest product information. access Winbond's worldwide website at 
http://www.winbond-usa.com 
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14. VERSION HISTORY 

VERSION DATE PAGE 

0 Apr. 1998 All 

1.0 May 2003 All 

ISD2560175/90/120 

DESCRIPTION 

Preliminary Specifications 

Re-format the document. 
Update TSOP pin configuration. 
Revise Overflow pad designation. 

- 41 -
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O inbond 
Eleclmnles COrp. 

The contents of this document are provided only as a guide for the applications of IMnbond products. Winbond 
makes no representation or warranties with respect to the accuracy or completeness of the contents of this 
publication and reserves the right to discontinue or make changes to specifications and product desaiptions at 
any time without notice. No license, IM1eIher express or implied, to any intelleclual property or other right of 
INinbond or others is granted by this publication. Except as set fi:>rth in Wnbond's Standard Tenns and 
Conditions of Sale, IMnbond assumes no liability wha1soell8/" and disdaims any express or implied warranty of 
merchantability, fitness fi:>r a particular purpose or infringement of any In1eHectuaI property. 

INinbond products are not designed, intended, authorized or warranted for use as components in systems or 
equipments intended for SUflIicaI implantation, alDmic energy oonIroI ins1ruments, airplane or spaceship 
instruments, transportation instruments, traffic signal instruments, combustion control instruments, or for other 
applications intended to support or suslain life. Further more, 'Mnbond products are not illteuded for appIicaIioIlS 
lM1erein failure of Wnbond products could result or lead to a siluation IM1erein personal injury, death or severe 
property or environmental injury could occur. 

Application examples and alternative uses of any in1ltgrated cin::uit contained in this publication are for iIIueIraIion 
only and Wnbond makes no repl8S8 IIatio.1 or warranty that such applications shall be suitable for the use 
specified. 

ISO" and ChipCorder" are ndelllatksof'lWlbclllCi EIedrnnics Corporation. 

The l00-year retention and lOOK record cycle projections are based upon acceIera1ed reliability tests, as 
published in the 'Mnbond Reliability Report, and are nei1her wananled nor guanH1Ieed by 1Mnbond. 

Information conIained in this Iso" ChipConier" data ~ supersedes all data for the ISO ChipCorder products 
pubtished by ISO" prior to August, 1998. 

This data sheet and any future addendum to this data sheet is(are) !he con!plele and controlling ISo" ChipCorder" 
product specifications. In the event any incollsislla .. cies exist '*-n !he !!lfon ilalioJ"t in this and other product 
documenllltion, or in the e\lent that oIher product documenllllion contains intOnnation in addition to the information 
in this, the nixmaIion oonIaiIl8d herein supai aedes and QOWImS such aU.- information in its entirety. 

Copyright" 2003, 'Mnbond Electrotlic8 Corporation. All rights reaerved. ISO" is a regi_Ied tradenark of 
Winbond. ChipCorder" is a trademark of \Mnbond. All aU.- 1rademarks are properties of !heir ~ 
owners. 

Headquarters 
No 4, Creation Rd II! 
SCience-Based industrial Park 
Hsinchu, Taivvan 
TEL. 886-3-5770066 
FAX 886-3-5665577 
http-tlwMvvvmbond com wI 

Taipei Office 
9F No_ 480. Puelguang Rd 
Nelhu District 
Taipei, 114 Taiwan 
TEL 886-2-81777168 
FAX 886-2-87153579 

Winbond Electronics Corporation America 
2727 North First Street. San Jose 
CA 95134, U_S,A 
TEL: 1-408-9436666 
FAX 1-408-5441797 
http:ltw.w.'Mnbond-usa,com! 

Winbond Electronics Corporation Japan 
7F Dalni-ueno BLDG 3-7-18 
Shlnyokohama Kohokuku 
Yokohama 222-0033 
TEL- 81-45-4781881 
FAX- 81-45-4781800 

Please note that all data and specifications are subject to change Without notice 

Winbond Electronics (Shanghai) Ltd. 
27F, 299 Yan An W Rd Shanghai, 
200336 China 
TEL 00-21-62365999 
FAX 86-21-62356998 

Winbond Electronics (H_K) Ltd_ 

Unit 9-15 22F Millennium City 
No 378 Kwun Tong Rd 
Kowloon, Hong Kong 
TEL 852-27513100 
FAX: 852-27852064 

All the trademarks of products and companies mentioned in thiS datasheet belong to their respective owners 
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Features 
• Compatible with MCS*-51 Products 
• 4K Bytes of In-System Programmable (ISP) Flash Memory 

- Endurance: 1000 WritelErase Cycles 
• 4.0V to 5.SV Operating Range 
• Fully Static Operation: 0 Hz to 33 MHz 
• Three-level Program MemO!}' Lock 
• 128 x 8-bit Internal RAM 
• 32 Programmable I/O Unes 
• Two 16-bit Timer/Counters 
• Six Interrupt Sources 
• Full Duplex UART Serial Channel 
• Low-power Idle and Po_r-down Modes 
• Interrupt Recovery from Power-down Mode 
• Watchdog Timer 
• Dual Data Pointer 
• Power-off Flag 
• Fast Programming TIme 
• Flexible ISP Programming (Byte and Page Mode) 

Description 
The AT89S51 is a low-power, high-performance CMOS 8-bit microcontroller with 4K 
bytes of In-System Programmable Flash memory. The device is manufactured using 
Atmel's high-density nonvolatile memory technology and is compatible with the indus
try-standard 80C51 instruction set and pinout. The on-chip Flash allows the program 
memory to be reprogrammed in-system or by a conventional nonvolatile memory pro
grammer. By combining a versatile 8-bit CPU with In-System Programmable Flash on 
a monolithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a 
highly-flexible and cost-effective solution to many embedded control applications. 

The AT89S51 prOVides the following standard features: 4K bytes of Flash, 128 bytes of 
RAM, 32 I/O lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five
vector lwo-level interrupt architecture, a full duplex serial port, on-chip oscillator, and 
clock circuitry. In addition, the AT89S51 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 con
tents but freezes the OSCillator, disabling all other chip functions until the next external 
interrupt or hardware reset. 

8-bit 
M icrocontroller 
with 4K Bytes 
In-System 
Programmable 
Flash 

AT89S51 
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Pin Configurations 
PDIP 

(MOSI) Pl.5 

(MISO)Pl.& 

(SCI<) P1.7 

RST 
(RXD)P3.0 

HC 
(TXD)P3.1 

(INTO)P3.2 

(INT1) P3.3 

(TO) P3.4 
(Tl) P3.5 

2 

P1.0 
P1.1 

P1.4 
(MOS1)Pl.5 
(MISO) Pl.6 7 

(SCK)Pl.7 8 
RST 9 

(RXO) P3.0 
(TXD) P3.1 
(itmi)P3.2 
(INT1) P3.3 

(TO) P3.4 
(Tl) P3.5 

(WR)P3.6 
(Rll) P3.7 

XTA1.2 
XTALl 

GNO 

TQFP 

vee 
PO.O(ADO) 
PO.l (AD1) 

PO.2 (AD2) 

PO.3(AD3) 

PO.4(A04) 
PO.5(ADS) 

PO.6(AD6) 

PO.7 (AD7) 
EANPP 
AlEIPROG 

P2.7 (1\15) 

P2.6 (A14) 
P2.5(Al3) 

P2.4 (1\12) 
P2.3 (All) 

P2.2 (Al0) 
P2.1 (1\9) 
P2.0(A8) 

~~ss 
-:!.~$. 

~~~""7C!o8q,"":f'I!'~ 
o::a:::a:::o:::a:::z>~~~~ 

1 

2 

3 

4 

5 

& 

9 

1O ..... ~-CQO .... N(f)...,. 
~C"i ZZeoiNC'Ii oN 
~~~~""~~~~~ 
(1° ::' ~ ~ ;: ::! !!. --~:S~ 
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PO.4(A04) 

PO.5(ADS) 

PO.&(AD6) 

PO.7(A07) 
EANPP 
NC 
AlEIPROG 
PSEN 

P2.7(A15) 

P2.6(A14) 

P2.5(A13) 

(MOSI)Pl.5 

(M1SO)Pl.6 

(SCK)P1.7 9 
RST 

(RXD)P3.0 

NC 
(TXD)P3.1 

(1NT0)P3.2 
(1NT1)P3.3 

(T0)P3.4 

(Tl)P3.5 

RST 
(RXD)P3.0 

(TXD)P3.1 

(INTO) P3.2 

(INT1)P3.3 

(TO) P3.4 

(Tl) P3.5 

(WR)P3.6 

(Rll) P3.7 

XTAL2 

XTALl 

GND 

PWRGNO 

(AB)P2.D 

(1\9) P2.1 

(Al0)P22 

(All) P2.3 

(A12) P2.4 

(A13)P2.5 

(A14)P2.6 

(A15) P2.7 

6 

PLCC 

PDlP 

P1.7 (SCI<) 

PO.4(AD4) 

PO.5(ADS) 

PO.6(AD6) 

PO.7 (AD7) 

EAIVPP 
HC 
AlEIPROG 
PSEN 
P2.7 (A15) 

P2.6(A14) 

P2.5 (Al3) 

Pl.6 (MISO) 

Pl.5(MOS1) 

PH 

Pl.3 

P12 

Pl.l 

Pl.D 

VDO 
PWRVlJO 

PO.O(ADO) 

PO.l (AD1) 

P02(AD2) 

PO.3 (AD3) 

PO.4(A04) 

PO.5(ADS) 

PO.6(AD6) 

PO.7(AD7) 

EA/VPP 
ALEIPROO 
PSEN 
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Block Diagram 

Vee , --, , 

GND I 

D 
-= : 

PSEN 4-~-f-----'-----' 

1'0.0 - 1'0.7 P2.0 - P2.7 

INTERRUPT, SERIAL PORT, 
AND TIMER BLOCKS 

PROGRAM 
ADDRESS 
REGISTER 

BUFFER 

PC 
INCREMENTER 

PROGRAM 
COUNTER 

ALEIPROG 4-+---1 TIMING INSTRUCTION 14----L-~---'"----_+_-----''_&---~~-~ DUAL DPTR 
EA I Vpp --!--II>! C~~L REGISTER L-____ .l 

RST -~L----',.....,r--L __ --l 

P3.0 - P3.7 

2487B-MlCR0-12103 

P1.0 - P1.7 

PROGRAM 
LOGIC 
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Pin Description 

vee 

GND 

VDD 

PWRVDD 

PWRGND 

PortO 

Port 1 

Port2 

Supply voltage (all packages except 42-PDIP). 

Ground (all packages except 42-PDIP; for 42-PDIP GND connects only the logic core and the 
embedded program memory). 

Supply voltage for the 42-PDIP which connects only the logic core and the embedded program 
memory. 

Supply voltage for the 42-PDlP which connects only the I/O Pad Drivers. The application 
board MUST connect both VDD and PWRVDD to the board supply voltage. 

Ground for the 42-PDIP which connects only the I/O Pad Drivers. PWRGND and GND are 
weakly COfBI8Cted through the common silicon substrate, but not through any metal link. The 
application board MUST connect both GND and PWRGND to the board ground. 

Port 0 is an 8-bit open drain bi-directional VO 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 can also be configured to be the multiplexed low-order address/data bus during 
accesses to external program and data memory. In this mode, PO has internal pull-ups. 

Port 0 also receives the code bytes during Flash programming and outputs the code bytes 
during program verification. External puII-upa .. ,....... during ........ _--= ,a' D R. 

Port 1 is an 8-bit bi-directionall/O port with internal pull-ups. The Port 1 output buffers can 
sinkIsource four TTL inputs. When 1& are wriDen to Port 1 pins, they are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being 
pulled low wiD source current (IlL> because of the intBmaI pu/kJps. 

Port 1 also recei'W8S the IcJw.order addIess bytes during Flash ~ammillg and verifICation. 

Part Pin Alternate Functions 

P1.5 MOSI (used for In-System Programming) 

Pl.6 MISO (used for In-System Programming) 

P1.7 SCK (used for In-System Programming) 

Port 2 is an 8-bit bi-directional I/O port with internal pull-Ups. The Port 2 output buffers can 
sink/source four TTL inputs. When 15 are written to Port 2 pins, they are pulled high by the 
internal pull-ups and can be used as inputs. As inputs, Port 2 pins that are extemally being 
pulled low will source current (IlL) because of the internal pull-ups. 

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 (MeVX @ DPTR). In this 
application, Port 2 uses strong intemaI pull-ups when emitting 1s. During accesses to external 
data ntemOIy that use 8-bit addresses (MOVX@ RJ), Port 2 emits the contents of the P2 Spe
cial Function Register. 

Port 2 atso receives the high-order address bits and some control signals during Flash ~ 
gramming and verification. 

4 AT89S51 .......................... ---
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Port3 

RST 

ALEIPROG 

PSEN 

EANPP 

XTAL1 

XTAL2 

2487B-MtCR0-12103 

AT89S51 
Port 3 is an 8-bit bi-directional I/O port with internal pull-ups. 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 
internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are externally being 
pulled low will source current (IlL) because of the pull-ups. 

Port 3 receives some control signals for Flash programming and verification. 

Port 3 also serves the functions of various special features of the AT89S51, as shown in the 
following table. 

Port Pin AJtemate Functions 

Pl.O RXD (serial input port) 

Pl.1 TXD (serial output port) 

P3.2 INTO (external interrupt 0) 

P3.l INT1 (external interrupt 1) 

Pl.4 TO (timer 0 external input) 

Pl.5 T1 (timer 1 external input) 

Pl.6 WR (external data memory write strobe) 

Pl.7 RD (external data memory read strobe) 

Reset input. A high on this pin for two machine cycles while the oscillator is running resets 
the device. This pin drives High for 98 oscillator periods after the Watchdog times out. The 
DISRTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default 
state of bit DISRTO, the RESET HIGH out feature is enabled. 

Address latch Enable (ALE) is an 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 timing or clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external data memory. 

If desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set. 
ALE is active only during a MOVX or MOVe instruction. Otherwise, the pin is weakly pulled 
high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution 
mode. 

Program Store Enable (PSEN) is the read strobe to external program memory. 

When the AT89S51 is executing code from external program memory, PSEN is activated 
twice each machine cycle, except that two PSEN activations are skipped during each access 
to external data memory. 

External Access Enable. EA must be strapped to GND in order to enable the device to fetch 
oode from external program memory locations starting at OOOOH up to FFFFH. Note, however, 
that if lock bit 1 is proQIanmled, EA will be internally latched on reset. 

EA should be strapped to V cc for internal program executions. 

This pin also receives the 12-volt programming enable voltage (Vpp) during Flash 
programming. 

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

Output from the inverting oscillator amplifier 

5 



Special 
Function 
Registers 

A map of the on-chip memory area called the Special Function Register (SFR) space is shown 
in Table 1. 

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple
mented on the chip. Read accesses to these addresses will in general return random data, 
and write accesses will have an indetenninate effect. 

Table 1. AT89S51 SFR Map and Reset Values 

OF8H OFFH 

B 
00000000 OFOH OF7H 

OE8H OEFH 

ACC 
00000000 OEOH OE7H 

OD8H ODFH 

PSW 
00000000 ODOH OD7H 

OC8H OCFH 

OCOH OC7H 

IP 
XXOOOOOO OB8H OBFH 

P3 
11111111 OBOH OB7H 

IE 
OXOOOOOO OASH OAFH 

P2 AUXR1 WDTRST 
11111111 XXXXXXXO xxxxxxxx OAOH OA7H 

98H 
SCON SBUF 

00000000 xxxxxxxx 9FH 

P1 
11111111 90H 97H 

TCON TMOD TLO TL1 THO TH1 AUXR 
00000000 00000000 00000000 oooooooo oooooooo oooooooo XXXOOXXO 88H 8FH 

PO SP DPOL DPOH DP1L DP1H PCON 
11111111 00000111 00000000 00000000 00000000 oooooooo OXXXOOOO 80H 87H 

6 AT89S51--------------2487B-M1CR0-12103 
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User software should not write 1 s to these unlisted locations. since they may be used in Mure 
products to invoke new features. In that case. the reset or inactive values of the new bits will 
alwaysbeO. 

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two priorities 
can be set for each of the five interrupt sources in the IP register. 

Table 2. AUXR: Auxiliary Register 

AUXR 

DISAlE 

DISRTO 

WDIDLE 

WDIDLE 

o 

Address = SEH Reset Value = XXXOOXXOB 

Reserved for Mure expansion 

DisablelEnable ALE 

DISAlE 

Operating Mode 

DISRTO 

3 

DISALE 

2 o 

o AlE is emitted at a constant rate of 1/6 the oscillator frequency 

AlE is active only during a MOVX or MOVe instruction 

DisablelEnable Reset-out 

DISRTO 

o Reset pin is driven High after WDT times out 

Reset pin is input only 

Disable/Enable WDT in IDLE mode 

WDT continues to count in IDLE mode 

WDT halls counting in IDLE mode 

Dual Data Pointer Registers: To facilitate accessing both internal and external data memory. 
two banks of 16-bit Data Pointer Registers are provided: DPO at SFR address locations 82H-
83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DPO and DPS = 1 selects DP1. 
The user should ALWAYS initialize the DPS bit to the appropriate value before accessing the 
respective Data Pointer Register. 

7 



Memory 
Organization 

Program Memory 

Data Memory 

Watchdog 
Timer 
(One-time 
Enabled with 
Reset-out) 

Using the WOT 

Po_r Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR. 
POF is set to "1" during power up. It can be set and rest under software control and is not 
affected by reset. 

Table 3. AUXR1: Auxmary Register 1 

AUXR1 Address = A2H Reset Value = )()()()()()()(OB 

Not Bit Addressable 

I 
DPS 

Bit ~-7--~--6--+---5--+---4--t---3--+---2--+------r-----o----~ 

Reserved for future expansion 

DPS Data Pointer Register Select 

DPS 

o Selects DPTR Registers DPOL, DPOH 

Selects DPTR Registers DP1L, DP1H 

MCS-51 devices have a separate address space for Program and Oata Memory. Up to 64K 
bytes each of external Program and Data Memory can be addressed. 

If the EA pin is connected to GND, all program fetches are directed to external memory. 

On the AT89S51, if EA is connected to Vee, program fetches to addresses OOOOH through 
FFFH are directed to intemal memory and fetches to addresses 1000H through FFFFH are 
directed to external memory. 

The AT89S51 implements 128 bytes of on-clJip RAM. The 128 bytes are accessible via direct 
and indirect addressing modes. Stack operations are examples of indirect addressing, so the 
128 bytes of data RAM are available as stack space. 

The WOT is intended as a recovery method in situations where the CPU may be subjected to 
software upsets. The WOT consists of a 14-bit counter and the Watchdog Timer Reset 
(WOTRST) SFR. The WOT is defaulted to disable from exiting reset. To enable the WDT, a 
user must write 01EH and OE1H in sequence to the WOTRST register (SFR location OA6H). 
When the WDT is enabled, it will increment every machine cycle while the oscillator is running. 
The WOT timeout period is dependent on the extemal clock frequency. There is no way to dis
able the WDT except through reset (either hardware reset or WOT overflow reset). When 
WDT overflows, it will drive an output RESET HIGH pulse at the RST pin. 

To enable the WOT, a user must write 01EH and OE1H in sequence to the WOTRST register 
(SFR location 0A6H). When the WDT is enabled, the user needs to service it by writing 01EH 
and OE1H to WOTRSTto avoid a WOT overflow. The 14-bit counter overflows when it reaches 
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it wiD increment 
every machine cycle while the oscillator is running. This means the user must reset the WOT 
at least evety 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H 
to WOTRST. WDTRST is a write-only register. The WDT counter cannot be read or written. 
When WOT overflows, it wiD generate an output RESET pulse at the RST pin. The RESET 
pulse duration is 98xTOSC, where TOSe = 1IFOSe. To make the best use of the WOT, it 
should be seMced in ItI088 sections of code that will periodically be executed within the time 
required to prevent a WDT reset. 

8 AT89S51 __ .......................... _ 
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WDTDuring 
Power-down 
and Idle 

UART 

Timer 0 and 1 

Interrupts 

2487B--MtCR0-12103 
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In Power-down mode the oscillator stops, which means the WDT also stops. While in Power
down mode, the user does not need to service the WDT. There are two methods of exiting 
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is 
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset, 
servicing the WOT should occur as it normally does whenever the AT89S51 is reset Exiting 
Power-down with an interrupt is significantly different. The interrupt is held low long enough for 
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To pre
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not 
started until the interrupt is puUed high. It is suggested that the WDT be reset during the inter
rupt service for the interrupt used to exit Power-down mode. 

To ensure that the WDT does not 0IIer1I0w within a few states of exiting Power-down, it is best 
to reset the WDT just before entering Power-down mode. 

Before going into the IDlE mode, the WDlDlE bit in SFR AUXR is used to detelmine whether 
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WOIDlE bit = 
0) as the default state. To prevent the WOT from reselling the AT89S51 while in IDLE mode, 
the _ should always set up a timer Ihal wiI petiodically exit tOLE, service the WOT, and 
reenter IDLE mode. 

With WOIDLE bit enabled, the WOT will stop to count in IDLE mode and resumes the count 
upon exit from IDLE. 

The UART in the AT89S51 operates the same way as the UART in the AT89C51. For further 
information on the UART operation, refer to the Atmel Web site (http://www.atmel.com). From 
the home page, select ·Products", then "Microcontrolfers", then "8051-Architecture", then 
"Documentation", Md "Other Documents-. Open the Adobefl) AI::sobaf' file "AT89 Series Hard
ware Desaiption". 

TImer 0 and Tmer 1 in the AT89S51 operate the same way as TImer 0 and Timer 1 in the 
AT89C51. For further information on the timers' operation, refer to the Atmel Web site 
(http://www.atmel.com). From the horne page, select "Products", then "MicrocontrOII", then 
"SOS1-Architecture", then "Documentation", and "Other Documents". Open the Adobe Aaobat 
file "AT89 Series Hardware Description". 

The AT89S51 has a total of five interrupt vectors: two external interrupts (INTO and INn ). two 
timer interrupts (Tuners 0 and 1), and the serial port interrupt. These interrupts are all shown in 
Figure 1. 

8Ich of these interrupt sources can be individuaHy enabled or disabled by selling or clearing a 
bit in Special Function Register IE. IE also contains a global disable bit, EA. which d'sables aD 
interrupts at once. 

Note that Table 4 shows that bit positions IE.6 and IE.5 are unimplemented. User software 
should not write 1s to these bit positions, since they may be used in future AT89 products. 

The Tuner 0 and Timer 111ags, TFO and TF1, are set at S5P2 of the cycle in which the timers 
overflow. The values are then poled by the ciraJiIry in the next cycle. 

9 
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Table 4. Interrupt Enable (IE) Register 

(MSB) 

lEA 1- 1-
Enable Bit = 1 enables the interrupt. 

Enable Bit = 0 disables the interrupt. 

Symbol Position 

EA IE.7 

- IE.6 

- 1E.5 

ES 1E.4 

En IE.3 

EX1 1E.2 

ETO 1E.1 

EXO IE.O 

(LSB) 

ETl I EXl ETO EXO 

Function 

Disables all interrupts. If EA = 0, no interrupt is 
acknowledged. If EA = 1, each interrupt source is 
individually enabled or disabled by setting or clearing 
its enable bit. 

Reserved 

Reserved 

Serial Port interrupt enable bit 

TImer 1 interrupt enable bit 

External interrupt 1 enable bit 

Timer 0 interrupt enable bit 

External interrupt 0 enable bit 

User software should never write 1 s to reserved bits, because they may be used in Mure AT89 
products. 

Figure 1. Interrupt Sources 

TFO---------------------------. 

INT1 

TF1 ---------------------------.. 

~:--------~r=>~---------+. 

AT89S51 
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XTAL 1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be 
configured for use as an on-chip oscillator, as shown in Figure 2. Either a quartz crystal or 
ceramic resonator may be used. To drive the device from an external clock source, XTAL2 
should be \eft unconnected while XT AL 1 is driven, as shown in Figure 3. There are no require
ments on the duty cycle of the external clock signal, since the input to the internal clocking 
circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and \ow 
time specifICations must be observed. 

Figure 2. Oscillator Connections 

C2 
XTAl2 

Xll\l1 

GND 

Note: C1, C2 = 30 pF ± 10 pF for Crystals 
= 40 pF ± 1 0 pF for Ceramic Resonators 

Figure 3. External Clock Drive Configuration 

He -------1 

EXTERNAl. 
OSCILlATOR ---1 Xll\l1 

SIGNAl. 

.--------1 GND 

.J.. 

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 special function reg
isters remain unchanged during this mode. The idle mode can be terminated by any enabled 
interrupt or by a hardware reset. 

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro
gram execution from where it left off, up to two machine cycles before the internal reset 
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but 
access to the port pins is not inhibited. To eliminate the possibility of an unexpedBd write to a 
port pin when idle mode is terminated by a reset, the instruction following the one that invokes 
idle mode should not write to a port pin or to external memory. 

In the P~-down mode, the oscillator is stopped, and the instruction that invokes Power
down is the last instruction executed. The on-ct1ip RAM and Special Function Registers retain 
their values until the ~-down mode is I8mlin slad. Exit from Power-down mode can be ini
tiated either by a hardware reset or by activation of an enabled external interrupt (INTO or 
INT1). Reset redefmes the SFRs but does not change the oo-chip RAM. The f8S8l should not 
be activated before Vex; is restored to its normal opetatiilg \eveI and must be held active long 
enough to aIow the (ISC PM • to restart and stabilize. 

11 
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Table 5. Status of External Pins During Idle and Power-down Modes 

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 P0RT3 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power-down Internal 0 0 Data Data Data Data 

Power-down External 0 0 Float Data Data Data 

The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed 
(P) to obtain the additional features listed in the following table. 

Table 6. Lock Bit Protection Modes 

Program Lock Bits 

LB1 LB2 LB3 Protection TYpe 
1 U U U No program lock features 

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 memory is disabled 

3 p P U Same as mode 2, but verify is also disabled 

4 p P P Same as mode 3, but external execution is also disabled 

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during 
reset. If the device is powered up without a reset, the latch initializes to a random value and 
holds that value until reset is activated. The latched value of EA must agree with the current 
logic level at that pin in order for the device to function proper1y. 

The AT89551 is shipped with the on-chip Flash memory array ready to be programmed. The 
programming interface needs a high-voltage (12-volt) program enable signal and is compati
ble with conventional third-party Flash or EPROM programmers. 

The AT89S51 code memory array is programmed byte-by-byte. 

Programming Algorithm: Before programming the AT89S51, the address, data, and control 
signals should be set up according to the Flash Programming Modes table (Table 7) and 
Figures 4 and 5. To program the AT89S51, take the following 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 EANpp to 12V. 

5. Pulse ALEIPROG once to program a byte in the Rash array or the lock bits. The byte
write cycle is self-timed and typically takes no more than 50 ~s. Repeat steps 1 
through 5, changing the address and data for the entire array or until the end of the 
object file is reached. 

Data Polling: The AT89S51 features Data PoUing to indicate the end of a byte write cycle. 
During a write cycle, an attempted read of the last byte written will result in the complement of 
the written data on PO. 7. Once the write cycle has been completed, true data is valid on aU out
puts, and the next cycle may begin. Data Polling may begin any time after a write cycle has 
been initiated. 

12 AT89S51 
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Ready/Busy: The progress of byte programming can also be monitored by the ROYIBSY out
put signal. P3.0 is puRed low after ALE goes high during programming to indicate BUSY. P3.0 
is pulled high again when programming is done to indicate READY. 

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 verificaIion. The ....... of .. incIi
Yiduallock bits _ be _i.1ed dintctIy by nNIding them back. 

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor
mal verification of locations OOOH, 100H, and 200H, except that P3.6 and P3.7 must be pulled 
to a logic low. The values returned are as follows. 

(OOOH) = 1EH indicates manufactured by Atmel 
(100H) = 51H indicates AT89S51 
(200H)= 06H 

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by using the 
proper combination of control signals and by pulsing AlE/PROG low for a duration of 200 ns -
500 ns. 

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase 
instruction. In this mode, chip erase is self-timed and takes about 500 ms. 

During chip erase, a serial read from any address location wiD rett.m OOH at the data output. 

The Code memory array can be programmed using the serial ISP interface white RST is 
pulled to V cc. The serial interface consists of pins SCK, MOSI (input) and MISO (output). After 
RST is set high, the Programming Enable instruction needs to be executed first before other 
operations can be executed. Before a reprogramming sequence can occur, a Chip Erase 
operation is required. 

The Chip Erase operation turns the content of every memory location in the Code array into 
FFH. 

Either an external system clock can be supplied at pin XTAL 1 or a crystal needs to be con
nected across pins XTAL 1 and XTAl2. The maximum serial clock (SCK) frequency should be 
less than 1116 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK fre
quency is 2 MHz. 

To program and verify the AT89S51 in the serial programming mode, the following sequence 
is recommended: 
1. Power-up sequence: 

Apply power between VCC and GND pins. 

Set RST pin to "H". 

If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz 
clock to XTAL 1 pin and wait for at least 10 milliseconds. 

2. Enable serial pmgramrning by sending the Programming Enable serial instruction to 
pin MOSIIP1.5. The frequency of the shift clock supplied at pin SCKlP1.7 needs to be 
less than the CPU clock at XTAL1 divided by 16. 

3. The Code array is programmed one byte at a time in either the Byte or Page mode. The 
write cycle is seIHimed and typically takes less than 0.5 ms at 5V. 

4. Any memory location can be verified by using the Read instruction that returns the con
tent at the selected address at serial output MJSOIP1.6. 

5. At the end of a PlOQIalimillg session, RST can be set low to commence normal device 
operation. 

13 
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Power-off sequence (if needed): 

Set XTAL 1 to "L" (if a crystal is not used). 

Set RSTto "L". 

Turn Vee power off. 

Data Polling: The Data Polling feature is also available in the serial mode. In this mode, dur
ing a write cycle an attempted read of the last byte written will result in the complement of the 
MSB of the serial output byte on MISO. 

The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in Table 8. 

Every code byte in the Flash array can be programmed by using the appropriate combination 
of control signals. The write operation cycle is self-timed and once initiated, will automatically 
time itself to completion. 

Most major worldwide programming vendors offer worldwide support for the Atmel AT89 
microcontroller series. Please contact your local programming vendor for the appropriate soft
ware revision. 

Table 7. Rash Programming Modes 

ALE! EN PO.7.e P2.3-0 P1.7.e 

Mode Vee RST PSEN PROG Vpp P2.6 P2.7 P3.3 P3.6 P3.7 Data Address 

(2) 

Write Code Data 5V H L 
'-./" 

12V L H H H H DIN All-8 A7..(J 

Read Code Data 5V H L H H L L L H H Door All-8 A7..(J 

(3) 

Write Lock Bit 1 5V H L 
'-./" 

12V H H H H H X X X 

(3) 
Write Lock Bn 2 5V H L 

'-./" 
12V H H H L L X X X 

(3) 
Write Lock Bn 3 5V H L 

'-./" 
12V H L H H L X X X 

Read Lock Bits PO.2, 
5V H L H H H H L H L PO.3, X X 

1,2,3 PO.4 

(1) 

Chip Erase 5V H L 
'-./" 

12V H L H L L X X X 

Read Atmel 10 5V H L H H L L L L L lEH 0000 OOH 

Read Device 10 5V H L H H L L L L L 51H 0001 OOH 

Read Device 10 5V H L H H L L L L L 06H 0010 OOH 

Notes: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase. 
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data. 
3. Each PROG pulse is 200 ns - 500 ns for Write Lock. Bits. 
4. RDYIBSY signal is output on P3.0 during programming. 
5. X = don't care. 

14 AT89S51 
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Figure 4. programming the Flash Memory (Parallel Mode) 

AT89S51 

Pl.().f'1.7 Vee 

P2.D - P2.3 PO 

P2.6 

~~"{ P2.7 ALE 
PROGRAMMING P3.3 
MODES TABLE P3.6 

P3.7 

Xll\I..2 EA 

P3.D 

L-+---'+-l Xll\I.. 1 RST 

GND PSEN 

Figure 5. Verifying the Flash Memory (Parallel Mode) 

AT89S51 

ADDR. P1.(I·Pl.7 
OOOOWFFFH 

P2.D - P2.3 PO 

P2.6 

~~{ P2.7 ALE 
PROGRAMMING P3.3 
MODES TABLE P3.6 

P3.7 

XTAL2 EA 

L..+-_-'+-I XTALI RST V," 
GND PSEN 
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Flash Programming and Verification Characteristics (Parallel Mode) 
T A = 20·C to 30·C. V CC = 4.5 to 5.SV 

Symbol Parameter Min 

Vpp Programming Supply Voltage 11.5 

Ipp Programming Supply Current 

Icc V cc Supply Current 

lltcLcL Oscillator Frequency 3 

tAVGL Address Setup to PROG Low 48tcLCL 

'oHAX Address Hold After PROG 4BtcLCL 

lovGL Data Setup to PROG Low 4BtcLCL 

'oHDx Data Hold After PROG 48tcLCL 

t"HSH P2.7 (ENABLE) High to Vpp 48tcLCL 

tSHGL Vpp Setup to PROG Low 10 

'oHsL Vpp Hold After PROG 10 

'oLGH PROGWKlth 0.2 

tAVQV Address to Data Valid 

t"LQV ENABLE Low to Data Valid 

t"HQZ Data Float After ENABLE 0 

IoHBL PROG High to BUSY Low 

twc Byte Write Cycle Time 

Figure 6. Flash Programming and Verification Waveforms - Parallel Mode 
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Pl.0 - Pl.7 
P2.0 - P2.3 

PORTO 

ALEIPROG 

EAlVpp 

P2.7 
(ENABLE) 

P3.0 
(RDYIBSY) 

tAVGL 

lsHGL 

/ 

------------
--4 

/ 

AT89551 

PROGRAMMING I. VERIFICATION 
ADDRESS ADDRESS 

I"-- tAVQV 
I. .1 

DATA IN DATA OUT 

I.~ lovGL 'oHDx F-L 'oHAX 

/ 
~ j4--'oLGH---o 'oHsL 

___ ~i!." _________ ~OGIC 1 

-------------- :::::--'&Q!g_Q ---------
I+-leHSH t"LQV 1+--

V 
'oHBL ---0 l- I 

BUSY READY 

f.-- lwc ----t 

Max 

12.5 

10 

30 

33 

1 

48tcLCL 

48tcLCL 

48tcLCL 

1.0 

50 

--------. 

-leHQZ 

Units 

V 

rnA 

rnA 

MHz 

liS 

liS 

liS 

liS 

liS 

248711-M1CRO-12103 



Figure 7. Flash Memory Serial Downloading 

AT89S51 

INSTRUCTION __ ~ 
INPUT P1.5IMOSI 

DATA OUTPUT P1.61M1SO 

CLOCK IN P1.7/SCK r-_--..... XTAL2 

3-33 MHz 

D ........ -. 

LL- XTAL1 

GND 

Vr:;c 

Vee 

RST 

Flash Programming and Verification Waveforms - Serial Mode 

Figure 8. Serial Programming Waveforms 

SERIAL DATA INPUT 
P1.5 (MOSI) 

SERIAL DATA OUTPUT 
P1.6 (MISO) 

SERIAL CLOCK INPUT 
P1.7 (SCK) 

2487B-MICR0-12/03 
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Table 8. Serial Programming Instruction Set 

Instruction 
Fonnat 

Instruction Byte 1 Byte 2 

Programming Enable 1010 1100 0101 0011 

Chip Erase 1010 1100 100x xxxx 

Read Program Memory 0010 0000 xxxx ~~ 
(Byte Mode) <c<c 

Write Program Memory 0100 0000 xxxx ::~ 
(Byte Mode) <C<C 

Write Lock Bits(1) 1010 1100 1110 O<fiilij 

Read Lock Bits 0010 0100 xxxx xxxx 

Read Signature Bytes 0010 1000 XXX)( ::$?~ 
<C<C 

Read Program Memory 0011 0000 xxxx T""OOXl:) 

(Page Mode) :(:(<C<C 

Write Program Memory 0101 0000 xxxx ::S!~ 
(Page Mode) <c<c 

Note: 1. B 1 - 0, B2 - 0 -4.1ode 1, no lock protection 
B1 = 0, B2 = 1 -4.1ode 2, lock bit 1 activated 
B 1 = 1, B2 = 0 -4.1ode 3, lock bit 2 activated 
B1 = 1, B2 = 1 -4.1ode 4, lock bit 3 activated 

Byte 3 Byte 4 Operation 

xxxx xxxx xxxx xxxx Enable Serial Programming 
0110 1001 while RST is high 
(Output on 
MISO) 

xxxx xxxx xxxx xxxx Chip Erase Flash memory 
array 

~~~ b~ SS08 Read data from Program 
memory in the byte mode 

<~~:(~ 
r--CDlO"d" P>NT'""O Write data to Program 
ClClClO cocc 

memory in the byte mode 

xxxx xxxx xxxx xxxx Write Lock bits. See Note (1). 

xxxx xxxx XlOfil li'lUi xx Read back current status of 
...I ...1...1 the lock bits (a programmed 

lock bit reads back as a "1") 

<xxx xxxO Signature Byte Read Signature Byte 

} 

Byte 0 Byte 1 ... Read data from Program 
Byte 255 memory in the Page Mode 

(256 bytes) 

Byte 0 Byte 1 ... Write data to Program 
Byte 255 memory in the Page Mode 

(256 bytes) 

E<!m of the lock bit modes need to be activated sequentially be
fore Mode 4 can be executed. 

After Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to clock in the enable data 
bytes. No puJsing of Reset signal is necessary. SCK should be no faster than 1/16 of the system dock at XTAl1. 

18 

For Page ReadlWrite, the data always starts from byte 0 to 255. After the command byte and upper address byte are 
latched, each byte thereafter is treated as data until all 256 bytes are shifted in/out. Then the next insIrudion will be ready to 
be decoded. 

AT89S51 _____________ _ 
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AT89S51 
Serial Programming Characteristics 

Figwe 9. Serial Programming TIITIing 

MOSI __ J 

SCK 

MISO 
-_../ 

Table 9. Serial Programming Characteristics TA = -400 C to 85° C V cc = 4.0 - 5.SV (Unless Otherwise Noted) . . 
Symbol Parameter Min Typ Max Units 

1ltcLCL Oscillator Frequency 3 33 MHz 

IcLCL Oscillator Period 30 ns 

tSHSL SCK Pulse Width High BIcLCL ns 

tSLSH SCK Pulse Width Low BIcLCL ns 

IovSH MOSI Setup to SCK High IcLCL ns 

lsHox MOSI Hold after SCK High 2lcLCL ns 

tSLIV SCK Low to MISO Valid 10 16 32 ns 

it:RASE Chip Erase Instruction Cycle Time 500 ms 

tswc Serial Byte Write Cycle Time 64IcLCL + 400 IJS 

19 
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Absolute Maximum Ratings* 
Operating Temperature .................................. -55°C to +125°C "NOTICE: Stresses beyond those listed under "Absolute 

Maximum Ratings' may cause permanent dam
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 extended periods may affect 
device reliability. 

Storage Temperature ..................................... -65°C to +l50°C 

Voltage on Any Pin 
with Respect to Ground ..................................... -1.0V to +7.0V 

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

DC Output CurrenL. ................................................... 15.0 rnA 

DC Characteristics 

The values shown in this table are valid for T A = -4{)°C to 85°C and Vee = 4.0V to S.SV, unless otherwise noted. 

Symbol Parameter Condition lIin lIax Units 

V,L Input Low Voltage (Except EA) -0.5 0.2Vec-O· 1 V 

V,L1 Input Low Voltage (EA) -0.5 0.2Vec-O·3 V 

V,H Input High Voltage (Except XTAL 1, RST) 0.2Vee+O·9 Vee+0.5 V 

V,H1 Input High Voltage (XTAL 1, RST) 0.7 Vee Vee+0.5 V 

VOL Output Low Voltage(1) (Ports 1,2,3) 10L = 1.6 rnA 0.45 V 

Output Low Voltage(1) 0.45 V 
VOL1 (Port 0, ALE, PSEN) lOt. = 3.2 rnA 

10H = -60 IlA. Vee = 5V ±10% 2.4 V 

VOH 
Output High Voltage 

IOH = -251lA 0.75 Vee V 
(Ports 1,2,3, ALE, PSEN) 

10H = -10 IlA 0.9 Vee V 

10H = -800 !lA, Vee = 5V ± 1 0% 2.4 V 

VOH1 
Output High Voltage 

10H = -300 IlA 0.75 Vee V 
(Port 0 in External Bus Mode) 

IOH = -80 IlA 0.9 Vee V 

I'L Logical 0 Input Current (Ports 1,2,3) VIN = 0.45V -50 IlA 

ITL 
Logical 1 to 0 Transition Current -650 IlA 
(Ports 1,2,3) Y'N = 2V, Vee = 5V ± 10% 

III Input Leakage Current (Port 0, EA) 0.45 < Y'N < Vee ±10 IlA 
RRST Reset Pulldown Resistor 50 300 Kll 

C,O Pin Capacitance Test Freq. = 1 MHz, TA = 25°C 10 pF 

Active Mode,12 MHz 25 rnA 

Icc 
Power Supply Current 

Idle Mode, 12 MHz 6.5 rnA 

Power-down Mode(2) Vee = 5.5V 50 IlA 
.. 

Notes: 1. Under steady state (non-transient) conditions, lot. must be externally limited as follows: 

20 

Maximum lOt. per port pin: lOrnA 
Maximum 10L per 8-bit port: 
Port 0: 26 rnA Ports 1, 2, 3: 15 rnA 
Maximum total 101. for all output pins: 71 rnA 
If 101. exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power-down is 2V. 

AT89S51 _____________ _ 
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AT89S51 

AC Characteristics 
Under operating conditions, load capacitance for Port 0, ALEIPROG, and PSEN = 100 pF; load capacitance for all other 
outputs = 80 pF. 

External Program and Data Memory Characteristics 
12 MHz Oscillator Variable Oscillator 

Symbol Parameter Min Max Min Max Units 

1/lcLCL Oscillator Frequency 0 33 MHz 

tLHLL ALE Pulse Width 127 2lcLCL-40 ns 

tAVLL Address Valid to ALE Low 43 lcLCL-25 ns 

tLLAX Address Hold After ALE Low 48 lcLCL-25 ns 

tLLlV ALE Low to Valid Instruction In 233 4lcLCL~ ns 

tLLPL ALE Low to PSEN Low 43 lct.cL-25 ns 

!PLPH PSEN Pulse Width 205 3lcLcL-45 ns 

!Puv PSEN Low to Valid Instruction In 145 3lcLcL-60 ns 

tpXIX Input Instruction Hold After PSEN 0 0 ns 

tpxlZ Input Instruction Float After PSEN 59 lct.cL-25 ns 

!PXAV PSEN to Address Valid 75 lcLCL-8 ns 

tAVIV Address to Valid Instruction In 312 5lcLCL-80 ns 

tplAZ PSEN Low to Address Float 10 10 ns 

~LRH RD Pulse Width 400 6lcLCL-1oo ns 

tWLWH WR Pulse Width 400 6lct.CL -1 00 ns 

tRLOII RD Low to Valid Data In 252 5lcLcL-90 ns 

~HDX Data Hold After RD 0 0 ns 

tRHDZ Data Float After RD 97 2lcLCL-28 ns 

~LOII ALE Low to Valid Data In 517 8lct.CL -150 ns 

tAVOII Address to Valid Data In 585 9lcLCL-165 ns 

tLLWL ALE Low to RD or WR Low 200 300 3lcLCL-5O 3lct.cL+5O ns 

tAVWL Address to RD or WR Low 203 4lcLCL-75 ns 

lovwx Data Valid to WR Transition 23 lcLCL-30 ns 

IovwH Data Valid to WR High 433 7lcLCL-130 ns 

lwHax Data Hold After WR 33 lcLCL-25 ns 

tRlAZ RD Low to Address Float 0 0 ns 

tWHLH RD or WR High to ALE High 43 123 lct.CL-25 lct.CL +25 ns 

21 
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External Program Memory Read Cycle 

t'==. IeHLL ----t 

ALE "-
IpLPH 

tAVLL Ieuv 
----t IeLPL I+-

Ipuv 

-. I4-IpLAZ 
f.-IpXAy-. 

IelAX 
IpXIZ 

IpXIX-' I+-
PORTO >- AD-A7 INSTRIN }) - AD-A7 , 

tAVIV 

PORT 2 A8 - A15 A8 -A15 

External Data Memory Read Cycle 

~ IeHLL----' 

ALE 
----I I+-lwHLH 

lew" ·1 
I-- tRLRH --I 

~ 

I+-- IeLWL ---0 

f.--lelAX --I 

I--tAVLL-
f.-----o ~L[N ~ ~HDZ 

~LAZ- f-o ~ 
---I I+- ~HDX 

PORT 0 =>- AO - A7 FROM RI OR OPL I- DATA IN ~ AO - A7 FROM Pel INSTR IN 

tAVWL 
tAVIN -PORT 2 ---' 

P2.0 - P2.7 OR All - A15 FROM OPH X All - A15 FROM PCH 
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External Data Memory Write Cycle 

r=. ~HLL---IO 
ALE - !+-IwHLH 

~ 

I+-- ~LWL IwLWH-

WR 
\+-~LAX ----

I+-tAVLL-
Iovwx- +- - I+-lwHax 

-lovwH---t 

PORT 0 =>- AO - A7 FROM RI OR OPL DATA OUT K XAO - A7 FROM pel INSTR IN 

tAVWL 

PORT 2 P2.0 - P2.7 OR AS - A15 FROM OPH AS - A15 FROM PCH 

External Clock Drive Waveforms 

O.45V 

External Clock Drive 
Symbol Parameter Min Max Units 

1 t'tcLCL Oscillator Frequency 0 33 MHz 

teLCL Clock Period 30 ns 

teHCX High Time 12 ns 

teLCX Low Time 12 ns 

teLCH Rise Time 5 ns 

teHCL Fall Time 5 ns 

23 
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Serial Port Timing: Shift Register Mode Test Conditions 
The values in this table are valid for Vee = 4.OV to 5.5V and load Capacitance = 80 pF. 

12MHzOsc Variable Oscillator 

Symbol Parameter 

tXLXL Serial Port Clock Cyde Time 

laVXH Output Dala Setup to Clock Rising Edge 

tXHQX Output Daia Hold After Clock Rising Edge 

tXHDX Input Daia Hold After Clock Rising Edge 

tXHDV Clock Rising Edge to Input Dala valid 

Shift Register Mode Timing Waveforms 
INSTRUCTION 

AlE 

CLOCK 

,WRITE TO SBUF, 

+ 
OUTPUT DATA 

, CLEARRI , 
+ 

INPUT DATA 

AC Testing Input/Output Waveforms(1) 

Vee - o.sv 

0.45V 

Min 

1.0 

700 

50 

0 

0.2 Vee + 0.9V 

TEST POINTS 

0.2 Vee - 0.1V 

Max 

700 

Min Max Units 

12tcLCL lIS 

1 Otct.CL -133 ns 

2tcLCL-80 ns 

0 ns 

1 OtcLCL-133 ns 

Note: 1. AC Inputs during testing are driven at V cc - 0.5V for a logic 1 and 0.45V for a logic O. Timing measurements are made at V'H 
min. for a logic 1 and V'L max. for a logic O. 

Float Waveforms(1) 

VLOAO ----( 

Note: 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 a 100 mV change from the loaded VooNOl. level occurs. 
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Ordering Infonnation 
Speed Power 
(MHz) Supply Ordering Code Package Operation Range 

24 4.0Vt05.5V AT89S51-24AC 44A Commercial 

AT89S51-24JC 44J (O°C to 700C) 

AT89S51-24PC 40P6 

AT89S51-24SC 42PS6 

AT89S51-24AI 44A Industrial 

AT89S51-24J1 44J (-40°C to 85°C) 

AT89S51-24PI 40P6 

AT89S51-24SI 42PS6 

33 4.5Vto 5.5V AT89S51-33AC 44A Commercial 

AT89S51-33JC 44J (O°C to 70°C) 

AT89S51-33PC 40P6 

AT89S51-33SC 42PS6 

Package Type 

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

44J 44-lead, Plastic J-leaded Chip Carrier (PLCC) 

40P6 40-pin, 0.600" Wide, Plastic Duallnline Package (PDIP) 

42PS6 42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP) 

25 
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Packaging Infonnation 

44A-TQFP 

26 

PIN 1 

B 
j 
1 

eL E1 E 

r 

C O'-T , l 
1 ~ L ~"""" """""I JJmu umumu umumu umQlumui31 i:. =:A:1:::J~A2~'==l~A 

SYMBOL 

Notes: 1. This package oonforms to JEDEC reference MS-026, Variation ACB. 
2. Dimensions 01 and El do not indude mold protrusion. Allowable 

protrusion is 0.25 mm per side. Dimensions 01 and El are maximum 
plastic body size dimensions induding mold mismatch. 

3. Lead ooplanarily is 0.10 mm maximum. 

TITLE 

A 

Al 

A2 

0 

01 

E 

El 

B 

C 

L 

e 

COMMON DIMENSIONS 
(Un~ of Measure = mm) 

MIN NOM MAX 

- - 1.20 

0.05 - 0.15 

0.95 1.00 1.05 

11.75 12.00 12.25 

9.90 10.00 10.10 

11.75 12.00 12.25 

9.90 10.00 10.10 

0.30 - 0.45 

0.09 - 0.20 

0.45 - 0.75 

0.80TYP 

NOTE 

Note 2 

Note 2 

10/5/2001 

DRAWING NO. REV. 
2325 Orchard Parkway 
San Jose, CA 95131 

44A.44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, 44A B 
0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP) 

AT89S51--------------2487B-MICRO-12103 
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44J-PLCC 

1.14(0.045) X 45' 

LJ I ~II-- 0.318(0.0125) -I ~ 0.191 (0.OO75) 

Notes: 1. This package conforms to JEDEC reference MS-{)18. Variation AC. 
2. Dimensions Dl and El do not include mold protrusion. 

Allowable protrusion is .010"(0.254 mm) per side. Dimension Dl 
and El include mold mismatch and are measured at the extreme 
material condition at the upper or lower parting line. 

3. Lead coplanarity is 0.004" (0.102 mm) maximum. 

SYMBOL 

A 

A1 

A2 

D 

Dl 

E 

El 

D2IE2 

B 

Bl 

e 

TITLE 
1 AlII;;" 2325 Orchard Parkway 
I ...... San Jose, CA 95131 44J, 44-lead. Plastic J-Ieaded Chip Carrier (PLCC) 

2487G-MICRO-l2/03 

COMMON DIMENSIONS 
(UnH of Measure = mm) 

MIN NOM MAX NOTE 

4.191 - 4.572 

2.286 - 3.048 

0.508 - -
17.399 - 17.653 

16.510 - 16.862 Note 2 

17.399 - 17.653 

16.510 - 16.662 Note 2 

14.986 - 16.002 

0.660 - 0.813 

0.330 - 0.533 

1.270TYP 

10/04/01 

DRAWING NO. REV. 

44J B 
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