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öZET 

A9ırlık ölçme sisteminde , 8085 

yük hücresi kul !anılmıştır. ölçme yük 

mikroişlemeisi ve 

hücresinden gelen 

elektriksel sinyalin ( Bu sinyal uygulanan a9ırlıkla orantı 

!ıdır) ınstrumantasyon kuvvetlendiricisinde yükseltı!mesiyle 

yapılmıştır. Yükseltecin kazancı aynı zamanda dlçekleme işle­

mini de yapmaktadır. Daha sonra yükseltaç çıkışı 4~ 

dijitlik bir DVM'den geçiriierek agırlık bilgisi sayısal 

olarak mikroişlemciye aktarılmaktadır. Uygun yazılımtarla bu 

bilgi ?-parçalı göstergelerde ton olarak gbzlenmektedir. 

!lgili elektronik devrede bir adet 8085 mikroişlemcisi, 

iki adet 8155 P!O, bir adet 2764 C8Kx8) EPROM, bir adet 6264 

(6264) RAM, bir adet 8279 Programlanabilir Tus/Gdsterge Ara-

birimi, bir adet 7135 DVM 4~ ) ve bir adet INA101 !nst-

rumentatıon Amlıfıer entegreleri kul !anılmıştır. Bunlara ek 

olarak iki adet 74LS139 decoder, bir adet 74LS138 decoder, 

bir adet 74LS373 Latch entegreleri ve altı adet ?-parçalı 

gösterge de bulunmaktadır. 
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SUMMARY 

Ina weight measuring system, a load cell and micropro­

cessor 8D85 was used. The signal obtained from the load eel ı 

was connected to the instrumentation amplifier. The output 

from the lnstrumentation Amplifier INAlDl was transferred to 

the 4~ digits DVM ( BCD outputed ADC ), Then the digital data 

was processed with B-bit microprocessor. By means of a conve­

nient software, the weighing result was observed on the 7-

segment display. 

The system 

(2764), one RAM 

4~ digit DVM 

contains a 8085 CPU, two 8155 PIO, one EPROM 

C6264), a keyboard/display interface (8279), 

(7135) and one instrumentation amplifier 

INAlDl ). In addition, three decoders C74LS138, 74LS139), 

one latch and six seven segment display. 
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1. G!R!S 

Bilindigi gibi artık mekanik ve analog bir çok endüst­

riyel alanda kul lanılan sistemler yerlerini elektronik dev­

retere bırakmışlardır. Ancak bu degişimin olabilmesi için 

fiziksel bilyüklük olarak nitelendirilen basınç, sıcaklık, 

agırlık, kuvvet gibi btiyüklilklerin elektriksel işaretiere 

çevrilmesi gerekmektedir. Teknolojinin gelişimiyle birlikte 

ortaya çıkan ddnüştürücüler sayesinde gerçek hayattaki bu 

büyüklukler elektronik devrelerin anlayacagı dile çevrile­

bilmiştir. 

Bu tez çalışmasında da Yük Hileresi denilen ddnüştürUcU­

lerden gelen elektriksel sinyaller bir A/D yardımıyla mik­

roişlemciye alınıp, bu sinyaller uygun şekilde işlenerek bir 

elektronik kantar yapılmıştır. Cihaz agırlık ölçmenin yanın­

da ayrıca tarih ve aracın plakasının girilmesine de imkan 

vermektedir. Ayrıca istendigi anda tarih, plaka ve agırlık 

bilgileri bir yazıcı aracılıgıyla kagıda aktarılabilmekte­

dir. Tabi ki böyle bir cihazın mekaniklerine g6re bir çok 

avantajı olacaktır. Bunları şu şekilde sıralamak mümkündür: 

a) Okuma hatası yok denecek kadar azdır. 

bl Bakımı, onarımı ve ayarı kolaydır. 

c) Hızlı ölçilm yapabilmektedir. 

d) Yazıcı baglanabildigi için istenilen bilgiler 

kagıt üzerine yazdırı!maktadır. 

el ölçme platformu ve dlçme cihazı ayrı oldugundan 

birbirlerinden uzak yerlere konulabilmektedir. 

f) Kullanıcı lle diyalogu kolaydır. 

Seki! 1.1'de gerçekleştirilen elektronik kantarin blok 

diyagramı gbsterılmektedir. 
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2.DöNUSTURüCULER < Transducers ) 

Ddntişttirtictiler farklı sistemler arasında enerji aktarı-

mı saglayan cihazlar olarak tanımlanabilir. Sıcaklık, me-

safe, kuvvet, agır lık, basınç gibi fiziksel büyüklüklerin 

analog algılayıcıları sayesinde yeni ölçme ve uygulama 

alanları dogmuştur. Bu tez çalışmasındadaYilk Hticresi CLoad 

Cell) kullanılarak agırlık biçmeye çalışılmıştır. YUk hücre-

si cıkışında, üzerine uygulanan agırlıkla orantılı olarak 

milivoltlar seviyesinde de gerilim veren bir dbntiştlirlictidilr. 

Strain Gage denilen malzemelerden oluşturulmuştur. 

2.1 Strain Gage 

Strain gage uygulanan kuvvetin yönüne göre boyunun 

uzaması veye kısalması sonucunda küçük miktarlarda direy;ç 

de:;:)işimi gösteren iletken bir teldir. Boydaki degişim 

kLtçL~k tL1r. 

Şekil 2-l'de bir strain gage'in yapısı gbsterilmi~ti:-. 

Çekme yönlinde bir kuvvete maruz kalan strain gage'in direnci 

artar. Clinkü normal boyunda bir artış olur. Sıkıştır-ma yö-

nündeki bir kuvvet de strain gage'in boyunu azaltacagından 

direncinde b ir dü·şme ol ur. !şte bu direnç de9işimi bzell i-

ginden yararlanılarak bu malzemelerden yük hücreleri yapılıp 

agırlık ölçümlerinin elektronik olarak yapılması 

tır. 

=<~);_._ -~ 
Şekil 2.1 Strain gage'in yapısı 

Str.:t.in g.sqe' !erin bazı parametreleri vardır. !mc.latç1-

lar tarafından zorlanmaya maruz kalınmadıgı zamanki gal~' ~n 

R direnci verilir. bR degişimi bir kez ölçüldügünde .6.?/;;; 

oranı hesaplanır. Yine imalatçılar tarafından her gage i=!n 
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belirlenmiş olan gage faktörü (GF> de verilir. Gage faktörü, 

bir gage'in direncindeki degişim yüzdesinin boyundaki 

degişim yilzdesine oranı olarak tanımlanır. Yani .6R/R oranı 

GF'ye bölünürse sonuç .6L/L olur. Eger GF'si 2 olan 120 Q' luk 

bir strain gage gerilme yönündeki bir kuvvet nedeniyle 0.001 

Q' luk bir R degişimi göstermiş ise boyundaki degişim yüzde-

s i ; 

6.L .6 R/R 0.001/120 

L GF 2 
= 4.1 J.Iinc/inc = = 

olarak bulunur. bL/L oranına birim strain de denir. Burada 

bazı tanımların verilmesine gerek vardır: 

Birim alana uygulanari kuvvet miktarına "stres" denir. 

Stres'den dolayı bir malzemedeki deformasyona da "straın" 

denir ki bu da .6L/L'dir. 

Bir strain gage'deki R direnç degişimi bir kaç miliohm 

gibi küçük bir deSere sahiptir. Bunun ölçillebilmesi için 

öncelikle direnç degişimi akım veya gerilime çevrilmelidir. 

Dirençteki k Lu; ük degişim çok küçük bir gerilim de::! işi-

mine sebeb olacaktır. örneSin 120 :;1' luk bir strain gage'den 

5mA' lik bir akım geçsin. Bu durumda gage'in uçlarındaki 

gerilim 0.6 V olur. Eger direnç 1 mQ kadar degişir-se 5 

);lV' luk bir· ger·i l im de~pşimi oluşur. Bu degişimi bir vo!tmet-

re ile gözleyebilmek iı;:in uygun bir katsayıyle çarparak 

yükseltmek gerekir. brnegin 1000 katsayısıyla çarpıldıgında 

degişim 5mV olur. Fakat diger taraftan da 0.6\f 600V'a yüks~­

lir. Takdir edileeeSi gibi 600V' luk bir sinyal içinden 5mV'u 

ayırtetmek oldukça güçtür. Bundan dolayı sadece d i ren•; 

degişiminin sebep oldugu gerilim farkını yükselten bir 

devreye ihtiyaç vardır. Bu problem de basit bir direnç 

devresiyle halledil~ektedir. 

Seki! 2-2'de gbsterildigi gibi strain gage direnç kbprU 

devresinin bir koluna yerleştirilir. Devredeki R direncinin 

degeri her· hang i bir kuvvete maruz kalınmadıgı zam;ı.r.ki 
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gage'nin direncidir. 

V1=V2=V/2 oldugunda V1-V2=0 olacaktır. Bu şartlar al-

tında kbpril dengededir denir. Eger strain gage sıkıştırılır-

saR degeri ..6.R kadar azalacaktır. Bu durumda gerilim farkı. 

V1-V2=E( .6R)!4R ( 2. 1 ) 

olarak bulunur. örnegin R=O.OOE2, R=l20Q, V=10V ise Vl-V2 

farkı 22~V olur. GBrilldUgil gibi bu fark çok kilçUk bir deger­

dir. Bu sinyali harici gilrilltillerden koruyarak yilkseltebil-

mek ancak bir instrumantasyon kuvvetlendirici 

yapılabilir. 

kullanılarak 

v: ıov 

V2, 

Sekil 2.2 Di~enç köprU devresi 

Se k i 1 2.3'de direnç kbpril devresinin instrumantasyon 

kuv~etlendiriciye nasıl baSlandıgı gbsterilmiştir. Kuvvet-

lendiricinin kazancı dışardan baglanan bir Rg direnci ile 

istenilen degere ayarlanabilir. Eger kazancı 1000 yapacak 

şek i lde Rg seçi! irse yukardaki brnekte 22J1V' luk gerilim 

farkı kuvvetlendiricinin çıkışında 22mV'a yilkseltilmiş olur. 

v: ıov 

vı 

Sekil 2.3 Direnç köprü ve Kuvvetlendirici devresi 



6 

Sonuç olarak strain gage' ı er kullanılarak basınç, 

kuvvet ve agırlık btiyUklUklerini biçrnek mUmkUn olmaktadır. 

!şte strain gage' !erin bu bzelliginden yararlanarak yapılan 

yük hücreleri sayesinde asırlıklar elektriksel sinyal !ere 

çevrilerek uygun sinyal işleme devrelerine sokulup çok has­

sas çalışan elektronik kantarlar yapılmaktadır. 
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3. INSTRUMANTASYON KUVVETLENDtR!Ct 

ölçme ve kontrol sistemlerinde en çok kullanılan kuv-

vetlendirici!er instrumantasyon kuvvetlendiricilardir. Bu 

yükselteçler sadece giriş sinyalleri arasındaki farkı yük-

seltir ler. Giriş empedansları oldukça yüksektir. Dışardan 

baglanan bir dirençle kararlı yüksek kazançlar elde edilir. 

Ortak mod azaltına oranları oldukça yUksektir. Instrumantas-

yon yükselteçlerini tek bir entegre içinde elde etmek mümkün 

olabildigi gibi bir kaç işlemsel yükselteç ve dirençlerle de 

yapmak mtimkündür. Ancak aynı verimlilik ve duyarlılık elde 

edilemez. lnstrumantasyon kuvvetlendiricilerin en basit 

şekli bir fark yükseltecidir. 

3.1 Fark Yükselteci 

Fark yükselteç!eri girişlerindeki gerilimlerin fark~nı 

alıp istenilen bir kazançla çıkışa yansıtan devrelerdir. 

Şekil 3.1'de gösterilen fark yükseltecinin çıkışı şu şekilde 

yazılabil ir: 

Vo=m(V2-V1) (,3.1) 

GbrüldügU gibi Vo çıkış gerilimi yUkseltecin + ve 

rine uygulanan gerilimlerin farkıyla orantılıdır. "m" çarpa-

nı ise fark kazancıdır ki bu da direnç oranları ile ayarla-

n ır. 

mR 

>--.._-Vo 
vı -

I 
"::" vı-=- R 

I --

Seki! 3.1 Fark Yükselteel 
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Böyle bir devrede CMRR C ortak mod azaltına oranı ) ' ı n 

iyi olabilmesi için dirençterin çok hassas ve de %1' lik 

olması gerekmektedir. Ortak mod azaltına oranı C CMRR ) ; bir 

kuvvetlendiricinin ortak mod ve fark kazançlarının oranı 

şeklinde tanımlanır: 

Ad m 
CMRR= ( 3. 2) 

Acm 

Ideal CMRR sonsuz olarak kabul edilir. Bir fark kuvvetlendi­

ricisinin fark girişlerini yükseltip ortak mod sinyallerini 

yok etmesi o kuvvetlendiricinin CMRR'ı ile belirlenir. Fark 

yükseltaçlerinin bir dezavantajı giriş empedanslarının yete­

ri kadar büyük olmamasıdır. 

Ortak med etkisini azaltmak, giriş empedansını arttıra-

bilmek ye degişken yüksek kazançlar elde edebilmek iç: in 

instrumantasyon kuvvetlendiricileri kullanılır. 

3.2 Instrumantasyon Kuvvetlendiricinin Kazancı 

lnstrumantasyon kuvvetlendiriciler sayesinde ~V ve mV 

seviyesindeki sinyaller istenmeyen gtirtiltü sinyallerinden 

korunarak yükseltilebilir. Şekil 3.2'de bir ınstrumantasyon 

kuvvetlendiricisi g~rülmektedir. Bu devrenin gerilim kazancı 

şu şekilde hesaplanabilir: 

A noktasındaki VA gerilimi, 

R 
VA=--­

aR 
V1-V2 ) + Vl 

Bnoktasındaki VB gerilimi, 

R 
VB=--­

aR 
C V2-V1 ) + V2 

(3.3) 

(:3.4) 

olarak yazılabilir. VB ve VA fark yükselteelnin girişte-

rine uygulanmaktadır. O halde, 



,.... 
L.. 

Vo=VB-VA= 1 + C V2 - V1 ( 3. 5) 
a 

Va ,.., 
"'-

= 1 + (3.6) 
V2-V1 a 

olarak gerilim kazancı hasaplanır. 

Kazanç denkleminden de görüldügü gibi devrede bulunan R 

ve aR degerieri ile kazanç ayarı yapmak mümkündür. Bu kuv-

vetlendiricilerin giriş empedansı çok yüksek oldugu 

sinyalin ~ayıflaması da önlenmektedir. 

R 
Vl 

>-......__..Va 

Seki! 3.2 Instrumantasyon Kuvvetlendiricisi 

3.3 lNA101 lnstrumantasyon Kuvvetlendiricisi 

için 

Seki! 3.3'de gösterilen devre tezde kullanılmıştır. 5 

ve 10 nolu bacaklar arasına baglanan Rg direnci ile isteni-

!en kazanç ayarlanabilmektedir. 2 ve 3 nolu bacaklara bag-

!anmış olan 100K' lık potansiyometre ile çıkış ofset gerilimi 

ayarlanabilmektedir. Devrenin gerilim kazancı, 

40!< 
G = 1 + (3.7) 

Rg 

formülüyle hesaplanmaktadır. CBURR-BROWN Data Book,Sayfa;2-12) 
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Seki! 3.3 INA101 Instrumantasyon Yilkselteci 

Kuvvetlendiricinin 8 ve 9 nolu bacakları entegre i .-o-
-6. ·:r-·-

risindeki fark yükselteci katının girişleridir. Bu nede':.lte 

dışardan gürültil almaması için bunlar bir gerilim tampon 

devresiyle shield' lanmıştı.r. Bdylece dışardaki elektromanye-

tik dalgaların yaratacagı etkilerden sistem korunmuştur. 

3.4 Alçak Geçiren Filtre 

Tasarlanan sistemde ikinci dereceden bir butterworth 

alçak geçiren filtre kullanılmıştır. Kesim frekansı 2Hz ve 

kazancı "1" olacak şekilde elemanlar seçilmiştir. Filtre 

devresi Şekil 4.2'de gdrüldligU gibi kuvvetlendirici ile DVM 

devreleri arasına yerleştirilmiştir. Bby!ece trafa veya load 

eel !'den kaynaklanan bir takım gilrUltU bileşenleri 

devresinde silzülerek mikroişlemciye ulaşmaktadır. 

geçiren filtrenin kesim frekans!. şu 

hesaplanmaktadır: 

1 

filtre 

formülle 

fe= <.3.8) 
2n:CR1R2C3C4)1!;! 
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4. ANALOG-SAYlSAL CEV!R!Ct DEVRESt 

Analog işaretierin bir mikroişlemci tarafından işlene-

bilmesi için öncelikle sayısal işaretiere çevrilmesi gere-

kir. Bu işlem de analog-sayısal çevirici entegre devreleri 

sayesinde yapılmaktadır. Tez çalışmasında yapılan elektronik 

kantar devresinde de INTERSIL'in 7135 A/D entegresi ku i 1 a.-

nılmıştı.r. Bu çevirici dual-slope teknigini kul !anan 4~ 

dijitlik bir dijital voltmetredir CDVMl. Bu DVM'in tam bir 

AlD gibi çalışahilmesi için sadece dışardan bir gerilim 

referans1., bir kaç direnç ve kapasitör ilave etmek yeterli-

dir. 

4.1 Sistemde Kullanılan Devre 

Şekil 4.1'de yapılan ADC devresi gösterilmiştir. Devre-

nin ihtiyacı olan referans voltajı LM336 2.5V hassas refe-

r·ans entegresi ile sa3lanmıştır. u,;:ıarına paralel o lar2.k 

baglanan 10KO' luk bir potansiyometre ile referans voltajı 

1 \/' ~ 
IJ a~ ayarlanmıştır. Devre 125KHz' 1 ik saa.t frekans ı i le de-

ntiştlirme işlemini yapmaktadır. CINTERSIL, Sayfa; 3-74) 

2.7K 

IN918 CP!.J 

lOOK 

!CL 7135 

Şekil 4-1 DVM Devresi 

Bu saat işareti PI0-2'nin TIMER OUT'undan alınmış~1r. 

BilindiSi gibi 8155'in programlanabilir bir sayıcı/zamc:ı:ıla-

yıcı'sı vardır. 8155 aşagıdaki şekilde programlanarak iste-

nilen 125KHz elde edilmiştir. 



MVI A,18H 
OUT 54H 
MVl A 40H 
OUT SSH 
MVI A,OF4H 
OUT SOH 

7135'in çıkııı BCD formdadır. 

1 .-, ..... 

STROBE çıkışının her 

alçak seviyeye düşüşünde bir dijit için gerekli BCD veri, 

çıkışına yansımaktadır. 4~ dijitlik olmasından dolayı 5 

dijit için BCD çıkış vermektedir. Yani 5 kez arka arkaya 

STROBE çıkışı gelmektedir. Bu çıkışlar yazılımla kontrol 

edilerek bir biçtim için gerekli olan 5 adet BCD veri bellek­

te 5 byte' lık bir bölgeye alınmaktadır. 

4.2 DVM !le Sistem Kalibrasyonu 

Şek i 1 4-2'de DVM ve yUkselteç devresinin açık şeması 

verilmiştir. Kuvvetlendiricinin Rg kazanç direnci ile iste-

nilen maksimum agırlık kalibrasyonu yapılır. Yani 60t mak-

simum agırlık ise Rg direnci gbstergede 60.00 gözleninceye 

kadar ayarlanır. Bu şekilde AlD'nin üst kalıbrasyonu yapı!-

mış olur. Kantar üzerinde hiç bir aSırlık yokken de göster-

gede 00.00 gdzleninceye kadar Rs direnci ile ayar yapılır. 

Böylece alt kalibrasyon da yapılmış olur. Bu işlemlerden 

sonra kantar ölçtim yapmak için hazır duruma getirilmiş 

demektir. 
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5. DONANTM 

Bu tez çalışmasında tasarlanan devrenin kontrotu 8085 

mikroişlemeisi ile yapılmaktadır. Bu işlemci tek başına bir 

CPU'dur.Cilnkil tek bir entegre içerisinde kendisi için gerek-

ı i clock ve kontrol devrelerini içermektedir. 16-bit'lik 

adres hattının Low Byte'nı ( ilk 8 bitini ) ALE sinyalinin 

durumuna göre hem data hattı hem de adres hattı olarak 

kul !anmaktadır. Devrede adres data Latch olarak 74LS373 

entegresi kullanılmıştır. Enable bacagına baglanan ALE sin-

yalinin durumuna göre sürekli çıkış vermektedir. ALE sinyali 

Lo w ise ADO-AD7 hatlarından gelen bilgi tutulur. Bu bilgi 

data olarak göril!Gr. ALE sinyali High ise ADO-AD7 hattından 

gelen bilgiye yol verir. EPROM ve RAM bu bilgiyi adres 

olarak görür. Bu şekilde ayrılan adres ve data sadece EPROM 

ve RAM'e gider.Diger entegreler C 8155 , 8279 ayırma 

işlemini kendi içinde yaparlar. Bu entegrelere sadece ALE 

sinyalini girmek yeterlidir. Sekil 5.1'de bu ayırma işlemi 

g ö s ter i 1 m· i ş t i r ~ 

ALE 

Sekil 5.1 Adres Veri Tutucu 

8085'in RD çıkış bacagı akUmillatbre bilgi girişi ol-

dugunu, WR çıkış bacagı ise akUmUlatbrden bilgi çıkışı o!-

dugunu gösterir. Bu bilgi giriş ve çıkışının nereden ve 

nereye yapılacagı ise IO/M çıkış bacagının durumuna baglı-

dır. Bu bacak High ise I/0 portu ile, Low ise bellek i le 

bilgi alışverişi yapıtaeası anlaşılır. 

Ayrıca 8085'in 8 tane Software lnterrupt'ı ve 4 tanE d~ 

Har-d:..ıare lnterrupt' ı va-rd:..r Sistem Hardware lnterrupt ba-

caklarına gelen uygun sinyaller dogrultusunda her bir in-



ıs 

terrupt için belirlenen adres bölgelerine dallanır. 

Tasarlanan devrede 3MHz' lik clock sinyali kullanılmış-

tır. Sistem dışardan baglanan 6MHz' lik bir kristal sayesinde 

bu clock sinyelini kendisi elde etmektedir. CPU kartının dış 

dünya ile alışverişini saglamak için 2 tane 8155 PIO kul-

!anılmıştır. Kartta hafıza birimi olarakta 8K' lık 2764 EPROM 

ve BK' lık 6264 RAM vardır. 

5.1 Mikroişlemci Devresi 

Mikr,oişlemci devresi adres çözücü, bellek birimleri, 

giriş-çıkış birimleri ve tuş-gösterge birimlerinden oluşmak-

tadır. Devrenin açık şeması şekil 5.2'de gösterilmiştir. 

5.1.1 Bellek Haritası ve Adres Cözücü 

Mikroişlemcinin aradıgını yerinde bulabilmesi iç: in 

64K' lık maksimum kapasitesi belirli bölgelere ayrılmıştır.Bu 

şekilde mikroişlemci istedigi zaman hafıza birimlerine ve 

çevre elemaniarına bir karışıkiıSa neden olmadan ulaşacak­

tır. 

Tez çalışmasında bu durumu sagtayabilmek için önce bir 

bellek haritası çıkarılmıştır. Sonra bel !ek haritasına uygun 

bir adres çözUcU devresi yapılmıştır. 

lan bellek haritası gösterilmektedir. 

Şekil 5.3'de kullanı-

Adres çözUcU devresi iki tane 74LS139 2'den 4'e kod 

çözücü e~tegresi kullanılarak yapılmıştır. Girişlerine AlS, 

A14, A13 ve A12 adres hatları uygun şekilde baglanarak belek 

iki tane 8K' lık, Uç tane 2K' lık blokla.ra bdlilnmilştilr. Şekil 

5.4'de bu işlemi yapan adres çdzilcil'niln şeması verilmiştir. 

Eprem'da sistem programları ve sabit degerler sakl;::ı.n-

mıştır-. RAt-1' de ise program akışı içerisinde gerekli 

deserler ile sabit olmayan deSişken!eı saklanmıştır. 

RAi"! yıgı 1 tı.yı (sta<::k) de gerçek!eştirmiştir. 

E!ektronık Kentarda 100 araca kadar tar!h, plaka ve aeırl:tl< 

bilgileri RAM'de muhafaza edilebilmektedir. 
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0000 H 

1FFFH 

1000H 

3FFFH 

L.OOOH 

4FFFH 

SQOOH 

SFFFH 

6000H 

6FFFH 

7000H 

FFFFH 

Eo"~}..f(BK) 

~AM (8K) 

1"101 

1"'!0 2 

TUŞ 1 GÖS TE'ı\GE 

TAKIMI 

KULLANIUJ.IYC~ 

Sekil 5.3 Bellek Haritası 
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5.1.2 Gitiş-Cıkış Birimleri 

Yapılan devrede iki adet 8155 PIO'su kullanılmıştır. 

8155'in iki tane 8'er bit programlanabilir Giriş/Cıkış 

por tu, 1 tane 6 bit programlanabilir Giriş/Çıkış portu ve 

yine programlanabilir 14-bit' lik sayıcı/zamanlayıcısı var-

d ır. Tasarlanan devrede 44-bit' i ik Giriş/Cıkış port u 

mevcuttur. Bu portların kontrolu komut kiltUgUne yazılan 

belirli kontrol kelimeleri ile saglanır. 

Sistemdeki PI0-1 yazıcı ile baglantı sag!amak,PI0-2 ise 

ADC katından gelen agırlık bilgisini okumak için kul lanı!-

mıştır. 

5.1.3 Yazıcı ile baglantı 

Bir takım istatistikierin tutulması için tartım so~uç-

larının bir kagıda aktarılması ga.rekmektedir. 

sistemin PI0-1'i yazıcı ile alış veriş yapmak için ku! lanı!-

mıştır. Mikroişlemciden bilgiler yazıcıya paralel 

gdnderilmektedir. 

gcsterilmiştir. 

Yazıcı ile yapılan baglantı Seki! 

P!Ol 

PAO ı-,...,..""r7-rri'). 

PA 1 f-'-".L.L.~w 

YAZlCI 

PC 2 1'4-----l ACK 
PC3 STR 

GND GND 

Sekil 5.5 Yazıcı !le Baglantı 

ol.sı.rak 

5-S'd'= 

PI0-.1'in A portu çıkışa C portu ise Alt-3'e program-

lanmı·ştır. PIO-l'in port numarası 40H'dir. Buna gere port-A 

41H ve port-C 43H adresi ile seçilmektedir. Bu durumd.:ı. 2-

bit'lik C portunun PCO,PC1.PC2 bitleri protokol 

PC4, PC5 bitler·i ise çı~ış ol3.r?..k k,..ı1l?.r.:lmakt=ıdır'~ ?ro~~·::-:·:~: 

işleminin nasıl yapıldı3ı yazılım b~IUmUnde det.:ı.y!ı 

aniatı lacaktır. 
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5.1.4 ADC ile baglantı 

Load Geli'den gelen agırlık bilgisi uygulanan kuvvetle 

orantılı olarak degişen ve milivoltlar seviyesinde olan bir 

dogru gerilimdir. Bu gerilimin mikroişlemciye alınıp işlene-

bilmesi için öncelikle sayısal hale getirilmesi gerekmekte-

dir. Bu da 4Y-:z digitlik 7135 DVM CDigital Voltmetre) 

entegresi kullanılarak gerçekleştirilmiştir. DVM'in çıkışla­

rı PI0-2'nin A portu üzerinden mikroişlemciye alınmaktadır. 

DVM ile yapılan baglantı Seki! 5.6'da gösterilmiştir. 

P~O 

PA7 

Pl02 OVM 

PCZ STflOBE 

PC4 RUN/~IOLD 

GND GND 

Seki! 5.6 DVM !le Baglantı 

PI0~2'nin A portu girişe C portu'da Alt-3'e programla-

narak DVM'den data kolayca okunmuştur. Yine burada da DVM 

ile yapılan protokol işlemi Yazılım konusunda anlatılacak­

tır. 

5.2 Tuş ve Gösterge Devresi 

Tuş ve Gösrerge takımına ait devrenin akış şeması şekil 

5.7'de g~sterilmektedir. Mikroişlemci için tuşlar bir giriş 

ünitesi göstergeler ise bir çıkış ünitesidir. 

Yapılan elktronık kantar devresinin Tuş/Gösterge kar-

tında programlanabilir Tuş/Gösterge ara birimi olarak bi!i-

n en 8279 entegresi kullanılmıştır. Bu entegre 8 adet 7-

parçalı 

kontrol 

gösterge ve 64 ile 12B'e kadar olan tus takımını 

edebilmektedir. Bu tezde sadece 6 adet 7-parçalı 

gösterge ve 24 adet tuş kullanılmıştır. 

8279'un C/D bacagına AB adres biti baglanmıştır. 8279 

AB bitinin deSişimine göre bus'taki bilgiyi ya veri ya d::ı. 
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komut olarak kabul etmektedir. AB lojik 1 seviyesinde ise 

data bus'taki bilgi komut, lojik O seviyesinde ise data 

olarak algılanmaktadır. 

5.3.1 Tuş Takımı 

Devrede kultanılan 24 tuşun yerleşim planı Seki! 5.8'de 

gösterilmiştir. 8279 bir 8x8 FIFO/SENSOR RAM'ine sahiptir. 

8279'un herhangi bir tuşuna basıldıgında o tuşa ait olan kod 

FIFO/SENSOR RAM'e yazılır. Tuşa basıldıgı anda 8279'un INT 

kısa bir sUre için !ojik 1 seviyesine çıkar. Yapılan devrede 

bu INT bacagı 8085'in RST 7.5 bacagına baglanmıştır. BBylece 

bir tuşa basıldıgı zaman mikrıişlemci 003CH adresine dalla­

nır. Orada yazılmış olan bir program aracıtıgıyla 8279'dan 

tuşun kodu mikroişlemci içine okunarak sistem RAM'inde KEY 

ile temsil editen 2000H adresine yazılr. 

ı LİSTE ll DARA ll POINT ı Q u u 
B~QDQGJ 
~t;J[J[J[]Q 

D~QQCJD 
Sekil 5.8 Tuşların yerleşimi 

5.3.2 Gösterge Takımı 

Devrede 6 adet 7-parça!ı gbsterge kul lanılarak bir 

gösterge yapılmıştır. 8279 bir 16x8 Gösterge RAM' ine sahi?­

tir. Bu RAM'e Seki! 5.9'daki formda ya.zılan bilgiler ilgili 

komut kullanılarak dogrudan g~stergede g~rU!Ur. 



0''"' 

D7 06 05 04 03 02 01 DO 

dp g f e d c b a 

Sekil 5.9 8279 için 7-parça formatı 

Bu RAM'e hem sagdan hemde soldan bilgi yazı !abi 1 ir. 

Aşagıdaki program cirneginde 8279'un nasıl programiandıSı ve 

göstergeye datanın nasıl gönderildigi açıklanmıştır. Adres 

çözücü tasarianırken 8279'un komut adresi 6100H, veri adresi 

de 6000H olarak tayin edilmişti. 

Programda; 

soldan girişe, 

LXI H,6100H 
MVI M,02H 
MVI M,90H 
DCX H 
MVI M, OF6H 
MVI M, 78H 
MVI M, SCH 
MVI M, SOH 
MVI M, ODCH 
MVI M, 76H 

komut olarak 02H gonderildiginde gösterge 

tuşlarda Encoded Sean Keyboard-N Key Rol t-

over'a kurulmuş olmaktadır. 90H komutu ise veri olarak gele-

cek olan ilk bilgiyi Display RAM'e soldan ilk dijite yaz. 

ondan sonra gelecek olan bilgiyi soldan ikinci dijite yaz 

anlamına gelmektedir. Bu işlem tilm dijitler soldan itibaren 

doluncaya kadar devam eder. 

5.4 Güç Kaynagı 

Mikroişlemci ve Tu-ş/Gösterge devreleri +SV' luk bir de 

kaynak ile beslenmektedir. Bu kaynak 7805 regUle entegresi 

kullanılarak yapılmıştır.Sekit 5.10'da güç kayna92 devresi 

gösteri !miştir. 

7805 

r--4t----.--il N OUT 1---i..-----o + S V 

GND 

AC 

4700)JF l){)nF 1CO nF 

Seki! 5.10 Güç Kaynagı 



6.YAZILII":t 

Sistem programları 8085 mikroişlemci komutları i le 

gerçekleştirilmiştir. Programlar tarih ve plaka bilgilerinin 

tuşlar aracıısıyla girilmesi, agırlık bilgisinin ADC'den 

okunması, istenilen bilgilerin yazıcıya aktarılması gibi 

imkanları saglayan alt programlar şeklinde yazılmıştır. 

6.1 Ana Program ( Tuş Tanıma ) 

Bu programın akış diyagramı Seki! 6-l'de gösterilmiş-

tir. Sisteme gliç verildigi andan itibaren bu program aracı-

lıgıyla gösterge test edilir. Test işlemi göstergedeki tüm 

dijitlerde 9 1 dan l'e dogru sayma yaptırarak sagianmıştır. 

Sayım işleminden sonra göstergede "ready" mesajı gösteri!-

mektedir. Bu mesajdan sonra sistem bir tuşa basılıncaya 

kadar beklemektedir. Herhangi bir tuşa basıldıgı anda prog-

ram RST 7.5 interrupt'ına ait olan 003CH adresine giderek o 

tuşa ait olan kodu 8279'un FIFO/SENSOR RAM'inden okuyarak 

2000H ad~esine atar. Sonra o basılan tuşun ilgili oldugu alt 

programı ylirütlir. 

6.2 Tarih Programı 

Yapılan tartım sonuçlarının glinlük sıraya konulabilmesi 

için tarih bilgisinin de girilmesi gerekmektedir. Şekil 6-2 

de tarih alt programının akış diyagramı verilmiştir. Bu 

program tarih tuşuna basıldıSı andan itibaren çalıştırılır. 

Ilk olarak g~stergede Hdate" mesajı gösterilir. Daha sonra 6 

dijitlik tarih tuşlar kullanılarak 
. . ı . 

gırı. ır. Ancak yılın 

sadece son iki rakamı girilebilmektedir. lJrne:3in 2. a.yın 

4'ünde bir tartım yapılmış olsun. Bu bilgi gbstergede ve 

yazıcıda şu şekilde gözlenecektir: 

040290 

6.3 Plaka Programı 

Hangi aracın tartıldıgı plakasına bakılarak ayırt edi!ebil-

mektedir. Sekil 6-3'de plaka alt programının akış diyagramı 



verilmiştir. Plaka tuşuna basıldıgında bu alt program ytirU-

tUlilr. !lk olarak gdstergede "Plaka" mesajı gdsterilir. Daha 

sonra program plakanın girilmesini bekler. Plaka bilgisi 

dnce il kodu sonra da seri numarası şeklinde girilir. Harf-

lerin girilmesine gerek duyulmamıştır. örnegin 26AD525 pla­

kalı araç tartılmış olsun. Bu bilgi gasterge ve yazıcıda şu 

şekilde gBz!enecektir: 

260525 

6.4 Yazıcı Programı 

Cihaz bir yazıcı ile birlikte çalışmaktadır. Yazıcıya 

ihtiyaç duyulmasının sebebi sonuçların yazılı olarak alınmak 

istenmesidir. Seki! 6-4'de yazıcı alt programının akış şerna­

sı verilmiştir. 

Yazıcıya yazılacak olan veriler aneelikle bel lekte bir 

bdlgeye ~lınır. Yazıcı hazır oldugu sUrece bellekten yazıcı­

ya bilgi PIO yardımıyla aktarılır. PIO'dan yazıcıya "bilgiyi 

gdnderdim" sinyali yollanır. Yazıcı da bilgiyi aldıgı zaman 

PIO'ya "bilgiyi aldım" sinyali yol lar. Bu sinyal PIO'dan 

geçerek mikroişlemciye ulaşır. Bunun Uzerine mikroişlemci de 

yeni bir bilgi yollar. Bu işlem bellekte yazılacak karakter­

ler bitineeye kadar devam eder. Yapılan bir tartım sonucunda 

kagıda yazdırılacak olan bilgi şu şekilde olacaktır: 

030290 260676 043.050 t 

6.5 Başlık Programı 

Yazıcıya yazdırılan bilgilerin neyi temsil ettigini 

belirtmek için her bilgiye ait birer etiket vermek ihtiyacı 

duyulmuştur. Seki! 6-5'te başlık alt programına ait a~!Ş 

şeması gösterilmektedir. 

Bu alt program yUrUtilldU9Und~ ya=ıcıdan; 

TAR!H PLAKA TARTIM 

formunda bir çıktı alınır. Baş:ık verileri EPROM'da 07AO~ 

adtes!nden itibaren ASCII kodları şeklinde saklanmıştır. 
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6.6 Liste Programı 

Bu program yapılan tüm tartım sonuçlarının tarih ve 

plaka bilgileri ile birlikte yazıcıdan alınması imkanını 

verir. Şskil 6-S'da liste alt programının akış şeması veril-

miştir. Tartım programı toplam 100 aracın tartımını yapacak 

şekildde hazırlanmıştır. O halde 100 aracın tartım sonuçları 

bu alt program yardımıyla elde edilebilmektedir. 

6.7 Tartım Programı 

Bu alt programın akış şeması Seki! 6-7'de verilmiştir. 

Tartım tuşuna basılarak program yürütülür. !lk önce göster-

gede "tart" mesajı gösterilir. Sonra da tartma işlemi yoptı-

rılır. Her agırlık bilgisi bellegin 2406H adresinen başla-

mak üzere 5 byte' lık bölgede depo edilir. Daha sonra bu 

bilgi binary'e çevrilerek 240EH ve 240FH adreslerine sakla-

nır. Bu ölçülen agırlık daradan çıkartılarak net agırlık 

2410H ve 2411H adreslerine alınır. Daha sonra net agırlık 

ECD'ye çevrilerek göstergede ton olarak göstertilir. Dlçül-

mUş olan bir aracın agırlıgı göstergede şu şekilde gözlenir: 

01.78t 

Ol çme işleminde mikroişlemciden DVM'e "Agırlıgı ölç" 

sinyali gönderilir. DVM de ölçme işlemi bitince mikroişlem-

ciye "ölçtüm ve yeni bir agırlık işlemine hazırım" şeklinde 

bir sinyal gönderir. Bu karşı!ıklı haberleşme her tartımda 

yapılır. 

6.8 Dara Programı 

Bir aracın net agır!ıgının Biçillebilmesi için ilk ola­

rak kantarın platform ve fizerinde bulunan artık maddelerin 

agırlıgı~ın okunınası gerekmektedir. Yani dara ölçülme ve 

bellekte bir bblgede saklanmalıdır. Bbylece her yeni bir 

tartımda dara bilgisi alınarak aracırı net agırlıgı hesapla­

nabilir. Dara alt programına ait akış diyagramı şekil 6-8'de 

gösteril~iştir. 

Agırlık bilgisi PI0-2'nin A portu fizerinden mikroiş!em-
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ciye alınır. DVM çıkışı ECD formda oldu9u için bir agırlık 

bilgisi bellekte 5 byte' lık bir bolgeyi işgal etmektedir. Bu 

bölge 2400H adresinden itibaren başlamaktadır. Daha sonra bu 

ECD binary'e çevrilerek 240CH ve 240DH adreslerine yerleşti­

rilmiştir. Program bu işlemleri yaptıktan sonra gbstergedeki 

tüm dijitleri sıfırlayarak tartıma hazır oldugunu bildirir. 



Stack Poirıter 'i Kur 
KEY'e 80H Yaz 

8279'u Kur 

Basilaıı Tusuıı Kodunu 
KEY'e Yul-\le 

Gostergeyi Test Et 
( 9'daıı l'e Say ) 

~E=------=:ıı)ll SIFIR ll 

~-=E -41 TARTII'-1 ll 

Selül 6.1 An.a P·r~o•;;ır·am Alü; Diyagrami 



Gastergeye "date" ya::: 

Basilan Tusu.n 7-Segment 
K.arsiligini Gostergeye 
Gender 

~-~"-
~i Tane'----._ H 

/ ... Sayi ~ -::------' 
'-....... Gir~ldi / 
~mı? ~ 

Girilen Sayilarin 
Ka·r·siliKlari\-ıi Bul 

Sa.yi 

Sekil 6.2 Tarih P·rogrami Akis Diyagrami 

.. :. ~.::: 



Gostergeye "Plaka" Yaz 

H 

Karart 

Basilan TusıJn 7-Segment 
Karsiligini Gostergeye 
Gender 

Girilen Sayila:rin Sayi 
Karsiliklarini Bul 

H 



Bı:::ıslwK Birak 

Poı~t A'yi Cikisa 
Port C'yi Alt-3'e 
Kwr 

Adresini 

Ya:::iciya Strobe Gonder 

E 

/.;,. '>---H ___ __. 

'....m·?/ 

~ 
_____....---DAPLTAR-----.. 

~t;:----<.:- "O" > 
-""- ''j ----........._ml, _... 

---

Yaziciyi Ha:::ir Dwrwma Getir 

Selül 6.4 Ya::id Programi Aiüs Dt;agr-ami 

· ... ··•· 



Po~~t A'yi CiKisa 1 

Port C'yi Alt-3'e 
Kur 

B'ye Veri Uzunlugu 
18H'i Yukle 

HL'e Verinin Baslaıı•;;ıi•= 
Adresini Yukle 

Veriyi 

Yaziciya Strobe Gonder"' 

/ Vazici E 
<........._ ~~esgul y 

H .,. a'-..... 
..._ ___ --::./ "0" ":> 

'-, mi'::>/ 
"-, _./ 

1 o!~ ı 

SeKil 6.5 EasliK Programi Akis Diyagrami 



Pot~t A'yi Cikisa 
Part C'yi Alt-3 
Kur 

E 

_.........--Sa";ı Ve~ H 

~i ~ >---:....:..---> 

~8-o-·s-lu-·~ ...... -z _B_i_r_a_k_, H -'" DAP1R--.. 
"0" .> 

..... mi?~/ 
E 

Ya:ziciyi Ha::ir Duruma Getir 

------- ---<"""----Tum Veriler---__ H 
---_ Geldi __..-

------mi:_..---

1 D~EI 

Sekil 6.6 Liste P·ragrami AKis Diyagrami 



Gostergeyı: "tart' Yaz 

H 

DVM icin Clock Uret. 

HL'e Easlaııgic Adresini 
Yuk le 

H 
-----Bon v'erl---..._ 
Geldi > 

..___ __ mi~----

E 

Net Agirligi Hesapla \)e 
Gost.ergede Goster 

/ 

H ./lı..ıs ·,, 
Y Tartim '-.. 
,.~ .? // 

"-..mı/: 

ı ~'JEl 

S
1
eKil 6Y Tartim Programi AKis Diy3.ı;;;r3.mi 



Part A'yi Girise 
Part C'yi Alt-3'e 
Kı.Jr 

Sef<.il 6.8 Dara Programi Al.<.is Diyagrami 

•"71" ~.:. 
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7. SONUC ve öNERlLER 

Ulkemizde günümüze kadar analog tipte kantarlar yapıl­

makta ve kul lanılmaktaydı. Son üç dort yıl içerisinde 

e!ektrontk kantar kullanımı ve istegi artmıştır. Ancak bu 

kantarların devreleri yabancı ülkelerden ithal edilip sadece 

montajı ülkemizde yapılmaktadır. Bu çalışmada tonaj mertebe­

sinde agırlık biçen mikroişlemci kontrol lu elektronik kantar 

devresi tasarlanmıştır. Agırlık artış aralıgı 10 Kg olarak 

ayarlanmıştır. Bu aralık bütün ölçümlerde sabit kalmaktadır. 

Yapılan devre Eskişehir'de TULOMSAS fabrikasındaki 60t' luk 

bir kantarda denenerek hatasız agırlık ölçümleri alınmıştır. 

Sistem program esnekligine sahiptir. EPROM'daki boş 

yerler ve tuş takımındaki tuşlar kullanılarak degişik fonk­

siyon işlemleri yaptırılabilir. Gösterge olarak LCD display 

kullanıl~bilir. Alfa nümerik bir sistem haline getirilebilir. 

Ayrıca bi.r bilgisayara baglantı yapılabilir. Diger taraftan 

5~ dijitlik DVM' ler veya yilksek hassasiyet! i <yüksek resol­

ution) ADC' ler kul lanılarak daha hassas ölçümler yapılabilir. 
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MtKRO!SLEMC! KONTROLLU AG!RL!K uLCME S!STEM! 

EKLER 

EK-1 .. PROGRAMLAR 

EK-2 .. KULLANILAN ENTEGRE DEVRELER 

EK-3 .. BASK!LI DEVRE SEMALARI 

SUBAT-1990 
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KEY 
TARIH 
PLAKA 
AGRO 
OFFST1 
WGTl 
DE?C1 
DDEP01 
NET1 
NET2 

PPL.A!<A 

DAPLTAR 
AF~ lA C 
!NCR 
DA. TP·, 

EQ.U 2000H 
EQU 2002H 
EQU 20081--( 
EQU 200EH 
EQtJ 2Lı00H 

Ew.U 240•3H 
1="" ' ı .-, /, ii, ... u 
.;....'.:Jıl. \..) ..::... -t-•...; ·--·ı ' 

EQU ~.J.OEH 

EQ.U 241C=H 
EO.!J 2411H 
EQ.U 2412H 
EQU 241.41-1 
EQ.U 2416H 
EQU 2.::.181-: 

EC).U 0700H 

L:( I SP·' ~3FFF!-i 
M\.! I .A., OEH 
DS 30~ 
cr 

TV T 
1-....ı ~'\. ı. 

MU1' 
:; '.! l 

1'1V I 

H.t i<EY 

l\.1 ·ı ~""')U 
~ ; '!' :.. .::... • .: 

r .. ,~o u 
,L_.'•-·.:.ı. i ı 

M'i.! T 
~ ~ \j' .ı. 

:V1\/ I 
r-1v r 

~~ .... 1 :qu 
• ı ,t : -: .. 

1·1. ()DCH 

O~ !C!..J L.! 
l -·'-"!. i'" 

Cı1fr:""!..J ~ıC:"~! 
l '-' - :. : - _;. N 

M;J\;' 

STf:ı.. 

lı M .-. .. :: 

!l.,.,l,r t' 
; '';!.:. 

....>~ '=' ': : .. : 
l .• •_; ·-

T • ..... T 

. ... 



SH:....:ı PPL..Al<A 
SHL~- P j~G IR 

L ::l.,~. ~-ı : ~'J I ~., c;ı~ı ~ .. ·! 
L4,.o.,c;p: MV I C, ()6:-i 

·Er 

TEST: 
M\/! Ht 11H 
MO\J A 1' ~ 

DC-R C 
T tı.r..,. .,..":"1:::''1"" 
·~·ı·-;~ ı.--·~ 

JNZ 
ıvı ,__, ..... ı. 

M"ı../ I 
MVI 
M1J! 
MVI 
MV! 

L4.AOP 

M,. S-OH 
~..f 7~:ı w 
1 ~ ~ 1 ._, ' \ 

M,77H 

M~OOH 

LDA I<E'Y 
CPI OOH 
r:.z s:~·-=~~ r !< 
c~~ r c':: ~i 

c:p I 03H 
CZ LIST:: 

...... ,, r .-"'.,-...ı; 

'-· ;.- i · .. _!·..::.ı i""i 

ez L2 
,.-..Dr ··-· ~ .:. 
,-.. ""':" 1 .-, 
'-·L.. .:......:-.: 

r•o T 1 1 LJ 
1_. ı. ı. - ~ •• 

,-~ ry T /, 
~-- .::... ..__ ~-.. 

T .._r r 
~-'-' 

I...XI 

~A;; r ' . '.' ~ 

!V'ı.r r 

:-i !."ı::..., 
• ''f ,._,__' 

""-·~ c ,-.,u 
ı i • -' \_;: : 

:"ı..A: ... :· c.-LJ 
'.' -- . 

~If T '.;1 Fı_,-..,ı,i 

'. ·.'. 
T i· .. ; VC".l 
:....... '- -, 

T,..... "T'1 1 •:' c:: C 
.... ! - :. _. -· -: -' 

__ r ~ .. 'f·' "'!""ı ı·-~ 

... A -;o~u 

''. ,· ; . 



CT T •-;ı., 
_: ~ :...,. .:...~ .. 

L4AP1.: 

EI 

CPI 20:-! 
JZ SIL.1. 
CPt OSH 

T '7 r'\ıll\I'C"M T 
• • .' .:.... !...' '-'l'•! i..... i' • 

MVT A,C~()H 

MVI 8_.()6}--! 
ST.~ 60rJC!-! 
DC~R B 
T lo 1...,. 

...i !'"·lL 

M'!I 
L. ~( I 

c r r •} 
_; !. ı.....:..::... 

P ~JSH H 

POP H 

\.l !'-. r_.ı_,-~ 
..:'~ -· ' .. ....: 

f'iJS~f D 

r--t'ı.l r r·: 1 n w 
' ' ... ~ ı-· ~ ..... ·-· ' ' 

)(C.HG 

XCHC 

Drlf.::ı r· 
.;. ~_;~ -
r ~ı "".T ,-... 
i ı. "j .·\, ;,._: 

!'o.A r; \: :l ""·1 
ı\ ....... ,, ' • ., ' • 

. ::.; 



DONEMI: 

L2: 

SIL3! 

SIL4: 

CALL '7'IL"!I~.JG 
l'v'f\! T t. ::')rıL: 
~ l V ' n . r_; Vl 1 

STA ~<EY 

E r 
p~ ..... 
... ,.!::. l 

LXI H, SOO OH 
MV ! M. 7:3H 
M\/ r M 3:3H ' . 
MV I M .. ' 

...,.,w 
1 1 ~ ~ 

MV ı M, 76H 
MVI M, 77H 
MV I M OOH ı ı' 

LXI 1-i . ı' !<EY 
Mil ı M, 80H l ~ V 1 

E I 
MO\/ A, M 

i j 

,·•o T 8C'H '-·.:. 1 

T .-, f"" T " ·:> .JL. .:)ıL._; 

CF! 09H 
.JZ DONEMi 
M\/ I 
MVI 

to. f"'.r"\U 
,1"""\ ,.ı, \..J I...J J 1 

B .. ()6H 

DCR B 
Tl\1'7 CT! lı 

•.J i l,j..:.... _: ~ i_; ......... 

r·lV! 8,06H 

PUSH H 

DAD !:J 

POP H 
LDOP4! r·-·tO\/ A :r ~~1 

c:p I e\JH 
JZ LCCP-4 

PUSt-! D 
MOV E,,~, 

·v·!-..L!(-• 
."\. ·-·' l'•.7 

ı""".,... " t.=: ,-., (\ , .... , ~ ... ! 
~ ... -ı. ._, ·-· , __ ; ,_: ~ ; 

MV! M~ ·'3~:~H 
!:"' 

r ":...., 1 r~ ;-,o ·· 
·..ı • ·:.::..... .;...., '-·' ·- ... .._. 



LOOP.::.: MO\f E, M 
M'JI D, t2H 
xcw; 
MO'J .~~ t r~ 

x(:Hc; 
MOV M •. A 
INX H 

DCR B 
JNZ LOOPS 
C.ALL TIMING 

DONEML: MVI A,80H 
STA f<EY 
E! 
RET 

L~· LXI H,BOOOH 
MV I i1, OOH 
MVI M,78H 

He: o: 

M\J I i'l, SCH 
MVI M1 SOH 
M\fT M 7C.ıW 
• ı v i ı ~ t r '-' L • 

MVI M,OGH 
LXI H,KEY 
MVI M,BCI~ 

El 
f"lOV .!!.. ,1'"1 
C? I lOH 

HCl: E I 

TO: 

M\l I .A. ~ 1 ·'31-! 
OUT .::.ı4H 

r1V I ,ll~+ 4()H 
CL.iT 2= SH 
rv;ıJ I ~A.:: OF~.H 

DUT .SOH 
.-.r 
.!::.. .!. 

LX I H. ı . .JGT1. 
MV I B·' C}=::I-1 
MV [ P\t 1CH 
OtJT 5 3H 
T :"\! C:;"'\ U 
.ı. ,\o -' 1_':; 

.fl.~.J I C2H 
.JZ TC 

(:!='H 
M•-..\1 
' . ·-· ·,; M, .. ~. 
ı ~ıv Lı 
~ ı'! .:'\. 

1'1 7 .... t..l r.' ''-" ... ;. 

r~ r. T", ı::- r:ı !-. ~ 
......... -·-· -·· ._, ...... 

c: 
_; 



ILAVE: 

BCD: 

INX H 
CALL CEVlR 
LXI H,DEPO.t 
t i"·JX H 
LX I D, CtDEPO 1 
INX D 
LDAX D 
CMP M 
Tf" TT ı\ \!'C' 

..J \_. .i. ı......ı:.ıı .ı_ 

SUB M 
ll 

STA ~JET 1 
DCX w 

ı. 

DCX D 
I..~DAX [1 

SUB !"! 
C'T't~. 
....ı ı. rı. NET2 
Jf-iF nr•,., 

W'·--U 

SUB ~-1 
AT""ı 
ll .ı..) 1 C lı W 

:_:~t 1 

ST .ll. !'JET 1 

r"ır""'V w 
J..l'-' .i\. il 

DCX D 

SUB I'l 
DCR A. 

LXI H,NET1 
I l'lX H 

PUSH H 

D/J·.D 1) 
XCt-:G 
OılD LJ 
.ı. '-· ~ i. ı 

I f'·.JX 1::: 

r !'T .... J' r·, 
~ • '•i .. -.~ :.... .. 

,-·~rr !..,fı~C)r 

Lt-IL D P _A.:;:; [? 
D,~":: I) 

!'-"!\/! ~ !~()~ 

LC),!l. !<EY 
rcı r r.·-·!J 
~,;. .. 1._1'.:..;:_;. i. 

.J~·r: H·:::: 

[)C~ R .A. 

6 



RESET: 

C:.CE'l IR: 

JZ RESET 
LHLD PT.l'-~.R [H 
CA.~L .A.RT IR 
'3 H L. D P T i\ R. : ~~ 
LHLD PPLAVA 
CALL ARTIR 
SHLD PPLPd<.ll. 
LHLD PAGIR 
Ci\LL }t,RT IR 
SHLD PAGIR 
! MP Hi\ MS I 

ST A. ~!\RA. C 
L~XI H .• <J()H 
SHLD PTARIH 
SHLD PPL~D..!<~A. 

CP I 1 nw 
.J NZ 'vJH.ll. T 
LXI H.61.00H 
f-'1\J! i"l~1.2H 

MV I Mr 9r3H 

ıvtı..' r n ,-.... ·c'C'L.f 
i ~ •.: :. :...' ı,. ··...:· .:.. ~ ~ ~ 

M 1.! T 
<''.i!. 

...... , ,-,ı' 

. '-'V 
il ~...ı 

.'""'. 1.' 

SUB C 
.JP Vı"i 

i1'~V P.. +E:. 

~A ·-: '· .~ !! ~ 
....... J ' • ~ -· 

,_ .. ·-· ı_: 

r • ·::- • .. -...· 
.. ~ - - -

: :~~ :::· .-

,.. .. ~· T"' .:_. -· .. 

1::- ,..,... ::. :-:;- .-.... -, ı~. '_.; 

f ... ' ~.- f \ . : ·~ . 



c;oNv: 

........ ~ .. ·- . ...-... -- ·- -: . --- ··-

MOV A, t'1 

MV! 
~i rJ\/ 
MCV 
üR! 
SL~. 

XCHG 

H. 11H 
f ,1 
i....... ~ •. 

Aı.M 

80H 

CALL CıJNV 

I l'JX H 
c: ı~~ LL C O~·J'v' 
LXI H,610()H 

STA 6C)00H 
RET 
Mı-ı\/ 
~ 1 w li 

XCHG 
M\J r 
MO'J 
MIJV 
ST/\ 

H,11.H 
ı !:; 
o....,..j' .;ı. 

A.~M 
6(1()01-! 

Dp,_[ı D 
Ot:''"!" 
.!.':...:.......:. 

r -ı.r r 
L_,_l 

CUT 
M\! f 
i l\i l. 

LXI 

H !.--'!-'V '-. ~ ı··-~ ~ 

} ••• -ı •::• ,-.• L."l 
ı . :t '-' ··--·' . 

·" ·:::.ı c: u 
.. --~ i' -.. ~· _:' ' 

:~or-: 

D.!:l.PL T,D-,R 
[) .. T.A.F~ i~~ 

r-ıv: c.ı::::H 

·-· ·-· '. ; 

,.-. _, r r -:.•:::: 



ST.A. DAPL TAR 
JNZ BOST....Ul< 
MVI A,2CH 
nr1rr 1.1u 
u~_; ~ '-!" .ı.. • l 

CALL BF 
i'"'1VI A.74H 
OUT 4-lH 
CALL BF 
MVI A,OSH 
OUT 41H 
C~ALL BF 
MIJI A,80H 
STA !<EY 
cr 
;.._ i. 

RET 
BDSLUK: MVI A,20H 

OUT -41H 
C,!I,LL B? 
MV I A. 2()H 
01JT 41H 
c:,Ll~LL BF 
JMP TE}<RA.R 

BF: S1JB .~ 

/l..:: 0:3}-l 

OUT _,.,·-:·u 
'-!"·-·ı i 

Cl: It·-.J 40H 

L~STE: 

;::_.lı"-.! 'T'-
~ . - ' . . 

~Af-J I 02H 

JNZ C1. 

OUT 40H 

._! r-.ı= LıT 
1-.,/f'' '1' !'1 C•!'-.! . ....! 
, , v i r. ~ ' ... )·--'ı; 

E I 

T '\;"' r tJ ı .. • r:' '.r .;,_ ~ .,_ - ı ~ , ~- . . 

r\' 1 M~ !::r:ı;-! 

r--1 \} r _ll" ~ ~:- ·: t-: 
C' ·";· .-''. =: _t:._ ~) ~- ·;' ~~\ E 
! "/ 1 l J .,. :1 ?. f LI 

ilvi . ·, -. ,-., -\ '-'"" 



'C' "A'T- ".i .. 
.i...-l i .ı. ı .. 

SIFIR: 

!JUT 41~ 

CALL BF 
!NX H 

Jl'fZ PRN! 
LDA D.A~PLTAR 

DCR A 
STA 
JNZ 
MVI 
OUT 

DAPLTAR 
EMTY 
!\ t}f\LJ 
rı. ;t ""- '·~' L ~ 

411..{ 

CALL BF 
!'-1\/I A+74H 
OUT 4:!.H 
CALL BF 
MVI A,OBH 
OUT 41H 

MVI A,0:3::-1 
t:'"'T':i r">.\OT 'T'i'!.D 
._r ! f'""'. i-'-"'-1. ~.ı. :"''" . .:.· .. 

[ıC.R C 

MVI Ptt8CJH 
. STA KEY 

ı:;'T 
~' 

L-1 \/ I P·, t :2 {) H 
cnJT 41 H 
,--·..; r r o c 
'-·:...,_.:....:i...: w~ 

MVI A,20H 
OUT 41H 

LX! H~I<EY 

E I 

M\/ I 
r-ı r t'T' '-' 1_, l 

s cı : r N 5 !J ~-~ 
fi_ N I (] :-:: ~-~ 
T"7 en 

·J ..::..... -.J ·--· 

r .,_, c:., L.! 
~ . ·. -' .. ' ' 

M .ı .-. 
' \' 'i/ Ll 



r-- /::.. ~ l f"t:"'•' 1 r, 
-·· .__..;,_ '-·-\.ı ~ ! ...... 

t t-~X D 
J !) ): r-~ 

.,-. ll \ T 
'-· j-, .ı_, .ı_: 

t~'- ı r ı 
ı J \.1 .i 

CE\/ 1 F~ 

r··.J 1 : I'-1\! I .A.. 3F t-l 

J z r .. ı ı 

EI 
RET 

CE\/ IF~: 

t··1 Ci \! C , J!-. 

F~AL 

ADD M 
C"T' n v r;. 
_, .. . ~.!·- ~· 

T1Mil'JC~: Pt.JSH [) 
Pl!SH B 
M'v'I B,01H 

23: MV! C,03H 
22: MVI D,OFFH 
21: MVI E,OFFH 
20: DCR E 

J NZ Z.O 
DCR D 

DCR C 
J 1'-JZ 22 
DCR B 

1 t•.1....., "7 ·:> 
._,ı'lı.L .:.._,._.ı 

POP B 

RET 
ORG 070C'H 
DB 12H.OOH 

DB 54H,41H,52H,49H,48H,20H,20H,20H 
I; B 5 O H , 4 C I~ ~ -4 1 H~ 4 B H • 4 1 H ~ 2 C> H ~ 2 C' 1~ • 2 O }4 



DB 54H,41H,S2H,54H,49H,4DH,OBH,OBH 
ORG 1000H 
DB OOH,OOH,39H,SEH,79H,71H,OOH,OOH 
DB OOH,OOH,7FH,6FH,77H,7CH,OOH,OOH 
DB OOH,OOH,66H,6DH,7DH,07H,OOH,OOH 
DB OOH,OOH,3FH,06H,58H,4FH,OOH,OOH 
ORG 1100H 
DB 3FH,OSH,SBH,4FH,66H,6DH,7DH,07H 
DB 7FH,6FH,77H,7CH,39H,SEH,79H,71H 
ORG 1200H 
DB OOH,OOH,OCH,ODH,OEH,OFH,OOH,OOH 
DE OOH,OOH,08H,09H,OAH,OEH,OOH,OCH 
DB OOH,OOH,04H,OSH,06H,07H,OOH,OOH 
DE OOH,OOH,OOH,01H,02H,03H,OOH,OOH 
END 

12 



-



inter ' ·-

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

• Single +SV Power Supply 

• 100% Software Compatible with 8080A 

• 1.3 p.s lnstruction Cycle (8085A); 
0.8 p.S (808ŞA-2) 

• On-Chip Clock Generat or (w ith External 
Crystal, LC'. or RC Network) 

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

• Four Vectored lnterrupt lnputs (One is 
non-Maskable) Plus an 8080A­
compatible interrupt 

• Serial In/Serial Out Port 

• Decimal, Binary and Double Precision 
Arithmetic 

• Direct Addressing Capability to 64k 
Bytes of Memory 

The Intele 8085A isa complete 8 bit paraUel Central Processing U nit (CPU).Itsinstruction setis 100%softwarecompatible 
with the 8080A microprocessor. and it is designed to improve the preseni 8080A's performanca by highersystem speed. 
lts high level of system integration allowsa minimum system of three IC's [8085A (CPU), 8156 (RAM/10) and8355/8755A 
(ROM/PROM/10)] while maintaining total system expandability. The 8085A-2 isa faster version of the 8085A. 

The 8085A incorporates all of the features that the 8224 (clock generator1 and 8228 (system controllerı provided forthe 
8080A, thereby offering a high level of system integration. 

The 8085A uses a multiplexed data bus. The address is split between the 8 bit address bus and the 8 bit data bus. The 
on-chip address Iatehes of 8155/8156/8355/8755A memory products allow a direct inter!ace with the 8085A. 

I'OWER {- <5V 
SUPPLY -GHO 

x, 
x, 

RST&.5 TRAP 

TIMING AND C0NTMH. 

INSTAUCTIO.. 
OECODER 

AND 
MACHINE 

CYCLE 
ENCOOING 

SIO SOO 

c 
AEG. 

E 
AEG. 

l 
AEG. 

STACK POINTER 

PROGtiAM COUNTER 

Flgunı 1. 808SA CPU Functlonal Block Diagram 
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X ı vee 
x: HOLD 

RE;SETOUT HLOA 
soo cLK ıoun 
S>O R"ESEiiN 

- TRA, REAOY 
AST7.5 ıotM 

• RST8.5 sı 
~ RST 5.5 9 Ri5 

INTR W. 
iiiTA ALE . 

ADo So 
ADı Aıs 

AD2 Aı• 
AD3 Aı3 

AD• Aı2 

ADs All 
ADo Aıo 

AD7 Ag 

•ss ... 

Flgure 2. 8085A Pinout Diagram 

8085A FUNÇTJONAL PIN DEFINITION 
The following d~scribes the function of each pin: 

Symbol Funclion 

As-A ıs Address Bus: The most significant 8 
(Output, 3-ııtate) bits of the memory address or the 8 

bits of the 1/0 address, 3-stated dur-
ing H old and Halı modes and during 
RES ET. 

ADo-7 Multiplexed Address/Data Bus: Low-
(lnput/Output, er 8 bits of the memory address (or 
3-state) 1/0 address) appear on the bus dur-

· ing the first clock cycle iT state) of a 
machine cycle. lt then becomes the 
data bus during the second and third 
clock cycles. 

ALE Address Latch Enable: lt occurs dur-
(Output) ing the first clock state of a machine 

cycle and enables the address to get 
latched into the on-chip latch of pe-
ripherals. The taliing edge of ALE is 
set to guarantee setup and h old times 
for the address information. The tali-
ing edge of ALE can alsa be used to 
strobe the status information. ALE is 
never 3-stated. 

So. Sı, and 10/M' 
(Output) Machine cycle status: 

ı o tM Sı So Status 
-0- o 1 Memory write 

o 1 o Memory read 
o 1 1/0 write 

1 o 1/0 read 
o 1 1 Opcode fetch 

1 1 lnterrupt Acknowledge 
o o H alt 
X X H old 
X X Reset 

• = 3-state (high impedancel 
X = unspecified 

Symbol Functlon 

Sı can be used as an advanced R/W 
status. 10/M,So and Sı become valid 

at the beginning of a machine cycle 
and remain stable throughout the 
cycle. The taliing edge of ALE m ay be 
used to latch the state of these fines. 

RO READ control: A low level on Rö in-
(Output, 3-state) dicates the selected memory or 1/0 

device is to be read and that the Data 
Bus is available for the data transfer. 
3-stated during Hold and Halı modes 
and during RESET. 

WR WRITE control: A low level on WR in­
(Outpul, 3-state) di ca tes the data on the Data Bus is to 

be written into the selected memory 
or 1/0 location. Data is set up at the 

READY 
(lnput) 

HOLD 
(lnput) 

HLDA 
(Output) 

INTR 
(lnput) 

6-10 

trailing edge of WR. 3-stated during 
Hold and Halt modes and during 
RES ET. 

If READY is high duringare ad or write 
cycle, it indicates that the memory or 
peripheraf is ready to send or receive 
data. If READY is low, the cpu will 
wait an integral number of clock 
eyetes for READY to go high before 
completing the read or write cycle. 
READY must canform to specified 
setup and hold times. 

HOLD indicates that anather 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 soan as 
the comptetion of the current bus 
transfer. Internal processing can con­
tinue. The processor can regain the · 
bus only after the HOLD is removed. 
When the HOLD isacknowledged, the 
Address. Data. RO. WR, and ıo!M 
lines are 3-stated. 

HOLD ACKNOWLEDGE: lndicates 
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 alter HLDA goes low. 

INTERRUPT REQUEST: is usedas a 
general purpose interrupt. lt is sam­
pled only during the next to the last 
clock cycle of an instruction and dur­
ing Hold and Halt states. If it is active, 
the Program Counter ı PC ı w ili be in­
hibited from inerementing and an 
IN TA w ili be issued. During this cycle 
a REST ART or CALL instruction can 
be inserted to jump to the interrupt 
service routine. The INTR is enabled 
and disabled by software. lt is dis­
abled by Reset and immediately alter 
an interrupt is accepted. 
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8085A FUNCTIONAL PIN DESCRIPTION (Contlnued) 

Symbol 

INTA 
(Outpul) 

RST 5.5 
RST 6.5 
RST 7.5 
(lnpuls) 

TRAP 
(lnput) 

RESETIN 
(In put) 

Name 

TRAP 

RST 7.5 

RST 6.5 

RST 5.5 

INTR 

NO TES: 

functlon 

1:NTERRUPT ACKNOWLEDGE: ls 
used instead of (and has the same 
timing as) Ri5 during the lnstruction 
cycle alter an INTR is accepted. lt can 
be u sed to activate the 82591nterrupt 
chip or some other interrupt port. 

RESTART INTERRUPTS: These three 
inputs have the same timing as INTR 
exce;:ıt they cause an internal RE­
ST ART to be automatically inserted. 

The priority of these interrupts is 
ordered as shown in Table 1. These 
interrupts have a higher priority than 
INTR. In addition, they may be indi­
vidually masked out using the SIM 
instruction. 

Trap interrupt is a nonmaskable RE­
S'T'ART interrupt. lt is recognized at 
the same time as INTR or RST 5.5-7.5. 
lt; is unaffected by any maskor lnter­
rupt Enable.lt has the highest priority 
of any interrupt. (See Table 1.) 

S~ts the Program Counter to zero and 
resets the lnterrupt Enable and HLDA 
flip-flops. The data and address bu ses 
and the controllines are3-stated dur­
ing RESET and because of the asyn­
chronous nature of RESET, the pro­
cessor's internal registers and flags 
may be altered by RESET with unpre­
dictable results. RESET IN is a 

RESET OUT 
(Output) 

X ı, X2 
(In put) 

CLK 
(Output) 

SID 
(lnput) 

soo 
(Output) 

Vee 
V ss 

Functlon 

Schmitt-triggered input, allowing 
connection to an R-C network for 
power-on RESET delay. The cpu is 
held in the reset condition as Jong as 
RESET IN is applıed. 

lndicates cpu is being reset. Can be 
used as a system reset. The signaı is 
synchronized to the processor clock 
and lasts an integral number of clock 
periods. 

X ı and X2 are connected to a crystal, 
LC, or RC network todrivetheintemal 
clock generator. X ı can also be an 
external clock in put from a logic gate. 
The in put frequency is divided by 2to 
give the processor's internal oper­
ating frequency. 

Clock Output for use as a system 
clock. The period of CLK is twice the 
X ı, X2 input period. 

Serial inputdataline. Thedata on this 
line is loaded into accumulator bit 7 
whenever a RIM instruction is exe­
cuted. 

Serial output data line. The output 
SOO is set or reset as specified by the 
SIM instruction. 

+5 volt supply. 

Ground Reference. 

TABLE 1. INTERRUPT PRIORITY, RESTART ADDRESS, AND SENSITIVITY 

Address Branched To (1) 
Prlorlty When lnterrupt Occurs Type Trlgger 

1 24H Rising edge AND high leveı until sampled. 
' 2 3CH Rising edge (latched ). 

3 34H High level until sampled. 

4 2CH High level until sampled. 

5 See Note (2). High level until sampled. 

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

acknowledged. 

6-11 
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FUNCTIONAL DESCRIPTION 
The 8085A is a complete 8-bit parallel central processor. 
lt is designed with N-channel depletion loads and requires 
a single +5 volt: supply. lls basic clock speed is 3 MHz 
i 8085A ı or 5 M Hz 1 8085A-2i, thus improving on the preseni 
8080A's performanca with higher system speed. Also it is 
designed to fit iiıto a minimum system of three IC's: The 
cpu i8085A \. a RAM/10 (81561, anda ROM or EPROM/10 
chip !8355 or 8755Ai. 

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 8085A registerset is as follows: 

Mnemonic Aegister Contents 

ACCorA Accumulator 

PC ~rogram Counter 

BC,DE,Hl Generai-Purpose 
Registers; data 
pointer (H lı 

SP Stack Pointer 

8bits 

16-bit address 

8 bi ts x 6 or 
16 bits x3 

16-bit address 

Flagsor F Flag Aegister 5 flags (8-bitspace) 

The 8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address B us and the lower 
8-bit Address/Data Bus. During the first T state (clock 
cycle i 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 i. During the rest of the machine cycle the data bu s is 
used for memory or 1/0 data. 

The 8085A provides m5, WR, S0, s,, and 10/M signals for 
bus control. An ,lnterrupt Acknowledge signal (iNTA) is 
also provided. HOLD and all ınterrupts are synchronized 
with the processor's internal clock. The 8085A also pro­
vides Serial lnput Data (SID) and Serial Output Data 
(SOO) 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 1/0 
The 8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, 
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 bul it is nonmaskable. 

The three maska.ble interrupts cause the internal execu­
tion of RESTART i 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
maskabi e TRAP causes the internal execution of a 
REST ART vector independent of the state of the inter­
rupt enable or masks. !See Table 1.; 

There are two different types of inputs in the restart in­
terrupts. RST 5.5'and RST 6.5 are high Jeve/-sensitive like 
INTR ;and INT on the 8080> and are recognized with the 
same tıming 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 Seetion 5.2.7.1 The RST 7.5 request flip-flop remains 

set until the request is serviced. Then it is reseı auto­
matically. This flip-flop may also be reseı by using the 
SIM instruction or by issuing a RESET IN to the 8085A. 
The RST 7.5 internal flip-flop will be set by a pulse on the 
RST 7.5 pin even when the RST 7.5interrupt is masked out. 

The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. , See SIM 
C~p~5. , 

The interrupts are arranged in a fixed priority that deter­
mines which interrupt is to be recogniz.ed 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 useful for catastrophic events such 
as power failure or bus error. The TRAP input is recog­
nized just as any other interrupt bul has the highest 
priority. lt is not affected by any flag or mask. The TRAP 
input is both edge and /eve/ sensitive. The TRAP input 
must go high and remain high until it is acknowledged. 
lt will not be recognized again until it goes low, !hen high 
again. This avoids any false triggering due to noise or 
logic glitches. Figure 3 illustrates the TRAP interrupt 
request circuitry within the 8085A. Not e that the servicing 
of any interrupt iTRAP. RST 7.5, RST 6.5, RST 5.5, INTR) 
disables all future interrupts lexcept TRAPs: until an El 
instruction is executed. 

[

IOETHE 

EXTERNAL 8085A 
TAAP 
INTERRUPT 
REQUEST AP 

l INTERNAL 
TRAP 

ACKNOWLEOGE 

TRAP F.F. 

Figure 3. TRAP and RESET IN Circuit 

The TRAP interrupt is special in that it disables interrupts, 
but preserves the previous interrupt enabl.e status. Per­
forming the first RIM instruction fo!lowing 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 lnterrupt Enable status, 
revealing that lnterrupts are disabled. See the descrip­
tion of the RIM instruction in Chapter 5. 

The serial 1/0 system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SlM sets the 
SOO data. 
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DRIVING THE Xı 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 sourde. The driving frequency must be at 
least 1 M Hz, and mu st be twice the desired internal clock 
frequency; hence, the 8085A is operated with a 6 MHz 
crystal !for 3 M Hz clock\, and the 8085A-2 can beoperated 
with a ı o M Hz crystal ıfor5 M Hz clockl.lf acrystal is used, 
it must have the following characteristics: 

Parallel resonance at twice the clock frequency desired 
Ct ıload capacitance' ~ 30 pf 
Cs ıshunt capacitanceı ~ 7 pf 
Rs ıequivalent shunt resistance ~ 75 Ohms 
Drive level: 10 mW 
Frequency tolerance: :±:.005% suggestedi 

Note the use of the 20pF capacitor between X2 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: 

f = -=---===== 2r.JUCext + Cint) 

x, 
----, 

ı 

1 Cwr 
_L •15pF 
"T'" 

ı 
2 ı 

x, ı ___ _ı 

A. Quartz Crystal Clock Driver 

---ı 

le,..,. 
ı 

...1.. •15pf ..... 
ı 

ı x._ __ __ı 

B. LC Tuned Clrcult Clock Driver 

r •10K 

C. Re Clrcull Clock DriYer 

Flgure 4. Clock Driver Clrcults 

8085A 

IIOBSA 

808SA 

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 ot an LC circuit is not recom­
mended for frequencies higher than approximately 5MHz. 
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An RC circuit may be usedas the frequency-determining 
network for the 8085A if maintaining a precise clock fre­
quency is of no importance. Variations in the on-chip 
timing generatian can cause a wıde variation in frequency 
when using the RC mode. lls advantage is its low com­
ponent cost. The driving frequency generated by the 
circuit shown is approximately 3 MHz. lt is not recom­
mended that frequencies greatly higher or tower than this 
be attempted. 

Figure 4 shows the recommended clock driver circuits. 
Note in D and E that pullup resistors are required to 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 X ı and leave X2 open­
circuited (Figue4D i. If the driving frequency is from 6 M Hz 
to 1 O M Hz, stability of the clock generator w ili be improved 
by driving both X ı 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 Xı through the driving circuit. 

+S V 

470!1 
TO 
ıK n 

•x2 LEFT FLOATING 

Low time > 60 ns 

1 x, 

O. 1-6 MHz lnput Frequency Extemal Clock DriYer 
Clrcull 

+S V 
Low time > 40 ns 

47001 
)>+-....:.--!X ı 

47on 

E. 1-10 M Hz lnput Frequency Exlem.ı Clock Driver 
Clrcull 

• . 
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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 
• CLEAR is low-level active. 

ClEAR 
ALE- CLK 

""D"" 
F/F 

+SV-o 

8085A 
CLK OUTPUT - CLK 

1-'o=------ıo 

"D" 
F/F 

TO 
8085A 
REAOY 

Q INPUT 
r-~ 

Figure 5. Generatian of a W alt 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 w ith it by floating theAddress and Data 
Buses. 

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

• 2K Bytes ROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8-bit 1/0 Ports 

• 1 6-bit 1/0 Port 

• 4 lnterrupt Levels 

• Serial In/Serial Out Ports 

This minimum sys,tem. using the standard 1/0 technique 
is as shown in Figure 6. 

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

The 8085A cpu can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. lt will require a simple 8212 i8-bit latch) as shownin 
Figure 8. 

- TIW' 
x, x, RESET IN 

~ HOLD - RST7.S HLDA :---- RST&,5 
808SA soo ~ - A$15,5 SID ro-- INTR 

··~ - ıım; RESET s.r-4DDRI DUT 
AOOR DATA AI.E Rf) 9iA tO!fii RDY CLK 

vj 
Vee .., .. , 1 

IH- CE POR!~ 
iili PORT~ 
llli8156 B 

ALE PORT~ 
DATAI C IS) 
ADDR 

IN 
10/&l n.MER f:= RESET OUT 

iöii 

Illi 

.. LE pv PORT IH- ~ A 

1~ 
U\ ...... 
1 V 8355/ 

8755A 
DATA/ 
AOOR 

lO~ PORT ~ RESET B 

t-· ~- RDY rJ CC 

t- CLK iOR 

vlvLJJROG 
Vee 

Vee 

.,_)' V' 1 
•NQTE: OPTIONAL CONNECTION 

Figure 6. 8085A Minimum System (Standard JiO 
Technique) 
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8085" MINIMUM SYSTEM CONFIGURATION 

" 
b-"-··-··----------------~~------~~~------~~~----~~~~-----------,/ 
~A~----------1-----~~----~~~ '---r+--------~" AD07 

8085A 

RE SET 

ı 
ı. 

:TtMER 
j IN 

8156 8355 [ROM + 1/0] 
OR [RAM + 110 + COUNTERrrlMER] 

8755A [PROM + 1/0] 

"NOTEo OPTIONAL CONNECTION B 8 8 
Flgure 7. MCS-85'" Minimum System (Memory Mapped 110) 

- TRAP 
x, x, RESET IN HOLD 1---- RST7 HLOA ı-- RST6 soo 1---- RSTS 8085A sıoı-- INTR s, ı-- ili1'IA RESET s. ı-AOORI OUT 

AOOR DATA ALE im Pm 10/M ROYCLK 

lll lll 

IOiii ICS. 

Wl\ 

8212 !- lffi 

DATA 

STANDARD 

-" ME~ V 

1 AOOR ICS) 

r 
1111 

f- CLK 

RESET 

10/M ccsı IIOFOA 

iili 

~ Illi 

DATA 

STANDARD 
1/0 

"""" 
001 1 1 r Ya: 

Ya: 
Ver 

Figure 8. MCS-85'" System (Uslng Standard Memorln) 
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BASIC SYSTEM TIMING 
The 8085A has a mulliplexed Data Sus. ALE is used as a 
strobe to sample the tower 8-bits of address on the Data 
Sus. Figure 9 shows an instruction fetch, memory read 
and 1/0 write cycle 1 as would occur during processing of 
the OUT instructioni. Note that during the l/0 write and 
read cycle that the 1/0 port address is copied on both the 
upper and lowe~ half of the address .. 

There are seven •possible types of machine cycles. Which 
of these seven takes place is defined by the status of the 
three status lines 110/M, Sı. So• and the three control 
signals 1RD. WR, and INTA:. •See Table 2.ı The status 
lines can be used as advanced controls :for device selec­
tion. for example '· since they become active at the T 1 

state, at the outset of each machine cycle. Control lines 
RO and WR beç;ome active later. at the time when the 
transfer of data is to take place. so are used as command 
lines. 

A machine cycle normally consists of three T states, with 
the exception of OPCODE FETCH, which normally has 
either tour or six T states 1 unless W AIT 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. 

CLK r, 

As-A,5 ~ IHIGH ORDER AOORESS1 

AD .. 7 

DATA FROM 
MEMCRY 

(INSTRUCTIONl 
ALE 

Ro 

WR 

ıo!M 

STATUS S1So CFETCHI 

Flgure 9. 8085A Basic System Timing 

T ABLE 2. 8085A MACHINE CYCLE CHART 

STATUS CONTROL 
MACHINE CYCLE 

10/M St SO RO WR INTA 

OPCODE FETCH IOFI o 1 1 o 1 l 
MEMORY REAO (MAl o 1 o o 1 1 
MEMORY WRITE IMWI o o ı ' o ı 
110 READ liORJ ıı ı f o o 1 1 
1/0 WRITE HOWI o ı ı o 1 
ACKNOWLEDGE 
OFINTA 

BUSIDLE 

ll NAl 

1811· DAD 

ACK.OF 
AST.TRAP 
HA.LT 

ı 

o 
1 1 ı 

ı o ı 

o 
ı 

1 1 1 1 1 1 
TS O 0 TS TS ı 

TABLE 3. 8085A MACHINE STATE CHART 

Machine 
S tat e 

Tı 

Tı 

TwAıT 

T• 

Ts 

T6 

TRESET 

ı THALT 

THOLO 

O • Logic ''O" 
1 ... Logic ··ı·· 

St:.ttus & Buses Control 

-'ı ı __ ı._ı 
S1,SO 10/M Aa-Aı5 JAD0 -AD7 RD,wR:rNTA'AlE 

X X X X 1 IX 1 
0

1• 
X X X i X X 

X X xl X X xıo 
xx xix x x·oı 

1 O • X ' TS 1 1 ı O i 

1 o· : ~~ : : ı ~ ı 
x~
1 

~~T~OS:. TS TS ı TS ıl O ı 
~: ~~ ~ :1~ 

TS • High tlftl'edanct 

X • UnSP«ifi.t 

• ALE not gerı~rat~ during 2nd and Jrd rnac"'•"t' :~ciM of CAD inSti"UCt•orı. 

t 10/M ~i ourıng T4-T6 of INA m~hıne-cvcı~. 

(PC+ 1)H lO PORT 

DATA TO MEMORY 1 

OR PERIPHERAL. f 

ı 

10 tREADI 01WRIT( ll 
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8085A/8085A-2 

TABLE 4. ABSOLUTE MAXIMUM RATINGS• 

Ambient T~mpcrature Undc1 Bias ......... o''c to 70°C 
S tarage Temperature . . . ... -65'·c to+ 150''c 
Voltagc on Any Pin 

With Respect to Ground ... 
Power Dissipation .. 

. ..... -0.5V to +7V 
1.5 Watt 

T ABLE 5. O.C. CHARACTERISTICS 

"COMMENT 

Stresses above those lısted under'"Absotut.e Ma:ıı:ımum Ratıngs·· maycausE' 
permaneni damaoe to lhE' devıce. Thıs ısa stress ratmg on~\' and funct•onaı 
operahen of the- devıce at lhese or an'!ıo other condn,ons: aboveo those 
rndıcated ın the operatıcnal sectıons ot thts specıircahoo ts not imphed. 
Exposure to aosoıute maxımum ratınç condıhons for N.IPnded pE'uods 
may aifeel devıce relıabılıty. 

(TA = 0°C to 70°C; Vee = 5V :!:5%; V ss = OV; unless otherwise specified) 

Symbol l Parameter Min. Max. Units Test Conditions 

v,L 1 lnput Low Voltage -0.5 +0.8 ı V 

v,H ı lnput High Voltage 2.0 Vcc·+0.5 V 

VoL ı Output Low Voltage 0.45 V 'oL= 2mA 1 

V oH ı Output High Voltage 2.4 V loH = -400ıtA 

Ice 
1 

Power Supply Current ı 170 mA 

llL 
1 lnput Leakage ±10 ııA V;n =Vee 1 1 

ILO ! Output Lea kage ±10 ııA 0.45V ~V out~ Vee 

VrLR ı lnput Low Level, RESET -0.5 -+{).8 ı V 

VrHR 1 lnput High Level, RESET 2.4 Vee +0.5 ı V 

VHY 
1 

Hysteresis, R ESET 0.25 V 
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Symbol 

'eve 
lı 

12 

t,,t, 
lxKR 
lxKF 
t,.c 
tACL 
t,.o 
tAFR 

ı,.l 

!All 
tARY 
tc,. 
Ice 

lcL 

tow 
tHABE 
tHABF 
IHACK 
tHDH 
tHos 
tlN H 

tıNs 

tlA 
ILC 

tlCK 
tlDR 
tLDw 
lll 
tlRY 

TABLE 8. A.C. CHARACTERISTICS 

T,.=O"Cto70"C;Vcc=5V ±5%;V55 =0V 

Paramatar 8085A121 

Min. Max. 

CLK Cycle Period 320 2000 
CLK Low Time (Standard CLK Loadlng) 80 

CLK Hlgh Time (Standard CLK Loadlng) 120 

CLK Rise and Fall Time 30 
Xı Alsing to CLK Rising 30 120 
Xı Alsing to CLK Falling 30 150 
Aa-15 Valid to Leading Edge of Controll11 270 
Ao-7 Valid to Leading Edge of Control 240 
Ao-1s Valid to Valid Data In 575 
Address Float After Leading Ed ge of 

READ (INTA) o 
Aa-ıs Valid Before Trailing Edge of ALEI11 115 
Ao-7 Valid Before Traillng Edge of ALE 90 
READY Valid from Address Valid 220 
Address (Aa-1s) Valid After Control 120 
Wldth of Control Low (RO, WR, INTA) 

Edge of ALE 400 
Tralling Edge of Control to Leading Edge 

of ALE 50 
Data Valid to Trailing Edge of WRITE 420 
HLDA to Sus Enable 210 
Bus Float After HLDA 210 
HLDA Valid to Trailing Edge of CLK 110 
HOLD H old Time o 
HOLD Setup Time to Trailing Edge of CLK 170 
INTR H old Time o 
INTR, RST, and TRAP Setup Time to 

Falling Edge of CLK 160 
Address Hold Time After ALE 100 
Trailing Edge of ALE to Leading Edge 

of Control 130 
ALE Low During CLK High 100 
ALE to Valid Data During Read 460 
ALE to Valid Data During Write 200 
ALEWidth 140 
ALE to READY Stable 110 

6-18 

808SA·2121 
Unlts 

Min. Max. 

200 2000 n s 
40 n s 

70 n s 

30 n s 
30 100 n s 
30 110 n s 
115 n s 
115 n s 

350 n s 

o n s 
50 n s 
50 n s 

100 n s 
60 n s 

230 n s 

25 n s 
230 n s 

150 n s 
150 ns 

40 n s 
o n s 

120 n s 
o n s 

150 n s 
50 n s 

60 ns 
50 n s 

270 n s 
120 n s 

80 n s 
30 n s 



8085A/8085A·2 

Tabla 6. A.C. Characterlstlcs (Cont.) 

Symbol Parameter sossAl21 ı 8085A·2121 
Min. 1 Max. ! Min. 

IRA E Tralling Edge of READ to Re·Enabling 150 

ı 
i 90 

of Address 
1 

'Ro READ (or INTA) to Valid Data i 300 i 

ı 
'Rv Control Trj~iling Edge to Leading Edge 400 

1 
220 

of Next Control 

'RDH Data Hold Time After READ INTAf7l o 1 o i 
' 

IRYH READY Hold Time o i o 
i 

IRYS READY Set up Time to Leading Edge 110 
1 

100 
of GLK 

'w o Data Valid After Trailing Edge of WRiTE 100 1 60 
ı 

twoL LEADING Edge of WRITE to Data Valid ! 40 

Not es: 
ı. Ae·Aıs address Specs apply to 10/M, So. and S1 except A8·A15 are undefined during T 4·T 6 ol OF cycle 

whereas IOiM, So. andS1 are stable. 

2. Tes! conditions: teve=320ns (8085A)I200ns (8085A·2); CL= 150pF. 

3. For all outpul timing where CL= 150pF use the following correclion factors: 
25pF"' CL< 150pF: -0.10ns/pF 
150pF <CL"' 300pF: +0.30ns/pF 

4. Output timings are measured wilh purety capacilive load. 

Max. 

150 

20 

5. All timings are measured at output volage VL = o.sv. VH = 2.0V. and 1.5V w ith 20ns rise and lafitime on inputs. 

6. To caıculate timing specifications at other vaıues of teve use Table 7. 
7. Data nold time is guaranteed unoer allicading conditions. 

lnput Waveform for A.C. Tesıs: 
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8085A/8085A-2 

TABLE 7. BUS TIMING SPECIFICATION ASA Tcvc DEPENDENT 

8085A 8085A-2 

1AL - (1/2) T -45 MIN 1AL - (1/21 T- 50 

tlA - (1/2) T- 60 MIN tlA - (112) T- 50 

1LL - (1/2) T- 20 MIN 1LL - (1/21 T- 20 
i 1LeK - (1/2) T- 60 MIN 1LCK - 11/2) T- 50 

1Le - (1/2) T- 30 MIN 1Le - (1/21 T- 40 

tA D - (5/2 + N) T - 225 MAX 1AD - (5/2+ N) T -150 

i 1Ro - (3/2 +N) T- 180 MAX 1RD - (3/2 +N) T -150 

1RAE - (1/2) T -10 MIN 1RAE - (1/2) T -10 

1eA - (1/2) T- 40 MIN 1eA - (112) T- 40 

1ow - (3/2 + N) T- 60 MIN 1ow - (3/2 +N) T- 70 

1wo - (1/2) T- 60 MIN 1wo - (1/2)T- 40 

1ec - (3/2 + N) T - 80 MIN 1ee - (3/2 + N) T - 70 

1cL - (1/2) T -110 MIN 1eL - (1/2) T- 75 

1ARY - (3/2) T- 260 MAX tARY - (3/21 T- 200 

tHACK - (1/2) T- 50 MIN 1HACK - !1/2) T- 60 

tHABF - (1/2)T+50 MAX 1HABF - (1/2) T + 50 

1HABE - (1/2) T + 50 MAX 1HABE - (1/2) T + 50 

1AC - (2/2) T- 50 MIN 1AC 
- (2/2) T- 85 

ı, - (1/2) T- 80 MIN ı, {1/2) T- 60 

t2 - (1/2) T- 40 MIN t2 - (1/2) T- 30 

tAV - (3/2) T- 80 MIN ı 

ı 1RV - (3/21 T- 80 

(4/2) T- 180 MAX (4/2) T- 130 

NOTE: N is equat to the total W AIT states. NOTE: N is equal to the total W AIT states. 

T = tevc- T= tcvc-

X1INPUT 

---•2---...ıı--~·· 

CtK 
OUTPUT j li-··-

! tcvc -------i 
txııtFj-

Flgure 10. Clock Timing Waveform 
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MIN 
MAX i 
MAX i 
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MIN i 
MIN i 
MIN i 
MIN ı 
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MIN 
MAX 
MIN 
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ı 

MAX 
MIN 
MIN ı 
MIN ı 
MIN 
MAX 



8085A/8085A-2 

Read Operation 
r, ı r, 

CLK\ 1 \ 1 
'------J ,'------' \._____.! 

~ 1Lctı:-! ı~ 

l A::JDRESS 

l.- 1RA.E -~ ı----!---------- 1A0--1 1 HDH--~ ~-
. 

1 rnr--,.rrrTr.r----~',.., l ,.----
AD0-AD, X !ADDRESS~ ;.<Wl)( ::JATAIN ı) K 

! 1 1 ' i' ',-----ı-- t~ l -\ ı.-,__ tLA -1 j 
1 ı ı: ,ı . 

ALE}. ~ 'AFR-~;- 1
LDR i'CL-Jtı 

RD!INTA 

Write Operation 

. ·ı ı i' 1 ' 1 

- !AL-~! ı ... , :~~~~=---:::=======----}J 1 

~ 1Lc--~~· -----------------~~· 
' 1 
~-·-~tAc----ı 

T, 

\.__ ...... / \._ _ __./ 

ADDRESS 

i f-••ow~ !'CA 
X ADDRESS K DATAOUT K 

ALE 

H-·LL-l~tLA~ ~ 'ow t-'wo-

1 - 'woL 1/ 

ı--• ... -
'cc 

~'•c- 'cL-oo 

'"c 

Read operation wlth WaH Cycle (Typical} - same READY tıming applles to WRITE operallon. 
1 r, T, 1 r....,. r, 

CLK 1 1 

ALE 

ı-- ILC«- ı-'c:A-1 ı 
1 ) i ADDRESS 1 X i ' 

1 
ı .. DH-1 IR.Af.-ı . ..., ı- 1 1 1 

) ; ADDRESS 1' 1/, 1111/J DATAIN l.;.. j. 

H-···- ~·LA-L ı 
i ı i 

1 

lAFfl-
'LDI1 i 'c' i' 

~ ... _ ı: 
ı 

'oc .ı 
'cc y 1 

1--'LC-!\. ...__ ..... n ,__,_____ . ..,-ı 
lAflll V .... .... If!: YI .... 

READY X li/1/1//IA. 1 
NOTE 1: RE ADV MUST ROIAIN ST AalE. DURING SET UP AND HOLO TIMES. 

Flgure 11. B085A Bus Tlmlng, Wllh and Wlthout Walt 
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8085A/8085A-2 

Hold Operation 

CLK 

HOLD 
-+----J! 

ı-twos~1HOH 
HlOA ı 

SUS !ADDRESS. CONTROLSl 

Flgure 12. 8085A Hold Timlng. 

~ i 
ı ....... 

)1 AD.,_, H CA:LL INST. 

ALE ı 1------- SUS FLOATING" ------j 

iiö 

iNTA 

·~ 
~~--------~1 ' ı \ 

'----;.....--~ ...... r '-----
, 

HOLO 

•ıo;M IS ALSO FLOATING DURING THtS TIME. 

Flgure 13. 8085A lnterrupt and Hold Timing 
\ 
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8085A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING 
Table 6-1 

la«rucııon Cod• (1) lnuructiOA Cedtı (1, 
Mn•monic Dncrıptlon Dı o, Ds Dt OJ Dı Dı Do Mnemonit Onaiptien Dı D6 Ds o, DJ 02 Dı Do 

MOVE. lOAD. AND STORE 
M0Vr1 r2 Mow rtftSifl to r•~ster D D D ez C.ll on z~o 

MOVM.r Mow ~ısler ro memory f.NZ c.ıı on no mo 

MOVr.M Mowt" mtmory ıo regıs~r D cr ean on pcısttiw 
MVIr Mow '"'medtııttrt!J1Ster D CM C all on mınuı 

MVIM Molılt ımme(kate memot)t CPE c~ıı on p~rıtv tW'tn 

LXI B l~ ımmed11te rrgister CPO Cal/ on ınrıtv odd 

PaırSSC RETURN 
LXI D load ımmtd~Mt ~gıster RET Ret um 

Paı~OSE RC Return on cırry 
LXI H lo~;:: ımmt~e register RNC Retum on no carry 

Paır H S l 
RZ Return on mo 

STAX 8 Store A •ndı~t 
RNZ Return on no ZffO 

STAX O Store A ınchrut 
RP Return on positiw 

LOAX B lo.C A ındıtPtt 
RM Return on minus 

LOAX O Lorw A rndift.ct 
RPE Relurrı on parity tvtn 

STA Store A d~tU:t 
RPO Return on parity add 

LOA l~cıAdırttt 
RESTART 

SHLO Ston H & l dirttt 
RST Restart A A A 

LHLD Lood H & L dimt 

XCHG txchon;ıo O & E. H & L 
INPUT/OUTPUT 

Aegısters IN lnput 

STACK OPS OUT Output 

PUSH B Push r<q<mr Pı;r B & INCREMENT AND OECREMENT 
Corım:k INR r lncrtmentregister o o o 

PUSH O Pustı rtgımr Ptir O & DCR r Decremrnt regisıer o o D 
E on stad INA M Inerement memory 

PUSH H Push ~ıner hfr H & DCR M Decremtnt meınory 
L on sta:k INX B lncrtment B & C 

PUSH PSW Push A oru! Flıgs regrstm 
on sıock INX O Inerement D & E 

POP B Poo regtst!f Pair 8 & regis:ten 
C off stack, INXH Inerement H & l 

POP O Poıı registtr Pair D & ngisten 
EoHmck 

OCX B Deereınan 8 & C 
POPH Pop rogisıor Pıir H & ocx o Oecrement D & E 

L off mc:k 

POPPSW Pop A ınd flıgı 
OCX H Oecrtmef1tH&L 

off sıack AOO 

XTHL Eıı:Nngo top of AOOr Add rf91strrto A 

StJCk. H & l AOCr Add regtttertoA 

SPHL H & l to Sbck pointer wıthcırrv 

LXI SP load immedia Sbek AOO M Adet memor,:toA 

poinıer AOCM Add mrmory ta A 

INXSP lncrtmtnt sucl. pointer wıthcarry 

DCX SP Oecmnent stiCt ADI Add imrntdiatt to A 

poinbf ACI Add immedim 10 A 

JUMP with urry 

JM~ Jump untondilional n OAO B Add8&CtoH&L 

JC Jump on ttrrv 
OAO O AddO&EtoH&L 

J~C Jump on ııo tiPV 
OAOH AddH&LtoH&L 

JZ Jump on ıtn1 ı 
OAOSP Add st.ck pemlet' to 

H&L 
JNZ Jump on no ıera o 
JP Jump on POii1iw o SUBTRACT 

JM SUB 1 Subtrıcı ,.ıer 
Junapon...._ 

tromA 
JPE Jump on panty am 

SBB 1 Subuact rqt~~er from s s s 
JPO Jump an Nrity odd Aııınthboffew 

'CHL H&Lıop,_ SUBM Suhi«KI meaory 
countar tromA 

CA ll SBBM Subtıa:t me.orv kom 
CI.LL C.llurıcondrti- ' A wtrhhorriM 

cc Callorıuny o SUl Sublra:tun.lllld111r 

c~ c tali on no c:.ry o homA 

"All mnemonics copyrighted<<·lntel Corporation 1976. 
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MMmonic. Otscription 

SBI 

LOGICAL 
ANAr 

XRAr 

ORAr 

CMPr 

ANAM 

XRA M 

ORAM 

CMPM 

ANI 

XRI 

ORI 

CPI 

ROTA TE 
RLC 

Subtr~et ımmedıate 

from A wtth botrow 

And rrgıster wıth A 

Exclusıvt OR regıster 
wıthA 

OR regıster vrnth A 

Compare rt1}ısıer wıth A 

And memorv wıth A 

E:ıcctusıve OR memory 
wıth A 

OR memOfV wırh A 

Compare memory wilh A 

And immeeliate with A 

Exclusıve OR immediale 
wıthA 

OR ımmedıate with A 

Compare immediate 
wıthA 

RouteAieft 

8085A/8085A·2 

8085A INSTRUCTION SET SUMMARY (Cont'd) 
Table 6-1 

lnıtructlon Cod• (1) 

Dı De O~ D4 O] Dz Dı Do MMmonie Dncription 

.ı RRC Rataıt A rıght 

RAL Rotlft A ltft through 

carrv 

RAR Rotatt A right through 

corry 

SPECIALS 

C IlA Compltment A 

STC Sttcırrv 

CMC Complement carrv 

DAA Decımal adjust A 

CONTROL 

El Enlbıt lnterrupts 

Ol OiSible lnterrupt 

NOP No-opsırion 

HLT Holt 

NEW 8085A INSTRUCTIONS 

RIM Read lnterrupt Mask 

SIM Set lnlerrupt Mask 

NOTES: ı. DOS or SSS: B 000, C 001, O 010, E011, H 100. l 101, Mtmorv 110, A 111. 

2. Two possible cy~le times. (6/12) indicale instructian cycles dependent on condition flags. 

"All mnemonics copyrighted&'lntel Corporation 1976. 
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8155/8156/8155-2/8156-2 
2048 BIT STATIC MOS RAM WITH 1/0 PORTS AND TIMER 

• 256 Word x 8 Bits 

B Single +SV Power Supply 

• Completely Static Operation 

B Internal Address latch 

B 2 Programmable 8 Bit 1/0 Ports 

• 1 Programmable 6-Bit 1/0 Port 

lll Programmable 14-Bit Binary Counter/ 
Tim er 

• Compatible with 8085A and 8088 CPU 
• Multiplexed Address and Data Bus 

B 40 Pin DIP 

The 8155 and 8156 are RAM and 110 chips to be usedin the 8085A and 8088 microprocessorsystems. The RAM portion 
is designed with 2048 static cells organizedas 256 x 8. They have a maximum access time of 400 ns to permit use with 
nowait states in 8085A CPU. The 8155-2 and 8156-2 have maximum access times of 330 ns for use w ith the 8085A-2 and 
the full speed 5 M Hz 8088 CPU. 

The 1!0 portion consists of three general purpose l/0 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-blt programmable counterttimer is afso included on chip to provide either a square wave or terminal count pulse 
for the CPU system depanding on timer mode. 

PIN CONFIGURATION BLOCK DlAGRAM 

'S Vee 

re. ~ 

G 
TIMERIN PC, 10/M 

RESET re, PA,-, 

re. PB, 
ADo·7 256X8 

TIMEROUT "" STATIC 
ıo!M I'Bo RAM 

G 
Ce ORCE• 8 PB• • 

iili 1'11, 1'1\ı-7 
ALE 

iili PB, 
ALE PB, Rö 

8 ADo ııe.ı Wıi 
AD1 'Aı re,.., 

RESET TIMER AD> 'As 
AD3 'As 
AD4 'As 

TIMER CLK ~Vcci•SVI AD5 PA, 
AD o PA, 

'l"iiiDi1ıO'! v .. ıovı 

AD, PA, 
v .. 'As ·: 815518155·2- CE. 815818156-2- CE 
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8155/8156/8155-2/8156-2 

8155/8156 PIN FUNCTIONS 
Şy..ıııtl21 

RESET 
ıinputı 

ADcı-7 
(inpuUoutput) 

CE or CE 
linput ı 

RO 
linput ı 

WR 
linputı 

fıuıklliın 
Pulse provided by the 8085A to ini­
tialize the system ıconnect to 8085A 
RESET OUT:. lnput high on this line 
resets the chip and initializes the 
three 1/0 ports to input mode. The 
width of RES ET pul se should typically 
be two 8085A clock 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 taliing edge of 
ALE. The address can be either for 
the mell'ory seetion or the 1/0section 
depending on the IOiM input. The 
8-bit data is either written into the 
chip or read from the chip, depending 
on the WR or RO input signal. 

Chip Enable: On the 8155, this pin is 
CE and is ACTIVE LOW. Onthe8156, 
this pin is CE and is ACTIVE HIGH. 

Read control: lnput low on this line 
with the Chip Enable active enables 
and ADo-7 buffers. If 10/M pin is law. 
the RAM content will be read out to 
the AD bus. Otherwise the content 
of the selected 1/0 port or command/ 
status registers will be read to the 
AD bus. 

Write control: lnput low on this line 
with the Chip Enable active causes 
the data on the Address/Data bus to 
be written to the RAM or 1/0 portsand 
command/status register depending 
on 10/M. 

~Y.mbol 

ALE 
ıinputı 

IOIM 
linput ı 

PAo-7ı8ı 
ıinput/output ı 

PBo-7181 
linput/output ı 

PCo-sı6ı 
1 in put/output 1 

TIMERIN 
linput ı 

TIMER OUT 
ı output ı 

Vee 

V ss 
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Functlon 

Address Latch Enable: This control 
signallatches both the address on the 
ADo-7 lines and the state of the Chip 
Enable and 10/M into the chip at the 
taliing edge of ALE. 

Selects memory if low and 1/0 and 
commancı/status registers if high. 

These 8 pins are general purpose 110 
pins. The in/out directian is seıected 
by programming the commancı 

register. 

These 8 pins are general purpose 1/0 
pins. The in/out directian 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 PCo-s are u sed as control 
signals, they will provide. the fol­
lowing: 
PCo- A INTR !PortA lnterrupt) 
PCı- ABF !PortA Buffer Full) 
PC2 - A STB 1 Port A Strobe 1 
PC3- B INTR ı Port B lnterruptJ 
PC4 - B SF 'Port 8 Buffer Full 1 
PC s - B STS ı Port B Strobe) 

lnput to the counter-timer. 

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

+5 voıt supply. 

Ground Reterence. 
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D ESCAlPTION 
The 8155/8156 contains the following: 

• 2k Bit Static RAM qrganized as 256 x 8 
• Two8-bit 1/0 ports (PA & PBJandone6-biti/OportiPC) 
• 14-bit timer-counter 

The 10/M (10/Memory Selectı pin selects either the five 
registers ıCommand. Status, PAo-7. PBo-7. PCo-sl or 
the memory ;RAM) portion. ıSee Figure 1.1 

The B-bit address on the Address/Data lines. Chip Enable 
input CE or CE. and ıoiM are all latched on-chip at the 
taliing ed ge of ALE. (See Figure 2.; 

ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı 

ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı 
ı L ____ _ ________ j 

Flgure 1. 8155/8156 Internal Reglsters 

ct: (8155) '\ 
OR 

CE 181561 ;· 

ıo./M \ 

A00-7 X ADDRESS 

ALE 

iiô ORWA 

1 

~ 

V 
ı 

1\.. j 
\ 

ı 

X DATAVALID 

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

Flgure 2. 8155/8158 On-Bo•rd Memory RHci/Wrlte Cyc:te 
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PROGRAMMING OF THE 
COMMAND AEGISTER 
The command register consists of eight latches. Four 
bits 10-3, deline the mode of the ports. two bıts ı4-5ı 
enable or disable the interrupt from port C when it acts 
as control port. and the last two bits i6-7ı areforthe timer. 

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

76543210 

IT·! rr'·~,, '·ır~====}::~~, 
1 i 
'ı 1 J OO•ALT1 ! DEFINES Pf4s ~ ~~ ::~i~ 

,, 1

1 

i ENABLE PORT A L}ıo • ALT 

4 

INTERRUPT 1 • ENABLE 

l
t ENASLE PORT B 0 • OISABLE 

JNTERRUPT 

~ DO • NOP - 00 NOT AFFECT COUNTER 
! OPERATION 

1 
L-._TIMER COMMANQ-o 

01 = STOP- NOP IF TIMEA HAS NOT STARTEO; 
STOP COUNTING IF THE TIMER IS 
RUNNING 

10"' STOP AFTER TC- STOP IMMEDIA.TELV 
AFTER PRESENT TC IS REACHED lNOP 
IF TtMER HAS NOT STARTEO) 

11 • START- LOAO MOOE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTL V 
RUNNINGI. IF TIMER IS RUNNING, ST ART 
THE NEW MODE AND CNT LENGTH 
IMMEDIATEL Y AFTER PRESENT TC 
IS REACHED. 

Flgure 3. Command Reglster Bit Assignment 
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READING THE STATUS AEGISTER 

The status register consists of seven la tc hes. one foreach 
bit; six r0-5 r for the status of the portsandone ı6: for the 
status of the timer. 

The status of the timer and the 1/0 seetion can be polled 
by reading the Status Aegıster !Address XXXXXOOO•. 
Status word format is shown in Figure 4. Note that you 
may never write to the status register si nce the command 
register shares the same 110 address and the corrrnand 
register is selected when a write to that address is issued. 

! i 1 

ı ı 1 PORT A INTERRUI'T REQUEST 
ı ı 

...__ PORT A BUFFER FULLIEMPTY 
UNPUT/OUTPUTJ 

PORT A INTERRUPT ENABLE 

: PORT B INTERRUPT REQUEST 

'---------- PORT B BUFFER FULI.JEMPTY 
IINPUT/OUTPUn 

'----------- PORT B INTERRUPT ENABLED 

'-------------- TIMER INTERRUPT (THJSBIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED. AND IS RESET TO 
LOW UPON READING OF THE 
CIS AEGISTER AND BV 
HARDWARE RESET). 

Figure 4. Status Aegister Bit Asslgnment 
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INPUT/OUTPUT SECTION 
The 1/0 seetion of the 8155/8156 consists of li ve registers: 
1 See Figure 5.1 

• Command/Status Register (C/S) - Both registers are 
assigned the address XXXXXOOO. The C/S address 
serves the dual purpose. 

When the C/S registers are selected during WRITE 
operation. a command is written into the command 
register. The contents of this register are not accessible 
through the pins. 

When the C/S 1 XXXXXOOO ı is selected during a READ 
opera tion. the status information of the 110 ports and 
the timer becomes available on the ADo-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 
the command. this port can operate in either the basic 
mode or the sırobed mode i See timing diagram ı. The 
110 pins assigned in relation to this register are PAo-7. 
The address of this register is XXXXX001. 

• PB Register- This register functions the same as PA 
Register. The 1/0 pins assigned are PBa-7. The address 
ot this register is xxxxxoıo. 

• PC Register- This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be program­
med to be either in put ports. output portsor as control 
signals for PA and PB by properly programming the 
AD2 and ADs bits of the C/S register. 

When PCo-s is used as a control port. 3 bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
output signal indicaling whether the buffer is full or 
empty, and the third is an input pin to accept a strobe 
for the strobed input mode. (See Table 1.) 

When the ·c· port is programmed to either AL T3 or AL T4, 
the control signals for PA and PB are initialized as follows: 

CONTROL INPUT MODE OUTPUT MODE 

BF Lo w Lo w 

INTR Low High 

STB lnput Control lnput Control 

lt O ADORESSt 
SELECTION 

A7 A61 AS .... A3 A2 A1 AO 

X X ! X X X o o o ıntervaı Command'Statu5 Rlf"grsler 

X 
X 1 X X 

X o o 1 General PurpQff 1 O Pc~: A 

X X X X X o 1 o Genpral Purpose 1·0 Por~ 8 

X X X X X o 1 1 Port C - General Purt'...?St" ı O or Coolro! 

X X ı ~ ~ X X 1 1 o o Lo .. ·O•aer 8 Ms o1 T•me• Cou"1 1 
X X 1 X i X X 1 ı o 1 Hıgh 6 bı ls ~~ i ımer Co..: n~ and 2 btrs 

i i ol T ımE'r Mode 

x· Don'! Care _ _ 
t ıtO Adares.s must bequalılıed by CE= ı ı8156 or CE =Oı815S arıd lO.tM= 1 morcer 

to seıect the approprıate regıster. 

Flgure 5. 110 port and Ttmer Addressing Scheme 

Figure 6 shows how 110 PORTS A and B are structured 
within the 8155 and 8156: 
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816518156 
ONE BIT OF PORT A OR PORT B 

NOT ES: 

(2) SfMPLE INPUT MUL TCPLEXER • O FOFI: INPUT MOOE 
(1) OUTPUT MOOE } (4J • 1 FOR OUTPUT MOOE 

f3! STROBEO INPUT CONTROL 

READ PORT • (10/M-!J • (~1• !CE ACTIVE! • !PORT AOORESS SELECTmJ 
WRITE PORT • CIOJiı•U • fWA-oJ • (CE ACTIVEJ • CPORT ADDRESS SELECTfD) 

Figure 6. 8155/8156 Port Functıona 
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TABLE 1. TABLE OF PORT CONTROL ASSIGNMENT. 

Pin ALT 1 ALT2 ALT3 

PCO lnput Port Output Port A INTR (PortA lnterrupl) 
PC1 lnput Port Output Port A BF !PortA Buffer Full) 
PC2 lnput Port Output Port A STB ! Port A Strobe) 
PC3 lnput Port Output Port 
PC4 lnput Port Output Port 
PC5 lnput Port Output Port 

Note in the diagram that .when the 110 ports are pro­
grammed to be output ports. the contents of the output 
ports can stili be read by a READ operation when appro­
priately addressed. 

Output Port 
Output Port 
Output Port 

ALT4 

A INTR i PortA lnterrupt) 
A BF :PortA Buffer Full) 
A STB (PortA Strobe)" 

B INTR 1 Port B lnterrupt) 
B BF !Port BBuffer Full) 
B STB !Port B Strobei 

TO 8085 RST IN PUT 

The outputs of the 8155/8156 are "glitch-free" meaning 
that you can write a ''1" to a bit position that was previ­
ously "1" and the level at the output pin will not change. PORTA OUTPUT PORT A t 

A INTR (SIGNALS DATA RECEIVEOl 
Note also that the output latch is cleared when the port 
enters the in put rmode. The output latch cannot be ıoaded 
by writing to the port if the port is in the input mode. The 
resuıt is that each time a port mode is changed from in put 
to output, the output pins will go low. When the 8155/56 
is RESET, the output Iatehes are all cleared and all 3 ports 
enter the in put mode. 

8155/8156 

PORT C 

A BF fSlGNALS OAT A READY) 

ASTB IACKNOWL. DATA RECEIVEO) 

B STB ILOADSPORT B LATCH) 

B Bf ISIGNALSBUFFER IS FULL) 1TOfFROM 
PERIPHERAL 
INTERFACE 

When in the ALT 1 or ALT 2 modes, the bits of PORT C 
are structured like the diagram above in the simple in put 
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. 
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B INTA (SIGNALS BUFFER 1 
A. READV FOR READING) 1 

PORT B i'<" INl'UT TO BllB5 INPUT 

J 

PORT (Of'TIONALI 

TO 8085 RST INPUT 

Flgure 7. Example: Command Aegister = 00111001 
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TIMER SECTION 
The timer isa 14-{ıit down-counter that counts the TIMER 
IN pulses and pmvi'des either a square wave or pulse 
when terminal count ı TC! is reached. 

The timer has the 1/0 address XXXXX100 for the low ord er 
byte of the register and the 1/0 address XXXXX101 for 
the high order byle of the register. ı See Figure Si. 

To program the timer. the COUNT LENGTH REG is 
loaded first. one byte at a time, by seleeling 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 
;see Figure Bi. 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 o 

TIMER MODE MSS OF CNT LENGTH 

7 65 4 3 2 o 

T7 ı T61 Tsl Tc ı T3 ı Tıl Tı ı To 1 
LSB OF CNT LENGTH 

Flgure 8. Tlmer Format 

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

MOOE 
BITS 

":ı Mı 

TJMER OUT WAYEFORMS:: 

O O l. :ı:e WAVE 

o 2. CONTINUOUS 
SQUAREWAVE 

3. SINGLE 
PULSEON 
TERMINAL C0UNT 

C. CONTINUOIIS 
PULSES 

~ 

l ----------r---:;u:=-

Flgure 9. Tlıner Model 

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

TM2 TMt 

O O NOP- Do not affect counter opera tion. 

O STOP - NOP if timer has not started; 
stop counting if the timer is running. 

O STOP AFTER TC - Stop immediately 
alter presant TC is reached ( NOP if timer 
has not started) 

START- Load mode and CNT length 
and start immediately after Icading (if 
timer is not presently running ). If timer 
is running. start the new mode and CNT 
length immediately after presant TC is 
reached. 

Noıe that while the counter is counting. you may load a 
new count and mode into the count length registers. 
Belare the new count and mode will be used by the 
counter. you must issue a 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 fırst half-cycle 
of the squarewave output. which is high. is one counl 
tonger than the second How' half-cycle. as shown in 
Figure 10. 
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1 

1 

-~ 

ı--L~ ~5 
NOTE; 5 4ND 4 AEFER TO THE NVM8f~ OF Cl.OCKS IN THAT TIME PERIOD 

Flgure 10. Asymmetrlcal Square-Wave Output ResuHing 
from Count of 9 

The counter in the 8155 is not initialized to any particular 
mode or count when hardware RESET occurs. but RESET 
does stopthe 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 1 into 
the count .register and cause the timer to operate, as its 
terminal count value is 10 (binary) or 2 (decimal). (For 
the detection of single pulses, 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 calculate 
the actual number of TIMER IN pulses required to com­
ptete the timer cycle if desired. To obtain the remaining 
count, perform the following operations in order: 

1. Stop the count 

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

3. Reset the upper two mode bits 

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

5. If carry is set, add 1/2 of the full originaı count (1/2 full 
count - 1 if full count is odd ı. 

Note: If you staned 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. Regardless of this, the 8155/56 alwayıı 
counts out the right number of pulses in generating the 
TIMER OUT waveforma. 
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EXAMPLE PROGRAM 

Following is an actual sequence of program steps that adjusts the 8155/56 count register 
contents to obtain the count, extracted from lntel"' Application Note AP38. "Application 
Techniques for the lntei8085A B us." First store the value of the full original count in register 
HL of the 8085A. Then stop the count to avoid getiing an incorrect count value. Then sample 
the timer-counter, storing the ıower-order byte of the current count register in registerC and 
the higher-order count byte in register B. Then, call the following 8080A/8085A subroutine: 

AOJUST, 78 MOVA,B 

E63F ANI3F 

1F RAR 

47 MOV B.A 

79 MOVA,C 

1F RAR 

4F MOVC,A 

00 RNC 

3F CMC 

7C MOVA,H 

1F RAR 

67 MOV H.A 

70 MOVA,L 

1F RAR 

6F MOV L,A 

09 DAD B 

44 MOV B,H 

40 MOVC,L 

C9 RET 

;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 accumutator with lower half. 

;Rotate right through carry. 

;Store lower byte in C. 

;If in 2nd half of count, return. 
;If in ıst half, go on. 

;Ciear carry. 

;Oivide full count by 2. t If HL 
;is odd, disregard remainder.ı 

;Double-precision add HL and BC. 

;Store results back in BC. 

;Return. 

Alter executing the subroutine, BC will contain the remaining-count in the current count cycle. 
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8085A MINIMUM SYSTEM CONFIGURATJON 

Figure 118 shows 8 minimum system using three chips, 
cont8ining: 

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

1 lnterval Tımer 

• 4 lnterrupt Levels 

8085 MINlMU., SYSTEM CONFIGURATION 

AS..15 

A 
A00·7 
~ 

ALE ~ ,... 
808SA Illi 

i'ili 
ıo!M 

C Lk 

RESET OUT 

REAOY 

TIM ER 

--

~ ?> 
r--,___ 

c--
r--,___ 
c--

WR RDJ ALE to tM 
A8- AD -10/ l!llffii RESET IN CE"' 7 v .. ;oVo7 CE M "LE 

4 l J. 
LATCHES J 

H TIMER ~ J 
T~M,~R-

- ~ 8355!ROM + 1/01 
CONTROL OR 

256.8 8755A IPROM + 1/0) 
RAM 

1156 .ı 8155 

~$$~ 
BBB B B 

Figure 11a. 8085A Minimum System Conflguratlon. (Memory Mapped 1/0) 

" 
" 1-.. 

" 

vee 

"" R!<ı RDY 
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8088 FIVE CHIP SYSTEM 

Figure 11b shows a live chip system containing: 

• 1.25K 8y1es RAM 

• 2K Bytes ROM 

• 38110 Pins 

• 1 lnterval Timer 

• 2 lnterrupt Levels 

r ı . vr vi 
f---+--+-:r _-+-~i =:=====::: POR!<)(> Wısı 

ıl! t--1---!H---Iiffi POR~ (!1 i !!SS 

ALE PORT<)(> 
//'-'---'--'--'--'---.J'\~1-. DATA/ C (&! 

~,-,-,-,-,---v ADDR 
1 y IN-

I .._.._ __ -110/il TIMER 

ı ~ r RESET ourl--

' ~-----~-~ ~~ ,· ~.' ~~ ..__i -lı :w ,~ ~+-+--t--f-----IALE 

f---H'---f-+1 -+---ıcı: 
~~~~===~~ ==~" Aa.to 

l
i i i ~ 835518755A 

PD~PC> 

Vee ALE f-------1 
iiDI------1 

Wiil------1 

READY 10/ii 1------J 

~ ' T ""-~~---+---ı 
I ·,,MA::L 

GND RESET 
.... 

ıvssı (j) 

Flgure 11b. 8088 Flve Chip System ConflguraUon 
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/'-ı__ı._ı._.ı._-'---~'\J DATA/ i 1-'."r-r-,---.--ı--,,..----ı,/ ADDR 

t--+-
ı tOiii POR~ Vııeı"'­
~---1 RESET ıv::v 

~ READY Vee 

-' 
ı . ~_j 

1-t-t-+-t--t----' ı 1 ı LROG 
- Vss Vee Yoo 

.._+-+---..ıWli 

+-+-+-+----'tiffi ı 1 ._+----lEE, aıas 
t-f-~~~--~A~ 

f---+-+++-+----ıcs. 
f-+~~+-f---JCEı 

ı 
' i 

f--l--+-+-+-+----1 Aa- ... 
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ABSOLUTE MAXIMUM RATINGS* 

TemperatureUnderBias ................ o•cto•7o•c 
StorageTemperature ............... -6s•cıo•ıso•c 
Voıtage on Any Pin 

WithRespecttoGround ............... -o.sv to +7V 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.5W 

·coMMENT: Stresses above those lisred under "Absolute 

Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and funcrional opera­

tion of the device at these or any other conditions above 
those indicated in the operarional sections of this specifi­
cation is not implied. Exposure ro absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

D.C. CHARACTERISTICS (TA = o•c to 70°C; Vee= 5V ± 5%1 

SYMBOL PARAMETER MIN. MAX. UNITS TEST CONDITIONS 

VıL lnput Low Voltage -0.5 0.8 V 

VıH lnput High Voltage 2.0 Vee-+0.5 V 

VoL Output Low Voltage 0.45 V loL = 2mA 

VoH Output High Voltage 2.4 V loH = -4001JA 

lıL lnput Leakage ±10 ııA V ıN= Vee to OV 

ILO Output Leakage Current ± 10 ııA 0.45V < VoUT <Vee 

Ice Vee Supply Current 180 mA 

lıLfCE) Chip Enable Leakage 
8155 +100 ,.A V ıN = Vee to OV 
8156 -100 p.A 
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A.C. CHARACTERJSTICS (TA = 0°C to 70°C; Vee= 5V ± 5%) 

8155/8156 8155-2/8156-2 
(Preliminary) 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNITS 

lAL Address to Latch Set Up Time 50 30 ns 

ILA Address Hold Time atıer Latch 80 30 ns 

tLe Latch to R EAD/WR ITE Control 100 40 ns 

tR o Valid Data Out Delay from READ Control 170 140 ns 

tAo Address Stable to Data Out Valid 400 330 n s 

tLL Latch Enable Width 100 70 n s 

lA OF Data Bus Float After READ o 100 o 80 n s 

teL READ/WRITE Control to Latch Enable 20 10 n s 

tee j READ/WRITE Control Width 250 200 n s 

tow Data In to WRITE Set Up Time 150 100 n s 

two Data In Hold Time Atter WRITE o o ns 

tAv ' Recovery Time Between Controls 300 200 n s 

twp WRITE to Port Output 400 300 n s 

lPR Port In put Setup Time .. 70 50 n s 

!Rp Port lnput Hold Time 50 10 n s 

tseF Strobe to Buffer Full 400 300 n s 

tss Strobe Width 200 150 n s 

IR BE R EAD to Buffer Empty 400 300 n s 

tsı Strobe to 1 NTR On 400 300 n s 

IRDI READ to INTR Otf 400 300 ns 

tPSs Port Setup Time to Strobe Strobe 50 o n s 

IP HS Port Hold Time After Strobe 120 100 n s 

tse e Strobe to Buffer Empty 400 300 n s 

tweF WRITE to Buffer Full 400 300 n s 

twı WRITE to INTR Off 400 300 ns 

ITL TIMER-IN to TIMER-OUT Low 400 300 n s 

ITH TIMER-IN to TIMER-OUT High 400 300 n s 

IADE Data Bus Enable from R EAD Control 10 10 n s 

tı TIMER-IN Low Time so 40 n s 

tı TIMER-IN High Time 120 70 n s 

lnput Waveform for A.C. Teata: 

6-36 
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WAVEFORMS 

a. Read Cycle 

a: 161551 

OR 

cE ısıssı 

ı--------- 1Ao---------

ALE 

1 ~-tRDE • L 1Lc~ !'"' __ '_RD_-___ : -..J] 

b. Write Cycle 

Ucaıss ) \ .., ~ 
OR 

J 
-' 

r\ / CE 181561 

10/M \ 1 ~ 
1 

ADI>' 7 ~ ADDRESS :K 2[ DATAVALID }( 
1 
ı--'ııw-ı ı-- 'cL 

il ALE 

Flgure 12. 8155/8156 Read/Wrlte Timing Diagrıım• 
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a. Strobed lnput Mode 

BF \~.-
1 

INTR 

1 
1 

1 

ı· ı- .... ız~· INPUTDATA )[ FROMPORT 

ı ı 

b. Strobed Output Mode 

BF 

STROBE 

'waF 

INTR 

.... 
iiii 

OUTPUT DATA 
TOPORT 

Flgure 13. Strobed 1/0 Tıming 
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a. Basic lnput Mode 

DATABUS• -------v _______ /\ _______ _ 

b. Basic Output Mode 

DATABUS• 

"DATA SUS TIMING IS SHOWN IN FIGURE 7. 

Flgure 14. Basic 1/0 Timing Waveform 

TIMERIN 

'filmfOüT 
(SQUARE WAVEJ 

LOAO COUNTER FROM CLR ---! 
ı 2 ı 1 ı 

\ ıNOTE 1ı l 
\ 1 

'----------~ 
NOTE 1: THE TIM ER OUTPUT IS rERIODIC IF IN AN AUTOMATIC 

RELOAO MODE IM
1 

MODE BIT • 1ı 

5 

Flgure 15. Timer Output Wavetorm Countdown from 51o 1 
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3 
RELOAO COUNTER FROM CLR -1 

ı 2 ı 1 ı 
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8279/8279-5 
PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE 

• MCS-ss™ Compatible 8279-5 • Dual 8· or 16-Numerical Display 

• Simultaneous Keyboard Display Single 16-Character Display 
Operations • 

• Scanned Keyboard Mode • Right or Left Entry 16-Byte Display 

Scanned Sensor Mode 
RAM • 

• Strobed lnput Entry Mode • Mode Programmable from CPU 

• 8-Character Keyboard FIFO 
Programmable Sean Timing • 

• 2-Key lockout or N-Key Rollover with 
Contact Debounce • lnterrupt Output on Key·Entry 

The lnteı~ 8279 is a general purpose programmable keyboard and display 1/0 interface device designed for use with 
lntel~ 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 interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and sırobed 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 popular 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 organizedin to 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 aulo-inerement ol the display RAM address. 
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HARDWARE DESCRIPTION 
The 8279 is packaged in a 40 pin DIP. The fallawing is 
a lunetianal descriptıon of each pin. 

No. Of 
Pins Designalien 

8 

2 

2 

4 

8 

DBo-087 

CLK 

RES ET 

IRO 

Vss. Vee 
Slo-SL:ı 

Rlo·RL7 

Funclion 

Bi-directional data bu s. All data 
and commands between the 
CPU and the 8279 are trans­
mitted on these lines. 
Clock from system used to gen­
erat e internal timing. 
A high signal on this pin resets 
the 8279. Alter being reset the 
8279 is placed in the fallawing 
mode: 
1) 16 8-bit character display 

-left entry. 
2) Encoded sean keyboard-2 

keylockout. 
Along with this the program 
clock prescafer is set to 31. 

Chip Select. A low on this pin 
enables the interface functions 
to receive or transmi!. 
Buffer Address. A high on this 
line indicates the signals in or 
out are interpreted as a com· 
ma nd or status. A low indicates 
that they are data. 

lnput/Output read and write. 
These signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 

lnterrupt Request. Ina keyboard 
mode, the interrupt line is high 
when !here is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes law with each FIFO/ 
Sensor RAM read and returns 
high if there is stili informa­
tion in the RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 

Ground and power. supply pins. 

Sean Lines which are used to 
sean the key switch or sensor 
matrix and the display digits. 
These lines can be either en­
coded(1of16)ordecoded(1of 
4). 

Return line inputs which are 
connected to the sean lines 
through the keys or sensor 
switches. They have active in· 
ternal pullups to keep them 
high until a switch cıosure pulls 
one low. They also serve as an 
8-bit input in the sırobed lnput 
mode. 

>.Of 
Pin s 

SHIFT The shift input status is stored 
along with the key position on 
key closure in the Scanned 

Designalien Function 

CNTL/STB 

Keyboard modes. lt has an 
active internal pullup to keep it 
high un til a switch closure pulls 
it low. 

For keyboard modes this lıne is 
used as a control input and 
stored like status on a key clo­
sure. The line is also the strobe 
lı ne that enters the data into the 
FIFO in the Sirobed lnput mode. 

<Rising Edgel. lt has an active 
internal pullup to keep it high 
until a switch closure pulls it 
ICW. 

4 OUT Ao-OUT A3 These two ports are the outputs 
4 OUT Bo-OUT 83 for the 16 x 4 display refresh 

registers. The data from these 
outputs is synchronized to the 

sean lines <SLo-SL:ıl for multi· 
plexed digit displays. The two 4 
bit ports may be blanked inde­
pendently. These two ports may 
al so be considered as one 8 bit 
port. 

BD Blank Display. This output is 
u sed to blank the display during 
digit switching or by a display 
btanking command. 

PRINCIPLES OF OPERATION 
The following isa description of the major elemenis of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 

1/0 Control and Data Buffers 
The 1/0 control seetion uses the CS, Ao. RO and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. Rö and WR determine 
the directian of data flow through the Data Bufters. The 
Data Bulters are bi-directional 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 in put during WR • ~and output during 
RD•~-

Control and Timing Reglsters and Timing Control 
These registers store the keyboard and display modesand 
other operating conditions programmed by the CPU. The 
modes are programmed by presanting the proper 
command on the data lines with Ao = 1 and then send~ 
a WA. The command is latched on the rısıng ed ge of WR. 
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FUNCTIONAL DESCRIPTION 

Sınce data ınplıt and display are an ıntegral part of many 
mıcroprocessor desıgns, the system desıgner needs an 
interface that can control these functıons w ithout placing 
a large load on the CPU. The 8279 provıdes this function 
for 8-bit mıcroprocessors. 

The 8279 has two sections: keyboard and display. The 
keyboard seetion can interface to regular typewriter style 
keyboards or randem toggle or tnumb switches. The 
dısplay sectıon drıves alphanumerıc dısplays or a bank of 
indicator lights. Thus the CPU ıs reııeved from scanning 
the keyboard or refreshing the dısplay. 

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

lnput Modes 

• Scanned Keyboard - with encoded (8 x 8 key 
keyboard) or decoded (4 x 8 key keyboard) sean 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 rollover. 

16 ıı: 8 
OISPLAY 

RA"' 

CLK RESET D8()..7 

TIMING 
AND 

CONTROL 

• Scanned Sensor Matrix - with encoded (8 x 8 matrix 
swıtches) or decoded (4 x 8 matrix swıtches) sean lines. 
K ey status (open or closed) st or ed in RAM addressable 
by CPU. 

• Sırobed lnput -- Data on return lınes during control 
lıne strobe is transferred to FIFO. 

Output Modes 

• 8 or 16 character multiplexed displays that can be or· 
ganized as dual 4-bit or single S-bit (Bo= Do, A3 = 07). 

• Rıght entry or left entry display formats. 

Other features of the 8279 include: 

• Mode programming from the CPU. 

• Clock Prescaler 

• lnterrupt 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. 

IRO 

KEYBOARO 
OEBOUNCE 

AND 
CONTROL 

L.....,:-J------ı SCAN COUNTER 

OUT Aol OUTBol ım 
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The command ıs !hen decoded and the appropriate 
hınction is set. The timıno control contains the basıc 
tımıng counter chain. The tirst counter ısa .;. N prescafer 
that can be programmed to yield an internal frequency 
ol ı 00 k Hz which gives a 5. ı ms keyboard sean time and 
a ıo.3 ms debounce time. The other counters divide 
down the basic internal frequency to provide the proper 
key sean. row sean, keyboard matrix sean. and display 
sean times. 

Sean Counter 
The sean counter has two modes. In the e:ıcoded mode. 
the counter provides a binary coun: that must be 
exıernally decoded to provıde the sean lınes for the 
keyboard and display. In the decoded mocte. the sean 
counter decodes the least sıgnificant 2 bı ts and provıdes a 
cecoded ı of 4 sean. Note than when the Keyboard ıs in 
deeoded sean, so is the display. This means that only the 
iırsı 4 eharaeters in the Display RAM are dısplayed. 

In the encoded mode, the sean lines are active high 
outputs. In the decoded mode, the sean lines are active 
ıow outputs. 

Return Buffers and Keyboard Debounce 
and Control 
Tne 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
fooking for key eıosures in that row. li the debounee 
eircuit deteets a cıosed switch. it waits about ı o msee to 
check if the switeh remains closed. If it does. the address 
ol the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes. the eontents of the return lines is 
direetıy transterred to the correspondıng row ol the 
Sensor RAM (FIFO) eaeh key sean time. In Sırobed lnput 
mode. the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTLISTB line pulse. 

FIFO/Sensor RAM and Status 
This block isa dual function 8 x 8 RAM. In Keyboard or 
Sırobed lnput modes. it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order ot entry. FIFO status keeps traek of the 
number of characters in the FIFO and whether ıt is full or 
empty. Too many reads or writes will, be recognized as an 
error. The status can be read by an RO w ith CS low and 
Ao high. The status logic also provides an IAQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Eaeh row of the 
Sensor RAM is ıoaded with the status of the correspond· 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
hıgh if a changeina sensor is deteeted. 

Display Address Reglsters and Dlsplay RAM 
The Display Address Aegisıers 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 
ad dresses are programmed by CPU command. They aıso 
can be set to auto inerement after each read or write. The 
Dısplay RAM can be directly read by the CPU after the 
eorrect mode and address is set. The addresses for the A 
and B nibbles are automatıcaııy updated by the 8279 to 
mateh 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 display can 
be set to either ıett or right entry. See lnterlace 
Consıderatıons for details. 

SOFTWARE OPERATION 

8279 commands 
The followıng eommands program the 8279 operatınQ 
modes. The commands are senton the Data Sus with CS 
low and Ao hıgh and are loaded to the 8279 on the rising 
edge of WR. 

Keyboard/Dlsplııy Mode Set 

MSB LSB 

Code: loioıojojo!KjKjKj 

Where DO is the Dısplay Mode and KKK is the Keyboard 
Mode. 

DO 
O O 8 8-bit character display - Left entry 

O ı6 8-bit eharacter display- Lefl entry· 

O 8 8-bit ch araeter display - Righl entry 

ı6 8-bit eharacter display- Right entry 

For description of righl and left entry. see lntertace 
Considerations. Noıe that when deeoded sean is set in 
keyboard mode. the display is reduced to 4 eharacters 
independent of display mode set. 

KKK 
o o o Encooed Sean Keyboard - 2 Key Lockout• 

o o ı Decoded Sean Keyboard - 2-Key Lockout 

o o Encoded Sean Keyboard - N-Key Aollover 

o ı Decoded Sean Keyboard - N-Key Acilover 

o o Encoded Sean Sensor Matrix 

o Decoded Sean Sensor Matrix 

o Sırobed lnput, Encoded Display Sean 

Sırobed lnput, Decoded Display Sean 

Program Clock 

Code: lolo!1jPjPjPjPjPI 
All timing and multiplexing signals 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 sean and debounce 
times. For instance, If Pin 3 of the 8279 is be ing clocked 
by a 2 MHz signal, PPPPP should be set to 10100 to 
divlde the clock by 20 to yleld the proper 100 k Hz opera!· 
ing frequency. 

Read FIFO/Sensor RAM 

The CPU sets up the 8279 for a read of the FIFO/Sensor 
RAM by first wıiting this command. In the Sean Key· 

'Oelautr alrer reseı. 
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board Mode. the Aulo-Inerement flag (Al) and the RAM 
address bit s (AAA) are irrelevant. The 8279 will aulomati­
cal Iy d ri ve the data bu s for each subsequent read (Ao= O) 
in the same sequence in which the data first entered the 
FIFO. All subsequent reads will be from the FIFO until 
another command is issued. 

In the Sensor Matrix Mode. the RAM address bits AAA 
seleel one of the 8 ro w s of the Sensor RAM. If the Al flag 
is set (Al= 1). each successive read wil! be from the sub­
sequent row of the sensor RAM. 

Read Display RAM 

Code: 1 O lı lı 1 Al ı A ı A ı A i A ı 
The CPU set s up the 8279 for a read of the Di sp lay RAM 
by first writing this command. The address bits AAAA 
seleel one of the 16 rows of the Display RAM. If the Al 
flag is set (Al= 1), this row address will be incremented 
alter each follow.ing 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-lncrement mode for 
both opeı-ations. 

Write Display RAM 

The CPU set s up the 8279 for a write to the Display RAM 
by first writing this command. Alter writing the com­
mand w ith A 0 = 1, all subsequent writes with A 0 =O w ili 
be to the Display RAM. The addressing and Auto­
lncrement functions are identical to those for the Read 
Display RAM. However, this command does not affect 
the source of subsequent Data Reads; the CPU w ili 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, nevertheless, 
change the next Read location. 

Display Write lnhibit/Bianklng 

A B A B 
Code: 

The IW Bit s can be used to mask nibble A and nibble B 
in applications requiring separate 4-bit display ports. By 
setting ttıe 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 Display RAM w ithout atıeeling the other digit being 
displayed. lt is important to note that bit 60 corresponds 
to bit D0 on the CPU bus, and that bit A3 corresponds to 
bit D7. 

If the user wishes to blank the display, the BL flags are 
available for each nibble. The ıast Clearcommand issued 
determines the code to be used as a "blank." This code 
defaults to all zeros alter a reset. Note that both BL 
flags must be set to blank a display formatted with a 
single 8-bit port. 

Clear 

Code: lı !1 ı O ı Co ı Co ı Co 1 CF ı CA ı 
The C0 bits are available in this command lo clear all 
rows of the Display RAM to a selectable blanking code 
as follows: i . 

Co Co Co 

X All Zeros (X= Dorı': Care) 

O AB = Hex 20 10010 00001 

1 All Ones [
~ ' 

Enable clear dısplay when = 1 (or by CA = ı) 

During the time the Display RAM is being cleared ("-160 ııs), 
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 available again, it automatically 
resets. 

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

CA, the Clear All bit, has the combined effect of C0 and 
CF; it uses the C0 clearing code on the Display RAM and 
alsa clears FIFO status. Furthermore. it resynchronizes 
the internal timing chain. 

End lnterrupt/Error Moda Set 

Code: lı \ılı !E!xlxlxlxl X= Don'tcare. 

For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. IThe IRQ 
line would have been raised upon the deleelian of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until resetl. 

For the N-key rollover mode -if the E bit is programmed 
to .. , .. the chip will operate in the specıaı Error mode. (For 
further details. see lnterface Considerations Section.) 

Status Word 

The status word contains the FIFO status. error. and 
display unavailable signals. This word is read by the CPU 
when Ac is high and CS and AD are low. See lnterface 
Considerations for more delaif on status word. 

Data Read 

Data is read when Ac. CS and Ro are all low. The source 
of the data is specified by the Read FIFO or Read Display 
comman ds. The trailing ed ge of RO w ili eause the address 
of the RAM being read to be incremented if the Aulo­
Inerement flag is set. FIFO reads always ınerement (if no 
error oecurs) independent of Al. 

Data Write 
Data that is written with Ac, CS and WR low is always 
written to the Display RAM. The address is speeified by the 
latest Read Display or Write Display eommand. Aulo­
Inerementing on the rising edge of WR oceurs if Al set by 
the latest dısplay command. 
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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 seans. If none 
are encountered, it isa single key depression and the 
key position is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that !here 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 elesed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, thenit will be entered 
to the FIFO. If this key is released before any other, it 
will be enlirely 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 alone. 
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 
independentıy from all others. When a key is depressed. 
the debounce circuit waits 2 keyboard seans 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 simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard sean 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 "En d lnterrupt/Error Mode 
Set'' command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a singte 
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 set interrupt (if not yet set). Theerrorflag 
could be read in this mode by reading the FIFO STATUS 
word. (See "FIFO STATus·· for further details.) Theerror 
flag is reset by sending the normal CLEAR com ma nd with 
CF = 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 w as released. A keyboard mode can only indicate 
a validated closure. To make the software easier. the 
Oesigner should functionally group the sensors by row 
si nce this is the format in which the CPU will read !hem. 

The IRQ line goes high if any sensor value change is 
detected at the end of a sensor matrix sean. The IRO line is 
cleared by the first data read operation if the Aulo-

Inerement flag is set to zere, or by the End lnterrupt 
command if the Aulo-Inerement flag is set to one. 

Note: Multiple changes in the matrix Addressed by ISlo-3 
=Ol may cause multiple interrupts. ISLo =O in the Decoded 
Model. Reset may ca use the 8279 to see multiple changes. 

Data Format 
In the Seanneo 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 sean counter and indicate the 
row the key w as found in. The last three bits are from the 
column counter and indicate to which returo line the key 
was connected. 

MSS LS8 

~ETUR~ 
SCANNEO KEYBOARD DATA FORMAT 

In Sensor Matrix mode. the data on the returo lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore. each switch pestion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs are ignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the returo lines in this 
mode. Any logic that can be triggered by the sean lines 
can enter data to the returo line inputs. Eight multiplexed 
in put ports could be tied to the returo lines and scanned by 
the 8279. 

MSS LSB 

RLıl RL6 1 Rlsl RL•I RL3 ı RL2 ı RL1 ı Rlo 

In Sırobed In put mo de. the data isalsoenteredtotheFIFO 
from the returo 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 lin es can al so be u sedasa general purpose sırobed 
in put. 

MSS LS8 

RL 7 1 RL6 1 RLsl RL•I RL3 ı Rlı ı Rlt ı RLo 

Olaplay 
Lefl Enlry 

Lefı Entry mode is the simplest display format in thal each 
display position direclly corresponds ıo a byte (or nibble) 
in the Display RAM. Address O in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
characıer display) is the right most display character. 
Entering characıers from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and Iiliing again proceeds from 
!here. 

8-167 0074?A 



8279/8279-5 

o ı 14 ı5 

2nd entry C2EJ = - - = =o 
o ı i4 15 

ı6thentry ~=-- =~ 
o ı 

ı7th entry ~= 
i4 15 

=~ 
o '•4 ı5 

ıBthentry ~=-- =~ 

Right Entry 

LEFT ENTRY MODE 
IAUTO INCREMEti:Tl 

Right entry is the method used by most eıectronic 

calculators. The first entry is piaced in the right most 
display character. The next entry ıs al so placed in the right 
most character alter the disp:ay is shifted left one 
character. The ıeft most character is shifted of! the end 
and is ıost. 

ıst entry 

2nd entry 

3rd entry 

ı6th entry 

17th entry 

18th entry 

2 ı4 ı5 o-oisplay 

ITI= ı RAM 
Address 

2 3 ıs· o [I]-- i ı ı 2 

3 4 o 2 

ın== ı 121 3 

o ı ı3 14 ı5 

Glil= · ı4jı5jıs 

ı 2 14 15 o [2E= ı5jısj11! 
2 3 ı5 o 1 

GB== : ısj11 j1el 

RIGHT ENTRY MODE 
IAUTO INCREMENTl 

Note that now the di s play posiııon and register address do 
not correspond. Consequentıy, entering a character to an 
arbitrary positioiı in the Auto Inerement mode may have 
unexpected results. Entrystarting at Display RAM address 
O wıth sequential entry ıs recommended. 

Auto Inerement 

In the Left Entry mode. Auto Inerementing causes the 
address where the CPU will next write to be ıneremented 
by one and ttıe charaeter appears in the next ıoeation. 
With non-Auto Inerementing the entry is both to the same 
RAM address and dısplay positıon. Entry to an arbitrary 
address ın ttıe Auto Inerement mode has no undesırable 
sıde elfects and the resul! ıs predıctable: 

1st entry 

2nd entry 

Com ma nd 
100ıOt01 

3rd entry 

4th entry 

o ı 2 3 4 5 6 7-Dısplay 

lı ı i i ı i RAM 
- - · Address 

o ;:> 3 4 5 6 7 

lı ı 2 1 ı 1 1 ı 
o ı 2 3 4 5 6 7 

lı i 2 

Enter next at Location 5 Auto lnct'ernent 

o ı 2 3 4 5 6 7 

jı ! 2 j3 

o ı 2 3 4 5 6 7 

jı 12 i 3 i 4 1 

LEFT ENTRY MODE 
IAUTO INCREMENT) 

In the Right Entry mode. Auto Inerementing and non 
Inerementing have the same elfeel as in the Left Entry 
exeept if the address sequenee is interrupted: 

ıst entry 

2nd entry 

Command 
ıooıo101 

3rd entry 

4th entry 

2 3 4 5 6 7 O__.Oisplay 

j1 ı ~AM 
L-..L--.L~....L.....Jc......L..J. Address 

2 3 4 5 6 7 o 

'1 ı 21 

2 3 4 5 6 7 o 1 

:ıl 
Enter next at Location 5 Auto Inerement 

3 4 5 6 7 o ı 2 

; 3 i ! ı 12 i ı 

4 5 6 7 o 1 2 3 

1,3:4j jııı! ı ı 
RIGHT ENTRY MODE 
IAUTO INCREMENT) 

Starting at an arbitrary loeation operates as shown below: 

8-168 

Command 
1001010ı 

o 2 3 4 5 6 7-0isplay 

i ı i ! ı ::.ss 

Enter next at Location 5 Auto Inerement 

2345670 

1st entry j J j ! 1 ! ! ı 

23456701 

2nd entry 1 1 lı !2 1 1 l 1 

Bth enırv 14 j 5 ! 6 lı js i 1 i 2 l 3 1 

9th enırv \s j 6 ! 7 ı 8 ı 9 j2 j 3 j 4 1 
RIGHT ENTRY MODE 
IAUTO INCREMENTI 

00742A 



8279/8279·5 

Entry appears to be !rom the initial entry point. 

8116. Character Olaplay Formats 

If the display mode is set to an 8 character di s play. the on 
duty-cycle is double what it would be for a 16 character 
d is play (e.g., 5.1 msscan time !or 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internallrequency). 

G. FIFO Status 

FIFO status is usedin the Keyboard and Sırobed lnput 
modes to indicare the number ol characters in the FIFO 
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 character ın to a 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 

The FIFO status word also has a bit to indicate that the 
D is play RAM was unavailable because a cıear Display or 
Clear All command had not completed its clearing 
operation. 

APPLICATIONS 

INT SHIFT CNTL 
INT 

a.e•T OATABUS 
MICRO- DATA eL Do. ı PROCESSOR BUS 
SYSTEM 

iiö 

CONTROLS{ 

iM 
WR ;o;; 1279 

RESET 
RESET a: a: ADDRESS{ 

BUS ... ... 
Ct. K 

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 servas as an indication to whether a simultane­
ous multiple cıosure error has occurred. 

FIFO STATUS WORD 

SHIFT KEYBOARD 
MATRIX 

CONTROL 

•1 1 COLUMNS 

RETURN 
LINES 8ROWS 

}o 

1 

Ro-7 0 'bo 3-BDECODER 

V.. h ı; OV 3LSB" 
s,_, •1 

SCAN LINES t· 
4-16 DECOOE:R 

CLOCK CLK8o-l Aa-ı 
ili 

Bı.ANK 
J...-te 

ı 
DIPLAY } 

• ..... ADORESSES 

1 IOECOOEOJ 

O ... LAY 

• CHARACTERS 

1 
DATA 

DilPLAY 

"Do not arın Ille keyboanl cleco<ler wllh Ille MSB ot Ille ocan ıınea. 

8-169 
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8279/8279·5 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature .............. 0°C to 70°C 
St or age Temperature ....•........ -65° C to 1 25° C 
V altage on any Pin with 

Respect to Ground .............. -0.5V to +7V 

Power Dissipation ..•...........•....... 1 Watt 

D.C. CHARACTERISTICS 

·coMMENT: Stresses above those /isted under uAbso­
lute Maximum Ratings" may cause permaneni damage 
to the dev ice. This isa stres s rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operaticnal sections of this 
specification is not implied. Exposure to absolute maxi­
mum rating conditions for extended periods may aftect 
device reliability. 

TA= o·c to 1o·c. V ss= ov. Vee= + sv ::t 5%. Vee= + 5V ::t 10% (8279-5) 

Symbol Parameter 

V ı u i lnput Low V altage for 

i Return Lines 

VıL2 lnput Law Voltage for All Others 

VıH1 lnput High Voltage for 
Return Lines 

VıH2 lnput High Voltage for All Others 

VoL i Output Law Voltage 

VoH1 ı Output High V altage on lnterrupt 

1 Line 

VoH2 Other Outputs 

lı u 
1 

In put Current on Shift, Control and 

1 
Return Lines 

ltL2 ı lnput Leakage Current on All Others 

loFL Output Float Leakage 

Ice Power Supply Current 

No tes: 

8279. IOL = i.6mA; 8279-S.IQL = 2.2mA. 
8279,1QH = -100ııA; 8279-5. IQH = -400ııA. 

CAPACITANCE 

SYMBOL TEST 

C;, lnput Capacitance 

C..... ı Output Capacitance 

Min. 

-0.5 

-0.5 

2.2 

2.0 

3.5 

2.4 

8-170 

Max. U nit Test Conditions 

1.4 V 

0.8 V 

V 

V 

0.45 V Note 1 

V Note 2 

•10 !lA VıN =Vee 
-100 !lA VıN = OV 

:!:10 !lA VıN = Vee to OV 

:t10 !lA VoUT = Vee to OV 

120 mA 

TYP. 1 MAX. U NIT TEST CONDITIONS 

5 ı 10 pF Vin=Vcc 

10 l 20 pF Vout=Vcc 

00742A 



8279/8279·5 

A.C. CHARACTERISTICS 
TA =O" C to 70°C, Vss = OV, (Note 1) 

Bus Paramaters 

Read Cycle: 

8279 8279-5 

Symbol Parameter Min. Max. Min. Max. U nit 

lAR Address Stable Before R EAD 50 o n s 

tRA Address Hold Time for R EAD 5 o n s 

lAR READ Pulse Width 420 250 n s 

tRol21 Data Detay from READ 300 150 n s 

tAo12l Address to Data Valid 450 250 n s 

toF READ to Data Floating 10 100 10 100 n s 

lRCY Read Cycle Time }lS 

Write Cycle: 

8279 8279-5 

Symbol Parameter Min. Max. Min. Max. U nit 

lAW Address Stable Before WRITE 50 o n s 

twA Address Hold Time for WRITE 20 o n s 

tww WRITE Pulse Width 
1 

400 250 n s 

i 
ı 

ı tow Data Set Up Time forWRITE 300 150 n s 

two ! Data Hold Time forWRITE 40 ı o n s 
' 

twcv ' Write Cycle Time 1 1 1 ııs ·i 
1 

Notes: 
1. 8279, V CC = +SV ~5%; 8279-5, V CC = +S V ~ 10%. 
2. 8279, CL c 100pF; 8279-5, CL c 150pF. 

Other Timlnva: 

8279 8279-5 

Symbol 1 Parameter Min. Max. Min. Max. U nit 

t,pw ı Clock Pulse Width 

tcv j Clock Period 

Keyboard Sean Time: 
Keyboard Debounce Time: 
Key Sean Time: 
Display Sean Time: 

lnput Wawefomıs For A.C. Tests 

:ı.• 

0.46 

5.1 msec 
10.3 msec 
80 J.l5eC 

10.3 msec 

230 

500 

120 

320 

Digit-on Time: 
B lanking Time: 
Internal Clock Cycle: 

2» 2» > TEST POIHTS < 
0.1 o.a 

8-171 

n se c 

n see 

480 }lSec 

160 ıısec 
10 j.lsec 

00742A 
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WAVEFORMS 

Read Operation 

Au. ts~---------------------"!\/'------------------" ISYSTEM"S __./\ J'\. ADDRESSBUSl 

! ı 
!--;M; ----ı----------- 1RC"V ---+--------1 

1 

ı ---,1~--~~---=-··-·-=--=lr .. ~ "'\ (REAO CONTROlJ \.....__ __ 
·---••~-'•o-ı ~-•o•l 

Write Operation 

==x'-----~ ~-------------------
L .. -1-~ 

DATA BUS DATA DATA 
IINPUTl _____ M_A_v_c_H_A_N_G_e ____ , 1<'---------öf" \. _____ _;M_;.A_Y;_CHA.:.._,;_NG;.:,:E _____ _ 

Clock lnput 

8-172 

ISYSTEM"S 
ADDRESS BUSl 

!WRITE CONTROL) 

J0742A 



8279 SCAN TIMING 

SCAN WAVEFORMS 

ENCODED 
SCAN 

OECODED 
SCAH 

s, 

So 

u u 
DISPLAY WAVEFORMS 

So 

s, 

Ao-Ao 
ACTIVE HIQH 

Bo-Bı 
ACTIVE HIGH 

RL4)-RL7 

!-------'140 .. •041CT-------i 

AIOl 
BLANK 
cooe· 

1140) 
8LANK 
CODE• 

-... 

NOTE: IHOWN 18 ENCOOED SCAN LEFT ENTRY 
&,.~ ARE NOT SHOWN lUT THEY ARE &IMPL Y S, OIVIDED IT 2 MO 4 

8-173 

u 
ASSUME INTERNAL FREQUENCY= 100 kHz 
SOtcv,.,10..S 

A(1). 

*Bl.ANK CODE IS EITHER All 
O's OR ALL 1'• OR 20 HEX 

8(1) 

...... 

L 

LI 
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MOS 
lSI 

TMS2764 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONL Y MEMORY 

• Organization ••• 8192 X 8 

• Slngle + 5-V Power Supply 

1 Pin Compatlble wtth TMS2732A EPROM 

• AJI lnputa and Outputa are TTL CompatJble 

• Performanca R.anges: . , 

MAX~ACCESS/ 
MtN CYCLE TIME 

. TMS2764-20 

TMS2764-25 
TMS2764·30 

200 na 
250, na 
300 ruı 

TMS2764-35 350 na 
TMS2764-45 · ....... 450 na 

• Low Active Current . . . ı 00 mA (Max) 

1 JEDEC Approved Ptnout 

1 ıı-V Power_Suppl)t Required for 
Programıning 

1 Faıt Prograınming Algorithm · 

e N-Channel SIUcon-Gate T echoology 

1 8-Bh Output for Use In Mlcroproceuor­
Based Syatema · 

• Static Operation (No C1ocks, No Refreah 

• AvaUat»e with MIL-STD-8838 Processing 
and l(0°C to 70°C), E(-40°C to 85°C), or 
M(- 51i °C to ı 25 °C) Temperature Rangea 
In the Future 

icriptlon 

JULY 1983 - REVISE D JANUAR V 1984 

TMS27M ••• Jl PACKAGE 
ITOP VlfWl 

V pp Vee 
A 12 PGM 

A7 Ne 
A6 AS 
AS A9 
A4 All 
A3 ö 
A2 Al O 

Al ~ 
AO aa 
aı Q7 
Q2 as 
Q3 as 

GND a4 

PIN NOMENCLA TURf 
AO-A12 Addresses 
e Chip Enable 

6 Output Enable 
GND Gr o und 
NC No Connection 
PGM Program 
aı-aa outputs 

Vee +S-V Power Supply 
V pp +21-V Power Supply 

The TMS2764 is aı:ı uttnrviolet light-eraaable, electrically programmable read-only memory. lt has 65.536 bits organized 
. aa 8,192 words of 8-bit length. The TMS2764-20 only requires a single 5-volt power supply with a tolerai)Ce of ::!:: 5%, 

and haa a maximum access time of 200 mı. This access time is compatible with high-performance microprocessors. 
"' . 
~ The TMS2 764 providea two output control lines: Output Enable (Gl and Chip Enable lE). This feature allows the G 
., controlline to eliminata bua contention in microprocesaor aystems. The TMS2764 haa a power-down moda that reduces 
!~maximum active current from 100 mA to 35 mA when the device is placed on standby. 

: This EPROM is supplied ina 28-pin, 600-mif dual-in-line ceramic package and is designed for operation from 0°C to 70°C. 

t ,;, mod" of op«atlon fo. the TMS2764 •" Uoted In the followlng t•blo. 

L 

Copyrıght .c,, 1984 by Te-u lnsırumeou lncorporatad 

AOVANCE INFORMATION 

1 
tl)' 
Q) 
(). 

"> 
CD 
o 
~ o 
a: 
o.. 
w 

JllııWtt ~ lnfCM'mıallOn Oft a MIW prodt.ict. 

~ w• ~t to~-~ no~. 
· TEXAS 
INSTRUMENTS 
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WS27 64 
i,536-BrT ERASABlE PROGRAMMABlE READ-ONlY MEMORY 

MOOE 

·~ ; 

FUNCTION 
ı 

IPIN S! R .. d 
Outpot Power Down Faat Progr.m lnhlbtt: .. 

.. 
D!.able ısuındbyl Progr~ V erlf\c:don Provr-ılııt 

E X VIL VıH VIL V ıL VıH 
1201 ~ ;: 

' ., 

G 1· 
X X 1 

122) 
VIL VıH VıH V ıL 

?GM ' 
VıH VIH X V ıL ; 

VıH X : 
127) 

V pp 
vee Vee Vee V pp V pp X 

11) 
; 
' 

vee 
Vee Vee Vee Vee Vee Vee 

128! 
. ; 
: 

01-08 : i. 
ı~ . 

111to13, o HI-Z HI-Z D Q HI-Z :' 
: i :·' 

15to191 i. 
! 

.; . 

re &d ; ··~~ 

The dual conHol pins (E and Gl must have low-level TTL signals in order to provide data at the outputs. Chip.~ 
lti should be used for device selection. Output enable (GJ should be used to gate data to the output pins. i. ; 

; : t 

power down .• : · ! 
ı. :·~- t f ~: 

The power-down mode reduces the maximum active current from ı 00 mA to 35 mA. A TTL high-level signal appW 
to E selacts the power-down mode. In this mode, the outputs assuma a high-impedance state, independent of~-

• ' . ~ .... - t 
• f, 

eraaure , ~~ ·f 
Before programming, the TMS2764 is eresed by exposing the chip to shortwave uttraviolet Hght that has a waveı.qıi 
of 253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure timı[ 
is fifteen watt-seconds per square centimeter. A typical 12 rr:ıWtcm2 UV lamp will erase the device in approıd~: 

20 minutes. The lamp should be located about 2.5 cantimeters 11 inch) above the chip during erasure. After eraainı 

all bits are at e high level. lt should be noted that normal ambient light contains the correct wavefength for eras{n;; 

Therefore, when using the TMS2764, the window should be covered with an opaque label. , ! :LbJ 
fast programming . ; -ET; 
Note that the applicetion of a voltage in excess of 22 V to Vpp may damage the TMS2764. · ':. L'J~ 
After erasure, logic "O's" are programmed int o the desired locations. Programming consista of the following ~i 

. - . ' 
of events. With the level on Vpp equal to 21 V and E at TTL low, data to be programmed is applied in parallellt; 

output pins 08-0 ı. The location to be programmed is addressed. Once data and addressea are atable, a TTllow-lh( 
pulse is applied to PGM. Programming pulses must be applied at each Jocation that is to be programmed. Locatmi 

1 :" 

may be programmed in any order. ' ·i ; 
·l .:, , ,., 

ProgramminQ uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 1 milliaec:Or.t1 
this pul se is crpplied X times. After each application the byte being programmed is verified. If the correct data iı ~~ 
the Final programming pulse is then applied, if correct data is not read, a further 1 millisecond programming ııiiıi1 
is applied up to a maximum X of 15. The Final programming pulse is 4X milliseconds long. This sequence of p~: 
ming pulses and byte verification is done at Vee = 6.0 V and Vpp = 2 ı .O V. When the full fast programming roııtn · 

'is complete. all bits are verified with Vee = Vpp = 5 V. A flowchart of the fast programming routine is ahowııi 

Figure 1. t ;~~~ 
.. !;\!\ 

TEXAS 
INSTRUMENTS 

; ' l' 
i 



multiple device programmlng 

TMS2764 
65,53 6-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

Several TMS2764's can be programmed simultaneously by connecting themin parallel and following the programm­
ing sequence previously described. 

program lnhibit 

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

FIGURE 1 

INCAEMEHT 
.AOORESS 

DEVICE 
FAI\.ED 

FAST PROGRAMMING FLOWCHART 

TEXAS 
INSTRUMENTS 

1, •• 

·' 

O EV ICE 
FAILED 



HPJI6264LP-10, HM6264LP-12 
rliVl6264LP-15 1 o ı 

ı o ı . 

. ı 

1192-word x B·bit lligh Speed Static CMOS RAM : 

1. 

• FEATUilES ------------, 

fJıt acce~s Time 100ns/120ns/150ns (max.) 

1 Law Power Sıandby Stanı.Jby: O.OlrnW [typ,) 
. Low Power Operation Operatlııg: 200rnW {typ,) 

t upability of Battery Back·up Operation 

r Single +5V Surıply 

ı Compleıely Sıatic Memory ..... No clock or Timing Sırobe Required 
• ·:quJI Access and Cycle Time 

1 C'oınmon Data lnput and Ouıput, Three State Output 
ı Oırecıiy TTL Compatible: All lrıput and Output 

1 Standard 28pin Package Configuration 
Pin Out Cornpatible wiıh 64K EP ROM HN482764 

ıBt..OCK DlAGRAM 

(I)P-28) 

• PIN ARR/\UGEMENT 

iıi.-q W.uu 

"". ~~· 
---Ql..hU 

,,,o--- T••••l 1\ılte c.. •. 

'-••4 . .. , ... , ...... 
•ı. o----L----r----_J 

... o--------' 

AOSOLUTE MAXIMUM RATINGS 

lt cm 
e • lcııniııal Vultı.ıı; 

ıuwcr Dissipa ıio -n ----
croıtuıc ~ij.~;·,;i~ıl: ;r;;-ı~ı-;­

·ı,~·~ ~~~- 'i·~i;e-i 
·-··--
oııure 

aıurc: {Uıulcr Uias) ~i!~.~~-)"~7ıircr 

S ynıbol 
VT 
PT 

--·--
J'opr 

Tat c 
1bi~ 

·'. 

Rating 
-0.5 • • to +7 .O 

ı. o 
O lu +70 

-55 to+ ı ıs 
,-,.-------

-lO to. +85 -

U nil 
V 

~~--w --·----
~c 

-ıı-c--

-.,-c--

NC 

l/0, [D 
1/0,~ 

1/0,~ 

CNI> 14 

Yoııh ıespcct to GND. • • Pulsc witlth 50ııs: -J.OV (Tup View) 

ıfltlJTH TAOLE 

V'~l~-;5 
... - 1·-
:..: X 

-_-.--· 
i> E l/0 l'irı V cı..; C'uırcnt Note. 

.ı_ CSL Moı.lc: -·x- ---il!~hi ____ f--7--·----
ı X Nut Sclı:cted /sn,/suı 

~ ----------
X (l'oweı Dowıı) lliı;lı z /sn,/suı 

- --- - .. ·- -------
:ı ' [ 
;,--[--! 
--i--

. ll ll Output Disalılcr.J lligh z ıcc,/ccı --·--r-- ---- -:------- -------·-
Duu ı ıcc.ıccı -----------
Din Ice. le: c ı Wriıc Cydı: (!) 

Vee 

[/0, 

1/0, 

1/0 .. 

i. ! ı 
L .. J. ı 

: _ _ı'- - ~j """ 
-_,_11_ j __ l_l __ Wrlıı: -·- ... -·----- -- .. ~--·---------
. ___ II __ L_~ l>iıı Jcc.Jcc.;ı Wıııc Cydc (2) ---· --

... ·, 1 ı . .,, \ ~ • r~ 
.i 
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H D 7 4 L S 1 3 8 e 3-Line-to-8-Line Decoders/Demultiplexers 

The HD74LS138 decodl!$ one-of-eight line dependent on 
the conditions at the three binary select inputs and the three 
enable inputs. Two ııctive·low ıınd one ııctive·high enııble in­
puts reduc:e the need for externııl gates or inverters when 
expanding. A 24-line decoder can be implemented without 
externııl inverters ıınd ıı 32-line decoder requirııs only one 
inverter. An eanble input can be used as a data input for 
demultiplexing applications. 

• BLOCK DlAGRAM 

~·l•rt 
j ....... , 

r. --c.-W=R5==+=H==En 
) ~-{>­
i l c --1">---.l...c-.!::::::::::t==LJ 

,, 
,, 
y, 

•• 
[ı u,. 

y, o..,.,. 

•• 
y, 

.. ) 

.PIN ARRANGEMENT 

(

c.. • 
tA•~•• 
l"'"'t' c .. 

c.. 

.FUNCTION TABLE 
In puta 

Enabte Set e cı 

Gl G2' C' B 1 A Yoj Yı 
X H ı X ı_:::_J X H i H 
L X ıx X j X H u 
H IL iL ı Lj L L H 

H IL IL ı L H H L 
H L L H L H H 
H L L H H H H 
H L H L L H H 
H L H .L H H H 
H L H H L H H 

H L H H H H H 

o.., •.• 

Outputa 

y, ı y, Y.JYajYoı y, 

U i H H'HIHIH 

HJH H i H H j H 

HiHIH!H HIH 

H 1 H 1 Hj H HJ H 

LJ H Hj H H!H 
HjL_lHI H Ht H 
H ı H L_l H H ""'iti 
H'Hjlj:L ı Hj H 

HJHIHjHJLı H 

Hı HIHIH H! L 

H; hlgh level, L; low Jevel, X; urelevanı 
•:Gı•G,A+Gıa 

.ELECTRICAL CHARACTERISTICS (Ta= -20- +75"C) 

lı em Symbol i Test Conditiona min typ• max 1 U nil 

Yı H 2.0 - - V 
lnput vohage 

YIL ı 0.8 \' - ------------·---
V o, ı Vcc =•.75\', Vı~=2V. ~·IL=O.!Y,Jo•= -400!1A 2.7 - - V 

~ 

ı .lloL=•mA Output \'oltage - - 0.4 
VoL Vcc=USY, Vı• =2V. Vn=0.8V ı V 

loL=8mA - - 0.5 
lı H Vcc=5.25V. Vı=2.7V - - 20 IlA 

lnput current llL \'cc=5.25V, Vı=o.•v - - -o.• mA 

ll Ycc=5.25V. Vı=7V - - O. 1 mA 

Short-circuit output current los \'cr=5.2SV ı -20 - -ıoo mA 

Supply current Ice \'cc=5.2SV. Ovıputs tlllblt<l aııd •h - 6.3 ID mA 

lnput clamp vo1tage YıK Vcc=•.7SV, /ıN= -lllmA - - -ı. s V 

118 @HITACHI 



H D 7 4 Ls 1 3 9 eDual 2-line-to-4-line Decoders/Demultiplexers 

The HD 74LS1 39 comprises two individua 1 two-ıi,._to-four· 
line decoder in 8 single package. The active·low enable input 
can be uıed as 8 dau line in demultiplııxing applications . 

.PIN ARRANGEMENT 

• BLO:CK DlAGRAM 

EHJııı, ıc 

S•II'CI [ 14 
,,.,..,.. 18 

"' 
lt o 

ı ı. 

lll 

u ... v..,. .. 

.FUNCTION TABLE 
lnputs 

Enable Select 

G B 1 A Ye 
H X 1 X H 

L L i L L 

L L 1 H H 

L H 1 L H 

L H 1 H H 

H; high level, L; low !eve!, X; lm:levanı 

IELECTRICAL CHARACTERISTICS (Ta= -20- +75'C) 

lt em 1 Symbol ! Test Conditions min typ' 

i VıN ! 2.0 -
lnput voltage 

1 V n 1 - -
i VoN j Vcr=4.7SV, VıN=2\', Va=O.!\', /0 ,--(00pA 2.7 -

Outpul volıage 

ı 
1 1Ioı-~mA - -

Voı 1 Vcc=4.75V, VıN=2\', Va=0.8\' j _ 
1 1 kı-8mA - -

ı lt i Vcc==5.25V, \'ı== 7V - -
lnput current ı /ıN ' 

1 Vcc==5.25V, Vı==2.7V - -
1 /IL i Vee== 5. 25V, Vı=O.~V - -1 

Short · circuit output current i /os 1 Vec=5.25V -s -1 

Supply current ı kc ! Vee== 5. 25 V, O.tputs enabltd and OJ><n - 6.8 

)nput clamp voltaf!e ı Vıı i Vee== 4. ?SV, Jı.v== -l8mA - -
' 

l'cc=SV. Tc=25'C 

ISWITCHING CHARACTERISTICS ( Vcc=SV, Ta=25'C) 

lt tm ' Symbol i lnputs Output s ı.. .. lı of del ı ı T<:st Conditions min 1 

i II'LH 1. Binary -
i-~ 2 

Stl<:ct IYo-lYl -

~ lA. lB 2Yo-2Y> Ct= 1SpF -
Propa~etion del•r time 3 

1 2A. 28 Rı=: 2k0 -
~-~-ı Enal.lt !Yo-IY, -

2 ı 
i tı•Nı. ~ lG. 2G 2Yo-2Y, ı -

1 
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ı 

ı 

ı 

,, ...... ıı n.] 
O.tpeU 

nı 

n. 

Outputs 

Yı 1 Yı Yl 
H ı H H 

H l H H 

L i H H 

H ! L H 

H ı H 1 L 

max 1 U nit 

- V 

0.1! V 

- V 

0.4 
V 

0.5 

' Q.l mA 

20 p.A 

-0.4 mA 

.-42 ınA 

ll ı ınA 

-ı. s V 

typ ın u U nit 

13 20 n s 

22 33 n s 

18 2'9 n s 

25 38 n s 

16 24 n s 

21 32 n s 



# 

HD74LS373 eoctal D-type Transparant Latches (with three-state 
outputs) 

The H 074 LS373, S-bit register featur~ totem-ı.ıolıı three-state 
outputı designed specifıcally for driving hiifıly-capacitive or 
relatively low-impedance loads. The hiifı-impedar.::e third 
statıı and increased high-logic-level drive provide this register 
with the capacity of being connected directly to and driving 
the buı lines in a bus-organized system without need for inter­
face or pull-up components. They are particularly anractive 
for implementing buffer registers, 1/0 ports, bidirectional bus 
drivers, and working registerı. 

.PIN ARRANGEMENT 

The eight latch~ are transparant D-type Iatehes meaning that 
while the enable (G) is higlı the O outputs will follow the data 
(D) inputs. When the enable is tııken low the output will be 
latched at the level of the data that was setup . 

• FUNCTION TAB LE 

lnputs Output 

Outpoıt coatroll Enabl• G 1 D Q 
No ıcı: H " hi&h lcvcl, L = low lcvcl, 

L 

ı 
H 

ı 
H !l 

L H ~ L 

L L X Q, 

H X X z 

.BLOCK DlAGRAM 

IQ 2Q JQ 

Owıpuı ID ZD 30 
Cgnual 

ıQ SQ 

so 

X " irrclcvant 
Q,• 

z . 

6Q 

6[) 

lcvcl of Q beforc the 
indicatcd steady-state input 
co ndi tions wcrc 
establislıcd. 
off (high-im~cc) staıe 
of a throe-ttatc output 

7Q 

70 80 

8Q 

En•ble 
c; 

.RECOMMENDED OPERATING CONDITIONS 

lt em Symbol min typ max Un it 

Supply voltage Vee 4. 75 5.00 5.25 V 

Out pul voltage V oH - - 5.5 V 

lo• - - -2.6 mA 
Out pul current 

lo ı. - - 24 aıA 

En abi c pul sc j -H" level ıs - -
1 -L" level 

lw na 
width ıs - -
Data setup time ,_ 5 1 - - na 

Data hold time ı. 25 1 - - aa 

Noıe) ~ The aırow ındıcatca tlw: c.ııına cdgc o( clock pulsc. 

@HITACHI 

(Top \'iew) 

247 



BURR-SROWN® 

IE3E::!) lf'-'A 101 

Very-High Accuracy 
INSTRUMENTATION AMPLIFIER 

FEATURES 
• ULTRA-U!W VOL TAGE DRIFT • D.25~V/"C 
• LOW OFFSET VOLTAGE • 25~V 
•LOW NONLINEARITY • 0.002"/e 
• LOW NOISE • 13nV/v'Hi at !0 = lkHz 
• HIGH CMR • 1D5dB at 60IIı 
• HJGH JNPUT IMPEDAHCf. -ı olOn 
• LOW COST. T0-100. CEP.Art.IC DIP AND PLASTIC 

PACKAGE 

DESCRIPTION 
The INAIOI is a high accuracy, multistage. 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 
inıegrated on a single monolithic substrate. 

OFFSET AOJUST 

M Package 

APPLICATIONS 
• AMPLIFICATJON OF SIGNALS 

FROM SOURCES SUCH AS: 
Straln Gaa• 
Thermocoupl• 
RTDs 

• REMOTE TRAriSDUCERS 
• LOW LEVEL SIGNI.LS 
• MEDICALIKSiRUMEHTATION 

A m ultiamplifier 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. Jow noise technology 
to provide exceptional input characteristics. 

OFFStT AOJUIT 

-IMPUT 3 l--~-F.~ 
SAli 

SEMSE 1 
GAJUETI & 1------_.._.. 

+Vçc ·Vçc AZ DUTPUT 

G and P PaekagH 

lıııornlliDIIII Alrpon lndualrill hrt. P.O. hı 11400. Tucuıı.Ar1zlnı 85734 · TII.ID021741·1111 · Twx: 911).852·1111 • CU!o: IIIICORP · Tik>: le-Ml 

PDS-4~F 
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SPECIFICATIONS 
ELECTRlCAL 
At +zs•c with ±15VDC power supply and in circuit of Figure 2 unlesa otherwise not-ı. 

IIIODEL lllAlllWI/Aa INAIOIIIIIIG -101CM!CQ --11111 TYf' MAX - TYP MAX - TY, MAX ..., TYf' MAX --· UIN 
Rongo of Goın 1 1000 . . . . . .. GoiaEq.-ı G=ı+IOJRo) . o . .. Emır From eıı-. DC"' ±(O.OO+ıı.00011 ±(0.1-HI.DOO:lG . . o o ±(0.1+ ±(0.3+ 

' -o.ırıtG) -G.05/G) O.COCI5G) O.C002G) li -o.IISIG -G.11l/G c GuıTomp.Coolllcionl"' 

--~ 
a~1 2 5 . . . . 
G=>O lll 100 . 10 o 
G=100 22 110 o 11 . . ~;. 

G=IOOO 22 110 . . 11 . . . -..: 
-....OC'" ±(0.0112+10~) ±(O.G05+2X10~l ±(0.001 ±fo.G02 :(0.001 :t(0.002 . ~;: 

tıol~'f.;· +10"0) +10~) •10~) T10 .... G) 
ı IIIJEil OUTPUT :: ._ !:10 :tt25 . . . . 

' Oımın1 ::5 ::10 . . . ... j 
Ou:;>utl- 02 . . o ı Capoci!Mt Lood 1000 . 

$ 
IOIPUT Of'RTYOI.TA3E 

ı 
-~11+25'C :(25+2lXIIG) ±{5CH-4001G) ±(10+ ±125 :(10+ ±(25+ :!:(125+ ±(250+ ,. 

100/G) +200/G) 101l/G) 200/G) 450/G) IOQ/G) 
var- ±(2+21l/G) ±(0.75 ±(0.25+ ±(2+20/G) llll'f;; 

+lll/Gl 10/G) 1 
.. SOcıoty :(1+20/G) . . . 

"" 
ı 

...aTime ::(1+20/G) -i 
IOIPUT IIW CURIWIT 

--eun.nı _._, 
±15 ±30 ±10 . :!:5 ±20 . . .. .. __ 
±02 . . . MI"C 

VISooı>ly :lll o o . ...,.. 
-~cu.- :!:15 ±30 ±10 . ±S ±20 . 

"" 
.. __ 

:llS . o MI'C 
IOIPUT~ 

ı -- ıo"i!3 . . Dil* 
~ 10"113 o . . O!ı>F 
IIIPUT VOLTAGE JIAMGE. 
Rongo, ı.;,_'*-'* :tıo ±ı2 . . o y 
Clolll-lldlSoun:.lmlıol, 
DCtı:ı!IIHz.G=1 80 110 . o . 65 65 cıa 
DCtı:ı!IIHz.G=IO 96 ı os o . 90 96 di 
DC tı:ı &lHz. G=100 to 1000 ı06 1!0 . 100 106 d! ı 

fNPV1'NOllf; ,...,.v.,.._ 
ı.=o.aıHZ 10 10HZ Q.l o . 

ıN. H 
Oonoııy, G-"1000 

nw,fj§_ fo=10Hz ıs o . . 
fo---ıooHz ıs . . nVI'i',!! 
fo=ıtt<z ı3 . . . nVfvHI; 

,...,.c.mnı_ 

t.=0.01HZ 10 10HZ 50 o . . pA. H 
Oonoııy 

pN~ fo-""'ICHz 0.11 . . . 
fo=100Hz 0.48 o o . pNyrfl. 
fo=ıkHZ 0.35 pN,jii 

DYIWIICIIOPONSE 
Sılilli Signal, :3dB Fıa._ 
G=ı 300 o 

"" G=10 ı~ . o -G=IOO 25 . .... 
G=>OOO 2..5 

Smlll Signal, ±lll. Fla-
. o kHı 

G=ı 20 . OH< 
G=ıo ıo . o .... 
G=IOO ı . . .... 
G = 1000 200 . . . HZ 

fuU Power. G::;'f to 100 lC . .... -sı.. Ra. G=1 ıo 100 02 o. c . . . . . o VI,. 
5oıaong r ... ıo.ı'lii . G=ı 30 co . ,. 

G= 100 co 55 . . o . . ,. 
G=IOOO 350 410 . . . . ,. 

SeatiııgTi.,..(O.Ot .. ) . . . . G=1 30 .ıs . ,. 
G=ıQO 50 70 . . \ . . ,. 
G·=lGOl 500 650 . . ,. 

I'OWa SUPOI.T 
~~.-._ :ıs . . V 
Voh9AM91 ±S ±20 . . . . V c. ..... au_.. :<11.7 ±11.5 . . . . mA 
~ruııııwocır 
s_... -25 -H15 -ss +125 . . o +70 'C 
Oııenrıon -55 +ı25 . \ . o -25 +IS 'C s._ -e6 +ı50 . . . -co - 'C 

• SpecsJıc:aaona u,me, u tOC' INA101AMIAG 

NOTES: (1) Typk:ally the toret11nce ot Ra wlll be the mejor source ot gam error. (2) NonHnearity ttlhe muımum peak de'ltation from tn. bnt aıqfgttt-IJne aa percenı.Q~~ol 
peak-to-peô; ruu Kale oulput. {3) Not inc:ludlng tN TCR or Ra. f4) AdJu•tabl• to uro at any one gajn. (5) l~e output •tage = 113-c.tw, IJC ~t Cireuitry = 1rcıw. 
Ib =a:ı"CCW. 
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MECHANICAL 

M Package 

Case.:;. -Vee 

Leads .n "ue pos•hon wıt~un 
O 010" 10 25mm) Rat MMC 
at seahng plane 

~ ~~~e~:n:::~~~hown for 
( Number~ may not be markea ~m~ IN~'"'ffS ""ıı..:..I'VIf':'ER5 

ı r---:-on __ p::-ac:;:•::•;-;ge,.... __ .. :::--:-::==-ı 

•. .,.,. .........._o 
.,-:_ .... 
' . 

DıM 1 ... ~ MA.~ "'" 
1 ,JJ:ı 3>0 ... HC 

i .3~ .J-3!: ,, i s sı 
: ... ' ... . .. • >O 

ı ~~r---~---+----+---~ 

lı--:--+="----t-"=---t-~-r-'-'-1 
o•• o:ıı 0" oSJ .., .. .,~ 
O>C 0.0 o :2~ 

' 230 8ASIC S U BAS•C 

028 .... CH o .. 
029 "'' O" 

' .soo . •;ı 70 

' 120 ••o J o~ •oo 
36° BASIC 1 36c BASIC 

1 ,o 120 ,,. 
B0-:-7;JMVIEW 

ORDERING INFORMATION 

INA101 C G 

d ı N -
____ =r---J JT Basic Mo e umber -

Pertormance Grade Code ________ _. 

s· -ss•c to +ııs•c 
A. c: -2s•c to +ss•c 

H o•c to + 7o•c 
PackageCode --------------------------~ 

M: TO-iOO 
G: 14-Pin Hermetic DIP 
P: 14-Pin Plastic DIP 

T0-100 Hermetic DIP. 
(M Suffix) (G Sufflx) 

INA101AM 
INA101CM 
INA101SM 

INA101AG 
INA101CG 
INA101SG 

ABSOLUTE MAXIMUM RATINGS 

Suppoy 

Plastlc DIP 
(P Suffix) 

INA101HP 

.. =20V 
Internal Power Dıssıpation . . . . . . . . . . 600mW 

ınııu: Voı:age Range................. . '!:V rx 

Oııeraııng Temperature Range ........... -ss•c to ~ı25'C 
S:orage Tem;ıerature Range: 

M.G -ss•c to ..-ısooc 
p -40·c to -as•c 

:..eaa Temperature (sotdering 10 seconds) . -300"C 
:Jutpuı Stıort-Cırcuıt Duration . . . . . Contınuous ıo groumı 

30< 

2-9 

Hermetıc DIP 

ı:-:-:- A ---.1 

G Package 

l eaôs ın tr uf' po::.ıtı('tr. ~·ltıın 

0 01~ 0 25mm R CH M\~C st 
sea11ng plane. 

Pın numOPrS shown for r('fer­

pncp ("!niy Numr>Prs ma.., rıot 

be mar .. E>o on pactcage 

IN( "if~ 1 -.Ar:..:. ıMfTERS 
0•"' MIN ı ...... .. ~'" MA> 

. • c :ı •11 o:ı 

06> ,. . .. .. 3::' ,,. ... 
' G 1 ıoo P"'.StC ' :; !ı.• 8ASıC ... Cl:: ... . , . 

006 0\2 ":ııo 030 

' »O , .. '"' • •o 
300 EIASlC: ' "7 62 BASIC , __ .•. •o 
. 009 .... 02J . ., 

P Package 

Case ~ -Vee 

Çd ~~ 
Leads m true posıtıon within 
0.10"' (0.25mrrıı ~et MMC 
a: seatıng pt-ane 

Pın n limDers shown tor 
reterence onty 

lif Numbers may no! be maric.ed 
on pactl.age. 

w ~ ta.CHES U•ı..LIJ..ıfTEI=IS 

"'" ..... ....... 
' 

... .. 1 MA;ıı: 

-t . 660 )8-~ 16 16 .... . ... ,. . ' .. '" H-l U:G ~:~~ c .:ıoo . .... 
c .Ot!- 023 .,. oso . OJC. .OJC 0'6 "" 

rcl:;ı c '00SASIC 2 ~· IlASIC 

" ı 03C ,.,. 

--L~t 
' o OOE o" C. 2C 030 . •oo ,.. 
- JOOaAStC ~ ~2 8AS•C 

" 1";ıc: ... . . , . ... c,, "' 



PIN CONFIGUFIATION 

·IN 

~~l 
1. COMt.ıOH 

+ve ... ı 13 ·Vee 

·INPUT! 
G 

12 + INl'tJT 

TOPVIEW 

MO~l or " . GAIN SENSE 2 
p 

GAINSEi 1 i ı o GAINSET2 

OFFSET AOJ ' A20VTP'JT 

OFFSET AOJ l 7 
a p Al OUTPUT 

TOPVIEW 

TYPICAL PERFORMANCE CURVES 
At +25°C and in cırcuıt or Figure 2 unıess otherwıse notect. 

Mu iô 
~ 
ı:: 80 
::; 

Typ u 

6ü 

0.0003 -40 
ı o 100 ıooo 

Gain(VNi 

GAIN VS FREQUENCY 
120 

60 
100 

iô -40 iô 
~ 
a:: 80 
::; 
u 

~ 
c .. 
cı 20 

60 o 

10 lk 

Frequency ı Hz: ı 

WARM.UP ORIF'T VS TIME 
ı o :t9 

> = 
" 8 ; 
ö 
> 

! e 

o 
'S 4 
Q. 

s 
.5 .. 

1\ 
\ 
~ ı 

.( 
!8 ~ 

c 
! 
:; 

-:.7 u 
c 
~ 
" '5 :til o 

F 
~ 
u "" r---. 

!5 
o 2 3 5 

Time ıMrnut•ı 

60Hz-­
DC ••••• 

1 
3.2 ı o 32 ıoo 

Source Resistance lmbalar.ce ı kO ı 

CMR VS FREQUENCY 

G = ı oc. ı 000 

G=lO 

"' G=ı ' "' Batanced ~ Source 

10 ıoo ı Ok 
Frequency ı Hz ı 

QUIESCENT CURRENT VS SUPPL Y 

V 
V 

V 
o :!:5 ±10 =15 

Suppty Votıoge (V) 
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TOTAL OFFSET VOLTAGE 

3200 
..---.....;OR;,;.:..I ... FT.....;V,;;S..;G;;.A,;..IN,... __ _ 

"' 'C 

+10 

~ 
+5 

ö 
::-: o 'S 
Q. 

'S 
o -5 

-10 

GainıVNI 

GAIN !:"'ROR VS FREQUENCY 

ıoo lk 10k 100k 

Frequency ı Hrı 

STEP RESPONSE 

J G11 
fi/c(. ı 
l G = 1000 

' ! 
1 ı\ ' 

l ı ' ı "'-
1 

t 
ı 

o ı 00 200 JOO 4llC soo 800 
T.meı.,.sı 



ıNPUT NOISE VOL TAGE 

SETTUNG TIME VS GAIN 
1000r-----~~----~-------, 

OUTPUT NOISE VS GAIN VS FREOliENCY 100· GA.If\.· HXIil 
30 1000 

~ ~ 
> > l !' 20 %10o 
m •. 
N F ö ö ....., ' > > ' ~ <' -:--,-
'ö 10 c 10 z z 
'S 

1 c. 
'S 
o 

o 
10 100 1000 1 10 100 10 ı;x, 1000 

Gain(VNI Gatn\VNı Frequency =Hz 

DISCUSSION OF PERFORMANCE 
INSTRUMENTATION AMPLIFIERS 

lnsırumentation amplifiers are differential inpuı dosed­
Ioop gain blocks whose committed circuiı accuraıely 

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
,.·orks are packaged within the amplifier module. Only 
one eıcternal gain sening resistor must be added. An 
operaticnal amplifier, on the other hand. is an open-loop. 
uncommitted device that requires external networks to 
ciose ıiıe !oop. W hile op amps can be used to achieve the 
same basic function as instrumentation amplifiers. it is 
•cı-y difficult to rcach the same !eve! of performance. 
Usıng op amps often lcads to design tradc-offs when it is 
necessary to amplify low level signals in the presence of 
common-mode voltages while maintaining high input 
ımpedances. Figure 1 shows a simplified model of an 
Ulstrumentation amplifier that eliminates most of the 
problems. 

.. = ..... 

.. =llltı·•ıl= '" 
• &tt2 ••ıV2 &'CJı 
"ıı=~=CIIIR 

s 'Cil 
.. =l~t+ Cllll 

F.-liiAIOI 1 = 1 + G:lls 
wlılll R1 1ıllıt gllıı IlliinG mlallr. 

FJGURE 1. Model of an Instrumentalion Amplificr. 

THE INA101 

Simplificd schematics of the INAIOI areshownon the 
fırıı page. lı isa three-amplifier device which provides all 

the desirable characteristics of a premium per!ormancc 
insırumentation amplifier. 1 n addi tion. it has features not 
normally found in integrated circuit instrumenıaıion 
amplifiers. 

The input seetion (Al and A2) incorporates high per­
formance. low drift amplifier circuitry. Theamplifiersare 
connected in the noninverting configuraıion ıo provide 
the high in put impedance ( l010fl) desirable in the insıru­
mentation amplifier funcıion. The offseı volıage and 
offset voltage versus temperature is Jow due to the 
monolithic design and impro,·ed even furıher by the 
staıe-of-the-art laser-trimming ıechniques. 

The output seetion (A3) is connected in a unity-gain 
difference amplifier configuration. A critica! part of this 
stage is the matching of the four !Okfl resistors which 
provide the difference funcıion. These resistors must be 
initially well matched and the matching must be main­
tained over temperature and time in order to reta.in 
excellenı common-mode rejection. (The 106dB minimum 
aı60Hz for gains greater than IOOViV isa significant 
improvemenı compared to most other integraıed circuit 
insırumentation amplifiers.) 

All of the internal resistors are compatible thin-film 
nichrome formed with the integrated circuit. The critica! 
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 achievemenı of exeelieni TCR and TCR 
ıracking. This provides gairı accuracy and common­
mode rejection when the ll'\ A 101 is operated over wide 
temperature ranges. 

USING THE INA101 

Figure 2 shows the simplest configurationofthe INAIOI. 
The gain is set by ı he exıernal resisıor. RG with a gain 
equation ofG= 1 + (40K/ R,.). The referenceand TCR of 
Rt; contribute direct Iy to the gain accuracy and drift. 

For gains greaıer than unity, resister Rt; is connectcd 
c:xıcrnally between pin~ 1 and 4. At high gain~ where the 
value of R,, bc:comes smail. additional resistance (i.e .• 
rc:lan. sockets) in the Re; circuiı w ili contribute to a 11l!İn 
c:rr~r. Care should be tak en to m inimize this effcct. 

2-1 ı 



nı. drıuft .. , bo ıııod 11 1 rtp!ac-111 
for dıa •Inar. poCantıoııı1111r. ~ ;rtll ıııljuof 

ııftoot ond ltno dı1fl uncıı.nııllf. 

+Vı;c 

8 OUTPUT 

FIGCRE 2. Basic Circuit C:ınnection for the INAIOI 
!ncluding Optional lnput Offset :'\ull 
Potentiometer. 

The optional offset null capability is shown in Figure 2. 
The adjustment affects only the in put stage component of 
the aifset voltage. Thus. the null condition will be 
disturbed when the gain ischanged. Alsa. the input drift 
will be affected by approximately0.31,.V /"C per !OOp V 
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 to 
Comman (pin 7) through a buffer amplifier. This limits 
the resistanceinseries with pin 7 tominimize CMR error. 
Resistance above o.ın will cause the common-mode 
rejection to fall below 106dB. Be certain to keep this 
resistance law. 

lt is important to not exceed the input amplifiers' 
dynamic range. The amplified differential input signal 
and its associated common-mode voltage should not 
cause ı he output of Aı or A~ to exceed approximately 
±lO V or nonlinear operation will result. 

BASIC CIRCUIT CONNECTJON 

The basic circuit canncetion for the INAIOI is shownin 
Figure 2. The output voltage is a function of the 
differential inpuı volıage times the gain. 

2-12 

OPTJONAl OFFSET AOJUSTMENT PROCEDURE 

lt is frequently desirable to null the in put eomponenı of 
offset ( Fil(ure 2) and occasionally that of the outpuı 
(Figure 3 ). The quality ofthepotentiometerwillaffea the 
results, therefore. choose one wiıh good temperatureanıı 
mechanical-resistance stability. The procedure is as 
follows: 

1. Set Eı = Eı = OV (be sure a good ground return patlı 
exists to the input). 

2. Set the gain to the desired value by choosing RG. 
3. Adjust to IOOkn patentinmeter in Figure 2 until the 

output reads OV ::ı mY ordesired setting. Note that 
the offset w ili change when the gain is changed. If the 
output componen: of offset is to be removed or if it is 
desired to establish an intemianal offset, adjust the 
IOOkn patentinmeter in Figure 3 until the output 
reads O V ± 1 m V or d esired setting. N o te that the offset 
will not change with gain. but be sure to use a stable 
external amplifier ~ith good DC characıeristics. Tlıe 
range ot adjustment is ±15mV as shown. For larger 
ranges change the ratio of Rı to Rı. 

FIGURE 3. Optional Output Offset Nulling or Offsening 
Csing External Amplifıer (Low 

lmpedance to Pin 7). 

THERMAL EFFECTS ON OFFSET 

To maintain specified offset performance, especially in 
high gain, prevent air currents from circulating araund 
the in put pins. This can be done by using a skirıed heat 
sink on &he INAlOJM package. Rapid changes in die 
temperature and thermocouple effects on the pins will 
then be minimized. Surraunding the package with low 
power components will alsa help to reduce air llow 
across the package and pins. 

TYPICAL APPUCATIONS 
Many applications of instrumentation amplifıers involvc 
the: amplification of lov.- level differential signals from 



lırictge,; and transducers such as strain gages. therm(l­
couples. and RTD's. Some of the im portant pa rameters 
ın:iuJe common-modc rl'jcctionldifferl'ntial cancellation 
ol common-mode offst·t and noise. scc figurc ll. inrıuı 
impcdance. offset voltage and drifı. gain accuracy. 

linearity. and noise. The 1:'\AIOI accomplishcs :ıli of 
ıhese "ith hiı:h precision. 

Figures 4 through 16 show some typical applicaıions 
circuits. 

V 

TRAkSOUcı:R R P~-R 
OR SENSOR- ,.. -

5( RESIST~NCE):----;---"f"'-:...,.----,.:--"":----! 
~ IRIDGE // Ez 

,..~---,..... 

\ 

'i ıi-
11

8 
.ı.Eıl 

\ 1 1 
\ 1 1 
ı 1 
1 ı 
ı 1 
1 1 

1 1 1 
\ .. .;T~ 

t ·~cı: 

ı-ıl· 1 OPTIONAL 

1 ı OFFSET 
'ı ı ADJUST 

ıs rzj ıooı;ıı 
3 E,= 11 •14t)JR61l ıt 2 · E 1 ı 

F1Gl'RE4. Amplification of a Differential Voltage from a Resistance Bridge. 

IUı~ 1Dtz P.UIII 

ı 
,~---r---o{] ı 

\ 1 
\ 

\ 1 1 

ı 
1 

~·· ı 1 1 
R; 

AUUI5 .. Ul i ı 
ı 

1 
1 1 1 

1 1 1 

Tkll~ -- .. ,"-
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FIGt:RE 5. Amplificaıion of a Transiormer-Coupled Analog Signal. 
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~GURE 6. Output Offsetting Used to lntroduce a DC Voltage for Use wıth a Voltage-to-Frcqucncy Convertcr. 
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FIGURE 7. ECG Amplifier or Recorder Preamp for Biological Signa!s. 
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FIGURE 8. Precision Isolated lnstrumentation Amplifier. 
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FIGURE 9. Multiple Channel Precision lnstrumentation Amplifıer. 
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FIGURE 10. 4mA to 20mA Bridge Transmitter Using Single Supply lnstrumentation Amplifier. 
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FIGURE ll. Ground Resistance Loop Eliminater (INAIOI senses and amplifies V, accurately). 
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FIGURE 12. Thermocouple Amplifier with Cold Junction Compcnsaıion. 
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~Cl-.7135 
411,-Dinit BCD Outo, ut ,_ :::::.: 

A/D Convertet 

GENERAL m::scR:FTiON 
The ın:e:sii iCLi'135 prcscision A/0 ccr.vBrtor. ·s:th its 

m;.dtip!e><ec SCD ou~pı.;t and c:!git d:-i·J~rs. comoin8~ dua!~ 

slope C;"':nve:-sior. rei:abıli!y wı~tı = ı ir: :O,OüO cç-urıt accur~­
.;.,. "'8nd ıs ·;d~ally <;lÜ'(0C fo:- the vis!Ja! alsplay Ü'l\1:'Df~iı 
market. The 2.0COQV tull sca.ie caoaoılity, acto-:ero ar.cı 
auto-polaritJ are cor:ıbineo:~ wıti'l trt.!!~ ratiomet:-ic oosration. 
almcst ı::ea: Cifferential tinear.ty an~ tr'..iA d;::=ercntü:l ir:pı.:L 

A!i necB:ssary act;v~ cevices a;~ cc:ıtaıned on ,a single 
CMOS i.C:., with i!ıe excep!:cn of .j:s;:::;y driv~rs. retcrence. 
anda c!:;:K. 

The in:ersil ICL7i 35 br:ngs together an unpreceder.ted 
combina~ion of high accuracy, versati:ity. arıd true econorr:y. 
lt !eatures auto-zero to !ess than -:C.u.V, zere drıft of less 
than '!-'V re, input bi as current of i O pA max., arı d rc!lover 
error of :ess than one coıınt. The versatility of mu!tip!exed 
BCD outputs is increased by the addition oi several pins 
which al!ow it to ooerate in more scphisticated systems. 
These inciude STROBE. OVERRANGE, UNDER-RANGE, 
RUN/HC:..D and BUSY !ines, making it possible to interface 
the circuit to a microprocessor or UART. 

ORDERING INFORMATION 

Part Number Temp.Range Package 

ICL7135CJI 28-Pin CEnDIP 

ICLi135CPI O'Cto -'-70'C 28-Pin Plastic DIP 

ICL7i 35EV /KlT 1 E:!aluation Kit 
1 (PC Board. actıve, passıva components) 

FEATURES 
• Accuracy Guaranteec to :: 1 Cour.t Over Entire 

:::20,000 Countı: (2.:3000 Volts Full Scale) 

e Guaranteed Z~ro Reading lor O Volt:; lnput 

" 1pA Typical lnpu't Current 

• True Di!ferent!al lnput 

• True Poi.Qrl!y at Zero Caunt ter Prec!se NuU 
Detectior. 

• Slngle Reterence Voitage Required 

" Over-Range and Under-Range Slgnals Available tor 
Auto-Range capabiiity 

• All Outputs TTL Compatibie 

• Bllnking Outputs Glves Visual lndlcatlon of Over· 
ran ge. 

• Six Auxlllary lnputs/Outputs Are Available for 
lnterfaclng to UARTs, Microprocessors or Other 
Clrcuitry 

• Multlplexed BCO Outputs 

Flgure 1: ICL7135 Connectlon Diagram 

tNTEASIL "S SOlE AND EXCLUSIVE WARRANTY OBUGATiOH WITH RESPECT TO THIS PROOUCT SHALL BE THAT STATEO IN THE WARAANTY ARTICLE OF THE CQNCITION Of~ 
THE WARRANTY SHAL.L BE EXClUSfiE AND SHALL BE IN LIEU OF ALL OTHER WAAAANTıES, EXPRESS. IMPuEO OR STATUTOAY, !NCLUDING THE IMPLIEO WAAAAN'fl 
MEACHANT ABIUT'f AND FITNESS FOR A PARTICUL.AA USE. 
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tCL7135 

ABSOLUTE MAXIMUM RATINGS 
Power Dissipation (Note 2) supply Voltage V+ . . . . . . . . .. . . . . . . . . . . . . . . • • . . . . + 6V 

v- .............................. -9V 
,t.nıılog lnput Voltege (either input) (Note 1) ...•. v+ to v­
Relerence lnput Voltage (either input) .•.•.•... v+ to v-

Ceramic Package •..•...•..•••....•••..•... 1000mW 
Plastic Package ..•.........•.......•....•... BOOmW 

Operating Temperature ••.......•..••••... o·c to + 70"C 
ClOCk ınput ................................ Gnd to V+ Storage Tamperatura ................ - 65•C to + 150'C 

Lead Temperature {Soldering, 1 Osec) •••••...•...• 3oo·c 
ııoı- 1: ınpuı \'Oitages may axceed the supply voltages provided the input current is limited to + 1 OOp.A. 

11010 2: o;ssipation rating ııssumes device is mountad wlth all leads solderaci to printed circuit board. 

IIOTE: StrfJSSSS s/JOve lhoselisted under "Absolute Msximum RBiifi!IS" msy cause permsnent demsge to the device. Ttıese sre sl1r1SS rslings only snd lunctıorıal 
_.ııo., of the devic9 stlhese or sny other condilions B/JOve those indicaiBd in the opemtionlıl sections of the spscfficaticrıs tS not implietJ. Exposure ıo sbsO/ute 
_.ım ,.tir>ç conditiorıs for extended periods mBY sffectdevice MliBbllity. 

y- 1 

R!fERENCE 

AHALOG COMMON • 
INTOUT 

AZlN 

BUFFOUT ı 

m:-w:= 1 

IN HI 
y+ 

(IIBD) D5 

(Lıe!l!n 

82 ------

UHDEIIIWfGE 
OYEJUWIQE 

i'iiOii 
Mi 
DIGITALOHD 

POL 

Figure 2: Pin Configuration 
Outline dwgs Jl, Pl) 

ELECTRlCAL CHARACTERISTICS (Note ı ı 
>•'• = -r-5V, v-= -5V, TA=25'C, Clock Frequency Set for 3 Reading/See) 

Symbol 1 
Characteristics Test Conditions Min ı 

· ANALOG (Note 1) (Note 2) 

i Zero lnput Reading VıN=O.OV -0.0000 ı 
ı Full Scale=2.000V 1 

ı Ratiometric Reading (2) 1 VıN = VREF +0.9996 ı ! Full Scale=2.000V 

1 
Unearitt over ± Full Scale 

-2VS:VıN:S:+2V 
ı (error of reading from 

best straigh: line) 

Differer.tiall.,inearity 

0342-2 

Typ Max Un it 
.. 

±0.0000 +0.0000 Digitei 
Reading 

+0.9999 ı +1.0000 Digital 
Reading 

' 

0.5 ı 1 
Digitaı 

ı Count 

ı Error 

ı i -2V:S:VıN,;; +2V 

ı 
.01 LSB 

; ı (difference between worse 

·1 ' ı case step of adjacent counts 

L. 1 and ideal step) ·- ı ' ' Roiıover error (Difference in 1 Digitel 
' 0.5 ı 
! reading for equal positive & Count 

~ negative voltage near full scale) 

~VıN =' +VıN:::: 2V ı ı ı Error 

~~~~.:."S SOl.E ANO EXCLUS!VC WAFiHAt~'TV OOLt.(;:oA:TIOt..: lA 'tl H RESPf CT 1(: THIS PHODUC'l' S'"IA:..l B( 1~·; ... 1 SlATED IN THE WARRANT'ı' ~TI:;t( OF 1"1E CONO."T10N Of" SAl( 

._ 
1'~" SHA:_!. Bl E):'CLLt$1Vl At:tJ SHAU Bt" lfli llf.U or ALl (')'!H[r, ~ArtHAI'o:TIES. O:PRE5S. ıMı.-:.ıE·U Of ı !:iAli..I'TOF.,. IN~LUOtN"G Tt-U. IMPUEü WARH;:..tf:'iES o:-

.. .11A.~i1AtıiUiY A.J.;D F1lNESS fü""ı A f'ARltt;Ui..Ah USF. , 

--:·; ~. ~ · ~~alue; h/lll(' I>P('rı crut,lfCt.,aM Wt •rtı nt:'/ tosls:ı 

ı 
ı 



~ !CL7135 
.... ,.. 
..l 2 ELECTRlCAL CHARACTERISTICS (N0ıe ı) 

(V- = + 5V, V- = -- SV. T ~ -,- 2s··c. Ciock Fı'equency Set ıor J R8atiingt See i ,~:.:ınlınued) 

Symbol Characteristfcs 

' 
Test Conditions 1 Min 

1 
Typ i ı 1 1 1 ı Max U nit 

en ı Noise (P-P value not i VıN=OV 1 
1 

1 
ı ı 

1 exceeded 95 "• of time) ı Fu!l scale = 2.000V 1 15 ! .u. V 

ı Leakage Current at lnput 
1 

V;N,;OV 1 

1 ' 1. 
!ıLK ı 1 1 ı 10 pA 1 i 

! 
Zero Reading Drift V1N=OV ! 0.5 1 2 

1 
p.V/"C ı 

' O'STA~70'C i ı ı 

' 1 ı 1 

TC i Scale Fac!or T ~rr.perature VıN~ +2V i 
ı ı 

ı l ı ! 

ı Coefficient (3) OsTAs70'C 1 
1 ' 2 ' 5 ppmrc 

(ext. ret O ppm i' C) 

' 
' i 

! ! 1 ı 

DI GIT AL 1 

INPUTS 1 

V ı NH 2.8 

1 

2.2 i 
ı 

V 

1 VıNL 1.6 ' 0.8 
1 

lıNL Ciock in, RuniHold, See Figure 4 VıN=O 0.02 ı 0.1 mA 

ı il NH YıN= +5V ı 0.1 1 10 ı )LA 

OUTPUTS 1 

VoL ı All Outputs loL =1.6mA 

ı 
i 0.25 

1 
0.40 V 1 

V oH a,, s2• 84. Bs ioH=-1mA 2.4 4.2 V 
1 Dı. Dz, D3, D4, Ds ı 

·vaH SUSY, STROSE, loH=-10,uA 

ı 
4.9 4.99 1 V ı OVER-RANGE, UNDER-RANGE 

1 ı ! POLARITY ı 
SUPPLY 1 

v+ ~ SV Supply Range ' +4 +5 +6 V 

v- - SV Supply Range -3 -5 -s V 

ı+ + 5V Supply Current fc=O 1.1 3.0 mA j 
ı- - SV Supply Current fc=O 0.8 3.0 1 

C po 1 Power Dissipation Gapacitance vs. Clock Freq 40 pF 

CLOCK 

Clock Freq. (Note 4) DC 2000 1200 k Hz 

NOTES: 1. Tasted in 4-Y, digit (20,000 count) cirarit stıown in Fıgure 3, clock frequency 1201<H%. 
2. T ested wilh a low dielectric absorption integraling capacitor and RtNT = O. See Component Se leetion Section. 
3. The temperature range can be extendad to + l'O"C and beyand as long as the auto-zero and reterence capacitors are ineressed to absartı the tıigher 

leakage of the ıCL7135. 
4. This specifocalion relates to the clock frequency range over which the ICL7135 wiH correctıy perform its varıous lunctions. See "Max 

Clock FreQuency" seetion for ümitations on the clock frequency range in a system. • 

INTERSIL'S SOt.E AND EXCt.USIVE WARAANTY OBUGATION WtlH AESPECT TO THIS PAOOUCT SHALL. Dt: THAT ST ATEO !N THE WARAANTY ,,RTICLE CF THE CONOITlON OF $ALE 
THE WAARANTY SHALL BE EJCCLUSIV'E AND SHALL 8E IN UEU OF ALL OTHEM WARAANi~S. EXPRESS. IMPUEO OR STATUTOAY, INClUOtNG THE IMPUED WAARANTIES QF 
MERCHANlABILITY AND FITNESS FOA ~ PARTICUL.AR USE. 
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