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OZET

Agirlik GOlgme sisteminde , 8085 mikroislemcisi ve
ytik hiicresi kullanzimistir. Hlgme ylk  Thilcresinden gelen
elektriksel sinyalin ( Bu sinyal uygulanan agirlikla orant:
lidir) instrumantasyon kuvvetlendiricisinde yikseltilmesiyle
yapilmistir. Yitkseltecin kazanc:i ayn:i zamanda dlgekleme igle-
mini de yapmaktad:ir. Daha sonra yvitkselteg gikigi 4%
dijitlik bir DVM’den gegiriierek agiriik bilgisi sayisal
olarak mikroislemciye aktarilmaktadir. Uygun yazilimlarla bu

bilgil 7-pargal: gistergelerde ton olarak gozlenmektedir.

ilgill elektronik devrede bir adet 8085 mikroisiemcisi,

1

iki adet 8155 PIQ, bir adet 2784 (8Kx8) EPROM, bir adet 5264
(6264) RAM, bir adet 8279 Programlanabilir Tus/GZsterge Ar

birimi, bir adet 7135 DVM ( 4% ) ve bir adet INALOLl Inst-
rumentaticon Aml:fier entegreleri kullanilmzigtirc. unlara ek
clarak iki adet 74L5139 decoder, bir adet 74L5138 decoder

bir adet 74LS373 Latch entegreleri ve
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gasterge de bulunmaktadzir.



SUMMARY

In a weight measuring system, a load cell and micropro-
cessor 8085 was used. The signal obtained from the locad cell
was cognnected to the insfirumentation amplifier. The output
from the Instrumentation Amplifier INA1Ql was transferred %o
the 4% digits DVYM ( BCD outputed ADC ), Then the digital dats
was processed with 8-bit microprocessor. By means of a conve-
nient scftware, the weighing result was observed on the 7-

d

segment isplay.

The system contains a 8085 CPU, two 8155 PIQ, one EPROM
(2784), one RAM (€6264), a keyboard/display interface (8279},
4% digit DVM (7135%) and one instrumentation amplif
¢ INALOCL Y. In addition, three decoders (74LS5138, 74LS51397,

n
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latch and six seven segment display.
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1. GIR:S

Bilindigi gibi artik mekanik ve analog bir gok endist-
riyel alanda kullanilan sistemler yerlerini elektronik dev-
relere birakmislardir. Ancak bu degisimin olabilmesi igin
fiziksel biyiiklitk olarak nitelendirilen basing, sicaklilk,
ag:rlik, ' kuvvet gibil baytkldklerin elektriksel igaretliere
cevrilmesi gerekmektedir. Teknolojinin gelisimiyle birlikte
ortaya gikan dontstiridciller sayesinde gergek hayattaki bu
hiayiiklidkler elekironik devrelerin anlavacag: dile gevrile-

bilmistir.

Bu tez galigmasinda da Yik Hicresi denilen donigtiricii-
lerden gelen elekiriksel sinyaller bhir A/D yardimiyla mik-
roislemciye alinip, bu sinyaller uygun sekilde islenerek bir

elektronik kantar yap:ilmistir. Cihaz agirl:

et
~
r

w1
=

enin yanin-

da ayrica tarih ve aracin lakasinin girilmesine de imkan
L=

T, Ayrica istendigi =znda tarih, plaka ve afirlik

bilgiteri bir yazici arac:iligiyla kagdida aktariiabilmekte-
dir. Tabi ki bZyle bir cihazin mekaniklerine gire bir gcok
avantaj: olacaktzir. Bunlari su sekilde siralamak mimkiindiic:

2} Okuma hatas: yok denecek kadar azdir.
b} Bakimi, onarimi ve ayari kolaydir.
c¢) Hizli: olgim yapabiimektedir.
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azic: baglianabildi:
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ka1t Gzerine yazdirilmaktad:r.
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Sekil 1.1’de gergeklestirilen elektronik kantar:in blok

diyagrami gSsterilmektedir.
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2. DONUSTURUCULER ( Transducers )

Daniigtiiriiciiler farkl: sistemler arasinda enerji aktarz-
mi saflayan cihazlar olarak tanimlanabilir. Sicaklilk, me -
safe, kuvvet, agirlik, basing gibi fiziksel biiyikliiklerin
analog algilayicilar:i sayesinde yeni @lcme wve uygulama
alaniar: dogmustur. Bu tez galismasinda da Yiik Hiicresi (Load

n
ell) kullanilarak agirlik Slgmeye galisilmistir., Yk hicre-

Q

si cikiginda, lzerine uygulanan ag:irlikla orantili olarak
milivoltlar seviyesinde de gerilim veren bir doniigtiriicidur.

Strain Gage denilen malzemelerden oclusturulmustur.
2.1 Strain Gage

Strain gage uygulanan kuv

=

etin yZSnidne gdre baoyunun

v
zamas: veye kisalmasi sonucunda kiigiltk miktarlarda diren
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n bir teldir, Boydaki degisim gok

Sekil 2-1’de bir strain gage’in yapis: gosterilmigtio.
Celkme yoniinde bir kuvveile maruz kalan strain ga
artar. £2inks normal beyunda birs artis olur. Sikiztirma y&-
niindeki ‘bir kuwvvet de strain gage’in boyunu aéaltacagzndan

direncinde bir di

Izte bu direng degisimi Szelli-

ginden yararlanzlarak bu malzemelerden yitk hilcreleri yapzl:zip
agirlik dlgimlerinin elektronik olarak yapilmas: saflanmzig-
tir.
Sekil 2,1 Strain gage'in yapis:
Strain gage'lerin baz: parametreleri vardzr. Imatlatgi-
lac tarafindan zorlanmayz maruz kalinmadigl zamanki gaz='in



belirlenmis olan gage faktorilt (GF) de wverilir. Gage faktdril,
bir gage’in direncindeki degisim yitizdesinin bayundaki
degisim yﬁzdesine oran: olarak tanimlanar. Yani &R/R oran:
GF’ye bolinilirse sonug AL/L olur. Eger GF’si 2 olan 120 £’ 1luk

bir strain gage gerilme y#nindeki bir kuvvet nedeniyle C.001

]

2’ luk bir R degizsimi giostermis ise boyundaki degizim yiizde-

AL AR/R ©.001/120
GF 2

-

olaralk bulunur. AL/L oranina birim strain de denir. Buradsa

bazi tanimlarin verilmesine gerek vardir:

Birim alans uygulanan kuvvet miktarina "stres" denir.

Stres’den delay: bir malzemedeki deformasyona da "strain®

denir ki bu da &L/L°dir.
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Direngteki kigik
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mine sebeb olacaktir. Trnegin 120 ¥’ luk bir strain gage’de

SmA’lik bi
0.

[
3

akim gegsin. Bu durumda gage'in uglarindak!i

4

r
gerilim 6 V olur. Eger direng 1 m@} kadar degisirse 5

uV*luk bir gerilim degisimi oclusur. Bu degisimi bir voltmet-
i o g i katsayiyla garparak

r2 ile 'giozleyebilmek izin uygun bir
yitkseltmek gerekir. HGrnegin 1000 katsayisiyla carp
degisim 5mV olur. Fakat diger taraftan da 0.6V 600V’a yikss-

lir. Takdir edilecesi gibi 600V’ luk bir sinyal iginden SmV’u

ayirtetmek oldukga gictiar. Bundan dolay: sadece direnc
degiziminin sebep oldugn gerilim farkini yuakselten bir

devreye ihtiyag vardir. Bu problem de basit bir direng kZprl

devresiyle halledilmektedir.

Sekil 2-2'de gisterildigi gibi strain gage direng kipril

devresinin bir koluna ysrlestirilic. Devredeki R direncinin

degderi herhangi bir kuvvete maruz kalinmadig: zamanki



gage'nin direncidir.

V1=V2=V/2 oldugunda V1-V2=0 olacaktyir. Bu zartlar al-

F
tinda kiiprt dengededir denir. Eg=sr strain gage sikigtirilic-

=

sa R degeri 4R kadar azalacaktir. Bu durumda gerilim fark:,
Vi-VZ2=E( &R} /4R (2.1)

olarak bulunur. trnedgin R=0.0014, R=120, V=10V ise V1-V2
fark: 224V olur. Goritlddast gibi bu fark gok kiigiik bir deger-
dir. Buisinyalil harici giréiltilerden koruyarak yiukseltebil-
mek ancak bir instrumantasyon kuvvetlendirici kullanilarak

vapirlabilir.
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Sekil 2.3

2.
i

direng k3pri evresinin  instrumantasyon

d
kuvvetlendiriciye nasil baslandig: gosterilmistis. Kuvvet-
n

m
lendiricinin kazanc: digardan baglanan bir Rg direnci ile

0

r
istenilen dedece avarlanabilir. Eaer kazanc: 1000 yapacak
d k

n
v
V]
11
mn

i

1}
x

ardaki Zrnekte 22z2V’luk gerilim

f

ark: kuvvetlendiricinin gikzsinda 22nV’a yiitkseltiimig olur.

V2

Vo

[J_‘

Sekil 2.3 Direng kodprid ve Kuvvetlendirici devresi
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Sonugs olarak strain gage’ler kullanilarak basing,
kuvvet ve afirlik blyGkldklerini Slgmek mimkin olimaktadzir.
Iste strain gage’lerin bu Gzelliginden yararlanarak yap:ilan
yiik hiicreleri sayesinde agirliklar elektriksel @ sinyallecre
gevrilerek wuygun sinyal igleme devrelerine sokulup g¢ok has-

sas galigan elektronik kantarlar yapilmaktadir.



~4

3. INSTRUMANTASYON KUVVETLENDIR1IC?

Hlome ve kontrol sistemlerinde en gok kullanilan kuv-
vetlendiriciler instrumantasyon lkuvvetlendiricitecdir. Bu
yitkseltegler sadece girig sinyalleri arasindaki fark: yik-
seltirler. Giris empedanslari oldukzga yﬂksektir; Drsardan
baglanan bir direngle kararl:i yiksek kazanglar elde edilir.
Ortak mod azaltma oranlari oldukga yiikssktir. Instrumantas-
von yiikselteglerini tek bir entegre iginde elde etmek mGmkin
oclabildigi gibi bir kag iglemsel yikselteg ve direnglerle de
yvapmak miimkiindiir, Ancak ayn:i verimlilik ve duyarlilik elde
edilemez. Instrumantasyon kuvvetlendiricilerin en basit

sekli bir fark yiitkseltecidir.

3.1 Fark Yiikselteci

Sekil 3.17%de gZsterilen fark yitkseltecinin zikis: =su gekilde
yazrlabilir:

Vo=m{VZ-V1> (3.1
Gorldiad gibi Vo gikigs gerilimi yiikseltecin + ve - girigle-

rine uygulanan gerilimlerin fark:iyla orantilidir. "m"™ garpa-
ni ise fark kazanc:idir ki bu da direnc oranlar: i1le ayarla-

nir.

mR

e
= EN e
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Bodyle bir devrede CMRR ( ortak mod azaltma orani: )’'in
iyi olabilmesi igin direnglerin gok hassas ve de %1'1lik
olmas: gerekmektedir. Ortak mod azaltma orani ( CMRR ); bir
kuvvetlendiricinin ortak mod ve fark kazanglarinin oran:

seklinde tanimlanir:

Adm

Acm

Ideal CMRR sconsuz olarak kabul edilir. Bir fark kuvvetlendi-
ricisinin fark girigslerini yutkseltip ortak mod sinyallerini
yok stmesi o kuwvvetlendiricinin CMRR’z: ile belirlenir. Fark
vikselteglerinin bir dezavantaj: giris empedanslarinin yete-

ril kadar biyik olmamasidir.

Ortak moed etkisini azaltmak, girisz empedansin: arttira-
bilmek ve degisken yiiksek kazanglar elde edebilmek igcin

instrumantasyon kuvvetlendiricileri kullanzlar.
3.2 Instrumantasyon Kuvvetlendiricinin Kazanc:

Instrumantasyon kuvvetlendiriciler sayesinde gV ve mV
seviyesindeki sinyaller istenmeyen giiritlti sinyallerinden
korunarak yiikseltilebilir. Sekil 3.2%de bir instrumantasvon
kuvvetlendiricisi gdritlmektedir. Bu devrenin gerilim kazanc:

su zsekilde heszaplanabiiir:

A noktasindaki VA gerilimi,

~3

R
VAS ——— ( W1-VZ ) + V1

(3.31
aR
Bnoktasindaki VB gerilimi,
R
VB — — ( V2-¥1 )y + V2 (3.4

olarak yazilabilir. VB ve VA fark yiikseltecinin girigle-

rine uygulanmaktadir. 0 halde,



2
Vo=VB-VA= ( 1 + Y OOVZ2 - V1) (3.5)
Va 2
_— = {1+ ) (3.8)
V2-vi a

olarak gerilim kazanci hasaplanir.

Kaza

3
L

denkleminden de g&riildiad gibi devrede bulunan R

2]

ve aR degerleri ile kazang ayar:i yapmak miimkindiir. Bu kuv-

vetlendiricilerin giris empedansi gok yiksek oldugu igin

sinyalin zay:flamasi da Onlenmektedir.
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3.3 INA1OL Instrumantasyon Kuvvetlendiricisi
Sekil 3.37de gisterilen devre tezde kullanilimistzr. 5

ve 10 nolu bacaklar arasina baglanan Rg direncil ile isteni-
len kazang ayarlanabilmektedir, 2 ve 3 nolu bacaklara bag-
lanmiz clan 100K'li1k potansiyometre ile gikis ofset gerilimi
avarlanabliimektedlis, Devrenin gerilinm kazanci,

40K

G = 1 + (3.7
Rg

formiiliiyle hesaplanmaktadir.(BURR-BROWN Data Book,Sayfa;2-12)
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Sekil 3.3 INAL1QOl Instrumantasyon Yiikselteci

Kuvvetiendiricinin 8 ve @ nolu bacaklar: entegre i

o -

Ly}

risindeki  fark yitkselteci katinin girisleridir. Bu nedenle

digardan ' g@riltd almamas: igin bunlar bir gerilim tampen

devresiyle shield’ lanmigstzir. Biylece disardaki slektromanye-

ot

tik dalgalarin yaratacag: etkilerden sistem korunmustur.

3.4 Algak Gegiren Filtre

Tasarlanan sistemde ikinci dereceden bir butterworth
algak gegiren filtre kullaniimistair. Kesim frekans: 2Hz ve
kazanc: "1" olacak zeskilde elemanlar secilmizstir. Filtre
devresi Hekil 4.2’de ghriildigd gibi kuvvetlendirici ile DVM

t

devreleri arasina yerle ir. Boylece trafo veya load

F
cell’den kaynaklanan bir takim giiriiltid bilesenleril filtre
devresinde siiziilerek mikroislemciye ulasmaktadir. Alzalk
geciren filtrenin kesim frekans: su formiiile

hesaplanmaktadzir:

1
(3.8
2n(R1R2C3C41%



4. ANALOG-SAYISAL CEViIRICI DEVRESTI

Analog isaretlerin bir mikroislemeci tarafindan islene-

bilmesi igin Oncelikle sayisal igaretlere gevrilmesi ge

ry

.
kir. Bu izlem de analog-sayisal gevirici entegre devreleri

sayesinde yapilmaktadir. Tez galigmasinda yap:lan elektronik

kantar devresinde de INTERSIL’in 7135 A/D entegresi kuila-

nilmistzr. Bu g¢gevirici dunal-slope teknigini kullanan 4%
dijitliik bir dijital voltmetredir (DVM). Bu DVM’'in tam bir
A/D  gibi galisabllimesi igin sadece digsardan bir gerilim

1z ve kapasitir ilave etmek yeterli-

Sekil 4.1'de yapilan ADC devresi gZsterilmistir. Devre-

nin ihtiyac: olan referans voltaj: LM336 2.8V hassas refe-

rans entegresi ile sazlanmistair. clarina paratel oglarzk
baglanan @ 10K&'1luk bir potansiyometre ile referans volitaj:
1¥'a ayarlanmistzir. Devre 125KHz'lik zast frekans: ile d-
niigtirme islemini yapmakitadir. (INTERSIL, Sayfa;: 3-74)

3L

"sv 2,
C X
STROBE | — »
RUNfHOU—————

20

19 $CPU

16

13

Py
ICL 7135
Sekil 4-1 DVYM Devresi
By szat isareti PI0-Z2°nin TIMER OUT’undan alinmistirs

Bilindigi gibi 8155'in programlanabilir bir sayici/zamanla-
yici's: vardzr. 155 asag:idaki zekilde programlanarak lste-
n



MVI A, L18H
QuUT S&H
MVI A, 40H
QUT S5H
MVI A, OF4H
QUT 50H

7135in g:k:iz: BCD formdadir. STROBE gikiginin her
2

algak seviyey distisiinde bir dijit igin gerekli BCD wveri,
—i1kisina  yansimaktadzir. 4% dijitlik olmasindan dolayz S
dijit igin BCD gikig vermektedir. Yani 5 kez arka arkaya
STROBE gikzis: gelmektedir. Bu g:ikizlar yazilimla kontrol
edilerek bir Slcim igin gerekli olan 5 adet BCD veri bellek-

te 5  byte’lik bir hilgeye alinmaktadir.
4.2 DVM 1Ile Sistem Kalibrasyonu

Sekil 4-2'de DVM ve yiikselteg devresinin agik gsemas:

verilmistir. Kuvvetlendiricinin Rg kazang direnci ile iste-

nilten maksimum agirlik kalibrasyonu yapilzar. Yani 60t mak-

Ul
s
101
1]
[NV ]
]

simum =a22:irlik ise Rg direnci giiste £0.00 gozleninceys

kadar ayarlanzir. Bu gekilde A/D’nin gt kalibrasyonu yap:il-

m:is olur.  Kantar Szerinde hig bir ag:irlik yokken de goster-

e
sonra  kantar Slgim  yapmak igin haz:r durums getirilmis

demektir.
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S. DONANIM

Bu tez galismasinda tasarlanan devrenin kontrolu 808S

=2

mikroislemcicsi ile yapilmaktad:ir. Bu iglemci tek basina bir

CPU’ dur.Cinkit tek bir entegre igerisinde kendisi igin ger

ke~

i

i clock ve kontrol devrelerini igermektedir. 16-bit’lik
adres héttznln Low Byte'ni ( ilk 8 bitini ) ALE sinyvalinin
durumuna gdre hem data hatt: hem de adres hatti olarak
kullanmaktadir. Devrede adres data Latch olarak 74LS373
entegresi kullanilmistir. Enables bacagdina baglanan ALE sin-
valinin durumuna gdre stirekli girkizs vermektedir. ALE sinyalli
Low 1ise ADO-AD7 hatlarindan gelen bilgi tutulur. Bu bilgti
data olarak goriilGr. ALE sinyali High ise ADO-AD7 hattindan
gelen bilgiye vyol wverir. EPROM ve RAM hu bilgiyi adres
olarak gdcir. Bu gekilde ayrilan adres ve data sadece EPRDOM

a

ve RAM’e gider.Diger entegreler ( 8155 , 8279 ) ayrm

RA ve EPROM'a

|

080

sor——

10
@
ki
:
10
00

T4LS373
ALE

09
sa

g
I

20
€0
H]
ia
0a

_rﬂ

BO85'in RD g:ik:ig bacag: akimillatfre bilgi girigi oi-
dugunu, WR <i1kis bacag: ise akimillatSrden bilgi gikisi ol-
dugunu gisterirc. Bu bilgl giriz ve gikisinin nersdsn ve
nereye yapilacag: izse 10/M g:kiz bacaginin durumuna bagli-
dir. Bu bacak High ise I/0 portu ile, Low ise bellek 1il=
bilgi aligverizsl yapilacag: anlas:lzic.

il

Ayrica 8085'in & tane Scftware Interrupt’: ve & ftans o
Hardware Interrupt’i vard:ice. Sistem Hardware I

n
caklarina gelen uygun sinyaller degrultusunda her birc in-
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terrupt igin belirlenen adres bdlgelerine dallanzir.

Tasarlanan devrede 3MHz'lik clock sinyali kullanilmig
tir. Sistem disardan baglanan 6MHz’lik bir kristal sayesinde
bu clock sinyalini kendisi elde etmektedir. CPU kartinin dig
dinya ile alisverisini saglamak igin 2 tane 8155 PIOQ  kul-
lanilmigtir. Kartta hafiza birimi olarakta 8K’lik 2764 EPROM
ve 8K’lzk 62684 RAM vardzr.

5.1 Mikroislemci Devresi

=

Mikroislemci devreesi adres gciziicli, bellek birimleri,
girig-gikzs birimleri ve tus-gisterge birimlerinden olusmak-

k
tadir. Devrenin agik semas: sekil 5.2'de gosterilmistir.

5.1.1 Bellek Haritas: ve Adres LCBzicii

Mikroislemcinin aradigin: yerinde bulabilmesi igin

=

ri
64K 11k maksimum kapasitesi belirli bZlgelere ayrzlmigtzr.

1
[

z=ekilde mikroislenci istedigil zaman hafizs birimlerine wve
cevre elemanlarina bir karis:ikliga eden olmadan ulagacak-
tzr.

Tez  gzalizsmasinda bu durumu saglayabilmek 1gin Snes bic

bellek haritasi gikariimistir., Sonra bellek haritasina uygun
bir adres ghzicili devresi yapilmistirc. Zekil 5.3"'de kullani-

devresi iki tane 74LS138 2'den 4'e ead

kullanilarak yapilmigtzcr. Girizslerine ALlS,
Al4, AL3 wve ALZ2 adres hatlari uygun sekilde baglanarak beleak
iki tane BK'1l:k, g tane 2K’lik bloklara bdlinmustiir. Zekil

5.4%de bu islemi yapan adres gdziici’'niin semas: verilmistic,

Eprom’da  siztem programlari ve sabit degerler =saklan-

miztic. RAM de  ise program akisi igerisinde gerekll arz
degerler 1le sabit olmayan degiskenler saklanmigtir. Ayrica
RaAM wvigiltiy1 (stack) da gesrgelklestirmistic. Taszarizanar
Elzsktronik Kantards 100 araca kadar tarih, plaka ve agiriz
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0000 H
EPROM( 8K)
1FFFH
2000H
RAM (8K)
3FFFH
LOOOH
B0
LFFFH
" S000H
P10 2
SEFFH
6000H
TUS ; GOSTERGE
TAKIMI
BFFFH
7000H
KULLANILMIYC
FFEFH
Sekil 5.3 Bellek Haritas:
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A 13 B y1 p———PI0 2
G
74 LS 139 /A
as_ |, Y3 Al A y2 > 8279
s ERRAE] s T 1
10\M— A Y1 G
Yo
74 LS 139/A 7415139/B
Al |, Y3 pb—— maAM
«S¥—— B yg F—"—EPACM
G
74Lsxxya

- e i
=] LE I RORLIE A NDR 5 )

[

~J



5.1.2 Girig-Cikis Birimleri

Yapilan devrede i1ki adet 8155 PIO’su kull
I

4

a F
8155’in :iki tane 8'er bit programlanabilir Giris/Cik:
u

-~
<
2]

portu, 1 tane B bit praogramlanabilir Girig/Cikis port
yine programlanabilir 14-bit’lik sayici/zamanlayicisi var-
dir. Tasarlanan devrede 44-bit’lik Girig/Cikis portu
mevecuttur. Bu portlarin kontrolu komut gtiigiine yaz:zlan

belirli kontro! kelimeleri ile saglanzir.

Sistemdeki PI0O~1 yazici ile baglant: saglamak,PIi0-2 i

1]

U]

ADC  katindan gelen ag:irlik bilgisini okumak igin kullanil-

5.1.3 Yazic: ile baglanti

Bir takim istatistiklerin tutulmas: igin tartim scnug-
larinin bir kazida aktar:ilmas: garekmektedir. Bu nedents
siztemin PID—l’i vazici ile alig veris yapmak igin kullanil-
mistir. Mikroisiemciden bilgiler yaziciya paralel olaralk
ginderilmektedir Yazici: 1le yvapilan baglant: Sekil 5-57d=

"
Ty P
P01 YAZICI

pPC2 [ ACK
PC3 STR
GND GMND
Zekil! 5.5 Yazic: Ile Baglant:

PI0-1’in A portu gikisa C peor

t
lanmizstzir. PID-17in port numaras: 40H dir. Buna gidre port-A

41H ve port-C 43H adreszi ile gegilmelktedir. Bu durumda £-
bit’iik C portunun PCO,PCL,PCZ bitleri protokol igin PI3Z,

PC4, PCS bitlerd

[

zlzminin nas:l!
t

aniatilacaktir.
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5.1.4 ADC ile baglanta

Load Cell'den gelen agirlik bilgisi uygulanan kuvvetle
orantilz: olarak degisen ve milivoltlar seviyesinde olan bir
dogru gerilimdir. Bu gerilimin mikroiglemciye allhlp islene-
bilmesi :i;in tncelikle sayisal hale getirilmesi gerekmekte-
dir. Bu:' da 4% digitlik 7135 DVM (Digital Voltmetre)
entegresi kullanilarak gergeklestirilmistir. DVM?’in gikisla-
ri1 PID-é’nin A portu tizerinden mikroislemciye alinmaktadair.

DVM ile yapilan baglanti Sekil 5.6'da gHsterilmistir.

N
" iz
- PA.7

PC2 STROBE
PCa4 RUN/FOLD
GND GND

Sekil 5.8 DVM Ile Baglant:

PIO-2"nin A portu girise C portu’da Alt-3’e programla-
narak DVM’den data kolayca okunmustur. Yine burada da DVM
ile vyapilan protokol izlemi Yaz:ilim konusunda anlatilacak-

tir,
5.2 Tus ve Gi@sterge Devresi

Tuz ve GiEsrerge takimina ait devrenin ak:iz sem
T ]
t

2
edir. Mikroigslemeci igin tuslar bir irig
T = 3

initesi ghstergeler ises bir gikis Gnitesidir.

Yapilan elktronik kantar devresinin Tug/Gosterge kar-

2
tinda programlanabilir Tus/GEsterge ara birimi olarak bBili-
nen 8279 entegresi kullanilmistir. Bu entegre 8 adet 7-
pargalz :gﬁsterge ve B4 ile 128’e kadar olan tus takimin:z
kontrol edebilmektedir. Bu tezde sadece 6 adet 7-pargal:z

ghsterge ve 24 adet tus kullaniimistir.

8279’un C/D bacagina A8 adres biti baglanmightir. 82793

A8 bitinin degisimine gdre bus'taki bilgiyi ya wveri ya da
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komut olarak kabul etmektedir. A8 lojik 1 seviyesinde ise
data bus’taki bilgi komut, lojik O seviyesinde ise data

olarak algilanmaktadzir.
5.3.1 Tug Takimzi

Devrede kullanilan 24 tusun yerlesim plani Sekil 5.8%de
gosterilmistir. 8279 bir 8x8 FIFO/SENSOR RAM’ine sahiptir.
82728 un Herhangi bir tusuna basildiginda o tusa ait olan kod
FIFO/SENSOR RAM’e yazilir. Tusa baszilidig: anda 8278"un INT

1

k 1 seviyesine gika

i

kisa bir istre igin lojl Yapilan devreds
bu INT b#cagz 8085"in RST 7.5 bacagina baglanmistir. Boylece
bir tusa basildigi zaman mikriislemci OC3CH adresine dalla-
nir. Orada yazilmig colan bir program arac:iliZiyla B827Y9'dan
tusun  kodu mikroislemcl igcine okunarak sistem RAM inde KEY

ile temzil edilen 2000H adresine yazziir.

LiSTE | | DARA | |POINT || D e Il
TARH | |PLAKA| | 8 9 A B
TARTIM | [YAZICI | 4 5 6 7

reseT| | o || 1 2 3

Sakil 5.8 Tusltarin yerlesimi

5.3.2 Gﬁsﬁerge Takim:

Devrade 6 adet 7-parcal: gistecge kullanilaralk bir
gsterge yapilmigtsr 8279 bir 16x8 Gdsterge RAM’ine sahip-
tir. Bu RAM'e Se=kil S5.9'daki formda yazilan bilgiler {lgili

komut kullanilarak dogrudan gistergede gOrilir.



D7 £ p6 [ ps { pa [ D3 { D2 [ Dt | DO {

1
dp oy f e d c b a

Sekil 5.9 8279 igin 7-parga format:

Bu RAM'e hem sagdan hemde soldan bilgi yaz:ilabilir.
Aﬁagldaki program orneginde 8278'un nasi! programlandig:i ve
géstergeye datanin nas:il gondercildizgi agiklanmistair. Adres
gOziicil tésarlanlrken 8279’un komut adresi 6100H, veri adresi
de 6000H olarak tayin edilmigti.

LXI H,8100H
MVI M, 02H

MVI M, 90H
DCY H

MVI M, OF6H
MVI M, 78H

MVI M, S5CH

MVI M, SOH

MVI M, ODCH
MYI M, 76H

Programda; komut olarak O2H ginderildiginde ghsterge
soldan girize, tuglarda Encoded Scan Keyboard-N Key Raoll-
over’a kurulmus olmaktadir. 90H komutu ise verl olarak gele-
cek olan ilk bilgiyi Display RAM’e soldan ilk dijite vaz,
ondan sonra gelecek olan bilgiyi soldan ikinci dijite vyaz
anlamina gelmektedir. Bu islem tim dijitler soldan itibaren

doluncaya kadar devam eder.

5.4 Gig Kaynaq:

O

Mikroiglemci ve Tug/Gisterge devreleri +5V’liuk bir 4

0q
v

i1}
1]

kaynak ile beslenmektedir. Bu kaynak 7205 regiile ente

1]
U
b

kutlanilarak vyapilmigztir.Zekil 5.10'da gugz kaynagi devr

gosterilmigtir.

7805
o- +—IN OuT —0 +5YV
GND
AC
f - pmnd
; 4700pF| 00nF 160 nF
& —Q
AL

Sekil 5.10 Gig Kaynafn:
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6.YAZILIM

Sisﬁem programlari 8085 mikroislemci komutlari iie
gergeklegtirilmigtir. Programlar tarih ve plaka bilgilerinin
tustar aracilgiyla girilmesi, agirlile bilgisinin ADC’den
okunmasz, istenilen bilgilerin yaziciya aktarilmasi gibi

imkanlar: saglayan alt programlar sgeklinde vyazilmistir.
6.1 Ana Program ( Tug Tanima )

Bu programin akiz diyagram: Sekil 8-1'de gosterilmis-

-4

tirp. Sisteme giig verildigi andan itibaren bu praogram arzaci-
ligiyla gisterge test edilir. Test iglemi gSstergedeki tim
dijitlerde ©9’dan 1’e dogru sayma yaptirarak safianmigtair.

Sayim isleminden sonra gistergede "ready" mesaj: gisteril-

mektedicr. Bu mesajdan sonra sistem bir tusa basilincaya
kadar beklemsktedir. Herhangi bir tuza bas:ld:i:g: anda prog-
am EST 7.5 interrupt’ina ait olan CGO3CH adre=sine giderek o

ait olan kodu 827%'un FIFO/SENSOR RAM’ inden okuyarak
a

dresine atar. Sonra o basilan tusun ilgili oldugu alt

6.2 Tarih Program:

Yapilan tartim sonuglarinin ginlitk siraya kcnulabilmesi
igin tarih bilgisinin de girilmesi gerekmektedir. Selkil B6-2
de tarih alt praograminin ak:is diyagram: verilmigtir. By
program tarih tugzuna bas:ildig: andan itibaren g

a
Tl olaralk ghstergede "date" mesaji gosterilir. Daha sonra 8

dijitlik  tarih tuslar kollanilarak gipilir. Ancak vyzrlin

sadece 3on iki rakam:i girilebilmektedir. Brnegdin 2. ayin
*Gnde bir tartim yapilmis olsun. Bu bilgi gistergede ve
vyazicida su zekilde gdzlenecektir:

6.3 Plaka Program:

Hangi aracin tartildig:r plakasina bak:ilarak ayirt edilebil-

mektedir. Sekil 6-3'de plaka alt programinin akig dliyagram:
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verilmigﬁir; Plaka tuguna baszildiginda bu alt program ylrii-
taliir. Ilk olarak gistergede "Plaka™ mesaji1 gdsterilir. Daha
sonra pfogram plakanin girilmesini bekler. Plaka bilgisi
dnce 1l kodu sonra da seri numaras: seklinde girilir. Hart-
lerin gifilmesine gerek duyulmamistair. Ornegin 26AD525 pla-
kali arag tartilm:is olsun. Bu bilgi gisterge ve yazicida zu
=zckilde Qﬁzlenecektir:

2680525
6.4 Yazic: Program:

Cihaz bir yazic: ile birlikte cal:ismaktadir. Yaziciya
ihtiyas duyulmasinin sebebi sonuglarin yaz:li olarak alinmak
istenmesidir. Sekil §-4'de yazici alt programinin akig sema-

s verilmistir,

Yaziciya yazilacak olan veriler dncelikle bellekte bir
Y

b&lgeye alinir. Yaz:ic: hazir oldugu sirece beilekten yaziczi-
va bilgi PIQ yvardimivia aktarilir. PI0"dan yaziciya "bilgiyi
ginderdim™ sinyvali vollanir, Yazic: da bilgiyi aldzigi zaman
PI0'ya *"bilgiyi aldim™ sinyali yollar Bu sinyal PIQ dan

030220 260876 043.050 t

8.5 Baslik Program:

D
e

Yaziciya yazdirilan bilgilerin neyi temsil

t
birer etiket vermek ihtiya

belirtmek igin her bilgiye ait o1
duyulmugtﬁr. Sekil B-5"te bagslik alt programina ait ak:ig
zemas: gisterilmektedir.
Bu alt program virgtaldioainde yazicidang
TARIH PLAK A TARTIM
fermunda  bir gikti alinie. Baslik verileri EPROM’da  0O7VAOH

adresinden itibaren ASCII kodlar: saklinde saklanmigtir.



6.6 Liste Program:z

Bu program yapilan tlm tartim sonuglarinin tarih v

fid

plaka bilgileri 1ile birlikte yazicidan alinmasi imkan:in

]

verir. Sekil 6-6'da liste alt programinin akis semas: veril
migtir. Tartim program: toplam 100 aracin tartimini yapacak
sekildde hazirlanmistir., § halde 100 aracin tartim sonuglar:

bu alt prnogram yardimiyla elde edilebilmektedir.
6.7 Tartim Programx

Bu alt programin akis semas: Sekil 8-7’de verilmistir.
Tartim tusuna basilarak program yirit
gede "tart" mesaji gdSsterilir. Sonra da tartma islemi yaphti-
rzlzr. Her amgirlik hilgisi bellegin 2408H adresinen basla
mak ﬁzeﬁe 5 byte?lik bilgede depo edilir. Daha sonra bu

bilgi  thinary’e gevrilerek 240EH ve 240FH adreslerine sakla-

241C0H wve 2411H adreslerine alinir. Daha sonra net agirlzik

BCD'ye gevrilerek gistergede ton olarak gistertilir. Olgnil-

milz clan bir aracin agirl:if: ghstergede su sekilde g enir:
01.78+%

Hlgme igsleminde mikroislemciden DVM’e "Ag:rl:ig: 41
sinyali ginderilir. DVM de Hlcme iglemi bitince mikro

ciye “—lr im ve yeni bir agirlik islemine hazirim™ s=sklinde
bir sinyal ginderir. Bu kar: t

vapzlzr.

6.8 Dara Program:

y—

Bir aracin net agirliginin Slgiilebilmesi igin ilk ola-

rak kantarin platform izerinde bulunan artik maddelerin

<
17]

afgirlidinin okunmasi gecekmektedir. Yani dara dligilme wve

3

bellekte bir bidlgede saklanmalidar. By lece her yeni  bir

tartimda  dara bilgisi alinarak aracin net agiri

-

[ia]
ot

o
]
n
[0}
@
W
t

nabilir. Dara alt program:ina ait akis diyagram:i sekil 6-8"de

[re}
W
u)
-+

erilmistir.

Ajirlik bilgisi PI0O-2"nin A portu tizerinden mikroiglem-
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ciye alirdzir. DVM gikisi BCD formda oldufu igin bir agirlik
bilgisi bellekte 5 byte’lik bir bilgeyi isgal etmektedir. Bu
bZlge 2400H adresinden itibaren baslamaktadir. Daha sonra bu
BCD binafy’e cevrilerek 240CH ve 240DH adresl!erine yerlesti-
rilmi$tiq. Program bu islemleri yaptiktan sonra gistergedeki

tam dijftleri sifirlayarak tartima haz:ir oldugunu bildirir.
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StacKk Pointar’i Kur
KEY'a 80H Yaz
827Fu Kur

L

Basilan Tusun Kodunu
KEY’= Yukle
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Gostergeyi Test Bt
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7. SONUC ve DNERILER

Ulkemizde gintimiize kadar analog tipte kantarlar yapil-
makta wve kullanilmaktayd:. Sen g dort  y:l igerisinde
elektronik kantar kullanim: ve isteqi artmlgtlr.' Ancak bu
kantarlarzin devreleri yvyabanci tGlkelerden ithal edilip sadece
montaj: llkemizde yapilmaktadir. Bu gzlismada tonaj mertebe-
sinde ag;rllk Slgen mikroislemel kontrollu elektronik kantar
devresl tasarlanmistir. AGirlik art:ig arali1g: 10 Kg olarak
ayarlanmzstir. Bu aralik biitin Slgiimlerde sabit kalmaktad:ir.
Yapilan devre Eskizehir’de TuULOMSAZ fabrikasindaki 60t luk

bir kantarda denenersk hatasiz agirl:ik Slgimleri alinmistair.

Sistem program esneklifine sahiptir. EPROM’ daki bos
yvyerler vé tus takimindaki tuszlar kullanilarak degisik fonk-
sivon igfemleri vaptirilabilir. Gidsterge olarak LCD display
kullanilabilir. Alfa nimerik bir sistem haline getirilebilir.
Ayrica bir bilgisayara baglant: yapilabilir. Diger taraftfan
5% dijitfik DVYM’ ler veya vyiksek hassasiyetli (yiiksek resol-

ution? ADC’ler kullanilarak daha hassas Olgimler yapiiabilir.,
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intel |

8085A/8085A-2
SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS

Single +5V Power Supply
100% Software Compatible with 8080A

1.3 us Instruction Cycle (8085A);

0.8 us (8085A-2)

On-Chip Clock Generator (with External
Crystal, LC or RC Network)

On-Chip System Controller; Advanced
Cycle Status Information Available for
Large System Control

Four Vectored Interrupt Inputs (One is
non-Maskable) Plus an 8080A-
compatible interrupt

Serial In/Serial Qut Port

Decimal, Binary and Double Precision
Arithmetic

Direct Addressing Capability to 64k
Bytes of Memory

The Intel® 8085A is a complete 8 bit paratlel Central Processing Unit (CPU). its instruction setis 100% software compatible
with the 8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system speed.
Its high level of system integration allows a minimum system of three IC's [8085A (CPU}, 8156 (RAM/10) and 8355/8755A
(ROM/PROM/IO)] while maintaining total system expandability. The 8085A-2 is a faster version of the 8085A.

The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 {system controller) provided for the

80B0A, thereby offering a high leve! of system integration.

The 8085A uses a muitiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The
on-chip address latches of 8155/8156/8355/8755A memory products allow a direct interface with the 8085A.

RTA RSTES TRAP
INTR ] RSTSS I RST75
r INTERRUPT CONTROL

> F r'e3

—
1
<y

ACCUMULATOR TEMP, REG.
L )

<y
INSTRUCTION
J REGISTER !
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8 Ly C m'
REG. AEG.
INSTRUCTION ] € W
AR(THMET o 4 3 w
oo ] ECODER REG. REG.
UNIT ) D L ) REGISTER
- MACHINE —
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w ENCODING e
STACK POINTER
j S
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4
FINING AND CONTROL : Py ‘
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Figure 1. 8085A CPU Functiona! Block Diagram
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Figure 2. 8085A Pinout Diagram

8085A FUNCTIONAL PIN DEFINITION

The following describes the function of each pin:

Symbol

Ag~A1s
{Output, 3-state)

ADg7
{Input/Output,
3-state)

ALE
(Output)

So, $1, and 10/M
(Output)

Symbol

Function

Address Bus: The most significant 8
bits of the memory address or the 8
bits of the 1/0 address, 3-stated dur-
ing Hold and Halt modes and during
RESET.

Multiplexed Address/Data Bus: Low-
er 8 bits of the memory address (or
1/0 address) appear on the bus dur-
“ing the first clock cycle (T state) of a
machine cycle. It then becomes the
data bus during the second and third
clock cycles.

Address Latch Enabile: It occurs dur-
ing the first clock state of a machine
cycle and enables the address to get
latched into the on-chip latch of pe-
ripherais. The falling edge of ALE is
set to guarantee setup and hold times
for the address information. The fall-
ing edge of ALE can also be used to
strobe the status information. ALE is
never 3-stated.

Machine cycle status:

10/M S; Sp Status

0 Memory write
Memory read
/O write

/0O read
Opcode fetch
Interrupt Acknowledge
Halt

Hold

Reset

= 3-state (high impedance)
X = unspecified

PR o PO o N =1

-

MHNO =2t 2O
HMHO A s O 2O

Function

S1 can be used as an advanced R/W
status. 10/M.Sp and S1 become valid

(Output, 3-state)

WR
{Output, 3-state)

READY
(Input)

HOLD
{Input)

HLDA
(Output)

INTR
(Input)

6-10

at the beginning of a machine cycle
and remain stable throughout the
cycle. The falling edge of ALE may be
used to latch the state of these lines.

READ controf: A low level on RD in-
dicates the selected memory or /O
device is to be read and that the Data
Bus is available for the data transfer,
3-stated during Hold and Hait modes
and during RESET.

WRITE control: A low level on WR in-
dicates the data on the Data Busisto
be written into the selected memory
or I/0 location. Data is set up at the
trailing edge of WR. 3-stated during
Hoid and Halt modes and during
RESET.

[t READY is high during aread orwrite
cycle, it indicates that the memory or
peripheral is ready to send or receive
data. If READY is iow, the cpu will
wait an integral number of clock
cycles for READY to go high before
completing the read or write cycle.
READY must conform to specified
setup and hold times.

HOLD indicates that another master
is requesting the use of the address
and data buses. The cpu, upon re-
ceiving the hold request, will re-
linquish the use of the bus as soon as
the completion of the current bus
transfer. internal processing can con-
tinue. The processor can regain the -
bus only after the HOLD is removed.
When the HOLDisacknowledged, the
Address, Data, RD, WR, and tO/M
lines are 3-stated.

HOLD ACKNOWLEDGE: Indicates
that the cpu has received the HOLD
request and that it will relinquish the
bus in the next clock cycle. HLDA
goes low after the Hold request is
removed. The cpu takes the bus one
half clock cycle after HLDA goes tow.

INTERRUPT REQUEST: is used as a
general purpose interrupt. It is sam-
pled only during the next to the last
clock cycle of an instruction and dur-
ing Hold and Hait states. If itis active,
the Program Counter (PC) will be in-
hibited from incrementing and an
iNTA will be issued. During this cycle
a RESTART or CALL instruction can
be inserted to jump to the interrupt
service routine. The INTR is enabled
and disabled by software. !t is dis-
abled by Reset and immediately after
an interrupt is accepted. -



B8085A/8085A-2

8085A FUNCTIONAL PIN DESCRIPTION (Continued)

Symbol Function Symbol Function
INTA INTERRUPT ACKNOWLEDGE: Is Schmitt-triggered  input,  allowing
(Output) used instead of (and has the same connection to an R-C network for
timing as) RD during the Instruction power-on RESET delay. The cpu is
cycie afteran I'NTR isaccepted. Itcan held in the reset condition as long as
be used to activate the 8259 Interrupt RESET IN is applied.
chip or some other interrupt port.
RST 5.5 RESTART INTERRUPTS: Thesethree oo 00 Indicates cpu is being reset. Can be
RST 6.5 ihputs have the same timing as INTR (Output) used as a.system reset. The signal is
RST 75 except they cause an internal RE- sync'hronlzeq to the processor clock
(inputs) START to be automatically inserted. :Zgozssts an integral number of clock
The priority of these interrupts is .
ordered as shown in Table 1. These )('1, ):;‘; i(éand X2 are connectgd to a.crystal,
ihterrupts have a higher priority than (input) +OrRC network todrivetheinternal
INTR. In addition, they may be indi- clock generator. X can also be an
vidually masked out using the SIM external clock input froma logic gate.
instruction. The input frequency is divided by 2to
_ . give the processor's internal oper-
TRAP Trap mtgrrupt is @ nonmaskable RE- ating frequency.
(Input) - START interrupt. It is recognized at
the same time as INTR or RST 5.5-7.5. CLK Clock Output for use as a system
Itis unaffected by any mask or Inter- {Output) clock. The period of CLK is twice the
rupt Enable. it has the highest priority X1, Xz input period.
of any interrupt. (See Table 1.) SID Serial input data line. The data on this
RESET IN Sets the Program Counterto zero and (Input) line is loaded into accumulator bit 7
(input) resets the Interrupt Enable and HLDA whenever a RIM instruction is exe-
flip-flops. The dataandaddress buses cuted.
and the control lines are 3-stated dur- soD Serial o f
o utput data line. The output
ing RESET and because of the asyn- (Output) SOD is set or reset as specified by the
chronous nature of RESET, the pro- i 3
oo ! SIM instruction. .
cessor's internal registers and flags
may be altered by RESET with unpre- Vee +5 volt supply.
dictable results. RESET IN is a Vss Ground Reference.
TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY
Address Branched To (1)
Name Priority When Interrupt Occurs Type Trigger
TRAP 1 24H Rising edge AND high level until sampled.
RST 7.5 2 3CH Rising edge (latched).
RST 65 3 34H High level untii sampled.
RST 5.5 4 2CH High leve! untit sampled.
INTR 5 See Note (2). High level until sampled.
NOTES:

(1) The processor pushes the PC on the stack before branching to the indicated address.
{2) The address branched to depends on the instruction provided to the cpu when the interrupt is

acknowledged.
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8085A/8085A-2

FUNCTIONAL DESCRIPTION

The B085A is a complete 8-bit parallel central processor.
itis designed with N-channel depletion loads and requires
a single +5 volt supply. Its basic clock speed is 3 MHz
(8085A) or 5 MHz (8085A-2), thusimproving on the present
8080A’s performance with higher system speed. Also it is
designed to fit into a minimum system of three IC's: The
cpu (8085A1, a RAM/IO (81561, and a ROM or EPROM/IO
chip (8355 or 8755A).

The 8085A has twelve addressable 8-bit registers. Four of
them can function only as two 16-bit register pairs. Six
others can be used interchangeably as 8-bit registers or
as 16-bit register pairs. The 80B5A registersetisasfollows:

Mnemonic Register Contents
ACCorA Accumulator 8 bits
PC Program Counter ~  16-bit address
BC,DE HL General-Purpose 8 bits x6 or
Registers; data 16 bits x 3
pointer (HL,
SP Stack Pointer 16-bit address
Flags or F Flag Register 5flags (8-bitspace)

The 8085A uses:a multiplexed Data Bus. The address is
split between the higher 8-bit Address Bus and the lower
8-bit Address/Data Bus. During the first T state (clock
cycle) of a machine cycle the low order address is sent
out on the Address/Data bus. These lower 8 bits may be
latched externally by the Address Latch Enable signal
{ALE). During the rest of the machine cycle the data bus is
used for memory or 1/0 data.

The 8085A provides RD, WR, Sq, S,, and I0/M signals for
bus control. An Interrupt Acknowledge signal (INTA) is
also provided. HOLD and all Interrupts are synchronized
with the processor’s internal clock. The 8085A aiso pro-
vides Serial Input Data (SID) and Serial Output Data
(SOD) lines for simple serial interface.

in addition to these features. the 8085A has three mask-
able, vector interrupt pins and one nonmaskable TRAP
interrupt. ‘

INTERRUPT AND SERIAL 170

The 8085A has 5 interrupt inputs: INTR, RST 5.5,RST6.5,
RST 7.5, and TRAP. INTR is identical in function to the
8080A INT. Each of the three RESTART inputs, 5.5, 6.5,
and 7.5, has a programmable mask. TRAP is also a
RESTART interrupt but it is nonmaskable.

The three maskible interrupts cause the internai execu-
tion of RESTART (saving the program counter in the stack
and branching to the RESTART address; if the interrupts
are enabled and if the interrupt mask is not set. The non-
maskabie TRAP. causes the internal execution of a
RESTART vector independent of the state of the inter-
rupt enable or masks. {See Tabie 1.;

There are two different types of inputs in the restart in-
terrupts. RST 5.5iand RST 6.5 are high level-sensitive like
INTR :and INT on the 80B0: and are recognized with the
same timing as INTR. RST 7.5 is rising edge-sensitive.

For RST 7.5, only a pulse is required to set an internal
flip-flop which generates the internal interrupt request.
(See Section 5.2.7.) The RST 7.5 request flip-fiop remains

———

set until the request is serviced. Then it is reset auto-
matically. This flip-flop may aiso be reset by using the
SIM instruction or by issuing a RESET !N to the 8085A.
The RST 7.5 internali flip-flop will be set by a pulse on the
RST 7.5 pin even when the RST 7.5interruptis masked out,
The status of the three RST interrupt masks can only be

affected by the SIM instruction and RESET IN. .See SiM,
Chapter 5.

The interrupts are arranged in a fixed priority that deter-
mines which interrupt is to be recognized if more than

. one is pending as follows: TRAP — highest priority,

RST 7.5, RST 6.5. RST 5.5. INTR — lowest priority, This
priority scheme does not take into account the priority
of a routine that was started by a higher priority interrupt.
RST 5.5 can interrupt an RST 7.5 routine if the interrupts
are re-enabled before the end of the RST 7.5 routine.

The TRAP interrupt is usefu! for catastrophic events such
as power failure or bus error. The TRAP input is recog-
nized just as any other interrupt but has the highest
priority. It is not affected by any flag or mask. The TRAP
input is both edge and level sensitive. The TRAP input
must go high and remain high until it is acknowledged.
1t will not be recognized again until it goes low, then high
again. This avoids any faise triggering due to noise or
logic glitches. Figure 3 iflustrates the TRAP interrupt
request circuitry within the B085A. Note that the servicing
of any interrupt (TRAP, RST 7.5, RST 6.5, RST 5.5, INTR)
disables all future interrupts (except TRAPS: until an El
instruction is executed.

p—
INSIDE THE
EXTERNAL
TRAP
INTERRUPT
REQUEST TRAP

1
RESET IN SCHMITT H
TRIGGER .
| RESET TRAP
INTERRUPT
«sv—{p €K ] REQUEST
Py
D
2
CLEAR
INTERNAL TRAPF.F.
5

TRAI
ACKNOWLEDGE

Figure 3. TRAP and RESET IN Circuit

The TRAP interrupt is special inthat it disables interrupts,
but preserves the previous interrupt enable status. Per-
forming the first RIM instruction following a TRAP inter-
rupt allows you to determine whether interrupts were
enabled or disabled prior to the TRAP. All subsequent
RIM instructions provide current interrupt enable status.
Performing a RIM instruction following INTR, or RST
5.5-7.5 will provide current Interrupt Enable status,
revealing that Interrupts are disabled. See the descrip-
tion of the RIM instruction in Chapter 5.

The serial 1/0 system is aiso controlied by the RIM and

SIM instructions. SID is read by RIM, and SIM sets the
SOD data.
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BOB5A/8085A-2

DRIVING THE X1 AND X2 INPUTS

You may drive the clock inputs of the 8085A or 8085A-2
with a crystal, an LC tuned circuit, an RC network, or an
external clock source. The driving frequency must be at
least 1 MHz, and must be twice the desired internal clock
frequency; hence, the 8085A is operated with a 6 MHz
crystal (for 3 MHz clock), and the 8085A-2 can be operated
with a 10 MHz crystal ifor 5 MHz clock). if acrystalis used,
it must have the following characteristics:

Parailel resonance at twice the clock frequency desired
CL load capacitance! < 30 pf

Cs tshunt capacitance) < 7 pf

Rs tequivalent shunt resistance < 75 Ohms

Drive level: 10 mwW

Frequency tolerance: #.005% suggested)

Note the use of the 20pF capacitor between X, and
ground. This capacitor is required with crystal
frequencies below 4 MHz to assure oscillator startup at
the correct frequency. A parallel-resonant LC circuit
may be used as the frequency-determining network for
the 8085A, providing that its frequency tolerance of
approximately =10% is acceptable. The components
are chosen from the formula:

1
27m\/LiCext + Cint}

To minimize variations in frequency, it is recommended
that you choose a value for Cext that is at least twice that
of Cint, or 30 pF. The use of an LC circuit is not recom-
mended for frequencies higher than approximately 5MHz.

An RC circuit may be used as the frequency-determining
network for the 8085A if maintaining a precise clock fre-
quency is of no importance. Variations in the on-chip
timing generation can cause a wide variation in frequency
when using the RC mode. lts advantage is its low com-~
ponent cost. The driving frequency generated by the
circuit shown is approximateiy 3 MHz. It is not recom-
mended that frequencies greatly higher or lower than this
be attempted.

Figure 4 shows the recommended clock driver circuits.
Note in D and E that pullup resistors are required 10 assure
that the high level voltage of the input is at least 4 V.

For driving frequencies up to and including 6 MHz you
may supply the driving signal to X1 and leave X2 open-
circuited (Figue 4D . If the driving frequency is from 6 MHz
to 10 MHz, stability of the clock generator will be improved
by driving both X1 and X2 with a push-pull source (Figure
4E). To prevent self-oscillation of the 8085A. be sure that
X2 is not coupled back to X1 through the driving circuit.

BOBSA
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1
L]

= -"-:ZOpF' rf_ X,

*20 pf CAPACITORS REQUIRED FOR LT
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d
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= 15pF
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CRYSTAL FREQUENCY < &4 MHz ONLY.

A. Quartz Crystal Clock Driver

Xy 80BSA
T

) I Cowr

= Cext * =15pF

[

3

-

B. LC Tuned Circult: Clock Driver

80854
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)
o ~x
>

2

L__.qx,

i
§

C. RC Circuit Clock Driver

+5V
Low time > 60 ns
4700
TO
KQ
| x.‘
Xz
*X2 LEFT FLOATING L

D. 1-6 MHz Input Frequency External Clock Driver

Circult
+5V
Low time > 40 ns
4709 / —
_D x.l
+5v
4709

C:—

E. 1-10 MHz Input Frequency External Clock Driver
Circult

Figure 4. Clock Driver Circults
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GENERATING AN 8085A WAIT STATE

If your system requirements are such that slow memories
or peripheral devices are being used, the circuit shown in
Figure 5 may be used to insert one WAIT state in each
8085A machine cycle

The D flip-flops should be chosen so that
® CLK is rising edge-triggered
o CLEAR is low-level active.

CLEAR 8085A
ALE —~{CLK CLK OUTPUT —={CLK TO
| sossA
“D* D~ READY
FIF | 1q FIF a | WeuT
+5V ~—=p . o}

Figure 5. Generation of a Walt State for 8085A CPU

As in the 8080, the READY line is used to extend the read
and write pulse lengths so that the 8085A can be used with
slow memory. HOLD causes the cpu to relinquish the bus
when it is through with it by floating the Address and Data
Buses.

SYSTEM INTERFACE

The 8085A family‘ includes memory components, which
are directly compatible to the 8085A cpu. For example, a
system consisting of the three chips, 8085A, 8156, and
8355 will have the following features:

* 2K Bytes ROM

® 256 Bytes RAM

e 1 Timer/Counter

e 4 8-bit 1/0O Ports

¢ 1 6-bit 1/O Port

* 4 Interrupt Levels

e Seriai In/Serial Out Ports

This minimum systemn, using the standard I/0 technique
is as shown in Figure 6.

In addition to standard 1/Q, the memory mapped 1/0
offers an efficient I/0 addressing technique. With this
technique, an area of memory address space is assigned
for I/0O address, thereby, using the memory address for
1/0 manipulation. Figure 7 shows the system configura-
tion of Memory Mapped 1/0 using 8085A.

——

The 8085A cpu can also interface with the standarg
memory that does not have the multiplexed address/data
bus. It will require a simpie 8212 {8-bit latch) as shown in
Figure 8.

T M

IDI Vr Vu:
X Xz 3
TRAP HOLD
RSTZS HLDA
RSTE5 8085A soo
RSTSS sio
NTR S
RESET
TR oot S
ADOR DATA ALE AD #WF 10/ RDY CLK

tiid

- o T

- PORT'
z.. CE A

PORT!
fBgiss ©
ALE PORT
DATA? ¢

/ADDR

™
1OR nmER
reser OYT

[RCECES

i

8755A
ADDR

PORT)

g

r—-{cu; w—n'-j°c
t1it

Vas Ve Voo PROG
ANA- Vee

e AAA Vet

AM— vee

AV

*NOTE: OPTIONAL CONNECTION

Figure 6. B8085A Minimum System (Standard IO
Technique)
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BO8SA MINIMUM SYSTEM CONFIGURATION

A8-15 ~ P —~— ~ o

-
-

N AN

8085A Lig
WR

oM
cLK
AESET OUT | ) i | i
READY ' :

Vee
W—=Vee

, "'\——-.vcc
1
[

TIMER
IN

A8 .
RESEY Zarg 67! W

)
i
5
E
2
d
>
2
m

1

|

|

!

; JOWCLKRSTIRDY
T

TR -]

out

8156 8355 [ROM +1/0]
OR

[RAM +1/0 + COUNTER/TIMER] 8755A [PROM + 1/0]

*NOTE: OPTIONAL CONNECTION ‘ i f t t

Figure 7. MCS-85™ Minlmum System (Memory Mapped 1/0)

oo Ty

N

——=1TRAP HOLD=—
—={RST? HLDA—
——=1RSTE S00f—
—{RSTS 808SA StDfo—
JRUR PP Y FA) .
S K e

ADDR/
ADDR DATA ALE D WR 10/M  RDY CLX

1 (CS,

g3

DATA

STANDARD
MEMORY

ADDR (€S}

LK

RS

/N (CS) VO PORTS,

N DATA
NARRRR N
‘[‘ -\
Yy —

Figure 8. MCS-85™ System (Using Standard Memories)

AN
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BASIC SYSTEM TIMING

The 8085A has a multiplexed Data Bus. ALE is used as a
strobe to sample the lower 8-bits of address on the Data
Bus. Figure 8 shows an instruction fetch, memory read
and /0 write cycle (as would occur during processing of
the OUT instruction:. Note that during the 1/O write and
read cycle that the [/O port address is copied on both the
upper and lower half of the address. .

There are sevenipossible types of machine cycles. Which
of these seven takes place is defined by the status of the
three status lines (I0/M, S1. So: and the three controt
signais (RD, WR, and INTA:. :See Table 2.: The status
lines can be used as advanced controls : for device selec-
tion, for example!, since they become active at the T
state, at the outset of each machine cycle. Control lines
RD and WR become active later, at the time when the
transfer of data is to take place. so are used as command
lines. P

A machine cycle normally consists of three T states, with
the exception of OPCODE FETCH, which normally has
either four or six T states runiess WAIT or HOLD states
are forced by the receipt of READY or HOLD inputs). Any
T state must be one of ten possible states, shown in
Table 3.

TABLE 2. 8085A MACHINE CYCLE CHART

MACHINE CYCLE STATUS CONTROL
10/M [ S1] S0 |RD | WRINTA
OPCODE FETCH  (OF) o1l 1o} )
MEMORY READ  {MR) ofttfo}oij 1 1
MEMORY WRITE  (MW) of{ o] v o] 1
10 READ (108) 1 tfefo| 1
HO WRITE HOW) v ]lof el of o
ACKNOWLEDGE
OF INTR NA} 1 1] 11 ¢ 1 o
BUS IDLE 81): DAD o 1] e 1 1
ACK. OF
AST.TRAP 1 1 1) 1 1
HaLT 7s | et ofTs| Ts| 1

Status & Buses Control
Machine - 1
State  [$1,50{10/M |Ag-A45:ADg-AD7[RDWRIINTA!ALE
T X | x X X N E
T2 x 1x X X x | xlo
Twarr | X | X X X x !'x|o
T3 X 1 X X . X X X1 0
Ta 1 {0° x ©o1s 1 110
Ts 1 |or X TS 1 1] 0
Ts 1 |o- X T8 1 110
Taeser | X [ 7S] TS Ts sl 1o
Thacr | 0 [ TS| T8 TS 1s| 1] o
Twow | X 1 TS| TS TS TS| 1] 0
0 = Logic “0” TS = High Impedance
1 = Logic 1" X = Unspecified

* ALE not generated during 2nd and 3rg macnme sycles of DAD insteuction.

$10/M = 3 gunng T4-Tg

of INA machine cycie.

CLK B ]

X

Ag-Ays PC,, HIGH ORDER ADDRESS)

PC+ 1),

A

1O PORT

TN O D X=X

[\

(LOW ORDER DATA FROM
ADORESS} MEMCRY
UNSTRUCTION)

DATA FROM MEMORY
(110 PORT ADDRESS)

[\

DATA TO MEMORY
OR PERIPHERAL

= /]
WR \ ’ :
|
o™\ / \
STATUS X 5,So (FETCHI X 10 (READ) X 0V WRITE | x "

Figure 9. 8085A Basic System Timing
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TABLE 4. ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . .. ... .. 0°C 10 70°C
Storage Temperature . ., . ... ....... —65"C 1o +150°C
Voltage on Any Pin

With Respectto Ground . .. ... ...... —0.5Vto+7V

Power Dissipation . . .. .............. 1.5 Watt

TABLE 5. D.C. CHARACTERISTICS

*COMMENT

Stresses above those listed under “Absotute Maximum Ratings” maycause
permanent damage to the device. This1s a stress rating oniy and functionat
operation of the device at these or amy other conditions above those
indicated 1n the operational sections 0! this speciication 1s not implied.
Exposure 10 absolute maximum ratng conditions for extended periods
may alfect device rehiabiity.

(Ta =0°Cto 70°C; Vo = 5V £5%; Vgg = OV; unless otherwise specified)

Symbol Parameter Min. Max. Units Test Conditions
ViL Input Low Voltage -0.5 +0.8 \Y

Vin tnput High Voltage 20 Vee+0.5 v

VoL Output Low Voltage 0.45 \% lgg = 2mA

Vou Output High Voltage 24 v lon = -400uA
lce Power Supply Current 170 mA

I Input Leakage *10 HA Vin = Vee

Lo Output Leakage 10 HA 0.45V < Vi < Ve
ViLr input Low Level, RESET -0.5 +0.8 \4

VIHR Input High Level, RESET 24 Vcc +.5 v

Vyy Hysteresis, RESET 0.25 A
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TABLE 6. A.C. CHARACTERISTICS
Ta=0°C 10 70°C; Vo =5V +5%; Vgg =0V

Symbol Paramster 8085 80854214 Unlts
Min. Max. Min. Max.

teve CLK Cycle Period 320 2000 200 2000 ns
ty CLK Low Time (Standard CLK Loading) 80 40 ns
t, CLK High Time (Standard CLK Loading) 120 70 ns
t,,t CLK Rise and Fall Time 30 30 ns
txka X, Rising to CLK Rising 30 120 30 100 ns
txxe X4 Rising to CLK Falling 30 150 30 110 ns
tac Ag.15 Valid to Leading Edge of Controfi!} 270 115 ns
tacL Ag.7 Valid to Leading Edge of Control 240 115 ns
tap Ag.q5 Valid to Valid Data in 575 350 ns
taFa Address Float After Leading Edge of

READ (INTA) 0 0 ns
tar Ag_y5 Valid Before Trailing Edge of ALE" 115 50 ) ns
LATY Ag_; Valid Before Trailing Edge of ALE 0 50 ns
taRY READY Valid from Address Valid 220 100 ns
tca Address (Ag_s5) Valid After Control 120 60 ns
tee Width of Controt Low (RD, WR, iNTA)

Edge of ALE 400 230 ns
toL Trailing Edge of Control to Leading Edge

of ALE ' 50 25 ns
tow Data Valid to Trailing Edge of WRITE 420 230 ns
thase HLDA to Bus Enable 210 150 ns
thasr Bus Float After HLDA 210 150 ns
thack HLDA Valid to Trailing Edge of CLK 110 40 ns
tuon HOLD Hold Time 0 0 ns
thos HOLD Setup Time to Trailing Edge of CLK 170 120 ns
tinn INTR Hold Time 0 0 ns
tins INTR, RST, and TRAP Setup Time to

Falling Edge of CLK 160 150 ns
ta Address Hold Time After ALE 100 50 ns
te Trailing Edge of ALE to Leading Edg

of Control . 130 60 ns
tiex ALE Low During CLK High 100 50 ns
twor ALE to Valid Data During Read 460 270 ns
tLow ALE to Valid Data During Write 200 120 ns
te ALE Width 140 80 ns
YRy ALE to READY Stable 110 30 ns
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Table 6. A.C. Characteristics (Cont.)

Symbo! ‘ Parameter 80854l 8085A.21% Units
Min. Max. Min. Max.
tRAg | Trailing Edge of READ to Re-Enabling 150 90 ns
of Address
tgp | READ (or INTA) to Valid Data 300 150 ns
trv Control Trailing Edge to Leading Edge 400 220 ns
of Next Control
tgpH | Data Hold Time After READ INTA) 0 0 ns
tRYH READY Hold Time 0 0 ns
trys READY Setup Time to Leading Edge 110 100 ns
of CLK
twp | Data Valid After Trailing Edge of WRITE 100 60 ns
twpL LEADING Edge of WRITE to Data Valid 40 20 ns
Notes:

1. Ag-A45 address Specs appiy to 10/M, Sg, and S except Ag-Aqs are undefined during T Tg of OF cycie
whereas 10/M, Sg, andS, are stable.

2. Tes! conditions: tgyg = 320ns (B085A)200 ns (8085A-2); C| = 150pF.

For all output timing where C| = 150pF use the following correction factors:
25pF € C < 150pF: -0.10ns/pF
150pF < G, < 300pF: +0.30ns/pF

Output timings are measured with purely capacitive load.
All timings are measured at output votage V| = 0.8V, Vi =2.0V, and 1.5V with 20ns rise and fall time on inputs.

To calculate liming specifications at other vaiues of {cyc use Table 7.
Data hold time is guaranteed under all loading conditions.

w

N ;oA

Input Waveform for A.C. Tests:

24
20 20
~ —
TEST POINTS
AX;S - — o8
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TABLE 7. BUS TIMING SPECIFICATION AS A Tcyc DEPENDENT

8085A 8085A-2
tay - (1/2T-45 MIN taL - (/AT-50 MIN |
YA - (1/2) T - 60 MIN LI - {1/ T -50 MiN
T - (1/2) T-20 MIN e - (1/2) T-20 MIN
Yok - (1/2) T -60 MIN t ok - {1/2) T - 50 MIN
e - (1/2) T- 30 MIN e - (1/2) T - 40 MIN
tap - (5/2+N)T-225 MAX taD - (5/2+N) T -150 MAX
tap - {3/2+N)T-180 MAX tap - {3/2+N) T -150 MAX
tRAE - (1/2) T -10 MIN tRAE - (1/2) 7-10 MIN
tea - (1/2) T- 40 MIN A - {1/2) T-40 MIN
tow - (3/2+N) T-60 MIN tow - {3/2+N)T-70 MIN
two - (1/2) T- 60 MIN twp - (1/2) T- 40 MIN
tee - (3/2+N) T-80 MIN tee - {32+N)T-70 MIN
teL - (1/2} T- 110 MIN toL - (23T-75 MIN
taRy - (3/2) T - 260 MAX tARY - (3/2} T - 200 MAX
thack - (1/2) T-50 MIN THACK - (1/2 7 - 60 MIN
tUARF - (1/2) T +50 MAX tHABE - {(1/2) T +80 MAX
THARE - (1/2) T +50 MAX tYABE - {(1/2 T +50 MAX
Tac - (2/27-50 MIN ™ - (227T-85 MIN
t, - (1/2) T - 80 MIN 1, - {1/2) T- 60 MIN
t, - (1/20 T-40 MIN 1, - {(1/2)T-30 MIN
tav - (3/2) T-80 MIN tay - (3/27-80 MIN
t DR - (4/2) T - 180 MAX Y R - (4/2) T-130 MAX
NOTE: N is equat to the total WAIT states. NOTE: N isequal to the total WAIT states.

T =tcove-

T=tcye.

Xy INPUT

f——— ty——

tr — o]

txF j-—

Figure 10. Clock Timing Waveform
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Read Operation

! T | T | L | 1,
]
. i
r— tLex ——i i' fea —=
Ag-Ays g | ADDRESS P\T
' ; . - lRAE e
; fap ———t TROM — .

ADy-AD, X %ADDRESS j}——@/ /////X DATAIN C

! |
b G e e T g ——

| i

! i ! f
1 {
Lsm AFR —o) imem tLon bo— 1oy ! 4

i
— ]
.
i

. . ec
RD/INTA H
! e ——ei X

f-o——<-'— tac ——-—.i

Write Operation

CLK

’~— ek
e
Ag-Aag x ADDRESS (
1 t
| %._ Y ow —-—l I' cA—>
L AN
AD,-AD, X ADDRESS H DATA OUT (

'_.._ Y —et et s tow [o— tyyp—|

ALE E twor -/
fe— tar —’1

z['— oy —

te— 1t ¢

tac

Read operation with Walt Cycie (Typical) — same READY timing appiies to WRITE operation.

| T i L] | Twast ; T | %

a S S N A N
b tycx —od

([
Aghrs ADDRESS ' ’ E

N — thae —|
’ tan - tROH — !—- ;
; g [ S, — K
ADg-ADy ADDRESS b //// DATA IN

!——1——‘u.-——- fo— tpp —
i '

AR —o=! famr f—— 'ct—. o ——
ALEj “on

—jr

e 241 —eef tao
. t

RB/ANTA e N e

b Y py ik

tac
tany tavs | tavn = tavs Lo
READY Y 4

NOTE 1: READY MUST REMAIN STABLE DURING SETUP AND HOLD TIMES.

Figure 11. 8085A Bui Timing, With and Without Wait
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Hold Operation

: Ty Ty Thowo Twoto T
I e s Y e N e A
.

Nom__‘—f k

i ;
ot L St thon b tuack~
1

; ’ l
HLDA L T |
T ¥ ‘unsr—~1 h

T
.~

' *—‘ms-—’
8US !  (ADDRESS CONTROLS} | ¢ ) e
| ! G
Figure 12. 8085A Hold Timing.
! |
’ K] I T I L) I T I L3 T : ThoLo | K I %

;
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AL
/\ 0\
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NTA \ / =\
thase
Lk
TR, ﬂ K \ ‘
. [
-
tins Tinp
c
HOLD !l S " N \
< H “ad
tos - Tnon
-]
HLDA 7
tack [ thasr *10/# 1S ALSO FLOATING DURING THIS TIME.

Figure 13. 8085A lntgrrupt and Hold Timing
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8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 6-1
instruction Code (1) Instruction Code (1)
Mnemonic  Description 0y Dg Dg Do D3 D7 Dy Dy Mnemonic  Description D7 Dg Dg Dg D3 D2 Dy B¢
MOVE, LOAD, AND STORE
MOVI1 12 Move regester (o register 0 1 D 0 D S S s {4 Call on zere 1 1 [ 0 1 1 9 0
MOV M.r Mowe regisier to memory 0 1 1 1 [ ] s s N2 Calt on no rero 1 t 0 ¢ 0 1 0 0
MOV .M Move memory 10 register 0 1 o D 0 1 1 0 cp Call on positive 1 1 1 1 0 1 [¢] ]
MVir Move immediate register 0 0 D 0 D 1 1 0 oM Calt on munus. 1 1 1 1 1 1 c 0
NMVIM Move immediate memory ¢ 1 1 0 1 1 0 cPE Calt on party even 1 1 b 0 1 1 0 ]
LXIB Load immedute register 0 0 0 [ 0 0 1] 1 cPQ Call on panty oad 1 1 1 1] 1] 1 g O
ParB& C RETURN
txip Load 1mmediate register g6 o 0 v o0 ¢ 0 RET Return 1 Tt 6 o 1 o8 o0 1
ParDSE RC Return on carry O T TR SRS T S Y |
LXIH Loag immedsate register ) 0 1 0 0 ¢ [N ANC Return on o carry 1 1 [ 1 0 0 ¢ o
Park st RZ Retur on zero 1 1t 0 0 1t o @& o
STAX B Store A wndirect 0 ¢ 4 ¢ o 0 1T 0 RNZ Return on 50 7610 1 1 0o 6 0 o 0 0
STAXD Store A indmect o o ¢ 1 ¢ 0 10 /P Return on positive 1 1 ' 1 0 o0 o0 o
LDAX B Load A indirect o ¢ 0 o0 1 [4 Tt ¢ RM Return on minus 1 1 1 1 1 o 0 0
LDAXD  Los2 A mdirect ¢ o0 1 1 0 1 0 RPE Rewmonpacityeven 1 1 1 0 1 0 0 O
i;’: i""‘ : :""' g : : : ‘: '; : g RPO Retura n paity odd 1 1 1 0 0 0 o o
cac A direct
SHLD Store H & L direct 0 0 1 D] 0 0 10 RESTART
3 RST Restant 1 1 A A A 1 i 1
LHLD Load H & L direct [] ] 1 0 1 ] 1 0
XCHEG Exchange DR E HE L H 1 1 e 1 0 1 1 INPUT/OUTPUT
Regasters N taput t 10 o1 10 1
STACK OPS our Output 1 1 0 1 1] [1} 1 1
PUSHB  Push regrter Prr B & 1t 1 6 0 6 1 0 1 INCREMENT AND DECREMENT
C on stack iNR ¢ Increment register [} 6 o 0D DO 1 c 0
PUSH D Push regicter Pair D & 1 1 0 1 0 1 0 1 OCR ¢ Decrement register ] ¢ 0 0 D 1 0
£ on stack INRM increment memary 1] [ 1 1 0 1 c 8
PUSH H Push register Pair K & 1 1 1 [ ] 1 [ DCR M Decrement memory 1] ] 1 1 [] 1 0 1
L on stack INX B Increment B& C ¢ 0 0o o o o6 1t 1
PUSH PSW  Push A and Flags 1 1 1 1 ] 1 g 1 registers
on stack INXD  Increment DS E ¢ 0 0 1 0 0 1 1
POP B Pop register Pmr B & t 1 8 ¢ ¢ 0 O 1 registers
C off stack INXH  IncrementH& L o 6 1 0 0 0 1 1
POP D Pop register Paic D & 1 1 0 1 0 1] o 1 registers
oopH :n:"n’:; N ot 1t s 0 0 o4 DCXB  DecrementBAC 6 0 0 0 1 0 t 1
L off stack oCx o Decrement D& € 0 0 0 1 1 [} 1 1
POPPSW  Pop A and Fisg T 1 1 8 8 o BCXH  DecrementH& L ¢ 0 1 0 1 0 1 1
off stack ADD
XTHL Exchange top of t 1 1 82 ¢ 0o 1 ADD ¢ Add register 1o A t 0 0 0 0 s S S
stack H& L ADCr Adg register to A 1 0 o o 1 s s S
SPHL H & L to stack pointer 1 A I . | T 86 0 1 with carry
LX1 SP Load immediste stack ¢ 0 1 1 O O 0 1 ADD M Add memory to A 1 6 ¢ ¢ € 1 ¥ 0
pointer ADC M Add memory tc A 1 0 [ 0 1 1 1
INX SP increment stack pointer I} [/} 1 1 0 [ 1 1 with carry
DCX SP Decrement stack 0 1 H 1 ] 1 1 AD! Add immediate to A 1 1 g o0 0 1 1
pointer ACI Add immediate 0 A 1 1 e 0 1 0
Jump with carry
s Jump unconditional 1 1 0 o o 0 1 1 DAD B AddBECroHEL ] 0 0 1] 1 0 0 1
BAD O AdDEEKHEL 0 0 0 1 1 ] ] 1
i Jump on carry 1 1 ] 1 1 L] 10
DADH AddHE Lo HAL ] 0 1 0 1 L] ] 1
INC Jump on no cany 1 1 0 1 0 1] 1 0
5 S reto 1 1 0 o N 8 1 0 DAQ SP Add stack pomter 10 0 ] 1 1 1 0 0 1
P on HBL
::JZ Jump on no un 1 1 0 0 [ [} 1 8 SUBTRACT
Jump on positive 1 1 1 ] [} [} 1 8
™ Ju 1 1 1 1 1 e SUB ¢ Subtract regater 1 0 0 1 6 s § s
P on e from A
e Jump on parity even Pororo 0 e S88¢  Subvactregserbem 1 0 O § 1 S S §
*o Jump on parity edd t 1 1 0 0 6 1 8 A wath borrew
rosL H & L 10 program e 1 0 8 SUEM  Subliact memory y 0 0 t o 1 1t 6
counter trom A
taLL SBBM  Subtactmemoryfiom 1 0 0 1 1 1 1 @
CaLL Calt uaconditional t 1 ¢ 8 1Y 3 0 A with borrow
e Call on carry 1 0 1 1t 1 0 @ sut Subtract immediate R T T T S R
CNC Call on o carry 1 1 ¢ 1 © 1 o 8 fram A

“All mnemonics copyrighted «.Intel Corporation 1976.
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8085A INSTRUCTION SET SUMMARY (Cont’d)

Table 6-1
instruction Cods {3) Instructses Cods {1}

Mnemonic  Description 07 Dg Dg Dg D3 02 Dy Dg Mnemonic  Description Dy Dg 05 Dg D3 D7 Dy O
s8¢ Subtract immediate 1 1 Q 1 L | 1 [¢] ARC Rotate A right 0 8 b) [} 1 1 1 t

trom A with barrow RAL Rotare A left through 0 1] ] 1 [ 1 1 1
LOGICAL carry
ANA T And register with A 1 1 0 0 s s RAR Rotate A right through 1] 2 ¢ 1 1 1 1 1
XRAr Exclusive OR register 1t 9 1 0 1 § § S carry

wn & SPECIALS
ORATr OR register with A 1 0 1 1 0 s § §
CMP ¢ CompareregsterwithA 1 0 1 1 1 § § § CMA Complement A L L
ANAM  Ang memory with A 1 e 1 8 0 1 18 sic Set carry L T
XRAM  Exclusive OR memory T8 1 0 1 1 1t ¢ e Complement carry o0 v 1 1

with A DAA Decimal adjust A 0 [ 1 bl 0 1 1 1

RAM h 1 1 1 1

ORA OR memory witl A. 0 0 1 0 CONTROL
CMPM Compare memory withA 1 0 1 1 1 1 1 e
AN And immediate with A T 1 1 8 8 1 18 £l Enable interrupts rtorotos 61
XRi Exclusive OR immediae 1 1 1 0 1 1 1 0 o Disable tnterrupt oot e

with A NoP No-operation 0 9 1] [ 9 ¢ ¢ 0
ORI OR immediate with A LA S R LA A HLT Halt 6 1 1 1 0 1 1 @
cet Compare immediate 1 1 1 1 1 1 1 0

with A NEW 8085A INSTRUCTIONS
ROTATE RiM Read Interrupt Mask 0 @ 1 ¢ ¢ 0o o0 o
RLC Rotate A left g 0 0 0 [} 1 1 1 SiM Set Interrupt Mask 0 1 1 0 0 ¢ 0

NOTES: 1. DOS or SSS: 8 000, € 001, 0 010, EO1}
2. Two possible cv§I= times, (6/12} indicate i

cycles

L H 100, L 101, Memory 110, A 111,

flags.

*All mnemonics copyrighted < intel Corporation 1976.
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inte
8155/8156/8155-2/8156-2
2048 BIT STATIC MOS RAM WITH I/0 PORTS AND TIMER

B 256 Word x 8 Bits M 1 Programmable 6-Bit /0 Port

B Single +5V-Power Supply B Programmable 14-Bit Binary Counter/
‘ . . Timer

% Completely Static Operation B Compatible with 8085A and 8088 CPU

B Internal Address Latch M Multiplexed Address and Data Bus

B 2 Programmable 8 Bit I/0 Ports M 40 Pin DIP

The 8155 and 8156 are RAM and /O chips to be used in the 8085A and 8088 microprocessor systems. The RAM portion
is designed with 2048 static celis organized as 256 x 8. They have a maximum access time of 400 ns to permit use with
no wait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use with the 8085A-2 and
the full speed 5 MHz 8088 CPU.

The 170 portion consists of three general purpose {70 ports. One of the three ports can be programmed to be status
pins, thus allowing the other two ports to operate in handshake mode.

A 14-bit programmable counteritimer is atso included on chip to provide either a square wave or terminal count puise
for the CPU system depending on timer mode.

PIN CONFIGURATION BLOCK DIAGRAM
e, O 0 Ve
w2 aher, o —
TimeR N [} 3 38 1] pc, 10/# [ PORT A
reset [ 4 n e A P«..,
= 3 11 Pe, AD 256X8 ‘
FIMEROUT E 6 = [0 P 7 STATIC —
o 47 3¢ re, RAM ]
- PORT 8
CEorce*[{s 33{] e, * ]
#b s 327 e8, L] 8 ““'%-1
W0 g npee — L
ALE 311 gissy %[ P8, o] ]
AD, [J12 81562 [ eg, W PORT C
ap, [J 13 28173 ra, < PCos
o I neser——— i
ap, [ 15 26 1] pag
ap, O P
AD: 0 :: : 3 P: TIMER cu<-—j L—:tcc‘;ls)w
aD; (118 afyra, TMER OUT s
AD, }1s 2[]) Pa,
Vs g = 2P ra *: B155/8155-2 = CE. 8156/8156-2 = CE
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8155/8156 PIN FUNCTIONS

Symbol
RESET
linput)

ADg 7
{input/output)

CEor CE
tinput)
RD
(input})

WR
tinput)

Eunction

Puise provided by the 8085A to ini-
tialize the system (connect to 8085A
RESET OUT:. Input high on this line
resets the chip and initializes the
three 1/O ports to input mode. The
width of RESET pulse should typically
be two BOBSA ciock cycle times.

3-state Address/Data lines that inter-
face with the CPU lower 8-bit Ad~
dress/Data Bus. The 8-bit address is
latched into the address latch inside
the 8155/56 on the failing edge of
ALE. The address can be either for
the memory section or the /O section
depending on the !O/M input. The
8-bit data is either written into the
chip orread fromthe chip, depending
on the WR or RD input signal.

@ip Enabile: On the 8155, this pin is
CEandis ACTIVE LOW. On the 8156,
this pin is CE and is ACTIVE HIGH.

Read control: Input low on this line
with the Chip Enable active enables
and ADo-7 buffers. If IO/M pinislow,
the RAM content will be read out to
the AD bus. Otherwise the content
of the selected I/0 port or command/
status registers will be read to the
AD bus.

Write control: Input low on this line
with the Chip Enable active causes
the data on the Address/Data bus to
be written to the RAM or I/O portsand
command/status register depending
on 10/M.

Symbol

ALE
{input)

1o/M

tinput)
PAo-7:8)
tinput/output!

PBo-7(81
tinput/output)

PCo-5t6)
{input/output!

TIMER IN
{input)

TIMER OUT

{output)

Vee
Vss

Function

Address Latch Enable: This control
signal latches both the address on the
ADop-7 lines and the state of the Chip
Enable and 10/M into the chip at the
falling edge of ALE.

Selects memory if iow and I/0O and
command/status registers if high.

These 8 pins are general purpose /0O
pins. The in/out direction is selected
by programming the command
register,

These 8 pins are general purpose /O
pins. The in/out direction is selected
by programming the command
register.

These 6 pins can function as either
input port. output port, or as control
signals for PA and PB. Programming
is done through the command reg-
ister. When PCgp_s are used ascontroi
signals, they will provide. the fol-
lowing:

PCg — A INTR (Port A Interrupt)
PC1 — ABF Port A Buffer Full)

PCz — A STB (Port A Strobe)

PCa — B INTR (Port B Interrupt)
PCs — B BF :Port B Buffer Full)
PCs — B STB (Port B Strobe)

Input to the counter-timer.

Timer output. This output can be
either a square wave or a pulse de-
pending on the timer mode.

+5 volt supply.
Ground Reference.
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DESCRIPTION
The 8155/8156 contains the following:

e 2k Bit Static RAM organized as 256 x 8
* Two8-bit I/O ports (PA & PBiand one 6-bitl/O port{PC)
* 14-bit timer-counter

The 10/M (10/Memory Select) pin selects either the five
registers {Command, Status, PAo-7, PBo-7. PCo-s) or
the memory :RAM) portion. (See Figure 1.)

The 8-bit address on the Address/Data lines, Chip Enable
input CE or CE, and 1O/M are ail latched on-chip at the
failing edge of ALE. (See Figure 2.;

. 8-BIT INTERNAL DATA BUS

/
0 50 0 S
commano [rc ” Ps_] PA T'r'l:gssa Tinen

i

!

|

|

I

I

1

STATUS 4 | |

L TIMER =

MODE

b 6 8 8 _}

3

Figure 1. 8155/8156 internal Reglsters

CE (8155)

OR

CE {8156)

10/

\
/
AN

sonm | N |/

NOTE: FOR DETAILED TIMING INFORMATION, SEE FIGURE 12 AND A.C. CHARACTERISTICS.

bd

Figure 2. 8155/8156 On-Board Memory Read/Write Cycle
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PROGRAMMING OF THE
COMMAND REGISTER

The command register consists of eight latches. Four
bits (0-3; define the mode of the ports, two bits (4-5:
enable or disable the interrupt from port C when it acts
as contro!l port, and the last two bits (6-7 1 arefor the timer.

The command register contents can be altered at any
time by using the /0 address XXXXX000 during a WRITE
operation with the Chip Enable active and 10/M = 1. The
meaning of each bit of the command byte is defined in
Figure 3. The contents of the command register may
never be read.

READING THE STATUS REGISTER

The status register consists of seven latches, one foreach
bit; six 10-5i tor the status of the ports and one i6; for the
status of the timer.

The status of the timer and the I/O section can be polied
by reading the Status Register (Address XXXXX000».
Status word format is shown in Figure 4. Note that you
may never write to the status register since the command
register shares the same I/0O address and the cormmand
register is selected when a write to that address is issued.

10
rs| ,:]
I-—. DEFINES PAgy |

L 0= INPUT

i b= PUT
L~ DEFINES PBo; | outPy

7 6 5 4 3 2
szim,{ :eel IEATPELPQ
: T |

r 00=ALT 1
' 11 = ALT 2
lL— - DEFINES PCqs -al o1 -ALT3
i 10=ALT4
e . ENABLEPORTA
INTERRUPT 1= ENABLE
ENABLE PORT 8 0 = DISABLE
INTERRUPT

_
[ 00 = NOP — DO NOT AFFECT COUNTER
i OPERATION

01 = STOP — NOP IF TIMER HAS NOT STARTED:
STOP COUNTING If THE TIMER 1S
RUNNING
STOP AFTER TC — STOP IMMEDIATELY
AFTER PRESENT TC IS REACHED (NOP
IF TIMER HAS NOT STARTED)
START ~ LOAD MODE AND CNT LENGTH
: AND START IMMEDIATELY AFTER
i LOADING (IF TIMER IS NOT PRESENTLY
: AUNNING). IF TIMER IS RUNNING, START
! THE NEW MODE AND CNT LENGTH
; IMMEDIATELY AFTER PRESENT TC

1S REACHED.

i
o=
‘——TIMER COMMAND—

AD; ADg ADs AD, AD3 AD; AD; ADp

WTE] B INTRIINTE] A TR

NT'M“] 8 aﬂ B | A iaF] A_]
;

I PORT A INTERRUPT REQUEST

!

‘———e PORT A BUFFER FULL/IEMPTY
(INPUT/OUTPUT}

S

I

PORT A INTERRUPT ENABLE

PORT B INTERRUPT REQUEST

PORT 8 B! ER FULL/EMPTY
(INPUT/OUTPUT)

PORT B8 INTERRUPT ENABLED

TIMER INTERRUPT (THIS BT
IS LATCHED HIGH WHEN
TERMINAL COUNT IS
REACHED, AND IS RESET TO
LOW UPON READING OF THE
C/S REGISTER AND BY
HARDWARE RESET).

Figure 3. Command Register Bit Assignment
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INPUT/OUTPUT SECTION
The 1/0 section of the 8155/8156 consists of five registers:

(See Figure 5.) 10 ADDRESS*
. SELECTION
* Command/Status Register (C/S) — Both registers are A7|A6 | A5 | A& [A3| A2 ]AT]AD
assigned the address XXXXX000. The C/S address X{X}ixix}x[o]o|o|ineva Command/Status Regrster
serves the dual purpose. x{xtxinx{x}o]o}|GeneratPurposet OFart A
. . X|X [ xixix|0]|1]0|Generai Purpose -0 Poet 8
When the C/S registers are selected during WRITE xixixIx|xloli!1|PortC — General Purcose t O or Contro!
operation, a command is written into the command Xxix inix | xfr o} o} Low-Orger8 tus ol Time: Count
register. The contents of this register are not accessible XRXgpxpxpr o H,'?rnmeebl:;ehme{ countana 2t
. B o] H r
through the pins.
. . X: Don't Care _— —-
When the C/S (XXXXX000: is selected during a READ + 170 Address must be quahtied by CE = 18156 or CE =0:8155 and iO/M=1morder
operation, the status information of the I/0 ports and 10 select the appropriate regster.

the timer becomes availabie on the ADg-7 lines.

* PA Register — This register can be programmed to be
either input or output ports depending on the status of
the contents of the C‘/)S Register. Also depending on Figure 5. I/0 port and Timer Addressing Scheme
the command, this port can operate in either the basic
mode or the strobed mode {See timing diagram. The
170 pins assigned in relation to this register are PAo-7.
The address of this register is XXXXX001.

e PB Register — This register functions the same as PA

Figure 6 shows how I/0O PORTS A and B are structured
within the 8155 and 8156:

Register. The I/0 pins assigned are PBg-7. The address ONE BIT OF PORT A OR PORTB
of this register is XXXXX010.
AN oUTPUT !
e PC Register — This register has the address XXXXX011 o LATCH N !
and contains only 6 bits. The 6 bits can be program- cx ER :
med to be either input ports, output ports or as control Al |
signais for PA and PB by properly programming the 2 |
AD2 and ADj3 bits of the C/S register. 2 :
When PCo-s5 is used as a control port, 3 bits are g WRLEL T l
assigned for Port A and 3 for Port B. The first bit is an g PORT ___ w . PANE
: : . = MUX @ | | MOOE 1 N
interrupt that the: 8155 sends out. The second is an < ! oty
output signal indicating whether the buffer is full or 2 ,L :3 : ! 4_ :
empty, and the third is an input pin to accept a strobe e T g | aTcH _] i
for the strobed input mode. (See Tabie 1.) READ PORT o o I
¢ .
When the ‘C’ port is programmed to either ALT3 or ALT4, ?K i
the control signals for PAand PB are initialized as follows: N st8
NOTES:
. {1) OUTPUT MODE MULTIPLEXER ") :1 FOR QUTPUT MODE
CONTROL INPUT MODE | OUTPUT MODE S e puT | CONTROL 0 FOR INFUT MaDE
- - . . €SS SELECTED)
B Low Low B R e e o e e
INTR Low High
ST8 Input Control Input Control Figure 6. 8155/8156 Port Functions
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT.

Pin ALT 1 ALT 2 ALT 3 ALT 4
PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt)
PC1 input Port Qutput Port A BF (Port A Butfer Full) A BF (Port A Buffer Full)
PC2 Input Port Output Port A STB (Port A Strobe} A STEB (Port A Strobe)’
PC3 input Port Output Port Output Port B INTR (Port B Interrupt)
PC4 Input Port Output Port Output Port B BF (Port B Buffer Fulh)
PC5 input Port Qutput Port Qutput Port B STB (Port B Strobe;
Note in the diagram that.when the I/O ports are pro-
grammed to be output ports, the contents of the output
ports can still be read by a READ operation when appro-
priately addressed.
The outputs of the 8155/8156 are “glitch-free” meaning
that you can write a “1” to a bit position that was previ- TO 8085 RST INPUT
ously “1” and the level at the output pin will not change. ponT A [ OUTFOT > PoRT A t
A INTR (SIGNALS DATA RECEIVED)
Note aiso that the output latch is cleared when the port A BF (SIGNALS DATA READY)
enters the input mode. The output latch cannot be loaded 8155/8156 2 518 (ACKNOWL. DATA RECEIVED?
by writing to the port if the portis in the input mode. The vortc 4 |8 578 (LoADS PORT B LATGH) AL
result is that each time a port mode is changed from input 5 BF (SIGNALS BUFFER 1S FULLY INTERFACE
to output, the output pins will go fow. When the 8155/56 B INTR (SIGNALS BUFFER
is RESET, the output latches are all cleared and all 3 ports READY FOR READING}
enter the input mode. PORT B TO 8085 INPUT PORT (OPTIONAL)

When in the ALT 1 or ALT 2 modes, the bits of PORT C
are structured like the diagram above in the simple input
or output mode, respectively.

Reading from an input port with nothing connected to the
pins will provide unpredictable results.

Figure 7 shows how the 8155/8156 1/0 ports might be
configured in a typical MCS-85 system.

TO 8085 RST INPUT
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TIMER SECTION

The timer is a 14-bit down-counter that counts the TIMER
IN pulses and provides either a square wave or pulse
when terminal count. (TC) is reached.

The timer has the 1/0 address XXXXX100 for the low order
byte of the register and the 10 address XXXXX101 for
the high order byte of the register. (See Figure 5).

To program the timer, the COUNT LENGTH REG is
loaded first, one byte at a time, by selecting the timer
addresses. Bits 0-13 of the high order count register will
specify the length of the next count and bits 14-15 of the
high order register will specify the timer output mode
isee Figure 8i. The value loaded into the count length
register can have any value from 2H through 3FFH in
Bits 0-13.

7 6 5 4 3 2 1 o
LMz] M1J71:ij Tizi Tn] Twl T91 Ta1
1 v Ji T J
TIMER MODE MSB OF CNT LENGTH

3 2 1 0

[l

1

7 € 5 &
[771 Te TTsl Ta
L.

—
LSB OF CNT LENGTH

Figure 8. Timer Format

There are four modes to choose from: M2 and M1 define
the timer mode, as shown in Figure 9.

TIMER GUT WAVEFORMS:
MODE START TERMINAL TERMINAL
BITS COUNT COUNT COUNT
H

Lo ‘ ‘ ¥

1. SINGLE
0 0 7 SQUARE WAVE — 1

2. ¢ souss
O 1 “ COURRE WAVE L L.

3 S'NGLE % ——————————
10 PULSE ON i T

TERMINAL COUNT

4. CONTINUOUS

Toov T puses u u

Figure 8. Timer Modes

Bits 6-7 (TM2 and TM1) of command register contents
are used to start and stop the counter. There are four
commands to choose from:

TM2 TMy

0 0 NOP— Do not affect counter operation.

¢} 1 STOP — NOP if timer has not started;
stop counting if the timer is running.

1 0 STOP:AFTER TC — Stop immediately
after present TC is reached (NOP it timer
has not started)

1 1 START — Load mode and CNT length

and start immediately after loading (if
timer is not presently running;. if timer
is running, start the new mode and CNT
length immediately after present TC is
reached.
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Note that while the counter is counting. you may load a
new count and mode into the count length registers.
Before the new count and mode wili be used by the
counter, you must issue 8 START command to the
counter. This applies even though you may only want to
change the count and use the previous mode.

In case of an odd-numbered count, the first half-cycle
of the squarewave output, which is high, is cne count
longer than the second {low: half-cycle, as shown in
Figure 10.

L |

Sy

-3

]

NOTE: 5 AND 4 REFER TO THE NUMBER OF CLOCKS IN THAT TIME PERIOD

Figure 10. Asymmetrical Square-Wave Output Resulting
from Count of 8

The counter in the 8155 is not initialized to any particular
mode or count when hardware RESET occurs. but RESET
does stop the counting. Therefore, counting cannot begin
following RESET until a START command is issued via
the C/S register.

Please note that the timer circuit on the 8155/8156 chip
is designed to be a square-wave timer, not an event
counter. To achieve this, it counts down by twos twice
in completing one cycle. Thus, its registers do not con-
tain values directly representing the number of TIMERIN
pulses received. You cannot load an initial value of 1into
the count register and cause the timer to operate, as its
terminal count value is 10 (binary) or 2 idecimalt}. (For
the detection of single puises, it is suggested that one
of the hardware interrupt pins on the 8085A be used.)
After the timer has started counting down, the values
residing in the count registers can be used to caiculate
the actual number of TIMER [N pulses required to com-
plete the timer cycle if desired. To obtain the remaining
count, perform the foliowing operations in order:

-

. Stop the count
. Read in the 16-bit value from the count length registers

. Reset the upper two mode bits

0N

. Reset the carry and rotate right one position all 16 bits
through carry

. If carry is set, add 1/2 of the full original count {1/2 full
count — 1 if fufl count is odd;.

Note: !f you started with an odd count and you read the
count length register before the third count pulse occurs,
you will not be able to discern whether one or two counts
has occurred. Regardiess of this, the 8155/56 aiways
counts out the right number of puises in generating the
TIMER OUT waveforms.
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EXAMPLE PROGRAM

ADJUST, 78

E63F
1F
47
79
1F
4F
Do

3F
7C

1F
67
70
1F
6F
09
44
4D
ce

MOV AB

ANI 3F
RAR
MOV B,A
MOV A,C
RAR
MOV CA
RNC

CMC
MOV A H

RAR

MOV H.A
MOV AL
RAR
MOV LA
bAD B
MOV B.H
MOV C.L
RET

Following is an actual sequence of program steps that adjusts the 8155/56 count register
contents to obtain the count, extracted from Intel® Application Note AP38. “Application
Techniques for the Intel 8085A Bus.” First store the value of the fuli original count in register
HL of the B085A. Then stop the count to avoid getting an incorrect count value. Then sample
the timer-counter, storing the lower-order byte of the current count register in register C and
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine:

;Load accumulator with upper half
; of count.

;Reset upper 2 bits and clear carry.
;Rotate right through carry.

;Store shifted value back in B.
;Load accumulator with lower half.
:Rotate right through carry.

:Store lower byte in C.

;if in 2nd half of count, return.
i in 1st half, go on.

;Clear carry.

;Divide full count by 2. (!f HL
;is odd, disregard remainder.)

:Double-precision add HL and BC.

;Store results back in BC.

;Return.

After executing the subroutine, BC wiil contain the remaining-count in the current count cycle.
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8085A MINIMUM SYSTEM CONFIGURATION

Figure 118 shows a minimum system using three chips,
containing:

256 Bytes RAM
2K Bytes ROM
38 1/0 Pins

1 Interval Timer
4 Interrupt Levels

8085 MINIMUM SYSTEN CONFIGURATION

AB-15 v - -~

T

RESET OUT
READY
Tmer || _ AB- AD| {10/ %;ﬂ
RESET N wr|RD| aLE ] ce 108 \} CE| o ALE! «
v VA\‘ID 07,8 ™ )
LATCHES
TIMER
TIMER
ouT 8355 |ROM + 1/0|
CONTROL oR
26 x8 87554 [PROM + 1/0]
RAM
8156 i o185
IR PC ] '8 ] ’A ]

588 8 8

Figure 11a. 8085A Minimum System Configuration. (Memory Mapped 1/0)
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8088 FIVE CHIP SYSTEM

Figure 11b shows a five chip system containing:
* 1.25K Bytes RAM

® 2K Bytes ROM

* 381/0 Pins

® 1 Interval Timer

® 2 interrupt Leveis

1717 - TT

PORY

s e poRr
wR

PORT

) @
sss B

ALE  poRt

DATA  C
ADDR

N}

1M TigeR

neser OUY

g

llg

Ag—Ag ADDR oW

: RD
ADg ~ ADy ADODRIDATA
cLK

ALE PORT
CE L3

> Rg.10
BISSIBTSSA

READY . i
I DATA!
MN/MX Ve ./} avon
Vee O ALE 1 10/ pORT
8
Xy X3

i

IR

g

@)

RST 5 RD RESET

READY Vee
| ioR

1T o

Vss Vec Voo

RESET ’
~ 1- ROYt Vee
\\ GND W
MANUAL . AD
RESETY —
o ChE &,

WR

cik -~ l
Reapy ——!

L

1018

HEEEN

8185
ALE
[ — Cs.
H— CEz
S As. Ay

e
|

Vss Ve

Figure 1tb. 8088 Five Chip System Configuration 634
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ABSOLUTE MAXIMUM RATINGS* ‘COMMENT: Stresses above those listed under “Absolute

Maximum Ratings™ may cause permanent damage to the
device. This is a stress rating only and functional opera-

Temperature UnderBias ................ 0°Cto +70°C tion of the device at these or any ather conditions above
Storage Temperature ............... -65°Cto+150°C those indicated in the operational sections of this specifi-
Voltage on Any Pin ° cation is not implied. Exposure to absolute maximum

with RespecttoGround ............... -0.5V t0 +7V rating conditions for extended periods may affect device

PowerDissipation ...........cccoiiiiiiiinin.. 1.5W reliability.

D.C. CHARACTERISTICS (T, = 0°C to 70°C; Vg = 5V = 5%)

SYMBOL| PARAMETER MiIN. MAX, UNITS TEST CONDITIONS
Vi Input Low Voltage -0.5 0.8 \Y
Vin Input High Voltage 20 Vect0.5 \Y
VoL Output Low Voltage 0.45 Y oL =2mA
VoH Output High Volitage 24 v oy = -400pA
'S Input Leakage +10 A Vin = Veg to OV
iLo Output Leakage Current +10 uA 0.45V < Vout < Ve
lec Vec Supply Current 180 mA
;L (CE) Chip Enable Leakage
8155 +100 BA VIN = Ve to OV
8156 ~-100 uA
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A.C. CHARACTERISTICS (1, = 0°Cto 70°C; Viec = 5V + 5%)

8155/8156 Brelmmnaret
SYMBOL | PARAMETER MIN. MAaX. MIN. MAX. UNITS
taL Address to Latch Set Up Time 50 30 ns
tLa Address Hold Time after Latch 80 30 ns
tic tatch to READ/WRITE Controi 100 40 ns
tRo Valid Data Out Delay from READ Control 170 140 ns
tap Address Stable to Data Out Valid 400 330 ns
tL Latch Enable Width 100 70 ns
tRDF Data Bus Float After READ 0 100 0 80 ns
toL READ/WRITE Control 1o tatch Enable 20 10 ns
tce READ/WRITE Control Width 250 200 ns
tow Data In to WRITE Set Up Time 150 100 ns
twp Data in Hoid Time After WRITE 0 0 ns
RV Recovery Time Between Controls 300 200 ns
twp WRITE to Port Output 400 300 ns
tpr Port tnput Setup Time 70 50 ns
tap Port Input Hold Time 50 10 ns
tsgr Strobe to Buffer Full 400 300 ns’
iss Strobe Width 200 150 ns
tree READ to Buffer Empty 400 300 ns
g Strobe to INTR On 400 300 ns
RO READ to INTR Off 400 300 ns
tpss Port Setup Time to Strobe Strobe 50 ] ns
tPHs Port Hold Time After Strobe 120 100 ns
tspe Strobe to Buffer Empty 400 300 ns
weF WRITE 1o Buffer Full 400 300 ns
twi WRITE to INTR Off 400 300 ns
trL TIMER-IN to TIMER-OUT Low 400 300 ns
TH TIMER-IN to TIMER-OUT High 400 300 ns
tape Data Bus Enable from READ Control 10 10 ns
3] TIMER-IN Low Time 80 40 ns
t2 TIMER-IN High Time 120 70 ns

Input Waveform for A.C. Tests:

24

)(10\ —20
TISY POMTS
o8 &~ “wos

ces

6-36



8155/8156/8155-2/8156-2

WAVEFORMS

a. Read Cycle

CE ig155!

OR

CE (8156}

.

"
N
I~ - NV

108

ADo.y

B
ADDRESS . X DATA VALID
7

I-— tar —|
ALE / \
e
RD
b. Write Cycle
CE (8155)

o

OR

CE (8156}

oM

Dad I Nl B LN

ADg 5 ADDRESS ]

x DATA VALID

[ tap ——{ e Yy __.l ‘ow i ter
“ \

1
po— t,, Ye wp

.

Figure 12. 8155/8156 Read/Write Timing Diagrams
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a. Strobed Input Mode

8F

STROBE N\

INTR
“ M
1~ tRDI ; /
m NI
P tpss tous
INPUT DATA
FROM PORT

b. Strobed Output Mode

BF

R '
1
i
twer F—ta
INTR \
N
] /
\ -
= ;l———/
OuUTPUT DATA
TO PORT X

Figure 13. Strobed I/0 Timing
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a. Basic input Mode
tap —foer]

ton

INPUT j{ X

) '

DATA BuUS* x

b. Basic Output Mode

: WR
Ty~

outrr X

*DATA BUS TIMING IS SHOWN IN FIGURE 7.

Figure 14. Baslc 1/0 Timing Waveform

LOAD COUNTER FROM CLR ——l RELOAD COUNTER FROM CLR ——’
| 2 i 1 3 ! 4 | 3 i 2 I 1

— :

TIMER IN w-
L) u
~ teve
X > ———
TIMER OUT \ worey
(PULSE} \ Y;
| W
oy pa—— T [~—
. l'
TINER OUT \ e
{SQUARE WAVE) \ (NOTE 1} 7
| PG ———
——f tyy e LT e
NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC L—

RELOAD MODE (MI MODE BIY = 1)

Figure 15. Timer Output Waveform Countdown from 5 to 1
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

» MCS-85™ Compatible 8279-5 = Dual 8- or 16-Numerical Display
s Simultaneous Keyboard Display . )
Operations = Single 16-Character Display
s Scanned Keyboard Mode e Right or Left Entry 16-Byte Display
RAM

s Scanned Sensor Mode

s Strobed Input Entry Mode
» 8-Character Keyboard FIFO

s 2-Key Lockout or N-Key Rollover with
Contact Debounce

Mode Programmable from CPU

Programmable Scan Timing

Interrupt Output on Key Entry

The Intel® 8279 is a general purpose programmable keyboard and display /O interface device designed for use with
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The
keyboard portion will also interface to an array of sensors or a strobed intertace keyboard, such as the hali effect and
ferrite variety. Key depressions can be 2-key fockout or N-key roilover. Keyboard entries are debounced and strobed in
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output
line to the CPU.

The display portion provides a scanned display interface for LED, incandescent, and other popuiar display
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both
right entry, calculator and left entry typewriter display formats are possible. Bath read and write of the display RAM
can be done with auto-increment of the display RAM address.
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HARDWARE DESCRIPTION

The 8279 is packaged in a 40 pin DIP. The following is
a functional description of each pin,
No. Of

pins Designation Function

8 DBo-DBy Bi-directional data bus. All data

and commands between the

CPU and the 8279 are trans-

mitted on these lines.

Clock from system used to gen-

erate internal timing.

A high signa! on this pin resets

the 8279. After being reset the

8279 is placed in the following

mode:

1) 16 B-bit character display
—left entry.

2) Encoded scan keyboard—2
key lockout.

Along with this the program

clock prescaler is set to 31.

Chip Select. A low on this pin
enables the interface functions
to receive or transmit.

Buffer Address. A high on this
line indicates the signals in or
out are interpreted as a com-
mand or status. A low indicates
that they are data.
Input/Output read and write.
These signals enable the data
buffers to either send datz to

1 CLK

1 RESET

the external bus or receive it -

from the external bus.
Interrupt Request. In a keyboard
mode, the interrupt line is high
when there is data in the FIFO/
Sensor RAM. The interrupt line
goes low with each FIFO/
Sensor RAM read and returns
high if there is still informa-
tion in the RAM. In a sensor
mode, the interrupt line goes
high whenever a change in 2
sensor is detected.

1 IRQ

2 Vsg, Vee
4 SLp-SL3

Ground and power.supply pins.
Scan Lines which are used to
scan the key switch or sensor
matrix and the display digits.
These lines can be either en-
coded (1of 16) or decoded (1 of
4).

Return line inputs which are
connected to the scan lines
through the keys or sensof
switches. They have active in-
ternal puliups to keep them
high until a switch closure putis
one low. They also serve as an
8-bit input in the Strobed Input
mode.

8 ~ RLo-RL7
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1 SHIFT The shift input status is stored
along with the key position on

key closure in the Scanned

). Of
Pins Designation Function

Keyboard modes. It has an
active internal pullup to keep it
high untit a switch closure pulls
it fow.

1 CNTL/STB For keyboard modes this line is
used as a control input and
stored like status on a key cio-
sure, The line is also the strobe
line that enters the data into the

FIFQO in the Strobed Input mode.

(Rising Edgel. It has an active
internal pullup to keep it high
until a switch closure pulls it
low.

4 OUT Ap-OUT A3 These two ports are the outputs

4 OUT Bo-OUT B3 for the 16 x 4 display refresh
registers. The data from these
outputs is synchronized to the
scan lines (SLo-SLs! for multi-
plexed digit displays. The two 4
bit ports may be blanked inde-
pendently. These two ports may
also be considered as one 8 bit
port.

Bitank Display. This output is
used to blank the display during
digit switching or by a display
bianking command.

PRINCIPLES OF OPERATION

The following is a description of the major elements of the
8279 Programmable Keyboard/Display interface device.
Refer to the biock diagram in Figure 1.

{/0 Control and Data Buffers

The 1/0 control section uses the C§, Ag, RD and WR lines
to control data flow to and from the various internal
registers and buffers. All data flow to and from the 8279is
enabled by CS. The character of the information, given or
desired by the CPU, is identified by Ag. A logic one
means the information is a command or status A logic
zero means the information is data. RD and WR determine
the direction of data flow through the Data Buffers. The
Data Buffers are bi-directionai buffers that connect the
internal bus to the external bus. When the chip is not
selected (CS = 1), the devices are in a high impedance
state. The drivers input during ‘WReC3 and output during
AD+C3.

Contro! and Timing Reglsters and Timing Controf
These registers store the keyboard and display modes and
other operating conditions programmed by the CPU. The
modes are programmed by presenting the proper
command on the data lines with Ao = 1 and then sendi

a WR. The command is latched on the rising edge of
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FUNCTIONAL DESCRIPTION

Since data input and display are an integral part of many
microprocessor designs, the system designer needs an
interface that can control these functions without placing
a large load on the CPU. The 8279 provides this function
for 8-bit microprocessors.

The 8279 has two sections: keyboard and display. The
keyboard section can interface to requiar typewriter style
keyboards or random toggle or thumb switches., The
display section drives alphanumeric displays or a bank of
indicator lights. Thus the CPU 1s relieved from scanning
the keyboard or refreshing the dispiay.

The 8279 is designed to directly connect to the
microprocessor bus. The CPU can program all operating
modes for the 8279. These modes include:

Input Modes

* Scanned Keyboard — with encoded (8 x 8 key
keyboard) or decoded (4 x 8 key keyboard) scan lines.
A key depression generates a 6-bit encoding of key
position. Position and shift and control status are
stored in the FIFO. Keys are automatically debounced
with 2-key lockout or N-key roliover.

Scanned Sensor Matrix — with encoded (8 x 8 matrix
switches) or decoded (4 x § matrix switches) scan lines.
Key status (open or closed) stored in RAM addressabie
by CPU.

* Strobed Input -- Data on return hines during contro!
line strobe is transferred to FIFO.

Output Modes

¢ 8 or 16 character multiplexed displays that can be or-
ganized as dual 4-bit or single 8-bit (By= Dy, Az = Dy).

* Right entry or left entry display formats.

Other features of the 8279 inciude:
Mode programming from the CPU.

* Clock Prescaler

* [nterrupt output to signal CPU when there is keyboard

or sensor data available.

-

An 8 byte FIFO to store keyboard information.

16 byte internal Display RAM for display refresh. This
RAM can also be read by the CPU.

CLK RESET DBO-7 W &5 4 RQ

FIFO/SENSOR

a:::e:s /0 CONTROL RAM

STATUS
INTERNAL - DATA BUS (8! ?
DISPLAY CONTROL AND 8x8

ADDRESS D, 1628 TIMING FIFOISENSOR | xsvao:::ig

REGISTERS DISPLAY REGISTERS RAM N— oEsIL!

RAM I CONTROL
TIMING
AND 1
CONTROL
DISPLAY
REGISTERS '—-——[ SCAN COUNTER RETURN J

OUT Ag3 OUT By

Il

]|
il

Rigy
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The command is then decoded and the appropriate
function is set. The timing control contains the basic
timing counter chain. The first counteris & + N prescaier
that can be programmed to yield an internal frequency
of 100 kHz which gives a 5.1 ms keyboard scan time and
a 10.3 ms debounce time. The other counters divide
down the basic internal frequency to provide the proper
Key scan. row scan, keyboard matrix scan, and display
scan times.

Scan Counter

The scan counter has two modes. In the encoded mode,
the counter provides a binary count that must be
externally decoded to provide the scan tines for the
kevboard and dispilay. In the decoded mode, the scan
counter decodes the least significant 2 bits and provides a
cecoded 1 of 4 scan. Note than when the xeyboard i1s in
decoded scan, so is the display. This means that only the
first 4 characters in the Display RAM are cisplayed.

In the encoded mode, the scan lines are active high
outputs. In the decoded mode, the scan lines are active
low outputs.

Return Buffers and Keyboard Debounce

and Control

Tne 8 return lines are buffered and latchec by the Return
Buffers. In the keyboard mode, these lines are scanned,
looking for key closures in that row. I the debounce
circuit detects a closed switch, it waits about 10 msec to
check if the switch remains closed. If it does, the address
of the switch in the matrix pius the status of SHIFT and
CONTROL are transferred to the FIFO. In the scanned
Sensor Matrix modes, the contents of the return lines is
directly transferred to the corresponding row of the
Sensor RAM (FIFQO) each key scan time. In Strobed Input
mode. the contents of the return lines are transferred to
the FIFO on the rising edge of the CNTL/STB line puise.

FIFO/Sensor RAM and Status

This block is a dual function 8 x 8 RAM. In Keyboard or
Strobed input modes. it is a FIFO. Each new entry is
written into successive RAM positions and each is then
read in order of entry. FIFO status keeps track of the
number of characters in the FIFO and whether it is full or
empty. Too many reads or writes will be recognized as an
error. The status can be read by an BD with CS low and
Ao high. The status logic aiso provides an IRQ signal
when the FIFQ is not empty. in Scanned Sensor Matrix
mode, the memory is a Sensor RAM. Each row of the
Sensor RAM is loaded with the status of the correspond-
ing row of sensor in the sensor matrix. in this mode, IRQis
high if a change in a sensor is detected.

Display Address Registers and Display RAM

- The Display Address Registers hold the address of the
word currently being written or read by the CPU and the
two 4-bit nibbles being displayed. The read/write
addresses are programmed by CPU command. They also
can be set to auto increment after each read or write. The
Display RAM can be directly read by the CPU after the
correct mode and agdress is set. The addresses for the A
and B nibbles are automatically updated by the 8279 to
match data entry by the CPU. The A and B nibbles can be
entered independently or as one word, according to the
mode that is set by the CPU. Data entry to the dispiay can
be set to either left or right entry. See Intertace
Considerations for details.
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SOFTWARE OPERATION

8279 commands

The following commands program the 8279 operating
modes. The commands are sent on the Data Bus with CS
low and Ag high and are loaded to the 8279 on the rising
edge of WR.

Keyboard/Display Mode Set
MSB LSB

[oiogo]og_oixjxlxj

Where DD is the Display Mode and KKK is the Keyboard
Mode.

Code:

Do

0 0 8 8-bit character display — Left entry

0 1 16 8-bit character display — Left entry”
1 0 8 8-bit character display — Right entry

1 1 16 8-bit character display — Right entry

For description of right and left entry, see Interface
Considerations. Note that when decoded scan is set in
keyboard mode. the display is reduced to 4 characters
independent of display mode set.

KKK

0 0 Encoded Scan Keyboard — 2 Key Lockout®
0 0 1 Decoded Scan Keyboard — 2-Key Lockout

0 1 0 Encoded Scan Keyboard — N-Key Rollover
0 1 1 Decoded Scan Keyboard — N-Key Rollover
1 0 0 Encoded Scan Sensor Matrix

1 0 1 Decoded Scan Sensor Matrix

1 1 0 Strobed input, Encoded Display Scan

1 1 1 Strobed Input, Decoded Display Scan

Program Clock

Code: (0]oli[piplpir|r}

All timing and multiplexing signails for the 8279 are
generated by an internal prescaler. This prescaler
divides the external clock (pin 3) by a programmable
integer. Bits PPPPP determine the value of this integer
which ranges from 2 to 31. Choosing a divisor that yields
100 kHz will give the specified scan and debounce
times. For instance, if Pin 3 of the 8279 is being clocked
by a 2 MHz signal, PPPPP shouid be set to 10100 to
divide the clock by 20 to yield the proper 100 kHz operat-
ing frequency.

Read FIFO/Sensor RAM

code: [0]1]o[a[xJa[a]Aa] x=Dontcare

The CPU sets up the 8279 for a read of the FIFO/Sensor
RAM by first writing this command. In the Scan Key-

“Delaut: atter resel.
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board Mode. the Auto-increment flag (Al} and the RAM
address bits (AAA) are irrelevant. The 8279 will automati-
calty drive the data bus for each subsequent read (Ag= 0)
in the same sequence in which the data first entered the
FIFOQ. All subsequent reads will be from the FIFO until
another command is issued.

in the Sensor Matrix Mode, the RAM address bits AAA
select one of the B rows of the Sensor RAM. If the Al fiag
is set (Al = 1), each successive read wit! be from the sub-
sequent row of the sensor RAM.

Read Display RAM

Code: |o]1[1]ai]alalaia]

The CPU sets up the 8279 for a read of the Display RAM
by first writing this command. The address bits AAAA
select one of the 16 rows of the Dispiay RAM. If the Al
flag is set (Al = 1), this row address will be incremented
after each following read or write to the Display RAM.
Since the same counter is used for both reading and
writing, this command sets the next read or write
address and the sense of the Auto-Increment mode for
both operations.

Write Display RAM

Code: {1]ofolaifajajala]

The CPU sets up the 8279 for a write to the Dispiay RAM
by first writing this command. After writing the com-
mand with Ag=1, all subsequent writes with Ap=0 will
be to the Display RAM. The addressing and Auto-
Increment functions are identical to those for the Read
Display RAM. However, this command does not affect
the source of subsequent Data Reads; the CPU will read
from whichever RAM (Display or FIFO/Sensor) which
was last specified. If, indeed, the Display RAM was last
specified, the Write Display RAM will, nevertheiess,
change the next Read location.

Display Write Inhibit/Blanking

{1]0]1] XJ:N]I:I] :L] :LI

The IW Bits can be used to mask nibbie A and nibble B
in applications requiring separate 4-bit display ports. By
setting the IW flag (IW = 1) for one of the ports, the port
becomes marked so that entries to the Display RAM
from the CPU do not affect that port. Thus, if each nibble
is input 10 a BCD decoder, the CPU may write a digit to
the Dispiay RAM without affecting the ather digit being
displayed. lt is important to note that bit By corresponds
to bit Dg on the CPU bus, and that bit A; corresponds to
bit Dy.

Code:

If the user wishes to btank the display, the BL flags are
available for each nibble. The last Ciear command issued
determines the code 10 be used as a “blank.” This code
defaults to all zeros after a reset. Note that both BL
flags must be set to blank a display formatted with a
single 8-bit port.

Clear

Code:  |1]1]0[ColCo|ColCe|Ca]
The Cp bits are available in this command to clear all
rows of the Display BAM to a selectable blanking code
as follows: I .
Cp Cp Cp
]

0 X All Zetos (X = Don't Care)
1 0 AB = Hex 20 {0010 0000)
1 1 Al Ones

Enable clear display when = | {or by C5 = 1)
During the time the Display RAM is being cleared (~160 us),
it may not be written to. The most significant bit of the
FIFO status word is set during this time. When the Dis-
play RAM becomes availabie again, it automatically
resets.

If the Cg bit is asserted (Cg=1), the FIFO status is
cleared and the interrupt output line is reset. Also, the
Sensor RAM pointer is set to row 0.

Ca the Clear All bit, has the combined effect of Cp and
Cp; it uses the Cp clearing code on the Display RAM and
also clears FIFO status. Furthermore, it resynchronizes
the internal timing chain.

End Interrupt/Error Mode Set

Code:  [1l1l1lelx|x[x{x] x = Dontcare.

For the sensor matrix modes this command lowers the
1RQ line and enables further writing into RAM. {The IRQ
line would have been raised upon the detection of a
change in a sensor value. This would have also inhibited
turther writing into the RAM until reset).

For the N-key rollover mode — if the E bit is programmed
to “1" the chip will operate in the specia! Error mode. (For
further details, see Interface Considerations Section.)

Status Word

The status word contains the FIFO status, error, and
display unavailable signals. This word is read by the CPU
when Ag is high and CS and RD are low. See Interface
Considerations for more detail on status word.

Data Read

Data is read when Ag, CS and ﬁare atl iow. The source
of the data is specified by the Read FIFO or Read Display
commands. The trailing edge of RD will cause the address
of the RAM being read to be incremented if the Auto-
Increment flag is set. FIFO reads always increment (if no
error occurs) independent of Al.

Data Write

Data that is written with Ag, CS and WR low is always
written to the Display RAM. The address is specified by the
latest Read Display or Write Display command. Auto-
tncrementing on the rising edge of WR occurs if Al set by
the fatest display command.

8-166
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INTERFACE CONSIDERATIONS
Scanned Keyboard Mode, 2-Key Lockout

There are three possible combinations of conditions
that can occur during debounce scanning. When a key is
depressed, the debounce logic is set. Other depressed
keys are looked for during the next two scans. If none
are encountered, it is a single key depression and the
key position is entered into the FIFO along with the
status of CNTL and SHIFT fines. If the FIFO was empty,
tRQ will be set to signal the CPU that there is an entry in
the FIFO. If the FIFO was full, the key will not be entered
and the error flag will be set. If another closed switch is
encountered, no entry to the FIFO can occur. If all other
keys are released before this one, then it will be entered
to the FIFO. If this key is released before any other, it
will be entirely ignored. A key is entered to the FIFO
only once per depression, no matter how many keys
were pressed along with it or in what order they were
released. If two keys are depressed within the debounce
cycle, it is a simultaneous depression. Neither key will
be recognized until one key remains depressed aione.
The last key will be treated as a single key depression.

Scanned Keyboard Mode, N-Key Rollover

With N-key Rollover each key depression is treated
independently from all others. When a key is depressed,
the debounce circuit waits 2 keyboard scans and then
checks to see if the key is stili down. If it is, the key is
entered into the FIFO. Any number of keys can be
depressed and another can be recognized and entered
into the FIFO. If a simultanecus depression occurs, the
keys are recognized and entered according to the order
the keyboard scan found them.

Scanned Keyboard — Special Error Modes

For N-key rollover mode the user can program a special
error mode. This is done by the “End Interrupt/Error Mode
Set” command. The debounce cycle and key-validity
check are as in normal N-key mode. If during a single
debounce cycle, two keys are found depressed, this is
considered a simultaneous multiple depression, and sets
an error flag. This flag will prevent any further writing into
the FIFO and will setinterrupt (if not yet set). The error flag
could be read in this mode by reading the FIFO STATUS
word. (See "FIFO STATUS™ for further details.) The error
flag is reset by sending the normat CLEAR command with
Cr = 1.

Sensor Matrix Mode

in Sensor Matrix mode, the debounce logic is inhibited.
The status of the sensor switch is inputted directly to the
Sensor RAM. in this way the Sensor RAM keeps an image
of the state of the switches in the sensor matrix. Although
debouncing is not provided, this mode has the advantage
that the CPU knows how long the sensor was closed and
when it was released. A keyboard mode can only indicate
a validated closure. To make the software easier, the
designer should functionally group the sensors by row
since this is the format in which the CPU will read them.
The IRQ line goes high if any sensor value change is
detected at the end of a sensor matrix scan. The IRQlineis
Cleared by the first data read operation if the Auto-
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Increment flag is set to zero, or by the End Interrupt
command if the Auto-increment flag is set to one.

Note: Multiple changes in the matrix Addressed by (Slo-3
= 0) may cause multiple interrupts. (SLo =0 in the Decoded
Mode). Reset may cause the 8279 to see multiple changes.

Data Format

in the Scanned Keyboard mode, the character entered
into the FIFO corresponds to the position of the switch
in the keyboard plus the status of the CNTL and SHIFT
lines {non-inverted). CNTL is the MSB of the character
and SHIFT is the next most significant bit. The next
three bits are from the scan counter and indicate the
row the key was found in. The last three bits are from the
column counter and indicate to which return line the key
was connected.

mse Ls8

— T
CNTLJS:HFT SCAN
$ 1

SCANNED KEYBOARD DATA FORMAT

1 BN
RETURN
1 H

In Sensor Matrix mode, the data on the return lines is
entered directly in the row of the Sensor RAM that
corresponds to the row in the matrix being scanned.
Therefore, each switch postion maps directly to a Sensor
RAM position. The SHIFT and CNTL inputs are ignoredin
this mode. Note that switches are not necessarily the only
thing that can be connected to the return lines in this
mode. Any logic that can be triggered by the scan lines
can enter data to the return tine inputs. Eight multipiexed
input ports could be tied to the return lines and scanned by
the 8279.

Ms8 ’ : Ls8
LRL7LRL6 ms l RLg | Rig lRLz{nL, I Rﬂ

in Strobed Input mode, the data is also entered to the FIFO
from the return lines. The data is entered by the rising
edge of a CNTL/STB line pulse. Data can come from
another encoded keyboard or simple switch matrix. The
return lines can also be used as a general purpose strobed
input.

S8

[ m,J Rig l m.s] Rla l Ry i RL2]RL1 I Rﬂ

Display
Left Entry

Left Entry mode is the simplest display format in that each
display position directly corresponds to a byte (or nibble)
in the Display RAM. Address 0in the RAM is the left-most
display character and address 15 (or address 7 in 8
character display) is the right most display character.
Entering characters from position zero causes the display
to fill from the teft. The 17th (9th) character is entered back
in the lett most position and filling again proceeds from
there.
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14 15 - — Display

o 1
st entry l 12 ! P l RAM
- — - = Address
[P
[

1418

2nd entry - i |
0o 1 14 15

16th entry f 12 :5"16'
o1 4 15

17th entry 175 2. 1516
o 415

:

18th entey {17 ]18 15116 l

LEFT ENTRY MODE
[AUTO INCREMENT)

Right Entry

Right entry is the method used by most electronic
calculators. The first entry is piaced in the right most
display character. The next entry 1s aiso placed in theright
most character after the dispiay is shifted ieft one
character. The left most character is shifted off the end
and is lost.

1 2 14 15 O-=Display
- - — - ! Address
2 3 50 1
2nd entry § ; 112
3 4 c 1 2
3rd entry l ll i 112
o 1 - 13 14 15
16tn emry [ 1] 2 14115 |16 |
1 2 o 1415 0
17th entry I 2{3 [ 15016 .
2 3 15 0 1
18th entry : 16.!17 .

RIGHT ENTRY MODE
{AUTO INCREMENT)

Note that now the display position and register address do
not correspond. Consequently, entering a character to an
arbitrary position in the Auto Increment mode may have
unexpected results. Entry starting at Display RAM address
0 with sequential entry 1s recommended.

Auto Increment

in the Left Entry mode, Auto Incrementing causes the
address where the CPU will next write 1o be incremented
by one and the character appears in the next location.
With non-Auto Incrementing the entry is both o the same
RAM address and display position. Entry 10 an arbitrary
address 1n the Auto Increment mode has no undesirable
side etffects and the result 1s predictable:;

8-168

0 1 2 3 4 5 6 7-=—Display

1st entry u [ Ll T RAM

Address

2nd entry MZ l ] , l { _[ ]
01 2 3 45 6 7

Co d l1i2 1 | Dol

commang {142 [ [ 1 ;1]
Enter next at Location 5 Auto Increment
01 2 3 45 6 7

wdenwy [1j2 | | [3: 1]

01 2 3 45 67

ath entry ’1{'2 C ] }3;?4]_}
LEFT ENTRY MODE
(AUTO INCREMENT)
in the Right Entry mode, Auto Incrementing and non
Incrementing have the same effect as in the Left Entry
except if the address sequence is interrupted:

1 2 3 4 %5 6 7 0-=—Display
R RAM
15t entr t H 1
Y l : L E i l Address

2 3 456 7 01
2nd entry r P 7 j i1 :ﬂ N
2 2456 7 01

Command [ e : J‘ i i .1§2J
10010101 -

1
i
e

Enter next at Location 5 Auto tncrement

34567012

saemy [ 1 i3] [ D12l ]
4 5 6 70 1 2 3
4th entry r',BEAi :1}2!‘{ l

RIGHT ENTRY MODE
(AUTO INCREMENT)

Starting at an arbitrary location operates as shown below:

01 2 3 4 5 6 7-=—Display

Comemand Cod ll i j RANM
10010101 : = . Address

Enter next at Location § Auto tncrement

i

12345670
EREEIEER
2 3456701

ooy [T T LT
gth entey [415(6{7[8|1]2]3]
e enannaan

RIGHT ENTRY MODE
{AUTO INCREMENT)

1st entry
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Entry appears {o be from the initial entry point.

8/16_Character Display Formats

If the display mode is set to an 8 character display. the on
duty-cycle is double what it would be for a 16 character
display (e.g., 5.1 msscantime for 8 characters vs. 10.3ms
for 16 characters with 100 kHz internal frequency).

G. FIFO Status

FIFO status is used in the Keyboard and Strobed Input
modes to indicate the number of characters in the FIFQ
and to indicate whether an error has occurred. There are
two types of errors possible: overrun and underrun.
Overrun occurs when the entry of another characterinto a
full FIFO is attempted. Underrun occurs when the CPU
tries to read an empty FIFO.

In a Sensor Matrix mode, a bit is set in the FIFO status
word to indicate that at least one sensor closure indica-
tion is contained in the Sensor RAM.

in Special Error Mode the S/E bit is showing the error
flag and serves as an indication to whether a simultane-
ous multiple closure error has occurred.

FIFO STATUS WORD
*—FIFO Full
[oJselofufr|n]n]n]
L4 1" Number of
characters in FIFO

Error-Underrun

Error-Overrun

Sensor Closure/Error Flag for
Muttipfe Closures

The FIFO status word also has a bit to indicate that the Display unavailabl
Display RAM was unavailable because a Ciear Display or
Clear All command had not compileted its clearing
operation.
APPLICATIONS
KEYBOARD
SHIFT MATRIX
CONTROL
8 COLUMNS
RETURN
LINES 8 ROWS

INT fSATFT oNTL
N
s8I DATA BUS
MICRO-  DATA o
PROCESSOR  BUS °-7
SYSTEM &
— ioh
CONTROLS L oW
RESET seT
= E€SE
ADDRESS { *o &
o LK "o
£LocK cx
8.3 Agy
4 ADDRESSES
(DECODED)
DISPLAY
CHARACTERS

DISPLAY

*Do not drive the keyboard decoder with the MSB of the acan fines.
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8279/8279-5

ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature . ............. 0°Cto 70°C
Storage Temperature .. ........... -65°C t0 125°C
Voltage on any Pin with

Respect to Ground 0.5V 10 +7V
Power Dissipation .. ... ... .........0.... 1 Watt

D.C. CHARACTERISTICS
Ta=0"C1070°C, Vgs=0V, Vcc= +5V £5%.

*COMMENT: Stresses above those listed under “Abso-
lute Maximum Ratings’ may cause permanent damage
to the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

Veoec= +5V = 10% (8279-5)

Symbol Parameter Min. Max., Unit Test Conditions
Vil tnput Low Voltage for -0.5 1.4 A"
Return Lines
Vieo Input Low Voitage for All Others -0.5 0.8 \Y
Vit Input High Voltage for 2.2 v
Return Lines
) ViH2 input High Volitage for All Others 2.0 \Y
Vor Output Low Voltage 0.45 Vv Note 1
Von1 Output High Voltage on Interrupt 3.5 \Y Note 2 .
Line .
Vouz Other Outputs 2.4
e Input Current on Shift, Controt and +10 HA Vin = Voo
Return Lines -100 HA Vin =0V
liLe Input Leakage Current on All Others *10 HA Vin = Ve to OV
loFL Output Float Leakage =10 HA VouTt = Vec to OV
lec Power Supply Current 120 mA
Nozies:
8279, Ioy_ = 1.6mA; 82795, In|_ = 2.2mA.
8279, losy = -100kA; 8279-5, igH = ~400uA.
CAPACITANCE
SYMBOL | TEST TYP. | MAX. | UNIT TEST CONDITIONS
Cin Input Capacitance 5 10 pF Vin=Vce
Cout Output Capacitance 10 20 pF Voun=Vee
8-170 00742A



8279/8279-5

A.C. CHARACTERISTICS
Ta = 0°C 10 70°C, Vss = OV, [Note 1}

Bus Parameters

Input Waveforms For A.C. Tests

Read Cycle:
8279 8279.5
Symbol Parameter Min Max. Min. Max, Unit
tAR a Address Stable Before READ 50 0 ns
1RA | Address Hold Time for READ 5 0 ns
AR READ Pulse Width 420 250 ns
tap!2 | DataDelay from READ 300 150 ns
tapl?2l | Address 1o Data Valid 450 250 ns
toF | READ to Data Floating 10 100 10 100 ns
tRCY § Read Cycle Time 1 1 s
Write Cycle:
8279 8279-5
Symbot Parameter Min. Max, Min. Max. Unit
AW Address Stable Before WRITE 50 ] ns
twa Address Hold Time for WRITE 20 0 ns
tww | WRITE Pulse Width 400 250 ns
tow | Data Set Up Time for WRITE 300 150 ns
twp Data Hold Time for WRITE 40 0 ns
twoy Write Cycle Time 1 1 us
Notes:
1. 8279, Voo = +5V =5%; 82795, Vo = +5V 2 10%.
2. 8279, Ci = 100pF; 8279-5, C_ = 150pF. -
Other Timings: gig
R
8279 82795 a5
Symbol Parameter Min. Max. Min. Max. Unit
tow Clock Pulse Width 230 ‘ 120 nsec
tcy Clock Period 500 320 nsec
Keyboard Scan Time: 5.1 msec Digit-on Time: 480 psec
Keyboard Debounce Time: 10.3 msec Blanking Time: 160 usec
Key Scan Time: 80 usec Internaf Clock Cycle: 10 usec
Display Scan Time: 10.3 msec

K= <iX
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8279/8279-5

WAVEFORMS

Read Operation

Ay, €3

(SYSTEM'S
ADDRESS BUS)

‘mev

a5 : \
t

'R "‘ln—’

fe——tgy —

a0

f— tpf ——=

i
%
\_ {READ CONTROL)

DATA BUS o SNAMAY \\\\
OUTPUT) \\\\\\\\\\\ e "‘\'MPE{JA\"\‘QE \ \ DATA VALID —————

AN e N

Write Operation

{SYSTEM'S
ADDRESS BUS)

i
fe— taw -—-—l
{

Tww

[ tyya =~

e Yy et

wo

{WRITE CONTROL)

DATA BUS

DATA
{INPUT) MAY CHANGE

DATA VALID

DATA
MAY CHANGE

Clock Input

ey

8-172
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8279 SCAN TIMING

SCAN WAVEFORMS
=

L1

ENCODED
SCAN

$2
3

Sy

DECODED ) —_I J
e e I
= T

DISPLAY WAVEFORMS

INTERN 00 kHz
640 u3 = 84 {0y —— SOtcy = 10us
So
EN
Ao~Ay * BLANK BLANK
ACTIVE HiGH CODE AO) copE- A1) co
I uunx cooE |ss ER ALL
By—8y BLANK BLANK N
ACTIVE HIGH CODE* B80) CODE* B(1) .
e | 7
R w0 TR 00e | ,.
o
-2
Rig - ALy l ALy I L | R ] [ I ] Ry | Ry | Ao ] RL, ] Rtz m.,l m..l AL | Ay | Ry
pod | t—mfga"s'z.'%"u‘u'.',:uﬂz TO FIFo RETURN LINES ARE SAMPLED ONE AT A TIME AS SHOWN.

NOTE: SHOWN I8 ENCODED SCAN LEFT ENTRY
£2-5; ARE NOT SHOWN BUT THEY ARE SIMPLY &, DIVIDED BY 2 AND 4
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MO0S TMS2764
LSt 65, 536 BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

JULY 1983 - REVISED JANUARY 1984

- (TOP VIEW)
® Single +5-V Power Supply
A\

® Pin Compatible with TMS2732A EPROM Avy
® Al Inputs and Outputs ars TTL Compatible a1Q

. L Ab
® Performance Ranges: | , ASE
MAX ACCESS/ As [
MIN CYCLE TIME A3E

" TMS2764-20 200 ns ' AZ
TMS2764-25 280 ns - a1 (]
TMS27684-30 730008 ' a0}
TMS2764-35 . 350ns o g
TMS2764-45 . " "450 ns g;E
8 Low Active Current . . . 100 mA {Max) GND(:

¢ JEDEC Approved Pinout
® 21-V Power_Supply Required for

EPROM. Devices. m

Programming
) o PIN NOMENCLATURE
® Fast Programming Algorithm - : AD-A12 Addresses
® N-Channel Siicon-Gate Technology € Chip Enable
1 G Output Enable
8 8-Bit Output for Use in Microprocessor- GND Ground
Basad Systems NC No Connection
. PGM Program
o Static Operation (No Clocks, No Refresh Q1-a8 outputs
® Available with MIL-STD-883B Processing vee +5'VV”:W°' Supply
and L{0°C to 70°C), E(-40°C to 85°C), or Vee 21V Power Supply
. M({-5B°C to 125°C) Temperature Ranges
;  In the Future :
\
':
cdption oL
The TMS2764 is an ultraviolet light-erasable, electrically programmable read- only memory. It has 65,536 bits organized
88 8,192 words of 8-bit length. The TMS2764-20 only requires a single 5-volt power supply with a tolerance of =5%,
. and has a maximum access time of 200 ns. This access time is compatible with high-performance microprocessors.
; The TMS2764 provides two output control lines: Output Enable (G) and Chip Enable (E). This feature allows the G
* control line to eliminate bus contention in microprocessor systems. The TMS2764 has a power-down mode that reduces
'Jmaxjmum active current from 100 mA to 35 mA when the device is placed on standby.
. This EPROM is supplied in a 28-pin, 600-mi dual-in-line ceramic package and is designed for operation from 0°C to 70°C.
P The six modes of operation for the TMS2764 are listed in the following table.
i
i
E Copynght ¢ 1984 by Texas instruments Incorporatad
'ADVANCE INFORMATION T
‘ t containg IN{OrMAation on a new Product. ’ E:L S 6-53
ot e meomect 10, e e moton INSTRUMENTS



#S2764
3,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

e st B

FUNCTION MODE
(PINS) © Read Output Power Down Fast |  Program bt -
Disable {Standby) Programming Vecdfication Programming
E
v X vV ' )
{20} i H vIL i VIH . !
(22) i H H viL i
M .
v \% X v : V X
127) H H oo iH ;
Vep —
(1 vee Vee Vee Vep Vpp x i
vee
(28) vee Vee vee vee vee
Q1-08
{11 10 13, o! HI-Z HI-Z D Q.
15 10 19)
Vie o Vi 3 T
read

(E} should be used for device selection. Output enable {G) should be used to gate data to the outpm pms. (

power down _ Lo e F» '
The power-down mode reduces the maximum active current from 100 mA to 35 mA. A TTL highHevel s-gnal appid
to E selects the power-down mode. In this mods, the outputs assume & high-impedance state, independent ofﬁ
. :
. B !' .
Before programming, the TMS2764 is erased by exposing the chip to shortwave ultraviolet hght that has a wavaland
of 253.7 nanometers (2537 angstroms). The recommended minimum exposure dose {UV intensity x exposure tm{
is fifteen watt-seconds per square centimeter. A typical 12 mW/cm2 UV lamp will erase the devices in approxi ‘
20 minutes. The lamp should be located about 2.5 centimeters {1 inch) above the chip during erasure. After erasin,"
all bits are at & high level. It should be noted that normeal ambient light contains the correct waveiength for er n
Therefore, when using the TMS2764, the window should be covered with an opaque label.

fast programming . :
i e
Note that the application of a voltage in excess of 22 V to Vpp may dédmaga the TM52764 Kt ,

3

¥

ik

¢ N
L

:

H

sTasure

R

After erasure, logic “'0’s’’ are programmed into the desired locations. Programming consists of the following uqunl
of events. With the level on Vpp equal to 21 V and E at TTL low, date to be programmed is applied in pardhll
output pins Q8-Q1. The location to be programmed is eddressed. Once data and addresses are stable, a TTL low-lwi

pulse is applied to PGM. Programming pulses must be applied at each location that is to be programmed. Locabm
may be programmed in any order. ‘ . 3
R

[ .

s oV

Programming uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 1 mtllmecort
this pulse is applied X times. After each application the byte being programmed is verified. If the correct data un&‘
the Final programming pulse is then applied, if correct data is not read, a further 1 millisecond programming pdu
is applied up to a maximum X of 15. The Final programming pulse is 4 X milliseconds long. This sequence of progm»f
ming pulses and byte verification is done at Vo = 6.0 V and Vpp = 21.0 V. When the full fast programming routiy’
“is complete, all bits are verified with Vce = Vpp = 5 V. A flowchaert of the fast progremming routine is :hown'l
Figure 1. : : ! .[

i
H I

l
ORI
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| TMS2764
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY

muitiple device programming

Several TM52764’s can be programmed simultaneously by connecting them in parallel and following the programm-
ing sequence previously described.

program inhibit ,"

The program inhibit is useful when programming muitiple TMS2764's connected in parallel with different data. Pro-
gram inhibit can be implemented by applying a high-level signal to E or PGM of the device thatis not to be programmed.

ADDRESS
FIRST LOCATION DEVICE
* FARED
- Vee eV
Vpp 21V
X ©
I LAST INCREMENT -
ADDRESS? .ADDRESS "
PROGRAM ONE
1 ms PULSE
v v 5V
INCREMENT X cc vee
COMPARE .
ALL BYTES TO FARL DEVICE
ORIGINAL FALED
DATA
DEVICE
PASSED
VERIFY
ONE BYTE
PROGRAM ONE .
PULSE OF
4AX ms DURATION ]
FIGURE 1 -~ FAST PROGRAMMING FLOWCHART
L S S s

TeExas
INSTRUMENTS



HViG2641P-10, HM6264LF"-—12
H'ViC?;G&LP-'IS ,:ie; :

ll92+vord x 8-bit High Spaed Static CMOS RAM |

1 FEATURES
. Fastaccess Time

Low Power Standby
Low Power Operation

-

Single +5V Supply

-« -

“qual Access and Cyc

-

¥ Cirectly TTL Compat

Completely Static Memory. . ...

le Time

ible:

100ns/120ns/150ns (max.)
0.01tmW typ.)
Operating: 200mW {typ.)
Capability of Battery Back-up Operauon

Standby:

Coinmon Data Input and Output, Three State Cutput
All Input and Output
v Standard 28pin Package Conliguration

¢+ Pin Qut Compatible with 64K EPROM HN482764

1BLOCK DIAGRAM

i

e > S— 1
‘ ‘ p—
: Ao . Momaey Hatssn —GO LAt
eewdes | § 1300 2%
1 L]
] S
' v
! — I I
I'Ej Colum 1-0) |
fops
: - Celomn ihcrdes
1 Luslsal
' Ny .
4 i
I
b Aoy S P
L] )
; L]
3

Timiag inbes Coa,

Reoé. Woase Contrnd

|

ABSOLUTE MAXIMUM RATINGS

No clock ar Timing Strobe Required

Item Symbol Rating Unit
ferminal Voltage * VT ~0.5 ** 10 +7.0 v
’uwr-r l)xssnpauon ~Pr 1.0 v
.\)pu xluu |L1|—;|inraluru Topr 0w +70 TEe
Smmgc. Tem unpculutc Tae -5510+128 | °C
)luuy: T emperature (Under Bias) Toius —~10 to , +85 °C

{DP-28)

® PIN ARRANGEMENT

NC [1

A2

1o, [t
10,12
l/O,E
G

28] vec
27] we
Ecs,

22| 0L

.
20) Cs,
_—g] 1/0,
E yo,
E /o,
16 1o,
15} vo,

DA,

Bih respect to GND,  *# Pulse width 50as: =3.0V (Top View)
HHUTH TABLE '
N (,S, Cb, 0 Mode {10 Pin Veeo C_‘_urrcnl Note .
T[T X | 'Not Selected iigh Z 158, 1551
(X L X | (Power Down) High Z IsB, Isn2
El ; iy H H | OQutput Disabled High Z Icc, Icct

T T T Read Dout Icc. 1ccl _
L ’g O N LT Din Icc, IcCh Write Cycle (1)
T Din icc, lcc Wiite Cycle (2)

Lo bhent Lare

O HITACH!
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H D 74 L S 1 3 8 @ 3-Line-to-8-Line Decoders/Demultiplexers

The HD74LS138 decodes one-of-eight line dependent on
the conditions at the three binary select inputs and the three

BMPIN ARRANGEMENT

enablie inputs. Two active-low and one active-high enable in- " S
puts reduce the need for external gates or inverters when ‘E"“"‘j E'”
expanding. A 24-line decoder can be impiemented without Setect a[z.—q; Y v o_-.E] W)
external inverters and a3 32-line decoder requires only one fnpete . ] . o—-:]’l
. . [ 4 '
inverter. An eanble input can be used as a data input for E'—ﬁ .
demultiplexing applicstions. Cax EL—O G © Y o—-—El Ys
Enabie
fnpste { Co0 EM Cis Y, ME 1, uipsiy
EBLOCK DIAGRAM < E»—qc. wp— 1] %
Ovipet Yv E.—-—o Y2 - Yapp—=i 10 1 ¥
. wl] {7
\ 0]
(Teg View
[ < Y
Eeabie
psus — : | Yr
’ g;; {O—
Ys
LS e WFUNCTION TABLE
nputs .
{“——\'> + > >_O_" Al Enable |  Select Outpata
s oo oD ST L T e
i
[c,__{>...__~(>_————t;}—‘ " L [x Ix [ x| x|H|H|R|H|BH{B]|H]H
H |L |L {L}jL}JL]JH|H{HIHB|H|HI{H
H L L L H H L H H H H H H
H L L H L H H L K H H H H
H L L H H H H H L B H RHITH
R HiL |HIlLILIHMIH{HIH!{LIH|{HIH
. H L H L H H H H H H L H H
H L H H L H H H B H H L H
HIL {HH|{B|H][B]HIHKIB | H[HIL
H: high level, L; low level, X; irrelevant o
2:G3 =G4+ Gap
BELECTRICAL CHARACTERISTICS (Ta=-20~+75C)
Item Symbol Test Conditions min typ® max Unit
Vin 2.0 - - v
Input voltage
Vie - - 0.8 v
Vou Ve =475V, Vin=2V. Vi1 =0.8V, Jon= — {00gA 2.7 - - \Y
-
Output voltage Ior =4mA - - 0.4
VoL Vee=4.75V, Vi =2V, Vi =0.8V \Y
JoL=8mA - - 0.5
In Vee=5.25V, Vi=2.7V - - 20 A
Input current I Vee=5.25V, Vi= - - —0.4 mA
I Vee=5.25V, Vi=7V - - 0.1 mA
Short-circuit output current Ios Vee=5.25V -20 - —100 mA
Supply current Iec Vee=5.25V, Outputs ensbled and open - 6.3 10 mA
Input clamp voltage Vix Vee=4.75V, [iv=—18mA - - -1.5 \

* VeCESY, Te=25°C

118
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H D 74 L S 1 3 9 ® Dua! i-lin§~to-4-|ine Decoders/Demultiplexers

The HD74LS139 comprises two individual two-line-to-four-
line decoder in & single package. The active-low enable input
&an be used as a data line in demultiplexing applications.

EPIN ARRANGEMENT

o=

i EJ Ve
EBLOTK DIAGRAM &....{“E’“‘c P s
Clapens naE-—s AL-EM}
Select
— v IYJE'—C Yo n»—-Ezu Inpars
Ensble 1C > 4 i . ([:::-n lYnE—O Ve Ye D—qE Y
‘;:D’_”' mE»—c Vi v.b—Bn. Io::-u
P, [:: —> T N ‘"‘E_c:.'._ I
'(’:'I"_“ CRD{ & s fov,
o = T Vier)
Enbie 2C > $ » .
o (-’;. . = r_;___":}—zn
(o = . MFUNCTION TABLE
Inputs Outputs
Enable Select
G B A Ye 1 Y2 Ya
H X X H H H H
L L L L H H H
L L H H L H H
L H L H H L H
L H H H H H L
H; high level, L; low level, X; trrelevant
BELECTRICAL CHARACTERISTICS (Ta=—20~+75C)
ftem | Symbol | Test Conditions min typ® max Unit
Vi 2.0 - - Vv
Input voltage
Vi - - 0.8 \'%
) Vou Vee=4 15V, Viu=2V, Vie =08V, lox~—{00xA 2.7 - - v
Queput voltage Vo | Veem4.15V, V=2V, Vip=o.av [2e T 4mA - - 0.4 v
E Jor=8mA - - 0.5
I Vee=5.25V, Vi=7V - - Q.1 mA
Input current In 15 Vee=5.25V, Vi=2.7V - - 20 rA
I | Vec=5.25V, Vi=0.4V - - -0.4 mA
Short- circuit output current los Vec=5.25V -5 - —42 mA
Supply current ( Icc Vee=5.25V, Outputs enabled and open - 6.8 11 mA
Input clamp voltage ! Vix | Vece=4.75V, Liv=—18mA - -~ -1.5 A
Vee=5V. Te=25°C
ISWITCHING CHARACTERISTICS (Vec=5V, Ta=25C)
ftem | Symbol i Inputs Outputs | Levels of delsy | Test Conditions | min typ max Unit
i 137 Binary - 13 20 ns
._lPHL Select 1Yo—~1Ys 2 - 22 33 ns
Pmmm;n delay vime rin 1A.1B | 2Yo~2Y5 3 Cu=15pF - 18 29 ns
truL 2A.2B Re=2kQ - 25 38 ns
s Enable 1Ye~1Y3 - 16 24 ns
trHL. 1G, 2G 2Ye~2Ys 2 - 21 32 ns

120
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L'
H D74LS37 @Octal D-type Transparent Latches (with three-state
outputs)

The HD74LS373, 8-bit register features totem-pols threa-state
outputs designed specifically for driving highly-capacitive or
relatively low-impedance loads, The high-impedance third
state and increased high-logic-level drive provide this register
with the capacity of being connected directly to and driving
the bus lines in a bus-organized system without need for inter-
face or pull-up components, They are particularly attractive
for implementing buffer registars, {/0O ports, bidirectional bus
drivers, and working registers,

The eight latches are transparent D-type latches meaning that
while the enable (G) is high the Q outputs will follow the data
{D) inputs. When the enable is taken low the output will be
latched at the level of the data that was setup.

BFUNCTION TABLE

BPIN ARRANGEMENT

Uniput
Controi |1

2 s
inlals!
SR

R 15 R
il a
w7k
w s H]

17

z
i

o
<

5 Bl

:

2wl Vee

oy

18] sb

e o o
[~ < £

EIEEEEEE

~
o
<

Ensbile
i

Inputs Output
Output control | Enable G| D Q Noter: B = high level, L = low level,

L H H H Q, = level of Q before the

L H 0 L indicated steady-state input
conditions were

L L X Qo established.

H x X Z Z = off (high-impedance) state
of a three-state output

BBLOCK DIAGRAM

1Q Q 3Q iQ 5Q §Q iQ 8Q
o
q [} Y Q 4] Q Q o
5 !

—<

-y
[ o
G
-
—q

*—

i

Output 1D 20 3D 4D sD 6D 0 8D Enable
Cantrel : G
HMRECOMMENDED OPERATING CONDITIONS
Item Symbol min typ max Unit
Supply voltage Vee 4.75 5.00 5.25 v
QOutput voltage Vou - - 5.5 \
fon - - —2.5 mA
Qutput current ™ —— — P oA
Enable puise “H" level 15 — —_
width L level] " 15 = - "
Data setup time t,. 51 - —_ ns
Data hold time ta 254 - - os

Note) | : The arrow indicates the falling edge of clock pulse.

& HITACHI

{Top View)
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BURR BROWN®

INATOT

Very-High Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

« ULTRA-LOW VOLTAGE DRIFT - 0.254V/°C

o LOW DFFSET VBLTAGE - 25,V

o LOW KONLINEARITY - 0.052%

« LOW ROISE - 130V/\/HZ at [ = IkHz

» KIGH CMR - 10548 at 60Hz

« KIGH INPUT IMPEDARCE - 10100

* LOW COST, T0-100, CERAMIC DIP AND PLASTIC
PACKAGE

DESCRIPTION

The INAIO! is a high accuracy, muliistage, inte-
grated-circuit instrumentation amplifier designed for
signal conditioning requirements where very-high
performance is desired. All circuits, including the
interconnected laser-trimmed thin-film resistors, are
integrated on a single monolithic substrate.

APPLICATIONS

» AMPLIFICATION OF SIGKALS
FROM SOURCES SUCH AS:

Strain Bages
Thermocouples
RTDs

« REMOTE TRAKSDUCERS

« L OW LEVEL SIGRALS

« MEDICAL IKSTRUMEKTATION

A multiamplifier design is used to provide the highest
performance and maximum versatility with mono-
lithic construction for low cost. The input stage uses
Burr-Brown's ultra-low drift, low noise technology
10 provide exceptional input characteristics.

DFFSET ADJUST OFFSET AINUST
2)3 (6)Y7) (3) moutrur
wn l kn I
npuT (10 - i -INPUT
@ f_..._ﬁ. >— 0o GAI 7 ¥ o
l kn Imn[—‘-_i GUTPUﬂ SENSE 1 n ,mn{ BUTPUT
=11(i - A seT1 (B
i -7 ) O) 70 >e11)
&0 (o S EE 2 (0™ 2k %)
l:ﬁb sexse 2 (1 >_4
o kn Zy A2 K
N 10602
i) - MO
11 ot
®O 1 ©) O O 0
“Vgo Vg coMMoN Voo Yoo
M Package G and P Packages

Intarnational Alrport Industrial Park - P.0. Box 11400 - Tucsen. Arizenz 85734 - Tal. (502} 748-1111 - Ywx: S18-952-1111 - Cabls: BBACORP - Telex: 625400

PDS-454F

27




SPECIFICATIONS

ELECTRICAL
AL +25°C with £15VDC power supply and in circuit of Figure 2 uniess otherwise noted.
MODEL INAYOLAM/AG INANTCH/CO INANGTHS
RIN I MAX ws| T MAX | e ™" wAX | WM | TP MAX e, ¢
QAN
Range of Gain 1 1000 . . . . . .
Gain Equetion G141k . . . -
Error From Equation, OC™ £{0.04+0.00018 £(0.1+0.0003G . s . . +{0.1+ 0.3+ t
—0.02/G) ~0.06/G} 0.00015G) 0.0002G)
-0.08/G —0.10/G
Gasn Temp, Cosfticient™
G=1 2 s . . - . N . somne B
6= = 100 . . L . . . e
G=100 2 w . . ] . . . oo
G =1000 2 10 . . n . . . owe
i 3 $0.002+107%G) |  +(0.005+2X107%G) {0,001 {0.002 (0,001 +{0.002 . . LY
+107'G) +107°G} ~107'G) +10°G) g
RATED CUTPUY .
Vortage =0 25 . . . . . . vy
Cusrent Py 1 . . . . . . - i
Orput Impecsance 02 . . . 8
Capacitive Load 1000 . . . * I
INPUT OFFSET YOLTAGE
foxtiad Offent at +25°C 2(25+200/G) £{50+400/G) 00+ (25 =(10+ {25+ =125+ 2250+ ~
100/G) +200/G) 100/G} 200/G) 450/G) $00/G)
va Temperature {2+2/G) +0.75 (0.25+ H2+20G) e
+10/G} WG)
va Supply =(1+20/G) . . . o
v Time (1+2/G) . . . s¥imy
INPUT BIAS CURRENT ——end
Indtisl Bias Current i
{ooch input) 15 1% 10 . E=3 120 . . L)
vs Tempenature %02 . M . oarg
va Supply =01 . . . s
Initia} Ottaet Current =15 +30 10 . 5 120 . . M
v3 Temperatuce H5 . . . T
INPUT IMPEDANCE
| Ditferontiat 10*13 . . . QpE
Common-mode 10"%3 . . o QMpF
INPUT YOLTAGE RANGE -
Linear *10 212 - . . b . M v
CIR with 1k Sowrce lmbal,
0C to 80Kz, G=1 ] « . . . . 3 .8 [ ]
DC 1o 80Hz, G=10 9% 108 . . . . 90 % @
DC to 50Hz, G=100 10 1000 | 106 10 . . * . 100 105 o3
INPUT NOISE
Input Yoitage Noise
15=0.01Hz to 10H2 08 . . . w.oe
Denszy, G=1000
L=10H2 13 . . . wiE
=102 % . . . VR
fo=krtz 3 . . . aVivhe
Input Current Noise
=0.01Hz 10 10Hz 4 . M M pA DR
=10z 08 . . . AN
1c=100H2 048 . . . pAVIR
to=TkHz 035 . . . AR
OVIAMIC ]
Smatt Signai, =348 Flatness A
G=1 200 . . . Kz
G=1n 140 . . . i
G=10 -3 . . . KHz
G =1000 25 . * . He
Smatt Signal, 1% Flatness
G=1 2 . M b kidz
G=1 10 . . iz
G=10 1 . . khz
G =1000 200 . . HL
Full Power, G=1 10 100 L33 . ¢ iz
Stew Rate, G=110 100 02 o4 . . . . . Vi
Setthng Teme (0.1%]
G=1 0 “© . . . . . ™
G =100 40 55 . . . . "
G = 1000 ase &0 . . . . . . ”
Sentting Time (0.01%)
G=1 20 s . . . . . . "
G =100 50 70 . . « \ . . . ™
G= 1000 500 650 . M . . . : -
POWER SUPPLY
Aated Voitage 118 . d * x
Voltage Range R - +20 . . . N ¢ ¢
Curment, Quieecen’™ =87 8.5 . . d M . : mA
TEMPERATURE RANGE™
{Soeciticavon -2 +85 ~55 . +125 . . 0 +70 <
55 +125 . \ . . 4 -25 +85 ‘c
Storsge -85 +150 . . . . -40 +85 b
* Specilications sane as (o¢ INAIDTAM/AG.
NOTES: (1) Yypicaily the tolerance of Rq will be the major source of gain error.  (2) N ity is the trom the best straight-line as a percentagedf

peak-to-peak full scale output. (3) Not including the TCR of Ra.  {4) Adjustable to Zero at any one gsin.

fca = 8ICW.
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MECHANICAL

—
M Package G Package
Hermetic DIP
-0-100 Case = -V, -
et cc
ads N true POSION within
Leads i true posHIon withun 14 '("‘"1. 025 po‘i MMC at
0010" (0 25mm) R at MMC M mm R e ®
at seating plane f 9 seatng plane.
-
: P-;w numbers shown for had i Pin numbers shown for refer-
reterence only l . .
ence oniy Numbers may not
Numbers may not be marked ¢ AF-’( be mar-eyn on package
on package. C 9
N
INCHES | MLUMFTERS _]
x DM ¢ amen | omax | MIN Max = 4
A 23 310 i 851 s 4¢ d INTWES, MILLIMTTERS
& .30 23 i 775 B S) K DIV | AN | MAX N MAX
< i 165 "s 419 470 A 670 10 e V8.00
c__ o o) 041 o83 | z i c | 065 T30 65 | 437
Lo 40 | 53% T oz ! L_ b i L Seating ) 575 o7 rE] CYT)
J 016 jo‘o 032 18 ~H G Plane
i < i 13 D4 060 -4 152
< 230 BASIT 584 BASIC [ 100 e ASIC 2 54 BASC
» o28 834 o7 o.86 ] - £z 18 T 64 v 7e
] 029 (203 €74 114 3 006 032 ¢ 20 030
x 500 - 1270 —b— § 3 120 24 3 0% & 10
- 120 160 3 0% 4 O i 15 300 BASIC 7 62 BASIC
~ 36° BASIC 36° BASIC ] - - T so" . § 0%
N 0 [ 120 29 [ s0e :A_‘:!‘ \‘/ W {005 | 060 023 | 182
BCTTOM VIEW
ORDERING INFORMATION P Packag
aci e
INAIO1 C G

Case = —Vgc

Leads m true posttion within
C.10” {0.25rmm) R at MMC
at seaung plane

Basic Model Number ———— 1 |
performance Grade Code ____._J
S ~55°C to +125°C
A, C. ~25°C to +85°C
H: ¢°C to +70°C
Package Code

Pin numbers shown tor
reterence onty

Numbers may no! be marked
on package.

M: TO-100 ‘ WCHES | W LIMETERS
G: 14-Pin Hermetic DIP a o ey e L wer
P: 14-Pin Plastic DIP e 220 _ﬂ: s 55 PED
T0-100 Hermetic DIP.  Plastic DIP T W IR T
M Suh‘ix) (G Sumx) (P Sumx) . o3 ; @16 c76 T e

R, h o c 100 BASIC 3 54 BASIC
INAIDTAM INAIDIAG INATOTHP = :.%‘ o TR T

INAIOICM INA10ICG e e

INAIDISM INAIO1SG = m“ﬁ-f 3 a‘As‘-;

r- 070 | os6  : cst | var

ABSOLUTE MAXIMUM RATINGS

SUBDY e
Internal Power Dissipation ..
DUt Voliage Range. ...............c.oooooiieiieiii, Ve
Operaung Temperature Range ........... -55°C to +125°C :
Storage Temperature Range:
MG . —65°C to +150°C
EP ... =40°C 10 ~B5°C
; “tac Temperature (soldering 10 seconds) ......... ~300°C

Jutput Srort-Circuit Duration ... Continuous te ground




PIN CONFIGURATICN

—
ouTPyT : v~ G COMIMON
Is
+vee i 2 3 ] -vee
t
omeut ] 3 12 [} eyt
4 G
GAINSENSE ! | & oOF 11|l GANSENSE 2
4 L
. s | P
GAINSETT (| 8 10 3 GAIN SET 2
OFFSET ADJ : 6 s j A2 QUTPUT
1 o
OFFSET ADY ! A
TOP VIEW d7 8 |} ArourPut
TOP VIEW
= =
TYPICAL PERFORPMANCE CURVES
At +25°C #nd in circunt of Figure 2 uniess otherwise noted.
TOTAL OFFSET VOLTAGE
GAIN NONLINEARITY VS GAIN CMR VS SOURCE IMBALANCE ORIFT VS GAIN
0.0t CERE RN 3200
= R Y ChY N
@ .83
™S ~— 6
. -,
a [y .. <
a / 100 s 3 A
# 0.003 G=10 e 2320
- = maaahownsdd =
-_? Max % G=1 &1 5 /
H < 80 2 o
£ 5 3 /
H Typ =
$ coot S 04 >
£ 6 E ?
- g ‘* |
] SOHZ e s (=
; DC mwman 5] ﬁ
0.0003 ! © ! a2 ‘
1 10 10 1000 1 3.2 10 32 100 1 10 00 1000
Gain (V/V} Source Resistance Imbatance (kfl} Gain (V/V}
GAIN VS FREGUENCY CMR VS FREQUENCY GAIN ESROR VS FREQUENCY
T 00, 1000
-t
G = 1000 =
80 < G=10 ] [/
l f\\ 100 10%
\ - "
- 1 N G6=1 o /
& 40 bminlR N \ & z G = 1000
° l N © 3
< \ « 80 s 1%
- = » 7]
& 0L G210 i 2 Balanced c )G=1w /
l Y \ Source 3 / j Gt
G=1 1% Ervor”, 60 0.1%
o K \ /l / /
G=10
0.01% i
0 100 1k 10k 100k 1M 1 10 100 % 10k 10 100 *® 10k 100k
Frequency (Mz: Frequency (Hz: Frequency (HI)
WARM-UP DRIFT VS TIME QUIESCENT CURRENT VS SUPPLY STEP RESPONSE
10 +9 T
; =
L4 a -
& <
2 g 8 s G = 1000 U
S = o+
Z s § 3 /|
] £ s
) S« o
S 4 € 2
g N g S :
€ 3 .6 ! \
22 e -10 ;
g N
£
© *5
[} 1 2 3 4 5 ) 3 +10 =15 120 0 100 200 300 400 500 600

Time iMinutes)

Supply Volisge (V)
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INPUT NOISE VOLTAGE

SETTLING TIME VS GAIN OUTPUT NOISE VS GAIN VS FREQUENCY 106 GAin - 1030
1000 30 1 I
R = 2k} E 15
Ci = 1000pF - 53
- > e ]
a0 £ 2 2100 ;
€ > «
£ ] Rs = 1M} g .
s 2 ; : ; ‘
£ 0.01% ° i I e —
% 100 10 . 210 :
& 0.1% z Rs = 5 ]
3 1000K(} = .
[ | & M
% H Rs = 10k § g :
- o Rg=0 e - + :
- St '
a2 0 -
1 10 100 1000 1 10 100 1000 1 e (53 1000
Gain (V/V) Gan (VA Frequency :Hz

DISCUSSION OF PERFORMANCE

INSTRUMENTATION AMPLIFIERS

Instrumentation amplifiers are differential input closed-
loop gain blocks whose committed circuit accurately
amplifies the voltage applied to their inputs. They
respond only to the difference between the two input
signals and exhibit extremely-high input impedance,
both differentially and common-mode. Feedback net-
works are packaged within the amplifier module. Only
one external gain setting resistor must be added. An
operational amplifier, on the other hand. is an open-loop.
uncommitted device that requires external networks to
ciose the loop. While op amps can be used to achieve the
same basic function as instrumentation amplifiers, it is
very difficult to reach the same level of performance.
Using op amps often leads to design trade-offs when it is
necessary to amplify low level signals in the presence of
common-mode voltages while maintaining high input
mmpedances. Figure | shows a simplified model of an
iestrumentation amplifier that climinates most of the
problems.

LB R ]

sy =Biny-9))=6y

€y + 42 Ei.
CMRR  CNRR

o=

..=ﬁ|'0

Foc INATOT 6 = 1 + 40k/Bg
whars R it the gain satting resietor.

FIGURE 1. Model of an Instrumentation Amplifier.

THE 1NA101

Simplified schematics of the INAIOI arc shown on the
firstpage itisa three-amplifier device which provides all

the desirable characteristics of a premium periormance
instrumentation amplifier. In addition. it has features not
normally found in integrated circuit instrumentation
amplifiers. :

The input sectior (Al and A2) incorporates high per-
formance, low drift amplifier circuitry. Theamplifiersare
connected in the noninverting configuration to provide
the high input impedance ( 10'°0}) desirable in the instru-
mentation amplifier function. The offset voltage and
offset voltage versus temperature is low due to the
monolithic design and improved even further by the
state-of-the-art laser-trimming techniques.

The output section (A3) is connected in 2 unity-gain
difference amplifier configuration. A critical part of this
stage is the matching of the four 10k} resistors which -
provide the difference function. These resistors must be
initially well matched and the matching must be main-
tained over temperature and time in order to retain
excellent common-moderejection. (The 106dB minimum
at 60Hz for gains greater than 100V/V is 2 significant
improvement compared to most other integrated circuit
instrumentation amplifiers.)

All of the internal resistors are compatible thin-film
nichrome formed with the integrated circuit. The critical
resistors are laser-trimmed to provide the desired high
gain accuracy and common-mode rejection. Nichrome
ensures long-term stability of trimmed resistors and
simultaneous achievement of excellent TCR and TCR
tracking. This provides gain accuracy and common-
mode rejection when the INA Q! is operated over wide
temperature ranges.

USING THE INA101

Figure 2 shows the simplest configuration of the INAIOL.
The gain is set by the external resistor, Rg with 2 gain
equation of G= 1 + (40K /R¢). The reference and TCR of
R contribute directly to the gain accuracy and drift.

For gains greater than unity, resistor Ro is connected
externally between pins 1 and 4. At high gains where the
value of R, becomes small. additional resistance (ie.,
relays. sockets) in the R circuit will contribute 1o a pain
crror. Care should be taken to minimize this effect.

2-11




This circuit may bs usad 12 2 replscement

T
! e
for the singls petsnilomater, X wiif adjust
[ ottsat and leave drity unchanged.
: pireesd
e e e -
OPTIONAL | ﬁ
OFFSET | g3
ALJUST
k “Vgo : 1080
. ! v,
St — |
TANTALUM 1 [ on
! 3
N !

8 OUTRUT
IXAI01K

-~

£, =11 + UOK/Rg] {Ep - By}

1 f

emmun Veg

FIGURE 2. Basic Circuit Connection for the INA10}
Including Optional Input Offset Null
Potentiometer.

The optional offset null capability is shown in Figure 2.
The adjustment affects only the input stage component of
the offset voltage. Thus, the null condition will be
disturbed when the gain is changed. Also, the input drift
will be affected by approximately 0.31xV/°C per 100uV
of input offset voltage that is trimmed. Therefore, care
should be taken when considering use of the control for
removal of other sources of offset. Output offsetting can
be accomplished in Figure 3 by applying a voltage o
Common (pin 7) through a buffer amplifier. This limits
the resistance inseries with pin 7 to minimize CMR error.
Resistance above 0.10) will cause the common-mode
rejection to fall below 106dB. Be certain to keep this
resistance low.

It is important to not exceed the input amplifiers’
dynamic range. The amplified differential input signal
and 1ts associated common-mode voltage should not
cause the output of A, or A; to exceed approximately
10V or nonlinear operation will result.

BASIC CIRCUIT CONNECTION

The basic circuit connection for the INA10! is shown in
Figure 2. The output voltage is a function of the
differential input voltage times the gain.

2-1

OPTIONAL OFFSET ADJUSTMENT PROCEDURg

It is frequently desirable to null the input componen of‘
offset (Figure 2) and occasionally that of the outpy

(Figure 3). The quality of the potentiometer will affect the

results, therefore, choose one with good temperature ang

mechanical-resistance stability. The procedure is a5

follows:

1. Set E, = E; = 0V (be surc a good ground return path
exists to the input).

2. Set the gain to the desired value by choesing Re.

3. Adjust to 100k} potentiometer in Figure 2 until the
output reads 0V =ImV or desired setting. Note thar
the offset will change when the gain is changed. If the
output component of offset is to be removed or if it is
desired to establish an intentional offset, adjust the
100k} potentiometer in Figure 3 until the output
reads 0V £1mV or desired setting. Note that the offset
will not change with gain, but be sure to use 2 stable
external ampiifier with goed DC characteristics. The
range ot adjustment is *15mV as showa. For larger
ranges change the ratio of R; to R..

} Re INAIOIN
L4 UTPUT
10 +15V0C
£
1 o g
L] L]

S wn
EXTERMAL S MR
AMPURIER "\g'z 15V

FIGURE 3. Optional Output Offset Nulling or Offsetting
Using External Amplifier (Low
Impedance to Pin 7).

THERMAL EFFECTS ON OFFSET

To maintain specified offset performance, especially in
high gain, prevent air currents from circulating around
the input pins. This can be done by using a skirted heat
sink on the INAIOIM package. Rapid changes in die
temperature and thermocouple effects on the pins will
then be minimized. Surrounding the package with low
power components will aiso help to reduce air flow
across the package and pins.

TYPICAL APPLICATIONS

Many applications of instrumentation ampiifiers involve
the amplification of low level differential signals from



bridges and transducers such as strain gages, thermo-
couples. and RTD's. Some of the important parameters
include common-mode rejection(differential cancellation Figures 4 through 16 show some typical applications
of common-mode offset and noisc, see Figure 1) input circuits.

impedance, offset voltage and drift, gain accuracy.

linearity. and noise. The INAIOI accomplishes all of
these with high precision.

§ Ve
; i ! aprionaL
}\ i joerser
TRAKSOUCER . | o
shatuny = % —_\ 5 %n |
£, RESISTANCE BLCELIS . 0
R 3 £ = 1 + K /Rgl} g -
i 'R I v \
\ Aby ! v v D .
o : ! LR L
\ i o
I l ‘ I / tour
| -
\ \ ! \\ 7 it / 7
Nl e
5

FIGURE4. Amplification of a Differential Voltage from a Resistance Bridge.

NOISE POds NUM]
! T ——— h
1 i Voo
t v \
TRAREDUCER OR ] ! ' 1
AZALOS SIGRAL i ' 1, '
\‘ I ,’
C PN N
H N ~ 7
TRAZFORMER ! I T
WOISE 00Kz NUM}
*Bain sensa wil! mintmize
gain srror duc i addiienst OPAZT
rasistancs In e Rg ciroult.

FIGURE 5. Amplification of a Transformer-Coupled Analog Signal.
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A% U]
19 10133 OFFRETTING
ko 3 l v
FOR BIAS
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custenn Y A8vDe Pty The range of oVEC bz OV ta +75V

flGURE 6. Output Offsetting Used to Introduce a DC Voltage for Use with a Voltage-to-Frequency Converter.
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«15VOC (from {suistion power suppiy)
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FIGURE 7. ECG Ampliiier or Recorder Preamp for Biological Signals.

*DOES NOT REQUIRE EXTERNMAL ISOLATION POWER SUPPLY

“ISOLATION AMPLIFIER

150190
250

on P am——

3658° )

it

| .

!

6 +15v¢ -15VDC +15¢1C +15VBC
IPUT 1S0LATION POWER SUPPLY oUTPUT |~ -15VDC
COMMEN 122 CoRMON
P
FIGURE 8. Precision Isolated Instrumentation Amplifier.
—_— CHANNEL SELECT
f5 | wam

BAM SELECT

P LT 17

g

I

VREF iNi ‘

|

“Vpgr AND GROUND i
MAY BE USED FOR

ERROR CORRECTION

FIGURE 9. Multiple Channel Precision Instrumentation Amplifier.
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FIGURE 10. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier.
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FIGURE 1l. Ground Resistance Loop Eliminator (INA10] senses and amplifies V, accurately).
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FIGURE 12. Thermocouple Amplifier with Cold Junction Compensation.
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1CLTH

The :r‘e*s;z aC._?".Ea pracision A/D cenverlar, with its
wiltiod t and gigit drivars, comninas Jduai-
bm‘v with =1 in 20,060 ogun: accura-
ad fo' 'hﬂ -rveua' ca lay OVMIDEM

ty, auto-zerg ard

ah’f‘" st caal L.‘iitc—r'*m;?l lineanty and
All necessary active davices a'*
CMGS i.C., with ihe exceplion ©
and 2 ctock.

The intersil ICL7135 brings together an unprecedented
combinaticn of high accuracy, versatiity. and true ecan my.
It features auto-zero to less than 10uV, zero dnft of less
than 1uV/°C, input bias cumrent of 17 pA max., and rctiover
error of iess than one count. The versatility of multictexed
BCD outputs is increased by the addition of several pins
which ailow it to operate in more sophisticated systems.
Thess inciude STROBE, OVERRANGE, UNDER-RANGE,
RUN/HCLD and BUSY lines, making it possible to interface
the circuit to a microprocessor of UART.

ORDERING INFORMATICON

y drivers, reigrance,

FEATURES

® Accuracy Guaranteed o =1 Count Over Entire
+ 20,000 Counts {2.3060 Yolts Fuil Scale)

¢ Guaranteed Zaro Reading for 0 Va!ts loput

® 1pA Typical input Current

& True Dilterential input

® True Polarity at Zero Count for Precise Hull
Detection

® Single Refersnce Voitage Requirad

* Over-Range and Under-Range Signals Available {or
Auto-Range Capabijity

* All Cutputs TTL Compatibie

® Blinking Outputs Glves Visual indication ¢t Over.
range

® Six Auxiliary Inputs/Outputs Are Available for
Interfacing to UARTSs, Microprocessars ot Other
Circuitry

® Multiplexed BCD Outputs

Part Number Temp. Range ! Package
ICL7135CH | 0°Cto +70°C |  28-Pin CERDIP
ICLT135CPI 0°Cto +70°C ' 28-Pin Plastic DIP
Evaluation Kit
ICL7135EY/K
KIT {FC Board, active, passive components)
SEY Vagr =
VReF moi:’mv £17 1 23] ﬁ:.ocx
100K 3 2 127] 120kHz
ANALOG 4
Gnp @ —3] 26] f DIBFLAY
= ==°"7“; 70 L—'--‘- 2 ANODE \
umni T oy DRIVER lgoooad
= e8] enss B % | mansistons AT 11
SIGNAL 100k 3 ‘“""-E——{ = 22— s
weutT | 1_’ % B
0.4 F5 Tt
= R
—{53] 9
12 o) SEVEN
L s} s£a.
DECODE
0342-1
Figure 1: ICL7135 Connection Dlagram

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION OF.E?;
THE ‘WARRANTY SHALL BE EXCLUSIVE AND SHALL BE iIN UEU OF ALL OTHER WARRANTIES, EXPRESS, IMPUED OR STATUTORY, INCLUDING THE IMPLIED WARRANT

MERCHANTABILITY AND FITNESS FOR A PARTICULAR USE.

NOTE: Al typical vitud¥ v 1nen Crandctnasd sul ard NOL tested

37



jcL7135 | | BINTERSIL

ABSOLUTE MAXIMUM RATINGS

Supply Voltage V+ Power Dissipation (Note 2)
' Coramic Package ...........cveenvevnvenn.. 1000mwW
Analog input Voltage (either input) (Note 1) ..... vVtiov- PlasticPackage .......c.cvviiiniiiieninnnn.. 800mwW
geterence Input Voltage (either input) ......... V+tov-— Operating Temperature .........covvveenn. 0°Cto +70°C
Clock INPUt « .o GndtoV+ Storage Temperature ......... .. —65'Cto +150°C
Lead Temperature {Soldering, 10s8C) ............. 300°C
Note 1: input voltages may axceed the supply voltages provided the input current is limited to + 100pA.
MNate 2: Dissipath rating device is J with all leads soldered to printed circuit board.
MOTE: Stressss above those listed under “A Maxir Fatings" may cause p t 1o the device. These are stress ratings only and funcbonal
mmqgfmedewbealmmoranyofherwndiwmwwwhass‘ i in the op K jons of the specifications s not imphed. EXposure 1o absolute
- ratng ions for d periods may affect device reliability.
v-
REFERENCE
ANALOG COMMON
INT OUT
AZ N
BUFF OUT
REF.CAP.”
REF. CAP.*
INLO
IN HI
vt
(M8D) D5
(LSB) BY
- B2
: 0342-2
Figure 2: Pin Configuration
Qutline dwgs Ji, P}
ELECTRICAL CHARACTERISTICS (Note 1)
AT =45V, V== -5V, Tp=25°C, Clock Frequency Set for 3 Reading/Sec)
Symbeo! ! Characteristics I Test Conditions J Min ] Typ Max L Unit
* ANALOG {Note 1) (Note 2) R
i Zero Input Reading ViN=0.0V —0.0000 | +0.0000 | +0.0000 Digita!
: Full Scale = 2.000V Reading
. Ratiometric Reading (2) Vin = VREF +0.9998 +0.9999 +1.0000 Digital
: Full Scale=2.000V Reading
' Linearity over + Full Scaie Digital
- } 0.5 1
(error of reading from VsVins+2v Count
best straight line) crror
Differential Linearity L.
: - < 42V R
; (difierence between worse 2VEVINS v o1 _LSB
; case step of adjacent counts .
3 and ideal step)
i
i [y . . .
: . Rollover error (Differencein - . Digital
; - = = 0.5 1
i reading for equa! positive & . Vin = +Vin = 2V Count
‘e—____| negative voitage near full scale) Error

[T . CON

,“;-'\‘5.5 SOLE AND EXCLUSIVE WARHANTY OBLIGATION WiTH RESPECT 10 THIS PRODUST SHALL BE Trin? STATED IN THE WARRANTY ARTICLE OF YHE CONDITION OF SALE

._"'ARW" SHALL BE EXTLUSIVE AMD SHALL BT IN LIEU OF ALL OTHEF: WARRARTIES, DXPRESE, wMPLIED OF SYATUTORY, INCLUDING THE IMPLIED WARHANTIES OF
SAIABILTY ARD FITNESS FUR A PARTICULAR USE,

v

¥ A typnca” vaives have PO Cliractenzed but are not 105163
Q7R

SELLIN



ICL7135

ICL7135

DINTERS

ELECTRICAL CHARACTERISTICS ot
(V= =+8V, V- = -3V, T4+ 28C, Cicck Frequancy Set for 3 Readings Sec) (Continued)
Symbol i Characteristics | TestConditions Min : Typ Max Unit
en Noise (P-P value not ViN=0V i
exceeded 95°s of time) Full scale = 2.000V 15 uV
TR Leakage Currenit at input Vin = O‘{/ . 1 10 ) PA
Zero Reading Drift Vin=0VY 0.5 2 uV/eC
! 0°TA¥70°C
TC | Scals Factor Temperaturs Vin= +2V i
Coefficient (3} C<TAL70°C ! 2 5 ppm/°C
(ext. ref. 0 ppm/°C) }
DIGITAL
INPUTS
VinH 28 22 Y
Vine 16 c.8
liNL Clcck in, Run/Hold, See Figure 4 Vin=0 0.02 01 mA
INH Vin= +5V 0.1 10 uA
CUTPUTS
VoL All Qutputs loL=1.6mA 0.25 0.40 v
Vou B4, Bp, B4, Bg lop=~1mA 2.4 4.2 v
B+, D2, Da, D4, Ds
"Vou BUSY, STRCBE, loy= —10uA 49 498 \
OVER-RANGE, UNDER-RANGE
) POLARITY
SUPPLY
v+ + 5V Supply Range +4 +5 +6
V- ~—5V Supply Range -3 -5 -8 v
1+ <+ 5V Supply Current fc=0 1.1 3.0 mA
1= —5V Supply Current f.=0 08 3.0
Cep Power Dissipation Capacitance vs. Clock Freq : 40 pF
CLOCK
Clock Freq. (Note 4) | | oc | 2000 | 1200 | kHz

NOTES: 1. Tested in 4-1, digit {20, 000 count) cvcm! shown in Figure 3, clock frequency 120kHz.
2. Tested with a low di itor and Ryt = 0. See Component Selection Section.
3. The temperature range can be extsnded lo + 70'C and beyond as long as the auto-zero and reference capacitors are increased to absorb the higher
leakage of the ICL7135.
4. This specification relates to the clock frequency range over which the ICL7135 will correctly perform its vanous functions, See “Max
Clock Frequency” section for limitations on the clock frequency range in a system.

INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUGT SHALL BE THAT STATED IN THE WARRANTY ARTICLE CF THE CONDITION OF SME
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHEA WARRANTIES, EXPRESS. IMPLIED OR STATUTORY, INGLUDING THE IMPLIED WARRANTIES o
MERCHANTABILITY AND FITNESS FOA A PARTICULAR USE.

NOTE: All tyoucsl vaiues have Deon Charactunzed but are not iested
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