dninveryantll wizoosmndmanssa

N8I TI0 AT UIeanegeanuL 1ime

WIRELESS ALCOHOL INSPECTOR

1an
o A
HIARAD Iauslyo
o ar o & w Aaesr ¥
HIBUGANE 15833339 H

= o 97 ¥
HHAIASe N dnaseu

ERUN..oersmrssenssssssssmssnsosnn o
" RN

mamvmuu.........f...?..'.Z.s‘.!.J L

qu mau ﬂ 2 2 ﬁ EJ 2550 B

Y 65 1 3 ar o ar &
ﬂ?agagmwumﬁlumunﬁwmn1‘sﬁmm|mwangﬂnmnsmﬂmmummn
M3 T 5 INIAWNAN

ar o v v ot
aoniumallagnIzaeuAA NNUNHITAIANIZIN

Uniseinu 2549

Fun5932 bum
Al L ﬂ:w?;? !
Ad. B

(’]QTU) ""%nnnun- ':!fni ﬂ : “’ a)' “".".""'"'““‘NqJ’Jﬂ

u



3 LY L'y g
n389asI10nseaueanasaauu1fme

WIRELESS ALCOHOL INSPECTOR

Tag

TR OIS0 araeiie 47015003
w e d F-1 w Ao o
WienigRuE  150353MTAN 47015007

weE193sTIn  dhwdeu 47015025

dal 18
p1a15enlsne
-7 d F- |
HEL.AT. AR WIHUN

o
9. auen quaile:

= ] 5 3 L r —_
Waanfinuiiilugumiiaresmsfnmauwingasininssumansiama
M ImNssNInsANNAY
LY < ¥ v L%
aotfumaluladnszeesndidmammsannszil

Unrsdinm 2549



WSganiinusiimsfinu 2549
MAIFINT TN INIALLIAY
aaidrnysienand aodumalulafnszsaumnduinanmsamenss
A - 3 Y] ¢
309 InIesmneFaszduseansseduuylione
Wireless Alcohol Inspector
Yo o
AR
p &
1. wigadia ety 47015603
or ar I3
2. weaigus  Fesfeiinu 47015007

3unmasetin doseu 47015025

/_pf)“ C T ey

. s =
e 2101300 NN

WA.A RN W)
A .
N 213 INUT e

(raemen  qaaciloz)



4 ar ar d
!ﬂ%ﬂ\?ﬂﬁ 1MINIzALNDandaanlll Ull%,ﬁ1ﬂ

Wireless Alcohol Inspector

Tau W Juode 47015003
Wil Eug FoeSatifad 47015007

wagnrio v Fwgeu 47015025

h:i = o oo 'd =
01015003 nE HALAT WS WU

TR, aed quiloy

UnAnLe
dy o 4 IEEE we [ o - ey f
Tnsanuiiauenistseavindnsainldlumsinszdunnanosodlwaen Taeisidhay
& & 1 o = 1 L= 1 1
w1l #e3zuulaesonveuniesesutianmsiiaueenidy 2 daulngqne dauusmiiudu
o w 7 o 3 o 1 P i A ’
asaimszduueanosedarunumisianianldluiasaeulnamed  diuhaoadudnuioudo
w Y & vy . A o o e 3 o 5
fuszvugiudoya  Fulumsdafeyasinniosastaiasziunoansaed o udoymiuerly
1w Ha ] 3 ¥ A 4 = P
msdadayalugduvunnuding wWelilidudeyauasnaninaimiosnoufinaes felugluuy

' v Y = S A g¥e v ¥ 3 W o
VYDINMNDIBDINOHADILAE ”UE]HE\IISJJ']le'E‘JﬁﬂUﬂ@ﬂmﬂi‘ﬁﬁWﬂ'i“lJ‘?I'i’Jﬂﬁ'l’]ll‘UﬂlJﬂaﬁﬂﬂﬁﬂﬁUﬁlUIﬂﬂ'lﬂ

Ao 11

ABSTRACT

This project presents a study and implementation of  wircless Alcohol Inspector.  The
equipment consists of an alcohol sensor based on a microcontroller and computer interface using a
wireless technique. The suspects information is transmitted from the equipment to the database
computer by RF and the computer can be also computer the suspected containing in the database system

for further investigation.
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Wiring Diagram

GND»

€ &
Clrl
Cs
Tl

L 4

L4

U 224 pluansdnvaizyivesTugan11udng (TRW - 2.4 GH2)

2.7.1 asdavivaalugannuding (TRW - 2.4 GHz)

M3 1e# 2.7 MeaziBuavesn Tugana1udIng (TRW - 2.4 GHz)

A #o | ANYME MY TUazOun B
YEIU)

] GND Powcr - Ground (0 Volt)

2 CE | Input Chi;) Enable activates RX or TX mode

3 CLK2 Vo Clock output/input for RX data channe] 2

4 Cs Input Clock Select activates Configuration mode

5 CLK1 o Clock Input (TX) & /O (RX) for data channel 13-wire

interface

6 DATA | [0 RX data channel 1/TX data input /3-wire interface

7 DR1 Output RX data ready at data channel 1 (ShockBurst only)

8 DOUT2 Output RX data channel 2

9 DR2 Output RX data rcady at data channel 2 (ShockBurst only)
10 V(CC Power B Power Supply (+3Volt DC)
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N. SOURCE CODE



ORG 0000H

;***************************k* ALCOHOL o e e e e e ke Br Tk A e ok ke o ok ke e e ke ok ol e e ke

COUNT1 EQU 30H

TEN EQU 31H
HUNDRED EQU 32H
COUNTZ2 EQU 33H
BUFFER EQU 34H
BUFF EQU 35H

;**************k************* ™ TRW2-4.GH e e e de g e Sk o e e ke e ok ke ke ke e ke e e ke

DATA BIT P3.0

CLX1 BIT P3.1
C5 BIT P3.2
CE BIT P3.3
COMM EQU 40H
COMM2 EQU 41H
COUNTER EQU 42H

ACALL DELAY

: hokhdokhkkdkkkdkkdkhhrkhdkdkxd TNTTIAL TRW2.4G d e e v ke ke e e ok e g ok e o ke e ok ek A ke

ACALL DELAY TX
ACALL DELAY TX
CLR DATA

CLR CLK1

CLR CE

CLR cs

ACALL DELAY 5USEC
ACALL SETMODE_TRW
ACALL DELAY_5USEC

H **i*************************LCD INITIAL e ok e Bk ok e ke v e 3 de e ko ook ke ok

MOV A, #06H ; ENTRY MODE SET I/D=1

ACALL COMMAND

MOV A, #01H ; CLEAR DISPLAY

ACALL COMMAND

ACALL DELAY

MOV A, #3CH ; FUNCIION SET DL=1, N=1,
F=0(5*%8)

ACALL COMMAND

MOV A, #0CH ; DISPLAY=ON, CURSOR=QFF,
BLINK=OFF

ACALL COMMAND

MoV DPTR, #DATAL

MOV A, H#00H

MOV R2, #8B

ACALL SHOW

MOV DPTR, #DATAZ

MOV A, $0COH

MOV R2, #8



ACALL SHOW

ACALL DELAY

ACALL DELAY

MOV A, #01H : CLEAR DISPLAY

ACALL COMMAND

$JIMP MAIN

*****i*******-&*********i***** MAIN & e ok ek de e d ok g vk v ke ke ok ke e e e e ke

MAIN: ACALL DERAY

MoV BUFFER, #00H

MoV BUFF, #00H

CLR P2.1
STOP: JNB P2.1,5TOP

MoV RO, #00H

MoV RS, #1 ; CHECK 10

MoV R6, #31H

;k************** START IER SRS LSS S S

MOV
MoV
MoV
MoV

COUNT1, #55H ; COUNT COMPAIR DATA MG%
COUNTZ2, #1 ; COUNT FOR CHECK 10 - 99
TEN, #31H

HUNDRED, #31H

kkkdhkkkhkkkkkkdkkkkkk ke kkkkk¥k HEADFR & % v T ek e e gk e g e i e e ke ok ke Kk

. * L * ok ok ok ok ok *
; o 3k ke ok kok ok Kk ke e ook * ek ek CHECK DATA MAXIWM e e ek ke * * o

START:

MoV
MOV
MOV
ACALL

MOV
ACALL
MOV
MOV
ACALL

MOV

ACALL
ACALL
MOV
MOV
SUBB
JC

ACALL
JB
ACALL
SJMP

MOV
ACALL

DPTR, #HEAD
A, #80H

RZ, #8

SHOW

A, #OCOH
COMMANTD
DPTR, #DD
R2, #3
SHOW DATA

DPTR, #TEXT+1

DERAY
RE_DATA
A, BUFF
BUFFER, RO
A, BUFFER
MAX

DERAY
P2.1, START
DERAY
CHECK_START

BUFF, BUFFER
DERAY

{1-9)



JB
ACALL
SJIMFP

P2.1, START
DERAY
CHECK START

: PR R X R R R R CHECK DATA 1 mq% e e e do de v ok e de e ok e ke ke e e de o ok o

CHECK_START: MOV
MOV
SUBB
Jc
MOV
CINE
MOV
ACALL
ACALL
ACALL
SIMP

‘R2, #1

A, BUFF

A, #55H

ZE_RO

A, BUFF
A,COUNT1,CHECK DATA
RZ, #1

SHOW DATA_TX

SEND 13

SHOW MG

5

; kdkhkkkhkkdhkkkkkkdkkkkkkkkrkik SHOW ZERO ot de e d ek ok et e ke ke b e ek

2E_RO: MOV

MoV
ACALL
ACALL

ACALL

MOV
MOV
ACALL
5JMP

DPTR, #D0

comM2, #"0"
SEND_TRW
DELAY TX

SEND 13

A, #0COH
R2, #8B
SHOW

5

drdk e vk kodook ok de de otk ko ok ke e ke ek CHECK DATA 1”9 e de de kT ek ok % ok ke sk ok de e Kk ok ok de ke

CHECK_ DATA: INC
INC
INC
CINE
MOV
MOV
SIMP

LL: CJINE

ACALL
ACALL
ACALL
SJIMP

RS>

COUNT1

DPTR

R5,#10,LL

R5, #0

DPTR, #TEXT

TT ; JUMP TC CHECK HUNDRED

A, COUNT1,CHECK DATA ; CHECK FOR SHOW DATA

1-9 MG%
SHOW DATA TX ; SHOW DATA
SEND 13
SHOW MG ; SHOW MG
°

: e ok e de oA e b ko ook ow k k ok ok CHECK DATA 10_99 e % dk g o %ok Kk v g de ke ok ok e ke ok

CHECK DATA TEN:
INC
INC
CJINE
MGV
MoV
INC
INC
MOV

R5
COUNT1
DPTR

R5, #10, TT
RS, #0
DPTR, #TEXT
TEN

COUNT2

R3, COUNT2



CJNE R3,#10,TT

MOV TEN, #30H
SJMP HUN

TT: CJNE A, COUNT1,CHECK DATA TEN
ACALL SHOW_TEN
ACALL SHOW_DATA_TX
ACALL SEND_ 13
ACALL SHOW MG
5JIMP s

; o de H o d e K de o e de ok e de gk 3 ok ke ok CHECK DATA 100 _ 200 FEYEEE R R SRR R R AR

CHECK_DATA HUN: INC R5
INC COUNT1
INC DPTR
CJINE R5, #10, HUN
MOV RE, #0
MoV DPTR, #TEXT
INC TEN
MoV R3, TEN
CJINE R3, #40H, HUN
MOV TEN, #30H
INC HUNDRED
Mov R3, HUNDRED
CJNE R3, #32H, HUN
5JMP FIN

HUN: CJNE A, COUNT1,CHECK DATA HUN
ACALL SHOW_HUN
ACALL SHOW_TEN
ACALL SHOW DATA TX
ACALL SEND 13
ACALL SHOW MG
SJIMP s

FIN: MOV A, #0COH
ACALL COMMAND
MoV DPTR, #FINISH
MOV RZ2, #8
ACALL SHOW DATA
SIMP g

. * * dok ok * ke k * v kAo dodeodr ok ok o Ak ok ok ke
; 4 dr K o Wk Wk ok ko SHOW HUNDRED * * * +*

SHOW HUN: MOV R3, A
MOV COMM2 , HUNDRED
MOV A, HUNDRED
ACALL COMM_DATA
ACALL SEND TRW
ACALL DELAY TX
MOV A,R3

RET



H kg ek ke ko ok ko ke ok ok ok ok ke ke QTMYDT DATA TEN et e e e g ke ok e g ak ek ke Tk ok ke ok ok

SHOW TEN: MOV
MOV
MOV
ACALL

ACALL
ACALL

MOV
RET

SHOW_MG: MOV
MOV
ACALL
RET

R3,A
COMM2, TEN
A, TEN
COMM_DATA

SEND_TRW
DELAY TX

A,R3

R2, #2
DPTR, #MG
SHOW _DATA

ok kdkk bk hkkkkkkkdkdhdkkddhrdkt CEND 13 de e e e e F ok ke ok ok ke e e e e ok ek kb

SEND_13: MOV
ACALL
ACALL
RET

COMM2, #13
SEND_TRW
DELAY_TX

kkkAkdkhkkhkkhkhkhkkhrrkhd* SHOW DATA T e e do Kk e o e gk e Sk ok e Sk ke ok

SHOW_DATA_TX: CLR
MoVC
ACALL

MOV
ACALL
ACALL

INC
DJNZ
RET

A
A, @A+DPTR
COMM_DATA

COMM2, A
SEND_TRW
DELAY TX

DPTR
R2, SHOW_DATA

; & 4 v ek Kok Kk e e e de o ook e e o e SHOW DATA **************************

SHOW: ACALL

SHOW DATA: CLR
MOVC
ACALL
INC
DJINZ
RET

COMMAND

A

A, @A+DPTR
COMM_DATA
DPTR

R2, SHOW DATA

;************************* SETMODE_OF TRW *************************

SETMODE_TRW: ACALL
CLR
SETB
MOV

ACALL
MOV

ACALL

DELAY 200USEC
CE

cs

COMM, #8EH ;RESERVED FOR  TESTING
WRITE_TRW
CcoMM, $08H ;RESERVED FOR  TESTING

WRITE TRW



; FEIEEETERE R EE R E SR R A T MODE

; RESERVED FOR

: LENGTH OF BIT

; LENGTH oF BIT

;ADDRESS 5 BYTE OF CHZ

;ADDRESS 5 BYTE OF CH1

;ADDRESS BIT AND CRC

;RF PROGRAMMING 8-15

MoV COMM, #1CH
ACALL WRITE_TRW
MoV COMM, #08H
ACALL WRITE TRW
MOV COMM, #0BH
ACALL WRITE TRW
+ Address 5 Byte Ch 2
MOV COMM, #0C0H
ACALL WRITE TRW
MoV COMM, #0ARH
ACALL WRITE_TRW
MoV COMM, #55H
ACALL WRITE TRW
MOV COMM, #0ARH
ACALL WRITE TRW
MoV COMM, #55H
ACALL WRITE TRW
;* Address 5 Byte Ch 1 *
MoV cOMM, #OAAH
ACALL WRITE_TRW
MoV COMM, #55H
ACALL WRITE TRW
MOV COMM, #0AAH
ACALL WRITE TRW
MOV COMM, #55H
ACALL WRITE_TRW
Mov COMM, #0ARH
ACALL WRITE TRW
;* Number of Address bit + CRC *
MOV COMM, #0A3H
ACALL WRITE TRW
MOV COMM, #6FH
ACALL WRITE TRW

MOV COMM, #14H
ACALL WRITE TRW
CLR Cs

ACALL DELAY 5USEC

RET

* ek do K oot Tk ke gk ke ke ke e e sk ok ke ke

ek dede e de ok e 3 R W kW W Sk T e e ek e e ok SEND TRW otk okl ok ek ko ok o Tk A ek ke ok ok

SEND_TRW:

ACALL DELAY 200USEC
CLR cs

SETB CE

MOV COMM, #00H
ACALL WRITE TRW
Mov COMM, #00H
ACALL WRITE TRW
MOV COMM, #00H
ACALL WRITE TRW
MOV COMM, #00H
ACALL WRITE TRW
MOV COMM, #02H
ACALL WRITE TRW
MOV COMM, COMM2
ACALL WRITE TRW
ACALL DELAY 200USEC

CLR CLK1

;address 5 byte send

;SEND DATA

TESTING

CH2

CHZ2



CLR
ACALL
RET

CE
DELAY 5USEC

W e e e e T e ke e ok S ok e ok ke e Sk A e ke e b ok WRITE TRW ot de otk e ke e e e ok de d de de ok S de de ok ek R

WRITE TRW: MOV
MOV

LOOP: RLC
MOV
ACALL
DJNZ
RET

COUNTER, #B
A, COMM

A

DATA, C
CLK_TRW
COUNTER, LOOP

H 3 Hrodk do ko de ke kv e ke e de v ok g ok e ok ke kR CLK_TRW d ok odedrok dod Ao e de ok ok g e ke e ke ke ke

CLK_TRW: CLR
SETB
RET

CLK1
CLK1

; LEE RS R R ES R ERE SR EREEEEEEE] DATA FORM ADC e e ke o o3 e e de o de do ok A deode A ke gk e ek

RE_DATA: MOV
SETB
SETB

CLR
NOP
SETB
WAIT: JB
CLR
MOV
SETB
RET

P1,#0FFH
P2.5
P2.6

Pz2.6

P2.6
P2.7,WAIT
P2.5
RO, P1
P2.5

LE 2 S ST R R R RS B EE BE EEESE S LCD TO CONTROL IR RS EE LR SRS R LR DRSS

COMMAND: MOV

CLR
CLR
CLR

SETB
NOP
NOP
CLR

MOV
DJINZ
RET

PC,A

P2.4 ;RS = 0
p2.3 (R/W =
p2.2 ;E = 0

pz2.2

p2.2

R1, #00H
R1,S

; *ode ke Aok de gk ek Bk ke ok ok ok ek ok ok ke DATA To LCD *xk ke kk R ddd ok okdrdrkdk ko k ok Ak A

COMM _DATA: MOV
SETB
CLR
CLR

SETB

PO, A

p2.4 ;RS = 0
P2.3 JR/W =0
P2.2 ;E =0

P2.2 ;E = C



NOP
NOP
CLR

MOV
DJNZ
RET

p2.2

R1, #00H
R1,5

;******************i******i*** DELAY TIME R R E R R EEEEEEEEEE S LA R E R RS L 3

DELAY:
DELAY1:
DELAYZ:

MoV
MoV
MOV
DJINZ
DJNZ
DJNZ
RET
DERAY: MOV
DJNZ
RET

R1, #03H
R3, #00H
R4, #00H
R4, 5
R3,DELAYZ
R1,DELAY1

R4, #00H
R4, $

: e e g ok e doodr e e dr de de deod doodk ke gk e e de e ke Sk ok ok DELAY etk ok g dr ok e sk ke gk gk ke e Ak e e ok o e ke ok A e

DELAY TX: MOV
DELAYZ_TX: MOV
DJINZ
DINZ
RET

R1, #00H

R4, #00H

R4, 5
R1,DELAY2 TX

H e gt e gt ke g ke ke gk e e e b ok ok ek de e ke DELAY 5 USEC e e e g ok e dr g ke de e do e ke ok e gk ok e ke ke ok b o

DELAY 5USEC:

NOP
NOP
NOP
RET

dhkkdhdddxrkkkdkhhkdkkkkir DETAY 10 USEC % ke e ok e e ke ke e e ok ke de b e de ok e e ek b

DELAY 10USEC:
DELAY LOOP:

MOV
NOP
NOP
DJNZ
RET

R1, #02H

R1, DELAY LOOP

Je ok e e e et ke de ke e e ok e ke e e ke ok DELAY 200 USEC EE S E X R R E R EREEE S SRR S 8 N R

DELAY 200USEC:
DELAY200_ LOOP:

DATAL:
DATAZ:
HEAD:
DO:

DD
TEXT:
FINISH:
MG:

END

MOV
ACALL
DJINZ
RET

DB
DB
DB
DB
DB
DB
DB
DB

R4, #09H
DELAY 10USEC
R4, DELAY200_ LOOP

"PLEASE "
"WALT...."
"ALCOHOL "
||=> 0 mg "
LS
"0123456789"
"MAXIMUM "
Ilmg "



Tsunswalulasaeunsameidsfuuastinarefume ineynan

ORG 0000H
DATA BIT PZ2.0
CLK1 BIT P2.1
DR1 BIT Pz.2
CS BIT £2.3
CE BIT P2.4
COMM EQU 40H
COMM2 EQU 41H
COUNTER EQU 42H
COUNTER2 EQU 43H
RECV EQU 44H

L2 AR R R RS R R R ERREEEEESE] MAIN PROGRAM L2 SRR AR ER LSS ERERES SR

MAIN:

LOCP _RECEIVE:

ACALL DELAY
ACALL DELAY

MOV RECV, #00H
ACALL SET_SERIAL
CLR DATA

CLR DR1

CLR CLK1

CLR CE

CLR CS

ACALL DELAY 5USEC
ACALL SETMODE._TRW
ACALL DELAY 5SUSEC

H ek k ok khokkkk kA ko k ok kd A RECEIVE DATA W e e de 3k e sk A e ke ok e ok ok ok e ok e ok kK

WAIT DATA:

JNB DR1,WAIT DATA
ACALL RECV_TRW

MOV A, RECV

ACALL SEND

SJMP LOOP RECEIVE

LA R S SRS ER R EREEREEERS] SETMODE OF TRW LR RS RS R RS R B R RN 2

SETMODE TRW:

ACALL DELAY 200USEC

CLR CE

SETB o

MoV COMM, #B8EH ;RESERVED FOR  TESTING
ACALL WRITE TRW

MOV COMM, #0BH ;RESERVED FOR  TESTING
ACALL WRITE_TRW

MoV COMM, #1CH ;RESERVED FOR  TESTING



ACALL
MOV
ACALL
MOV
ACALL
; Address 5
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

WRITE TRW
COMM, #08H
WRITE TRW
COMM, #08H
WRITE TRW
Byte Ch 2
COMM, #0COH
WRITE TRW
COMM, #0ARH
WRITE TRW
COMM, #55H
WRITE_TRW
COMM, #0ARH
WRITE TRW
COMM, #55H
WRITE_TRW

s LENGTH OF BIT CHZ2

; LENGTH OoF BIT CHZ2

;ADDRESS 5 BYTE OF CHZ2

;* Address 5 Byte Ch 1 *

MoV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

COMM, #00H :ADDRESS 5 BYTE OF CHI1
WRITE TRW
COMM, #00H
WRITE TRW
COMM, #00H
WRITE TRW
COMM, #00H
WRITE TRW
COMM, #02H
WRITE TRW

:* Number of Address bit + CRC *

MOV
ACALL
MoV
ACALL

COMM, #OA3H ;ADDRESS BIT AND CRC
WRITE TRW
COMM, #6FH ;RF PROGRAMMING 8-15
WRITE TRW

; **********************-A—*RX MODE AR R R R AR ER AR R RS R R SRR X

MGV
ACALL
SETB
SETB
SETB
CLR
ACALL
RET

COMM, #15H
WRITE_TRW
DATA

DR1

CE

cs

DELAY 5USEC

. e vk K
H ************************RECEIVE *xok ok ok ok ok ok k ok ok ok Rk *

RECV_TRW:

LOOP_RECV:

CHECK2 :

MGV
SETB
SETB
ACALL
JNB
MOV
ADD
MOV
CLR
DJNZ
RET

ACALL
MOV
RL
MOV

COUNTERZ, #8
DATA

CLX1

DELAY SUSEC
DATA, ZERO
A,RECV

A, #01H

RECV, A

CLK1

COUNTER2, CHECK2

DELAY 5USEC
A, RECV

A

RECV, A



S JMP LOOP_ RECV

ZERO: CLR CLK1
DJINZ COUNTERZ2, CHECKZ2
RET

***************i-********WRITE TRW *ddkokodkdkkdddhdkdhddhddddidit

WRITE TRW: MOV COUNTER, #8
MOV A, COMM

LOOP: RLC A
MOV DATA, C
ACALL CLK_TRW
DJINZ COUNTER, LOOP
RET

: ************************CLK TRW LSRR RS SRR SRR R SRS

CLK_TRW: CLR  CLK1
SETB CLK1
RET

Fkhkkkkkkkkhkkkhkkk*k* SET MODE SERTAL PORT % kok ok ko ook ok koo kokok ok
SET SERIAL: MOV TMOD, #20H ;TIMER 1 MODE 2

MOV TH1, #-3 ; BOTRATE = 9600

MOV SCON, #50H ; SEND 8 BIT ONE STOPBIT (REN ENABLE)
SETB TR1

RET

H dd ko drk ok ko Ak k ok ok kdkkk ok k SEND DATA TO SERIAL & e e ook ok ok ok 3k ok ke e ok ok e bk o ke sk ok e e ok

SEND: MOV SBUF, A
HERE: JNB TI,HERE
CLR TI
RET

s ek dok ok dedk ke gk ko ok ek kK ek ok s sk e e e e ok ok ke ok ok ok ok b ek ke e e ek
; * DELAY

DELAY: MOV R1,#00H
DELAY?Z: MOV R2,#00H
DJNZ RZ2,$%
DJINZ R1, DELAY?Z2
RET

;o kA kkkkkkkkk ko kkkkkkkdk DETAY 5 UGEQ kkrkdokkdkkkhkdkhkhkkkvhk
DELAY 5USEC: NOP

NQOP

NOF

RET

(AR R AR R R L EREEEE SRS RS LS DEI.AY 10 USEC LA R E R R R ERE AR R LR R L &S S

DELAY 10USEC: MOV R1, #02H

DELAY LOQP: NOP
NOP
DJNZ Ri,DELAY LOOP
RET

LA AR R R SRR R SRR EEE SRR RS DELAY 200 USEC e e e e e e oo d e de 3 ok gk ok ok ke ok ok ke ok

DELAY 200USEC: MOV R2, #09H

DELAY200_LOOP: ACALL DELAY 10QUSEC
DJINZ R2, DELAY200 LOOP
RET

END



U. DATA SHEET



GAS SENSORS : TYPE AF63

ETHANOL (C,H,0H) SENSOR
DESCRIPTION: DIMENSIONS:
Alcohol gas sensor made with thick fitm sensing
element. o BI65*03
FEATURES: I | J
* Constant heater voltage T r F JU' 0.75+0
* Tight resistance tolerance 117402 | T
* Short initial stabilisation time . L T _
* Typical applications include gas leak detection, J ]
alcohol detection s 0 _ﬁ_WﬁJ—T
. s il
(I,)ATA' Hone: 1 ||l e1x00s
perating conditions: '
Operating temperature............ -10 to +55C ; _
Storage temperature............... -30 to +60°C T /'\\
Load ReSiStor R, ....o.o.vroo.o.oooooo.o...... Variable SN e
Heater resistance ....................... 19Q (nom) / i |\%\ \\ \
Rated power consumption P, .......... <15mwW — L H_i{H} !
Rated working voltage of circuit | — \ ' é\ : K/, /
.................... 5V d.c. or 5V ms a.c. {max 12V) A
Rated working voltage of heater ................ L }\ |4
e mtrmmenstbaren e erens <. 5 20.2Vd.c. ﬁl ‘[
......................................... 5x0.2v¥msa.c. L 4.5
Parts and material: - _ o
Sensing element......... Semi-conducting oxide Dimensions in mm
Thick film heater .....c..oeeevveeeeoon Platinum
Case e, seeeeenee NYlON 66 i P
PN ceveeeetenetsesseessee s Nickel alloy Typical gas sensitivity:

Sensitivity characteristics:

Specification

Conditions

3kto 12k Q

in clean air

Gas sensitivity

Reas/Rair 0.07 0 0.20

at 100ppm
ethanol to
clean air

Resistance matio

Power

consumpti 68BOmW (max)

Mechanical characteristics:

T P! freserianalaa,

H
i1’ z

:Carbon

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

Isobutane
monoxide

1008
Gas toncentrationppm|

Test Condition

Performance

Vibration |Frequency:

10 - 500 Hz

Should satisfy the

Amplitude (10 - 50H27): 2 mm

Acceleration (50 - 500 Hz}) 10G

Recipricol scanning time: 5 min

Test time: 2 hours each for X, Y and Z directions

specifications shown in the
sensitivity characteristics

Shock

Acceleration: 100G
Number of impacts: 5

Crown Industrial Estate, Pricrswood Rd 808 US Highway |
Taunton, Somerss TA2 BQY LK
Tel +44 (011823 335200
Fax +44(0)1823 332637

Tal +1(732) 287 2870
Fax +1{732) 287 BA47

Data sheet D-AF63-1

967 Windiall Road

Edrson, New Jeruey 088174695 USA St Marys, Pensylvar 15857-3397 USA
Tel +1(814) B34 9140

Fax +1(814) 781 7969



@ GAS SENSORS : TYPE AF63

ALCOHOL (C,H,OH) SENSOR
NOTES: Test conditions:
Pin allocation and standard test circuit: Atmosphere
Clean air at 25z 29C and 50+5% RH without
noise gas.
Circuit condition
Ve (circuit vOltage) ....oooeeeeereveeveenee 5x0.05v
Vh (heater vORage) ...ccvveervereceeeeenee. 5x0.05V
Preheat time....cocovveeeivvieicciene e, 48 hours
Botiom view Test gas
Ethanol ....eeeveeviieee e 100ppm
Sensor
2.7
Ve oo - | @— I L
SN L
31-}1‘ ‘ <
U oo e cater Eo :/:
L
WARNING:

Do not use if the case or wire netting is damaged, otherwise buiit-in heater may cause explosions or fires.

Do not disassemble or change any parts.
Use only within specified conditions.

Data sheet D-AFG3-1

Crown Industrial Estate, Priorswood Rd 808 US Highway

Taunton, Somerset TAZ BQY UK
Tel 444 (0)1823 335200
Fax +44 (011823 332637

967 Windfall Road

Edrson, New jersey OB817-45695 USA St Marys, Pennsylvania 15857-3397 USA
Tel +1(732) 287 2870 Tel +1(B14) B34 9140

Fax +1(732) 287 8847 Fax +1(B14) 781 7965
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Data Sheet

8-Bit, Microprocessor-Compatible, A/D
Converters

The ADCOBOX farily are CMOS B8-Bit, successive-
approximation A/D converters which use a modified
potentiometric ladder and are designed to operate with the
8080A control bus via three-state outputs. These converters
appear to the processor as memory locations or IfO ports,
and hence na interfacing logic is required.

The differential analog voltage input has good common-
mode-rejection and permits offsetting the analog zero-input-
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Typical Application Schematic

ADC0803, ADC0804

August 2002 FN3094.4

Features

» BOC48 and BOC80/85 Bus Compatible - No Interfacing
Logic Required

« ConversionTime . ....................... .. <100us
« Easy Interface to Most Microprocessors

* Will Operate in a “Stand Alone” Mode

+ Differential Analog Voltage Inputs

« Works with Bandgap Voltage References

* TTL Compalible Inputs and Outputs

* On-Chip Clock Generator

* Analog Voltage Input Range
(Single +5VSupply) ....... ... ... ... ..... 0OV to 5V

* No Zero-Adjust Required

* 80C48 and B0CB80/85 Bus Compatible - No Interfacing
Logic Required

) 20 +5v 1s0pF .
2 18 Pinout
3 4 10K I I |
% ADCO8R03, ADCO804
—)
7 oa, (POIP)
2]
ANY - 5 2] 0B, TOP VIEW
HPROCESSORIY| 5 | 13 | pa, v
a3 —
:“ DBy  Vinit} i,, DIFF cs[1 20| V+ OR VRgr
ML Y. - PRTNYEY L }FNPUTS RD[2 [19]CLK R
Elom, acnD|® —
7 oaz Vrer'2 |9 LV, le WR L2 15|00 55
e—] DBy Viep2[*  VRer
~J.%] 0B, 0GND[T0 1 CLKIN [4 [17] DB,
l = INTR [5 18] B,
Vin (4) [8] 15] D8,
vin 4 [7] [14] DB,
8-BIT RESOLUTION
OVER ANY AGND [ 8 13] 0By
DESIRED Viee!2 [9 12 DB
ANALOG INPUT [9 1Z] o2
YOLTAGE RANGE DGND [1§ E DB7 (ms8)
Ordering information
PART NUMBER ERROR EXTERNAL CONDITIONS TEMP. RANGE {°C) PACKAGE PKG. NO
ADCO803LCN 1112 LSB | VRerf2 Adjusted for Correct Full Scale Gto70 20Ld PRIP £20.3
Reading
ADCOB04LCN 11 LSB VRer/2 = 2.500Vpc (No Adjustments) 0ta70 20 Ld PDIP E20.3
1 CAUTION: These davicas are sansitive 10 electrostatic: discharge; follow prapar ¢ Hardling Procadures.

1-BB8-INTERSIL or 321-724-7143 | Intersil {and design) is & regisierad trademark of inlersil Americas Inc.

Copyright € Intersit Americas Inc. 2002. All Rights Resarved



A & 4 & A A A

-7 o = 1 |
{VRer} LADDER
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7
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Y
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THREE-STATE
QUTPUT LATCHES

T |

11121314 1516 17 16

.
DIGITAL OUTRUTS

THREE-STATE CONTROL
“1" = OUTPUT ENABLE

SUCCESSIVE | 8-BIT
APPROX. [° SHIFT
REGISTER [* REGISTER
AND LATCH |+ |~ IF RESET= “p"
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Q
Q
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— |
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ADC0803, ADC0804

Absolute Maximum Ratings
Supply Voltage . . .. ... .. ... .. 6.5V

Voltage at Any input. .. ................ ... 0.3V to (V' +0.3V)
Operating Conditions
Temperature Range . . . ...............c.c.o..nun. 0°C to 70°C

Thermal Information

Thermal Resistance (Typical, Note 1) a5 (°CW)
PDIPPackage ... .......................... 80
Maximum Junction Temperature
PlasticPackage .. .............coooiiiiiiiia ... 150°C
Maximum Storage Temperature Range. . ... .. ... -65°C to 150°C
Maximurm Lead Temperature {Soldering, 10s). . ........... 300°C

CAUTION: Stresses above those listed in "Absclufe Maximurm Ratings”™ may cause permanent damage io the device. This is a stress only rating and aperation of the
device at these or any ofher conditions above those indicated in the operational sections of this specification is nof implied

NOTE:

1. 8}, is measured with the component mounted on a low effective thermal conductivity test board in free air. See Tech Brief TB379 for details.

Electrical Specifications (Notes 2

Buffers), Cout

)
PARAMETER TEST CONDITIONS MIN TYP MAX UNITS
CONVERTER SPECIFICATIONS V+ = 5V, Ta = 25°C and f| ¢ = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0803 Vrep/2 Adjusted for Comed Full Scale Reading - - 11:‘2 LSB
ADCOB04 VRrep2 = 2.500V - - 11 LsSB
Vrer/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Analog Input Voltage Range {Note 3) GND-0.05 - {V+)+0.05 \4
DC Cammon-Mode Rejection Over Analog Input Voltage Range - 11115 ;t"!a LsB
Power Supply Sensitivity V+ = 5V 110% Over Allowed Input Voltage - 11116 :t’fa LsSB
Range
CONVERTER SPECIFICATIONS V+ = 5V, 0°C to 70°C and fgy g = 640kHz, Unless Otherwise Specified
Toltal Unadjusted Error '
ADC0803 Vrer/2 Adjusted for Cotmect Full Scale Reading - - +11, LSB
ADCO0804 VREF/Z = 2.500V - - ES| LSB
VRer/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - k2
Analog Input Voltage Range {Note 3) GND-0.05 - {(V+)+ 0.05 \'4
DC Common-Mode Rejection Over Analog Input Valtage Range - i‘!a :t1.r4 LsB
Power Supply Sensitivity v+ = 5V £10% Over Allowed Input Voltage - 11!15 1113 LsSB
Range
AC TIMING SPECIFICATIONS V+ =5V, and T, = 25°C, Unless Ctherwise Specified
Clack Frequency, folk v+ =6V (Note 4) 100 640 1280 kHz
V+ = 5V 100 640 800 kHz
Ciock Periods per Conversion (Note 5}, 62 - 73 Clocks/Cony
tcony
Canversion Rate in Free-Running Mode, CR | INTR tied to WR with CS = OV, f k = 640kHz - - 8888 Conv/s
width of WR Input (Start Pulse Width), CS = 0V (Note 6) 100 - - ns
hwR)l :
Access Time {Delay fram Falling Edge of | Cy = 100pF {Use Bus Driver IC for Larger Gy - 135 200 ns
RD to Output Data Valid), tacc
Three-State Control (Delay from Rising C| = 10pF, R = 10K - 125 250 ns
Edge of RD to HI-Z State), ty, oy {See Three-State Test Circuits)
Delay from Falling Edge of WR to Reset of - 300 450 ns
INTR, tpa, Igy
Input Capacitance of Logic Control Inputs, - 5 - pF
CiN
Three-State Output Capacitance (Data - 5 - pF

3 intersjl




ADCO0803, ADC0804

Electrical Specifications (Notes 2, 8) {Continued)

PARAMETER TEST CONDITIONS [ MIN [ e MAX UNITS

DC DIGITAL LEVELS AND DC SPECIFICATIONS V+ = 5V, and Ty to Tyax. Unless Otherwise Specified

CONTROL INPUTS (Note 7)

Logic “1“ Input Voltage (Except Pin 4 CLK | V+ = 5.25V 2.0 - V+ v
IN}, ViNH

Logic “0" Input Voltage (Except Pin 4 CLK | V+ =475V - - 0.8 v
IN), Vi,

CLK IN {Pin 4) Positive Gaing Threshald 2.7 3.1 35 v
Voitage, V+p Lk

CLK IN {Pin 4) Negative Going Threshold 1.5 1.8 21 v
Voltage, V-¢ik

CLK IN (Pin 4) Hysteresis, Vy 06 13 20 v
Logic “1” Input Cumrent {(All Inputs), iy | Vin = 5V - 0.005 1 HA
Logic "0” Input Cumrent (Al Inputs), hyro | ViN=0V -1 -0.005 - pA
Supply Current {Includes Ladder Current), I+ | fy x = 640kHz, Ta = 25°C and CS = HI - 1.3 25 mA
DATA OUTPUTS AND INTR

Logic 0" Output Voltage, Vo lg=1.6mA, V+ = 475V - - 04 v
Logic “1” Output Voltage, Vg lq = -360pA, V+ = 4.75V 2.4 - - v
Three-State Disabled Cutput Leakage {(All | Voyt = 0V -3 - - HA
Data Buffers}, I.g ”Q‘“O'UT =5V N N 3 pA
Output Short Circuit Curment, lsource VouT Short to GND, Ta = 25°C 4.5 6 - mA
Cutput Short Circuit Current, Igyy i VouT Shortto V+, T = 25°C 9.0 16 - mA
NOTES:

2.

All voltages are measured with respect to GND, unless otherwise specified. The separate AGND paint should aiways be wired to the DGND.
being careful to avoid ground toops.

. For Ving 2 Ving+) the digital output code wilt be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram} which will

forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful, during testing
at low V+ levels (4.5V), as high level analog inputs (6V) can cause this input diode to conduct - espedially at elevated temperatures, and cause
errors for analog inputs near full scate. As long as the analog Vi does not exceed the supply voltage by more than 50mV, the output code will
be correct. To achieve an absolute OV to 5V input voltage range will therefore require a minimum suppiy voltage of 4.950V over temperature
varniations, initial tolerance and loading.

4. With V+ = 6V, the digital logic interfaces are no longer TTL compatible,

. With an asynchronous start pulse, up to 8 clock pericds may be required before the intemal cfock phases are proper to star the conversion process.
. TheCS input is assumed to bracket the WR strobe input so that timing is dependent on the WR pulse width. An arbitrarily wide pulse width will

hold the converler in a reset mode and the stan of conversion is inftiated by the low to high transition of the WR pulse (see Timing Diagrams).

. CLK IN (pin 4) is the input of a Schmitt tigger circuit and is therefore specified separately.
. None of these A/Ds requires a zero-adjust. However, if an 21 zero code is desired for an analog input other than 0V, or if a namow full scale span exists

(for example: 0.5V to 4V full scale) the Viny- input can be adjusted to achieve this. See the Zero Eror descriplion in this data sheet.

Timing Waveforms

t. = 20ns
&
Ve 2.4Y — v
_ t RD 50%
RD & DATA 0.8v 10%
& OUTRUT n
l CL < 10K Vou 0%
I DATA
R I OUTPUTS
= = = = GND
FIGURE 1A. 1y FIGURE 1B. t4y4, C; = 10pF

4 intersijl




ADC0803, ADC0804

Timing Waveforms (continued)

V+
24V —
RD 50%
10K 0.8V 0%
‘ DATA - ety
OUTPUT v+
ICL DATA

3l &
]

CUTPUTS /
VD' 3 10%

FIGURE 1C. tgy FIGURE 1D. tgy, C_ = 10pF
FIGURE 1. THREE-STATE CIRCUITS AND WAVEFORMS

Typical Performance Curves

18 500
Pl 0,
E -55°C TO 125°C >
2 17
Rl P
9' A 400 —
3 16 J/ )
g o :
7] > 300 L
w
x // a //
E 15 =1 -
[ ‘/
F L7 200
£
o 14 >
8 7
- L
1.3 100
4.50 475 5.00 5.25 5.50 0 200 400 800 800 1000
V+ SUPPLY VOLTAGE (V) LOAD CAPACITANCE (pF)
FIGURE 2. LOGIC INPUT THRESHOLD VOLTAGE vs SUPPLY FIGURE 3. DELAY FROM FALLING EDGE OF RD T® OUTPUT
VOLTAGE DATA VALID vs LOAD CAPACITANCE
A5 1000 * - 1 1
. . - | |
) I N\ N\ R=10K
Woaa—y \
3 TP e B N
5 R = 50K
[=] ] \ \
: 2.7 § \
g' -55°C TO 1285°C < \ \
HE X £ \ \
g N
£ N
= -__..--"
* 18 v N \
3 IR ) R= 20K - \ \
15 100 A\
4,50 475 5.00 5.25 5.50 10 100 1000
V+ SUPPLY VOLTAGE (V} CLOCK CAPACITOR (pF)
FIGURE 4. CLK IN SCHMITT TRIP LEVELS vs SUPPLY FIGURE §. fc i v& CLOCK CAPACITOR

VOLTAGE

5 interj|



ADC0803, ADC0804

Typical Performance Curves (continuod)

16
7 f 1] VIN{*] = VIN(-) =0V
7 14 ASSUMES Vgg = 2mV
3 ¢ Ve = 4.5V THIS SHOWS THE NEED
9 ) 12 FOR A ZERO ADJUSTMENT
2 5 7 a IF THE SPAN IS REDUCED
g / S
[} x 3
Y a r/ i
g ,/ y. 'u_.l 6
@ 3 Ve BV // £
= 4
I 1 oot ° N
f"/ . 2 \\
o EFW_ V=8V —
1 1 u ™ Py
0 400 800 1200 1600 2000 0.01 0.1 1.0 5
fowk (kHz) Veer2 (V)
FIGURE 6. FULL SCALE ERROR vs foLk FIGURE 7. EFFECT OF UNADJUSTED OFFSET ERROR
8 | 16 | L
V+=5V 1 — foLx = 840kHZ __
7 ‘ b [
- ~NL DATA OUTPUT E TS f
BUFFERS e . —
E 6 N U 14 B Vensev
uog,
E 4 r-"""-.__.
= Ty a
£ 5 M, Isource NP e
3] \; \.h Vour=24v X ) et
e - L V=50V —
5, Y - S Ity
E P o 12
[Py z
3 T sk [ o 11 Ve =45V _
|| Vour=0.4v o ~ ¢ ﬁ#‘
2 I 11 10 |1
50 .25 ] 25 50 75 100 125 -50 .25 0 25 50 75 100 125
Ta AMBIENT TEMPERATURE {°C) Ta AMBIENT TEMPERATURE ({°C)
FIGURE B. CUTPUT CURRENT vs TEMPERATURE FIGURE 9. POWER SUPPLY CURRENT vs TEMPERATURE
Timing Diagrams
& y
22
WR
tw -
ACTUAL INTERNAL — “BUSY"
STATUS OF THE - BRI - DATA IS VALID IN
CONVERTER " “NOT BUSY” OUTPUT LATCHES
- T TOB x 1M INTERNAL T¢
(LAST DATA READ)
INTR gd
(LAST DATA NOT READ)

INTR
ASSERTED
b ‘J - 112 foim

FIGURE 10A. START CONVERS{ON




ADCO0803, ADC(0804

Timing Diagrams (continued)

INTR RESET

R £
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FIGURE 10B. QUTPUT ENABLE AND RESET INTR
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Understanding A/D Error Specs

A perfect A/D transfer characteristic (staircase wave-form) is
shown in Figure 11A. The horizantal seale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53mV with 2.5V tied to the Vrgp/2 pin). The digital
output codes which correspond to these inputs are shown as
D-1, D, and D+1. For the perfect A/D, not only will center-
value (A-1,A A+ 1, .. )analoginputs produce the corract
output digital codes, but also each riser (the transitions
between adjacent output codes) will be located 11/, LSB
away from each center-value, As shown, the risers are jdeal
and have no width. Corredt digital output codes will be
provided for a range of analog input voltages which extend
i1f2 LSE from the ideal center-values. Each tread {the range
of analog input voltage which provides the same digital
output code) is therefore 1 LSB wide.

The error curve of Figure 11B shows the worst case transfer
function for the ADCOB0X. Here the specification guarantees
that if we apply an analog input equatl to the LSB analog
voltage center-value, the A/D will produce the correct digital
code.

Next to each transfer function is shown the comesponding
error plol. Notice that the error includes the quantization
uncertainty of the A/D. For example, the error at point 1 of
Figure 1A is +1z‘2 LSB because the digital code appeared
1!2 LSB in advance of the center-vaiue of the tread. The
error plots always have a constant negative slope and the
abrupt upside steps are always 1 LSB in magnitude, unless
the device has missing codes.

Detailed Description

The functional diagram of the ADC080X series of A/D
converters operates on the successive approximation
principle {see Application Notes ANO16 and AN020 for a
more detailed description of this principle). Analog switches
are closed sequentially by successive-approximation logic
until the analog differential input voltage ViNgs) - Vingl
matches a voitage derived from a tapped resistar string
across the reference voltage. The most significant bit is
tested first and after 8 comparisons (64 clock cydes), an 8-
bit binary code (1111 1111 = full scale} is transferved to an
output iatch.

The normal operation proceeds as foliows. On the high-to-low
transition of the WR input, the internal SAR latches and the
shift-register stages are reset, and the INTR output will be set
high. As long as the CS input and WR input remain low, the
AJ/D will remain in a reset state. Conversion will start from 1 to
8 clock periods after at least one of these inputs makes a low-
1o-high transition, After the requisite nurber of clock putses to
complete the conversion, the INTR pin will make a high-to-low
transition. This can be used to interrupt a processer, or
otherwise signal the availability of a new conversion. A RD
operation {with CS low) will clear the INTR line high again.
The device may be operated in the free-running mode by

connecting INTR to the WR input with CS = 0. To ensure start-
up under all possible conditions, an external WR pulse is
required during the first power-up cycie. A conversion-in-
process can be interrupted by issuing a second start
command.

Digital Operation

The converter is started by having CS and WR simuitaneously
low. This sets the start flip-flop (F/F) and the resulting “1” leve!
resets the 8-bit shift register, resets the Interrupt (INTR) F/F
and inputs a “1” to the D flip-flop, DFF1, which is at the input
end of the 8-bit shift register. Internal clock signals then
transfer this *1" to the Q output of DFF1. The AND gate, G1,
combines this *1” output with a dock signal to provide a reset
signal to the start F/F. If the set signal is no longer present
(either WR or CS is a *17), the start F/F is reset and the 8-bit
shift register then can have the “1" clocked in, which starts the
conversion process. If the set signal were to still be present,
this reset pulse would have no eflect (both outputs of the start
F/F would be at a *1” level) and the 8-bit shift register would
continue to be held in the reset mode. This aliows for
asynchronous or wide CS and WR signals,

After the "1 is clocked through the 8-bit shift register (which
completes the SAR operation) it appears as the input to
DFF2. As soon as this “1” is output from the shift register, the
AND gate, G2, causes the new digital word to transfer to the
Three-State output latches. When DFF2 is subsequently
clocked, the Q output makes a high-to-low transition which
causes the INTR F/F to set. An inverting buffer then supplies
the INTR output signal.

When data is to be rsad, the combination of both CS and RD
being fow will cause the INTR F/F to be reset and the three-
slate output latches will be enabled to provide the 8-bit
digital outputs.

Digital Control Inputs

The digital contral inputs (CS, RD, and WR) meet standard
TTL logic voltage levels. These signals are essentially
equivalent to the standard A/D Start and Qutput Enable
control signals, and are active low to allow an easy interface
to microprocessar contral busses. For non-microprocessor
based applications, the CS input {pin 1} can be grounded and
the standand A/D Start function obtained by an active low
pulse at the WR input (pin 3). The Output Enable function is
achieved by an active low pulse at the RD input (pin 2).

Analog Operation

The analog comparisons are performed by a capacitive
charge summing circuit. Three capacitors (with precise ratioed
values} share a common node with the input to an auto-
zerced comparator. The input capacitor is switched between
Ving+) and Vingy, while two ratioed reference capacitors are
switched between faps on the reference voltage divider string.
The net charge corresponds to the weighted difference
between the input and the current total value set by the
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.successive approximation register. A correction is made to
offset the comparison by '/, LSB (see Figure 114).

Analog Differential Voltage Inputs and Common-
Mode Rejection

This A/D gains considerable applications fiexibility from the

analog differential voltage input. The Vw(,) input (pin 7) can
be used to automatically subtract a fixed voltage value fram
the input reading (tare correction). This is also useful in 4mA
- 20mA current loop conversion. In addition, commaon-mode
noise can be reduced by use of the differential input.

The time interval between sampling Vings) and Vi is 4%,
clock periods. The maximum efror voltage due to this slight

lime difference between the input voltage samples is given by:

AVg(MAX) = (VPEAK)(2xfCM)[%iJ
where:

AV s the ermor voltage due to sampling delay,
Vpeak is the peak value of the commeoen-mode voltage,
fowm is the common-mode frequency.

For example, with a 60Hz common-mode frequency, fry,, and
a 640kHz A/D clock, oy k, keeping this error to 1/4 LSB (~5mV)
would allow a common-mode voltage, Vpeak, given by:

[AVEfMAxJ(’CLK]]
VeEAK = (Znigy)(4.5)

or
v _ (5x107%)640x 10

PEAK {6.28}(60){4.5)
The allowed range of analog input voltage usually places
more severe restrictions on input common-mode voltage
levels than this.

=19V.

An analog input voltage with a reduced span and a relatively
large zero offset can be easily handled by making use of the
differential input (see Reference Voltage Span Adjust).

Analog Input Current

The intemal swilching action causes displacement currents to
flow at the analog inputs. The voitage on the on-chip
capacitance to ground is switched through the analog
differential input voltage, resulting in proportional currents
entering the Ving+) input and leaving the Ving-) input. These
current transients occur at the leading edge of the internal
clocks. They rapidly decay and do not inherently cause emors
as the on-chip comparator is strobed at the end of the clock
perod.

Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC curment to flow through the output resistances
of the analog signal sources. This charge pumping action is
worse for continuous conversions with the V|N(+) input voltage
at full scale. For a 640kHz clock frequency with the Ving)

input at 5V, this DC current is at a maximum of approximately
SUA. Therefore, bypass capacitors should not be used at
the analog inputs or the VREF/2 pin for high resistance
sources (>1kQ). If input bypass capacitors are necessary for
noise filtering and high source resistance is desfrable to
minimize capacitor size, the effects of the voltage drop across
this input resistance, due to the average value of the input
current, can be compensated by a full scale adjustment white
the given source resistor and input bypass capacitor are bath
in place. This is possible because the average value of the
input current is a precise linear function of the differential input
voltage at a constant conversion rate.

Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used will not cause errors since the input
currents settle out prior to the comparison time. If a low-
pass filter is required in the system, use a low-value series
resistor {(S1kQ) for a passive RC section or add an op amp
RC active low-pass filter. For low-source-resistance
applications (<1k€), a 0.1 WF bypass capacitor at the inputs
will minimize EMI due to the series lead inductance of a long
wire. A 1000 senies resistor can be used to isolate this
capacitor (both the R and C are placed outside the feedback
loop) from the output of an op amp, if used.

Stray Pickup

The leads to the analog inputs {pins 6 and 7} should be kept
as short as possible to minimize stray signal pickup (EM1),
Both EMI and undesired digital-clock coupling to these inputs
can cause systern emors. The source resistance for these
inputs should, in general, be kept below 5k0). Larger values of
source resistance can cause undesired signal pickup. Input
bypass capacitors, placed from the analog inputs to ground,
will eliminate this pickup but can create analog scale errors as
these capacitors will average the transient input switching
currents of the A/D (see Analog Input Current). This scale
error depends on both a large source resistance and the use
of an input bypass capacitor. This error can be compensated
by a full scale adjustment of the A/D (see Full Scale
Adjustment) with the source resistance and input bypass
capacitor in place, and the desired conversion rate.

Reference Voltage Span Adjust

For maximum application flexibility, these A/Ds have been
designed to accommedate a 5V, 2.5V or an adjusted voltage
reference. This has been achieved in the design of the IC as
shown in Figure 12,

Notice that the reference voltage for the IC is either 112 of the
voltage which is applied to the V+ supply pin, or is equal to
the voltage which is externally forced at the VREF/2 pin. This
allows for a pseudo-ratiometric voltage reference using, for
the V+ supply, a SV reference voltage. Altematively, a
voltage less than 2.5V can be applied to the VREF/2 input.
The intemal gain to the VREF/2 input is 2 to allow this factor
of 2 reduction in the reference voltage.
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Such an adjusted reference voltage can accommodate a
reduced span or dynamic voltage range of the analog input
voitage. If the analog input voltage were to range from 0.5V to
3.5V, instead of OV to 5V, the span would be 3V, With 0.5V
applied to the Ving-y pin to absorb the offset, the reference
voitage can be made equal to 1!2 of the 3V span or 1.5V, The
A/D now will encode the Ving+) signal from 0.5V to 3.5V with
the 0.5V input corresponding to zero and the 3.5V input
corresponding to full scale. The full B bits of resolution are
therefore applied over this reduced analog input voitage
range. The requisite connections are shown in Figure 13. For
expanded scale inputs, the circuits of Figures 14 and 15 can
be used.

(VREF) fzo
s
R:’
VRep2 c—s
DIGITAL
( | } CIRCUITS
j 1
' J ANALOG
Re , DECODE > [ o s
1
.}
<>
J
<b
p2 }-
Acu:j 8 DGND | 10
= e

FIGURE 12, THE VReFerencE DESIGN ON THE IC
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5v)
CL761 g
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“SPAN"2 |7 '__“\"\"\"T—’m\'REFfz
ADS. S 0.1pFl

—TO Vm"_)
ZERO SHIFT VOLTAGE

FIGURE 13. OFFSETTING THE ZERO OF THE ADGO80X AND
PERFORMING AN INPUT RANGE (SPAN}
ADJUSTMENT
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FIGURE 14. HANDLING +10V ANALOG INPUT RANGE
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(Vrer)
R oY,
R
] 20
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ADCOB- OuF
ADC0804 |
7
J,_ va

FIGURE 15. HANDLING +5V ANALOG INPUT RANGE

Reference Accuracy Requirements

The converler can be operatedin a pseudo-ratiometric mode
or an absolute mode. In ratiometric converter applications,
the magnitude of the referance voitage is a factor in both the
output of the source transducer and the output of the A/D
canverter and therefore cancels out in the final digital output
code. In absolute conversion applicatlons, both the initial
value and the temperature stability of the reference voltage
are important accuracy factors in the operation of the A/D
converter. For Vper/2 voltages of 2.5V nominal value, initial
errors of +10mV will cause conversion errors of +1 LSB due
ta the gain of 2 of the Vreg/2 input. in reduced span
applications, the initial value and the stability of the VRep/2
input voltage become even more important. For example, if
the span is reduced to 2.5V, the analag input LSB voltage
value is correspondingly reduced from 20mV (5V span) to
10mV and 1 LSB at the VRer/2 input becomes 5mV. As can
be seen, this reduces the allowed initial tolerance of the
reference voltage and requires correspondingly less
absolute change with temperature variations. Note that
spans smaller than 2.5V place even tighter requirements on
the initia! accuracy and stability of the reference source.

In general, the reference voltage will require an initial
adjustment. Errors due to an impraper value of reference
voltage appear as full scale errors in the A/D transfer
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function. IC voltage regulators may be used for references if
the ambient temperature changes are not excessive.

Zero Error

The zero of the A/D does not require adjustment. If the
minimum analog input voltage value, VIN(MIN). 18 not ground, a
zero offset can be done. The converter can be made to output
0000 0000 digital code for this minimum input voltage by
biasing the A/D VN input at this V|N(M'N) value (see
Applications section). This utilizes the differential mode
operation of the A/D.

The zero emror of the A/D converter relates to the location of
the first riser of the transfer function and can be measured by
grounding the V!N(-) input and applying a small magnitude
positive voltage to the Ving+) input. Zero error is the difference
between the actual DC input voltage which is necessary to
just cause an output digital code transition from D000 0000 to
0000 0001 and the ideal '/, LSB value (1, LSB = 9.8mV for
VRER/2 = 2.500V).

Fulif Scale Adjust

The full scale adjustment can be made by applying a
differential input voltage which is 11/2 LSB down from the
desired analog fulf scale voltage range and then adjusting
the magnitude of the Vggp/2 input {pin 9} for a digital output
code which is just changing from 1111 1110 to 1111 1141,
When offsetting the zero and using a span-adjusted VRgg/2
voltage, the full scale adjustment is made by inputting Vimin
to the V. input of the A/D and applying a voltage to the
ViNg+) input which is given by:
Vinefaapy = V -1.5[(-—____\/”""-\,”'”)]
{(+)'SAD) MAX 256 ’
where:

Vmax = the high end of the analog input range, and

VMIN = the low end (the offset zero) of the analog range.
(Both are ground referenced.)

Clocking Option

The clock for the A/D can be derived from an extemal source
such as the CPU clock or an external RC network can be
added to provide seif-clocking. The CLK IN (pin 4) makes
use of a Schmitt trigger as shown in Figure 16.

_
CLKR
19 1
ADC0803- fok = 1.4 RC
R ADCOB04
R =10kD
CLKIN § ebp
c 4 CLK

FIGURE 16. SELF-CLOCKING THE A/D

Heavy capacitive or DC loading of the CLK R pin should be
avoided as this will disturb nomal converter operation.

Loads less than 50pF, such as driving up to 7 A/D converter
clock inputs from a single CLK R pin of 1 converter, are

allowed. For larger clock line loading, a CMOS or low power
TTL buffer or PNP input logic should be used to minimize the
loading on the CLK R pin (do not use a standard TTL buffer).

Restart During a Conversion

If the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new
conversion is started. The output data latch is not updated if
the conversion in progress is not completed. The data from
the previous conversion remain in this latch.

Continuous Conversions

In this application, the CS input is grounded and the WR
input is tied to the INTR output. This WR and INTR node
should be momentarily forced to logic low following a power-
up cycle to insure circuit operation. See Figure 17 for details,

:R: 8V (VRer)
150pF 1 ADCO803 - ADCOB04
ics . V+ E—o._
”EE::‘EE RD  CLKR [fg}—o—I *0uF
TIER
START - e el =
L—o{5|INTR DB, E—o
ANALOG °—°_‘! 6] Vin (+) DB E-—o DATA
INPUTS o—o—7|Vint} DB, [idl—o [ OUTPUTS
BIAGND  DBj[13}—o
o—I3]Vrer2 D8 l[iz—o
= ”;-@ DGND  DB; E——o} MsB
FIGURE 17. FREE-RUNNING CONNECTION
Driving the Data Bus

This CMOS A/D, iike MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circultry, which is tied to the data
bus, will add to the total capacitive loading, even in three-
state (high-impedance mode). Back plane busing aiso
greatly adds to the stray capaditance of the data bus,

There are some alternatives available to the designer to
handle this problem. Basically, the capacitive ioading of the
data bus slows down the response time, even though DC
specifications are still met. For systems operating with a
relatively slow CPU clock frequency, more time is available
in which to establish proper logic levels on the bus and
therefore higher capacitive loads can be driven (see Typica!
Performance Curves).

At higher CPU clock frequencies time can be extended for
I/ reads (and/or writes) by inserling wait states (8080) or
using clock-extending circuits (6800),
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Finally, if time is short and capacitive loading is high, external
bus drivers must be used. These can be three-state buffers
(low power Schottky is recommended, such as the 745240
series) or special higher-drive-current products which are
designed as bus drivers. High-current bipolar bus dnvers
with PNP inputs are recommended.

Power Supplies

Noise spikes on the V+ supply line can cause conversion
errors as the comparator will respand to this noise. A
low-inductance tantalum filter capacitor shouid be used
close to the converter V+ pin, and values of 1uF or greater
are recommended. If an unregulated voltage is available in
the system, a separate 5V voltage regulator for the converter
(and other analog circuitry) will greatly reduce digital noise
on the V+ supply. An ICL7663 can be used to regulate such
a supply from an input as low as 5.2V,

Wiring and Hook-Up Precautions

Standard digital wire-wrap sockets are not satisfactory for
breadboarding with this A/D converter. Sockets on PC
boards can be used. Ali logic signal wires and leads should
be grouped and kept as far away as possible from the
analog signai leads. Exposed leads to the analog inputs can
cause undesired digital noise and hum pickup; therefore,
shielded leads may be necessary in many applications.

A single-point analog ground should be used which is
separate from the logic ground points. The power supply
bypass capacitor and the self-clocklng capacitor (if used)
should both be returned to digital ground. Any VRee/2
bypass capacitors, analog input filter capacitors, or input
signal shielding should be returned to the analog ground
point. A test for proper grounding is to measure the zero
error of the A/D converter. Zero errors in excess of 114 LSB
can usually be traced to improper board layout and wiring
(see Zero Error for measurement). Further information can
be found in Application Note ANO1B.

Testing the A/D Converter

There are many degrees of complexity associated with testing
an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and use LEDs to

display the resulting digital output code as shown in Figure 18.

For ease of testing, the VRer/2 (pin 9) should be supplied
with 2.560V and a V+ supply voltage of 5.12V should be
used. This provides an LSB value of 20mV.

If a full scale adjustment is to be made, an analog input
voltage of 5.090V (5.120 - 1/, LSB) should be applied to
the V|N(+) pin with the ViN(-) Pin grounded. The value of the
VREF/2 input voltage should be adjusted untif the digital
output code is just changing from 1111 1110 to 1111 1111,
This value of VRer/2 should then be used for all the tests.

The digital-output LED display can be decoded by dividing
the 8 bits into 2 hex characters, one with the 4 most-

significant bits (MS) and one with the 4 least-significant bits
{(LS). The output is then interpreted as a sum of fractions
times the full scale voltage:

_{MS LS
Vour = (Fe+ 2eg) (5.12)V .
10k02
.L "‘Y‘V
150pF ”,’;[E - X 117" 5.120V
OuF
2 - TANTALUM
=
SN0 13 LsB
4]
START —L4
~—5] aocosos-
Vi b+ 5| ADCos04
IN () no—-t'—_i.qu.__ v
MSB

1.3kQ LEps
1L Y

FIGURE 18. BASIC TESTER FOR THE A/D
For example, for an autput LED display of 1011 0110, the

MS character is hex B {decimal 11) and the LS character is
hex {(and decimal) 6, so:

M. 6 _
ouT = (ﬁ+55_ (5.12) = 3.64V.

Figures 19 and 20 show more sophisticated test circuits.

v

VANALOG OUTPUT

ANALOG
INpPUTS Y g

100X ANALOG
ERROR VOLTAGE

FIGURE 19. A/D TESTER WITH ANALOG ERROR OUTPUT. THIS
CIRCUIT CAN BE USED TO GENERATE “ERROR
PLOTS” OF FIGURE 11.

DIGITAL MGITAL

INPUTS VANALOG OUTPUTS
10-BIT A/D UNDER
DAC TEST |

FIGURE 20. BASIC “DIGITAL" A/D TESTER

Typical Applications
Interfacing 8080/85 or Z-80 Microprocessors
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This converter has been designed to directly interface with
8080/85 or Z-80 Microprocessors. The three-state output
capability of the A/D eliminates the need for a peripheral
interface device, although address decoding is still required
to generate the appropriate CS for the converter, The A/D
can be mapped into memory space (using standard
memory-address decoding for CS and the MEMR and
MEMW strobes) or it can be controlled as an VO device by
using the /OR and IJOW strobes and decoding the address
bits AQ — A7 (or address bits A8 — A15, since they will
contain the same 8-bit address information) to obtain the CS
input. Using the I/O space provides 256 additional
addresses and may allow a simpler 8-bit address decoder,
but the data can only be input to the accumulator. To make
use of the additional memory reference instructions, the A/D
shouid be mapped into memory space. See AN020 for more
discussion of memory-mapped vs I/O-mapped interfaces. An
example of an A/D in /O space is shown in Figure 21.

The standard control-bus signals of the 8080 (CS,RD and
WR} can be directly wired to the digital contral inputs of the
A/D, since the bus timing requirements, to allow both starting
the converter, and outputting the data onto the data bus, are
met. A bus driver should be used for larger microprocessor
systems where the data bus leaves the PC board and/or
must drive capacitive loads larger than 100pF.

Itis useful to note that in systems where the A/D converter is
1 of 8 or fewer I/O-mapped devices, no address-decoding
circuitry is necessary. Each of the 8 address bits (AQ to A7)
can be directly used as CS inputs, one for each /O device.

Interfacing the Z-80 and 8085

The Z-80 and 8085 control buses are slightly different from
that of the 8080. General RD and WR strobes are provided
and separate memory request, MREQ, and IO request,
IORQ, signals have to be combined with the generalized
strobes to provide the appropriate signals. An advantage of
operating the A/D in I/O space with the Z-80 is that the CPU
will automatically insert one wait state (the RD and WR
strobes are extended one clock period) to allow more time
for the I/0 devices to respond. Logic to » map the A/D in /0
space is shown in Figure 22. By using MREQ in place of
IORQ, a memory-mapped configuration results,

Additional I/0 advantages exist as software DMA routines are
available and use can be made of the output data transfer
which exists on the upper 8 address lines (A8 to A15) during
110 input instructions. For example, MUX channel selection for
the A/D can be accomplished with this operating mode.

The 8085 also provides a generalized RD and WR strobe, with
an {OM line to distinguish 11D and memory requests. The circuit
of Figure 22 can again be used, with 10/M in place of IORQ for
a memovy-mapped interface, and an extra inverter (or the logic
equivalent} to pravide IOM for an 1fO-mapped connection.

interfacing 6800 Microprocessor Derivatives (6502,
efc.)

The control bus for the 6800 microprocessor derivatives does
not use the RD and WR strobe signals. Instead # employs a
single RAW line and additional timing, if needed, can be derived
from the ¢2 clock. All 110 devices are memory-mapped in the
6800 system, and a special signal, VMA, indicates that the
current address is valid. Figure 23 shows an interface
schematic where the A/D is memory-mapped in the 6800
system. Far simplicity, the CS decoding is shown using 112
DMB092. Note that in many 6800 systems, an already decoded
45 line is brought out to the common bus at pin 21. This can be
tied directly to the CS pin of the A/D, provided that no other
devices are addressed at HEX ADDR; 4XXX or 5XXX.

in Figure 24 the ADC080X series is interfaced to the MCE800
micraprocessor through (the arbitrarily chosen) Port B.of the
MCE820 or MC6821 Peripheral Interface Adapter (PlA). Here
the CS pin of the A/D is grounded since the PIA is already
memory-mapped in the MCE800 system and no CS decoding
is necessary. Also notice that the A/D output data lines are
connected to the microprocessor bus under program control
through the PIA and therefore the A/D RD pin can be grounded.

Application Notes

[ -
NOTE # DESCRIPTION

ANQ18 “Selecting A/D Converters”

ANO18 "Do’s and Don'ts of Applying A’D Converters”

AND20 “A Cookbook Approach to High Speed Data Acquisition
and Microprocessar Interfacing”

ANO30 “The ICLY104 - A Binary Output A/D Converter for

Micropracessors”
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. 72— DBy (20} (NOTE)
T M58, g, (n {(NOTE)

ANALOG 9=
INPUTS ,,

Ty OUT V¢ Bl < ADy 36

T4 By |—< aDy, (39

T3 :‘Js‘ 8y |—< aD4; (38)

Tz  comparaTorR Bz |—— ADy;(37)

T By L —< AD4y (40)

To Bo [—= ADyp (1)
Voriid

NOTE: Pin numbers for 8228 System Controller: Others are 8080A.
FIGURE 21. ADCOB0X TO BOBOA CPU INTERFACE
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ADCO0803, ADC0804

— IRQ {4}t @]tt

| S
o ~< RIW (34) 6]

ADC0803 - ADC0804 1+
ERam 10uF
dies v |5 L7 e
L 2[R0 ckRrfgl— L. " o sy 123]
] L 3]wr DBo (18] 158, py(33) p31)
RD 7 AALOG —[4]cikin BT —___, b, (32 28]
DB
2 s L J5|iNTR 2|18, Dy(31) ]
° {6]vint1  DBy[TH— 4 b, (30) ]
S ADCO803 o [7Flvint) DByl — 4 b, (20, 2
ADC0804 —{8]AGND  DBs[T— 4 Dy (26) [30)
=—150pF o——{¥|VRer2  DBg[T—— D4 27 ]
. WR DGND DBy E!.SB_.. D7 {28) []]
WR 3 =<
1
74032 3 < Ayz(22) [34]
8 T< Agy {ZJ)H
7 < Aqg(24) M]
1, Dmaoe2 —5—@<-< Ays (25) [33]
< VMA (5) [F]
T Numbers in parentheses refer to MCE500 CPU Pinout,
1T Numbers or letters in brackets refer to standard MCB800 System Common Bus Code.
FIGURE 22. MAPPING THE A/D AS AN FIGURE 23. ADC0R0X TO MC6800 CPU INTERFACE

IO DEVICE FOR USE
WITH THE Z-80 CPU

18
+CB,
19
cB,
10K
AAA
VW
ADCO0B03 - ADCOBOS MC8520

— (MCS6520)
€5~ ve Bl _osv

o]
o 2|RD  CLKR[i3 PIA
7 L3 WR DBy LS8 10 lpg,
1"
—4a[etkin peyfiT— M Jee,

L. _J5/INR DBt 12 lpa,

1
ANALOG ©- [E]vints Dagiel— 13 lpg,
INPUTS o [FIVint  DByJT 1 ,{rs,
——[8|AGND  DBy[i3] 15 ir5;

J'150pF o8] Veer'2 0Bg[1Z— 16 Jlpg,
7o)

”-{”_j DGND DB [T} MSB__ 17 lop,

FIGURE 24. ADC030X TO MC6820 PIA INTERFACE
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ADC0803, ADC0804

Dual-In-Line Plastic Packages (PDIP)

INDEX

PLANE

—>l ot — i : l
| "o A 6a
B1 i Bc"bj [+
B [t~
Ht—-- Bg

BASE
PLANE

N T T 0

i oF O LA

E«—-D—»j

=

Dt —

so0 .25 @ c[ale @]

NOTES:

1.

Controlling Dimensions: INCH. In case of conflict between English
and Metric dimensions, the inch dimensions control.

. Dimensioning and tolerancing per ANSI| Y14.5M-1982.
. Symbols are defined in the “MO Series Symbal List” in Section 2.2

of Publication No. 95.

. Dimensions A, A1 and L are measured with the package seated in

JEDEC seating plane gauge GS-3.

- D, D1, and E1 dimensions do not indlude molid flash or protrusions.

Mold flash or protrusions shall not exceed 0.010 inch (0.25mm).

. Eand ﬁ are measured with the leads consirained to be perpen-

dicutar To datum .

- ep and e are measured at the kead tips with the leads uncon-

strained. ec must be zero or greater.

. B1 maximum dimensions do not indude dambar protrusions, Dam-

bar protrusions shall not exceed 0.010 inch {0.25mm).

. N is the maximum number of terminal positions.
10.

Comerleads (1, N, N/2 and N/2 + 1) for EB.3, E16.3, E18.3, E28.3,
E42 .6 will have a B1 dimension of 0.030 - 0.045 inch (0.76 - 1.14mm).

E20.3 (JEDEC MS-001-AD ISSUE D)
20 LEAD DUAL-IN-LINE PLASTIC PACKAGE

All intersil products are manufactured, assembled and tested utilizing 1ISO8000 quality systems.
Intersil Corporation’s quality certifications can be viewed at website www intersil. com/quality/iso asp.

INCHES MILLIMETERS
SYMBOL| MIN | MAX | MIN MAX | NOTES
A - 0.210 - 5.33 4
Al 0.015 - 0.39 - 4
A2 0115 | 0195 | 293 | 495 .
B 0.014 | 0022 | 035 | 0558 -
B1 0.045 | 007¢ | 155 | 177 8
C 0008 | 0014 | 0204 | 0356 -
D 0980 | 1060 | 2480 | 269 5
D1 0.005 - 0.13 - 5
E 0.300 | 0325 | 762 | 825 6
E1 0240 | 0280 | 610 | 711 5
8 0.100 BSC 2.54 BSC -
es 0.300 BSC 7.62 BSG 6
ep - 0.430 - ] 10.92 7
L 0115 | 0150 | 293 [ 3.81 4
20 20 9
Rev. 0 12/93

fntersil products are soid by description onfy intersi Corporation reserves the nig
Accordingly, the reader is cautioned fo verify thal dafa sheets are current before
ever, no responsibility is assumed by Intersil or its subsidiaries for its use: nor fo.
license is granted by impiication or otherwise under arty patent or patent rights of inf

r any

ht to reake changes in circuit design and/or spedifications af any time without nolice.
placing orders. Information fumished by Intersit is befieved Io be sccurate and refizble. How-
infringerments of patents or ofher nights of third parties which may resull fom its use. No
s or its subsidianias.

For information regarding Intersil Corporation and its products, see web site www.intersil.com
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LM158,A-LM258,A
LM358,A

LOW POWER DUAL OPERATIONAL AMPLIFIERS

B INTERNALLY FREQUENCY COMPENSATED

N LARGE DC VOLTAGE GAIN: 100dB

B WIDE BANDWIDTH (unity gain): 1.1MHz
(temperature compensated)

B VERY LOW SUFPLY CURRENT/OP (500uA)

ESSENTIALLY INDEPENDENT QOF SUPPLY

VOLTAGE

LOW INPUT BIAS CURRENT: 20nA

(temperature compensated)

LOW INPUT OFFSET VOLTAGE: 2mV

LOW INPUT OFFSET CURRENT: 2nA

INPUT COMMON-MODE VOLTAGE RANGE

INCLUDES GROUND

DIFFERENTIAL INPUT VOLTAGE RANGE

EQUAL TO THE POWER SUPPLY VOLTAGE

LARGE OUTPUT VOLTAGE SWING 0V TO

(Vee - 1.5V)

DESCRIPTION

These circuits consist of two independent, high
gain, internally frequency compensated which
were designed specifically to operate from a sin-
gle power supply over a wide range of voltages.
The fow power supply drain is independent of the
magnitude of the power supply voltage.

Application areas include transducer amplifiers,
dc gain blocks and all the conventional op-amp
circuits which now can be more easily implement-
ed in single power supply systems. For example,
these circuits can be directly supplied with the
standard +5V which is used in logic systems and
will easily provide the required interface electron-
ics without requiring any additional power supply.
Inthe linear mode the input common-mode voltage
range includes ground and the output voltage can
also swing to ground, even though operated from
only a single power supply voltage.

PIN CONNECTIONS (top view)

il

N
DIPg
(Plastic Package)

* »

D&S
S08 & miniS04§
{Plastic Micropackage)

)

P
TS50P8
(Thin Shrink Small Qutline Package)

ORDER CODE
Part Temperature Package
Number Range N s D P
LM158 A -55°C, +125°C . . .
LM258,A -40°C, +105°C . . .
L.M358,A 0°C, +70°C . . . .
Example : LM258N

N = Dual in Line Package (DIP&

D = Small Qutline Package {SQ) - aiso available in Tage & Reel (DT&

S = Small Qulline Package {miniSO) only avalable in Tape & Reel(r T)

P= ‘Qan Sirzgr}ls Small Outline Package {TSSOP) - only available in Tape
ee

1 ~ BE:!
2 ] - (] 7
a[]+ - s
4 [ +[]s

1 - Qutput 1

2 - Inverling input

3 - Non-inverting input
4-Veoo

3 - Non-inverting input 2
6 - Inverling input 2

7 - Qutput 2

B = VCC+

January 2002
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LM158,A-LM258,A-LM358 A

SCHEMATIC DIAGRAM (1/2 LM158)

Yee
0
® | ®
BuA 4uA 100,A
Ce :]E
-1 Q2 Q3
Inverting Eﬂ
input Q1 Q4
Rsc
- . QN
Non-inverting
input L3 {1 Output
T ! —————J a0 Q12
<)
Qs Qo [
504 l
—- GND
ABSOLUTE MAXIMUM RATINGS

Symbol Parameter LM158,A LM258 A | LM358,A Unit

Vee | Supply voltage +32 Vv
V, Input Voltage -0.3 to +32 A

Via Differential Input Voltage +32 v
Put | Power Dissipation 500 mw

Output Shart-circuit Duration 2) infinite

o [Input Current ¥ 50 mA
Toper | Opearting Free-air Temperature Range -5510 +125| 4010 +105 | O to +70 °C
Tsig Storage Temperature Range -65to +150 °C

1. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded.

2. Shortircuits from the output it V.. can cause excessive heating if V¢ > 15V. The maximum output cument is approximately 40mA independent
of the magnitude of V.. estruc%ve dissipation can result from simuflanecus short-circuit on all amplifiers.

3. This input current only exists when the voltage at any of the in(l.]u!leads is driven negative. It is due ta the collector-base junctian of the input PNP
transistor becoming forward biased and thereby acting as input diodes clarnps. In addition to this diode action, there is also NPN parasitic action on
the IC chip. this transistor action can cause the outpul voltages of the Op-amps to go to the Ve voltage level (or to ground for a large overdrive)

far the time duration than an input is driven negative. . 7
This is nat destructive and normal output will set up again for input valtage higher than 0.3V.

3
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LM158,A-LM258,A-LM358 A

] LM158A-LM258A LM158-LM258
Symbot Parameter LM358A LM3se Unit
Min. | Typ. Max. Min. | Typ. Max.
High Level Qutput Voltage (Vo' = 30V)
T, = +25° R, = 2k}
v amb = +25°C L 2% | 27 2 | 27
CH Trnin < Tamb < Trax 26 26 v
Tamb = +25°C R = 10k0 27 | 28 27 | 28
Trmin < Tamb = Trmax 27 27
Low Level Output Voltage (R, = 10kQ)
VoL Tamp = +25°C 5 20 5 20 mv
Tmin < Tamb S Tmenn( 20 20
Slew Rate
SR VCC =158V, Vi =0.5t0 3V, RL = 2k, V/l.l.S
C. = 100pF, unity Gain 03 | 0.6 03] 086
Gain Bandwidth Product
GBP Vee = 30V, f =100kHz,V,, = 10mV, R, = 2kK, MHz
C, = 100pF 0.7 | 1.1 0.7 | 1.1
Total Harmonic Distortion
THD f=1kHz, A, = 20dB, R = 2k(2, V, = 2V, %,
C_ = 100pF, Vg = 2Vpp 0.02 0.02
e Equivalent input Noise Voltage ny
n f=1kHz, R, = 1009, Ve = 30V 55 55 JAz
DVia |Input Offset Voltage Drift 7 15 7 30 TAY o
Dl [Input Offset Current Drift 10 200 10 300 pASC
! 4)
ey Channel Separation - nole
0tVoz | ™y o f < 20kHZ 120 120 ds

1. Vo= 14V, R, =00, 5V < Voo " < 30V, 0 <V, < Vo' - 15V

2. Thadirection of the input current is out of the IC. This current is essential

exists an the input fines.

3. Theinput comman-mede voltage of sither in
commaon-mode voltage range is Veg* - 1.5

4. Due to the proximity of external components insure that cou
can be datected as this type of capacitance increases at h

ly constant, independent of the state of the output sa no loading change

ut signal voltage shauld net be allowed to go negative by more than 0.3V. The upper end of the
, but aither or both inputs can go ta +32V without demage.

pling is not originating via stray capacitance batween these external parts. This typically
igher frequences.

VOLTAGE GAIN (dB)

OPEN LOOP FREQUENCY RESPONSE (NOTE 3}

140

T T T T
120 01 F
'Y Vee
"l Al v,
\\ wr Vo2
B0 M —

Vog =30V A
80 \‘-sg%a.nhotzrc
N
40 \
'\\
20 vog =+100+15v 4 \\
55°C  Tamp € +125°C N
0 } | ]

10 10 100 1tk f0k 100k 1M tOM

FREQUENCY (Hz)

8

LARGE SIGNAL FREQUENCY RESPONSE

20
K
— L 15V
g
Sis v,§| Vo
2
a Y 7 ETS
_Z_ +Tv g
= e I
0 10
fu
Y
a N
5 A
c 5 N
‘\N
0 ]
1k 10k 100k 1M

FREQUENCY (Hz)

412
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LM158,A-LM258,A-LM358,.A

VOLAGE FOLLOWER PULSE RESPONSE

OUTPUT CHARACTERISTICS

4 T T T 10 3
= VCC = +5V i | 2
S ezk = VCC = +15V H
7Fu VEE = sV s VCC = +30V 35 il
Q et il
Eq 2 w
2
85 / \ g By Il
g = 5 i
g +—HH I";c i
0 \) 1) - v f2
3 |:l) o1 -
. = lo H
— [ E H
s 5 :
L8 ° /7 DY
ju -1 s M
T 4 Tamb = +25°C
zZ5 0.01 BilZ PR TS A N
g 0 1c 20 30 40 0001 001 01 1 10 100
TIME { s) OUTPUT SINK CURRENT (ma)
VOLTAGE FOLLOWER PULSSE RESPONSE QUTPUT CHARACTERISTICS
(SMALL SIGNAL} 8 8 TTI T T I T T T
N 500 T T T T % Yoo
>
t :
3 - i
L =0 [
E 400 ¢ L ﬂ w T
o} \v Q Yy
b= ! <
= asg it g SU “r o o
|IZ_L > - Independent of VQC
L Output - 3 1
© 300 f\v E » Tamb =+25°C
U Tamb = +25°C 5 |/
250 Yoo 730Y © 1 i
o 1 2 31 4 § 6 T 8 0001 0,01 0.1 1 ¢ 100
TIME { s} OUTPUT SOURCE CURRENT {mA)
INPUT CURRENT (Nate 1) CURRENT LIMITING {Note 1}
80 T 80 T T 1T 17
80 Vi=0V— ol o [
T 7 Ern ||
-
= 60 Voo =+ V¥ Z &0 -
z uw
T I e e & 50 <
g w0 VoG = +15V 3 a0 B S
Q 1 e S = [~
E 20 — g 30 ~—
£ 2 Voo=+5v I — 3
10 10

0
55 35 15 5 25 45 65 85 105 125
TEMPERATURE (°C)

0
55 -35 15 5 25 45 B5 85 105 125

TEMPERATURE {°C)

3
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LM158,A-LM258,A-LM358,A

INPUT VOLTAGE RANGE

SUPPLY CURRENT

POSITIVE SUPPLY VOLTAGE (V)

15 T T
Voo
s / E 3 mA [
ur |
@ 10 4 =
E Négative / 2or
o) £t
>
z o | 1
§ 5 / Positive | - = Tarnb = 0°C fo0 +125°C
= ﬂj 1 »
/ 0 [—1
Taﬂ'lp = -55]'C
0 5 10 15 0 10 20 k1]
POWER SUPPLY VOLTAGE {1V} POSITIVE SUPPLY VOLTAGE (V)
160 T ‘ I ] 100
_ R =20k z i
2 = 75
2120 // \}\ >
brd _eT S = .
< i
Q ] R,=2k . I
80 L 50 }
L o
9 - e | () /‘
6‘ 40 |—- | a 25— de—T__ _ pp—
3 J =z T, .= +25°C
| L
0 10 20 30 40 0 10 20 30

POSITIVE SUPPLY VOLTAGE (V)

160 T
— R, =20k -
%‘ 120 -
z |
&
o g0 | R =2k ]
(D —
5
o 40
>
0 10 20 30

POSITIVE SUPPLY VOLTAGE (V)

GAIN BANDWIDTH PRODUCT (MHz)

1.5,
1.35 e

1.2 <
1.05 ~
0.9 ! (\‘\
0.75 T Vg = T5v—
06 | |
0.45 !
0.3

015 |~ ]

0
-55-35-15 5 254565 85 105125
TEMPERATURE (°C)
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LM158,A-LM258,A-LM358,A

115 A

110 , P
105 || SVR

100 | | ]

95
20
85 |
80 I R
75
70
65 N
60-55-35-15 5 2545 65 85 105 125
TEMPERATURE (°C)

POWER SUPPLY REJECTION RATIO (dB)

115 -
1m0 | | |

105
100 |
95 |/ IBRAN

90 N
85
80
75
70 | _
85 _ |
B0-55-35-15 § 2545 65 85 105 125

TEMPERATURE (°C)

COMMON MODE REJECTION RATIO (dB)
£

TYPICAL APPLICATIONS (single supply voltage) V. = +5V,

AC COUPLED INVERTING AMPLIFIER

AC COUPLED NON-INVERTING AMPLIFIER

Ry
100k R,
e &
L NTTR
R1 (as shawn A, = -10}
Cr 10k )
g | i— L o o
o1 £ T et D
Luiss oAl —, v 2)r
o
Ra Ry
: 4,2k 10K
L] R2 R3
|\&G‘ 100 100k —

R1 Rz
100k ™
A =1+82
i -

Al
1 {as shown A = 11)

01 F=m
Ld c, X
= U rome N e
c b-,0 e 3
—i

R

10k
R3
© 1™

’ T‘::'(;.

¥ FID

NON-INVERTING DC AMPLIFIER

"DC SUMMING AMPLIFIER

av=1e gl

L‘L_’_i\ (A8 shown A, = 101)
1N )

8y 100k
(o3

= e + e e -
w?-lere (e 3 e 2 3 +8,)
lokeepe, > EI

J
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LM158,A-LM258,A-LM358,A

HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

R2 R4
100K 100k
RY ——+ —
100
EN
. 100k
12 . T
LM158/>+{:_‘ k\
WA T LM15'§..>' ~OVy
+V20 L

ifTR1=R5and R1=R4 = R6 = R7
a,=[1+ 2R1]((e:+ ey}
R2

As shown g, = 101 (e; + e4)

USING SYMMETRICAL AMPLIFIERS TO
REDUCE INPUT CURRENT

-

= ‘
i 3M J‘:‘% ‘
- |: P

-7 Input current compensation

HIGH INPUT Z ADJUSTABLE GAIN DC
INSTRUMENTATION AMPLIFIER

if R1=R5 and R3 = R4 = R6 = R7
g =[1+ 2R1 J{{ez+eq)
R2

As shown e, = 101 (eg + e4)

LOW DRIFT PEAK DETECTOR

I
I .
12 |
= S8,
" \LH ﬁ_.'_ti_L”‘si/ o
tdi1se_—— :
_elo,q[;//" c lZI %

D

2N 929..!. 0.001 F

2l e

R il ‘m
1M — S:I!MR Lms>
- =" Inpud current
Ig compensation

ACTIVE BAND-PASS FILTER

L R
io{ 1
R3
100k oV,
R7
100k
[ HOVee
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LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC DIP

o
[ 7
t F - |
J = -
[ o8] E
t .
[ z
[
0
A r1Mm .,
[} 5
('
1 4
[ Y N S |
Millimeters Inches
Dim.
Min. Typ. Max. Min. Typ. Max,
A 3.32 0131
at 0.51 0.020
B 1.18 1.65 0.045 0.065
b 0.356 0.55 0.014 0.022
b1 0.204 0.304 0.008 0.012
D 10,92 0.430
E 7.95 9.75 0.313 0.384
e 2.54 0.100
el 7.62 0.300
ed 7.62 0.300
F 6.6 0260
i 5.08 0.200
L 3.18 381 0.125 0.150
Z 1.52 0.060

3
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LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE { miniSQ )

mER

y
PIN1IDENTIFICA TION /

Dim. Millimeters Inches
Min, Typ. Max, Min. Typ. Max.
A 1.100 0.043
Al 0.050 0.100 0.150 0.002 0.004 G.006
A2 0.780 0.860 0.840 0.031 0.034 0.037
b 0.250 0.330 0.400 0.010 0.013 0.016
c 0.130 0.180 0.230 0.005 0.007 0.008
D 2.900 3.000 3.100 0.114 0.118 0.122
E 4,750 4.900 5.050 0.187 0.193 0.199
E1 2.800 3.000 3.100 0.114 0.118 0.122
e 0.650 0.026
f 0.400 0.550 0.700 0.016 0.022 0.028
L1 0.950 0.037
k 0d ad éd 0d 3d 6d
cce 0.100 0.004
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LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - PLASTIC MICROPACKAGE (SO)

Millimeters Inches
Dim.

Min. Typ. Max, Min. Typ. Max.
A 1.75 0.069
at 0.1 0.25 0.004 0.010
az 1.65 0.065
ajl 0.65 0.85 0.026 0.033
b 0.35 0.48 0.014 0.19
bt 0.19 0.25 0.007 0.010
C 0.25 0.5 0.010 0.020
¢l 45° (typ.)
D 48 5.0 0.189 0.197
E 5.8 6.2 0.228 0.244
e 1.27 0.050
al 3.81 0.150
F 38 4.0 0.150 0.157
L 04 1.27 0.016 0.050
M 0.6 ’ 0.024
s 8° (max.)

EI- 1112




LM158,A-LM258,A-LM358,A

PACKAGE MECHANICAL DATA
8 PINS - THIN SHRINK SMALL OUTLINE PACKAGE (TSSOP)

[}
—_y
Il

d

0 E{ b
G )
J i /
PIN 1 IDENTIFICATION
Millimeters Inches
Dim

Min, Typ. Max. Min. Typ. Max.
A 1.20 0.05
A1l 0.05 0.15 .01 0.006
A2 0.80 1.00 1.05 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
c 0.09 0.20 0.003 0.012
D 2.90 3.00 3.10 0.114 0.118 0.122

E 6.40 0.252
E1 4.30 4.40 4.50 0.169 0173 0177

e 0.65 0.025

0° 8° 0° g°

I 0.50 ¢.60 0.75 0.09 0.0236 0.030
L 0.45 0.600 0.75 0.018 0.024 0.03¢

Lt 1.000 0.039

Infarmation furnished is believed to be accurate and reliable, Howaver, STMicroelectronics assumes no responsibility for the
consequences of use of such Information nor for any infringement of patents or other rights of third parties which may result from
its use. No licensa is granted by implication or otherwise under any patent or patent rights of STMicroelactronics. Specifications
menttoned In this pubiication are subject to change without notice. This publication supersedas and replaces all information
previously supplied. STMicroclectronics products are not authorized for use as critical components in life suppart devices ar
systams without express written approval of STMicroelectronics.

© The ST logoe is a registered trademark of STMicroslectronics

© 2002 STMicroslectronics - Printed in kaly - All Rights Resarved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - Finland - France - Gemmany - Hong Kang - India - Israel - ltaly - Japan - Malaysia
Malta - Morocen - Singapore - Spain - Sweden - Swilzedand - United Kingdom - United States
© hitp:/fwww.st.com
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