MAIAgIENI NN
AaITAYMIANI IAINITY
aoumalulziinszesmndudgammisaianseiie
TufusenByanilnus

o d 4 Y [y a o aa
waﬂ?tgty'mwuﬁ NTBNIADAAVUAIBITHUUAIADA

DIGITAL SWR METER
Fernfinm 1 wnannsemss  dydiuadnd  sWadszdida 39031201
2. wiengl anfilseialy svaszdidia 39031202
3. WINTEA eELIY sHerlsedin 39031203
4. wieng wwnd  svalszdidy 39031239
niingns aymansgaainassuludin MU sy Insauuiny
d ¥ - o
211sgnIuRNLSyantinus
1. N3N DINIHITY
2.00501suialy  iAuiude
P [Y) 4
3. 9191501y ELR PR ELTY
o d A A
AMTNITNMITOVYInyan s meiieie
1. HALIgNT BENITITY 2

o L) o

2. 0dsuasy inunude

3. 0sinaiHesd  wugiindana
o' o 4

4. 91150100 g1 I

5050 inyad WandasEga

Ywipsuiiaey Tuh 1 wguany 2541 1111430 U

anmfidey #pd 310 AUATMAATAAINNTIY

“ 1ﬁau...m..w.ﬂﬂ....

WA INWYAAY o 8YEYY)

$AINAFAAATININTTN



DIGITAL SWR METER

w o =3

UNWANNTINN Tsdinadng

Wil ansusuialy
= o
WIINTYA Ay
wwoing MANTRA
0] ! '

A022452

—————

mw:.‘i,.........'........, reevrerees
-~ (022452

tnmﬂ:tuau«omﬂcmmmm:

% - d () 5
W oneu b 0 AR ML

b4
v i) = o | A o o ~
Wygniwusatviidudmmitawesnmsfhymundngasasmanigaamnssusudia

Ll I

AUMINIAINTIY INTANUIAY
MATNATAAATIAINGTY AULATMAATRAIINATIY

aoiuima TuTadwszeoundudhgunmsainnszals

Ynsfnui 2540



" Baaniinug

e meam m e

de

¢

-] d'l [ o = d ana
138 IAT9NINIBTALLAININULAINDA

DIGITAL SWR METER

1. HNAINTBINGY
2. wiofig

L=} oy
3. WIN30974l

4. wweilgng.

1sdnf3nmn

Sydiverdnd
Infisziasy
qudy

NI

(@m136iloy

51 Yani)

(Y] L o Jday
HINHIRIAINAFAITAIIAINTTY

(HA.A5. 570

WY o BY5Y7)



d
Peyandinus
i

389 AT NAAR VYR I ILYASAea

DIGITAL SWR METER

!

[ % d
Inguszoen
A =4 P=] [y t& ¥ e w 1A é
L INBAINYINQ Y HASNaNNMIVBINITINTIIANMMGIINYTDST
- an v
2. lWﬂOOﬂllUU'N%illﬂﬂ\lllSu8aﬂﬂl“ﬂu{ﬂ‘i}ﬂﬁﬁ HAaSNITUIN, AU LUSIAU
A -d ar o = any
3. !Wﬂﬂ%"!\iiﬂﬁ'ﬂ\l’)ﬂl'ﬂﬂ’ﬂﬁﬂﬁ’)’01‘3}I'U‘Uﬂ‘ﬂﬂﬂﬁ

A L] A o a a as
4, IWON'llﬂi’fN'Jﬂlﬂ’dﬂUU?I'JEJ']SIH‘UUﬂ%ﬂﬂﬁvlﬂal‘BI\ﬂu

vslsnifimaiesidsy
o ifiamsiSoudnguj uaznﬁnmwmqwsm?aﬁﬂmﬁqffﬁm,lﬁams
2. Ideslasusuzaenidiuddaoa uazawsuan, avusey

3. 1dindesianaduudiensuuuisnea

[} A L. .Y o sy
4. musonunTeialaduualnsuuuditana lu 19y



d' [V} [y = d aa
AINIAUBTAVUAIDIIUVVUADNOD

L) =

UNAINTOMNBY  Vydiuadad

wiwfigd andilszialdy
WINTO qudu
wwed{ng MaN1NA

J L]
CADRECIRIE Y
HA.IgNS BINIBITN

4 - [
sdlszaly  uiude

o Y 4
9191560y N9 e
Umsainm 2540

[¥] 1]
UNAAELD
a - 4 Y] dy A A o [y - o aa =
Usganiwusatviiaus Inssnuiseunsoiaeanuudlonsiuuitnealaeil
dmsenou fis 2esdaneaduuaieis, MeshulumeaduUa201Y taznes lulns
L4 t-"l @ A ] A Q' A
nouInsalans e 1 lumsiadasiauUsInauINYesLUUaI00IMA Falsenoudas
- A oy A ' A | & 4 1 [
BunaAniduNa FrounininTosdeing uaziemyanilusanane ludsaeime
), o)y A ] Y [ Y] [ ] 4 A' a { 1
annse 1duldae Fonmanaasanuigunsaiameanadluaguileldese 1Y

ANND 144 - 146 INNzIFSA TaslianuRanamyssna +5 %



DIGITAL SWR METER

MISS. KRONGTONG  MACHCHIMSATIT

MR. KAN SITTIPRASERT
MR. KRIENGVUT VARUNNSIN
MR. ANIRUT HONGSAVONG
ADVISORS

Assist. Prof. WISUIT ATIPORNTUM

MR. PRASERT KENPANKHO
MR. PIYA SUPAVARASUWAT
1997

ABSTRACT

This thesis presents the project of DIGITAL SWR METER. The project consists of
SWR meter circuit, SWR calculation value circait and Microcontroller circuit. It uses to
measure a Standing Wave Ratio (SWR) of antenna system. It has one input which connects
from radio transmitter and one output which connects to antenna. It is used easily from
testing found that the measured SWR valve is correct. Frequency rang 144 - 146 MHz is

error +5 %
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7.0 11.002 1.3398 1.3341
7.1 1.002 13242 1.3286
7.21 1.002 13281 1.3228
7.3 1.002 1.3464 1.3181
7.4 1.002 13085 13132
7.5 1.002 1.3046 1.3084
7.6 1.602 1.3007 1.3037
7.71 1.002 1.2929 1.2987
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ATNN 4.1 (A19) MANUNIIATIVOUDAAVUAIDNITUINDT

ANITUEANI AnTTIe Aeaduudies | Aueaduudiers
funth fazRoundy ¥4 asmonld
7.80 1.002 1.2929 1.2087
7.90 1.002 1.2929 1.2905
8.00 1.002 12812 1.286
8.10 1.002 12812 1.2823
8.2 1.002 12734 12784
8.3 1.002 12773 1.2745
8.4 1.002 12734 1.2708
8.5 1.002 1.2095 1.2672
8.6 1.002 12656 12637
8.7 1.002 1.2617 1.2603
8.8 1.002 12578 1.2569
8.90 1.002 1.2500 1.2537
9.0 1.002 1.2500 1.2505
9.1 1.002 1.2500 1.2505
92 1.002 1.2500 1.2505
9.3 1.002 1.2500 1.2505
9.4 1.002 1.2500 1.2505
9.5 1.002 1.1678 1.2350
9.6 1.002 11562 1.2330
97 1.002 1.1406 1.2301
9.8 1.002 1.1328 12277
9.9 1.002 11210 12252

10 1.002 1.1210 1
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4.6 MINAADLIAMANNITBIATIVBY AUV NINDS

MINT 4.2 AIANNIRYNSWBUBAAU VA NINDT

ANTANI Anszia AueaRULdIT AnedsuuaIes
Aunth I —— #¥a'la fsmna'y

1302 1.002 10-0 7.724
1.400 1.002 9.50 6.010
1500 1.002 7,50 5.000
1.600 1.002 5.60 4.345
1.703 1.002 520 3.850
1.803 1.002 4.70 3.511
1.904 1.002 4.00 3219
2.0 1.002 3.80 2.996

2.1 1.002 3.50 2.825.
22 1.002 3.20 2.667
2.308 1.002 3.00 2.540
24 1.002 290 2.424
2.5 1.002 2.70 2331
2.601 1.002 2.60 2.525
2.701 1.002 2.50 2.178
28 1.002 2.45 2.113
2.9 1.002 2.40 2.054
3 1.002 230 1.999
3.102 1.002 2.30 1.955
3.20 1.002 2.20 1.911
330 1.002 2.10 1.872
3.40 1.002 2.00 1.832
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M990 42 (AB) AANUINERTIVBABAAULAIDT TilnDT

ANTzHams Mg AuoaduLaes AuoaFUUAI01S
R fazRound #¥a'ld fsmarld
3.50 1.002 2.00 1.800
3.60 1.002 2.00 1.770
3.70 1.002 1.97 1.742
3.80 1.002 1.90 1.716
3.90 1.602 1.90 1.691
4.03 1.002 ; 1.85 1.653
4.1 1.002 1.85 1.642
4.2 1.002 1.80 1.626
43 1.002 1.80 1.605
4.4 1.002 1.80 1.588
45 1.002 1.75 1.571
4.6 1.002 175 1.556
4.7 1.002 1.7 1.540
48 1.002 1.7 1.526
49 1.002 1.7 1.514
5.0 1.002 1.7 1.501
5.1 1.002 17 1.489
5.2 1.002 1.65 1.475
5.3 1.002 1.65 1.466
5.4 1.002 1.6 1.454
5.5 1.002 1.6 1.445
5.6 1.002 1.6 1.435
5.7 1.002 1.6 1.426
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d' 1 1 o o = o 4
MTIN 4.2 (A9) ANNUNINTIYOUBAAVVAIDITUINDT

AMNTELANI Anszua Aueaduudiens | Aueaduudiong
Aumi faztoundu a4 Al
5.8 1.002 1.6 1.417
5.9 1.002 16 1409
6.0 1.002 155 1.400
6.1 1.002 1.5 1.400
6.2 1.002 15 1.384
6.3 1.002 15 1377
6.4 1.002 15 1371
6.5 1.002 1.5 1363
6.6 1.002 1.5 1357
6.7 1.002 1.5 1.351
6.8 1.002 1.5 1.346
6.9 1.002 1.5 1.339
7.0 1.002 1.5 1334
7.1 1.002 1.45 1.328
72 1.002 1.45 1322
7.3 1.002 145 1361
7.4 1.002 14 1313
7.5 1.002 1.4 1.308
7.6 1.002 14 1.303
7.7 1.002 1.4 1.298
7.8 1.002 14 1.298
7.9 1.002 14 1.290
8.0 1.002 14 1.286




75

M3 4.2 (Ag) MANTivnsweusadULAIITiines

ANTTUANIY AMNITUA AueaduvLdiery | Aueasuudies
funh fazRoundu a4 Asaald
8.1 1.002 1.4 1282
8.2 1.002 14 1278
83 1.002 1.4 1.274
8.4 1.002 14 1.270
8.5 1.002 1.4 1.267
8.6 1.002 1.37 1263
8.7 1.002 137 1.260
8.8 1.002 1.36 1.256
8.9 1.002 1.35 1253
9.0 1.002 .35 1.250
9.1 1.002 1.35 1250
9.2 1.002 133 1.250
9.3 1.002 132 1.250
9.4 1.002 132 1.250
9.5 1.002 131 1.235
9.6 1.002 131 1233
9.7 1.002 131 1.230
9.8 1.002 131 1227
9.9 1.002 1.31 1.225
10.0 1,002 13 1222
10.1 1.002 13 1222
10.2 1.002 1.3 1222
103 1.002 13 1222
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AN 4.2 (AD) MANTUNTIATIVUDAAVUAIDITUINDT

ANTZUANN MmnsTId AeadRuvdInts AuoaULAI0T
funTh favioundu nia'ld Asaala
10.4 1.002 13 1.222
10.5 1.002 13 1222
10.6 1.002 13 1.222
10.7 1.002 13 1.222
10.8 1.002 13 1.222
10.9 1.002 13 1.222
11.0 1.002 13 1.222
11.1 1.002 13 1.222
112 1.002 1.3 1222
113 1.002 13 1222
11.4 1.002 13 1.222
11.5 1.002 1.3 1.222
11.6 1.002 13 1222
11.7 1.002 13 1.222
11.8 1.062 13 1222
11.9 1.002 13 1.222
12.0 1.002 125 1.182
12.4 1.002 125 1.182
12.3 1.002 125 1.182
12.4 1.002 1.25 1.182
12.5 1.002 125 1.182
12.6 1.002 125 1.182
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MATNN 4.2 (FA18) AMANUNYIATIVDAUDTAUUAIDITUIADT

M s Nk ovor

ANTTUANI ANTEiLE AeaduuaIg Aueaduudalns
A fasRoundy ia'ld fgesld
12.7 1.002 1.25 1.182
12.8 1.002 1.25 1.182
12.9 1.002 1.25 1.182
13.0 1,002 125 1.182
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© L aemsgUnsehesunusaiy

R100kQ 4 M
R10kQ 2 M
R 1 MQ 1 @
VR 100 kQ 1 M
! IC LF 353 1
2. s1umigUnsaiiiesaaneunseiy
| R 100 kQ 2 M
: VR 10kQ 2 M
ICLF 353 1 @

3. semsgUnsaisosniumansady nos90Iatmsady

R 10 kQ 1 a7
, VR 100 kQ 2 M
VR 10kQ ) N
ICLF 353 3 M

e e W

4. swmsgunsaivertesasdyanameuzaeniiluftnea uazaeaslulnsneuins

a3 8951
R 10kQ 3 M
| VR 20 kQ 1 M
RPACK 10 kQ 1 17
C 10 pF 1 17
C 30 pF 2 i
: C 120 pF 2 M
IC 8951 1 M

ICADC 0801 2 A7
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ﬁwunfh
Sudu

y

o Lé
Auidonsy
SWR=

v

Fudunai
Port 0, Port 1

17
Po #1y P1

uﬂmri;
MY

A

uaaInh
nedivy

- I
delay 12U

HHAA
00.0000

g1 1 umudams i




next:

100

TsunsuveunsesSawasuudiersuuufdnea

org
xh
x1
yh
yl
z0
zl
z2
z3
zh
zl

ZovV

mov
call
mov
call
mov
call
mov
call
mov
call
mov
cail
mov

call

00h
equ  65h
equ  6ah
equ  6bh
equ  6¢ch
equ 6dh
equ  6eh
equ  6fh
equ  70h
equ  6dh
equ  6eh
equ Oh
call  clearlced
r0,#01h
writeinst
r0,#81h
writeinst
r0,#S'
writechar
r0,#W'
writechar
r0#R'
writechar
r0#"'
writechar
r0,#='
writechar

; clear lcd and set start up



derl:

der:

mov
call
mov
cjne
call
mov
cjne
call
mov
mov
mov
div
mov
mov
call
call
mov
call
call
mov
Call
mov
mov
mul
mov
mov
mov
mov

call

r0#"'
writechar
a,p0
a,#00h,derl
zero

a,pl
a,#OOh,dgr
INFINITE
apd;t
40h,pl ;d
b,40h

ao

41h,b
dpla
HTOD
nar
10,#0cOh
writeinst
output
rO#'.
writechar
a4lh
b,#16

ab

xh,b

xl,a
yh,#00
yl,40h
divlé
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Zero:

mov
mov
mov
mul
mov
mov
mov
mov
call
mov
call
mov
call
mov
call
call
ajmp
mov

call

. MoV
call
mov
call

mov

Call

30h,z2
a,z0
b,#16

ab

xh,b

xl,a
yh,#00
yl,40h
divié
31h,z2
adder
r3,37h
output
r3‘,3 6h
output
delaylsec
next
r0,#87h
writeinst
r0,#0'
writechar
r0,#0cOh
writeinst
10,#0'
writechar
r0,#0'
writechar
r0#.

writechar
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e e e

e me

o

mov
call
mov
call
mov
call
mov
call
call
jmp
INI:'INITE:
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call
mov
call

mov

r0,#0'
writechar
r0,#0'
writechar
r0,#'0'
writechar
r0,#0'
writechar
delaylsec
next
mov  10,#87h
writeinst
0 #T
writechar
r0,#0cOh
writeinst
r0,#N'
writechar
r0#'F'
writechar
0 #T
writechar
r0,#N'
writechar
r0#T *
writechar
r0,#T
writechar

r0,#Y'



wes w104

call writechar
call delaylsec
jmp next

output: mov ar3
swap a
anl a#0fh
Icall bed
mov r0,a
call writechar
mov anr3
ani a#0fh
lcali bed
mov 10,a
call writechar
ret
ret

bed: inc a
move a,@atpc
ret
db  '0123456789'
delaylsec:call delaykey

call delaykey
cail delaykey
call delaykey
call delaykey

ret
HTOD:clr a
mov rl,a

mov r2,a



e

mov

mov
HTOD!:mov
rlc
mov
mov
rlc
mov
mov
mov
HTDD2:mov

addc
da
mov
dec
djnz
djnz
ret

nar: mov
anl
call
mov
call

ret

r3,a

r4,#16 ; shift 16 bit
a,dpl

a

dpl,a

a,dph

a

dph,a

r3,#3 :add decimal
r0,#3 :index tor3

a,@r0

a,acc

a.

@r0,a

0

r5,htdd2

r4,htod1

a,r2
a,#0fh
bed
r0,a

writechar

;registers used in 16 bit division

;bits

div1é:

mov a,yh

orl

ayl
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jnz div_ok
setb  zov

ret

div_ok:

mov rl,xh

mov  r0,xl
mov  xh,#0
mov  xL#0
mov 13,#0
mov r2,#0
mov 17,#16
div_loop:

clr c
mov  a,r(
ric a
mov 10,a
mov a,rl
rlc a
mov rl,a
mov  a,xl
rlc a
mov xla
mov a,xh
rlc a
mov xh,a

lcall subl6
mov C,Zov
cpl c

jnc div_1



mov  xh,zh
mov  xl,zl
div_1:

mov  a,r2
rlc a
mov r12,a
mov ar3
rlc a
mov 13,a

djnz  17,div_loop
mov  z3.r3
mov z2,r2

mov zl,xh

mov  z0,xl
clr  zov )
ret

;-register used in 16 bit subtrtaction

;-bits

subl6:

mov  ayxl

clr c

subb ayl

mov zla

mov  a,xh .
subb a,yh

mov zh,a

mov ZzZov,C

ret
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o 303k ofe o ok o o oke ok o 2k 3k e 3 3k ok 3k 2 ke ok 2k ok o s 3B o obe ok 2 ke ok 2 3 2k 3 3k ok o e o e o ok ok ok ke ke ok sk ok ok ok ok ok ke kR
; clear LCD

clearled: cir p3.3;

clr

cir

p3.4
p3.5

jRRkkR¥xk* begin intialization

acall
mov
setb
clr
acall
mov
setb
clr
acall
mov
setb
clr

acall

delay
p2,#38h
p3.5
p3.5
delay
p2,#38h
p3.5
p3.5
delay
p2,#38h
p3.5
p3.5

delay

;********** set up dlsplay 24 ok ok o ok

mov

acall
mov

acall
mov
acall
mov
acall

ret

r0,#38h
writeinst
r0,#0Ch
writeinst
r0,#01h
writeinst
r0,#06h

writeinst
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k%
jekkERnE delay dokokk

delay:mov dptr,#0h
loop:inc dptr

mov rl,dph

cjne r1,#0bh,loop
ret

s*#** write character to display **

writechar: acall
clr
setb
mov
setb
clr |

ret

busywait
p3.4

p3.3
p2,r0

:** write instruction to display **

writeinst: acall
clr
clr
mov
setb
clr
ret

b

busywait
p3.4
p3.3
p2,10
p3.5
p3.5

:** wait until module is ready **

busywait: mov p2,#0ffh

clr p3.3
setb p3.4
setb  p3.5
busy:jb p2.7,busy
clr p3.5
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ret

delay.asm 0.2 s

.
s,

delaykey: mov dptr,#0ffffh
subl: nop
nop
nop
djnz dpl,subl
djnz dph,subl
ret
;**********13**#********#******************
adder: mov  a,30h
cine  a#0.nal
mov  32h,#00h
mov  33h#0Ch
ajmp adderl
nal: mov a30h
cjne  af#l,na2
mov  32h,#06h
mov  33h#25h
ajmp adderl
na2: mov a,30h
cjne  a,#2,na3
mov  32h#12h
mov  33h#50h
ajmp adderl
na3: mov a,30h
cjne  a,#3,na4
mov 32h#18h
mov 33h#75h



- .

v

nad:

nas:

na6:

na7:

na$:

na9:

ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov

cjne

adderl
a,30h
a,#4,nas
32h,#25h
33h,#00h
adderl
a,30h
a,#5,nab
32h,#31h
33h,#25h
adderl
a,30h
a,#6,na7
32h,#33h
33h,#81h
adderl
a,30h
a,#7,na8
32h,#40h
33h,#06h
adderl
a,30h
a,#8,na9
32h,#46h
33h,#31h
adderl
a,30h
a,#9,nal0

mov 32h,#56h
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e =

-
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nal0:

nall:

nal2:

nal3:

nald:

nal$s:

mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov

cjne
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33h,#25h
adderl
a,30h
a,#10,nall
32h,#62h

*33h,#50h

adderl
a,30h
a,#11,nai2
32h,#68h
33h#75h
adder]
a,30h
a,#12,nal3
32h,#75h
33h,#00h
adderl
a,30h
a,#13,nal4
32h,#81h
33h,#25h
adderl
a,30h
a,#14,nals
32h,#87h
33h,#5Ch
adderl
a,30h
a,#15,adderl



adderl:

narl:

nar2:

nar3:

nar4:

nars:

mov
mov
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov

cjne

32h,#93h
33h,#75h
a,31h
a,#0,narl
34h,#00h
35h,#00h
adder2
a,31h
c,#1,nar2
34h,#00h
35h,#39h
adder2
a,31h
,#2.nar3
34h,#00h
35h,#78h
adder2
a,31h
a,#3,nar4
34h,#01h
35h,#17h
adder2
a,31h
a,#4,nar5
34h,#01h
35h,#56h
adder2
a,31h
a,#5,nar6
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nar6:

nar7:

nar8:

nar9:

narlQ:

narll

mov
mov
ajmp
mov
cjne
mov
mov
amp
mov
cjne
mov
mov
ajmp
mov
cjne
mov:
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp

. mov

34h,#01h
35h,#95h
adder2
a31lh
a,#6,nar7
34h,#02h
5h,#34h
dder2
a,31h
a,#7,nar8
34h,#02h
35h,#73h
acider2
a,31h
a,#8,nar9
34h,#03h
35h,#12h
adder2
a,31h
a,#9,narl0
34h,#03h
35h,#51h
adder2
a,31h
a,#10,narl1
34h,#03h
35h,#90h
adder2
a,31h
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narl2:

narl3:

narl4:

narl5:

adder2:

cjne

mov

mov

ajmp

‘mov

cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
ajmp
mov
cjne
mov
mov
clr
mov
add
da
mov

mov

a#11,nar12
34h,#04h
35h,#25h
adder2
a,31h
a#12,narl3
34h,#04h
35h,#68h
adder2
a31lh
a,#13,narl4
34h,#05h
35h,#07h
adder2
a,31h
a,#14,narls
34h,#05h
35h,#46h
adder2
a,31h
a,#15,adder2
34h,#05h
35h,#85h

c

a,33h

a,35h

a

36h,a

a,32h
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addc a,34h
da a
mov 37h,a
ret
$include "div16.asm"
$include "lcd1l.asm"
$include "delayl.asm"
$include "adder.asm"

end
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December 1994

National Semiconductor

ADC0801/ADC0802/ADC080

3/ADC0804/ADC0805

8-Bit uP Compatible A/D Converters

General Description

The ADCO801, ADCO0802, ADCO0803, ADCO0804 and
ADC0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—

- simitar to the 256R products. These converters are de-

signed to allow operation with the NSC800 and INS8C80A
derivative control bus with TRI-STATE® output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/G ports to the microprocessor and no inter-
facing logic is needed.

Ditferential analog voltage inputs allow increasing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smaller analog vcitage

u Differential analog voltage inputs

Logic inputs and outputs meet both MOS and TTL volt-
age level specifications

m Works with 2.5V {LM336) voltage reference

® On-chip clock generator

® OV to 5V analog input voltage range with single 5V
supply

m No zero adjust required

m 0.3" standard width 20-pin DIP package

m 20-pin molded chip carrier or small outline package

m Opera-es ratiometrically or with 5 Vpc, 2.5 Vpe, or ana-
log span adjusted voltage reference

span to the full 8 bits of resolution. . .
Key Specifications
Features m Resolution 8 bits
u Compatible with 8080 uP derivatives—no interfacing = Total error +% LS8, +% LSB and £1 LS8
logic needed - access time - 135 ns m Conversion time 100 ps
m Easy interface to all microprocessors, or operates
“stand alone”
Typical Applications
W
v I
._I a vee )
b CLKA L
e’ L] s = TRANSOUCER
P ®R (¥ ] 150 pF, T
<+ , s 8817 RESOLUTION
< [ 1Y) _ < GVER ANY DESIAED
8 |4~ 2 ons [ g Vo Latt RANGE
raocEsson *le Bl A Vint+) SEE SECTION 2.1
2l T8 o T ) >BiFE INRTS
“+ 2 Jows AGKD ' I'—_" P
«— L2 PP o SANAD
b Yl VRee/l ——OSLESCTION = '-E-'
B, ™ 1 w A
e (1] 0 GKO
W TL/H/E6T1-1
20801 f
80 Interface Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
&} O Full-
Part Scale Vger/2=2.500 Vpc | Vrer/2=No Connection
il p——aeep- ) Number (No Adjustments) (No Adjustments)
Adjusted
'{":._' W [0 an ADC0801 | + 1, LSB
0,
ere. b«-——- L1 ADC0802 +1,LSB
: ADC0803| +1,LSB
DATA
ADC0804 +1LSB
ADC0805 +1LSB

TL/H/5671-31

TRILSTATE™ is a registered rademark of National Semiconductor Corp.
2-80% is a registered trademark of Zilog Corp.
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Absolute Maximum Ratings
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It MWtary/Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) 260°C
pisase contact the National Semiconductor Sales Soldering Information
Oftice/Distribuiors for availability and specifications. Dual-In-Line Package
Suppty Voltage 18V Soldering (10 sec.) 260°C
Power Dissipation (Note 1) Small Qutline Package
N Vapor Phase (60 sac.) 215°C
Operating Temperature Range 0*Cto 1 Zg:g Infrared (15 sec.) 220°C
TiMAX) See AN-450 “Surface Mounting Methods and Their Etfect
Ditferential Input Voitage *30v on Produci Reliability” for other methods of soldering sur-
Input Voltage Range (Note 2) 15V tace mount devices.
Output Shori Circuit Duration Continuous ESD Toterance (Note 7) 1700V
Storage Temperature Range —65°Cto +150°C 644 M Package TBD
DC Electrical Characteristics (note 4
Symbot Parameter Conditions LF3s3 Units
Min Typ Max
Vos Input Offset Voltage Rg= 10k, To=25C 5 10 mvV
Over Temperature 13 mVv
AVos/AT Average TC of Input Otiset Voitage Rg=10kn 10 pv/°C
los Input Offset Current Tj=25"C, (Notes 4, 5) 25 100 pA
Tj<70°C 4 nA
Ig Input Bias Current Tj=25°C, (Notas 4, 5) 50 200 pA
Tj<70°C 8 nA
Rin Input Resistance Tj=25°C 1012 [y}
Avor, Large Signal Voltage Gain Vg= 1+ 15V, Tpo=25C 25 100 V/imV
Vo= £ 10V,R =2kn
Over Temperature 15 v/mv
Vo Output Voitage Swing Vg= 115V, Ry =10k} +12 +135 v
Veum Input Common-Mode Voltage Vg= 15V 41N +15 v
Range ~12 \
CMRR Common-Mode Rejecticn Ratio Rg< 10kf2 70 100 dB
PSRR Supply Voltage Rejection Ratio {Note 6) 70 100 dB
Is Supply Current 36 6.5 mA
AC Electrical Characteristics (ote 4)
Symbol Parameter Conditions LF55 Units
Min Typ Max
Ampiifier to Amplifier Coupling Ta=25°C,f=1Hz—20kHz —120 48
{input Referred)
SR Slew Rate Vg= £15V. Ty =25C 8.0 13 V/us
GBwW Gain Bandwidth Product Vg= £15V, T =25C 2.7 4 MHz
ey Equivalent input Noise Voltage TaA=25C, Rg= 1000, —
f=1000 Hz 16 nV/yHz
In Equivalent Input Noise Current Tj=25°C, = 1000 Hz 0.01 pA/HZ
Note 1: For operating at elevated temperatures, the device must be derated based on a thermal resistance of 1315°C/W typ j forthe N 0
and 158°C/W typ junction to for the H
Note 2: Uniess otherwise specified the absoiute maximum negative input vollage is cqual (o the negative power w?ply voitage.
Note X The power dissipation hmit, cannot be d. ’
Note 4; These specifications apply for Vg= =35V and 0°C<Ta < +70°C. Vos, la and log are meesured at Voyy=0.
Note & The input bias are juncti O which app y double for every 10°C increase in the junction temperature, T Oue to the limited
production test lime, the input bias d are 10 juncti p In normal op the junct p rises above the ambient
temperature as & result of intemal power dissipation, Pp. Tj=Ta + 8j4 Pp where @), is the thermal trom 1o Use of a heat sink is

recommended if input bias current is 1o be kept to a minimum.

with

Note 6: Supply voitage rejection ratio is measured for both supply magt ir ing or
Vg = £6Vio 215V,

Note 7: Human body morial, 1.5 kil in series with 100 pF.

y in
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Functional Description continued)
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“The voltage on this capacitance is switched and wili result in

curents entering” the Vin(+) input pin and leaving the
Vin{—) input which wili depend on the analog differential
input voltage levels. These current transients occur at the
leading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clack period.

1Fault Mode

‘it the voltage source applied to the Vint+) or Vin(—) pin
*exceeds the allowed operating range of Vo +50 mV, large
Input currents can fiow through a parasitic diode to the Vg
“pin. If these currents can exceed the 1 mA max sllowed
spec, an external diode (1N914) shouid be added to bypass
&this current to the Ve pin (with the current bypassed with
this diodes, the voltage at the Viy{+) pin can exceed the
Ve voltage by the forward voltage of this diode).

.2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs wili average these charges
and cause a DC current to flow through the cutput resist-
sances of the analog signat sources. This charge pumping
action is worse for continuous conversions with the Vi(+)
input voltage at full-scale. For continuous conversions with
a 640 kHz clock frequency with the Viy(+ ) input at 5V, this
OC current is at a maximum of approximately 5 pA. There-
fore, bypass capacitors should not be usaed at the analog
inpuls or the Vgee/2 pin for high resistance sources (> 7
kQ). It input bypass capacitors are necessary for noise filter-
Ing and high source resistance is desirable 1o minimize ca-
bacttor size, the detrimental effects of the voltage drop
across this input resistance, which is due to the average
-value of the input current, can be efiminated with a full-scale
adjustment while the given source resistof and input bypass
capacitor are both in place. This is possible because the
average value of the input current is a precise linear func-
tion of the differential input voltage.

; 2.3.3 Input Source Resistance

Large values of source resistance where an input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
filter is required in the system, use a low valued series resis-
tor (< 1 kQ) for a passive RC section or add an op amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 k(2), a 0.1 uF bypass capacitor at the inputs will
prevent noise pickup due to series lead inductance of a long
wire. A 1000 series resister can be used to isolate this ca-
pacitor—both the R and C are placed outside the teedback
loop-—-from the output of an op amp, if used.

2.3.4 Ncisa

The leads to the analog inputs (pin 6 and 7) should be kept
a8 short as possible to minimize input noise coupling. Both
noise and undesired digitai clock coupling to these inputs
can cause system erors. The source resistance for these
inputs should, in general, be kept below 5 k2. Larger values
of source resisfance can cause undesired system noise
pickup. input bypass capacitors, placed from the analog in-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors*will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source
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resistance and the use of an input bypass capacitor. This
error can be eliminated by doing a tull-scale adjustment 'of
the A/D (adjust Veg/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and input bypass capacitor in place.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications fiexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpc or an adjusted
voltage reference. This has been achieved in the design of
the IC as shown in Figure 4.

Vee Vagp!
Q
7
S
<
. -4
b3
9
Yneen O DIGITAL
r{; CIREVITS
1: ]_
jL }_]—
$P
' ANALOG
n{ | ocove faroiid

AGHD ll o sny 1
7

TL/H/SB71-15
FIGURE 4. The VYpererence Design on the IC

"Notice that the reference voltage for the IC is either ¥, of
the valtage applied to the Vg supply pin, or is equal to the
voltage that is externally forced at the Vaes/2 pin. This al-
lows for a ratiometric voltage reference using the Ve sup-
Ply, a 5 Vpg reference voltage can be used for the Vgg
supply or a voltage less than 2.5 Vpg can be applied to the
VREF/2 input for increased application flexibility. The inter-
nal gain ic the VRer/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage at pin 9.

An example of the use of an adjusted reference voltage is to
accommodate a reduced span-—or dynamic voltage range
of the analog ing’: voltage. if the analog input voltage were
to range from 0.5 Vpg to 3.5 Vpg, instead of OV to 5 Vpg,
the span would be 3V as shown in Figure 5. With 0.5 Vpg
applied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equz! to %; of the 3V span or 1.5 Voe.
The A/D now will encode the Viy(+) signal from 0.5V to 3.5
V with the 0.5V input corresponding to zero and the 3.5 Vpc
input corresponding to full-scale. The full 8 bits of resolution
are therefore applied over this reduced analog input voitage
range.



.

125

Typical Performance Characteristics

Logic Input Threshold Voltage

vs. Supply Voltage
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CLK IN Schmitt Trip Levels
vs. Supply Voltage

LA

vye L1

_S5°C < Ta S H26°C

V. L1

.56 4.5 5.09 528 550

Ve - SUPPLY VOLTAGE (Vog)

Eftect of Unadjusted Oftset Error
vs. VReg/2 Voltage

LB

[ tos = Vi) = OV,

1" L+ ASSUMES Vgs =2 mV. 111
L Tuis sows THe ween 1]
12 -1 FOR A ZERO ADL IF -t-<
w F TNE SPAN IS REDUCED.TT]]
[
[
[
4 H
° as ]
0.01 (X1 14 [
Vags/2 (Vpe!
Linearity Error at Low
Vrer/2 Voltages
< ADE || ' lZ(l\l‘l‘)I
—, . 2VREEH —
et T
(ZERO AND FULL-
SCALE ADJUSTED) ™|
———
1 1158 VALUE (mV) !
i
| WY Y ¥ U Y- +
(12 BITS), {18 BITS} n'iﬁs: (8 HTS)
//-J V / \T\
. AN\
it/ N
LA
. 1 : 28
VRes/2 VOLTAGE (Vpg)

TL/H/5671-2



e

126

TRI-STATE Test Circuits and Waveforms

tin

t4y, CL="10pF tom tos, CL= 10 pF

tr=20 ns =20 ns

Timing Diagrams (i tiring is measured from the 50% voltage points)

START
CONVERSION

TL/H/5871-3

DATAISVALID IN
; BUTPUT LATCHES

" \;
I
wi- fo—
—= WWAN [~ “BUSY”
ACTUAL IRTERNAL "HOT SUSY*
STATUS OF THE il
CONVERTER
le———— 1TOOx Mg g INTERNAL Tg —————erd
(LAST DATA WAS READ}
(LAST OATA WAS NOT READ) _'T

TR

DATA
ouTPUTS

Note:

INT ASSEATES

Output Enable and Reset INTR

TRTR RESET
__\R

___\ ul /___
\

_i TRISTATES
7

—=| 1aCC l__

pm— { [T 7] SN

Read strobe must occur 8 clock periods (8/fct k) after assertion of interrupt to guarantse reset of INTR.

V2T

TL/H/5671-4
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- Typical Applications (Continued)

6800 Interface
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Ratiometric with Full-Scale Adjust
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Note: before using caps &t ViN of VRge/2, T

see section 2.3.2 Input Sypass Capachors.

Absolute with a 5V Reference
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Typical Applications (Continued)

Directly Converting a Low-Level Signal

A pP Interfaced Comparator
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&National Semiconductor

LF353 Wide Bandwidth Dual

* General Description

These devices are low cost, high speed, dual JFET input
operational ampiifiers with an internally trimmed input offset

" voltage (BI-FET 1™ technology). They requiré low supply

current yet maintain a large gain bandwidth product and fast
siew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 ig pin compatible with the standard LM1558 allowing
designers to immediately upgrade the oversll performance
of existing LM1558 and LM358 designs.

These amphifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold

129

: JFET Input Operational Amplifier

. February 1995
Features
u Internally trimmed offset voitage 10 mV
= Low input hias current 50pA
® Low input noige voltage 25 nV/Hz
® Low input noise curent 0.01 pA/\Hz
B Wide gain bandwidth 4 MHz
® High siew rate - 13 V/us
®» Low supply current 3.6 mA
B High input impedance 10120
m Low total harmonic distortion Ay= 10, <0.02%

RL =10k, Vo=20Vp~—p, BW=20 Hz-20 kiHz

circuits and many other circults requiring low input offset ™ Low 1/1 ’:‘°i5° comer 50 Hz
voltage, low input bias current, high input immipedance, high B Fast settling time to 0.01% 2 ps
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage driit.
Typical Connection Connection Diagrams
L]
Metal Can Package (Top View)
e
ouTPUT A ouTPuT B
INVEATING WMVERTING
INPUT & T
ROMINVERTING NON-NVERTING
INPUT A WPUT 8
v
cgs . Order Number LF353H
Simplified Schematic See NS Package Number HOSA
1/2 Dual
Vee O
( > Dual-In-Line Package (Top View)
o outeura I
- +
INVERTIRG INPUT A -i pe— QUTIUT &
s 2 Wt s
_ 4 NOn
v NPUT B
ity ThRRALLY Order Number LF353M or LF353N
See NS Package Number MOBA or NOSE
Vg Ot +
TLMIS8a9-1

BIFET U™ ig g rademark of Nationat Semwconductor Corporaton,
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Typical Applications (continueq)

1P Compatible Differential-Input Comparator with Pre-Set Vos (with or without Hysteresis

er-
n»—lCD"] y

s
i
v

v,
ovrrur g
O—pVintd win —l I oix "
’
"o =
vy
v
/2 LSMAA N 11 " e
""E E_—r S n
- v : . =
[l S— Rer? N =
o it y
I o Tagiymw
>

*See Figwe 5 1o setect A value
DB7 ="1" for ViN(+)>Vin{—}+ (VAgr/2)
Omit ckeuitry within the dotted area if
hysteresis is not needed

Handling + 10V Analog Inputs

Low-Cost, uP interfaced, Temperatute-to-D!gltal Converter

¥
ny “tin) Vsﬁ
>n BVpe)
. SB
Y 1%
AN vielH Yee
+ o 5] 1, ox
e 1 i {
9 = s MA- i Vee 1:
St . ,.,,-J- I [T
= = =
A
G——] Vgt SVpe
i "
P »
"fla Vit Vagslt > : Max
*Beckman Instruments #694-3-R10K resistor array = JE
pP Interfaced Temperature-to-Digital Converter
Vee
5 ¥pch
(o]
E
v‘v‘ﬁ
] 1
2 AAA— g Yiatt vee
tuxse*
ruves'e, ,‘-% I - e
10y ) ~ 100F
’ I > N >
vl = o= 104 = Sa
= M
o {
12008 "
/ - ] v, il
L] A
A ' agp/ [ ; 4 ;: - e
1uF « €Al
*Circuit values shown are for 0°C<To< +126°C " L
**Can calibrate each sensor to allow easy replacement, then e ':m' =
A/D can be calibrated with a pre-set input voitage. = = <
- -
TL/H/5671-8
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Typical Applications (continued)

SYSTER
BC TEST
POINTS

+

Handling 5V Analog Inputs

Vee
LX)

Wt

Lrlr

Vigt-}

u||j

TLH/5671-33

*Beckman Instruments #694-3-R10K resistor array

1P Interfaced Comparator with Hyateresis

Vi) Mse (087}
+
Vin Des }—b- siiTevr
= ap
-
Vint VREER _-.1.
VagF J—
::g:)—» beik ofe—
']
Arp |
A‘ V"
>
<
: :L
= TUM/5671-35

Analog Seif-Test for a System

117799 °9¢

Vigted

L 3
CHANNEL
ANALDG

MUX
(110 ]

Vint-)

L]

r 1‘ 1‘ CHANNEL
SELECT
FROM QUTPUT
PORT OF P TLH/5671-36
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Read-Only Interface
Fid ]
LAY ] DATA
L o
W — W
W

s \____ /T

m
JATA IS~ STAATS NEW

WTUT SONVERSION TL/H/S671-34
Protecting the Input
Vee
(3 Vo)
3
18 Ve -y
o 8
N L) 47
A=AV, (+) Yee [T
A 4 1047
7V N =
“15 Ve e i
= A/D
Diodes are 1N914
Y (=)
= TL/H/5671-8

A Low-Cost, 3-Decade Logarithmic Converter-

Mavy -vp2 -t

Vigtd)

va
am
i, .
-1amVpe) AN vint nesft
- n i1
AA AAA
VWA VWA
“YiAx - " N
furriid b I‘
< 14
= 1 <
) i [
*LM389 transistors TL/H/5671-37

A, B, C, D = LM324A quad op amp



F o my

Typical Applications (continued)
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3-Decade Logarithmic A/D Converter

A, B,C, D= LM324A

+HavTo -.l;m

Wy (il

_L <. . <
“.'.I. 1:“«:“
9
1]
- » ’A_‘AA
1S WA
ABs ¢

AN Yt AER,

.“_L,,,
A\

Multiplexing Differential Inputs

1l—AAA

+ .
cm[ ¥ )
Oy
£ *+
N iyl o [o_
G—t e
Yimde 4 m‘r"i}:e:v'iu M
m[?— caos
o1
A *+
s
(2] Vint
fc=20Hz o—
Uses Chebyshev implementation for steeper roli-off 3 T
unity-gain, 2nd order, low-pass filter P Tl vaH 1 L
Adding a separate filter for each channe! increases == p—wr e
system response time if an analog muitiplexer PORT OB P
is used
Output Buffers with A/D Data Enabled Increasing Bus Drive and/or Reducing Time on Bus
‘“—T_O 4
Tep? T8 pP
Al oATARES 0ATA 0U oATA I
TRISTATE®
o :> SUPFERS > oW ".'f,ﬁ'é'.f’

*A/D output data is updated 1 CLK period
prior to assertion of INTR

o

. T

TL/H/5671-10

*Allows output data to set-up at falling edge of TS
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Typical Applications (continued) -

Sampling an AC Input Signal

i MAX
w
ALTER e
" sKiny ma e > vt
“':3 LFm
-STe-s0
4
= '™ ™ , . » I'fl‘—g
LOWPALS, MULTHIOLE CONTROL
FILTER I
I 1w
. L

e

- w =

Tl

Note 1: O plo wh {keep fs > 21{—60)] to eliminate input frequency folding
{altasing) and to allow for the skirt response of the filter.
Nothomidorﬂwlmpﬂtudoevadlug' ¢ within the d of the filter.
70% Power Savings by Clock Gating
cxm

Vee

o
Lcd. ] » j

sa
i

18 14E0
oM (Complete shutdown takes = 30 seconds.)

Power Savings by A/D and Vpgr Shutdown

v,
~0 o%oct

Vee

>
> Bk
L

3

HH

[+
P coNTARL . oes
sus :E L o N8 BATA ouTIHT ) SUFFER :>::.°‘"
L3
Va2 P,
R
M52 j N

*Use ADC0801, 02, 03 or 05 for lowest power consumption.
Note: Logic inputs can be driven to Vg with A/D supply at zero volts,
Butfer prevents data bus from overdriving output of A/D when in shutdown mode.

TL/H/5671-11
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transier characteristic (staircase waveform) is
shown in Figure 7a. The horizonta! scale is analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the VReg/2 pin). The digital
output codes that 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,. . . .)analog inputs produce the cor-
rect output ditigal 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 ideal
and have no width. Correct digital output codes will be pro-
vided for a range of analog input voltages that extend + 1,
LSB from the ideal center-values. Each tread (the range of
analog input voltage that provides the same digital output
code) is therefore 1 LSB wide. -
Figure 1b shows a worst case error plot for the ADC0801.
Ali conter-valued inputs are guaranteed to produce the cor-
rect omtput codes and the adjacent risers are guaranteed to
be no closer to the center-value points than £, LSB. In
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other words, if we apply an analog input equal to the center-
value + 1 LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and it
is guaranteed to be nb more than 1, LSB.

The error curve of Figure 7c shows a worst case ermor plot
for the ADC0802. Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
the A/D will producs the comrect digital code.

Next to each transter function is shown the colresgonding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-
tinuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 12
is +1, LSB because the digital code appeared Y, LSB in
advanca of the center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are always 1 LS8 in magnitude.

Transfer Function Error Plot
1153
é‘ 183
‘g D+ [~ '—-—-‘. i 3 =
2 K = .
Sp-t ﬂ_z i i -t
H } [
Y ) b
A= A Ast A-1 A Adl
ARALES 1PUT (Vi) ANALOG INPUT (V)
a) Accuracy = G LSB: A Perfect A/D
Transfer Function Error Plot
g .
£ ool | +H
E N
S o} ¢ J
: H
&0-1 C:'Fn.a'- E
ILRE] it
i

A-1 A At
AMALGG IPUT (V)

A-1 A Any
ANALOG IKPUT (V)

b) Accuracy= +1,1SB

Transfer Function
8
o1 |- LI I
5 L]
= S
£ 1
S0t ¢ l; 1

A-t A A+l

ANALOG NPUT (V)

¢) Accuracy == £ 14 LSB

Error Plot

+1138

~115 H
A<t A At
ANALOG HPUT (Viy)

TL/H/5671-12

FIGURE 1. Clarifying the Error Specs of an A/D Converter
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Functional Description (continued) ]
A functional diagram of the A/D converter is shown In Fig-

2.0 FUNCTIONAL DESCRIPTION e 2. All of the package pinouts are shown and the major
The ADCOBO1 series contains a circult equivalent of the fogic control paths are drawn in hoavier weight lines.
256R network. Analog switches are sequenced by succes- The converter Is started by having TS and WR simulta-
sive approximation logic to maich the analog difference in- neously low. This sets the start flip-flop (F/F) and the resuit-
put voltage [Vin(+) — Vin(-—)] to a corresponding tap on ing “1" level resets the 8-bit shift register, resets the Inter-
the R network. The most significant bit is tested first and rupt (INTR) F/F and inputs a “1" to the D flop, F/F1, which
after 8 comparisons (64 clock cycles) a digital 8-bit binary s at the input end of the 8-bit shift register. Internal clock
code (1111 1111 = full-scale) is transferred to an output signals then transfer this “1” to the Q output of F/F1. The
latch and then an interrupt is asserted (INTH makes a high- AND gate, G1, combines this “1" output with a clock signal
1o-low transition). A conversion in process can be interrupt- to provide a reset signal to the start F/F. If the set signal is
ed by Issuing a second start command. The device may be no longer present (either WR or TS Is a “1") the start F/F is
operated In the free-funning mode by connecting INTR to reset and the 8-bit shift register then can have the “1”
the WR Input with TS=0. To ensure start-up under all pos- clocked In, which starts the conversion process. If the set
sible conditions, an external WH pulse is required during the signal were to still be present, this reset pulse would have
first power-up cycle. no effect (both outputs of the start F/F would momentarily
On the high-to-low transition of the WR input the Interna! be at a “1” level) and the 8-bit shift register would continue
SAR latches and the shift register stages are reset. As long 1o be held in the reset mode. This logic therefore allows for
as the C5 input and WR input remain low, the A/D will re- wide TS and WR signals and the convertsr will start after at
main in a reset state. Conversion will start from 1 to 8 clock least one of these signals returns high and the internal
peiiods afler at loast one of these inputs makes & low-to- clocks again provide a reset signal for the start F/F.
high transition.
17 » RESET SHIFT REGISTER
“0" = BUSY AND QUIESCENT STATE
NFUT PROTECTION
FOR ALL LDSIC INPUTS
gNEET) cux
TO INTEANAL
CIRCUITS £
wey C
L
CLK pomy
[
START CONVERSION
Yoo Nn:r)”o‘ e n.l S
e <& =
b4 < ] /lr RESET=3°
| LADBER |g- SAR =
Vagen O- st
hera uzg:u N (,';:IE';, e—{ ndvsren’ | RESET
< L—
- P2
sac + 3y -I
] Viown 1 [ 3
_E:ﬁo OF N [
- Yee CLKA J
‘ LE
LATCH 1
. 3
Vll('l‘.: » L X ] l [RX XX i ’
e R Gl W
" —’l l'-ll aWeLx)

i T | = g
DIGITAL NUTAUTS CORY. GO
e nm T oo - T

Note 1: CS shown twice for clarity.
Note 2: SAR = Successive Appraximation Register.
FIGURE 2. Block Dlagram

T
TL/H/5671-13
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Functional Description (continued)

After the *1” is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this “i” is output
from the shift register, the AND gate, G2, causes the new
digitai word to fransfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting butfer then supplies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the external clock perfods (as the internal clocks run at
Yh of the frequency of the external clock). If the data output
Is_continuously enabled (TS and RD both held low), the
TNTR output will still signat the end of conversion (by a high-
to-low transition), because the SET input can control the O
output of the INTR F/F even though the RESET input is
constantly at a “1” level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signsl, which is 8 periods of the external clock fequency
(assuming the A/D is not started during this interval).

When operating in the free-running or continuous conver-
sion mode (INTR pin tied to WR and TS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the TNTR signal. This resets the SHIFT REGIS-
TER which causas the input to the D-type latch, LATCH 1,
10 go low. As the iatch enable input Is still present, the Q
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width oi the resulting INTR output
pulse to only a few propagation delays (approximately 300
ris).

When data is to be read, the combination of both T3 and
D being low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabled to provide the 8-
bit digital outputs. )
<.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2 logic voitage levels. These signals have been renamed
when compared to the standard A/D Start and Output En-
abie labels. In addition, these inputs are active low to aliow
an easy interface to microprocessor contro! busses. For
non-microprocessor based applications, the TS input (pin 1)
can be grounded and the standard A/D Start function Is
obtained by an active low pulse applied at the WR input (pin
3) and the Output Enable function is caused by an active
low pulse at the RD Input (pin 2).

2.2 Analog Diiferential Voitage Inputs and
Common-Mode Rejection

This A/D has additional applications flexibility due to the
anslog differential voltage input. The Vin(—) input (pin 7)
can be used to automatically subtract a fixed voltage value
from the Input reading (tare correction). This is also useful in
4 mA-20 mA current loop conversion. In addition, common-
mode noige can be reduced by use of the differential input.
The time Interval between sampling Vin(+) and Vin(—) is 4-
a clock perlods. The maximum error voltage due to this
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slight time difference between the input voltage samples is
given by: .

AV(MAX) = (Vp) (2mfcm) (ﬁ )

where:
AV, is the error voltage due to sampling delay
Vp Is the peak value of the common-mode voltage
fem is the common-mode frequency

As an example, to keep this emor to 1/, LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fcm, and
using a 640 kHz A/D clock, ik, would allow a peak valus
of the common-mode voitage, Vp, which is given by:

Vp = [8Vouax) o]
(27ign) (4.5)
or
_ (5X 10-5) (840X 107)
{6.28) (60) (4.5)

Ve
which gives

Vp= 1.0V,
The allowed range of analog input voltages usually places
more severe restrictions on Input common-mode noise lev-
eis.
An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differontial input (ses section 2.4 Reference Voltags).

2.3 Analog Inputs
2.3.1 Input Current

Normal Mode

Due to the intemal switching action, displacement currents
will flaw at the ‘analog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.

l""""'""'v:"""'"'l

l LTy m
—_——
TIE

- -

toiscranet | ‘en
- 17

VinH) W ?ﬁ%
s7edawastklUnToTzavs ™* I

TL/H/5671-14
foNOof SW1and SW2 = 5k
r=roN CSTRAY ® 5k} X 12pF = 60 ns

FIGURE 3. Analog Input Impedance
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Functional Description (continued)

The voltage on this capacitance is switched and will result in
cuirents entering the Vin(+) Input pin and leaving the
Vin(=) Input which will depend cn the analog differential
input voltage levels. These cuirent translents occur at the
leading edge of the Internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator is strobed at
the end of the clock period.

Fault Mode

If the voltage source applied to the Vin(+) or Vin(—) pin
exceeds the allowed operating range of Vg +50 mV, large
dnput currents can flow through a parasitic diode to the Voo
“pin. if thess cumrents can exceed the 1 mA max allowed
«spec, an external diode (1N914) should be added to bypass
Jthis current 1o the Vg pin (with the current bypassed with
this diode, the voltage at the Vin(+) pin can exceed the
Vg voltage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
“and cause a DC current to flow through the output resist-
ances of the analog signal sources. This charge pumping
action is worse for ¢ontinuous conversions with the Vin(+)
input voitage at full-scale. For continuous conversions with
a 640 kHz clock fraquency with the Vin(+) input at 5V, this
DC current is at a maximum of approximately 5 uA. There-
fore, bypass capacitors should not be used ar the &nalog
“nputs or the Vper/2 pin for high resistance sources (> 1
k). It Input bypass capacitors are necessary for noise filtar-
ing &nd high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voltage drop
*across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible berause the
average value of the input current is a precise linear func-
tion of the differential input voltage.

2.3.3 Input Source Resistance

Large values of source resistance where an Input bypass
capacitor is not used, will not cause errors as the input cur-
rents settle out prior to the comparison time. If a low pass
«filter is required in the system, use a low valued serles resis-
tor (< 1 k2) for a passive RC section or add an cp amp RC
active low pass filter. For low source resistance applica-
tions, (< 1 k1), a 0.1 pF bypass capacitor at the Inputs will
prevent noise pickup dus to serles lead inductance of a long
wire. A 1000} series resistor can be used to isolate this ca-
pacitor—both the R and C are piaced outside the feedback
loop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the aralog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
nolse and undesired digital clock coupling to these inputs
can cause system errors. The source resistance for these
inputs should, in general, be kept below 5 k2. Larger values
of source resistance can cause undesired system noise
pickup. Input bypass capacitors, placed from the analog In-
puts to ground, will eliminate system noise pickup but can
create analog scale errors as these capacitors will average
the transient input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source
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resistance and the use of an Input bypass capacitor. This
error can be eliminated by doing a full-scale adjustment of
the A/D (adjust Vrer/2 for a proper full-scale reading—see
section 2.5.2 on Full-Scale Adjustment) with the source re-
sistance and Input bypass capacitor in place.

2.4 Reference Voitage

2.4.1 Span Adjust

For maximum applications flexibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpg or an adjusted
voltage referance. This has been achieved in the design of
the IC as shown in Figure 4.

Vee Vaer)
o
n
>
L
N
b3
D
VaerR O DIGITAL
B CIRCUITS
S }_
s ]_J
;»
ANALOS
#] g oecone cIngTs
BGND |11
7
TL/H/5671-15

FIGURE 4. The Vrererence Deslgn on the IC

Notice that the reference voltage for the IC is elther Y, of
the voltage applied to the Vg supply pin, or is equal to the
voltage that is externally forced at the VRge/2 pin. This al-
lows for a ratiometric voltage reference using the Veo sup-
ply, a 5 Vpg reference voltage can be used for the Vee
supply or a voltage less than 2.5 Vpg can be applied to the
VRer/2 Input for increased application flexibility. The inter-
nal gain to the VRer/2 input is 2, making the full-scale differ-
ential input voltage twice the voltage at pin 9.

An axample of the use of an adjusted reference voltags Is to
accommodate a reduced span—or dynamic voltage range
of the analog input voitage. If the analog input voltage were
to range from 0.5 Vpg to 3.5 Vpc, instead of OV to 5 Vg,
the span would be 3V as shown In Figure 5. With 0.5 Vo
applied to the Vin(—) pin to absorb the offset, the reference
voltage can be made equal to ¥; of the 3V span or 1.5 Vpe.
The A/D now will encode the Vn(+) signal from 9.5V 1o 3.5
V with the 0.5V Input corresponding to zero and the 3.5 Voc
input corresponding to full-scale. The full 8 bits of resolution
ere therefore applied over this reduced analog input voltage
range.
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Functional Description (continued)

o——4 vinin
*Add if VRer/2 < 1 Vpg with LM358
to draw 3 mA to ground.
o Vaer2 :
= L Vi)
™ Viglel MAX
E 4 "(‘3..“) Vags
> Ik i
2} SPAN= 3V SPAN/2
16 V.‘ﬂmlll ‘ = (S5 vpelt
ey
. + . g
o8 5 ——ds .
ok aaC  Vztase 1uF :: L
ADl ADS 9
= b - TL/H/5671-18
a) Analog Input Signal Example b) Accommodating an Analog Input from
0.5V (Digital Out = =003gx) to 3.5V
(Dig'tal Out=FFygx) :

v

FIGURE 5. Adapting the A/D Analog Input Vaitages {o Match an Arbitrary Input Signal Ranga

2.4.2 Reference Accuracy Requirements k 2.5 Errors and Reference Voltage Adjustments

The converter can be operated in a ratiometric mode or an 2.5.1 Zero Error

absolute mode. In ratiometric converter applications, the .

magnitude of the reference voltage Is a 1agtgr In both the Tt}e zero of the A/D does not require adjustment. If the
output of the source transducer and the output of the A/D minimum analog input voltage value, Vinquin), Is not ground,
converter and therefore cancels out In the fina! digital output azoraiaiist con be done, The converter can be made to
code. The ADC0805 Is spechied particularly for us in ratio: output 0000 0000 digital code for this minimum input voltage
metric applications with no adjustments required. In abso- 'lz‘y b“;gt?g e A{iD \)l":‘r(h ) I,t'll‘l’i:t atthmlz},fm(wz) lval:g (so0
lute conversion applications, both the Initial value and the rp ":] :o?r;:::c/g n. rtiiiizes thejginiereptial mode op-
temperature stability of the reference voltage are important Statlo R
factors In the accuracy of the A/D converter. For VRgg/2 The zero error of the A/D converter relates to the location
voltages of 2.4 Vpg nominal value, initial errors of +10 of the first riser of the transfer function and can be mea-
mypc will cause conversion errors of 1 LSB dus to the sured by grounding the VN () input and applying a small

gain of 2 of the Vrer/2 Input. In reduced span applications, magnitude positive voltage to the Vi (+) input. Zero error

the initial value and the stability of the Vggg/2 input voltage Is the difference between the actual DC input voltage that is
becomse even more important. For examgple, if the span is necessary o just cause an output digital code transition
reduced to 2.5V, the analog Irput LSB voltage value Is cor- from 0000 0000 to 0000 0001 and the ideal 1, LSB value
raspondingly reduced from 20 mV (5V span) tc 10 mV and (V2 LSB = 9.8 mV for Vyer/2=2.500 Vpg).

118B at the VRrer/2 input becomes 5 mV. As can be seen, 2.5.2 Full-Scale

this reduces the allowed initial tolerance of the reference
voltage and requires comespondingly less absolute change
with temperature variations. Note that spans smaller than

2.5V place even tighter requirements on the initial accuracy nitude of the Vagr/2 input (pin 9 of the Vo supply if pin 9 is
and stability of the reference source.
not used) for a digital output code that Is just changing from
In general, the magnitude of the reference voltage will re- 1111 1110 to 1111 1111,
quira an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voitage regulators may be used for ret-
erences if the ambient temperature changes ara not exces-
sive, The LM336B 2.5V IC reference diode (from Natlonai ¢
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max) over 0°C<STA<+70°C. Other temperature
range parts are also available.

The full-scale adjusiment can be made by applying a ditfer-
entlal input voltage that is 114, LSB less than the desired
analog full-scale voltage range and then adjusting the wag-



Functional Description (continued)

2.5.3 Adjusting for an Arbltrary Analcg Input Voltage
Range
If the analcg zero voitage of the A/D is shifted away irom
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first. A Vin(+) voltage that
equals this desired zero reference plus Y2 LSB (where the
LSB is calculated for the desired analog span, 1 LSB=ana-
log span/256) is applied to pin 6 and the zero reference
voltage at pin 7 should then be adjusted to just obtain the
00X to 014X code transition.
The full-scale adjustment should then be made (with the
proper Vin(—) voltage applied) by forcing a voltage to the
Vin{+) input which is given by:
. 15 | Vmax — Viin)

Vin (+) fs ad] = Vpax—1.5 [ e j
where:

Vuax=The high end of the analog input ranga
and

Vmin=the low end (the offset zero} of the analog range.
(Both are ground referenced.)
The VRer/2 (or Voc) voltage is then adjusted to provide a
code change from FEpgx o FFrex. This completes the ad-
justment procedure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN (pin 4) makes use of a Schmitt trigger as shown in
Figurs 6.

U
1 PUL
S RS
".>—[>0~;—>m R=10 k0
w
TL/H/6671-17

FIGURE 6. Selt-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disiurb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
er clock inputs from a single clock R pin of 1 converter, are
allowed. For farger clock line loading, a CMOS or low power
TTL butfer or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
butfer).

2.7 Restart During a Conversion

It the A/D is restarted (CS and WR go low and return high)
during a conversion, the converter is reset and a new con-
version is started. The output data latch is not updated if the
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conversion in process is not allowed to be completed, there-
fore the data of the previous conversion remains in this
latch. The INTR output simply remains at the “1” level.

2.8 Continuous Conversions

For operation in the free-running mode an initializing pulse
should be used, following power-up, to ensure circuit opera-
tion. In this application, the TS input is grounded and the
WH input is tied to the INTR output. This WR and INTR
node should be momentarily forced to logic low following a
powar-up cycle tc guarantee operation.

2.9 Driving the Data Bus

's MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which s tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are somo altematives available to the designer to
handle this problem. Basically, the capacitive loading of the
data bus slows down the resnonse 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 leveis on the bus and
therefore higher capacitive loads can be driven (see typical
characteristics curves).

At higher CPU clock frequencies time can be extended for
1/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time is short and capacitive foading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
buffers (low power Schottky such as the DM74LE240 series
is recommended) or speclal higher drive current products
which are designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Nolse spikes on the Vgc supply line can cause conversion
errors as the comparator will respond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Vo pin and values of 1 uF or greater are
recommended. If an unregulated voltage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu-
lator for the converter (and other analog circuitry) will greafly
reduce digital noise on the Vgg supply.

2.11 Wiring and Hook-Up Precautions

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

A single point analog ground that is separate from the logic
ground points should be used. Tha power supply bypass
sapacitor and the self-clocking capacitor (if. used) should
yoth be returned to digital ground. Any Vrer/2 bypass ca-
pacitors, analog Input filter capacitors, or input signal shield-
ing 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 Y4 LSB can usualiy be
traced to improper board layout and wiring (see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
Ing an A/D converter. One of the simplest tests is to apply a
known analog input voitage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
we 7.

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

If a full-scale adjustment is to be made, an analog input
voltage of 5.090 Vpg (5.120-1%4 LSB) should be applied to
the Vin(+) pin with the Vin(—) pin grounded. The value of
e VRer/2 input voltage should then be adjusted uniil the
digital output code s just changing from 1111 1110 to 1111
4111, This vaiue of Vgge/2 should then bs used for ali the
‘tests,
The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Table | shows the fractional
binary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS" and “VLS" columns in
Fable |, the nominal value of the digital display (when

1
AAA
[ V-
0oF
l ) \/ 2 ‘I 0 5.120Vp;
* 10uF
2 " ;; TANTALUM
3 n 53
x0. $
4
‘o 17
START
5 [
AR
o sy .
M $Vpc
7 "
[ 13
aons 1
2500Vpp oo 1 12
Vpeelz O l
Ly f I 10 1!
,7‘; L L
= DeNo ()  NsLES2?
®
TL/H/5671-18

FIGURE 7. Basic A/D Tester
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VRer/2 = 2.560V) can be determined. For example, for an
output LED display of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fect A/D converter. The etfects of quantization error have to
be accounted for in the interpretation of the test resuits.

For a higher speed test system, or to obtain plotted data, a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can be
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
traction feature i3 available to read the difference voltage,
“A-C", directly. The analog input voltage can be supplied
by a low {requency ramp generator and an X-Y plctter can
be used to provide analog error (Y axis) versus analog input
(X axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
output code transitions can be detected as the 10-bit DAC is
incrementad. This provides Y4 LSB steps for the 8-bit A/D
under test. If the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB’s)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6200 microproces-
sors, a common sample subroutine structure is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then returns to the user’s
program. The 16 data bytes are stored in 16 successive
memory locations. Al Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has been designed to directly interface with
derivativés of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
dress decoding for CS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the i/O R
and 1/0 W strobes and decoding the address bits A0 —>
A7 (or address bits A8 —> A15 as they wili contain the
same 8-bit address information) to obtain the CS input. Us-
ing the 1/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 addi-
tional memory roference instructions, the A/D should be
mapped into memory space. An exampie of an A/D in I/0
space Is shown in Figure 10.
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FIGURE 8. A/D Tester with Analog Error Output

DISITRL
INPUT

DACICO0
10817
DAL

YanaLog

[ AJD UNDER VGTAL
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VANALOS DUTPUT

TL/H/5671-19
FIGUPE 9. Baslc “Digltal” A/D Tester
TABLE |. DECODING THE DIGITAL OUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENJER VALUES
HEX BINARY WITH
VRep/2=2.560 Vpc
MS GROUP LS GROUP VMS GROUP* | VLS GROUP*

F 1 1 1 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4.480 0.280
D 1 1+ 0 1 13/16 13/256 4.160 0.260
o] 1 1 0 0 3/4 3/64 3.840 0.240
B 1 0 1 1 11/16 11/256 3.520 0.220
A i 0 1 © 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 /256 /880 0.180
8 ‘Tt 0 0 0] 1/2 1/32 2/560 0.160
7 o 1 1 1 7/16 7/256 2.240 0.140
6 o 1 1 0 3/8 A 3/128 1.920 0.120
5 o 1 0 1 5/16 2/256 1.600 0.100
4 o 1 0 0 1/4 1/64 1/280 0.080
3 o 0 1 1 3/16 3/256 0.960 0.060
2 0o 0 1 O 1/8 17128 0.640 0.040
1 0o 0 o 1 1/16 1/256 0.320 0.020
4] o 0o 0 O 0 0

*Display Output=VMS Group + VLS Group
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' Functional Description (contirued)

The standard control bus signals of the 8080 CS, RD and
W) can be directly wired to the digital control inputs of the
A/D and the bus timing requirements are met to allow both
starting the converter and outputting the data onto the data
bus. 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 100 pF.

4.1.1 Sample 8080A CPU Interfacing Circuitry and
Program

The following sample program and assoclated hardware
shown in Figure 10 may be used to input data from the
converter to the INS8080A CPU chip set (comprised of the
INSB08B0A microprocessor, the INS8228 system controller
and the INS8224 clock generator). For simplicity, the A/D is
controlled as an 1/0 device, specifically an 8-bit bi-direction-
al port iocated at an arbitrarily chosen port address, EO. The
TRI-STATE output capability of the A/D eliminates the need
for a peripheral intertace device, however address decoding
is still required to generate the eppropriate C3 for the con-
verter.
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1t is important to note that in systems where the A/D con-
verter Is 1-0f-8 or less I/O mapped devices, no address
decoding circuitry is necessary. Each of the 8 address bits
(A0 to A7) can be directly used as CS inputs—one for each
170 device.

4.1.2 INS8048 Interface

The INS8048 interface technique with the ADC0801 series
{see Figure 11) is simpler than the 8060A CPU interface.
There are 24 1/0 lines and three test input lines in the 8048,
With these extra I/0 lines available, ons of the 1/0 lines (bit
0 of port 1) is used as the chip select signal to the A/D, thus
eliminating the use of an external address decoder. Bus
control signals RD, WR and INT of the 8043 are tied directly
to the A/D. The 16 converted data words are stored et on-
chip RAM locations from 20 to 2F (Hex). The RD and WR
signals are generated by reading from and writing intc a
dummy address, respectively. A sample interface program
is shown below.

R CY

ANALOG
nesT

Ves

=

Vee

'T 19pF

ettt
)

TL/H/5671-21

FIGURE 11. INS8048 interface

SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE

0410 JIMP 10H ¢ Program starts at addr 10
ORG 3H
0450 JMP S50H s Interrupt jump vector
ORG 104 s Main program
99 FE ANRL Pl, #0FEH s Chip select
81 MOVX A, @RY ; Read in the 1st data
;s toreset the intr
89 Cl1 START: ORL P1, #1 s Set port pinhigh
B8 20 MOV RO, #20H s Data address
B9 FF Mov Ri, #0FFY ; Dummy address
BAlO MOV R2, #10H s Counter for 16 bytes
23 FF AGAIN: MOV A, #OFFH 3 Set ACC for intr loop
99 FE ANL Pl, #O0FEH ; Send CS (bit O of P1)
91 MOVX €éR1, A s Send WR cut
05 EN b¢ ; Enable interrupt
96 21 LOOP: JINZ LooP ;Wait for interrupt
EA1B DINZ R2, AGAIN ;s If16 bytes are read
00 NOP ; go touser's program
00 Nop
ORG 50H '
81 INDATA: MOVX A, @R1 ; Input data, CSstill low
AO MOV @RO, A ; Store inmemory
18 INC RO ; Increment storage counter
89 01 ORL P1, #1 ; Reset CS signal
27 CLR A ; Clear ACC to got out of
93 RETR ; the interrupt loop
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y TEMP RANGE 0°CTO 70°C 0°C TO 70°C 0°C TO 70°C —40°C TO +85°C
+ Y, Bit ADCO0801LCN
Adjusted
ERROR +, Bit ADC0802LCWM ADC0802L.CV ADCO0802LCN
Unadjusted
' + 14 Bit ADCOB03LCWM ADC0803LCV ADCO0803LCN
Adjusted
+1Bit ADCO0804LCWM ADCOB04LCV ADCO0804LCN ADCOB05LCN
' Unadjusted .
¥ PACKAGE OUTLINE M20B—Small Outline V20A—Chip Carrier N20A-—-Molded DIP
t
TEMP RANGE —40°CTO + 85°C —55°CTO +125°C
t + v, Bit Adjusted ADC0801LCY ADC0801LJ
ERROR + 1 Bit Unadjusted ADC0802LCJ ADC0802LJ,
- 114 Bit Adjusted ADCO0803LCJ ADC0802L./883
H + 1Bit Unadjusted ADC0804LCJ
i PACKAGE OUTLINE J20A—Cavity DiP J20A—Cavity DIP
]
Connection Diagrams
ADCO80OX ADC080X
Duat-in-Line and Smali Qutiine (SO) Packages Molded Chip Carrier (PCC) Package
' gEz883
' [~ Vec (OR Vegr) L1 1t
—CLKR 18 17 16 15 14
=080 (LSB) CLXR—{ 19 13 }-o85
081 Voo (OR Yrer) ~4 20 12 |—-086
—~DB2 S 11 |—D87(MSB)
; D83 RD 10 |~DGND
i —DB4 WR — Vaer/2
—DB5
D86
g ZET T 2
N ~DB7 (MSB) F E ;g >§ &
TL/H/5671-30 TL/H/5671-32

- e e — -

See Ordering Information
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e e wm v

pu——

L
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i 0.905
0.025 {25019
{C55) MAX 5
w0 fl [1s] [1s] [w7] ] [i%] [ia] [es] [12] by
¥
0z20-8310 XN
(5588 7.874)
DT I T LT Tl Ll Tel 1) bd
0.605-0.020
(|.121-#Psoa)
RAD . 2.037:£0.088
l‘u $40£0.127)
it e_sim il 0805 0.055:48.008
b _ 280 -8, «um 1307200 -
Ill-ll:xz) "m . BLASS SEALANT I ! o r—;g-tg)
H | \ - 0.200
{5.680)
__E; WAX |
)
y-
83015 e " f 0,190
: 3] 9.125-0.208
e e
om-u ) 0.060 0.018:0.003 }__
1. m 041 524 {0.45720.076)
o 403 sa0s00m
{2500 £0.254)
J2OL (REV W}
Cual-In-Line Package (J)
Order Number ADC0801LJ, ADC0802LJ, ADCOB0ILC.,
ADC0802LCJ, ADC0803LCJ or ADC0804LCJ
ADC0802LJ/883 or 5§962-9096601MRA
NS Package Number J20A
as8-0.812
nz.sn-u.:lﬂ >
AAARRANGAR
0.394-0.419 >
{10.008 - 10.643)
LEAD NO. 1 1 : g
LI ==
1 2 3 4 & 8§ 7 2 $ 10 .
0.0 ax
0.254)
o210
(7.381-12.595)
e 0,093 -8.104
(:::;:—:ﬁ:. 45— l‘_ 1%2-1.647)
B WX TP 0.004-0.012
AL LEADS xR
\ H
L L }r : =ebegethadl_d o
.(:.g-:m: (:"':;)/ ’ ,.,,‘:_,_m T % . L .00 o e o.nuf-l.m",
TYP ALLLEADS ALLERD IS e azm 10.358-0.504)
8088 ryp
10.203) 208 ihEv )
SO Package (M)

Order Number ADC0802LCWM, ADC0803LCWM or ADCO804LCWM
NS Package Number M20B
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Physical Dimensions inches (milimeters) (Coptinued)

2331 X082} \
MAX DP

1.013-1840

0.892 X 0030

128]_De] D8l [37] [v] [as} {551 [i9) [35) o)

(25.13-26.42)

0.83210.008

8.213:2.127) 2 L]
RAD
PIN NO. T IDENT
L1}
0FTION 2

000 | OPFTION2
{1016} 4° 4x) - M
TP Q.32 0127

2,148-0200

2
4 T_.___]_ {3593-5.080)

0.128-8.148
T 0.913:0803 __I . 3.175~-3.556)

rinno. ioewT~_ | ¢
100
YT orTioN1 |
Min
£.300-0.320 .
(1.520-3.128) 0.080 NOM
00e5 (1526
wasy T
T I
95%5° 88030015 |
BN T
l 1173 8.100£0.010
| 0.0:0:0.005 2<a0:8.258)
o 1980 s240027) 1 {0457:0378)
-8815
2103
(ms -c:m;
Molded Dual-In-Line Package (N)

Order Number ADC0804L.CN, ADCGB02LCN,
ADCO0802LCN, ADCO0804LCN cr ADCC80S5LCN

NS

Package Number N20A

| |

{8.503)
MIN

N2CA Y &)
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LF353 Wide Bandwidth Dual
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JFET Input Operational Amplifier

General Description
These devices are low cost, high speed, dual JFET input
operational amplifiers with an internally timmed input offset
voltage (BI-FET II™ technology). They require low supply
cument yet maintain a large gain baridwidth product and fast
siew rate. In addition, well matched high voltage JFET input
avices provide very low input blas and offset currents. The
LF353 is pin compatible with the standard LM1558 allowing
designers to immediately upgrade the overall performance
of existing LM1558 and L. M358 designs.
These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low Input offset
voltage, low input bias current, high input impedance, high
siew rate and wide bandwidth. The devices aiso exhibit low
noige and offsat voltage drift.

February 1995

Features
» Internally trimmed offset voltage 10 mvV
-8 Low input blas current 50pA
m Low Input nolse voltage 25 nv/yHz
m Low input noise current 0.01 pA/JHZ
| Wide gain bandwidth 4 MHz
B High slew rate 13 V/ps
B Low supply current 3.6 mA
m High input impedance 1012n
B Low total harmonic distortion Ay=10, <0.02%

RL= 10k, Vo=20Vp—p, BW=20 Hz-20 kHz
m Low 1/f nolse comer
m Fast settling time to 0.01%

50 Hz
2 ps

Typical Connection

Simplified Schematic

1/2 Dual

Ve Ommeene

Yo
- . +

INTEANALLY
TRIMMED

-Vt Ot L

INTERRALLY
TRIMMED

BI-FET W™ is a trademark of National Semicanductor Corporation,

Connection Diagrams

Metal Can Package (Top View)

v

Order Number LF353H
See NS Package Number HOSA

Dual-!n-Line Package (Top View)

Ok

ouTIITA v

WMIVERTING ISPVUT A 2 L oUTMITS

o 3

T A

INVERTING INPUT 8

e 5 xon
v ' r INPUT B

Order Number LF353M or LF353N
See NS Package Number MOSA or NOSE

TL/H/5649-1



i

.
H

147

Typical Performance Characteristics
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Distortion vs Frequency
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Typical Performance Characteristics (continueq)

Undistorted Output Voitage
Swing
£
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e L T 1T 11
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10
IV ARRRY
. wav ) | Tas2sc
. /A
’ Tmy
[
1V
mV
-5
\\
A\
(A} 1 "

SETTUING TIME L3}

TL/H/66849-3
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Pulse Response
Small Signaling Inverting Small.Signal Non-Irverting

QUTPUT VOLTAGE SWING (50 mV/DIV)
OUTPUT VOLTAGE SWING (50 mV/DIV)

TIME (6.2 4/DIV) TIME (0.2 ps/DiV)
TL/H/5649-4 TL/H/5649-5

Large Signal Inverting Large Signal Non-Inverting

DUTPUT VOLTAGE SWING {5V/DIV) ,
OUTPUT VOLTAGE SWING (5V/DIV)

TIME (2 :/DIV) : ' TIME (2 5/01V)
TL/H/5649-8 TL/H/5649-7

QUTPUT VOLTAGE SWING (1V/DIV)

" TIME (5,45/DIV)

TL/H/5649-8
Application Hints
These devices are op amps with an internally trimmed input Exceeding the negative common-mode Timit on either input
offset veltage and JFET irput devices (BI-FET II). These will force the output to a high state, potentially causing a
JFETs have large reverse breakdown voltages from gate to reversal of phase to the output. Exceeding the negative
source and drain eliminating the need for clamps across the common-mode limit on both inputs will force the amplifier
inputs. Therefore, large differential input voltages can easily output to a high state. In neither case does a latch occur
be accommodated without a large increase in input current. since raising the input back within the common-mode range
The maximum differential input voltage is independent of again puts the input stage and thus the amplifier in a normal
the supply voltages. However, neither of tha input voltages operating mcde.

should be allowed to exceed the negative supply as this will
cause large currents to flow which can resuit in a destroyed
unit.
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.Application Hints (continued)

Exceeding the positive common-mode limit on a single input
‘will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier will be
sforced to a high state.

fThe amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
BV of the negative supply, an increase in input offset voltage
may occur.

*Each ampfifier Is individually biased by a zener reference
which alfows normal circuit operation on +6V power sup-
plies. Supply voltages less than these may result in lower
gain bandwidth and slew rate.

;The amplifiers wili drive a 2 k) load resistance to 10V
over the full temperature range of 0°C to +70°C. If the am-
‘plifier Is forced to drive heavier load currents, however, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an active cument limit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards

Detailed Schematic

Vee O

150

in & socket as an unlimited curent surge through the result-
ing forward dicde within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with tead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize *pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground.

A feedback pole is created when the feedback around any
amplifier Is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the invarting in-
put) to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed locp gain and
ccnsequently there is negligible effect on stability margin.
However, if the feedback pols is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole time
constant.

an

TL/H/5648-9
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Three-Band Active Tone Control

800ST « CUT
0.05
BASS
1uF
1k 100k 1k
0,008
I__I 1% WID-RANGE
<
35k 1 180k 10
AAA AAA AAA e
vy v AA 4 4 v
t I In.m
1.3k 500k 1.8k
"_Mv‘v Av‘v‘v ""‘v
t | I‘-m TREBLE
{NOTE4
(NOTE 2)
(NOTE 1
Ll
{NOTE 3}
{NOTE

10 100 1k 10k 106k
FREGUENCY (Hy)

Note 1: All controls flat.

Note 2: Bass and treble boost, mid flat.
Note 3: Bass and ireble cut, mid flat.
Note 4: Mid boost, bass and treble flat.
Note 6: Mid cut, bass and treble flat.

AR potentiometers are finear taper
Use the LF347 Quad for stereo applications

TL/H/5849-10
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Typical Applications (continued)

Improved CMRR Instrumentation Amplifier

152

a-(Z2 1)

V]
Matching of R2's,
With Ay = 1400, resistor matching = 0.01%: CMRR = 136 dB

4 O—imgj-illm-o:

SEPARATE

:nl:n
alo

are separate isol:nd.grounds
R4’s and RS5's control CMRR

® Very high input impedance
® Super high CMRR

Fourth Order Low Pass Butterworth Filter

c
w '
|
11
18y
25
L) .
4 ar
o
g MmN g ANA,
z -
= d
" o m
" e
R1'R2'CC1

Corner frequency (1) = /..___'.___. <.
R1R2CC1 2n

Passband gain (Ho) = {1 + R4/R3) {1 + R4'/R3’)

First stage Q = 1.31
Second stage Q = 0.541

—Ovg

Circuit shown uses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100
Offsat nuiling necessary for accurate DC performance

TL/H/5649-11
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Typical Applications (continved)
Fourth Order High Pass Butterworth Fiiter

3 Vv

p—Ovoyr

gz

[ SN
* Comer trequency (te) = /R Rac2 "27 - VAVRZCE 2w
« Passbend gain (Ho= (1+R4/R3) (1 +R4'/R)
* First stage O = 1.31

¢ Second stage Q = 0.541

o Circuit shown uses closest 5% tolerance resistor values for a filter with a comer frequency of 1 kHz and a passband gain of 10.
]

Ohms to Volts Convarter

g
A
W
H

Ax

Vour=tV
FULL SCALE

A9
s o O

%:

VWi

WA I
3

AAA~@—AAA - B=AA A

3
LN
~

TL/H/5649-13

Rx

Vo~

1V %
RLADDER
Where RiappER is the resistance from switch S1 pole to pin 7 of the LF353.
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Physical Dimensions inches (mitimeters)

0.350-8.370 | _
{8.890 —9.398) o s
DA » ] 0315-0.335
0.165-0.185 il T @.001=6.509)
{4191~ 4.693) DIA
' 0.015-0.040
(0.381-1.016)
REFERENCE PLANE — 7T :*:.f
A U—-ﬂ—m]——“—f— SEATING PLANE
8. (1.016) 0.025
(12.70)  mAx -

0.225--0.235
{5.715-5.969)

0,020 -0.045
TR ESRIE

0.628-3.034

0.158-0.157

Tl T I o oo

{0.206—0.483)
DIA TYP

0.115-0.145
{zez1—3.8%3)
DIA

!
1

HOBA (REV G}

Metal Can Package (H)
Order Number LF353H
NS Package Number HOBA

0,180,187
14.000-5.004)

f"ééé

b by T i
0910-00 450 o 008008
{0.23-0.500) - o AR TYP “"‘“;"m’ 0.004 0,618
) AMLLEADS 2—0.154)
|
L,—.JJ SEATING
oon A f PLANE
vom-amo 00 . ~0.0% ryp
2058 —»] - wam 9358—0.808)
TYP ALL LEADS [ it ™ ooty
18.263) OB (REV 1y
Crder Number LF353M

NS Package Number MOSA
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Physical Dimensions inches (milimeters) (Continued)

2

NOBE (ReV F)

0.373-8.450
BT
.00
- {2.208)
e 17] {s] [5] ’
0.092 -41.... 0.632+0.008
—.D‘A ————
. N - l {0.81310.127)
PN u(: s:zan @ A 0.25010.05 RAD
o Sy (6.3520.127) PIN N0 1 IDENT
orron s 1® T e
ogageg:
0.280 s i
e [ Teee o o™ -
6.300-8.320 .72 —] 205 8.145-0.209
- [ * "‘*"-’l /e .85 P61-8.080
et 3 i o 9.1300.008° l 3
can JAAN Vv %2%0.42) [
4
LA -F “ 2125 0.148
alad 0125 a.'j: N\ 1' (3.175-3.685) ._L
6.509-0.018 | - ‘3—‘1"‘ (1.881) PRy m
[OE7 T R A L] ™ . P
NoN 9.018:0.003
aa 1o _J P57 Z0075)
.01 0.190:20.010
(““ teinn) (2540£0.254)
0.0¢540.015
gaazosn T ol
—
] {1524}
(_-I.IM—. lt— 7
Mcided Dual-In-Line Package
Order Number LF353N
NS Package NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical imptant
into the body, or (b) support or sustain Iife, and whose
fallure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

to the user,

2. A criticel component is any component of a life

support device or system whose fallure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to atfect its safety or

effectiveness.

& Corporation
1111 West Bardin Road

Asiington, TX 76017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

Europe
Fex: (+49) 0-180-530 85 86

Email: cnjwge@tevm2.nsc.com

Deutsch Tel: (+49) 0-180-530 85 85
English  Tol: (+49) 0-180-532 78 32
Frangals Tel: (+49) 0-180-532 93 58
Hallano  Tek {+49) 0-180-534 16 50

National Semlconductor
Hong Kong Lid.
13th Floor, Straight Block,

Ocean Centre, 5§ Canton Rd.

Tsimshatsul, Kowloon
Hong Kong

Tel: (852) 2737-1600
Fax: (852) 2736-9960

Natlonal Semiconductor
Japan Ltd,

Tel: 81-043-299-2309
Fax: 81.043-209-2408
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It Military/Aerospace specified devices cre required, Lead Temp. (Soldering, 10 sec.} 260°C
pleagse contact the National Semiconductor Sales Soldering Information 2
Office/Dist:ibutors for avallability and speclfications. Dual-in-Line Package :
Supply Voltage +18V Soldering (10 sec.) 260°C
Power Dissipation (Note 1) Small Outline Package
Vapor Phase (60 sec.) 215°C
Operating Temperature Range 0°Cto -:;g:g Infrared (15 sec.) 220°C
THMAX) See AN-450 “Surface Mounting Methods and Thelr Effect
Ditferential Input Voltage +30v on Product Rellabliity” for other methods of soldering sur-
Input Voltage Range (Note 2) 15V face mount devices.
Output Short Circult Duration Continuous ESD Tolerance (Note 7) 1700V
Storage Temperature Range ~865°Cto +150°C 03A M Package TBD
DC Electrical Characteristics (note 4)
Symbol Parameter Conditions LF353 Units
Min Typ Max
Ves Input Otfset Voltage Rg=10kQ, Tp=25°C 5 10 mv
. Over Temperature 13 mv
AVog/AT Average TC of Input Offset Voltage Rg=10kn 10 uV/ic
los Input Offset Current Tj=25°C, (Notes 4, 5) 25 100 pA
TjS70°C . 4 nA
Ig input Bias Current Tj=25°C, (Notes 4, 5) &0 200 pA
Tj<70°C 8 nA
Rin Input Resistance Tj=25'C 1012 2
AvoL Large Signal Voltage Galn V=115V, Tp=25"C 25 100 v/mv
Vo=%10V,R =2kQ
Over Temperature 15 V/my
Vo Output Voltage Swing Vg= * 15V, A =10k 12 +135 V.
Veum input Common-Mode Voltage = +15 A%
Range Vg= + 15V +11 —12 i
CMRR Common-Mode Rejection Ratio Rs< 10k 70 100 dB
PSRR Supply Voltage Rejection Ratio (Note 6) 70 100 dB
Is Supply Current 3.6 6.5 mA
AC Electrical Characteristics note 4)
Symbol Parameter Conditions L§a3P Units
Min Typ Max
Amplifier to Amplifier Coupling Ta=25°C,f=1Hz—20 kHz —120 dB

(input Reterred)

SR Slew Rate Vg= 15V, Tp=25°C 8.0 13 Vips
GBW Gain Bandwidth Product Vg= 16V, Tp=25'C 2.7 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg= 1000,

12 1000 e 18 nv/Hz
in Equivalent Input Noise Current Tj=25C, {=1000 Hz 0.01 pA/fHz
Note 1: For g at slsvated temp as, the device must be derated besed on a therma resistance of 115°C/W typ | 10 ambient for the N pach
and 156°C/W typ j to for the H packag

Noh?:UnluaomefwlsespodﬁodmMmomﬂmnmgnmmnmgabewdtoMngaMpmwpwm;e.

Nete 2: The power dissipation fimit, h
Note 4: These specifications apply for Vg= £ 15V and 0°C<To< +70°C. Vgg. Ig and log are measured at Ve =0.

, cannot be

Note 8: The input bias are junction leak
production test time, the Input bias d are

temperature as a result of internal power dissipation, Pp. Tj=Ta+6js Pp where 3“ is the thermal resistance
recommended if input bias current is to be kept to a minimum.

which app

10 kunction &

in normal op

Note 6: Supply voltage refection ratio is measured for both supply magnitudes i ing or d
Vg = +6Vio 15V,

Note 7: Human body morial, 1.5 kf} in serias with 100 pF.

the junction t

y double for every 10°C increase in the junction temperature, T}. Due to the limited
rises above the amblent
from junction to ambient. Use of a heat sink is

g simuRtansously in accordance with common practice.
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Features

« Compatible with MCS-51™ Products

4K Bytes of In-System Reprogrammabie Flash Memory
— Endurance: 1,000 Write/Erase Cycles

e Fully Static Operation: 0 Hz to 24 MHz

* Three-Level Program Memory Lock

« 128 x 8-Bit Internal RAM

» 32 Programmabla /O Lines

« Two 16-Bit Timer/Counters

s Six Interrupt Sources

* Programmable Serial Channel

¢ Low Power idle and Power Down Modes

Description
The AT89C51 is a low-power. high-performance CMOS 8-bit microccmputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel’s high density nonvolatiie memory technology
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventiona! nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel ATBICS1 is a pewerful microcomputer which
provides a highly fiexible and cosl effective solution to many emnbedded controi appli-

cations.

Pin Configurations

P15

P18

Py 7

RST

(RXD) P30
NC

1TXD) P31y
{INTDY P32
NTY P33
(TH P33
{TNy Pu 3

W AfSR-Eg

-PQFP/TQFP

IPO.0 (ADD)

2 C1P0.1 LAD1}
1P0.2 (AD2)
{JP0.3 tADI)

44 42

- BB N WA e

-

vt i b bt

434241"%5%8,

W
»

“t
c

o

T 19
s30T g 0% e

1

13 E,rn 4 (ADa)
3z = ro 5 (ADS)
9y PO R [ADB)
BT &‘_’ﬂ ALY
28 = EAIVPP

2e TNC

27 EALEFFR‘GG
26 = PBEN

28 T P2.” tA18)
24 P2 6 (A14)
23 FP: 5 {A13)

]

WH) Pusl

XTALZt
XTAL ™
GHL!
GHD ¢
(A8) P2
1
2

(RT) a7

o

&
L1
LEe

(A10) P2
{Av1) P2
{A12) P2
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CaNanawn

(continued)

{ADU)
s (AD1)
= {AD2)
= (AD3)
5 (AD4)
= (ADS)
b (ADS)
[ Pu.7 (AD7)
=]

=

b
<
NawruN T

EA/VPP

: LE/PROG
PSEN

P2 7 (A1S)
P2.€& (A14)
= P2 s (A13)
| p2.4 (A12)
H P2.3 (A1)
= P2.2 (AvD)
[~ P2 1 (A9)

b P20 (A8)

P10 (]
Py 1T
P2
P1.3 (]
P1.4 ]
P1.8
P 6 (]
P1.7 ]
RST
(RXD) P3 0
(TXD) P3 ¢ &)
(INTiH) Pa 2
(NTYy) pyq
{Tu) P34
{T1) Pas ]
(WR}) Pa.¢ ]
(F0) P3.7
xTaL2 o
XTALt T
GND T
INDEX
CORNER

(RXD) 73.0f1y

{TXD) P3.1 13

{NT6) P2 z_:_1

(NTH P3 3chis
ivTey P3 216

iT) PasTNZ,g o

vCe
TIP0O.0 [ADY)

AsPa.r (AN

Jore.2 102
15P0.3 (AD3),

3
43 " &139p0 ¢ (ADC)

I8[0PO 5 (ADS)
371-P0 5 (ADE)
36{TP0 7 1ADT)
3s{aEAvep

345 NC
33[5ALE/FRUG
520 P8ER
It5P2 7 (A1S)
I0LIP2 6 (A14)

2900P2 5 {Av)
33 425,27y (A1)

(AR) P2.07

(A12) P2.4C]]
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jock Diagram
PO.O - PO.7 P20 - P27
ppaaaass aabpaann \
.- . . PR S A T [T TS S A P I
v i R C "
Ve | YYYVYYVYYY YYVIVYYY
. [ PORT 0 DRIVERS J « POAT 2 DRIVERS J
- 1 )
:
! ! L !
' = ‘
= . RAM ADDR. PORT 0 PORT 2 o el :
; AEGI!STER RAM LATCH LATCH PLASH  [@—————r]
4 A k 3 A
; E ; i
: y ; x
! : |
: 3 Y
: P PROGRAM
b VT 8 STAGH ADDRESS
: REGISTER Ace i POINTER REGISTER
2 . l y
: '4«—>»{  BUFFER
! TMP2 TMPY
" '
i : | I
. | | -
] ' ALY INCREMENTER [+
f .
¥ : | INTERAUPT, SERIAL PORT,
} . AND TIMER BLOCKS |
: 'y 'y |
: : PROGRAM [ o
N PSW | COUNTER |
N i
N Y i
' ' i i
3 ! . 1 i H
PSEN <4—— l x
. 1 H N
v AEPADE ¢ TMNG | nstruction ¥ : v Ll oem e
¢ EAIv,, —--» CONTROL | REGISTER ;
RST —— i
. Y
POAT 1 PORT 3
1 . LATCH LATCH
. Y \
{ : 5 7y
» : i
v !
. : osc hJ
i r PORT 1 DRIVERS I PORT 3 DAIVERS
! XA AALAZXRA YW W W W
........... b e R R R e R AR RS R R
i YITYVYVYYVY YYYYYYVY
d = P10 - P17 *

P3.0 - P37



-~y

-

-

The AT83C51 provides the following standard features: 4K
bytes cf Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. in addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
4tops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee .
Supply voltage.
GND

Ground.

Port 0

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

Port 0 may also be configured to be the muitiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mdde PO has intemnal pul-
lups.

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

Port 1

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

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

Port 2

Port 2 is an 8-bit bidirectional ¥O port with intemal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,

' Port 2 pins that are externally being pulled low will source

current (I ) because of the internal pullups.

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

159°

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

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

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

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

Port Pin Aiternate Functions

P3.0 ' RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 NTO (external interrupt 0)

P3.3 " INTH (external interrupt 1)
_E’EA T0 {timer C external input)

P3.5 T1 (imer 1 external input) |
| Pas l WA (external data memory write strobe)
| P37 ! RD (external data memory read strobe)

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

RST

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

ALE/PROG

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

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

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

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.
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When the AT89C51 is executing code from external pro-
dram memory, PSEN is activated twice each machine
cycle. except that two PSEN activations are skipped during
each access to external data memory.

¥

EANpe _

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

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

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

XTAL1
Input to the inverting oscillator amplifier-and input to the
interna! clock operating circuit.

XTAL2
Output from the inverting osctliator amplifier.

|
Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
;an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal cr ceramic resonator may-be used. To drive the
"device from an external clock source, XTAL2 should be left
‘unconnected while XTAL1 is driven as shown in Figure 2.
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It should be noted that when idle is terminated by a hard
ware reset, the device norimally resumes program execu-
tion. 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 unexpected write o a port pin when Idie is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
— ——e—— XTAL2
L
N LY
c1
*—) XTALY
¢ — —-——————— GND
=

Note: C1,C2 =30pF+10pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the extemal
‘clock signal, since the input to the internal clocking circuitry NC XTAL2
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
;observed.
EXTERNAL T
' ’ OSCILLATOR AL1
Idle Mcde SIGNAL
In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by "
software. The content of the on-chip RAM and all the spe- GND
fcial functions registers remain unchanged during this '
mode. The idle mode can be terminated by any enabled =
terrupt or by a hardware reset.
[ 4
Status of External Pins During Idle and Power Down Modes
Mode Program Memory i ALE PSEN PORTO : PORT? PORT2 PORT3
.| Idle Internal 1 1 Data Data Data Data
Idie External 1 1 Float Data Address Data
Power Down Internal 0 . Data Data Data Data
1 Power Down ; External " Float Data Data Data
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lPower Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
lers retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
'Reset redefines the SFRs but does not change the on-chip
‘RAM. The reset should not be activated before Vee is
restored to its normal operating ievel and must be held
active long enough t6 allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes
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Program Memory Lock Bits

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

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

Program Lock Bits ? Protection Type
T —
LB1 | LB2 | LB3
1 , u ; U ,I U "No program lock features.

f 2 ' P .‘ u | v ‘ MOVC instructions executed | from external program memory are disabled from fetching code
': : I ‘ { bytes from internal memory, EAis sampled and latched on reset, and further programming of the
: i | | j Flash is disabled.
: 3 ,' P : U, Same as mode 2, also verify is disabled. N
4 ) : P Same as mode 3, also external exacution is disabled. j

Programming the Flash

The AT89C51 is normaliy shipped with the on-chip Flash
d'ﬁemory array in the erasad state (that is, contents = FFH)
and ready to be programmed. The programming interface
gccepts either a high-voltage (12-volt) or a low-voltage
{Vce) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the users system, while the high-voltage
programming mode is compatible with conventional third
pFrty Flash or EPROM programmers.

The ATBICS1 is shipped with either the high-voltage or
Iow-voitage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

' Vpp = 12V Vpp= 5V

Top-Side Mark AT89C51 | AT89CS51

i XXXX XXxx-5
yyww yyww

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

. (031H)=51H (031H)=51H
(052H)=FFH (032H)=05H

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

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the ATBI9C51, take the follow-

ing steps.

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

2. Input the appropriate data byte on the data lines.
3. Activate the correct combination of control signals.

4. Raise ET\NPP to 12V for the high-voltage programming
mode.

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

Data Poiling: The ATB9C51 features Data Poliing to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on ail outputs, and

the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY,
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Prégram Verify: If lock bits LB1 and LB2 have not been (030H) = 1EH indicates manufactured by Atmel
programmed. the programmed code data can be read back (031H) = 51H indicates 89C51

via the address and data lines for verification. The lock bits . (032H) = FFH indicates 12V programming
cannot be verified directly. Verification of the lock bits is (032R) = 05H indicates 5V programming

achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically Programming Interface

by u.s ing the proper corrf\bnr;%uon 9;:: g:g; s.alggaliss ;a:rgt:r{ Every code byte in the Flash array can be written and the
h‘_’ iding f“:E/PROG}:?w or 19 ms. tion must b ey executed entire array can be erased by using the appropriate combi-

ith all *1"s. The chip erase g per_a roarammed nation of contro! signals. The write operation cycie is self-

Hefore the code memory can be re-p g' : timed and once initiated, will automatically time itself to
Reading the Signature Bytes: The signature bytes are  gompiation.
+ read by tggos:me procedure as a normal verification of All major programming vendors offer woridwide support for*
focations ! the Atmel microcontroller series. Please contact your local

d31H, and 032H, except that P3.6 and P3.7 must be pulied  programming vendor for the appropriate software revision.
tb a logic low. The values retumed are as follows.

Flash Programming Modes

;Mode | RST i PSEN | ALEPROG |, EANpp | P2.6 | P27 | P36 P37
| Write Code Data Py L H/2V L H H , H
V !
3 - ! _——
. Read Code Data , H oy L H H Lo L H H
Write Lock L git- 1 : H oL Hi2v. . H | H H . H
1] —\_/_ i
4 Bit- 2 H L T hmav | H H LooL
B '
| V \ !
i Bit-3 . H | L HA2v  H L H L
AT | [
: |
Chip Erase H L o H/12v H L L .+ L
) =({{ i
Read Signature Byte H | L ; H H L, L i L L N

Note: 1. -Chip Erase requires a 10-ms PRbG pulse.
P

b



Bigu'fe" 3. Programming the Flash

163

Figure 4. Verifying the Flash

% +5V +5V
i ATB9C51 ° ATB9CS51 Q
¢ Apon. A0 ATy, Voo | ADDR. &rﬂu P1 Vee pon’
OOOOH/OFFFH PGM OCOOM/OFFFH PGM DATA
) P20 - P23 PO - DATA : —» P20 - P23 PO} (UsSE 10K
: A8 - A11 . A8 - At1 PULLUPS)
¥ ——» P26 T-—» P25
E b
SEE FLASH | ———» P27 ALE }e—— PRGG SEE FLASH | — ] P27 ALE [¢——\
GRAMMING — PROGRAMMING — :
JDES TABLE ' — % P36 MODES TABLE ~ ——»} P3.6 o
L——»f P37 ——— P37 "
————— ] XTAL2 EA l&—— VNV, 'S XTAL2 EA f¢—n-
. f
§ ! I
324 MHz | = 324 MHz | L
—_— )
§ L.T' e | TD. i——_.,i .
i e T
; | |
! oL
f & XTAL1 AST fe—— V,, e : XTAL1 RST je— V,,
L GND PSEN [ e— GND PSEN
g L = < L
i
i
Flash Programming and Verification Characteristics
Ta=0°Cto 70°C. Vg = 5.6 £ 10%
Symbol : Parameter Min Max . Units
Vpp?) [ Programming Enable Voitage 11.5 12.5 ! \
'pp“l) : Programming Enable Current 1.0 mA
icteL ! Oscillator Frequency 3 24 : MHz
F e +
tavey ! Address Setup to PROG Low 48tc oL ‘
taHax I Address Hold Atter PROG 48tg o, ’
i - ___ N
toval Data Setup to PROG Low 48t oL
‘GHD')’ Data Hold After PROG 48tCLCL
tensh } p2.7 (ENABLE) High to Vpp 48, oL '
temar | Vep Setup to PROG Low 10 ! us
tans " " Vpp Hold After PROG 10 us
¥ T [E— -
toLaH PROG Width 1 110 us
taval Address to Data Valid , 48teaL
teral ENABLE Low to Data Valid ' 48t L
tEHQ_E_ Data Float After ENABLE ' Y 48tc oL
tonel PRCG High to BUSY Low 1.0 us
bwe . | Byte Write Cycle Time 2.0 ms
1. Only used in 12-volt programming mode.

Note: '
]
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fhsh Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

PROGRAMMING ' VERIFICATION
[ p10-P17 1 i, JERIFICATION
P20 - P23 A— i ADDRESS ! j _____ADDRESS —_—
— tavav
. K A
i PORT © | ! DATA OUT | — — —
k l —* tanax |
ALE/PROG - g
tanst i
| i
— : LOGIC 1!
: EANg  ______ e _IL_._________-__..-; _______ LOGIC O _ __ i __.
| | |
P27 _ ; taqy —» - * tenaz
' (ENABLE) i \.
' |
P34 ,
(RDY/BSY) BUSY  : READY
tye ——>

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

P10 - P17 t PROGRAMMING ’____\_/E_R!F_lCAT_IO_E_
P20 - P23 o] ADDRESS "'——I} ADDRESS
= i‘_ tavav
b 2 ¥ ANYNSAD TAI\VAIN @ . ]
N PORT0 — I BAAN ‘—————— DATA OUT
\ tover  tarpx
Lavat !"’_' toHax
ALE/PROG N ;
¥
t +
sy —lorgn—" ;
= | LOGIC 1
EANpp S iy ___ . _weicoi i oo
1)
—p! fe— t ! ] s
. P27 ' 25 n teov —  — " lenaz
' (ENABLE) : ' \| A
: towe, —> - :
P3L i | l

(ROY/BSY) T BUSY .
- L‘ Papp—

e e W ww
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+ spsolute Maximum Ratings”

S R T R — -55°C to +125°C "NOTICE:  Stresses beyond those listed under "Absolute
Maximum Ratings” may cause permanenl dam-
Storage Temperature -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond thase indicated in the
4 with Respect to Ground ...c.ceeereermsecermessisnossinsnes -1.0V to +7.0V : operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating VOIag8......co..cvrmersessieremsusinsenensraenes 6.6V conditions for extended periods may affect device
reliability.
DC Qutput Current
¢ . e
,DC Characteristics
iTp = -40°C to 85°C, Vg = 5.0V £20% {unless otherwise noted)
*| symbol : Parameter Condition filn i Max Units
. — : ¥
Vo ' Input Low Voltage | (Except EA) -0.5 i 02Vge-01 v
E i — 1 N
v, ! Input Low Voltage (EA) ! 205 ' 02Vep-03 v
Y Vi i Input High Voltage (Except XTAL1, RST) . 0.2Vee+ 0.9 ' Vee+ 0.5 v
Vi * Input High Voltage (XTAL1, RST) 0.7 Ve Veo + 05 v
Vou " Output Low Voltage!") (Ports 12.3) | lor = 1.8 mA, 0.45 v
Vour I Output Low Vohage™" lop =3.2mA 0.45 v
. : (Port 0. ALE. PSEN} ' i
- ——— et —y
Vaor Output High Vottage lon = -60 pA, Yoo =5V £ 10% 2.4 ! v
Ports 1,2,3, ALE. PSEN T B -
, (Ports RH/ lon = -25 pA 0.75 Ve v
: lon=-10pA 0.9 Vee v
Vo Output High Voitage " lon =-800 pA, Vg = 5V+10% 24 \
t {Port 0 in External Bus Mod
' {Port 0 in External Bus Mode) lom = -300 pA 075 Vee v
B loy = -80 A 0.9 Vee v
" " Logical 0 Input Current (Ports 1,2,3) Vi = 0.45V -80 pA
g 18 l Logical 1 1o 0 Transition Current Vi =2V, VCC = 5V £ 10% -650 A
1 (Ports 1,2,3} ;
oy Input Leakage Current (Fort 0.ER) 045 < Vi < Ve [ +10 pA
RRST x Reset Pulldown Resistor 50 300 | KQ
; Cio " Pin Capacitance Test Freq. = 1 MHz, T =25°C 10 ! pF
i1 lee Power Supply Current Active Mode, 12 MHz 20 f mA
' ; Idle Mode, 12 MHz 5 mA
£ r - - -
i Power Down Mode'?) " Ve =6V 100 . pA
| ch =3V 40 A

' Notes: 1. Under steady state (non-transient) conditions..lg must be externally limited as follows:
Maximum lg_ per port pin: 10 mA
Maximum iq_per 8-bit port:  Port 0: 26 mA
Ports 1,2, 3: 15 mA
Maximum total lg, for all output pins: 71 mA
It io1 exceeds the test condition. Vo may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.

2. Minimum V¢ for Power Down is 2V.

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

External Program and Data Memory Characteristics

Symbol parameter i\ 12MHzOscillator 1 16to24 MHz Oscillater ' Units

' |- min | Max Min Max |
MeLeL Oscillator Frequency ! i 0 24 T MHz

v ALE Pulse Width 127 g 40 | ns
tavie Address Valid to ALE Low 43 terer-13 ns
kax Address Hold After ALE Low L a8 terel-20 ' S
"~ ALE Low to Valid Instruction In ' 233 Mo65 | ns
kepL ALE Low to PSEN Low 3 43 torer-13 " ns
toyPH "PSEN Pulse Width \\\%5| | /) 3oL -20 " ns
L PSEN Low to Valid Instruction In ! 145 Btgct45 | ns
tpxix input Instruction Hoid After PSEN ; 0 0 ’ ns
toxiz Input Instruction Float After PSEN ! 59 o0 P ns
“tpxay PSEN to Address Valid e TR\ ¢ b terol8 " oms
'tAvw Address to V-aFd—l—nstructEon In ' i 312 i Stoe55 |, s
toLaz PSEN Low to Address Float i 10 10 | ns
[ | BD Puise Width b 400 BtoLcL-100 "ons
bLwWH WR Pulse Width 400 6to cL-100 ns
trov 75 Low to Valid Data In 252 StereL-90 s |
tRHOX Data Hold After RD : 0 0 T ns |
trHDZ Data Float After RD ! 97 2t oL-28 ns
oV ALE Low to Valid Data In ' 517 BtocL-150 0 ns
tavov Address to Valid DataIn - > ' 585 - Otg o165 s |
towe ALE Low to AD or WA Low : 200 300 BterL-50 Btoo+50 1 ns
tavwL Address to RD or WR Low ' 203 dtoLoL75 ‘ ns
tavwx ! Data Valid to WR Transition ‘ 23 | telct-20 ns
toewss | Data Vaid to WR High ) q 483 2 b Tlge120 s
whHax Data Hold After WR - Y T e
taaz | D Low to Address Float ! 0 0 S
Wwrir | AD or WA High to ALE High Poas 128 | g | toos?s | ns
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External Program Memory Read Cycle

[} )
et —*

|
L

ALE :
! oL pn
e —
| — yp +— !
PSEN _ | ! - Hleuv |
= py et —
! g tpxiz le—al |
‘LLAX :‘_"" 3 i ’ !
P toxix— f— ‘ l
PORT O —F AQ - A7 INSTR IN L T T ap-A7 — —
— by —
PORT 2 g A8 - A1S b A8 - A5

External Data Memory Read Cycle

r— Y ——¥
ALE K J /
. l‘_ twrur

PSEN : ) , N ,
e taen —
— tow <y i
_ ! | A
“ .
AR — tax Ina xR .
ety —> i —>laoy =5 tampz
! AVLL A { 1 ] i
\ % SN i) Ve i
PORT 0 __ — A0 - A7 FROM Rl OR DPL " - ' DATA IN, 420 - A7 FROM PCL>— INSTR IN
ey = G i(
‘AVWL S RKTIE
i“—"_—_— tAVl:N .
PORT 2 e P20 - P2.7 OR A8 - A15 FROM DPH AB - A15 FROM PCH
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gxternal Data Memory Write Cycle

— by — |
) i ! SR —— .
ALE > & . P
’ l 'l Sl
¥
PSEN : S
' [— tu_w|_ '_.b‘—tWLWH ——.l‘
!
!
i
re—liLax !
tavie—» tovwx .~ — +— lwnox
l H:‘QVWH — !
] i
1
' PORT @ __ . A0 - A7 FROM RI OR DPL i ' DATA OUT - - A0 - A7 FROM PCL — INSTR IN
) o
- !
* ‘AVWL
' PORT 2 P20 - P2.7 OR AB - Al5 FROM DPH A8 - A15 FROM PCH

External Clock Drive Waveforms

|‘_~ tenex ———

£ 0.7 Ve

045V ——°

_External Clock Drive

‘Symbol :‘ Parameter Min : Max ; Units
1 Mee 1T Oscillator Frequency 0 24 ! MHz
terct | Clock Period 1.6 s
terex ! High Time 15 ns
tcrex Low Time 15 . ns
teLcH Rise Time 20 ns
teHoL Fall Time 20 . ns
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Serial Port Timing: Shift Register Mode Test Conditions

Ve = 5.0 V £ 20%; Load Capacitance = 80 pF)

Symbol " Parameter " 12 MHz Osc Variable Osciliator : Units
Min | Max Min | Max i
R Serial Port Clock Cycle Time P10 12teioL . l . us
- i
tava Output Data Setup to Clock Rising Edge i 700 10ty ot -133 | ns
tyriax Output Data Hold After Clock Rising Edge ' 50 AeLo-117 ' ns
txpx input Data Hold After Clock Rising Edge 0 0 Lons
b— - 1' ——
oy Ciock Rising Edge to Input Data Valid ! 700 10ty -183 | s
Shift Register Mode Timing Waveforms
¥ INSTRUCTION | —0 1_ 2 ;8 _ | _4_+ 5 | _6_ | _7 . 8
YL o Do 0 S 1 e N 1 O O B I R
g " baxe
— —t R —_— e —— —
cLock LT e | = " N\ —
tovxH +—s !
| s l*— tnax
I WRITE TO SBUF ~__0 1 <2 3 > a 5 e (7
t A
OUTPUT DATA ooy 1] | Bl seTi |
P — T T e TR Dt
: A
i INPUT DATA SETRI!

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

3
Ve~ 0.5Vmm— —
cc . e
) 02 Vg + 0.8V >¢
TEST POINTS ¥
7N\

L02 Voo - 0V 7

LOAD

¢ 045V -—

Note: 1.

AC Inputs during testing are driven at V¢ - 0.5V for
a logic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vg min. for a logic 1 and Vy.

max. for a logic 0.

Hote: 1.

v -
Vioao® &V — ___\VOL 0.V
Timing Reference ™, —
> . Points /
LOAD - Vet oW

For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
pori.pin-begins to float wher 100 mV change from
the loaded VoV level occurs.
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Speed Power |
(MHz2) Supply Ordering Code Package Operation Range
P12 5V+20% ATB9C51-12AC 44A Commercial
' ATBICE1-12JC 44y (0°C 10 70°C)
! ATB9C51-12PC 40P6
AT89C51-12QC 440
1 AT89C51-12A! 44A Industrial
b AT89C51-12Ji 44 {-40°C to 85°C)
AT82C51-12P 40P6
: AT89C51-12QI 43Q
. ATB9C51-12AA 44A Automotive
AT89C51-12JA a4; {-40°C to0 105°C)
AT89C51-12PA 40F6
AT89C51-12QA 44Q
Pote 5V +20% ATB9C51-16AC 44A Commercial
i AT89C51-16JC 444 (0°C to 70°C)
AT89C51-16PC 40P6
. AT89C51-16QC 44Q ‘e
AT89C51-16Al- 44A Industrial
ATB9CH1-16J1 a4} (-40°C to 85°C)
AT89C51-16P! 40P6
AT85C51-16Ql 44Q
ATBIC51-16AA 44A Automotive
AT89C51-16JA 44) (-40°C to 105°C)
! AT89C51-16PA 40P6
ATBIC51-160A 4Q
20 5V £ 20% AT89C51-20AC 44A Commercial
. AT89C51-20JC 44 (0°C to 70°C)
AT89C51-20PC 40P
. AT89C51-20QC. 44Q
) AT89C51-20Al 44A Industrial
i AT89C51-20J1 44 {-40°C to 85°C)
AT89C51-20P! 40P8
! AT89C51-20Q1 44Q
T24 5V +20% ATBIC51-24AC 44A Commercial
. ATB9C51-24JC 44 (0°C to 70°C)
{ AT89C51-24PC 44P6
AT89C51-24QC 44Q
AT89C51-24Al 44A Industrial
AT89C51-24J1 444 (-40°C to 85°C)
AT89C51-24P! 44P8
' AT89C51-24Gl 44Q
¥
b Package Type
i Q'4A 44 Lead, Thin Plastic Gull Wing Quad Flatpack {TQFF)
44 44 |_ead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

44 Leash,Riastic Gull Wing Quad Flatpack (PQFP)
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