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OZET 

Bu tez çalışmasında belirlenen yol kavşaklarındaki 

trafik ışıklarının bir merkezden kontrolu esas alınmış ve 

tasarlamıştır. Her bir kavşakta bulunan mikroişlemciler ile 

merkezi mikroişlemci arasında yıldız çevre baglantısı 

Cstar !oop connection) kurulmuş ve seri bir haberleşme 

hattı oluşturulmuştur. Merkezi mikroişlemciden her kavşakta 

bulunan mikroişlemciye veya her bir kavşaktaki 

mikroişlemciden merkezi mikroişlemciye bilgi transferi 

yapmak mumkun olmuştur. Merkezi kontrol sistemiyle 

kavşaklardaki trafik ışıklarının devre sUreleri gUnUn trafik 

yo~unluguna göre hesaplanacak ve her kavşaktaki 

mikroişlemciye seri veri Cdata) hattından gönderilecektir. 

Bu şekilde yapılan duzenleme ile trafik akışındaki 

gecikmeler ve zaman kaybı ortadan k~ldırı lacaktır. 
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SUMMARY 

In this thesis, the control of the traffic lights in 

road confluents from a central microprocessor is aimed, and 

is planned. Star - !oop connection is constructed between 

central microprocessor and microprocessors that 

each confluent, therefore a serial communication 

exist 

link 

in 

i s 

established between them. lt is possible to mak e 

transfer from central microprocessor to microprocessors 

exist in each confluent or from rnicroprocessors that 

in each confluent to central microprocessor. The 

period of the traffic lights in confluents wil 1 

data 

that 

exist 

time 

be 

calculated according to the traffic density of the day, and 

wi ll be sent from serial data li nk to microprocessors that 

exist in each confluent. In this case, d~lays in traffic 

flow and time loss wil 1 be avoided in rush hours. 
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l.GlRIŞ 

Sinyaller-, bir- diger deyişle ışıklı işsretler-, y·o l lo r 
üzerinde ve özel J i kle kavşaklarda düzenı i ve guvenl i bir 

akım sag!emak için kullanılan trafik kontrol gereçleridir. 

Ilk olarak 1868 yılında Londra' da el ile yönetilen 

semaforlar biçiminde kullanılan trafik sinyalleri gece 

görUnümlerini saglamak amacı ile gaz lambaları ile 

aydınlatılmıştır. Kırmızı ve yeşil ışıklı ilk sinyalizasyon 

tesisi 

yılında 

1914 yılında A.B.D.'nde Cleveland'da kurulmuş, 

Detroit'te sarı ışıklar da kullanılmıştır. 

1920 

1924 

yılından sonra Avrupa Ulkelerinde de kul lanılmaya başlanan 

ışıklı sinyaller- tizellikle 192,0 yılından sonra bUyUJ.: gelişme 

göstermiştir (1). 

Herhangi bir yerde sinyalizasyon tesisi kurulması iç i 11 

aşa~ıdaki maddelerden en az bir-inin qer·ç.ekleştir·i lmesi 

gerekmektedir: 

a) 

dolayı 

Cini emek, 

Kesişen akımlarden 

oluşan gecikmeleri, 

veya geometrik 

sıkışmaları ve 

özelliklE-rden 

tıkanıkl ıkiarı 

b) Taşıtların di~er taşıtlarla veya yaya geçitleri ile 

kesiştikleri noktalarda gUvenli bir geçiş dUzeni saglamak ve 

kaza ihtimalini azaltmak, 

c) Taşıt ve yaya yoQunluklarını göz onunde tutarak, 

akım yönlerine geçiş hakkı veya önceligi verirken uyumlu bir 

zaman dagıtımını yapmak, 

d) YUklU trafik yogunlugu olan bir yol Uzerindeki 

taşıtları zaman zaman durdurarak tali yol lardaki trafiQe ve 

yayalara da geçiş olanaQı saglamak. 

Trafik gUvE-nli~ii ve kontrolu için kul lanılan yatay ve 

duşey işaretiemelerde <Yol çizgilerinde ve trafik 

levhalarında) oldugu gibi, ışıklı işaretierin de aşagıdaki 

dört nitelige sahip olmaları gereklidir. 
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1. Surucu ve yayaların dikkatini çekmelidir. 

2. Basit ve kesin anlamları olmalıdır. 

3. Surucu ve yayaların saygı göstermeleri ve uymaları 

sa~ lanmal ıdır. 

4. Dzellikle surucu!ere intikal ve reaksiyon için 

yeterli zaman tanınmalıdır. 

Tr·afik sinyalizasyonu sistemlerinin gerek 

projelendirilmesi gerekse uygulaması oldukça basit 

görUnmekle birlikte kUçUmsenmemeli, kullanılacak cihaz ve 

gereçler ihtiyaca uygun biçimde titizlikle seçilmeli ve ne 

yetersiz nede fazla olmalıdır. Zaman da~ıtımlarında taşıt ve 

yaya gUvenligine titizlik gösterilmeli, akım 

yönlerine verilen geçiş hakkı sUreler i 

yogunluklarının birbirlerine olan oranları ve 

ytinlerin 

sinyelize 

edilmiş tesisten geçiş sUreleri ile uyumlu olmalıdır. Zaman 

da~ıtımlarında özellikle akım degerierinin saatlik, gUnluk, 

ay 1 ı k, mevsimlik de~işimleri göz önUnde tutulmalı, ayrıca 

zaman aşıını nedeniyle akım özel liklerinin degişmesi halinde 

surekli bir revizyon yapılmalıdır. Gereksiz olarak kurulmuş 

elemanları, yanlış yerleştirilmiş veya uyumsuz işletilen bir 

sinyalizasyon tesisi gecikmeleri buyuk ölçude arttırabilir 

ve bunun sonucu olarak surucu ve yayaları ışıklara uymamaya 

alıştırabilir, hatta zorlayabilir (1,2). 

Bu projede belli başlı kavşaklar göz önune alınmış ve 

bu kavşaklardaki trafik akışını kontrol edebilecek bir 

sistem hazırlanmıştır. Bu sist~mde dört ayrı kavşak bir 

merkezden bilgisayar aracılıgı ile kontrol edilmektedir. 

Merkez bilgisayar ile her kavşakta bulunan yardımcı 

bilgisayarlar arasında bilgi alış verişini saglamak için bir 

haberleşme hattı kurulmuştur. 3. BölUmde haberleşme ile 

ilgili açıklamalar yapılacaktır. 

Kullanılan bu sistemde kavşakların kontrolu için 

gereken bilgiler gUnUn belirli saatlerinde merkez bilgisayar 

aracılıgı :ile her kavşaktaki yardımcı bilgisayar'a 

gönderilecek ve sistemin dUzgUn bir şekilde çalışması 

saglanacaktır. Kavşaklardaki taşıtların bekleme ve geçiş 
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sureleri gunun degişen saatlerinde <Trafik yogunluguna göre) 

merkez bilgisayar tarafından kayıp zamanı en aza indirecek 

şekiide kontrol edilir. 
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2. SlNYALIZASYON PROJELERiNIN TEMEL ILKELERt 

2.1. Sinyal Devresi 

Sinyalize bir tesiste birbirini izleyen degişik ışıklı 

sinyal !erin bir devrine "Sinyal Devresi" veya kısaca "Devre" 

denir. 

geçen 

lşıklı sinyalierin bir devreyi tamamlaması sırasında 

topla.m zamana da "devre suresi" veya "period" adı 

verilir. 

Bir devre suresi iki bileşenden oluşur: 

1. Taşıt akımları için ayrılan yeşil sUrelerin toplamı 

2. Yeşiller a.rasındaki surelerin toplamı Cf:ayıp zaman) 

Bir sinyalize tesisin verimi bu yuk olçude devre 

suresinin uyumlu seçilmiş olup olmadıgına baglıdır. Bu 

nedenle devre suresinin saptanması sinyalizasyon projesinin 

herr;en hemen en önemli böiUmudur. Pratikte uygulanabiiecek 

minimum yeşil surelerinin altına dUşUlmediQi surece, taşıt 

ve verilecek ye ş i ı sUreler devre suresinin 

uzunlu~una baglıdır. Yeşiller arasında kala.n sureler ise 

kabul ed i 1 en kıstaslara göre saptanır veya hesaplanır. 

Yeşiller a.r·as ı nda kalan surelerin fazla olması bir devre 

içinde kayıp zamanı arttırır ve devre suresinin uzamasına 

yol açar. 

Pratikte 30 sn'den daha kısa devre suresinin yeterli 

olacagı bir kavşak için "sinyalizasyon tesisinin kurulmasını 

gerektirmeyen bir kavşak" denebilir. Yayalara geçiş hakkı 

verecek olan yeşil sure 6 sn'den daha kısa olmamalıdır. 8 

sn'den daha kısa olan taşıt yeşil sUreler i 

uygu! ana. b i l me 

sistemlerinde 

olanagı 

120 sn' den 

bulamamaktadır. 

daha uzun devre 

ise pratikte 

Sinyalizasyon 

sUreler i uzun 

kuyrukların oluşmasına yol açar. Zorunlu şartlar altında 

kabul 135-140 sn' ı i k devre sUreleri maksimum olarak 

edilebilir. Devre suresine bağlı olarak saptanan yeşil 

sureler için her·hangi bir üst 1 imit yoktur. (3) 
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2.2. Faz Duzenleri 

Bir sinyal devresi içinde belirli bir trafik akımını, 

veya birden fazla akımı aynı anda öngören kuma. nda şekline 

"faz" adı verilir. Sinyalizasyon Projesinde seçilecek faz 

sistemi kavşaga giriş olan yol sayısına ve kesişen trafik 

yogunluguna bag!ıdır. 

Sinyalize bir tesiste en az 2 ve en çok 4 

sistemler uygulanır. Taşıt trafi~i ite birlikte 

faz! ı 

yaya 

trafiginin çok yogun oldugu bazı kavşaklarda, 

geçitlerinde oldugu gibi özel yaya fazları 

sinyal:ize yaya 

duzenlenebi 1 ir. 

Faz sayısının çok olması, her faz arasında.ki yeşiller a.rası 

sureyi arttıracagından yeşil ler arası sure!erin toplamı olan 

kayıp zamanın fazla olması ise devre suresinin uzamasını 

gerektireceginden, proje hazırlanırken faz sayısının mUmkun 

oldugu kadar azaltılmasına çalışılmalıdır. 

2.2.1. Sinyalize yaya geçitleri 

Kavşak olmayan yerlerdeki yaya geçitlerinin 

edilmesinde bir taşıt, birde yayalar için olmak 

faz kullanılır (Şekil 2.1). 

Faz 1. Faz 2. 

Şekil 2.1 Yaya Geçidi Fazları 

sinyalize 

Uzere iki 
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2.2.2. Tek yönlU yolların kesiştigi kavşaklar 

Tek yönlü yol ların birleştigi Uçlü kevşs~larda kavşaga 

do~ru bir taşıt akımı olup, ana yola katılan trafik sola 

dönUş yapıyor-sa sola dönüşUn yogun olması halinde 

sinyalizasyon gerekebilir. Bunun dışında bir kavsaktaki 

yönlerin tümU tek yönlu ise, sinyalizasyon tesisi 

için en az bir kesişme noktası öngörUlUr. 

kurulması 

Dört beş kollu kavşaklarda Şekil 2.2 'de görUldu~u gibi 

bir fazlı bir duzen yeterlidir. Şekildeki örnekte Bı s. o ı a 

dönUşU ile A2 saga dönüşUnU yapan taşıtlar trafik kural ları 

uyarınca, aynı anda geçiş hakkı olan yayalara yol 

vereceklerdir. 

Faz.:.J j_ L L 
Ei 

Ş~kil 2.2. Tek Yönlu Yol Kavşaklarında Fazlar 

2.2.3. Sola dönUşlerin az oldugu kavşaklar 

Çift yönde akımı bulunan yollarda sola dönUş yapan 

taşıt hacmi 60 taşıt/saat veya daha az ise, bunların sola 

dönüşleri için özel bir donanım yapmak gerekmez. Sola dönüş 

yapacak taşıtların kesece~i trafik akımının arasında boşluk 

olmasa bile az sayıda taşıt fazların degişimi sırasındaki 

yeşiller arası sureden yararlanarak dönUş manevrasını 

rahatlıkla yapabilir. /'-.yrıca, dönUş yapacak taşıtların 

karşı yönünden kavşaga giren taşıtlar arasında zaman zaman 

boşluklar oluşuyarsa daha fazla sayıda taşıt bu boşluklardan 

yararlanarak sola dönUşUnU tamamlayabilir. Kavşak alanının 
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geniş ve yeterli olması halinde, so 1 a at·,nuş y&pacak 

taşıtların kavşak 

surenin uzatılrnası 

içinde depo edilerek, yeşiller arası 

suretiyle ek bir fazın uygulanmarnası 

salj 1 anabil ir. 

Şekil 2.3 'te çift yönlu yolların kesiştigi dörtlu bir 

kavşakta sola dönUşlerin az olmasından yararlanı larak 

uygulanan iki fazlı bir duzen görUimektedir. 

duzenine göre saga dönUşler duz gidişler 

Bu şekilde faz 

ile birlikte 

kesilmektedir. Kavşagın geometrik özellikleri uygun olursa 

saga dönUşler butun fazlarda serbest bırakılabi!ir, ancak bu 

durumda saga dönUş yapacak taşıtların geçiş hakkı olan 

taşıtları sıkıştırrnarnasına ve saga sapmadan önceki yaya 

geçidinin yayalara açık olmamasına dikkat edi lmelidir. Aynı 

prensibi er çok faz] ı dUzenlerde de stiz konusudur. 

L r 

r 
Şekil 2.3 Sola DönUşUn Az Oldugu Kavşakta Fazlar 

2.2.4. Uç ve dört fazlı uygulamalar 

Duz gidiş yapan taşıt yogunlugunun yanı sıra sola dönUş 

yapan taşıt sayısının artması halinde çok fazlı d Uz en 

uygulaması gerekmektedir. Çok fazlı sinyalize duzen 

kurulması tasarlanan kavşakların faz sayısının azaltılması 

olanakları araştırılmalı, bu amaçla tek bir çöz Um i 1 e 

yetinilmeyip degişik alternatifler denenmelidir. Çok fazlı 

uygulamanın giderilerniyecegi kavşaklarda hangi durumlarda 

nasıl bir duzenin uyumlu olacagı aşagıda belirtilmiştir: 



1) V.arşı!ıklı Iki Sola Dönuşun Yogun Olduğu f<c..\;şaklar: 

a) Sola dönUşler için yeterli sıgınwa şeridi varsa 

şekil 2.4 te gösterilen uç fazlı dUzenin uyguianması 

yerindedir. Bu duzende yoğun sola dönUşler için bir "' JaZ 

ayrılmaktadır. 

Şekil 2.4. Sola Dönüşleri Ayrılan Uç Fazlı Duzen 

b) Sola dönUşler için yeterli sıgınma şeridi yoksa 

şekil 2.5 teki Uç fazlı dUzen kullanılmaktadır. Bu duzende 

yogun sola dönUş akımiarına duz gidiş akımları ile birlikte 

geçiş hakkı verilmektedir. 

2) Ikiden Fazla Sola DönUşUn Yogun Oldugu Dörtlu 

Kavşaklar: 

Bu kavşaklarda dört fazlı duzen uygulanmalıdır. 

a) Sola dönüşler için yeterli sıgınma şeridi bulunmayan 

kavşaklar·da Şekil 2.5 deki 1. ve 2. fazlardan sonra C ve D 

yönlerine ayrı geçiş hakkı verilir. Bu biçimde tasarlanan 

dört faz l ı uygulamalarda fazlar degişik sıralarda 
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c:uzenler.ebi l ir, ancak kayıp zamanın mınırnum tutulması için 

birbirini izleyen fazların saatin a~ış yönUr.de olmamasına 

ça l ı ş ı lma 1 ı d ır. Bun~n amacı, kavşagı boşaltmakta olan son 

ta;ıt ile kavşaga girecek ilk taşıtın arasındaki uza~lı~ın 

mumkun mertete fazla olmasını saQ!amaktır. 

b) Sola dönUş!er için yeterli sıQınma şeritleri bulunan 

kavşaklarda yukarıda açıklanan dört faz 1 ı duzen 

uygulanabildigi gibi Şe k i 1 2.4 te gösterilen 1. ve 

fazlardan sonra 3. fazda Co ve Do dUz gidişlerine geçiş 

hakkı verilir, 4. fazda da C1 ve Dı sola dönUş akımları 

sıQınma şeritlerini boşaltırlar. 

4 
Ci V Di 

Şekil 2.5. Sola DönUşleri Birlikte Uç Fazlı Duzen 

3) Sola dönUşlerin yoQun oldugu T-kavşaklar 

Bu kavşaklarda genellikle 3 faz! ı bir duzen uygulanır. 

Kavşak geometrisine ve taşıt yogunluklarının birbirine 

oranına göre Şekil 2.6 daki fazlardan UçU seçilir. 
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A0 

--1 Ai --1 
l~ l~ 

C0 

S e ı i 1 2 • 6 . T - J< a. \' ~ a k 1 a r d a Fa z D u z e rı l e r i 

a) f:..na yolda yeterli sığınma şeridi varsa 1. ve 2. 

c]ar·a.k ( a) ve (c) sığınma şeridi ( b ) ve 

kullanılır. 

b) Ao akımının Bo akımından çok fazla olduğu duremiarda 

< a) harel:et i nden olarak (c) hareketi 

\-: u l ı ::::n ı 1 ı r • 

c) faz genellikle <f) hareketindeki gibi 

birlikte Ao akımının çok yoğun olması veya ana yolu kesen 

yaya traf i;i bulunmayıp B yönUne doi;iru kavşaktan açı lan 

yolun Ao ve Cı akımlarının birbirine katı lmaları ~al inde her 

ikisini birden taşıyabilecek nitelikte olması durumunda (e) 

hareketi uygulanabilir. 



2.2.5 Ada çevresinde dönUş 

Şe l: i l 2.7 de sinya!ize p r:.; 1 ~; 1""' 
--.ı. .:. !!. J. .:;:: 

1 1 

bir dc;nel kav:;.:;k 

Iki fazlı düzenle yönetilen bu kavşagın her 

iki fazının (a) hareketinde duz gidiş ile birlikte l:avşc.Ça 

giren sola dönecek taşıtlar ortadaki adanın çevresinde 

dönerek depolanrr:aLta. (b) hareketinde ise kavşağı 

b::ışaltmaktadır la.r. Sola dönüş yapacak taşıtlar kavşak içine 

girmiş olduklarından fazların Cb) hareketleri için verilecek 

s.Ure çek kısa c.labi lsekte, bir sonraki fazda kc.vşa~a gir·ecek 

taşıtlar !:avşa<;iı boşaltmakta olan taşıt)arla aynı yönde 

seyrettiklerinden zaman kaybı tinlendi~i gibi trafik 

g U \' e n 1 i :;; i j e :. uyU k o 1 ç U d e a r t t ı r ı I rr; a k t a d ı r . Bura.da ya ye. l ara 

yanmadığı 

b ı r c.. ı: ı l m 1 ş t ı r ( 3 . 4 ) . 

.------
141 o 
~Bl ( b ) [ b ) 

dönU:;ler sE-rbest 

Co 

c;'(QJ~Dho 
J o)DI 

Şeki 1 2 .. 7 .. Ada Çet.. .. ·r-esinde [1önUş 

2.3 Yeşil ler Arası SUreler 

2.3.1 Sarı sureler 

S&rı ışıklı . ı . 
sınya. ın amacı. taşıt suruculerini geçiş 

ha L k ı n ı n s. o na. e r m :i ş o 1 d u~ u h u s u s u n d a u ya r· a r a k , uzakta 

olanların duruşa geçmelerini ve duramayacak kadar yaı:laşmış 

olanların ·;ı U ver: 1 e geçerek boşaltmalarını 
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sc~lamaktır. Bu nedenle, sinyalize bir tesiste devre sUresi 

ve yeşil sUrel€:!r·i etkiley·en en önemli faktörler taşıt 

yogunluau ve kompozisyonu olmasına raQmen, sarı sureler 

taşıtların sinyalize tesise yaklaşım hıziarına baglıdır. 

Şekil 2.8 de görUlen basit T- tipi kavşakta, X yönUne 

geçiş hakkı verilirken kavşaktaki kritik ölçUler ve 

anlamları şunlardır: 

Lox =Duruş uzaklıgı X yönUn~en kavşaga yaklaşmakta olan 

taşıtın fren intikali ve reaksiyonu sırasında 

keıtettigi mesafe deıhil olmak uzere gUvenli duruş 

için keıvşa.ktcı.ki dur çizgisinden geride olması 

g e r e-l·: e n v :: a k 1 1 k . 

= Boşaltma uza~:lıQı : X yönUnden kavşaQa giren bir 

taşıt için dur çizgisinden kavşaktaki kesişme 

noktalarının sonuna kadar olan uzaklık. 

= Giriş uzaklıgı X yönUnden sonra geçiş hakkı elde 

edecek Z yönU için dur çizgisinden kavşaktaki ilk 

kesişme noktasına kadar uzaklık. 

z 

i 
ı 

rır.rnnnnn .. '' . . ı: ı;' 1 i 1 i ı i 1 ·ı : 1 ı i\ 
i 'ı i' 1! ı ; 

11; 'i; ı ı' 1 .i .. ll ll' 1 

UJUUUUlJU 

ı i! 
ı c:::=J ı! Px 
!+- B·n 

.ı 

- - - ____. li _x 
ij 
l' 

c=J ı i 
! 1 ll 

il 
ji 

ii 
li c=J ,, 
" li c:::=J 
ll c:=:J 
li 

1 

ı~ L-''' _..! 
1 

i 
ı L ~·. ! • 
ı• BX Lrx ---+-1 

Şekil 2.8. Kritik Kavşak Ol çUleri 



' ':( l ._, 

Şekil 2.8 deki Px noktası. X yönunden kavşaga giren tasıtlar 

için kritik bir noktadır. <Bu nokta aslında sabit olmsyıp 

her taşıtın hızına göre degişik bir yerdedir, ancak proje 

hazırlanırken Px noktası taşıtların %85 hızına göre yaklaşık 

o l a r 2 l: a l ı n ı r ) . Yeşil ışıktan sonra sarı ışık yandıgında Px 

noktasına erişmemiş olan taşıt teorik olarak Lox mesafesi 

içerisinde ve dur çizgisinden önce durabilecektir. Sarı ışık 

yandıgı anda Px noktasını geemiş olan bir ta.şıt ise dur 

çizgisine kadar duramayacagından, kırmızı ışık yanmadan 

kavşaktaki kesişme noktalarının bulundugu alan içine girmiş 

olmalı, dolayısiyle <Lox + LGx) mesafesini katedebilmelidir. 

X yönUnden kavşaga girmekte olan taşıtların %85 hızı Vx 

km/saat ise, ge:ekli sarı ışık suresi Yx şu şekilde b•_ılunur. 

3.6 
Yx ( 2. 1) 

Vx 

?.sf& lt kaplaması olan bir yolda ıslak zemin i le 

lastikler arasındaki surtunme katsayısı yaklaşık olarak 0.35 

d ir. Intikal ve reaksiyon sUresi ise ortalama olarak 1.0 

saniye kabul edi ]ebi l ir. Bu şartlar için yaklaşım yolunun 

meyilsiz cldu•;iu kabul edilerek o;ıerekli sarı ışık sureler-i 

Tcıblo 1. de g:ısterilmiştir. 

Genellikle sarı ışık sureleri minimum 3 saniye olarak 

alınır. Pratik uygulamalarda yaklaşık olarak 70 km/saat %85 

hız için 4 saniye, 90 km/st için 5 saniye sarı ışık sUresi 

uyumlu kabul edilebilir. 

Tablo 1. Sarı ışık Sureleri (Y) 

%85 hız Giriş uzaklıgı(m) 

km/st o 5 10 15 20 

20 1.8 2.7 ;:,, 6 4.5 :ı. 4 
30 2.2 2.8 3.4 4.0 4.6 
40 2.5 3.0 3.5 1• i\ 

'-+,V 4.5 
so 3.0 3.3 3. 7 4.1 4.5 ' 60 3.4 3.7 4.0 4.3 4.6 
70 3.9 4. 1 4.3 4.6 4.9 
BO 4.2 4.5 4.7 4.9 5. 1 
90 4.6 4.8 5.0 5.2 5.4 

100 =·. o 5.2 :, . 4 :, . 6 5.8 



2.3.2 Kırmızı ve Sarı sureler 

Herhangi bir yöne yeşi I ı~ıkla geçiş izni verilmezden 

tir;ce, hcuekete geçecek olan taşıtların hazırlanmaları ve 

z ama rı ı: a y b e t m e m e 1 e r i i ç i rı L 1 r m ı z ı v e s a r ı U rı i t e 1 e r birlikte 

sinyal verirler. Bu ışıklı . ı 
sınya, için metodik bir hesap 

uygulanmayarak duruma göre 2-3 saniyelik bir sure seçilir. 

Kırmızı ve Sarı ışıklı sinyalde taşıtların geçmemeleri ve 

beklemeleri gereklidir. Arıcak yerel şartlara gtire t&şıt 

suruculeri bu ışıklı sinyalde geçme egilimi gösteriyariarsa 

kır·mızı ve sarı sUreni n i k i saniyeden uzun olmaması 

gerekir. 

2.3.3 Koruma sureleri 

K o r u ma s ;_; r e :::: i . g e ç i ş ha k k l s c na e r e n b i r y ön d e n r: a v ş a ğ a 

girerek kavşa~ı boşaltan son taşıt . ' ı , e, bundan scrnraki fazda 

girecek Ôlan i ı k taşıtın ke!::işrrıe rıo ı: to. s ı nda 

çarpışmamaları için fazlar arasında b1rak1lması gereken, ve 

yeşiller arası sUrenin bir bölUmUnU oluşturan, kayıp bir 

Zöma.ndır. Guvenli bir koruma suresi hesaplamak için 

aşağıdaki kabulleri yapmak gerekir: 

a) Kavşağı boşaltmakta olan taşıt daha önce kırmızı 

ı ş ı k t a b e 1~ l e m i ş olan kuyrugun son elemanıdır ve ka-../şcıgı 

önUndeki taşıtların arkasında a;ır bir hızla terketmektedir. 

b) terkedecek olan son taşıt sarı ış.ıklı 

sinya!de geçmektedir ve dur çizgisini geçti~i anda kırmızı 

ışıklı sinyal yanmaktadır. 

c) Bir sonraki faz da ks.vşa~a girmek uzere dur 

çizgisinde bekleyen taşıt yoktur. Kavşağa ilk girecek o 1 a.n 

taşıt hızını duşur~eden yaklaşmakta olup (kırmızı ve sarı) 

s.inyalden sonra yeşil ışıgın yandı~ı anda dur çizgisini 

geçmektedir .. 

Şekil 2.8 de X yönunden gelen akım, Z yonunden gelen 

akım tarafından izleniyorsa standart bir otomobil boyu Sm. 

olarak al ındıgı taktirde, kavşagı terketmekte olan son 

taşıtın bir sonraki fazdaki ilk taşıt kendisine yetişmeden 



katetmesi gerekli olan mesafe CLsx + 5)m. dir. Z ytinUndEn 

girecek olan taşıtın ise, yeşil ışık yandıgı a.nda.n 

sonra. kesişme noktasına kadar katedecegi mesafe 

Her i k i taşıt arasındaki kcrurr.a suresi aşagıdald şekilde 

hesc..planır: 

Boşaltma suresi 

tgx = 
LBX + 5 

( 2. 2) 
VB 

Burada 

VB boşaltmakta olan son taşıtın 

içindeki ortalama hızı Ckm/st), 

LBX = X yt.nUndeı, l:avş.ağa giren taşıtın kavşağı boşaltma 

m e s 2. fe s i , 

Giriş suresi ise 

tGz = 3.6 

Burô.da 

Lc;z 

Vz 
(2. 3) 

Vz =Geçiş hakkı açılacak olan yaklaşım yönUnUn 

h ız ı , 

LGz =Geçiş hakkı açılacak olan yaklaşım ybnUnUn giriş 

uzaklıgıdır. 

Kesişme noktasındaki çarpışmayı önlemek için 

koruma sUresi ise iki surenin farkı olacaktır: 

Burada 

tK = Koruma suresi, 

tB= Boşaltma suresi, 

tc Giriş süresidir. 

kullanılacak 

( 2. 4) 

Koruma suresinin hesaplc.nrnasında en buyuk zorluk VB ve Vz 

degerierinin s2ptanmasıdır. Şehir iç i kavşc.klarının 

sinyal izasyon projelerinde %85 hız 50 km/saat şehir dışı 

yolları Uzerindeki sinyalize kavşaklarda ise 80 

olarak kabul edilmekle birlikte, gerçe~e yakın bir 

km/saat 

uygulama 
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>' a J:· ı ~ c~ b i J iTı e ~ i ~ ç : n m e -,.· c u t g e c: ~; ~ t r i k d u r L.: rr: ·,; e t r s f i k s a r t } s. r ı 

2. l t ı ~-ı d 2 ı: i ~)· 2 ı.: l s ş : k d=~ e r l c· r ·;::i.: 1 e m · .. · 2 p ı l 2. r s ı: [.u 1 L.: ~ m a l ı d ı r . 

t,.:: 1: } e m i ş c l ön ta ş ı t 1 a r ı ı~ ka vs ak i ç i n d e 1: i or telama 

hızları ise 25 kmlst. ~ertetesinde ~ab~l edilebilir. 

2.3.4. Kayıp zaman 

V.ayıp zaman, bir devre içi~deki tutun yeşiller arası 

sUrelerin top!c,mıdır. 2-ö;l:a bir deyişle, bir devre içiı-,ceki 

sarı sureler ile koruma sUrelerinin ve koruma 

dışında kalan hep kırmızı sUre!erin toplamıdır 

n '' '"l 

t -- .,.. 
" 2: ,). " t ' 

.-, .c. ) s j c k ı L R L -
~ = 1 1 -- 1 i = -

Buradc~ 

tki-=i fazı ile bir t~:ı,::eki fc.z ::~.r:;~.:ı.ı.::!3ki ı:;:~r~.::;.;:::ı s·;_jr'=si. 

n =Faz ~.a.y1sı. 

Y i f a z ı ;l da i: i 2. k ı ş y c ;-,U i ç i r: \"e r i l e n s 2 r ı s Ur e . 

LtR= Hep ı: ı rm ı z ı sUr-elE·rl 

hariç) dır .. 

2.4. Yaya Geçiş Sureleri 

Yaya trafiginin ycgun clmadıGı kavşaklarda. yaya gee: is 

t: ur e ı er i gEç i te d i k ey y b n d e~: i t =-ş ı t t r af i g i n i n k ı rm ı z ı süre 

aralıkle-ı ında ·.·er ilir. hakkı verilrrıezden 

taşıtların gerE-k] idir. 

o l ma rn as ı na d i ; :ı, a. t e d i l r.ı E- ı i d i r . Yaya l a r ı n ye ş i 1 ı ş ı k suresi, 

yU r U r:-l tı h ı ::.:: ı 1 . 2 f!1 /s n ı: c, b u l e d i 1 er e ı: b u l u n ur . 

Yaya Yeşili Suresi ~Yaya Geçidi Uzunlugu <By> /1.2 ( =. 5) 

Yc,Jnız yayalar ıçın dUzenlenmiş olan veya ye. ya trc:ıfiğinin 

yc;un cldu;u ;ecitlerde içinde karşıdan Larş.ıy<::, 

geçecek clan ortalc,ma yaya sayısının göz OnUnde tutulması 

gerekir. B'~'r:un :için en uygun yontem ne kadar seıyıda yayanın 

ger;:: idi ne kadar ::;;manda geçtiği r, i gözlerrıek suretiyle 

t, u 1 m a. k t ı r .. Gti::lcm :.:ap ıl rr;a>·&n geçitlerde ise 2şa~ıdaki 
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ı( 1 s tc s J ar ya k J s~ 1 k c J o ra ~~ u y r; u J ana b i 1 i r : 

a) ·;eçidinir, hE·r m. genişligi için ayn: s nda 

l: s : :;. ı ; ı l; I : b i r e r / a y c_ r. ı n g e ç. E b i ı e c e 9 i d U ş u n u l m e ı i d i r . 

b) Geçiti, :::>:ıundekinin arLasından geçmesi gereken he· r 

yaya için yaya gE·çiti ı m. den uzunmuş 

dUşUr:U llliUştUr. 

Drne~in 5 m. genişliginde ve 10 m. uzunlugunda bir yaya 

geçidinde her içinde tir taraftan diğerine yaya 

geç~esi gerekiyorsa, yayalar her sırada 5 kişi olmak uzere 3 

halinde geçeceğinden By = 12 m. C· I ara k al 1 nma l ı d ı t. 

D0layısıyla yayanı~ yesi i suresi en az 10 sn, koruma surı:-s.i 

2.5 Devre Suresi 

o· .ı...• ı r s:.inyal izssyon tesisinin . . ' 
pOJE'Sl)ıOe, 

ti z E- ] 1 i ı: 1 er i ~ seçilen ve trafik şartlarını 

önUne alarak saptanan Devre suresinin hesaplanması proje rı i n 

hE~En hemen en tneml i ttlumudur. 

Devre kı::.:a=:.}a; 

u y g \J } a :>'· c. n çeşitli geliştirilmiştir. Sinyalize 

E-dilecek . .. . ' ' . ~ 

ırıoır::.ırr;e:=.ını 

ve bu alanın kapasitesi~in de gö~ önUnde tutulmasını öngören 

rasyc.nel de .. ba . .:.ı parametrelerin so.ptanm2.s ı nda 

deneysel scr:uçların da ampirik d e n k l e m l e :· i n 

~·: u 1 1 a n ı 1 rr: 3 s ı ı-. d 2 n k & ç 1 n 2 :r; a rr: a ı: ta d ı r . Bunun nedeni, ta s ı t 

t·,zellikleri i le ye. ya ve ~-Ur UcU davranışlarının kesin 

teorilere ba~!anamamış olmasıdır. 

2.5.1 Etkili akım 

Sinyali::e bir tesisin herhangi bir fazında birden fazla 

yönde taşıt akımı aynı anda yeralabiI ir. Bir faz içindeki 

taşıt akımlaY ı ndan, otomobil birimi eşde~er i 

c. larak, şerit başına dUşen yUkU en yuksek olan, dit;)er t ir 

deyimle:· etemobil bırımı y;_;Lu en bUyUk olan yör. o 

J.: C· nt rol 



Birbirini f&::la.rda.ki en yULsek yUk U 

yönlerin hEpsine birden Et~ili ?kım yönleri, veya daha kısa 

olarak Etkili ::;dı verilir. Birbirini izleyen 

fazlar-daki en yU~sEk trafik yUklerinin toplamına da Etkili 

a~cım yUkU denir. Drnegin iki fa::lı bir sinyalizasyon duzeni 

ol an bir kavşagın her fazında iki ayrı yönde taşıt ::;;k ımı 

varsa ·.;e 1. f:=ı.::daki otor:wbil birimi yUkleri Ma ve Mb 2. 

fazdakiler de Mc ve Md ise, Ma ~ Mb ve Mc ~ Md olması 

hal inde, etki ı i akım rMa, Mc) ve etki ı i akım yuku de I:M = Ma 

+ Mc olacaktır. 

2.5.2 Devre suresi bileşkeleri 

Herhangi b ir devre ~tiresi, kulla.n:!an \.-'E 

uyg:_; l anan s i s": er;, 

bi le:;:keden c;Juşur. 

ne ol~rsa ols~n. prensip ~ , . .; 
.L ~ ' .ı. 

a ) T a ş ı t & k ı m l a. r· ı i ç i n c y r ı l a. n y e ş i : s u r- E I e r t c p l a rr~ 1 .. 

b ) l( eı y ı p ;: eı m e n • 

Dev~e Suresi. 

n 
C = I: G; -r t 5 i = 1 . 

ile ifade edilir. Burada 

C Devre suresi, 

n Faz sayısı, 

( 2. 7J 

Gi: i fazını kontrol eden akımın yeşil ı;ık suresi, 

Sinyelize yaya geçitlerinde, yayalar ıçın verilen yeşil ışık 

sureler i taşıtlar için zaman kaybına yol sça:~aQından, bu 

~.ureler hep-kırmızı süre kapsamına al ınır ve 

kayıp zaman olarak keıbul edilir. Devre sUresinin 

he=ap!ar~rnasında, l·:ullanılan ytinte-rrıin bzell iğine göre çeşitli 

faktor}er göz onur,e alınmakla birlikte, Etkili akım en 

önemli yeri tuteır. Hemen hemen butun yontemlerde, etkili 

akım içindeki taşıtlara verilecek ye ş i 1 sUrelerde devre 

sur·esinin ve aynı z:-manda geçirecekleri akım yUklerinin 

fonksiyonu olurlar. 
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2.6 Optimum Devre Suresi 

Uygulanan yöntem ne olursa olsun devre sure::.inin 

ı-, e· s c. p 1 a n m c. s " n d a Cineelikle ortalama akım değerleri 

kullanılır. Ortalama de~er!ere göre hesaplanan bir devre 

suresinin sakıncaları şu şekilde özetlerıebi lir: 

a) Kavşaga ortalamadan da.ha duşuk sc:-.yıda. taşıt 

geldigi zaman yeşil surelerde kayıplar oluşacaktır. 

b) ortalamanın ustunde taşıt geldiği :-.ama n 

kuyruklar uzayacak ve gecikmeler artacaktır. 

Sinyalize edilen kavşaga ortalama degerierden daha az taşıt 

ge:ldiği zamo.n~ 

ol d·,_ı·~u t o. ~~ t i r- d e Ci n 1 e n ı::· b i l i r . <urulan te::.is sabit 

uyariiialı 

za.manlı 

olursa devre sUresinin ~avşaga her yönden (veya istege 

yaJr,ız bazı yonlerden) girecek ::ılan taşıtların buyuk 

orönının ı: e n d i 1 e r i n e verilecek yeşil sur e içinde 

gtire 

bir 

geçme 

imkanı elde etmesi, devre suresinin buna göre ayarlanma::ı 

i le sağlenabilir. Bir diğer deyişle, etkili akımdaki bazı 

yönlerden \/eya hepsinden bir devre suresi içinde 

:;ı i :ren taş.ıtların sayısı. ortalamanın Ustunde olsa b i 1 e 

gelmekte ::ılan taşıtların hepsini büyUk bir :ihti:cal le (%90 

ı; i b i :ı de\/r·e suresinin uzatılınası i le 

gerçekleştirilebilir. Bu şekilde saptanan devre suresine 

Optimum Devre Su:esi ad1 verilir C3,4). 



3. GENEL HABERLEŞME SISTEMLERI 

b i l ·;;i i s a y· a r 1 ::, r ı ;ı birt·irler-inc ciE0işik 

k c: m t· i n ı=:. ~. \' cr: l 3. :r C c.. b o G l c. 1~ t ı ;. E· k i 1 } E r i U z E r i n C e d u r :~~ l c ca ı: t ı r . 

~e k i I 3. 1 de dGrt deği;.ik tc·pc:ılojik yap ı 

Şekil 2>. ı. 2.' da yıldız bagl&-ntı (Star ·:: c, n n ? c t i o n ) 

goru:mektedir. Bı..crada. yan u,.-ıitE:lerin çıkışl2.rı rı;er ke::deki 

ana Uniteye baglanrnıştır. Bilgi c;kışı çift yt>nludur. Yan 

unitelErle ır: er~: ez unite arasında özel bir ayırıcı 

ku! lc-rıı 1 ır. Şek i 3. ı. b' de çevre b:;,ğ]antı 

connection) gtirülrr:ektedir. Bu bagl::;ntı da :_:n it el er h:; nd i 

aralarında bir çevre oluşturur. Her bir Unitenin çıkı~ı tir 

=· C· ~~ r a. k ı r: ı n ıJ ı r ı ş ı -:ı e b2ğlc~nmış'tır. }'3 p ı tek c~l:;rak 

Lcl JanılCıı;ındo c· r t 3 C,=. n .. 2- } ~-·c. r .. 

Unite gı:-rektiğinde merı:ezi ünite ol3ral< 

kul:drıı1c~ti1ir. ş~ ı: i ] ._.o 1 o c ' de 

dal la niT! B b d ; l ant ı (,Tr E e c c: il:--; e ct i C· rı ) g Cı r U l :rı c ~:: E d i r . 

her bir unite diger bir Unite)·e orad~nda 

b2.t;l;;ı.nrrııştır .. Bilgi a~ışı y&n UnitEier~en merkeze dcgru te~ 

:vor, ı udur. Şd:i ı 3.1.d' de i=.e t:=-m be: ğ } arı t 1 (Compie"te·}y 

conr:Ecticn) ya.pısı .gorulmektedi;. Bu yapı, çok ka!&balıf: 

lir: i tE J er i temel a!a.rc.k çalışır .. i !::.t r::nen Unitedc-n d:i~er 

Ur.iteye t r arı s f E r i y & ~· ı ! a b i l i J- v e ak ı ş ı Ç' i f t 

ytinlUdtir (5,6.?). 

Gerçekleştirilen bu projede yıl·:Jız. ba.ğlantı (Star-

i 1 e çevre taglantı (Lc:ıop iç içe 

l: u l l a n ı l r:ı ı ş t ı r . Şeki 1 3.2 de tu baglantı gbrUlmektedir. 

(b) 



(c) (d) 

Şeki I 2~.1 f1&ter 1Eş::ıenin Tcpo~c,jik YcJ:·l Jc.;-:l 

Şekil 3.2. Oluşturulan Çok Mikroişlemeili Sistem Yapısı 

3.1 Digital Haberleşrneye Giriş 

Seri \/2 paralel veri Cdatal tran sf er i bilgis-.a)l3rla.r 

a.rasında kar;ılıklı bil·;ıi alış-veriş yör,temleridir. 

yöntemde geniş bir uygulama alanı b~lmaktadır. 

Her iki 

3.1.1 Paralel data transferi 

Paralel veri Cdatal iletimi hızın önemli olduğu 

mesafeli haberleşmelerde kullanılmaktadır. Eutun bir 

kısa 

veri 

haber!eşmesi çok hızlı bi lgisayarlar arasında kurulmuştur ve 

bu haterleşmenin hızı s:::.niyede milyon karaktere 

çıkabi lmektedir. 



3.1.2 Seri veri transferi 

Seri veri transferi genelde sayısal Cdigital) bilginin 

uzun mesafelere aktarılması gerektigi yerlerde kullanılır. 

Uzun mesafeli haberleşmede seri veri transferının 

kul lanılmasının tek sebebi bilgiyi taşımak için gerekli olan 

kablo sayısının az olmasından kaynaklanır. Faka.t bu 

haberleşmede elde edilen tra.nsfer hızı bugün ku normal 

telefon hatları kul lanıldı~ında ancak 4800 bit/sn Cbaud 

rate) dir. 

!Id tur seri haberleşme metodu mevcuttur. Bunlar 

sırası ile asenkron haberleşme ve senkron haberleşmedir. 

a) Asenkron veri transferi 

Asenkron veri haberleşmesinin bir diger adı da başla 

dur Csteırt stop) heıberleşmesidir. Çünkü senkrcırıizasyonu 

saglamak için gönderilen her 1 byte bilginin içinde başla ve 

dur bitleri bu 1 unma.ld ad ır. Asenkron haberleşmede clock 

(saat) sinyaline ihtiyaç yoktur. ÇUnkU senkronizasyon 

gönderilen başla ve dur biti i le saglanır. Şek i ı 3.3 te 

asenkron haberleşmenin genel formatı verilmiştir. 

Gönderilecek her bilgiden önce !ojik seviyesi 'low' olan bir 

sinyal gönceri ı ir. Bunun ardından LSB i ı k b i ı g i o I acal: 

şekilde veri gönderilir. Gönderilen verinin ardından 

istenirseveriye ait parite biti gönderi!ebilir. Stop biti 

her zama.n veri bilgisinden sonra gelir · . .ı e ]oj ik 'h i 9 h' 

seviyesindedir (8). 

Start Stop 

Şekil 3.3 Asenkron Data Haberleşme Formatı 

b) Senkron haberleşme 

Sengren haberleşme de senkronizasyon bir veya i k i 

senkronizasyon karakteri gönderilerek saglanır ve a.rdından 



uzun bir veri blogu gönderilir. Senkronizasyon karakterinin 

haricin~e birde clock pu!s!er gönderilir. Senkron 

haberleşme degişik şekil lerde gerçekleşebilir. Burada örnek 

olarak SISYNCH CSinary Synchronous communication) yöntemini 

kısaca açıklamak yeterli olacaktır. Şekil 3.4 'te goruldugu 

gibi veri gönderecek olan Unite diger Uniteye haberleşmenin 

başında her biri tek byte (8 bitlik bilgi) olan i k i adet 

senkronizasyon karakteri gönderir ve karakterlerden hemen 

sonra transfer edilecek olan veri blogunu gönderir. Veri 

gönderme işlemi sonunda ise gönderme işleminin sona erdi~ini 

belirten bir karakter gönderir ve işlemi bitirir C8). 

Synchronizatıon 

S YNCH 
'CHAR 
' 1 

S YNCH 
CHAR 
~ 
~ 

DATA 
SYTE 

1 

Data 

'DATA 
!BYTE 

... -··ı 

'DATA 
'BYTE 

N 

Şekil 3.4 SISYNCH Haberleşme Formatı 

END 
OF 

'TRAN. 



4. DDNANIH 

Bu p~c.jede ı.: '.J l 1 a n ı l ö. n s i s t e m i n o l u ş t :...1 r u 1 :~;o s ı 

mikroi~lemci kart1, 1 ed et Pf"" 
' \..· tilgis=:yeır 

mikroi:;:!emci kartlarının çok mikroişler:1ci li 

i ::·i n 

...,_,e 

. " _...,. 

5 

t.u 

sistc-mi 

oluşturabilmEleri için bir ara devre ha z ı r ] an rı: J s t 1 :r .. 

mikroişlemci kartı üze-rinde Z-80CPU, z-.so F' ı rı l 1,_) ~ z-eo s 1 o~ 

Z-80 CTC, 3ZVbyte'lık RAM. ; e:: el: l i 

c.dr·es l err;e! er i ad: es çözUcU de\.·resi~ 

r·eset] çme devre~- i ITıE\/Cuttur. Ayrı ca merkezi 

Uniteyi P·':: bilgis.sy.a:dan bs~ı:n:=ız c!a.rak kul]cı,nabilme1: 

:-::e-rke·::i için 

E- d i l ~~~; i ~- t i r· .. 4 1 

4~1 Z-80 Mikroişlemeisi 

Z-80 

sırasıyla 6. 8 

\/E? 

.-l -
,_.ıç 

MU~ 
.ı.:.:"-

gt.~.terge ce\·ro:leri 

bu m i k r· eı i :;. 1 c- :rı ·:· i 

Z-30H 

' l i k m i ı: r C; i ; ı e m c i 1 er 

i:· i n 

clo::a.ı: 

üretilir. Bu rr:iı~rc·i~le~.::i. t-·:er Unitenin tum iş!evle:rini 

ybneten, hafızalar ve giriş-çıkış uyum devreleri c:rasJndc.-ki 

b i lg i i;. J eme ve t r· a r! =· f e r· işlemlErini gE-rçEl: 1 eşt ir en 

Lirimdir. Z-80 CPU 8 tit lik mikrGiş!emci ler içerisinde 

pcıpU ler t E- 1·: rı o l cı j i :: i n i n beliri i 

ş E· k 1 j n i 1~ u } 1 c; n ı r vE b u ~e:- tE pt E rı d c l c .. y ı da. t. i r ad E' t -f S V' luk 

ka. :ı· na k ·~al ı<::2.bi l ir. farklı cı ! arı 

c:::e-11 iLie-ri ise ::ir:yalinin c h_: ş. u, 

ı-,afıza refresh l ::ı j i·~ i · .... e i;ıtcrıupt mcdlörının fc,zla 

c1masıdır. 

DoT'la.nım açısından da bU yUk ustunluklere so.hiptir·. 

Mikroişlemci genel a~aclı ya.zaç!ara Cregister), akUmU!ôtt.re 

\;e aritmEOtik mantık :f!.LUl sahiı;:.tir. ::-ı iğer 

mi krcişlemci !ere kıyasla. geLe! amaçlı yaz aç: sayısı daha 

faz la d ır·. v:c:nut sayısıLın ve yazaç sayısının fazlalığı 

programcıya tuyuk kolaylıklar sa~lar. Hafıza ve giriş-çıkış 

( I /0 l birimlerinin k c· n t r c. l u ı ç : n a d r e s , b i l g i ve kontrol 

giriş-çıkışla!Jna ~&hiptir-



U~ı \Ir.-
Cj . ~)- -ı 

ADf':ES 

c-::;.zucu 

\/E 

CLOCK 

RE SET 

DEVRESI 

.,.., 
,_..,H! A0 

Al 
HREQ A2 

~x~ ı 
·~f4 IORQ 

f'ı3 
A4 2 HR 
AF RD ::> YI 
A6 

REFSH A7 
A8 

HALT A9 
A10 

HAIT uf' AU 
Ai2 

INT A13 
NHI A14 

A15 
RE SET 

00 
BUERQ D! 
BUSAK D2 

D3 
CU<: D4 

D5 
00 
D7 

"';: 

~~ g'li.· 1 ı tr· ~ PA2 D2 D2 T00 
PA3 D3 ~:; 03 
PA4 D4 "" D4 TRG! 
PAS D5 ~ DS T01 
PFt6 D6 
PA7 D7 
ARDY 

n n 
ASTB p \0 IEI 
PB0 IEO 
P81 
PG;;! 
PB3 
PB4 
P85 
PBG 
P87 
BRDY 
BSTB CU< 

ZBefSIO 

[:ı@ 

Di 
[12 
D3 
D4 
DS 
00 
D7 

RAM 

Z-80 SIO 

CLK 
~~;ıi'=VB 

C/D 

• 1 .:;ı~cj IORt;ı 

M1 

RD 

S1Cı 

35 

00 
01 
02 
03~ 
04 
05 
06 
07 

ı.. ep rsı:.C;EIVE 

TRANS. 

+' .... 
•ı:ı 

:::.:: 

ü 
El 
lll 

u·~ 

o 
<·• 
-~ 

::c 

-<ı 

..::..: 
lll 

U'} 



4.2 Saat <Clock) Devresi 

mi>rc.işlemci k=:::-.;..'t l3rını fet ch ve 

ede-bilmc~i i ç i n qe-:eLli J~ ar e da1ga.yı Ur et. en kri::talli 

o s i l :ı tör d e\/ r e:= i d i r . S:=:.=· t :::e.._: r e s i ç ı ~: ı s ı s i =·te rr~ d e :;:. s c. t 

siny3line ihtiyaç dcyulan diger çevre birimlerine de 

ba~lıdır . S33.t devresi :;eki] 4.2 de verilmi~t:ir. 

.--------ıD:~--------~ 
4 t1-lc:: 

Şek i 4 • 2 S ~ a t C C L O C K J [' E '·/ r· e s i 

4.3 Reset Devresi 

Bu devre Z-80 mikroişlemcisini ve ba~l: 

e-Jer:ıcı:}?.rını ı.: u ! l e:. :r: : l ı r .. 

~i ı: r C: i ~· l e- m c i n i r: re ~.et 1 e n =n e s. i n d e p r c. g: am ::: 3. yı ·~ ı s ~ ıı a \prc:~ram 

cour:t. ı::·r) OOOCH bilgisi y U ~·: l E· n i r 

başl=-.nı;1ıcır:a Reset!Eme de ... lresi ş e ı: i I 

göste:·r i] miştir. 

Şekil 4.3 Resetleme Devresi 



4.4 Z-80 PIO <Paralel Giriş-Çıkış Birimi) 

G i r i ş - ç :. k ı ş u~·: i te s i r:: i k r c i ;. l e m c i rı i :-: d ı ş d :J n)/ a i l E- b i l çı i 

al :ş 'J E' r· i ş i n i sa.g J c.yc.n birimdir. PJO' nun Z- ec' 

i11 i k !· O i $ 1 E !Ti C i S i le ba~lantısı şe~il 4.4 te göster i ]miştir. 

Trafik ışıkl5rı kontrolu icin yapılan baglantı şekil 4.5 te 
• l • .... • 

VE·Tllffil;ş,ı..lr. 

,...., ..... H1 

HREQ 
IORQ 
I--IR 
RD 

REFSH 

HAL.T 

WAIT J 
INT 
NHI 

RE:::~:T 

Bı_t:;;RG:ı 

B USA!<: 

A0 
Al ~~~--~------~ A2 
A3 
A4 
AS H::=:----' 
AE: 1--':!S----l 
A7 
A8 
A8 

Ai0 
A!! 
A12 
A13 
A14 
AlS 

A 

Del 
Di 
[ı2 

-'!1--:===;'-1 [ı:3 
D4 
[ıS 

D6 
[)7 

INT F'; C: 
IEI 
IEO 

00 CE 
C' 1 .----f--1---~!<1 RD 
[>2 t--f--1---~[I:J IOR<:;ı 
[>3 t--f-.f---.=:.f•1 Hi 
D-4 1---k-.-------+-....... C-/Q 

PAel 
PA! 
PA2 
Pı"i3 
PH4 
PAS 
PAE: 
PA7 

ı:RDY 

DS B/A PB7 
00 3 ~y 
D7 >CLK 83TB 

LZ~80~~-----~ ~Z~80P~:~~I~(~,-----~ 

Şek i ~.4. z 80 PID Ba~lantısı 

Del PA0 
[>! PA! 
D2 PA2 
[ı3 PA3 
D4 PA4 ıı{'ıı<" 
[ıS PAS 
D8 PA8 ,· / 

D7 PA7 ll: lı< 

pı o fCR[ii 
ıı{ıı{ 

INT - ' -!R IEI A5TB -'27 111:/~/ 
IEO P8e -ı+SV 

PB! ·-=-s 
CE PB2 ""'8 lıı':."'•(' 

RD PB3 :30 
IOR<:;ı PB-4 31 ıı{'ı.( 

Hi P8S =---2 

C/"Q PB6 
:3'0:: .: .. ııı/ 

8/A P87 ~ .... lıı:: .... BRD·r· 
CLK B::: TB ıiıı<' 
Z80PIO 

k'.t' 
,·; 

"'"' 
ıı!ıı( 

Şekil 4.5 PJO 1 le Işıkların Baglantısı 



4.5 Hafıza ve Giriş - Çıkış Uniteleri için Adres ÇözUcU 

ac:~s kcıd çt.ı::ucu 

ku} 1an: lrL!l;.t:ı';·. E. u e nt E ~ r E .j e i ı: i a 8 e t 2 x 4 a d r e s ı~ C· j 

me·,:cuttur. B~nlardan bir tanesi hafıza Uniteleri digeri ıse 

g i r i ş - ç ı ı: 1 ş u n i te 1 = r i i ç i r1 k u 1 l an ı 1 m c. k t. &. d ı r . 

4.5.1 Hafızaların adreslenmesi 

:~ a f ı :: 2 1 a r Ca 11 ~:ıe! irlcr.r7ıesi 

için 2 d:- e s ~:at t ı ı: tı 1 1 3. n ı l m ı ş t ı r . Aıs J::ıw ise EPFWM, 

h i g h i s e E AM al: t i f D l rr: a. k ta d ı r • MEMREQ sinvali kcd cjzUcUnUn 

E :; : ~· ı ~· :ı n e ~:cd ç:tı.::ucunun ya. l n ı :::ca. hafıza 

y 2. pm c. s ı sa.y!;:;nmıştır. Ş e ı: i l 4. C:. a da hafızcı 

adrEs çözUcU bag!antısı gösterilmiştir. 

4.5.2 Giriş/Çıkış unitelerinin adreslenmesi 

elerr.C;.r.l.=ı.r lri:ı.n 

b e 1 i r l E' rr~ 2 L i ç i n P.. ~· \.' e A 6 & d -:: := s ha t 1 a r ı k 0 1 1 c. r, ı l ;-:-, ı :;. t ı ~· . rJRQ 

E g i r· i ş i rı e b 2 9 l c:-: 3 r-o ı: sadece 

g i r i ~· / ç 2 ~: : ~· islem!eri sırasında aktif o]ması sc.: Çi} c-.nmı ~tır. 

c:: .-. ı' ~ ı 
~~C: L .l i 

AlS 

G BA 

YYYY 
:3210 

RAH ROH 

' ' .J e\:' r· e~ ı 

CTC SIO PIOl 

001F PIO! 
CTC 

3F SI(ı 
8F p 02 

\.' e r- i l !T! i ş t i r 

(a) Haflz:a, (b) Giriş/Çıkış 



4.6 Z-80 SIO <Seri Giriş-Çıkış Unitesi) 

Ser·i haberle~rr:e, Z-.2.tJ SIO ile ycpılm=..~:ı:c..dır. z --so s r :J 

Degişik status registerler ile 510' nun önemli f!sglerini ve 

hata durumlarını gözlernek mumkUndur. Bu sıo cevresinin 

mikr·oişlemci i ı e ~.-~ı--+. c. .... -ı::ı.=ı 'o il\,....:.~ .L Şekil !.ı.?.a da gösterilmiştir . 

Oluşturulan 
. + . 

sıscE?mır, CFU' sc:nra 

Unitesidir. Bilgisayarlar arasındaki i!etlm ~ID ar8c:ı.lıSı 

i 1 e saglo.r,mıştır. E:ilgi iJetiminde rrıE·~.afE-nin birc..z 

olması nedeniyi e 510 çıJ.:ışları T er·-··::,,.., ,_• .._,._'-:~ entegresi ile 

yUkseltilmekte ve az kay1plc: := i Cı' ya 

i !eti lebi lmektedi r. ı 1 e SJO 

şekil 4.7.b de g<:::.teril:ni~tir. 

21-----.... 

( a ı ( ı- ', 
' L i 

T s 
~ 
3 
2 

Şekil 4.7. Z- 80 SlO ve TSC232 Bagla~tısı 

4.7 Z-80 CTC (Sayıcı, Zamanlayıcı ünitesi) 

Dört kaTıallı !:'ayıcı, zamanlayıcı d e\.~ rE· s i bir 

uygulamada ve taso.rımda raho.tlık!a kullo.nılmaı:tc.cır. 

CTC, Z-80 CPU' ya ve 2-80 SIO' ya hiç tir a;a 

gerektirmeden baglanabilmektedir. Z-80 CTC' nın 

içerisindeki bag!antısı şekil 4.8 de gösterilmiştir. 

z -.:::;o 

Ce"v·re 

s. istem 



CU< 
A0 

Al 

IORQ--------~:U 

Ml 

RD 

cr 
REsEt----------------J 

,., >=' 
....., . .__:. .. '7 

i- 80 CTC Baglant:sı 

4.8 Gösterge 

Gt~~tergE· 3! t 1 adet cr· tak anodlu 

2.'.;::1 

yedi 

dis~leylerden oluşmuştur. Di::pleylerin ·;eri girişiEri l:er:di 

ara.larır:ci& psralel baıdlo.nmıştır. i 1-. 
- ' <::" 

anod girişlerine transistörler!e besleme ver i ~c-bilmektedir. 

A. ı t ı tanesinden yalnızca bir tanesi yanatilir. Çok hızl 

bir- i ı e ö. ı t ı t::;,.nes i n i nde Çj o r u 1 e b i l i t 

Di~plcyleıi.n bc.;la.nt1sı ş e k i l 4 o . -' da ·~ l-:~ s t E r- i l iTı i ş t i r . 

Gösterge i l: i kıs:mdc..n i ı k dc.rt di=.çJey 

adres ~attı bilgisini, son iki displey ise 

data hattı bilgisini göstermektedir. 

.!\.d tES ı: ı s m ı n da 8011, data kısm2nda ise yazı l)/Sa 

bunun anlamı 8011H adresinde 3EH bulunmaktadır. 

4.9 Tuş Takımı 

On altı adet sayı tuşu ve dört adet fonksiyon tu;u-;--:dan 

oluşan tuş takımı devre·si şEkil 4.10 deı_ gbrUldusu gibi beş 

satır \/8 dört sutundan oluşan b ir matris 

ta::ar ]e;nmıştır. De\'reye lave edilen bu gt;st,::.rge ve tuş 

ta ı: ı m ı i ı e PC bi lgi:;.ayardan t.a·;:iımsız olarak rnerkE:'Z 

• ,. • 1 - • • 
mı~roış.emcısıne program yazılıp bag ı ı Unitelere l::ı i ı g i 

gtinderilebilir. 
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4.10 lnterrupt Ara Devresi 

Merkez hi lgisayar i le yardımcı bilgisayarlar arasındaki 

haber l eşıney i uytım içinde yapabilmek için bir ara devre 

tasarlanmıştır. Bu ara devre ile yardımcı Uniteler arasında 

bir öncelik sırası oluşturulmuştur. Aynı :-::amanda bu devre 

Z·BO CPU' nun interrupt mode O durumu için kullanıl,:ın 

devredir. Du devrenin sisteme baOianışı şek i 1 IL 11 de 

qosterilıııiştir. 

ENCCJDER +5V 

btf!:---CPUl 
'>'!-'i~-CPU2 

1 · CPU3 
0 )10 CPU4 

Ş e k i 1 ~~ . 1 1 . I n t e r r u p t a r a D e v r e s i 

Lo fe. h 

Şekil 1~.1::: Mux 

7 ı::: 

w y 

BXl MUX 
DDDDDDDD 
01234567 ABCG 

CPUl 
CPU2 
CPU3 

~----~~-E--~--CPU4 

Demux Baglantısı 

CPUl 
CPU2 
CPU3 
CPU4 



arasında seri ,::Ja ta. 

ise merkez Unite ile yardımcı 

transferi için ba~lantıyı 

kullanıL=:tn MUX ve DEMUX bc:djlantıları qösterilmiştir. 
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Uniteler 

kurmak ta 

Bu MUX 

ve DEMUX' ın seçici sinyalleri uygun konumlara ayarlanarak 

istünen Unite i.]"? haberleşme yapılabilir. 

4.11 Sistemin Çalışması 

Her Unite ::.:ı.çılışta ROM'da bulunan proqramı çalıştırır 

ve bu programa oöre kavşaklardaki trafik ışıkları kontrol 

edilir. Bu Sistem genel olarak uç yardımcı Unite, bir 

merkezi Unite ve bu merkezi Uniteye baglı bir PC 

bi lgisayardan 

programda saat 

oluşmuştur. PC bilgisayarında yazılan 

surekli olarak kontrol edilir ve saate göre 

uygulanacak program numarası belirlenir. Belirlenen 

programla ilgili bilgiler seri porttan merkezi uniteye 

gönderilir. Merh::zi linitede kullanılan 'interrupt' ara 

devresi ile bilginin hangi Uniteden geldigi belirlenir ve 

ilgili alt programa atlanır. Alt programda ilk olarak 

yapılan belirlenen unite ile merkezi Unite arasındaki bilgi 

hattını kontrol edr::n MUX DEMUX yapısında uygun 'se],:?ct'ler 

qtinderilir lit:: rneı·l:e:::.i Unite ile bilqi çıtHıdE·ren unite 

arasındaki bit,~ıi hattı birleştirilir. Bir·leştirilen bilgi 

hattından gelen veri alınır ve hafızaya yazılır. Merkezi 

Uniteye PC elen r:ıelt:'n bilgi sıra ile diger yardımcı 

Unitelere gbnderi 1 ir. Bu işlem yapılırken her Unite i le 

m e r kf~ z i u n i t Ec ;:,. l' a s ı n d a. k i b i l g i ha t t ı M U X D E M U X ' ı rı 

'select'leri aracılıgı ile uygun konuma getirilir ve veri 

Yardımcı unitelerde çalıştırılan transfer işlemi yapılır. 

programların numaraları 

başlarında merkezi uniteye 

gönderilen program numaraları 

ve farklılık varsa çalışınası 

Uniteye gönderilir. Hemen 

uniteler tarafından her faz 

bildirilir. Merkezi Llniteye 

merkezi Linitede kontrol edilir 

gereken 

sorıra 

proçjl'am verileri ilç:ıili 

da merkezi Unitedeki 

program numaraları bilgisayara gönderilir ve çalışması 

gereken proç:ıra.m olup olnıaclı\jı kontrol. edilir. Kontrol 

sonucunda, program numaraları aynı ise tum uniteler normal 

çalışrnasın::t devc:ı.m edecektir, farklı ise işlenmesi gereken 



program verileri bilgisayardan merkezi uniteye 

Merkezi Uniteye gelen veriler diger Unitelere 

gönderilir ve kontrol lu ve uygun şekilde tum 

çalışması saglanır (9,10,11,12). 
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gönderilir. 

sıra ile 

Unitelerin 

Merkezi Uniteden Uç uniteye veri gönderme işlemi 

'interrupt' ve MUX-DEMUX ara devreleri kul lanılarak 

yapılmaktadır. Bunların yanında sistemde koordine çalışan 

iki Unite bulunmaktadır. Bu iki unite ardı ardına gelen iki 

tane dört yollu kavşagı kontrol etmektedirler. Bu iki Unite 

ile merkezi unite arasında bir çevre <!oop connectionl 

baglantısı yapılmıştır. Bu şekilde yapılarak ard arda gelen 

iki kavşagın koordine çalışması saglanmış, taşıtların ve 

yayaların kavşaklardaki beklemeleri önlenmiştir (11,13). 

Butun bunların yanında bagımsız çalışan unitelerden 

birisine digerlerinden farklı olarak bir yaya ışıQı kontrol 

tuşu ilave edilmiştir. Bu tuşun görevi, taşıtlara yeşil 

ışık yanarken yay3ları öncelikli duruma getirmektir. Tuşa 

basıldıgında Uniteyi yönlendiren (kontrol eden birim) 

mikroişlemciye bir NM! <Non Maskable Interruptl 'interrupt' 

gitmekte ve bu 'interrupt' isteginden bir mUddet sonra tum 

yönden gelen araçlara 3 sn sure ile sarı ışık yanmaktadır. 

Sarı ışıktan sonra taşıtlara kırmızı, yayalara ise yeşil 

ışık yanmaktadır. Yayalara belirli bir sure yeşil yandıktan 

sonra kırmızıya dönUşmektedir. Uç saniye koruma suresinden 

sonra en son geçiş hakkına sahip olan yöne sar ışık yanmakta 

ve sonra yeşile dönmektedir. Bundan sonra normal akış devam 

etmektedir. Kavşaklarda uygulanacak devre sUreleri 

kavşaktaki trafik yogunluguna göre degiştirilmektedir. Bu 

şekilde duzenli ve geçikmelerin çok az oldugu bir trafik 

akışı saglanmaktadır. Bu devre sureleri gözlemle yapılan 

istatistikler sonucunda alınan veriler dikkate alınarak 

ampirik denklemlerle bilgisayarla hesaplanır t14,15). 
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5. YAZILIM 

Sistem programları alt programlar halinde yazılmış olup 

istenen bir programdan diger bir programa geçmek mUmkUndUr. 

Alt programlara ulaşınada daha çok interrupt fonksiyonları 

kullanılmıştır. Butun sistem PC Bilgisayarında yazılan 

program i 1 e 

göre i ı q i ı i 

idare edi !ir. Yerine •;ıetirilecek 

alt pro9ram çalıştırılır ve 

fonksiyona 

fonksiyonun 

gerçekleştirilmesi 

programına dönUJUr. 

saglanır. Her işlemden sonra sistem 

5.1 Akış Şernaları 

Sisteme enerji verileliginde her kavşaktaki mikroişleınci 

merkezden 

çalıştırır 

bağımsız olarak ROM' unda bulunan 

ve bu ;;ekilde kavşaktaki ışıkların 

bilgi gelinceye kadar kontrolu saglanınış olur 

Bir kavşakta uygulanan akış diyagramı şekil 

gösteri !miştir. PC Bilgisayarındaki sistem 

proqramı 

merkezden 

5.2 de 

programı 

çalışınaya başladıgı andan itibaren sistem trafik yogunluguna 

göre duzenli bir şekilde çalışınaya başlar. Bu da sistem 

programında saatin kontrol edilmesi ve belirlenen saatiere 

göre uygun programların çalıştırılması ile gerçekleştirilir. 

Gunun degişik saatlerinde trafik yogunlugu farklı oldugundan 

kavşaklarda uygulanan devre surelerinin trafik yogunluguna 

göre dUzenlenmesi gerekir. Bunun için belirlenen saatlerde 

uygul a.nrnas ı gereken devre sureleri bilgisayardan merkezi 

mikroişleınciye, oradan da kavşaklardaki mikroişlemeilere 

gönderilir. Bu şekilde de kavşaklardaki trafik akışı trafik 

yogunluQuna gore de(iiştiri 1 ir. Akşam, belli bir saatten 

sonra ve sab;:-.h belli bir saate kadar olan surede ışıkların 

sarı yanıp sönmesi s&glanır. Başlangıçta saat kontrol 

edilir ve bunun sonucunda saat 6:00 dan kUçUkse veya 19:00 

dan bUylikse bir numar&lı program, 6:00 7:00 saatleri 

arasında ise i k i numaralı program, 7:00 8:00 saatleri 

arasında ise Uç numaralı program, 8:00 9:00 saatleri 

arasında ise dört numaralı program, 9:00 12:00 saatleri 

arasında ise beş numaralı program, 12:00 1 L~: 00 saatleri. 
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arasında ise altı numaralı program, 14:00 17:00 saatleri 

arasında ise beş numara! ı program ve 17:00 - 19:00 saatleri 

arasında ise altı numaralı program çalıştırılacaktır. 

Sistem programının akış şeması Şekil 5.3 de, merkezi 

mikroişlemcideki yardımcı sistem programı akış şeması Şekil 

5.4 da gösterilmiştir. Sistem programları Ek 5' te 

verilmiştir. 
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B ASLA 
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Acc deki tus 
kodunu 7 segr'ıent 

koda ceviri:p 
Digbuf a yaz 

E 

Gostergenin 
bilgi kwıini 

degisti:r 

H 
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adres kısrvıini 
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Gostersenin 
Adres kısMini 
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Şeki ı 5.4. Merkez Mikroişlemci Sistem Programı Akış Şeması (devamı 
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6. SONUÇLAR ve ONERILER 

Bu çalışmada belirlenen bazı kavşaklardaki trafik 

ışıklarının bir merkezden mikroişlemciler yardımı i ı e 

kontrol eelilmesi gerçekleştirilmiştir. Merkezi üniteden 

kavşaklardaki Unitelere bilgi iletimi seri hattan (seri data 

transferi metodu ile) yapılmaktadır. Hazırlanan yazılım ile 

de gunun degişen tr·afik yogunluguna gtıre devre sUreler i 

belirlenmiş ve buna gdre ışıkların kontrolu yapı !mıştır. 

Trafik ışıklarının bir merkezden ve mikroişlemciler le 

kontrolU i ı e 

indi ri lecek, 

verilmeyecektir. 

boşa harcan::.1.n 

saglanacaktır. 

l:avşaklarda be k ı em c~ 

uzun kuyrukların 

sureler i 

oluşmasına 

rninimuma 

izin 

En tınemiisi de kazaların ve beklemelerde 

yEıkıtın asgari bir duzeye duşmesi 

Böyle bir çalışma daha ileri bir duzeye getirilip bUtUn 

bir şehrin tra.f il: ışıkları kontrolU yapılabilir. Bunu 

gerçekleştirebiirnek için de Uniteler arasındaki veri 

transferi döşenen özel hatlar ile saglanabilir. Bu hatlarda 

kullanılacak kapiolar duşuk empedanslı ve gUrUltusuz olarak 

seçilmelidir. Çunku bu hatlarda ki gerilim duşumu bu tip 

kaplolarla ınirıimurıı sev.iye,,..e dU:~UrUlebilir. Çok qelişmiş bir 

sistem kurmak kavşa.klara trafik ışık akışını 

kontrol eden mikroişlemci t <:ı. raf ı n' cıa n k o nt ro ı edilebilen 

taşıt sayıcı senscırlt:·r yerleştirilmelidir. Bu sensorler ile 

kavşaklardan geçen araç sayısı hakkında surekli istatiksel 

b i ı g i al ınır. Bu l:·ilgilE·r doqrultusunda sistem kendi 

parametrelerini hesaplayabilir. Parametreler tarafından 

bölUm 2' de verilen ampirik denklemlere uygulanır ve bunun 

sonucunda traflk akışına qore sUrekli degişen Adapdif 

kontrol sistemi kurulmuş olur. 
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Chapter 7 
ZILOG ZSO 

g Z80 microcomputer devices have been designed as 8080A enhancements. In fact, the same individuals 
•onsible for designing the 8080A CPU at lntel designed the Z80 devices at Zilog. The 8085, deseribed in 
pter 5, is lntel's 8080A enhancement. 

Z80 instruction set includes all 8080A instructions as a subset. In deference to rational necessity, 
rever, neither the Z80 CPU, nor any of its support devices attempt to maintain pin-for-pin compatibility with 
OA counterparts. Compatibility is limited to instruction sets and general functional capabilities. A program 
: has been written to drive an 8080A microcomputer system will also drive the Z80 system - within cer-
limits; for example, a ROM device that has been created to implement object programs for an 8080A 

rocomputer system can be physically removed and used in a Z80 system. 

Z80-8080A compatibility does extend sornewhat further, since most support devices that have been 
'1gned for the 8080A CPU will also work with a Z80 CPU; therefore in many cases you will be able to upgrade 
~080A microcomputer system to a Z80, confining hardware modifications to the CPU and its immediate in­
rtce only. 

interesting to note that the Z80 pins and signal interface is far closer than the 8085 to the three-chip 8080A 
figuration illustrated in 8080A chapter. Also. whereas the Z80 instruction set is greatly expanded as compared to 
3080A. the 8085 instruction set contains just two new instructions. However. both the Z80 and the 8085 have 
lved the two most distressing problems associated wi~h the 8080A- the three-chip 8080A CPU has in both cases 
ı reduced to one chip. and the three 8080A power supplies have in both cases been reduced to a single +5V power 
ıly. Q 

1G. INC .. manufacturers of the Z80. are located at: 

10460 Bubb Road 
Cupertino. California 95014 

official second source for Zilog products is: 

MOSTEK. INC. 
1215 West Crosby Road 

Carrollton. Texas 75006 

ıannel MOS technology is used for all Z80 devices. 

THE ZBO CPU 

Z80 LSI 
TECHNOLOGY 

:tions implemented on the Z80 CPU are illustrated in Figure 7-1. They represent "typical" CPU logic, 
valent to the three devices: 8080A CPU, 8224 Clock and 8228 System Controller. 

UMMARV OF Z80/8080A DIFFERENCES 
are going to summarize Z80/8080A differences before describing differences in detail. If you know the 
)A well, read on; if you do not. come back to this summary after reading the rest of the Z80 CPU descrip-
We will also contrast the Z80 and the 8085, where relevant. 

:he programmer. the Z80 provides more registers and addressing modes than the 8080A. plus a much larger 
uction set. 

ificant hardware features are a single power supply (+5V), a single system clock signal. an additional inter-
and logic to refresh dynamic memories. · 
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Figure 7-1. Logic Functions of the Z80 CPU 
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~ 8085 alsa has a single power supply and a single system clock signal. The 8085 has three additicnal interrupts. but 
ks logic to refresh dynamic memories. 

the ZSO CPU indeed the logical next SOSOA evolution? 

rdware aspects of the SOSOA represent its weakest features, as compared to principal current competitors. 
~cifically. the fact that the 8080A is really a three-chip CPU is its biggest single problem; three chips are always 
ng to cost more than one. Next. the fact that the 8080A requires three power supplies (+5V. -5V and + 12V) isa very 
Jative feature for manyusers and the desirability of going to a single power supply is self-evident the Z80 requires a 
gle +5V power supply. This is alsa true of the 8085. 

~ problems associated with condensing logic from .three chipson to one chip are not so straightforward. Figure 7-2 il­
trates the standard three-chip 8080A CPU. Let us assume that the three devices are to be candensed into a single 
p. Asterisks (*) have been placed by the signals which must be maintained if the single chip is to be hardware com­
ible with the three chips it replaces. Forty-three signals are asterisked. theretare the standard 40-pin DIP cannot be 
!d. The problem is compounded by the fact that not all 8080A systemsusean 8228 System Controller Same 8080A 
tems use an 8212 bidirectionall/0 port to create control signals. A few of the earliest 8080 systems use neither the 
28 System Control ler. nor an 8212 1/0 port rather externallogic decodes the Data Bus when SYNC is true in order to 
ıerate control signals; for example. that is how the TMS5501 works. We must theretare conclude that any attempt 
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to reduc.;e three chips to one will create a product that is not pin compatible with the 8080A; and. indeed. the Z80 is not 
pin compatible. What Zilog has done is include as many hardware enhancements as possibie within the confines of a 
40-pin DIP that must be philosophically similar to the 8080A. without attempting any form of pin compatibili'ty. Figure 
7-2 identifies the correlation between Z80 signals and 8080A signals. Notice that there is a significant similarity. 

Figure 5-3 is equivalent to Figure 7-2. comparing 8085 and 8080A signals. Z80 signals are far closer to the 8080A 
three-chip set than the 8085. 

Here is a summary of the hardware differences: 

1) The Z80 has reduced three power supplies to a single +5V power supply. 

2) C lock logic is entirely within the Z80. 

3) The complex. two clock signals of the 8080A have been replaced by a single clock signal. 

4) Automatic dynamic memory refresh logic has been included withif1 the CPU. 

5) Read and write control signal philosophy has changed. The 8080A uses separate memory read. memory write. 1/0 
read and 1/0 write signals. The Z80 uses a general read and a general write. coupled with a memory select and an 
1/0 select. This means that if a Z80 CPU is to replace an 8080A CPU then additionallogic will be required beyond 
the Z80 CPU. You will either have to combine the four Z80 control signals to generate 8080A equivalents. or you 
will have to change the select and strobe logic for every 1/0 device. We will discuss this in more detail later. 

6) Address and Data Bus float timing associated with OMA operations have changed. The 8080A floats these busses 
at the beginning of the third or fourth time period within the machine cycle during which a bus request occurs: 
this initiates a Hold state. The Z80 has a more straightforward scheme; a Bus Request input signal causes the Data 
and Address Susses to float at the beginning of the machine cycle; floating busses are acknowledged with a Bus 
Acknowledge output signal. 

7) The Z80 has an additicnal interrupt request. In addition to the RES ET and normal 8080A interrupt request. the Z80 
has a nonmaskable interrupt which is typically used to execute a short program that prepares for power failure. 
once a power failure has been detected. 

Now consider internal organization of the Z80 in terms of instruction set compatibility and enhancement. 

As illustrated by Table 7-3 the 8080A instruction set is. indeed. a subset of the Z80 instruction set. Unfortunately. the 
Z80 uses completely new source program instrvction mnemonics. therefore 8080A instructions cannot immediately be 
identified. Technical Design Labs. Ine .. has an 8080-like Z80 assembly language. 
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There are very few unused object codesin the 8080A instruction set. The Z80 has theretare taken what few unused ob 
ject codes there are. and used them to specify that an additicnal byte of object code follows: 

11011101 ~Spare 8080A object code 
...-Specifies new Z80 object code follows 

This results in most new Z80 instructions having 16-bit object codes; but simultaneously it means that a very large 
number of new instructions can be added. 

Any enhancement of the 8080A can include major changes within the CPU; providing the 8080A registers and status 
flags remain asa subset of the new design. instruction compatibility remains. These are the principal enhancements 
made by the Z80: 

1) The standard general purpose registers and status flag s have been duplicated. This ma kes it very easy to ha nd lı:; 
single-level interrupts. since general purpose register and Accumulator contents no loriger need to be saved on the 
Stack; instead. the program may simply switch to the alternate register set 

2) Two Index registers have been added. This means that additicnal Z80 instructions can use indexed memory ad­
dressing. 

2) An lnterrupt Vector register allows externallogic the option of responding to an interrupt acknowledge by issuing 
the equ ivalent of a C all instruction - which vectors program execution to a memory address which is dedicated 
to the acknowledged external logic. 

4) A single Block Move instruction allows the contents of any number of contiguous memory bytes to be moved from 
one area of memory to another. or between an area of memory and a single 1/0 port. You can also sean a block of 
memory for a defined value by executing a Block Compare instruction 

5) Instructions have .been added to test or alter the condition of individual register and memory bi ts. 

In contrast to the extensive enhancements of the Z80. the 8085 registers and status architecture are identical to the 
8080A. There are only two additicnal instructions in the 8085 instruction set: however. the 8085. !ike the Z80. allows 
Cal! instructions to be used when acknowledging an interrupt - a particularly useful enhancement 

While on the surface the ZSO instruction set appears to be very powerful. note that instruction sets are very 
subjective; right and wrong, good and bad are not easily defined. Let us look atsome nonobvious features of the 
zao instruction set. 

First of all. the execution speed advantage that results from the new Z80 instructions is reduced by the fact that many 
of these instructions require two bytes of object code. Some examples of Z80 instructions and equivalent 8080A in­
struction sequences with equivalent cycle times are given in Table 7-1. 

Table 7-1. Comparisons of Z80 and 8080A 
lnstruction Execution Cycles 

z8o 8080A 

Instructions Cycles Instructions Cycles 

LD R.(IX + d) 19 LXI H.d 10 
DAD IX 10 
MOV R.M 7 

27 
LD RP.ADDR 20 LHLD ADDR 16 

MOV C.L 5 
MOV B.H _§_ 

26 
SET .B.(HL) 15 MOV AM 7 

ORI MASK 7 
MOV M.A 7 

21 

Also. a novice programmer may find the Z80 instruction set bewilderingly complex. Ata time when the majority of po­
tential microcomputer users are terrified by simple assembly language instruction sets. it is possible that users will 
react negatively to an instruction set whose complexity (if not power) rivals that of many large minicomputers. 

Many of the new Z80 instructions use direct. indexed memory addressing to perform operations which are otherwise 
identical to existing 8080A instructions. Now the Z80 has two new 16-bit Index registers whose contents are added to 
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m B-bit displacement provided by the instruction code; this is the scheme adopted by the Motorola MC6800. This 
;cheme is inherently weaker than having a 16-bit. instruction-provided displacement. as implemented by the Signetics 
2650. When the Index register is larger than the displacement. the Index register. in effect. becomes a base register. 
Nhen the Index register has the same size. or is smaller than the displacement. it is truly an Index register as deseribed 
n "Volume 1 - Basic Concepts". The Signetics 2650 implementation is more powerful. 

Z80 PROGRAMMABLE REGISTERS 
Ne will now start locking at the Z80 CPU in detail, baginning with its programmable registers. 

rhe Z80 has two sets of 8-bit programmable registers, and two Program Status Words. At any time one set of 
)rogrammable registers and one Program Status Word will be active and accessible. 

n addition, the Z80 has a 16-bit Program Counter. a 16-bit Stack Pointer, two 16-bit Index registers, an 8-bit 
nterrupt Veetar and an 8-bit Memory Refresh register. 

=igure 7-3 illustrates the Z80 registers. Within this figure, the 8080A registers' subset is shaded. 

{ 

• These two 8-bit registers 
~---- are sametimes treated ,..,... ___ _ 

~ asa 16-bit unit ~ 

~JL§V{· · 1 Program Status Words 1 PSW'J}l..J 
l .· .·. A., , .•. · Primary Accumulators 

~~~~~~~~ 8 ··• .. C ... ,. Secondary Accumulators/Data Counter 
A' 
B' c· 

D . .. ·.•· • E .. Secondary Accumulators/Data Counter o· E' 
H ·. • ' ·· .. ; ·: .. l. ··' Secondary Accumulators/Data Counter H' L' 

c ., • SP :: : , Stack Pointer 
pco, .•; c , Program Counter 

IX Index Register X 
lY Index Register Y 

IV lnterrupt Vector 

L Memory Refresh Counter 

Shaded registers represent the 8080A subset. 

Figure 7-3. ZBO Programmable Registers 

'he Z80 uses its Program Status Word, its A. B. C, D. E. H. and L registers, plus the Stack Pointer and the Pro­
ram Counter exactly as the 8080A uses these locations; therefore no additicnal discussion of these registers 
; needed. 

'he Program Status Word, plus registers A. B. C, D, E. H and L are duplicated. Single ZBO instructions allow you to 
witch access from one register set to another. or to exchange the contents of selected registers. At any time. one or 
ıe other set of registers. but not both. is accessible. 

'here are two 16-bit Index registers, marked IX and IV. These are more accurately looked upon as base registers. as 
;ili become apparent when we examine ZBO addressing modes. 

'he lnterrupt Veetar register performs a function similar to the JCW2 byte of the 8259 PICU device (described 
ı the 8080A chapter). ZBO interrupt acknowledge logic gives you the aptian of initiating an interrupt service routine 
;ith a Call instruction. where the high order address byte for the call is provided by the lnterrupt Veetar register. The 
085 alsa provides this capability. 

'he Memory Refresh Counter register represents a feature of microcomputer systems which has been over­
>oked by everyone except Fairchild and Zilog. Dynamic memory devices will not hold their contents for very long. 
respective of whether power is off or on. A dynamic memory must therefore be accessed at millisecond intervals. 
)ynamic mefnory devices compensate for this short-coming by being very cheap - and dynamic refresh circuitry is 
ery simple. Using a technique akin to direct memory access. dynamic refresh circuitry will periodically access dynamic 
ıemories. rewriting the contents of individual memory wordson each access. About the only logic needed by dynamic 
3fresh isa counter via which it keeps track of its progress through the dynamic memory; that is the purpose of the ZBO 
~emory Refresh Counter register. The ZBO alsa has a special DMA refresh control signal; therefore the ZBO provides 
ıuch of the dynamic refresh logic needed by dynamic memory devices. · 
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ZSO ADDRESSING MODES 
Z80 instructions use all of the 8080A addressing modes; the Z80 also has these two enhancements: 

1) A number of memory reterence instructions use the IX and lY registers for index ed, or base relative ad­
dressing. 

2) There are some two-byte program relative Jump instructions. 

A memory reterence instruction that uses the IX or lY register will include a single data displace­
ment byte. The S-bit value provided by the instruction object code is added to the 16-bit value 
provided by the identified Index register in order to compute the effective memory address: 

IX or rY 

1 ppqq 1 

~i 
Effective Address = ppqq + dd · _.1 

p, q and d represent any hexadecimal digits; 
dd represents an 8-bit, signed binary value. 

PROGRAM 
MEMORY 

OP 
d d 

1 

• 
1 

Op Code } 
Displacement 

Memory 

Reterence 

instruction 

This is standard microcomputer indexed addressing and is less powerful than having the memory 

Z80 
INDEXED 
ADDRESSING 

reterence instruction provide a 16-bit base address or displacement; for a discussion of these addressing modes see 
"Volume 1 - Basic Concepts". Chapter 6. ;, 

The program relative. two-byte Jump instructions provided by the ZSO provide standard two-byte. program relative ad­
dressing. A single. S-bit displacement is provided by the Jump instruction's object code; this S-bit displacement is ad­
ded. as a signed binary value. to the contents of the Program Counter- after the Program Counter has been incre­
mented to point to the sequential instruction: 

Branch instruction op code 
Displacement 

_.., 
~ 

PROGRAM Memory 

MEMORY Address 

xx 
d d 

ppqq-2 
ppqq-1 

ppqq 

ppqq + 1 

ppqq +2 

Program Counter 

The next instruction object code will be fetched from memory location ppqq+2+dd. p. q. and d represent any hex­
adecimal digits. dd represents a signed binary. S-bit value. 

For a discussion of program relative addressing. see "Volume 1 -Basic Concepts". 

The Z80 addressing enhancements are of significant value when comparing the Z80 to the 8080A. 

The value of the Index register comes not so much from having an additicnal addressing option. but rather IX and lY 
allow an efficient programmer to husband his CPU register space more effectively. Look upon IX and lY as performing 
memory addressing tasks which the SOSOA would have to perform using the BC and DE registers. By freeing up the BC 
and DE registers for data manipulation. you can significantly reduce the number of memory reterence instructions ex­
ecuted by the Z80. 
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The two-byte program relative Jump instruction is useful because in most programs 80% of the Jump instructions 
branch to a memory location that is within 128 bytes of the Jump. That is the rationale for most microcomputers offer­
ing two-byte as well as three-byte Jump instructions. 

ZSO STATUS 
The Z80 and 8080A both use the Program Status Word in order to store status flags. These are the Z80 status 
flags: 

Carry (C) 
Zero (Z) 
Sign (S) 
Parity/Overflow (P/0) 
Auxiliary Carry (Ac) 
Subtract (N) 

Statuses are recorded in the Program Status Word by the Z80. as compared to the 8080A. as follows: 

r7~!6~5...:,.ı4~3~2~1~0~ ... ,.,.__Bit No. 

l S ı Z ı X ecı X 1§51 N J C 1 ,. ZSO Program Status Word 

7 6 S .ı4 3 2 1 O ._ Bit No. 

1 S ı Z ı X ecı X ı P ı X ı C ... , ... .,...._ 8080A Program Status Word 

The Parity/Overflow and Subtract statuses differ from the 8080A. All other statuses are the same. Note that 
the Z80, like the 8080A, uses borrow philosophy for the Carry status when performing subtract operations. That is 
to say. during a subtract operation. the Carry status takes the reciprocal value of any Carry out of the high-order bit. For 
details see the 8080A Carry status descriptions given in the 8080A chapter. 

The 8080A has a Parity status but no Overflow status. The Z80 uses a single status flag for both operations. which 
makes a lot of sense. The ZBO Overflow status is absolutely standard. therefore only has meaning when signed binary 
arithmetic is be ing performed-at which time the Parity status has no meaning. Within the Z80. therefore. this single 
status is u sed by arithmetic operations to record overflow and by other operations to record parity. For a complete d is­
cussion of the Overflow status see "Volume 1 .,.--Basic Concepts" 

• 
The Subtract status is used by the DAA instruction for BCD operations. to differentiate between decimal addition or 
subtraction. The Subtract and Auxiliary Carry statuses cannot be usedas conditions for program branching kondi­
ticnal Jump. Call or Return instructions). 

ZSO CPU PINS AND SIGNALS 
The Z80 CPU pins and signals are illustrated in Figure 7-4. Figure 7-2 provides the direct comparison between 
Z80 CPU signals and the standard 8080A, 8228, 8224 three-chip systems. 

Let us first look at the Data and Address Busses. 

Ttıe 16 address lines AO - A 15 output memory and 1/0 device addresses. The address lines are tristate: they may 
be floated by the ZBO CPU. giving externallogic control of the Address Bus. There is no difference between Z80 and 
8080A Address Bus lines. 

The Data Bus lines DO - D7 transmit bidirectional dataintoor out of the Z80 CPU. Like the Address B us lines. the 
Data Bus lines are tristate. The Z80 Data Bus lines do differ from the 8080A equivalent. The 8080A Data Bus is 
multiplexed; status output on the Data Bus by the 8080A during the T2 clock period of very machine cycle is strobed 
by the SYNC pu Ise. The ZBO does not multiplex the Data B us in this w ay. The Z80 Data B us lin es opera te at normal TTL 
levels. whereas the BOBOA Data Bus lines do not. 

Control signals are deseribed next; these may be divided into system control, CPU control 
and Bus control. First we will deseribe the System control signals. 

M1 identifies the instruction fetch machine cycle of an instruction's execution. lts function 
is similar, but not identical to the 8080A SYNC pulse. The ZBO PIO device uses the low M1 
pulse as a reset signal if it occurs withbut IORO or RD simultaneously low. 

MREQ identifies any memory access operation in progress; it is a tristate control signal. 

Z80 SYSTEM 
CONTROL 
SIGNALS 

IORQ identifies any 1/0 operation in progress. When IORO is low. AO- A7 contain a valid 1/0 port address. IORO is 
als o u sed as an interrupt acknowledge; an interrupt is acknowledged by M 1 and IORQ being output low- a uni­
que combination. s ince M 1 is otherwise low only during an instruction fetch. which cannot address an 1/0 dev ice. 
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RO isa tristate signal which indicates that the CPU wishes to read data from either memory or an 1/0 device. as 
identified MREO or TORo. 
WR isa tristate control signal whieh indicates that the CPU wishes to write data to memory or an 1/0 device as in­
dicated by MREO and IORO. Some Z80 1/0 devices have no WR input. These devices assume a Write operation when 
IORQ is law and RO is high. RO law specifies a Read operation. 

The various ways in which the three control signals. M1. IORO. and RO. may be interpreted are summarized in Table 
7-5. which occurs in the description of the Z80 PIO dev ice. 

RFSH isa control signal used to refresh dynamic memories. When RFSH is output low. the current MREO signal 
shou Id be u sed to refresh dynamic memory. as addressed by the lower seven bi ts of the Address Bu s. AO - A6. 

Next we will deseribe CPU control signals. 

All 
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Figure 7-4. Z80 CPU Signals and Pin Assignments 
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HAL T is output low following execution of a Halt instruction. The CPU nowentersaHa lt state 
during which it continuously re-executes a NOP instruction in order to maintain memory refresh 
activity. A Halt can only be terminated with an interrupt. 

W AIT is equivalent to the 8080A READY input. External logic which cannot respond to a CPU 

Z80 CPU 
CONTROL 
SIGNALS 

access request within the allawed time interval extends the time interval by pulling the W AIT input low. In response to 
WAIT low. the Z80 enters a Wait state during which the CPU inserts an integral number of clock periods; taken 
together. these clock periods constitute a Wait state. 

INT and NMI are two interrupt request inputs. The difference between these two signals is that NMI has higher 
priority and cannot be disabled. 

There are two Bus control signals. 

RESET is a standard reset control input. When the Z80 is reset. this is what happens: 

The Program Counter. IV and R registers' contents are all set to zero. 

lnterrupt requests via INT are disabled. 

All tristate bus signals are floated. 

Z80 BUS 
CONTROL 
SIGNALS 

BUSRQ and BUSAK are bus request and acknowledge signals. In order to perform any kind of DMA operation. ex­
ternal logic must acquire control of the microcomputer System Bus. This is done by inputting BUSRO low: at the con­
clusion of the current machine cycle. the Z80 CPU will float all tristate bus lines and will acknowledge the bus request 
by outputting BUSAK low. 

ZSO - SOSOA SIGNAL COMPATIBILITY 
If you are designing a new product around the Z80 CPU. then questions of Z80 - 8080A signal compatibility 
are irrelevant; you will design for the CPU on hand. 

If you are replacing an 8080A with a Z80, then it would be helpful to have some type of lookup table which 
directly relates 8080A signals to Z80 signals. Unfortunately,- such a lookup table cannot easily be created. The 
problem is that the Z80 is an implementation of three devices: the 8080A CPU. the 8224 Clock. and 8228 System Con­
trol ler: but there are very many 8080A configurations that do not include an 8228 System Controller. 

Possibly the most important canceptual difference between the Z80 and 8080A involves read and write control signals. 
The 8228 System Controller develops four disbrete control signals for memory read, memory write, 1/0 read and 
1/0 write. The Z80 has a general read and a general write, coupled with an 1/0 select and a memory select. By 
adding logic. it would be easy enough to generate the four discrete 8080A signals from the two Z80 signal pairs: here 
is one elementary possibility: 

zao 8080A Equivalent 

Signals Signals 

M'REQ 

d ) MEMR 
RO 

MREQ J ) MEMW 

WR 

IORQ d ) 1/0R 
Ro 

IORQ J ) 1/0W 
WR 
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If your design allows it. however. it would be wiser to extend the Z80 philosophy to the various support devices sur­
rounding the CPU. Recall from our d iscussion of 8080A support devices in C hapter 4 that every device requires sepa­
rate device select and device access logic. For some arbitrary read operation. timing might be illustrated as follows: 

Select 

Read 

Strobe ----------------------Jr--1~-------------
With an 8080A scheme. select logic is decoded from Address Bus lines. while strobe logic depends on one of the four 
control lines 1/0R. 1/0W. MEMR or MEMW. Using the Z80 philosophy. the memory select (MREQ) or 1/0 select (IORQ) 
control lines become part of the device select logic. while the read (RO) or write (WR) controls generate the strobe. 

The Z80 has no interrupt acknowledge signal; rather it combines IORQ with M1 as follows: 

10:~ --------lj )-------- INTA 

Some ZSO support devices also check for a "Return-from-lnterrupt'' instruction object code appearing on the Data Bus 
during an instruction fetch (when M1 and RO will both be low). This condition is used to reset interrupt priorities 
among ZBO support devices. 

The 8080A HOLD and HLDA signals are functionally reproduced by the Z80 BUSRQ and BUSAK signals. 

The 8080A SYNC pulse has no direct ZSO equivalent. M1 is pulsed low during an instruction fetch. or an interrupt 
acknowledge. but it is not pulsed low during the initial time periods of an instruction's second or subsequent machine 
cycles. Frequently the complement of M1 can be used instead of SYNC todrive those 8080A peripheral devices 
that require the SYNC pulse. 

The Z80 has no signals equivalent to 8080A INTE, W AIT or <1>2. There is alsono signal equivalent to the 8228 
BUSEN. 

'• 
If for any reason external logic must know when interrupts have been disabled internally by the CPU. then the ZSO will 
be ata loss to provide any signal equivalent to the 8080A control signals. Remember INTE in an 8080A system tells ex­
ternal logic when the CPU has enabled or disabled all interrupts:since external logic can do nothing about interrupts 
being disabled. and requesting an interrupt at this time does neither good nor harm. knowing that the condition exists 
is generally irrelevant. 

The single Z80 W AIT input serves the function of the 8080A REAOY input. lrrespective of when the W AIT is requested. 
a W ait clock period will only be inserted between T2 and T3; moreover. as we will see shortly. there are certain ZBO in­
structions which automatically insert a Wait state. without waiting for external demand. You would need relatively 
complex logic to decode instruction object codes. clock signal and the W AIT in put if your Z80 system is to generate the 
equivalent of an 8080A W AIT output In all probability. it would be simpler tofind an alternative scheme that did not 
require a signal equivalent to the 8080A WAIT output 

The Z80 simply has no second clock equivalent to 8080A <1>2. Any device that needs clock signal <P2 cannot easily be 
used in ZBO configurations. 

The 8228 BUSEN input is used by externallogic to float the System Bus. Ina ZBO system. CPU logic floats.the System 
Bus; therefore BUSEN becomes irrelevant. 

The 8080A CPU has no signals equivalent to Z80 RFSH, HALTand NMI. 

RFSH applies to dynamic memory refresh only; it is irrelevant within the cantext of a Z80 - 8080A signal comparison. 

NMI. being a nonmaskable interrupt request. also has no 8080A equivalent logic. 

The Z80 HAL T output needs some discussion. One of the more confusing aspects of the 8080A is the intarac­
tion of Wait, Halt and Hold states. Let us look .at these three states, comparing the Z80 and 8080A configura­
tions and in the process we will see the purpose of the Z80 HAL T output. 

The purpose of the Wait state is to elongate a memory reterence machine cycle in deference to slow external memory 
or 1/0 devices. The W ait state consists of one or more W ait clock periods inserted between T2 and T3 of a machine cy­
cle. The 8080A and the Z80 handie Wait states in exactly the same way. except for the fact that the Z80 has noWait 
acknowledge output and under certain circumstances will automatically insert Wait clock periods. 
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The purpose of the Hold condition is to allow external logic to acquire control of the System Bus and perform Direct 
Memory Access operations. Again both the Z80 and the 8080A have very si mi lar H old states. The only significant 
difference is that the Z80 initiates a Hold state at the conclusion of a machine cycle. whereas the 8080A initiates the 
Hold state during time period T3 orT 4· The 8228 System Controller also needs a high BUSEN input in order to float its 
Data and Control Susses while the Z80 has no equivalent need. 

The big difference between the Z80 and the 8080A comes within the Ha lt state. When the 8080A executes a Halt in­
struction. it goes into a Halt state. which differs from a Hold state. There aresome complex interactions between Hold. 
Ha lt. Wait and interrupts within 8080A systems. None of these complications exists in the Z80 system. since the Z80 
has no Ha lt state. After executing aHa lt instruction. the Z80 outputs HAL T low. then proceeds to continuously execute 
a NOP instruction. This allows dynamic memory refresh logic to continue operating. If you are replacing an 8080A 
with a Z80, you must give careful attention to the Halt state. This is one condition where unexpected incom­
patibilities can arise. 

ZSO TIMING AND INSTRUCTION EXECUTION 

Z80 timing is conceptually similar to, but far simpler than 8080A timing. Like the 8080A, the Z80 divides its in­
structions into machine cycles and clock periods. However. all Z80 machine cycles consist of either three or four 
clock periods. Some instructions always insert Wait clock periods. in which case five or six clock periods may be pre­
sent in a machine cycle. Recall that 8080A machine cycles may have three. four or five clock periods. 

The 8080A may require from one to five machine cyclesin order to execute an instruction; Z80 instructions execute in 
one to s ix machine cycles. If we shade optional machine cycles and clock periods. Z80 and 8080A instruction time sub­
divisions may be compared and illustrated as follows: 

} 8080A 

~-.~~~+-~~~~~~~~~~~~~~~~~~~~~·~ zao 
~~~~~~~........__,__.__..._.j 

Following 

interrupt 

acknowledge 

only 
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Z80 clock slgnals are also far simpler than the 8080A equivalent. Where the 8080A u ses two clock signals the ZSC 
u.ses one. Clock logic may be compared as follows: 

Tl T2 TJ T4 TS 

}~A 
zao 

INSTRUCTION FETCH EXECUTION SEQUENCES 
As compared to the 8080A, ZSO instruction timing is marvelously simple. Gone is the SYNC pulse and the decod­
ing of Data Bus for status. Every instruction's timing degenerates into an instruction fetch. optionally followed by 
memory or l/0 read or write. Add to this a few variations for W ait state. interrupt acknowledge and bus floating and you 
are done. 

Let us begln by looking at an instruction fetch. Timing is illustrated in Figure 7-5. Look at the instruction fetch timing 
in the 8080A chapter to obtain an immediats comparison of the ZSO and the 8080A. 

MCt Cycle 

. 
r, Tı ,, T3 T4 r, 

_s If' t ~~m. \ <[)~' r 
AO- AtS y PC 1' REFRESH ADDR. 1' 

\ 'l t 1 \ 
J 

MREQ 

Ml V t 1/ 

ı ~~ ı - ı ~ L--------

RO 

ı ro! h 
"-=-~ 

1 

DBO 087 

RFSH \ ı 1 
ı 

Figure 7-5. ZSO lnstruction Fe tc h Sequence 

Referring to Figure 7-5. note that the instruction fe tc h cycle is identified by M 1 output low during T 1 and T2 (CD). 
Since there is no status on the Data Bus to worry about. the Program Counter contents are output immediately on the 
Address Bus and stay stable for the duration of T1 and T2. 

Since an instruction fetch is alsa a memory operation. MREQ and RO controls are both output low. This occurs half-wav 
through T 1· at which time the Address Bus will stabilize. The fa ll ing edges of MREO and RO can theretare be u sed to 
select a memory device and strobe data out. The CPU polis data on the Data Bu s at the rising edge of the T3 clock { (2) ). 
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Clock perods T3 and T4 of the instruction fetch machine cycle are used by the ZSO CPU for internal operations. 
fhese clock periods are also used to refresh dynamic memory. As soon as the Program Counter contents are taken off 
the Address Bus l@l. the refresh address from the Refresh register is output on lines AO- A6 of the Address Bus. This 
1ddress stays on the Address B us until the conclusion of T 4 (@ ). 
)ince a memory refresh isa memory access operation. MREO is again output low; however. it is accompanied by RFSH 
·ather than RD low. Thus memory reterence logic does not attempt to read data during a refresh cycle. 

~ MEMORY READ OPERATION 
Vlemory interface logic responds to an instruction fetch anda memory read in exactly the same way. There are, 
ıowever, a few differeces between memory read and instruction fetch timing. Memory read timing is illustrated 
n Figure 7-6. The principal difference to not e is that during a memory re ad opera tion. the data is sampled on the fa ll ing 
1dge of the T3 clock pulse. whereas during an instruction fetch it is sampled on the rising edge of this clock pulse. Also 
ı normal memory read machine cycle will consist of three clock periods. while the normal instruction fetch consists of 
our clock period s. Remember also that the ZSO identifies an instruction fe tc h machine cycle by outputting M 1 low dur­
ng the first two clock periods of the instruction fetch machine cycle. 

~oııııı~ı---- Memory Read Cycle _....,..., 
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Figure 7-6. ZSO Memory Read Timing 

Memory Write Cycle 
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Figure 7-7. ZSO Memory Write Timing 
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~ure 7-7 illustrates memory write timing for the ZBO. The only differences between memory read and memory 
rite timing are the obvious ones: WR is pulsed low for a write. and can be usedas a strobe by memory interface 
ıic to read data off the Data Bus. 



THE WAIT STATE 
Like the 8080A. the Z80 allows a Wait state to occur between clock periods T2 and TJ of a machine cycle. The 
Wait state frees external logic or memory from having to operate atCPU speed. 

The Z80 CPU samples the W AIT input on the falling edge of <1> during T2. Providing W AIT is low on the falling edge of 
<1> during T2. Wait clock periods will be inserted. The number of Wait clock periods inserted depends strictly on how 
long the W AIT input is held low. As soon as the ZSO detects W AIT high on the falling edge of <1>. it will initiate T3 on 
the next rising edge of <1>. 

Note that the single Z80 W AIT signal replaces the READY and W AIT 8080A signals. As this would imply. no sig­
nal is output teliing externallogic the ZSO has entered the W ait state. In the event that externallogic needstoknow 
whether or not a Wait state has been entered, these are the rules: 

1) The Z80 will sample W AIT on the fa ll ing edge of <1> in T2. 

2) If W AIT is low. then the Z80 will continue to sample the W AIT input for all subsequent Wait state clock periods. 

3) The Z80 will not sample the WAIT input during any clock period other than T2 or a Wait state 

Figure 7-8 illustrates Z80 Wait state timing 

~1------------ Ml Cycle-------

r, Tz 

AO- A15 

MREQ 

RO 

W AIT -~-----1--t-----t-
Figure 7-8. Z80 Wait State Timing 

INPUT OR OUTPUT GENERATION 
Timing for Z80 input and output generatian is given in Figures 7-9 and 7-10. 

The important point to note is that Zilog has acknowledged the infrequency with which typicali/O logic can operate at 
CPU speed. One Wait clock period is therefore automatically inserted between Tı and TJ for all input or output 
machine cycles. Otherwise timing differs from memory read and write operations only in that IORO is output low 
rather than MREO. 

Note that there is absolutely nothing toprevent you from selecting 1/0 devices within the memory space. This is some­
thing we did consistently in the 8080A chapter when describing 8080A support devices. But if you adopt this design 
policy. remember that your 1/0 logic must execute at CPU speed. unless you insert Wait states. 
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Figure 7-10. Z80 lnput or Output Cycles with Wait States 

1 

r----
----

} 

READ 

CYCLE 

} 

WRITE 

CYCLE 

ıe Z80 does not have a Hold state as deseribed for the 8080A. but Z80 bu s request logic is equivalent. The ZBO will 
>at Address, Data and tristate Control Bus lines upon sensing a low BUSRQ signal. B US RO is sampled by the 
10 CPU on the rising edge of the last clock pulse of any machine cycle. If BUSRO is sampled low. then tristate lines are 
>ated by the CPU. which also outputs BUSAK low. The Z80 CPU continues to sample BUSRO on the rising edge of ev­
'/ clock pulse. As soon as BUSRO is sensed high. floating will cease on the next clock pulse. This timing is illustrated 
Figure 7-11. 
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One significant difference between the ZSO and 8080A results from differences between the Hold and bus 
floating states. As the logic we have deseribed for the Z80 would imply. it will only float the System Bus in between 
machine cycles. The 8080A. on the other hand. will enter a Hold state variably during T3 orT 4 of the machine cycle. 
depending on the type of operation in progress. lt is therefore possible for the ZBO to float its bus three clock periods 
later than an 8080A in a similar configuration. 

------ Any M Cycle ----1-..ı~l---- Bus Available States---~ 

BUSRQ 

AO- A15 

DO -D7 
--+--------+--------~------~ 

--- -+--------+--------~-------+. 

~~ --+-------~-------+------~~ 
WR IORQ 

RFSH 

Figure 7-11. ZSO Bus Timing 
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Ro 

Figure 7-12. ZSO Response to a Maskab le lnterrupt Request 

Note also that if you are using the dynamic memory refresh logic of the Z80, then during long bus floats, external 
logic must refresh dynamic memory. The simplest way around this problem in a ZSO system is to ensure that DMA 
operations acquire the System Bus for many short periods of time. rather than for a single long access. 

EXTERNALINTERRUPTS 
The ZSO has two interrupt request input signals: INT and NMI. The NMI (non-maskable interruptl input cannot 
be disabled and has a higher priority than the INT interrupt input. There are three different operating or response 
modes for the INT input, while the response to NMI is simple and straightforward. Let us therefore begin by 
describing the INT interrupt request. 

Timing for INT interrupt request and acknowledge sequence differs significantly from that of the 8080A inter­
rupt request and is illustrated in Figure 7-12. 
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The interrupt request signal INT is sampled by the ZSO CPU on the rising edge of the last clock pulse of any 
instruction's execution. Note that there is an exception to this statement: during execution of block search and 
transfer instructions. the interrupt request signal is sampled after each byte of data is transferred/compared. 

An interrupt request will be denied if interrupts have been disabled under program control. or if the BUSRO signal is 
also low. Thus a DMtl. access will have priority over maskable interrupts. 

The Z80 CPU acknowledges an interrupt request by outputting M 1 and IORO low. This occurs in a special interrupt 
acknowledge machine cycle. as illustrated in Figure 7-12. Note that this machine cycle has two Wait states inserted so 
that external logic will have time for any type of daisy chained priority interrupt scheme to be implemented. 

When IORQ is output low while M1 is low, externallogic must interpret this signal combination as requiring an 
interrupt vector to be placed on the Data Bus by the acknowledged external interrupt requesting source. This 
interrupt vector can take one of three forms; the form depends on which of the three modes you have selected for 
the Z80 under program control. 

In Mode O, the interrupt vector will be interpreted as an object code, representing the first instruction to be executed 
following the interrupt acknowledge. If a multi-byte object code is supplied, then the bytes fallawing the first must be 
supplied during subsequent machine cycles. This is equivalent to the standard interrupt response of the 8080A. 
Whenever you are replacing an 8080A with a Z80, therefore, the Z80 must operate in interrupt response Mode O. 

Z80 interrupt response logic in Mode 1 automatically assumes that the first instruction executed following the in· 
terrupt response will be a Restart, branching to memory location 003816· If the Z80 is in Mode 1, no interrupt vee-
tar is needed. · 

Z80 Mode 2 interrupt response has no 8080A equivalent. When you operate the Z80 in Mode 2, you must ereete a 
table of 16-bit interrupt address vectors, which can reside anywhere in addressable memory. These 16-bit ad­
dresses identify the first executable instruction of interrupt service routines. When an interrupt is acknowledged by the 
CPU in Mode 2. the acknowledged externallogic must place an interrupt response vector on the Data Bus. The 
ZSO CPU will combine the IV register contents with the interrupt acknowledge vector to form a 16-bit address, 
which accesses the interrupt address vector table. Si nce 16-bit addresses must lie at even memory address bound­
aries. only seven of the eight bits provided by the acknowledged externallogic will be u sed to create the table address: 
the low order bit will be set to O. Thus the table of 16-bit interrupt address vectors will be accessed as follows: 

,, lnterrupt response 

IV Aegister ' vector from external logic 

11111111()) 
~ 

( 

1 6-bit address points to first 

of two bytes in lnterrupt Address Vector 

INTERRUPT 
ADDRESS 
VECTORS 

JJ 
JJ 
KK 
KK 
LL 
LL 

MM 
MM 
NN 
NN 

rhe ZBO CPU will execute a Call to the memory location obtained from the interrupt address vector table • 

. et us clarify this logicwith a simple example. Suppose that you have 64 possible external interrupts; each interrupt 
ıas its own interrupt service routine. theretare 64 starting addresses will be stored in 128 bytes of memory. Let us ar­
litrarily assume that these 128 bytes are stored in a table with memory addresses OF0015 through OF7Fı6· Now in 
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order to use Mode 2. you must initially load the value OF15 in to the Z80 IV register. Subsequently an external interrupt 
request is acknowledged and the acknowledged external logic returns on the Data B us the vector 2E 16; this is w hat 
will happen: 

Memory 
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MEMORY Address 
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Program 

Counter 
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contents onto 

S taek 

1 lnterrupt response 
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2080,
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so 
20 
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NN 
PP 
pp 

2081 
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t-----4 2082 
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t-----1 

If two Wait states are insufficient for external logic to arbitrate interrupt priorities and place 
the required vector on the Data Bus. then additional Wait states can be inserted in the usual 
way by inputting WAIT lowTiming is illustrated in Figure 7-13. 
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Figure 7-13. Wait States During Z80 Response to a Maskable lnterrupt Request 



The response of the Z80 CPU to the non-maskable interrupt (NMI) is quite similar to Mode 1 inter­
rupt operation. There are a number of significant differences. however. First of all. the NKiii inter­
rupt cannot be disabled and has priority over the INT interrupt. (Remember that BUSRO has 
priority over both interrupt inputs.) 

ZBO NON­
MASKABLE 
INTERRUPT 

Next. the non-maskable interrupt is an edge-sensitive (negative edge triggered) input. The Z80 reacts only to the edge 
of a pulse on the NMI line. rather than to a low level as is the case with the INT input. The negative ed ge of the NMI in­
put ca u ses an internal flip-flop to be set in the Z80. and this flip-flop is checked during the last cycle of an instruction 
execution. The CPU response to this interrupt is similar to a normal memory read operation except that the Data Bus is 
ignored on the next Ml cycle. Timing for the interrupt response to the non-maskable interrupt request is illustrated in 
Figure 7-14. 

The ZBO pushes the contents of the Program Counter onto the external stack and then automatically executes a Restart 
instruction to memory location 006616· Thus. this response is the same as the response to an INT interrupt in Mode 1 
except that the Restart call is to a different memory location. 

W hile the ZBO CPU is responding to the non-maskab le interrupt. the internal flip-flop (IFF1) use d to enable maskab le in­
terrupts is reset to prevent interrupts during the NMI service routine. Upon completion of the service routine. you do 
not simply want to once again set the IFF1 flip-flop. since maskable interrupts may not have been enabled prior to NMI. 
This quandary is solved by using a second internal flip-flop (IFF2) for temporary storage. As the CPU begins its response 
to the NMI interrupt. it saves the state of the interrupt enable flip-flop (IFF1) by copying it into IFF2. At the end of the 
NMI service routine. you must execute aReturn from Non-Maskable lnterrupt (RETN) instruction which will copy the 
contents of IFF2 back into IFF1. thus automatically restering the correction status for the maskable interrupt enable. 

- Last M Cycle - ... --ı-ı..----- lnterrupt Acknowledge ------'......, 

last T Tıme r, Tı 

N Ml 

AO - A15 

Ml 

MREO 

RO 

RFSH 

Figure 7-14. ZBO Response to a Nonmaskable lnterrupt Request 

THE HAL T INSTRUCTION 
When a Halt instruction is executed by the ZBO CPU. a sequence of NOP instructions is executed until an interrupt re­
quest is received. Both maskable and nonmaskable interrupt request lines are sampled on the rising edge of <P during 
T 4 of every NOP instruction's machine cycle. 

The Halt state will terminate when any interrupt request is detected. at which time the appropriate interrupt 
acknowledge sequence will be initiated. as illustrated in Figures 7-13 and 7-14. 

Note that the Z80 executes the sequence of NOP instructions duringaHa lt ~o that it can continue to generate dynamic 
memory refresh signals. 

Halt instruction timing is illustrated in Figure 7-15 
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IN IR MOV 
INX 
DCR 
JNZ 

M.A 
H 
B 
LOOP 

These instruction sequences input COUNT bytes from 1/0 port PORTN. and store the data in a memory buffer 
whose beginning address is ST ART. COUNT and PORT N are symbols representing S-bit numbers. START is an ad­
dress label. The block transfer 1/0 instruction will continue executing until the B register has decremented to O. 

4) Single Step B lock Transfer 1/0 instructions. These are identical to the b lock transfer 1/0 instructions deseribed in 
category 3 above. except that instruction execution ceases after one iterative step. Referring to the INIR instruction 
example. if the INIR instruction were replaced by an INI instruction. a single byte of data would be transferred from 
PORTN to the memory location addressed by START. The address START would be incremented. Aegister B con­
tents would be decremented. then instruction execution would cease. 

When a block transfer or single step. block transfer 1/0 instruction is executed. C register contents. which identify the 
1/0 port. are output on the lower eight Address Bus lines in the usual way; however. B register contents are output on 
the higher eight address lines A 15 - AB. Therefore external logic can. if it wishes. determine the extent of the transfer. 

Let us now look at the advantages gained by having the new ZSO 1/0 instructions. 

The value of the Aegister lndirect 1/0 instructions is that programs stored in ROM can access any 1/0 port. If 1/0 
port assignments change. then all you need to do is modify that smail portion of program which loads the 1/0 port ad­
dress into the C register. 

The Block Transfer 1/0 instructions must be approached with an element of caution. In response to the execution 
of a single instruction's object code. up to 256 bytes of data may be transferred between memory and an 1/0 port. This 
data transfer occurs at CPU speed- which means externallogic must input or output data at the same speed. If exter­
nal logic cannot operate fast enough. it can insert Wait states in order to slow the CPU. but that takes additionallogic; 
and one might argue that the traditional methods of polling on status to effect block 1/0 transters is cheaper than 
adding extra Wait state logic. 

Note that all ZSO enhanced 1/0 instructions require two bytes of object code. 

PAlMARY MEMORY REFERENCE INSTRUCTIONS ,, 
Instructions that we classify as Primary Memory Reterence constitute a subset of the Load instructions. as classifed by 
Zilog. Within the Primary Memory Reterence instructions category, as we define it. Zilog offers a single enhan­
cement: base relative addressing. Instructions that move data between a register and memory may specify the 
memory address as the contents of an Index register; plus an B-bit displacement provided by the instruction object 
:ode. Here is a programming example of Zilog base relative addressing and the 8080A equivalent: 

ZSO 8080A 
LO IX.BASE LXI H.BASE 
LO C.OX + DISP) LXI D.DISP 

DAD D 
MOV C.M 

)bserve that the two ZBO instructions do not use any CPU registers- other than the IX Index register. The 8080A u ses 
he DE and HL registers. Here is an example of the true value that results from having Index registers. The ZBO can use 
he DE and HL registers to store temporary data. which the 8080A cannot do; the 8080A would have to store such tem­
)Orary data in external read/write memory. 

"he biggest single advantage that accrues to the ZBO from having indexed addressing is the fact that well written ZBO 
)rograms will contain far fewer memory reterence instructions than equivalent 8080A programs; therefore ZBO pro­
ırams will execute faster. 

)ther primary memory reterence instructions provided by the ZBO. and not present in the 8080A. include instructions 
vhich load data into the Index registers and store Index registers' contents in memory. Since the 8080A does not have 
ndex registers. it cannot have memory reterence instructions for them. The ZBO also has instructions which transfer 
6-bit data between directly addressed memory and any register pair. except AF. Recai! that in the 8080A. HL is the 
ınly register pair which stores to memory and loads from memory using direct addressing. 

3LOCK TRANSFER AND SEARCH INSTRUCTIONS 
~e classify the Zilog Block Transfer and Search instructionsina separate category, since our hypothetical com­
ıuter, as deseribed in VcMume ı. had no equivalent instructions. 

' Block Transfer instruction allows you to move up to 65,536 bytes of data between two memory buffers 
vhich may be anywhere in memory. The H and L registers address the source buffer. the D and E registers address 
he destination buffer. and the B and C registers hold the byte count. 



After every byte of data is transferred. the B and C registers' contents are decremented; instruction execution ceases 
after the B and C registers decrement to zero. You have the option of inerementing or decrementing the source and 
destination addresses following the transfer of each data byte. Thus you can transfer data from low to high memory, or 
from high to low memory. Here is a programming example of the Z80 Block Move instruction. along with the 8080A 
equivalent: 

LO 
LO 
LO 
LO IR 

zao 
BC.COUNT 
DE.DEST 
HL.SRCE 

LOOP: 

8080A 
LXI 
LXI 
LXI 
MOV 
STAX 
INX 
INX 
ocx 
MOV 
ORA 
JNZ 

B.COUNT 
D.DEST 
H.SRCE 
AM 
D 
H 
D 
B 
AB 
c 
LOOP 

The two instruction sequences illustrated above move a b lock of data. COUNT bytes long. from a buffer whose starting 
address is SRCE to an other bu ffer whose starting address is DEST. SRCE and DEST are 16-bit address la be ls. COUNT is 
a symbol representing a 16-bit data value. 

The Z80- 8080A comparison above is one that makes the 8080A look particularly bad. This is because it emphasizes 
8080A weaknesses; the 8080A requires memory addresses to be incremented as separate steps. Also. after decrement­
ing the counter in Registers B and C. status is not set. therefore BC contents are tested by loading B into A and ORing 
with C. 

You can use Block Move instructions in ZSO configurations that include dynamic memory. While the Block Move 
is being executed. dynamic memory is refreshed. 

The Block Search instruction will search a block of data in memory, looking for a match with the Accumulator 
contents. The H and L registers address memory. while the B and C registers again act as a byte counter. When a 
match between Accumulator contents anda memory location•is found. the Search instruction ceases executing. After 
every Compare. the B and C registers' contents are decremented; once again you have the option of either inerement­
ing or decrementing H and L registers' contents. Thus you can search a block of memory from high address down. or 
from low address up. 

The results of every step in a Block Search are reported in the Z and P/0 statuses. If a match is found between Ac­
cumulator and memory contents. then Z is set to 1; otherwise Z will equal O. When the B and C registers count out to 
zero. the P/0 status will bereset to O; otherwise the P/0 status will equal 1. 

Here is an example of a program using the ZBO Block Search instruction. along with 8080A program equivalent: 

LO 
LO 
LO 
CPOR 

ZBO 
AREFC 
BC.COUNT 
HL.SRCE 

JR Z.FOUNO 
:NO MATCH FOUND 

;MATCH FOUND 
FOUND: 

8080A 
LXI BC.COUNT 
LXI HL.SRCE 

LOOP: MVI AREFC 
CMP M 
JZ FOUND 
OCX H 
DCX B 

. MOV AB 
ORA C 
JNZ LOOP 

;NO MATCH FOUND 

;MATCH FOUND 
FOUND: -

Each of the above instruction sequences tries to match a character represented by the symbol REFC with the contents 
of bytes in a memory buffer. The memory buffer is origined at SRCE and is COUNT bytes long. 
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In the example illustrated above. SRCE is the highest memory address for the buffer. which is searched towards the low 
memory address. FOUND is the la bel for the first instruction in the sequence which is executed if a match is found. If no 
match is found. that is. the BC registers count out to O. program execution continues with the next sequential instruc­
tion. 

The Z80 Block Search instruction is particularly useful when searching a large memory buffer for a byte that 
may frequently occur. Suppose you have an ASCII text in which Control codes have been imbedded. For the sake of 
argument. let us assume that all Control codes are two bytes long. where the first byte has the hexadecimal value 02 
and the second byte identifies the Control code. You can use one set of registers in order to search the text buffer for 
Control codes. while using the second set of registers to process the text buffer after each Control code has been lo­
cated. 

All you need to do in the Block Search instruction sequence illustrated above is follow the CPDR instruction with an 
EXX instruction; after executing the instruction sequence following MATCH FOUND. again execute an EXX instruction 
before returning to search for the next Control code. 

Each of the Block Move and Block Search instructions has a single step equivalent. The single step instruction 
moves one byte of data. or compares the Accumulator contents with the next byte in a data buffer; addresses and 
counters are incremented and decremented as for the Block Move and Search instructions. however execution ceases 
after a single step has been completed. 

SECONDARY MEMORY REFERENCE (MEMORY OPERATE) INSTRUCTIONS 
Instructions that we classify as Secondary Memory Reference. or Memory Operate. constitute a portion of the 
arithmetic and logical instructions. as defined by the Z80. Within the Memory Operate group of instructions, the 
single enhancement offered by the ZSO is a duplicate set of instructions that uses base relative addressing. We 
have already discussed this enhancement in connection with Primary Memory Reterence instructions. Here is a pro­
gramming example. with the 8080A equivalent: 

LO 
ADD 

Z80 
IX.BASE 
(IX+ DISP) 

LXI 
LXI 
DAD 
ADD· 

8080A 
H.BASE 
D.DISP 
D 
M ,, . 

The same comments we made regarding the use of indexed addressing in the Primary Memory Reterence example ap­
ply to the instruction sequences above. 

IMMEDIATE INSTRUCTIONS 
Within the group of instructions that we classify as lmmediate, the ZSO offers two enhancements: 

1) Instructions are provided to load immediate data into the additicnal Z80 registers. 

2) You can use base relative addressing to load a byte of data immediately into read/write memory. 

JUMP INSTRUCTIONS 
In addition to the standard Jump instruction offered by the 8080A, the ZSO has a two-byte, unconditional 
Branch instruction, and two instructions which allow you to jump to the memory Jocation specified by an Index 
register. 

The two indexed Jump instructions transfer the contents of the identified Index register to the Program Counter. 

The two-byte Jump instruction interprets the second object code byte as an 8-bit signed binary number. which is ad­
ded to the Program Counter. after the Program Counter has been incremented to point to the next instruction Thisisa 
standard program relative branch. as deseribed in Volume 1. 

Note that the Z80 uses many of the spare 8080A object codes to implement the two-byte Branch and Branch-on-Con­
dition instructions This makes sense; it would certainly not make much sense to have two bytes of object code 
followed by a single b ra nch byte. si nce that would create a three-byte Branch instruction- offering no advantage over 
the three-byte Jump instructions which already exist. 

SUBROUTINE CALLAND RETURN INSTRUCTIONS 
The Z80 instructions in this group are identical to 8080A equivalents. 

IMMEDIATE OPERATE INSTRUCTIONS 
ZSO lmmediate Operate instructions, as we define them, are identical to those in the 8080A instruction set . 

.., ...,., 



JUMP-ON-CONDITION INSTRUCTION 
The ZSO offers two significant Jump-on-Condition instruction enhancements over the 8080A: 

1) There are two-byte equivalents for four of the more commonly u sed Jump-on-Condition instructions. The 
two-byte Jump-on-Condition instructions execute exactly as deseribed for the two-byte.Jump instruction. 

2) There isa decrement and Jump-on-Nonzero instruction which is particularly useful in any kind of iterative loop. 
When this instruction is executed. the B register contents are decremented; if the B register contents. after being 
decremented. equal zero. the next sequential instruction is executed. If after being decremented the B register con­
tents are not zero. then a Jump occurs. Thisisa two-byte instruction. where the Jump is specified by a single 8-bit 
signed binary value. 

Here is an example of how the DJNZ instruction may be used along with the 8080A equivalent: 

zso 8080A 
AND A ANA A 
LD IX. V ALA LXI D. V ALA 
LD IY.VALB LXI H.VALB 
LD B.CNT MVI B.CNT 

LOOP: LD A.{IX) LOOP: LDAX D 
ADC A.(IY) ADC M 
LD (IX).A STAX D 
INC IX INX D 
INC lY INX H 
DJNZ LOOP DCR B 

JNZ LOOP 

The two instruction sequences illustrated above perform simple multibyte binary addition. The contents of two buffers. 
origined atVALA and VALB. are summed; the results are stored in buffer V ALA. 

The first instruction in each sequence is executed in order to clear the Carry status. Like the 8080A. the ZBO does not 
have an instruction which sets the Carry status to O. while performing no other operation. 

REGISTER-REGISTER MOVE INSTRUCTIONS 
Aegister-Aegister Move instructions. as we defined themin thl.s book. constitute a subset of the ZSO Load instructions. 
All Z80 Exchange instructions. except those that exchange with the top of the Stack. are alsa classified as Aegister­
Aegister Move instructions. 

The ZSO enhancements within this instruction group apply strictly to the additicnal registers implemented 
within the ZBO. That is to say. because the ZSO has registers which the 8080A does not have. the ZSO mu st also have 
instructions to move data in and out of these additicnal registers. 

The instructions which exchange data between registers and the ir alternates need comment. Note that you can swap 
the entire set of duplicated registers. or you can swap selected register pairs. If you use these instructions fallawing an 
interrupt acknowledge. you do not have to save the contents of the registers on the Stack. Of course. this will only work 
for a single interrupt level. There are also occasi'ons when the alternate set of registers can be u sed effectively in normal 
programming logic. as we illustrated when describing the Block Search instruction. 

AEGISTER-AEGISTER OPERATE INSTRUCTIONS 
There are a few new ZBO Register-Register Operate instructions which do the following: 

1) Add without Carry the contents of a register pa ir to an Index register. 

2) Add with Carry to HL the contents of a register pair. 

3) Subtract with Carry from HL the contents of a register pair. 

AEGISTER OPERATE INSTRUCTIONS 
Within this category, the ZBO has two enhancements: 

1) You can inerement or decrement the contents of an Index register. 

2) A rich variety of Shift and Rotate instructions have been added. These instructions are illustrated in Table 7-2. In 
particular. note the RLD and RRD instructions. which are very useful when performing multidigit BCD left and right 
shifts. 
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IIT MANIPULATION INSTRUCTIONS 
he 8080A has no equivalent for this set of ZBO instructions. We give these instructions a separate category in Ta­
le 7-2 because of their extreme importance in microprocessor applications. 

it manipulation instructions are particularly important for signal processing. A single signal isa binary entity: it is not 
art of an 8-bit unit. One of the great oversights among microprocessor designers has been to ignore bit manipulation 
ıstructions. The ZBO has instructions that set to 1 (SET), reset to O (RES) or test (BIT) individual bits in memory 
r any general purpose register. The result of a bit test is reported in the Zero status. 

:ere aresome Z80 instructions with 8080A equivalents: 

Z80 8080A 
BIT 4.A MOV • B.A 

ANI 10H 
MOV A.B 

he 8080A tests Accumulator bits destructively- all untested bits are cleared: Accumulator contents must therefore 
e saved before testing. We can also contrive an example to emphasize the strengths of the Z80 bit instructions: 

LD 
SET 

Z80 
IY.BASE 
?.OY+ DISP) 

LXI 
LXI 
DAD 
MVI 
ORA 

8080A 
H.BASE 
D.DISP 
D 
A.4 
M 

)nce again. note that the 8080A needs to use the D. E. H and L registers. 

Jote that all Z80 Bit instructions operate on memory or CPU registers. But in most microcomputer applications in­
ividual pins at 1/0 ports will most frequently be set. reset or tested. The Z80 has no 1/0 Bit instructions. If you wish. 
ou can interface 1/0 devices so that they are addressed as memory locations; however. in that case. you cannot use 
:lock 1/0 instructions. 

he 8080A can do anything that a Z80 Bit Manipulation instruction can do but an additional Mask instruction is 
ıeeded and the Accumulator is involved. On the S,~Jrface these seem to be smail penalties; but it is the frequency with 
vhich Bit Manipulation instructions are needed tt.ıat escalates smail penalties into major aggravations. 

)T ACK INSTRUCTIONS 
~dditional Stack instructions provided by the ZBO allow the ZBO Index registers to be pushed onto the Stack, 
ıopped from the Stack, or exchanged with the top of the Stack. 

NTERRUPT INSTRUCTIONS 
n addition to the 8080A lnterrupt instructions. the Z80 has two Return-from-lnterrupt instructions. RETI and RETN are 
ısed to return from maskable and nonmaskable interrupt service routines, respectively. 

~ETI and RETN are two-byte instructions. Within the CPU these instructions enable interrupts, but otherwise ex­
ıcute exactly as a Return-from-Subroutine (RET) instruction. However, devices designed by Zilog to support 
he ZSO CPU use the RETI and RETN instructionsina unique way. Any support device that has logic to request-an 
nterrupt also includes logic which tests the Data Bus contents during the low Ml pulse. Upon detecting the second 
ıyte of an RETI or RETN instruction's object code. a device which has had an interrupt request acknowledged deter­
nines that the interrupt has been serviced 

Nhy does a support device need toknow that an interrupt service routine has completed execution? The reason is that 
~ilog extends interrupt priority arbitration logic beyond the interrupt acknowledge process to the entire interrupt ser­
rice routine. 

fhis is the scheme adopted by the 8259 PICU. After reading the next paragraph. if you are stili unclear on concepts. 
·efer to the 8259 PICU discussion in the 8080A chapter. 

:onsider the typical daisy chain scheme used to set interrupt priorities ina multiple interrupt microcomputer system. 
)aisy chaining has been deseribed in good detail in Volume 1. When more than one device is requesting an interrupt. 
ın acknowledge ripples down the daisy chain until trapped by the interrupt requesting device electrically closest to the 
:PU. As soon as the interrupt acknowledge process has ceased. an interrupt service routine is executed for the 
ıcknowledged interrupt; acknowledged external logic will now remove its interrupt request. Unless the CPU disables 
urther interrupts. a lower priority device can immediately interrupt the service routine of a higher priority device. With 
the Zilog system. that is not the case. A device which has its interrupt request acknowledged continues to suppress in­
terrupt requests from all lower priority devices ina daisy chain. until the second object code byte for an RETI or RETN 



instruction is detected on the Data Bus. The acknowledged device responds to an RETI or RETN instruction's object 
code by re-enabling interrupts for devices with lower priority in the daisy chain. 

Providing aZilog microcomputer system has been designed to make correct use of the RETI and RETN instructions. in­
t.errupt priority arbitration logic will allow an interrupt service routine to be interrupted only by a high priority interrupt 
request. 

Here is an illustration of the Zilog interrupt priority arbitration scheme: 

IREOl 

DEVICE 1 

Main 

Program 

*Active 

IR E Ol 

tower priority 

interrupts 

r~ •Active 

IRE04 

o 

DEVICE 2 DEVICE 3 DEVICE 4 

Device 2 lnterrupt Request 

Only IREQ 1 can be 

acknowledged while Device 2 

interrupt service routine is 

executing 

Main 

Program 

RETI instruction executed 

here enables interrupts at 

Oevices 3 and 4. IRE04 

can nov1 be acknowledged 

The three IM instructions allow you to specify that the CPU will respond to maskable interrupts in Mode O, 1 or 
2. These three interrupt response modes have already been described. 

STATUS AND MISCELLANEOUS INSTRUCTIONS 
ZBO and 8080A instructions in these categories are identical. 

THE BENCHMARK PROGRAM 
Our benchmark program is coded for the Z80 as follows: 

LO 
LO 

LO 
LO IR 

BC.LENGTH 
DE.(TABLE) 

HUOBUF 

:LOAD 10 BUFFER LENGTH INTO BC 
:LOAD ADDRESS OF FIRST FREE TABLE BYTE OUT OF FIRST TWO TABLE 
:BYTES 
:LOAD SOURCE ADDRESS INTO HL 
:EXECUTE BLOCK MOVE 

The program above makes absolutely no assumptions. Both source and destination tables may have any length and 
may be located anywhere in memory. 

Notice that there is no instruction execution loop. since the LDIR black move will not stop executing until the entire 
black of data has been moved. 

7-26 



e following abbreviations are used in this chapter: 

=.B.C.D.E.H.L The 8-bit. registers. A is the Accumulator and F is the Program Status Word. 

'.BC'.DE'.HL' 

:Jr 

ı) 

:ıd 

ta 

ta16 

;p 

(HI) 

lY 

B 

ıel 

(LO) 

)B 

rt 

The alternative register pairs 

A 16-bit memory address 

Bit b of 8-bit register or ll)emory location x 

Condition for program branching. Conditions are: 
NZ - Non-Zero (Z=O) 
Z Zero (Z=1) 
NC Non-carry (C=O) 
C Carry (C=1) 
PO Parity Odd (P=O) 
PE Parity Even (P=1) 
P Sign Positive (S=O) 
M Sign Negative (S=1) 

An 8-bit binary data unit 

A 16-bit binary data unit 

An 8-bit signed binary address displacement 

The high-order 8 bits of a 16-bit quantity xx 

lnterrupt vector register (8 bits) 

The Index registers (16 bits each) 

Either one of the Index registers (IX or IY) 

Least Significant Bit (Bit O) 

A 16-bit instruction memory address 

The low-order 8 bits of a 16-bit quantity xx 

Most Significant Bit (Bit 7) 

Program Counter 

An 8-bit 1/0 port address 

Any of the following register pairs: 
BC 
DE 
HL 
AF 

The Refresh register (8 bits) 

Any of the following registers: 
A 
B 
c 
D 
E 
H 
L 

Any of the following register pairs: 
BC 
DE 
HL 
SP 

Stack Pointer (16 bits) 



Table 7-4. Z80 PIO liıterpretation of Control Signals 

SIGNALS 
FUNCTIONAL INTERPRETATION * 

M1 IORO RO 

o o o No function 
o o 1 lnterrupt acknowledge 
o 1 o Check for end of interrupt service routine 
o 1 1 Re set 
1 o o Read from PIO to CPU 
1 o 1 Write from CPU to PIO 
1 1 o No function 
1 1 1 No function 

* These interpretations only apply if the device. has been selected 

Z80 support devices also rely on exact Z80 CPU characteristics for interrupt processing. Specifically. Z80 support 
devices d ete ct every instruction fetch. as identified by M 1 and RD simultaneously low; if a re turn from interrupt object 
:;ode is fetched. then Z80 support devices respond to this object code by resetting internal interrupt priority logic. Ac~ 
:ounting for this end of interrupt logic ina non-Z80 system could be difficult. 

Because of the unique characteristics of the Z80 support devices, the Z80 PIO and CTC device s are deseribed in 
this ehapter. The Z80 OMA device is deseribed in Volume 3, however. because this device is easily used in non-Z80 
:onfigurations; moreover. its unique capabilities make it a highly desirable part to include in ahy microcomputer 
;ystem that has to move text or data strings. The Z80 SIO device is also deseribed in Volume 3 because it is an ex­
:eptionally powerful device; in many cases the power of the Z80 SIO device will compensate for the additicnal logic it 
vill demand in a non-Z80 microcomputer system. 

THE ZSO PARALLEL 1/0 INTERFACE (PIO) 

'he Z80 PIO is Zilog's parallel interface device;.,it may be looked upon asa replacement for the 8255 PPI, but it 
;; equivalent to the PPI ata functionallevel only. No attempt has been made to make the Z80 PIO an upward 
ompatible .replacement for the 8255 PPI. 

'he Z80 PIO has 16 1/0 pins, divided into two 8-bit 1/0 ports. Each 1/0 port has two assoeiated control lines. 
his makes the Z80 PIO more like the Motorola MC6820 than the 8255 PPI. 

he two Z80 PIO 1/0 ports may be separately specified as input, output or control ports. When specified as a 
ontrol port, pins may be individually assigned to input or output. Port A may be used as a bidirectionall/0 port. 

he Z80 PIO also provides a significant interrupt handling capability. This includes: 

The ability to define conditions which will initiate an interrupt. 

lnterrupt priority arbitration 

Vectored response to an interrupt acknowledge 

ıgure 7-16 illustrates that part of our general microcomputer system logic which has been implemented on the 
BO PIO. 

ıe Z80 PIO is packaged asa 40-pin DIP. lt uses a single +5V power supply. All inputs and outputs are TTL-Ievel 
>mpatible. The device is fabrieated using N-channel silicon gate depletion load technology. 
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Clock Logic 

Logic to Handie .. lnterrupt Requests .... Arithmetic and Accumulator -- from Logic Unit - Registerts) 
Extemal Devices 

~· 
lnstruction Aegister --~ Data Counter(s) .... Control Unit 

·~ .. Stack Pointer 

r r ' 
.• Direct Memory 

lnteriupt Priority Bus lnterface 
~ Program Counter Access Control ~ Arbitration Logic 

Logic 

~ r r ~ 

~ System Bus ~ 
~ , ~ 

1/0 Communication ROM Addressing 1/9 Ports . 
RAM Addressing ...... Serial to ParaHel and . and .... 

lnterface Logic lnterface Logic 
,, lnterface Logic 

lnterface Logic 

~ . --

Programmable 
~ 

Read Only < ·. Read/Write r--Timers Memory 
1/0 Ports Memory 

.· 
.·.· 

~· 

Figure 7-16. Logic Functions of the Z80 PIO 



~80 PIO PINS AND SIGNALS 
80 PIO pins and signals are illustrated in Figure 7-17. Signals are very straightforward; therefore their functions 
1ill be summarized before we discuss device ctıaracteristics and operation. 

et us first consider the PIO CPU interface . 

. 11 data transters between the PIO and the CPU occur via the Data Bus. which connects to pins DO - 07. 

or the PIO to be selected, a Jow input must be present at CE. There are two additional address lines. B/A SEL 
~lects Port A if low and Port B if high. For the selected 1/0 port, C/D SEL selects a data buffer when low and a 
~ntrol buffer when high. Device select logic is summarized in Table 7-5. 

Table 7-5. Z80 PIO Select Logic 

SIGNAL 

cr B/A SEL ci5 SEL 
SELECTED LOCA TION 

o o o Port A data buffer 
o o 1 Port A control buffer 
o 1 o Port B data buffer 
o 1 1 Port B control buffer 
1 X X Device not selected 

O PIO device controllogic is not straightforward. Of the control signals output by the Z80 CPU. three are input to the 
); M 1, IORO. and RO. WR is not input to the PIO. Table 7-5 illustrates the way in which Z80 PJO interprets M1. 
RQ and RO. Observe that RO is being treated asa signal with two active states: low RO specifies a read operation. 
ıereas high RO specifies a write operation. This does not conform to the CPU. which treats RO and WR as signals 
th a low active state only. 

t us now look at the PIO external logic interface. 

1- A 7 represent the eight bidirectional 1/0 Port A lines; 1/0 Port A is supported by two control signals, A RDY 
dA STB. ,, 

nilarly, 1/0 Port B is implemented via the eight bidirectionallines BO- B7 and the two associated controllines 
~OY and B STB. 

e 1/0 PortA and B controllines provide handshaking logic which we will deseribe shortly. 

'w consider interrupt control signals. 

and IEO are standard daisy chain interrupt priority signals. When more than one PIO is present in a system. the 
hest priority PIO will have IEI tied to +5V and will connect its IEO to the IEI for the next highest priority PIO in the 
:;y chain: 

+ 5V No connection 

IEI lEQ IEI lEQ IEI lEQ IEI lEQ 

PIQ PIQ PIQ PIO 

1 2 3 n 

Highest Second Third Lowest 

(first) priority priority priority 

priority 

)U are unsure of daisy chain priority networks. refer to Volume 1 for clarification. 

'is a standard interrupt request signal which is output by the Z80 PIO and must be connected as an input to the 
'CPU interrupt request. Observe that the re is no interrupt acknowledge line. s ince M 1 and IORO simultaneously low 
stitute an interrupt acknowledge and will thus be decoded by the Z80 PIO. 

ek, power. and gro~nd signals are absolutely standard. The same clock signal is used by the PIO and the Z80 
J. 

;erve that there is no Reset signal to the PIO. M1 lowwith both RO and IORO high constitutes a reset. We will 
:ribe the effect of a Z80 PIO reset after discussing operating modes. 
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02 

07 

06 

CE 

C/D SEL 

8/A SEL 

A7 

A6 

A5 

A4 

GND 

A3 
A2 

Al 

AO 

ASTB 

8 STB 
ARDY 

DO 

01 

PIN NAME 

DO- 07 

CE 

8/A SEL 

C/D SEL 

Ml 

IORQ 

RO 

AO- A7 

ARDY -A STB 

BO- 87 

8 RDY 

B STB 

IEI 

IEO 

INT 

<t>, + 5V,GND 

.. 

.. 

1 40 

2 39 

3 38 
4 37 

.~ 5 36 
6 35 

- 7 34 

8 33 
9 32 - 10 Z80 31 

11 PIO 30 
12 29 
13 28 
14 27 
15 26 
16 25 
17 24 
18 23 

19 22 
__, 

20 21 

DESCRIPTION 

Data Sus 

Device Enable 

Select Port A or Port 8 

Select Control or Data 

lnstruction fetch machine cycle 

signal from CPU 
'• 

lnput/Output request from CPU 

Read cycle status from CPU 

PortA Sus 

Aegister A Ready 

Port A strobe pulse 

Port 8 Sus 

Aegister 8 Ready 

Port 8 strobe pulse 

lnterrupt enable in 

lnterrupt enable out 

lnterrupt request 

Clock, Power and Ground 

.._ 

-
--

-

TYPE 

03 

04 

05 

Ml -IORQ 

AD 

87 

86 

85 

84 

83 
82 

81 

BO 

+ 5V 

<t> 
IEI 

INT 
IEO 

8 RDY 

Tristate, Bidirectional 

In put 

In put 

In put 

In put 

In put 

In put 

Tristate, Bidirectional 

Output 

In put 

Tristate, Bidirectional 

Output 

lnput 

In put 

Output 

Output, Open-drain 

Figure 7-17. Z80 PIO Signals and Pin Assignments 
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zsO PIO OPERATING MODES 
To the programmer, a Z80 PJO will be accessed as four addressable Jocations: 

,..- -----.----, 
l 1/0 PortA logic l 

~,.A.-.. ____ A...~Ja.." 1/0 Port A ,. ...... _ J ___ Ja..) 1/0 Port A 

' ) K '\. .... ~----r""''1 .o/ Data ,,,..,
1
r------"" .. ~ AO - A 7 

Data Bus ~ .. '-------ı .. ") 
DO-D7 ~~~-----~r' 

1 1 
1 .. -~ 

1------a....ı") 1/0 Port A ; 
l r Control 

1 
1 1 
L. --- --------" 
.-~--------, 
l 1/0 Port B logic l 
1 lt. - a 

1----.....,~) 1/0 Port B - i 
Control 1 r 1 

1 1 

ASTB 

.. ARDY 

BSTB 

BRDY 

/ .. ____ ......... " 1/0 Port B , .. ._....._. ___ _, ... ,} 1/0 Port B 

K:,.,.----...-1 .,.~) Data K.. 1 r BO- 87 

1 1 - L -----------' 

By loading appropriate information into the Control register you determine the mode in which the 1/0 port is to 
operate. 

The Z80 PIO has operating modes which are equivalent to those of the 8255 PPI, plus an additional mode which 
the 8255 PPI does not have. However. 8255 PPI Mode O provides 24 1/0 lines. as against a maximum of 16 1/0 lines 
available with the Z80 PIO. ., 

Zilog literature uses Mode O. Mode 1. Mode 2. a~d Mode 3 to deseribe the ways in which the Z80 PIO can operate; in 
orderto avoid confusion between mode designations as used by the Z80 PIO and the 8255 PPI. mode equivalences are 
given in Table 7-6. 

Table 7-6. Z80 PIO And 8255 Mode Equivalences 

Z80 PIO 8255 PPI INTERPRET ATI ON 

Mode 3* Mode O Simple input or output 
Mode O Mode 1 Output with handshaking 
Mode 1 Mode 1 lnput with handshaking 
Mode 2 Mode 2 Bidirectional 1/0 with handshaking 
Mode 3 Non e Port pins individually assigned as con-

trols 

*Special case of Mode 3 

.et us now look at the Z80 PIO modes in more detail. 

)utput mode (Mode Ol allows PortA and/or Port B to be usedas a conduit for transferring data to externalloglc. 
=igure 7-18 illustrates timing for Mode O. An output cycle is initiated when the CPU executes any Output instruction 
ıccessing the 1/0 port. The Z80 PIO does not receive the WR pulse from the CPU. therefore it derives an equivalent sig­
ıal by ANDing RD o CE o C/D o IORO. 

"his pseudo write pulse (WR* in Figure 7 -18) is u sed to strobe data off the Data Bu s and in to the addressed 1/0 port' s 
)utput register. After the pseudo write pulse goes high. on the next high-to-low transition of the clock pulse cl». the 
IDY control signal is output high to externallogic. RDY remains high until externallogic returns a low pulse on the STB 
ICknowledge. On the following high-to-low clock pulse <1» transition. RDY returns low. The low-to-high STB transition 
ılso generates an interrupt request. 
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WR• 

PORT OUTPUT 

(8 BITS) 

RDY 

STB 

INT 

MODE O (QUTPUT) TIMING -. - ----
WR = RO • CE • C/D • IORQ 

Figure 7-18. Mode O (Output) Timing 

The RDY and STB signal transition logic has been designed to let RDY create STB. If you connect these two signals. thE 
RDY low-to-high transition becomes the STB low-to-high transition and RDY is strobed high for one clock pulse only 
This may be illustrated as follows: 

-----
RDY 

----------------------------- -·--STB 

Timing for input mode {Mode 1) is illustrated in Figure 7-19. External logic initiates an input cycle by pulsing STE 
low. This low pulse causes the Z80 PIO to load data from the 1/0 port pins into the port lnput register. On the risinç 
edge of the STB pulse an interrupt request will be triggered. 

On the falling edge of the cl> clock pulse which follows STB input high. RDY will be output low informing externallogic 
that its data has been received but has not yet been read. RDY will remain low until the CPU has read the data. at whid 
time RDY will be returned high. 

lt is up to externallogic to ensure that data is not input to the ZSO PIO while ROY is low. If externallogic does in 
put data to the Z80 PIO w hile RDY is low. then the previous data w ili be overwritten and lost-and no error status w il 
be reported. 

In bidirectional mode (Mode 2). the control lines supporting 1/0 Ports A and B. are both applied to bidirectiona 
data being transferred via PortA; Port B must be set to bit control (Mode 3). 

Figure 7-20 illustrates timing for bidirectional data transfers. This figure is simply a combination of Figures 7-18 ane 
7-19 where the A control line s apply to data output while the B control lin es apply to data in put. The only uniquE 
feature of Figure 7-20 is that bidirectional data being output via PortA is stable only for the duration of the A STB ıov. 
pulse. This is necessary in bidirectional mode since the PortA pins must be ready to receive input data as soan as thE 
output operation has been completed. 

Once again. it is up to externallogic to .make su re that it conforms with the timing requirements of bidirectional modE 
operation. External logic must read output data while A STB is low. If externallogic does not read data at this time. the 
data will not be read and the Z80 PIO will not report an error status to the CPU; there is no signal that external logıc 
sends back to the Z80 PIO fallawing a successful read. 

-ı ı::n 



Cı.lso. it is up to externallogic to make su re that it transmits data to PortA only while B RDY is high andARDY is low. If 
~xternal logic tries to input data while the Z80 PIO is outputting data. input data will not be accepted. If external logic 
:ries to input data before previously input data has been read. the previously input data will be lostand no error status 
Nill be reported. · 

STB 

PORT INPUT 

(8 BITS) 

RDY 

INT 

<P 

WR• 

ARDY 

ASTB 

PORTA 

DATA BUS 

INT 

B STB 

BRDY 

Figure 7-19. Mode 1 (lnput) Timing 

~\ 

wR•= AD ·CE· C/D • IORQ 

Figure 7-20. PortA. Mode 2 (Bidirectionall Timing 

)ntrol mode (Mode 3) does not use control signals. You must define every pin of an 1/0 port in Mode 3 as an in­
ıt or an output pin. The seetion on programming the Z80 PIO explains how to do this. Timing associated with the ac­
al transfer of dataata single pin is as illustrated in Figures 7-18 and 7-19. ignoring the RDY and STB signals. If all the 
ns of a single port are defin~d in the same direction. then that port can be used for simple parallel input or output 
•ithout handshaking). 

BO PIO INTERRUPT SERVICING 
ıe Z80 PIO has a single interrupt request line via which it transmits interrupt requests to the CPU. 

ı interrupt request can originate from 1/0 Port A logic, or from 1/0 Port B logic. In the case of simultaneous in­
rrupt requests, 1/0 Port A logic has higher priority. · 

1 interrupt request may be created in one of two ways. We have already seenin our discussion of Modes O. 1 and 2 
at appropriate control signal transitions will activate the interrupt request line; that is the first way in which an inter­
pt request may occur. In Mode 3 you can program either 1/0 port to generatean interrupt request based on the status 
signals at individual 1/0 port pins; you can specify which 1/0 port pins will contribute to interrupt request logic and 
1at the pin states must be for the interrupt request to occur. Ina microcomputer system that has more than one Z80 
), intern.ıpt priorities are arbitrated using daisy chain logic as we have already described. But there is a significant 
rference between priority arbitration within a Z80 system as compared to typical priority arbitration. Figure 7-21 il­
>trates interrupt acknowledge timing. 
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Figure 7-21. lnterrupt Acknowledge Timing 

The Z80 PIO requires the CPU to execute an RETI instruction upon concluding an interrupt service routine. 
Following an interrupt. an acknowledged Z80 PIO continously seans the Data Bus whenever M1 is pulsed low. Until an 
RETI instruction's object code is detected. the acknowledged Z80 PIO will continuously output IEO low. thus disabling 
alllower priority Z80 PIOs. As soon as an RETI instruction's object code is detected on the Data Bus. the Z80 PIO will 
output IEO high. thus enabling lower priority Z80 PIOs. What this means is that interrupt priorities extend to the inter­
rupt service routine as well as the interrupt request arbitration logic. Once an interrupt has been acknowledged. all 
lower priority interrupt requests will be denied until the acknowledged interrupt service routine has completed execu­
tion and has executed an RETI instruction. However. higher priority interrupts can be acknowledged and in turn inter­
rupt an executing service routine. This is identical to the priority arbitration logic which we deseribed for the 8259 
PICU. 

You can. if you wish. enable lower priority interrupts by exeeuting an RETI instruction before an interrupt service 
routine has completed execution. But this requires that you execute an RETI instruction in order to return from a 
subroutine within the interrupted service routine. This instruction sequence may be illustrated as follows: 

;START OF INTERRUPT SERVICE ROUTINE 

CALL 

RET 
ENABLE RETI 

ENABLE ;ENABLE ALL INTERRUPTS AT PIO DEVICES 

;END OF INTERRUPT SERVICE ROUTINE 

If you simply executed an RETI instruction shortly after entering an interrupt service routine. you would make a hasty 
exit from the routine- before completing the tasks that have to be performed in response to the acknowledged inter­
rupt. 

PROGRAMMING THE Z80 PIO 
You program the Z80 PIO by outputting a series of commands. 

Let us start by identifying command format. 

If the O bit of a command is low. then the receiving 1/0 port logic w ili interpret the commandas an interrupt vee­
tar, with which it must respond to an interrupt acknowledge. assuming that the CPU is operating in interrupt Mode 2 

7 6 5 4 3 2 1 0 _,...,.. __ Bit No. 

1 1 1 1 1 1 O ı-l ..,..,__ Command Byte 

........_...,.~--""'vt - r .. ___ _ 
- lnterrupt vector specified 

'--------- Output these eight bits when 

an interrupt request is acknowledged 



Do not confuse CPU interrupt modes with 1/0 port modes; they have nothing in common. 

In order to define an 1/0 port' s mode you must outputa Control code to the 1/0 port's Control buffer. Thi!. ·is the 
Control code format: 

7 6 5 4 3 2 1 0 -~ .... --Bit No. 

1 1 1 X lx lı lı 1 ıl ıl.-~--- Control Code -- _..,. 

' 
'-------Mode Select Code 

'----------- Don"t Care 

'-------------()() Output, Mode O 
01 lnput. Mode 1 

10 Bidirectional, Mode2 

11 Control, Mode 3 

Observe that the same address. the 1/0 PortA or B Control buffer address. is used when outputting a Control code. an 
interrupt vector. or a mode select. The low-order tour bits of the Control code determine the way in which the Control 
code will be interpreted. The following Control code will enable or disable interrupts: 

7 6 5 4 3 2 1 0 .,..,..__Bit No . 

..,..,__Control Code 

'------- lnterrupt enable control 

'----------- Don't Care 

'--------------{ O Disable interrupts 
1 Enable interrupts 

If a Mode Select Control code is output specifying that an 1/0 port will operate in Mode 3, then the next byte 
output is assumed to be a pin directian mask. 1 identifies an input pin. whereasO identifies an output pin. Hereisa 
sample instruction sequence: 

LO 
LO 
OUT 
LO 
Ol.:JT 

C.(PORTAC) 
A.OCFH 
(C).A 
A.3AH 
(C).A 

:LOAD PORTA CONTROL ADDRESS INTO REGISTER C 
:LOAD MODE 3 SELECT INTO ACCUMULATOR 
;OUTPUT TO PORT A CONTROL REGISTER 
;DEFINE PINS 5. 4. 3 AND 1 AS INPUTS. 
;PINS 7. 6. 2 AND O AS OUTPUTS 

If you set an 1/0 port to Mode 3, then you can define the conditions which will cause an interrupt request; you 
do this by outputting the following interrupt Control code: 

7 6 5 

..... .---Control Code 

--.....-
~'------- rnterrupt control word 

.._ _______ -!. 1 if interrupt select mask follows 

O otherwise 

1 high input on selected pins is active 
'----------~ O low input on selected pins is active 

1 AND selected pins for interrupt 

O OR selected pins for interrupt 

1 Enable interrupts 

O Disable interrupts 
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When you output an interrupt Control code. as illustrated above. if bit 4 is 1. Z80 PIO logic will assume that the next 
Control code output is an interrupt mask. An interrupt mask selects the pins that will contribute to interrupt request 
logic. A O bit selects a pin. while a 1 bit deselects the pin. 

Combining the various Control codes that have been deseribed we can now illustrate a typical sequence of instructions 
for accessing a Z80 PIO. Assume that PIO 1/0 port addresses are: 

PortA data 4 
Port A command 5 
Port B data 6 
Port B command 7 

We are going to set 1/0 Port B to Mode 3. with an interrupt request triggered by either pin 6. 3 or 2 high. Pins 6. 3. 2 
and 1 will be input pins. while pins 7. 5. 4 and O are outputs. The Port B interrupt veetar will be 04. PortA will be a 
bidirectional 1/0 port with an interrupt veetar of 02. Here is the initialization instruction sequence: 

LD A.8FH ;SET PORTA TO MODE 2 
OUT (5l.A 
LD A.2 ;OUTPUT INTERRUPT VECTOR 
OUT (5).A 
LD C.7 ;SET PORT B ADDRESS IN C 
LD A.OCFH ;SET PORT B TO MODE 3 
OUT (Cl.A 
LD A.4EH ;OUTPUT PIN DIRECTION MASK 
OUT (Cl.A 
LD A.4 ;OUTPUT INTERRUPT VECTOR 
OUT (C).A 
LD A.OB7H ;OUTPUT INTERRUPT CONTROL WORD 
OUT (C).A 
LD A.OB3H ;OUTPUT INTERRUPT MASK 
OUT (Cl.A 

., 

THE ZSO CLOCK TIMER CIRCUIT (CTC) 

The Z80 Clock Tirnar Circuit is a programmable device which contains four sets of timing logic. Each set of tim­
ing logic can be programmed independently as an interval timer or an external event counter. 

The master Z80 system clock is used by interval timer logic. A time out may be identified by an interrupt request. 

An external signal is used to trigger decrement logic when the timer is functioning as an event counter. An interrupt 
may be requested when the predetermined number of events count out. 

If you compara the Z80 CTC with the 8253 Counter/Timer deseribed in Volume 3, you will see that the ZSO CTC 
has four sets of counter/timer logic as compared to the three sets of the 8253; however. the 8253 has more pro­
grammable options. In addition to functioning as an event counter or an interval timer. the 8253 can be programmed to 
generate a variety of square waves and pulse output signals. 

The Z80 CTC is fabricated using N-channel depJetian load technology. lt is packaged asa 28-pin DIP. All pins are 
TTL-Ievel compatible. 

ZSO CTC FUNCTIONAL ORGANIZATION 
Before we examine pins, signals, and operating characterics of the Z80 CTC in detail, Jet us take an overall look 
at device logic. 

There are four counter/timer logic elements in a Z80 CTC; each is referred to asa "channel". 



Es ch of the four counter/timer channels may be visualizedas consisting of three 8-bit registers and two control 
signals. This may be illustrated as follows: 

8-bit Channel O only 

Control 
Aegister 

(/) 
::> 
aı 
__ı 

<t: 
8-bit z 

a: 
w Time Constant 
f-
~ Aegister 

CLK/TAG 

8-bit 
Down Counter 

Aegister 

'· 

Control Logic 

n initial counter or timer constant is loaded into the Time Constant register. The value in the Time Constant 
gister is maintained unaltered until you write a new value into this register. 

he initial Timer Constant is loaded into the Down Counter register at the beginning of a counter or timer opera­
on; the contents of the Down Counter register are decremented. You can at any time read the contents of the Down 
)Unter register in order to determine how far a time interval or event counting sequence has progressed. 

'le Channel Control register contains a Control code which defines the channel's programmable options. There 
e four Control registers. one for each of the four channels. Thus one channel's operationsin no way influence opera­
ms for any other channel. 

ıere is an lnterrupt Vector register which is addressed as though it were part of channel O logic. This register 
>ntains the address which is transmitted by the ZSO CTC upon receiving an interrupt acknowledge. The ZBO 
re assumes that the ZBO CPU is operating in lnterrupt mode 2 - in which mode the device requesting an interrupt 
sponds to an acknowledge by providing the second byte of a subroutine address which the CPU will Call. For details 
fer to our earlier discussion of the ZBO CPU. 

BO CTC PINS AND SIGNALS 
~O CTC pins and signals are illustrated in Figure 7-22. 

O- 07 is the bidirectional Data Bus via which parallel data is transferred between the CPU and any register of the 
50 CTC. 

E is the master chip select signal for the ZBO CTC. This signal must be low for the device to be selected. 
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While CE is low. CSO and CS1 are used to select one of the four counter/timer logic channels as follows: 

CS1 CSO Channel 

o o o 
o 1 1 
1 o 2 
1 1 3 

D4 

DS 

D6 

D7 

GND 

AD 

ZC/TOO 

ZC/TOl 

ZC/T02 

loRci 
IEO 

INT 

IEI -Ml 

PIN NAME 

D0-07 

CLK/TAGO, 

} CLK/TAOl, 

CLK/TAG2, 

CLK/TAG3, 

ZC/TOO } ZC/TOl 

ZC/T02 

Ml 

IOAQ 

AD 

AESET 

IEI 

IEO 

INT 

CE 

CSO, CSl 

(f>, + SV, GND 

-
-

-
_... 

1 

2 

3 

4 

5 

6 
z8o 

7 
CTC 

8 

9 

10 

11 

12 

13 

14 

DESCAIPTION 

Data Bus 

18 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

External Clock or timer trigger 

·, 

Zero Count or timeout indicator 

lnstruction fetch machine cycle 

signal from CPU 

lnput/Output request from CPU 

Aead cycle status from CPU 

Device Aeset 

lnterrupt enable in 

lnterrupt enable out 

lnterrupt request 

Device enable 

Aegister select 

Clock, power and ground 

-- _.. 

..._ 

..._ 

D3 

02 
D1 

DO 

+SV 

CLK/TAGO 

CLK/TAGl 

CLK/TAG2 

CLK/TAG3 

CS1 

cso 
R'E'SET 
ce 
cl> 

TYPE 

Bidirectional, tristate 

In put 

Output 

In put 

In put 

In put 

In put 

In put 

Output 

Output, Open-drain 

lnput 

In put 

Figure 7-22. ZSO-CTC Signals and Pin Assignments 
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,o and CS 1 select registers associated with counter/timer logic. to be accessed by read and write operations. The ac-
31 register which will be accessed is determined as follows: 

Write to Channel Read from channel 

ı . • . ~ • • • 
7 6 5 4 3 2 o .. Bit No. 

•----X =O, channel =O 
Select lnterrupt 

V ector 

.__ __ .,._ X = ı. select Channel 

Control register on 

first access. 

Dovm Counter 

~----~.,_If Y = O --IJıııı-Select Time Constant register 

on next write 

If Y = ı -~..,.,_Select Channel Control register 

again on next write 

(If Channel = O, select on next 

write according to X.) 

the illustration above would imply. the Down Counter register is the only location of any channel whose contents 
rı be read. All other registers are write only locations. 

hen you write to a channel. bits O and 2 of the data byte being written determine the data destination as follows: 

If bit O is O and you are selecting channel O. then the data is written to the lnterrupt Vector register. 

If bit. O is O and you select channel 1. 2 or 3. the data destination is undefined. 

If bit O is 1. then on the first access of any channel the data will be written to the Channel Control register. 

If within the data byte written to a Channel Control register bit O is 1 and bit 2 is O. then the next data byte written 
to this channel will be loaded into the Time Constant register. irrespective of whether bit O is O or 1. The data writ­
ten will be interpreted as a time constant: select logic will immediately revert to selecting the Channel Control 
register or the lnterrupt Vector register on the next write. depending on the condition of bit O of the next data byte. 

i. IORO and RO are three control signals input to the ZSO CTC. Combinations of these three control signals control 
ıic within the ZSO CTC, as deseribed for the ZSO PIO. An exception is the device Reset. The ZBO CTC has its 
'n RESET input The PIO decodes a Reset when M1 is low while IORQ and RD are high With the exception of the 
SET function. Table 7-4 defines the manner in which the ZSO CTC interprets Ml. IORO. and RD signals. 

terrupt logic has three associated signals: IEI. lEQ and INT. These signals operate exactly as deseribed for the 
O PIO. 

e ZSO CTC requests an interrupt with a low INT output 

and IEO are used to implement daisy chain priority interrupt logic as deseribed for the PIO. 

ch of the four counter/timer channels has a CLK/TRG input control. This signal can be u sed to trigger timer logic.; 
s also usedas a decrement control by counter logic. 

unter/timer logic channels O. 1 and 2 have a ZC/TO output This signal is pulsed high ona time out or a count out 

hen a low input is applied to the RESET pin, the ZSO CTC is reset. At this time all counter/timer logic is stopped. 
F is output high. IEO is output at the IEIIevel and the Data Bus is floated Register contents are not cleared during a 
>et 

~O CTC OPERATING MODES 
ıe ZSO CTC is accessed by the CPU as four 1/0 ports or four memory locations. Timing for any CTC access con­
rms to descriptions given earlier in this chapter for the CPU. 

t us begin by looking at a counter/timer operating as a timer. 
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Using an appropriate Control code (described later) you select Timer mode for the channel and specify that an initial 
time constant is to follow. 

You load an initial constant into the Time Constant register. after which timer operations begin. 

You have the option of using the CLK/TRG input to start the timer. in which case timer logic is initiated by external 
logic. The alternative is to initiate the timer under program control. in which case the timer starts on the clock pulse 
fo!lowing the Time Constant register being loaded. 

When timer operations begin. the Time Constant register contents are transmitted to the Down Counter register. The 
Down Counter register contents are decremented on every 16th system clock pulse. or on every 256th system clock 
pulse. You make the selection via the Control code. Assuming a 500 nanosecond clock. therefore. the timer will decre­
ment the Down Counter register contents every 8 microseconds. or every 128 microseconds. 

When timer logic decrements the Down Counter register contents from 1 to O a time out occurs. At this time ZC/TO is 
pulsed high. the Time Constant register contents are reloaded into the Down Counter register and timer logic starts 
again. Thus timer logic is free running; once started. the timer will run continuously until stopped by an appropriate 
Control code. 

Hereisa timing example for a timer startedu nder program control and decrementing the Down Counter register on ev­
ery 16th clock pulse: 

2 3 .. 15 16 15 16 15 16 2 

Output Output Time Constant Decrement Down Catmter Aegister 

Control lnitial to Down Counter 
., 

Down Counter Decrements from 1 to O. 
Code Time Register. Start Aegister Reloed Down Counter from 

Constant Tim er Time Constımt Aegister and 
restart timer 

Hereisa timing example for a timer whose operations are initiated by CLK/TRG. where the Down Counter register con­
tents are decremented on every 25'6th clock pulse: 

2 3 255 256 1 255 256 255 256 

CLK/TRG 

ZC/TO 

INT 

Output Output Time Decrement Down Counter Restart 

Control initial Constant Down Counter Aegister decrements Tim er 

Code time to Down Aegister from 1 to O. 

constant Counter Reload Down 

Register, Counter from 

Start Time Constant 

Timer register 
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servethat every time out is marked by a ZCITO high pulse.iNf is also output low providing interrupt logic is enabled 
the channel. 

the illustration above CLK!TRG is shown asa high true signal. You can specify CLK/TRG asa low true signal via the 
annel Control code; the timer will be initiated as follows: 

2 

<t>~--' -' ?~ 
CLK/TRG L 

\ 1 \ 

1 
· exact timing requirements see the data sheets at the end of this chapter. 

J can at any time write new data into the Time Constant register. If you do this while the timer is running. nothing 
)pens until the next time out at that time the new Time Constant register contents will be transferred to the Down 
Jnter register and subsequent time intervals will be computed based on the new Time Constant register contents. 

ou are unfortunate enough to output data to the Time Constant register while a time out is in progress and the Time 
ıstant register contents are being transferred to the Down Counter register. then an undefined value will be loaded 
) the Down Counter register; however. following the next time out the new value in the Time Constant register will 
ıly; that is to say. there will only be one undefined time interval. 

: us now look at a counter/timer operating as a counter. 

ng an appropriate Control code (described laterl you select Counter mode for the channel and specify that an initial 
e constant is to follow. 

J load an initial constant _into the Time Constant register. after which counter operations begin. 

en counter operations begin. the Time Constant register contents are transmitted to the Down Counter register. The 
rvn Counter register contents are decremented every time the CLKITRG input makes an active transition. Counter 
c begins on the first active transition of CLK/TRG following data being loaded into the Time Constant register. The 
ve transition of CLKITRG may be selected under program control as low-to-high or high-to-low. 

en counter logic decrements the Down Counter fegister contents from 1 to O, a count out occurs. At this time the 
TO signal is pulsed high; an interrupt request occ'urs. providing the channel's interrupt logic has been enabled. The 
1e Constant register contents are reloaded into the Down Counter register and counter operations begin again. That 
) say. counter logic is free running and will continue to re-execute until specifically stopped by an appropriate Can­
code. Counter logic timing may be illustrated as follows: 

~..,.. .. 1\J\J\J\. .... M.ll .. 
CLK/TRG 

ZC/TO 

INT 

Output Output Start Decrement Down Counter 

Control lnitial Counter Down Counter register 

Code Time Aegister deeremen ts 

Constant from 1 to O 
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Z80 CTC INTERRUPT LOGIC 
Every Z80' CTC channel has its own interrupt logic. A channel' s interrupt logic genarates an interrupt request 
when the channel counts out or times out. All interrupt requests are transmitted to the CPU via the INT output. 
This is true if one, or more than one channel is requesting an interrupt. If more than one channel is requesting an 
interrupt, then priorities are arbitrated as follows: 

Highest Priority Channel O 
Channel 1 
Channel 2 

Lowest Priority Channel 3 

Every channel's interrupt logic can be individually enabled or disabled under program control 

The Z80 CTC device's overall interrupt logic is identical to that which we have already deseribed for the ZSO 
PIO. 

The interrupt request is transmitted to the CPU via a low INT signal 

The CPU acknowledges the interrupt by outputting M 1 and IORO low as illustrated in the data sheets at the end of this 
chapter. 

The device requesting an interrupt which is highest in the daisy chain acknowledges the interrupt Presuming thisisa 
Z80 CTC. the CTC places its interrupt vector on the Data Bus; it is assumed that the CPU is operating in lnterrupt mode 
2. The Z80 CTC immediately outputs IEO low. disabling all devices below it in the daisy chain. 

When an RETI instruction is executed. Z80 CTC logic sets IEO high again. 

For more information on ZSO interrupt logic refer to discussions of this subject given earlier in the chapter for the ZSO 
CPU and the PIO. 

PROGRAMMING THE Z80 CTC 
These are the steps required to program a Z80 CTC: 

1) Output an interrupt vector one e, when initializing the Z80 CTC. 

2) For each active counter/timer channel, output one or more Control codes. Control codes are used initially to 
set counter/timer operating conditions and to load the Time Constant register. Subsequently Control codes 
are used to start and stop the counter/timer, or to change the initial time constant. 

The interrupt vector is written to a counter/timer by outputting a byte of data to counter/timer channel O with a O in the 
low order bit The interrupt vector may be illustrated as follows: 

7 6 s o ... Bit No . 

....._ ___ Must be O to identify lnterrupt V ector 

.._ _____ lgnored by ZSO CTC which substitutes 

bits as follows: 

O O for Channel O interrupt 

O 1 for Channel 1 interrupt 

1 O for Channel 2 interrupt 

1 1 for Channel 3 interrupt 

ı.....--------- Address bits stored 
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The Control code which must be output to each active channel will be interpreted as illustrated in Figure 7-23. 

7 6 5 .ı4 3 2 1 0 ...,.,..._ __ Bit No. 

1 J J J 1 1 1 lt. Control code 

j j 
j 4 

Must be ı to identify dat" as a Control code 

RESET ı stops channel immediately or 
O leaves it running 

LOAD Next data output is a time constant to be loaded into 

the Time Constant register. If counter/timer is not 

running, do not stan until time constant has been written. 

O No time constant follows. 

TRIGGER 1 If timer is stopped, stan on CLK/TRG l Timer Mode 

f Only 

SLOPE 

RANGE 

MODE 

lE 

O If timer is stopped, stan on cl> 
1 CLK/TRG positive edge triggered 

O CLK/TRG negative edge triggered 

1 Decrement Down counter every 256th 4> pulse-t Timer Mode 

O Decrement Down counter every 16th cl> pulse. f Only 

1 Counter mode 

O Timer mode 

1 Enable channel interrupt 

O Disable channel interrupt 

Figure 7-23. Z80 CTC Control Code lnterpretation 

Bit O must be 1 to identify the dataasa Control code. If bit O is O. then the data is interpreted as an interrupt vector­
providing Channel O is addressed: the data is undefined otherwise. 

Bit 1 is used to stop the channel when it is running. If bit 1 is O. then every time the channel times out the Down 
Counter register is immediately reloaded from theı Time Constant register contents and channel operations restart ac­
cording to current options. If bit 1 is 1. the c hannet stops immediately: the.ZC/TO output is inactive and channel inter­
rupt logic is disabled. The channel must be restarted by outputting a new Control code. 

Bit 2 is u sed to output time constants. If bit 2 is 1. the n the next data output to the channel will be interpreted asa time 
:onstant. If bit 2 is O. then the next data output to the channel will be interpreted asanother Control code. or an inter­
·upt vector. depending on the bit O value. 

3it 3 applies to Timer mode only; assuming that the timer is not running. it determines whether timer operations will be 
nitiated by the system clock signal <1>. or by CLK!TRG 

f bit 3 is O then timer operations are initiated by system clock signal <1>: the timer will start on the next leading edge of 
1>. unless the current Control code specifies (via bit 2) that a new time constant is to be output in which case the timer 
vi ll start on the rising edge of <1> which immediately follows output of the time constant. Timing for these two cases has 
ıeen illustrated earlier. 

f bit 3 is 1. then the active transition of the CLK!TRG signal initiates the timer Once again. if bit 2 of the current Con­
rol code specifies that a new time constant is to be output then timer logic cannot be started until this new time cans­
ant has been output Timing has been illustrated earlier. 

lit 4 determines whether the low-to-high or the high-to-low transition of CLK!TRG is active. Assuming that bit 6 has 
pecified Timer mode and bit 3 has specified the timer will be triggered externally by CLK!TRG. the active transition of 
:LK!TRG starts the timer. If bit 6 is not O or bit 3 is not 1. the n the active transition of CLK/TRG decrements the counter. 

' bit 4 specifies that a low-to-high transition of CLK!TRG will be active then CLK!TRG may be illustrated as follows: 

-----------~r:-------\~-----------CLK/TRG ~ -

bit 4 specifies that the high-to-low transition of CLK!TRG will be active then CLK/TRG may be illustrated as follows: 

CLK/TRG -----------~'-~-------J' 
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Bit 5 applies to Timer mode only. If bit 5 is O. Oown Counter register contents will be decremented every 16th system 
clock pulse (<1>). If bit 5 is 1. the Oown Counter register contents will be decremented every 256th system clock pulse 
($). 

Bit 6 determines whether the channel will be operated as a counter or a timer. If bit 6 is O. Timer mode is selected; 
Counter mode is selected if bit 6 is 1. 

Bit 7 is an interrupt enable/disable flag. If O. the channel's interrupt logic is disabled; if 1. the channel's interrupt logic 
is enabled. 

Let us now look at the programming example. Here are the assumed operating conditions for the Z80 CTC: 

1) Channel O is operating asa counter with an initial time constant of 8016 and interrupt logic enabled. 

2) Channel 1 is operating asa timer. lt decrements on every 16th system clock pulse and has an initial time constant 
of 4016; its interrupts are disabled and CLK/TRG starts the timer on its low-to-high transition. 

3) Channel 2 is operating asa timer. lt decrements every 256th system clock pulse and has an initial time constant of 
C815; its interrupts are enabled and the system clock starts the timer. 

4) Channel 3 is inactive. 

The CPU is operating with interrupt logic in Mode 2. CTC interrupt service routine starting addresses are stored at 
memory locations 2C4016· 2C4216 and 2C4416· The CTC is accessed as 1/0 ports 8816· 8916· 8A16· and 8816· 

Here is the appropriate CTC initiation instruction sequence: 

LO A.2CH 
LO I.A 
IM 2 
LO A.40H 
OUT (088H).A 

;START CHANNEL O 
LO A.OC5H 
OUT (088H).A 
LO A.80H 
OUT (OBSH).A 

;START CHANNEL 1 
LO A.1 OH 
OUT (089H).A 
LO A.40H 
OUT (089H).A 

;START CHANNEL 2 
LO A.OA5H 
OUT (08AH).A 
LO A.OCSH 
OUT (08AH).A 

;LOAD INTERRUPT VECTOR AEGISTER OF CPU 

;SELECT CPU INTERRUPT MODE 2 
;OUTPUT INTERRUPT VECTOR TO 
;CHANNEL O 

;OUTPUT THE CONTROL CODE TO CHANNEL O 

;OUTPUT THE INITIAL COUNT TO CHANNEL O 
;CHANNEL O 8EGINS OPERATING . . 

., 

;OUTPUT THE CONTROL CODE TO CHANNEL 1 

; OUTPUT THE INITIAL TIM ER CO NST ANT TO CHANNEL 1 
;CHANNEL 1 8EGINS OPERATING. (IF TRANSITION OCCURS) 

;OUTPUT THE CONTROL CODE TO CHANNEL 2 

;OUTPUT THE INITIAL TIM ER CONST ANT TO CHANNEL 2 
;CHANNEL 2 8EGINS OPERATING 
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Serial 
lnput/Outpul 
Controller 

features 

• Two independent full-duplex channels, with 
separate control and status lines for modems 
or other devices. 

• Data rates of O to 500K bits/second in 
the xl clock mode with a 2.5 MHz clock 
(280 SI O), or O to 800K bits/ second with a 4. O 
MHz clock (Z80A SIO). 

• Asynchronous protocols: everything 
necessary for complete messages in 5, 6, 7 
or 8 bits/character. !ncludes variable stop 
bits and seve;al clock-rate multipliers; 
break generatian and detection; parity; 
overrun and framing error detection. 

:;eneral Description 

The Z-80 SIO Serial Input!Output Control­
?r is a dual-channel data communication 
:-ıterface with extraordinary versatility and 
apability. Its basic functions as a serial-to­
ıarallel, parallel-fo-serial converter/controller 
an be programmed by a CPU for a broad 
snge of serial communication applications. 

The device supports all common asyn­
h:-onous and synchronous protocols, byte- or 

o, 
o, 

CPU 
OATA o, BUS --- o, -- o, -- o, 

-CE ı&OSI0/2 

---+- RESET 

~Mı 

:ONTROL - ıoRO 
FROM -;;o 

CPU 

CHAIN 
T'ERRUPT 
~ONTROL 

-c1ö 

~s'i 

iNT 
!El 

ı EO 

~:ı:OA -
AxCA -TxOA 

WI~OYA 

OTRB CONTROL 

DCDB .___. 

DAISY ı :::: -)lıiOOEiıl 
~t~l~t~ 

•SV GNO CLK 

figure 1. Z80 510-2 Logic functions 

CHANNEL A 

f ı 

l 

1 

• Synchronous protocols: everything 
necessary for complete bit- or byte-oriented 
messagesin 5, 6, 7 or 8 bits/character, 
including 1BM Bisync, SDLC, HDLC, 
CCITT-X.25 and others. Automatic CRC 
generation/checking, sync character and 
zero insertion/deletion, abort genera­
tion/detection and flag insertion. 

• Receiver data registers quadruply buffered, 
transmitter registers doubly buffered. 

• Highly sophisticated and flexible daisy­
chain interrupt veetaring for interrupts 
without external logic. 

bit-oriented, and performs all of the functions 
traditionally done by UARTs, USARTs and 
synchronous communication controllers com­
bined, plus additicnal functions traditionally 
performed by the CPU. Moreover, it does this 
on two fully-independent channels, with an 
exceptionally sophisticated interrupt structure 
that allov;s very fast trar:.sfers. 

Full interfacing is provided for CPU or DMA 
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General Description (Continued) 

control. In addition to data communica.tionl the 
circuit can hanelle virtually all types of serial 
I/0 with fast (or slow) peripheral devices. 
While designed primarily as a. member of the 
280 family 1 its versatility ma kes it well suited to 
many other CPUs. 

Pin Description 

Figures 1 through 6 illustrate the three pin 
:onfigurations (bonding options) available in 
the SIO. The constraints of a 40-pin package 
:nake it impossible to bring out the Receive 
:lock (RxC) 1 Transmit Clock (TXC) 1 Da. ta Ter­
ninal Ready (DTR) and Sync (SYNC) signals 
or both cha.nnels. Thereforel either Channel B 
acks a signal or two signals are bonded 
ogether in the three bonding options offered: 

ı 280 SI0-2 lacks SYNCB 
280 SI0-1 lacks DTRB 
280 SI0-0 has all four signalsl but TxCB and 
RxCB are bonded together 
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Figure 3. ZSO Sl0-1 Logic Functions 
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The 280 SIO is an n-channel silicon-ga.te 
depletion-Ioad device packaged ina 40-pin 
plastic or ceramic DIP. It uses a single + 5 V 
power supply and the standard 280 family 
single-phase clock. 

The first bonding option above (SI0-2) is t:b.e 
preferred version for most applications. The 
pin descriptions are as follows: 

B/A. Channel A Or B Selecf (input, High 
selects Channel B). This input defines which 
channel is accessed during a data transfer 
between the CPU and the SIO. Address bit Ao 
from the CPU is often used for the selection 
function. 

C/0. Control Or Data Se/ec! (input, High 
selects Control). This input defines the type of 
information transfer performed bet'.veen the 
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Pin Description (Continued) 

CPU and the SIO. A High at this input during 
a CPU write to the SIO causes the information 
::m the data bus to be interpreted as a com­
Tıand for the channel selected by Bl A. A Lo w 
:ıt C/D means that the information on the data 
)US is data. Address bit Aı is often used for 
his function. 

=E. Chip Enable (input, active Low). A Low 
evel at this input enables the SIO to accept 
:ommand or data input from the CPU during a 
rrite cycle or to transmit data to the CPU 
'uring a read cycle. 

;LK. System Clock (input). The SIO uses the 
andard 280 System Clock to synchronize 
;te:r::ıal signals. This is a single-phase clock. 

:TSA, CTSB. Clear To Send (inputs, active 
:>w). When programmed as Auto Enables, a 
:;w on these inputs enables the respective 
ansmitter. If not programmed as Auto 
1ables, these inputs may be programmed as 
;neral-purpose inputs. Both inputs are 
:hmitt-trigger buffered to accommodate slow­
;etime signals. The SIO detects pulses on 
ese inputs and interrupts the CPU on both 
Jic !eve] transitions. The Schmitt-triooer buf-
J J J 

'ing does not guarantee a specified noise­
re] margin. 

-0,. System Data Bus (bidirectionaJ, 
;tate). The system data bus transfers data 
d commands between the CPU and the 2-80 
:::ı. Do is the least significant bit. 

~DA, DCDB. Data Carrİer Detect (inputs, 
i·:e Low). These pins function as receiver 
::bles if the SIO is programmed for Auto 
:ı:b!es; otherwise they may be used as 
·ıeral'purpose input pins. Both pins are 
ırLitt-trigger buHered to accommodate sJow­
;time signaJs. The SIO detects pulses on 
se pins and interrupts the CPU on both 
ic leve] transitions. Schmitt-trigger buffer­
r does not guarantee a specific noise-Jeve] 
rgin. 

RA, DTRB. Data Terminal Ready (outputs, 
ve Low). These outputs follow the state pro-

Z844D 
Z80,SIO 

grammed into 280 SIO. They can also be 
programmed as general-purpose outputs. 

In the 280 SI0-1 bonding option, DTRB is 
omitted. 

IEI. lnterrupt Enoble In (input, active High). 
This signal is used with IEO to form a priority 
daisy chain when there is more than one 
interrupt-driven device. A High on this line 
indicates that no other device of higher pri­
ority is being serviced by a CPU interrupt ser­
vice routine. 

IEO. lnferrupt Enob!e Out (output, active 
High). IEO is High only if IEI is Higl; and the 
CPU is not senrioing an interrupt from this 
SIO. Thus, this signal blocks Jower priority 
devices from interrupting while a higher 
priority device is being serviced by its CPU 
interrupt service routine. 

INT. lnterrupt Request (output, open drain, 
active Low). When the SIO is requesting an 
interrupt, it pulls INT Low. 

IORQ. lnput/Output Request (input from CPU, 
active Low). 10RQ is used in conjunction with 
B/A, C/D, CE and RD to transfer commands 
and data between the CPU and the SIO. When 
CE, RD and IORQ are all active, the cl-,annel 
selected by B/A transfers data lo the CPU (a 
read operation). When CE and IORQ are 
active but RD is inactive, the channel selected 
by Bl A is written to by the CPU with e ith er 
data or control information as specified by 
C/D. lf IORQ and Ml are active simultane­
ously, the CPU is acknowledging an interrupt 
and the SJO automatical]y p]aces its interrupt 
vector on the CPU data bus if it is the highest 
priority device requesting an interrupt. 

Ml. Machine Cycle (input from 280 CPU, active 
Low). When Ml is active and RD is also active, 
the 280 CPU is fetching an instruction from 
memory; when Ml is active while IORQ is active, 
the SIO accepts Ml and IORQ as an interrupt 
acknowledge if the SIO is the highest priority 
device that has interrupted the Z80 CPU. 

RxCA. RxCB. Recejver Clocks (inputs). 
Receive data is sampJed on the rising edge of 



Pin Desalption (Continued) 

RxC. The Receive Clocks may be 1, 16, 32 or 
54 times the data rate in asynchronous modes. 
['hese clocks may be driven by the 280 CTC 
::;ounter Timer Circuit for programmable baud 
·ate generation. Both inputs are Schmitt­
rigger buffered (no no ise !eve! margin is 
;pecified). 

In the 280 SI0-0 bonding option, RxCB is 
)Onded together with TxCB. 

~D. Read Cycle Status (in put from CPU, 
tctive Low). If RO is active, a memory or I/0 
ead operation is in progress. RO is used with 
31 A, CE and IORQ to transfer data from the 
;ro to the CPU. 

lxDA, RxDB. Receive Data (inputs, active 
Iigh). Serial data at TIL levels. 

tESET. Reset (input, active Low). A Low 
:ESET disables both recei ver s and transmi t­
::rs, forces TxOA and TxOB marking, forces 
ıe modem controls High and disables all 
1terrupts. The control registers must be 
=written after the SIO is reset and before data 
transmitted or received. 

TSA. RTSB. Request To Send (outputs, 
:;tive Low). When the RTS bit in Write 
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Register 5 (Figure 14) is set, the RTS output 
goes Low. When the RTS bit is reset in the 
Asynchronous mode, the output goes High 
after the transmitter is empty. In Synchronous 
modes, the RTS pin strictly follows the state of 
the RTS bit. Both pins can be used as general~ 
purpose outputs. 

SYNCA. SYNCB. Synchronizafion (inputs/out­
puts, active Low). These pins can act either as 
inputs or outputs. In the asynchronous receive 
mode, they are inputs similar to CTS and 
OCO. In this mode, the transitions on these 
lines affect the state of the Sync/Hunt status 
bitsin Read Register O (Figure 13), but have 
no other function. In the External Sync mode, 
these lines alsa act as inputs. When external 
synchronization is achieved, SYNC must ~ 
driven Low on· the second rising edge of RxC 
after that ris:ng edge of RxC on which the last 
bit of the sync character was received. In 
other words, after the sync pattern is detected, 
the external logic must wait for two full 

=;:"7= 
Receive Clock cycles to activate the SYNC 
input. Once SYNC is forced Low, it should be 
kept Low until the CPU informs the external 
synchronization detect logic that synchroniza-
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Pin Description (Continued) 

tion has been lost or a new message is abm..ıt to 
start. Character assembly begins on the rising 
edge of RxC that immediately precedes the 
falling edge of SYNC in the External Sync 
mode. 

ID the internal synchronization mode 
(Monosync and Bisync) these pins act as out­
puts that are active during the part of the 
receive clock (RxC) cycle in which sync 
characters are recognized. The sync condition 
is not latched, so these outputs are active each 
time a sync pattern is recognized, regardless 
of cbaracter boundaries. 

In the Z-80 SIOi2 bonding option, SYNCB 
is omitted. 

TxCA, TxCB. Transmitter Clocks (inputs). In 
asynchronous modes/ the Transmitter Clocks 
may be 11 161 32 or 64 times the data rate; 
however 1 the clock multiplier for the transmit­
ter and the receiver must be the same. The 
Transmit Clock inputs are Schmitt-trigger buf-

DA rA 

Tl\ OL 

CPU 
sus 110 

INTERNAL 
CONTROL 

LOGIC 

INTERRUPT INTERRUPT 
CONTROL - CONTROL 

LINES LOGIC 
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fered for relaxed rise- and fall-time require­
ments (no noise level margin is specified). 
Transmitter Clocks may be driven by the Z-80 
CTC Counter Timer Circuit for programmable 
baud rate generation. 
In the 280 SI0-0 bonding option 1 TxCB is 

bonded together with RxCB. 
TxDA, TxDB. Transmit Data (outputs/ active 
High). Serial data at TTL levels. TxD changes 
from the falling edge of TxC. 
--------
W/RDYA, W/RDYB. Wait/Reody A, Waitl 
Ready B (outputs, open drain when pro­
grammed for Wait h..ınction, driven High and 
Low when programmed for Ready function). 
These dual-purpose outputs may be pro­
grammed as Ready lines for a DMA controller 
or as Wait lines that synchronize the CPU to 
the SIO data rate. The reset state is open 
drain. 
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Functional Description 

The functional capabilities of the Z80 SIO 
can be deseribed from two different points of 
view: as a data communications device, it 
transmits and receives serial data in a wide 
variety of data-communication protocols; as a 
Z80 family peripheral, it interacts with the 
Z:80 CPU and other peripheral circuits, shar-
lng the data, address and control buses, as 
well as being a part of the Z80 interrupt struc­
:ure. As a periphera.l to other microprocessors, 

MICAOPAOC:ESSOA 
INTIIRI'ACE - zao sıo 

the SIO offers valuable features such as non­
veetared interrupts, polling and simple hand­
shake capabili ty. 

Figure 8 illustrates the conventional devices 
that the SIO replaces. 

The first part of the following discussion 
covers sro data-communication capabilities; 
the second part deseribes interactions between 
the CPU and the SIO. 

UART 

SYNCHRONOUS 
COMMUNICAT!ONS 

CONTROLLER 

UMH 

SYNCHRCNOUS 
COIWMUNICA rJON 

CONTROLLER 

- CHANNE1. 
A 

CHAJCN!:1. 
A 

CHAHNE1. 

• 

figure 8. Conven!ional Devices Replaced by the Z80 SIO 



zta Communication Capabilities 

The SIO provides two independent full­
plex channels that can be programmed for 
e in any commen asynchronous or synchro­
us data-communication protocol. Figure 9 
ıstrates some of these protocols. The follow­
J :s a short description of them. A more 
tailed explanation of these modes can be 
ınd in the ZBO Family Technical Manual. 

ynchronous Modes. Transmission and 
::eption can be done independently on each 
an;;e) with five to eight bits per character, 
ıs cptional eve:ı or odd parity. The transmit­
s ccn supply one, or.e-and-a-half or two stop 
s per character and can provide a break 
tput at any time. The receiver break-
leetion logic interrupts the CPU both at the 
rt and end of a received break. Reception is 
)tec:ed from sp:kes by a transient spi-ke­
ection mechanism that checks the signal 
?-half a bit time after a Low level is detected 
tl-.e receive data input (RxDA or RxDB in 
rure 5). If the Low does not persist-as in 
cc:se of a trc.nsient--the character assembly 

)cess is no·L s:artecL 
- . ı 

!'"C~ıny errors ana cverr0n errors are 
ected and buifered together with the partial 
ıraeter on · .... ·hich they occurred. Vectored 
~rrupts allow fast servicing of error condi-
ıs using dedicated routines. Furthermore, a 
lt-in checking process avoids interpreting a 
ning error as a new start bit: a framing 
x results in the addition of one-half a bit 
:: to the point at which the search for the 
t start bit is begun. 
he SIO does not require symmetric transmit 
· receive clock signals-a feature that 
ws it to be used with a Z80 CTC or many 
~r clock sources. The transmitter and 
ei ver can handle data at a rate of 1, l/16, 
2 or l/64 of the clock rate supplied to the 
eive and transmit clock inputs. 

~=-=-= 

1 asynchronous modes, the SYNC pin may 
programmed as an input that can be used 
functions such as menitering a ring 
~cator. 

1 
·~.. i ... Z844D 

ZBO SIO 

·synchronous Modes. The SIO supports both 
byte-oriented and bit-oriented synchronous 
communication. 

Synchronous byte-oriented protocols can be 
handled in several modes that allow character 
synchronization with an. 8-bit sync character 
(Monosync), any 16-bit sync pattern (Bisync), 
or with an external sync signal. Leading sync 
characters can be removed without interrupt­
ing the CPU. 

Five-, six- or seven-bit sync characters are 
detected with 8- or 16-bit patterns in the SIO 
by overlapping the larger pattern across multi­
ple in-coming sync charact~>rs, as shown in 
Figure 10. 

CRC checking for synchronous byte­
oriented modes is delayed by one character 
time so the CPU may disable CRC checking on 
specific characters. This permits implementa­
tion of protocols such as IBM Bisync. 

Both CRC-16 (Xl6 + xıs + X2 + 1) and 
CCITT (Xl6 + Xl2 + X5 + 1) error d:ecking 
polynomials are supported. In all non-SDLC 
modes, ~he CRC generator is initialized to O's; 
in SDLC r.Jodes, it is initialized to 1 's. The SIO 
can be used for interfacing to perip.h~rals such 
as hard-sectored floppy disk, but it cannot 
generate or check CRC for IBM-compatible 
soft-sectored disks. The SIO also provides a 
feature that automatically transmits CRC data 
when no other data is available for transmis­
sion. This allows very high-speed transmissions 
under DMA control with no need for CPU 
intervention at the end of a message. \Vhen 
there is no data or CRC to send in syn­
chronous modes, the transmitter inserts 8- or 
16-bit sync characters regardless of the pro­
grammed character ]ength. 

The SIO supports synchronous bit-oriented 
protocols such as SDLC and HDLC by per­
forming automatic flag sending, zero insertion 
and CRC generation. A special command can 
be used to abort a frame in transmission. At 
the end of a message the SIO automatically 
transmits the CRC and trailing flag when the 
transmit buffer becomes empty. If a transmit 



Data Communication Capabilities (Continued) 

underrun occurs in the middle of a message, 
an external!status interrupt warns the CPU of 
this status change so that an abort may be 
issued. One to eight bits per character can be 
sent, which allows reception of a message with 
no prior information about the character struc­
ture in the information field of a frame. 

The receiver automatically synchronizes on 
the leading flag of a frame in SDLC or HDLC, 
and provides a synchronization signal on the 
SYNC pin; an interrupt can also be pro­
grammed. The receiver can be programmed to 
search for frames addressed by a single byte to 
only a specified user-se:ected address or to a 
global broadcast address. In this mode, frames 
that do not rr:atch e;ther the user·selected or 
broadcast address are ignored. The number of 
address bytes can be extended under software 
control. For transmitting data, an interrupt on 

PARITY 
START ı SrP ı 

the first received character or on every 
character can be selected. The receiver 
automatically deletes all zeroes inserted by the 
transmitter during character assembly. It also 
cakulates and automatically checks the CRC 
to validate frame transmission. At the end of 
trar.smission, the status of a received frame is 
available in the status registers. 

The SIO can be conveniently used under 
DMA control to provide high-speed recepten 
or transmission. In recepticn, for example, the 
SIO can interrupt the CPU when the first 
character of a message is received. The CPU 
then encbles the OMA to transfer the message 
to memory. The SIO then issues an end-of­
frame interrupt and the CPU can ched. the 
status of the received message. Thus, the CPU 
is freed for other service while the Dessage is 
being received. 
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rO Interface Capabilities 

. The SIO offers the choice of polling, inter­
i.lpt (vectored or non-vectored) and block­
·ansfer modes to transfer data, status and con­
·ol information to and from the CPU. The 
lock-transfer mode can also be implemented 
nder DMA control. 

olling. Two status registers are updated at 
ppropriate times for each function being per­
ırmed (for example, CRC error-status valid at 
ıe end of a message). When the CPU is 
::>erated in a polling fashion, one of the SIO's 
:o status registers is used to indicate whether 
te SIO has some data or needs some data. 
epending on the contents of this register, the 
PU will either write data, read data, or just 
) on. Two bits in the register indicate that a 
'lta transfer is needed. In addition, error and 
her conditions are indicated. The second 
:itus register (special receive conditions) does 
)İ have to be read ina polling sequence, 
itil a character has been received. All inter­
pt modes are disabled when operating the 
:vice in a polled environment. 

terrupts. The SIO has an elaborate interrupt 
heme to provide fast in~errupt service in 
a!-time applicaticn.s. A cor.trol register a:-ıd a 
itus register in Channel B contain the inter­
pt -.·ector. When programmed to do so, the 
O can modify three bits of the interrupt vee­
. in the status register so that it points direct­
to one of eight interrupt service routines in 
?.mory, thereby servicing conditions in both 
annels and eliminating most of the needs for 
;tatus-analysis routine. 
Transmit interrupts, receive interrupts and 
ternal/status interrupts are the main sources 
interrupts. Each interrupt source is enabled 
der program control, with Channel A hav-
1 a higher priority than Channel B, and with 
:eive, transmit and external/status interrupts 
oritized in that order within each channel. 
1en the transmit interr1.1pt is enabled, the 

CPU is interrupted by the transmit buffer 
becoming empty. (This implies that the 
transmitter must have had a data character 
written int o it so it can become empty.) The 
receiver can interrupt the CPU in one of two 
ways: 

• Interrupt on first received character 

• Interrupt on all received characters 

Interrupt -on -first- re ce i ve d- c haracter is 
typically used with the bloek-transfer mode. 
Ir:terrupt-on-all-received-characters has the 
option of modifying the interrup~ vector in the 
event of a parity error. Both of these interrupt 
modes will also interrupt under spec1al receive 
conditions on a character or messnge basis 
(end-of-frame interrupt in S'DLC, for example). 
This means that the special-receive condition 
can cause an interrupt only if the interrupt-on­
first-received-character or interrupt-on-all­
received-characters mode is selected. lrı 
interrupt-on-first-received-character, an inter­
rupt can occur from specıal·receive conditions 
(except parity error) afıer tr1e first-received­
cl-,aracter intern_ıpt (exarr:ple: recei-.·e-ovErr'..ln 
ir:ter:-upt). 

The ma:n function of the ex~er:zal,sta:cıs 
interrupt is to morıitor the sjgnal tra~sJtiorıs of 
the Clear To Send (CTS), Data Carrier Detect 
(DCD) and SynchronizaLon (SYNC) pins 
(Figures 1 through 6). In addition, an exter­
nal/status interrupt is also ca'--lsed by a CRC-

d. ,., . b •l- ' ' . f sen mg conamon or y ,.ıe ae,ectıon o a 
break sequence (asynchro:!O'JS mode) or abort 
sequence (SDLC mode) in the data stream. 
The interrupt caused by the break/abort 
sequence allows the SIO to interrupt when the 
break/abort seq;.ıence is detected or ter­
minated. This feature facilitates the proper ter­
mination of the current message, correct 
initialization of the next mess:ıge, a:-:d the 
accurate timing of the break'abort ccndition in 
external logic. 



110 Interface Capabilities (Continued) 

Ina Z80 CPU environment (Figure ll), SIO 
interrupt veetaring is "automatic": the SIO 
passes its ir.ternally-modifiable 8-bit interrupt 
vector to the CPU, which adds an additicnal 8 
bits from its interrupt-vector (I) register to form 
the memory address of the interrupt-routine 
table. This tab!e contains the address of the 
beginning of the interrupt routine itself. The 
process entails an indired transfer of CPU 
control to the interrupt routine, so that the 
next instruction executed after an interrupt 
acknowledge by the CPU is the first instruction 
of the interrupt routine itse!f. 

CPU/OMA Blodc Transfer. The SIO's blocl-c­
transfer r.:.ode accommodates both CPU block 
transfers and DMA controllers (Z80 DMA or other 
:l.esigns). The bloek-transfer mode uses 
:he Wait/Ready output signal, which is 
;elected with three bits in an internal control 
·egister. The Wa.İit/Ready output signal can be 
Jrogrammed as a. WAIT line in the CPU block­
ransfer mode or as a READY line in the DMA 
Jlock-transfer mode. 

To a OMA controller, the SIO READY output 
ndicates that the SIO is ready to transfer data 
o or from memory. To the CPU, the WAIT out­
)Ut indicates that the SIO is not ready to 
rar.sfer data, thereby requesting the CPU to 
~xtend tl-:e I!O cycle. 
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ıternal Structure 

The internal structure of the device includes a 
80 CPU interface, internal control and 
ıterrupt logic, and two full-duplex channels. 
:ıch channel contains its own set of control 
1d status (write and read) registers, and con­
ol and status logic that provides the interface 
, modems or other external devices. 
The registers for each channel are desig­
lted as follows: 

WRO-WR7- Write Registers O through 7 
RRO-RR2 - Read Registers O through 2 

The register group includes five 8-bit control 
gisters, two sync-character registers and two 
:ıtus registers. The interrupt veetar is written 
to an additicnal B-bit register (Write Register 
in Channel B that may be read through 

1other B-bit register (Read Register 2). in 
1annel B. The bit assignment and functional 
ouping of each register is configured to 
nplify and organize the programıning pro­
ss. Table 1 lists the functiöns assigned to 
ch read or write register. 
The logic for both channels provides for-
1ts, synchronization and validation for data 
ınsferred to and from the char:nel interface. 
e modem control inputs, Clear To Send 
TS) and Data Carrier Detect (DCD), are 

monitored by the external control and status 
logic under program control. All external 
control-and-status-logic signals are general­
purpose in nature and can be used for func­
tions other than modem control. 

RRO Transmit/Receive buffer status, interrupt 
status and external status 

RRl Special Receive Condition status 

RR2 Modified ir.terrupt vector (CJ-.annel B only) 

Write R~st•r Functlona 

WRO Register pointers, CRC initialize, initializa­
tion commands for the various modes, ete. 

WR 1 Transmit!Receive interrupt and data transfer 
mode definition. 

WR2 Interrupt vector (Channel B only) 

WR3 Receive parameters and control 

V/R4 Transmit/Receive misce1laneous parameters 
and rnodes 

WR5 Transmit parerneters and controls 

WR6 Sync character or SDLC address field 

WR? Sync character or SDLC flag 



Internal Structure (Continued) 

Data Path. The transmit and receive data path 
illustrated for Channel A in Figure 12 is iden­
tical for both channels. The receiver has three 
8-bit buffer registers in a FIFO arrangement, 
in addition to the 8-bit receive shift register. 
This scheme creates additicnal time for the 
CPU to service an ınterrupt at the beginning of 
a black of high-speed data. Inearning data is 
routed through one of several paths (data or 
CRC) depending on the selected mode 
and-in asynchronous modes-the character 
length. 

RECE!VE 

DATA 

FIFO 

The transmitter has an 8-bit transmit data 
buffer register that is loaded from the internal 
data bus, anda 20-bit transmit shift register 
that can be loaded from the sync-character 
buffers or from the transmit data register. 
Depending on the operaticnal mode, outgoing 
data is routed through one of four main paths 
before it is transmitted from the Transmit Data 
output (TxD). 

CPU !10 

"''~"" 
INTERNAL OATA !US 

RECElVE 

ERROR 

F'FO 

TxDA 

Figure 12. Transmit and Recei·'~ Data Pcth (Chcnnel A; 



rogramming 

The system program first issues a series of 
ommands that initialize the basic mode of 
peration and then other commands that 
ualify conditions within the selected mode. 
or examplel the asynchronous model 
haracter lengthl clock ratel number of stop 
itsl even or odd parity might be set first; then 
1e interrupt mode; and finally 1 receiver or 
ansınitter enable. 
Both channels contain registers that must be 

·ogrammed via the system program prior to 
)eration. The chanrıel-select input (B/A) and 
e control/data input (C/D) are the command­
ructure addressing controlsl and are nor:nal-
controlled by the CPU address bus. figures 

) and 16 illustrate the timing relationships for 
·ogramming the write registers and transfer­
ıg data and status. 

~ad Registers. The SIO contains three read 
gisters for Channel B and two read registers 
r Channel A (RRO-RR2 in figure 13) that can 
~ read to obtain the status information; RR2 
1tıtains the internally-modifiable interrupt 
'Ctor and is orıly in the Channel B register 
t. Tl-.e status information includes error con­
tionsl interrupt vector cr:d standard 
mmunications-interface signJls. 
To read the contents of a selected read 
:;ister other than ERO 1 the system program 
ıst first write the pointer byte to WRO in 
actly the same way as a write register opera­
n. Thenl by executing a read instructionl 
; contents of the acidressed read register can 
read by the CPU. 

fhe status bits of RRO and RRl are carefully 
)Uped to simplify status monitoring. For 
s.mplel when the interrupt vector indicates 
ıt a ~pecial Receive Condition interrupt has 
:;_ırredl all the appropriate error bits can be 
ıd from a single register (RRl ). 

~ite Registers. The SIO contains eight write 
Jisters for Channel B and seven write 
;isters for Channel A (WRO-WR7 in Figure 
) that are programmed separately to con­
ure the functional personality of the chan­
ls; WR2 contains the interrupt vector for 
th channels and is only in the Channel B 

'· 
'· . -l8441J- cc • 

.. Z8DSIO 

register set. With the exception of WRO, pro­
gramıning the write registers requires two 
bytes. The first byte is to WRO and contains 
three bits (Do-D2) that point to the selected 
register; the second byte is the actual control 
word that is written into the register to con­
figure the SIO. 

WRO is a special case in that all of the basic 
commands can be written to it with a single 
byte. Reset (internal or external) initializes the 
pointer bits Do-D2 to point to WRO. This 
implies that a charmel reset must not be com­
bined with the pointing to any register. 

READ REG!STER O 

READ REGISTER 1 t 

·: • ..:see V.· :r. E):e·-.a.·s:a·-s 
: ... 1 €''..!~: ı.~o::;e 

ı 0- , o, o, O, O, . D; O. D, ı 

L_,Uc SENT 

! FiEU) BITS 1 FIHO BITSIN 
IN pgfVIOUS SECO,_D PREViOUS 

SYTE SYTE 
o o o 3 
ı o o 4 
ı o o s 
o ı o 6 
o ı o 7 
ı ı o 8 
1 1 ı a 
o o 2 1 

PARiTY ERROR ·qes1o..ıe Data Fo• Eıghı 
Rx OVERRUN EFIROR g, S•ıs'C'.a•a:ıe· ":og:ammed 

'---- CRCiFRAMING ERROR 
...._ ___ END OF FRAME (SOLC) 

~:.)se<: W:tı-. Specıaı Receıve Col'lo.tıo-. Mooe 

READ REGISTER 2 

ı O, D, 
1 
D, , !', , 0 3 , O; : D, : 0 0 ı 

V4 VECTOR 
VS 

L_ gı } INTERRUH 

ı.__ ____________ V6 

~----------------V7 

·varıable ıl ·sıaıus Affecıs 

V ector ıs Prograrnmea 

Figure 13. Read Register Bit Funclions 



Programming (Continued) 

WRITE REGlSTER O 

ı~ı~ı~ı~ı~ı~ı~ı~ı 
1 1 1 
o· O O AEGISTER O 
O O 1 REGISTEA 1 
O ı O AEGISTER 2 
O 1 1 AEGISTER 3 
1 O O AEGISTER 4 
1 O 1 AEGISTER 5 
1 1 O AEGISTER 6 
ı 1 1 ~EGISTER 7 

o o o NULL CODE 
o o 1 SEND ABOIIIT (SDlC) 
o 1 o llESET EXTISTATUS INTEi'IRUPTS 
o 1 ı CHANNEl RESET 
ı o o ENABLE INT ON NEXT Rı CHARACTER 
1 o 1 RESET Tı iNT PENOING 
ı ı o ERROR RESET 
1 1 ı RETURN FROM iNT iCH·A ONLY) 

o Nuı.ı. cooe 
O llESET Rx ÇRC CHECKEli 
1 RESET Tı CR(; GENE~~TOR 
ı REScT Tı UNDEMUNIEOiıl cATCH 

WRITE REGISTER 1 

ı~~~ı~i~:~ı~:~i~ı 

l__ E:t.T INT EI'<ABLE 
'-----Tx INT EN.ABLE 

'-----STATUS MFECTS VECiO~ 
(CH. 8 ONLY) 

o o 
o ı 

ı o 
ı 1 

Rx INT OlSAilLE } 
Rx INT ON FIRST CHA~ACTER 
INT ON ALL Rx CHARACTERS (PARITY AF•cCTS V ECTOR) , 
INT ON Al.L Rx CHARACTERS •.PARITY DOES NOT AFFECT 
V ECTOR) 

i'I'!J.l1REAOY ON RIT 
'-----WlT'f'READY 'UNCTION 

'-----Wli'fiREAOY ENABLE 

WRITE REGISTER 2 (CHANNEL 8 ONLY) 

1 ~:~'~ ~~~·~~ı • f ' 1 1 ' ' -

~ :;:,rC:;ORRUPT 

vs 
~V~} 

'------------------vs '----------------------V7 

WRITE REGISTER 3 

O O Rı 5 BITS:CHAR.lCTER 
O Rı 1 SITS.C>'ARACTER 

Rı ô SITS.CH.lRACTER 
R• 5 BITS,CMARACTEıl 

WRITE REGISTER 4 

O O SYNC lıiOOES ENABLE 
O ı 1 STOP BITICHARACTER 
ı O 1'•, STOP BITSICHARACTER 

ı 2 STOP 81TSICHARACTER 

O O S SIT SYNC CHARACTEıl 
O ı 16 SIT SYNC CMARACTER 
ı O SDLC MODE 101111110 FLAG i 
1 1 EXTERNAL SYNC MOOE 

O O Xl CLOCK lıiODE 
O 1 X~6 CLOCK MOOE 

O X32 CLOCK MOOE 
1 X54 CLOCK lıiODE 

WRITE REGJSTER S 

ı o, : o, i o, : o, : o, o, o, o, ı 

OTR 

111

-------l__--- ~~iRC E'<ABLE 
'------SOLC.CRC·16 

h ENABLE 
'--------------SENO BREA~ 

Tx 5 Bi TS (0A lESS)iCHAP:ACTER 
Tx 7 BJTS,CHAAACTEA 
Tx 6 BITS:CJ-<ARACTE~ 
Tx 8 BITS,CMAPACTER 

WRJTE REG!STER 6 

ı O, 0 0 o, D, o, : o, : O, o, J 

L.. ---------SYNC BIT 3 
SYNC BIT • ' 

'------------ SYNC BIT S 

lll L_____l L__ !~~~ ::~! } 
L---------------- SY!'<C BIT 6 

'------------------ SYNC BIT 7 

WRITE REGISTER 7 

ı o, O, O, : D, ; O, : 0 2 : O, : o, ı 

SY~C 8!1' 9 

L...-.-__ ~~N ... g ::~ ;~ 
. · SYNC 8:' 12 • 

SV~CBITIJ 
L_ _________________ s y ;,ç 81' 14 

Illi 
ı 1 L-svNc BıT a } 

L---------------------- S'l !'<C Bı T 1 S 

·For SOLC :ı Ywsl Bl! P~cçram;-~-: 
ıo ·oııltııo F01 F:ag Reccçnıt:cr 



iming 

The SIO must have the same clock as the 
:pu (same phase and frequency relationship, 
Jt necessarily the same driver). 

&ad Cycle. The timing signals generated by 
Z-80 CPU input instruction to read a data or 
atus byte from the SIO are illustrated in 
lgure 15. 

rrite Cycle. Figure 16 illustrates the timing 
ıd data signals generated by a Z-80 CPU out­
Jt instruction to write a data or control byte 
,to the sro. 
tterrupt-Acltnowledge Cycle. After receiv-
. g an interrupt-request signal from an SIO 
fiT pulled Low), the Z-80 CPU sends an 
terrupt-acknowledge sequence (Ml Low, and 
)RQ Low a few cycles la ter) as in Figure 17. 
The SIO contains an internal daisy-chained 
terrupt structure for prioritizing nested inter­
pts for the various functions of its two chan­
:ls, and this structure can be used within 
ı external user-defined daisy chain that 
·ioritizes several peripheral circuits. 
The IEI of the highest-priority device is 
r:-ninated High. A device that has an inter-
pt pending or under service forces its IEO 
)W. For devices with no interrupt pending or 
ı der service, IEO = IEI. 
To insure stable conditions in the daisy 
ıain, all irıterrupt status signals are pre­
:nted from changing while 1\TI is Low. When 
5liQ is Low, the highest priority interrupt 

Figure ıs. Read Cycle 

···-:,, 
-

"'''.·,·.·.--..·.~·····. '···: .... 
. ,, •.· . 

requestor (the one with IEI High) places its 
interrupt vector on the data bus and sets its 
internal interrupt·under-service latch. 

Return From Interrupt Cycle. Figure 18 
illustrates the return from interrupt cycle. 
Normally, the Z-80 CPU issues a RETI (Return 
From Interrupt) instruction at the end of an 
interrupt service routine. RETI is a 2-byte 
opcode (ED-4D) that resets the interrupt· 
under-service latch in the SIO to terminale the 
interrupt that has just been processed. This is 
accomplished by manipula:ing :r1e daisy chain 
in the following way . 

The normal daisy-chain operation can be 
used to detect a pending interrupt; however, it 
cannot distinguish betv:een an interrupt under 
service and a pending unacknowledged inter­
rupt of a higber priority. Whenever "ED" is 
decoded, the daisy chain is modified by forc­
ing High the IEO of any interrupt that has not 
yet been acknowledg~d. Thus the daisy chain 
identifies the de-.rice presently under service as 
the only one with an IEI High and an IEO Low. 
If the next opcode byte is "4D," the interrupt­
under·service latch is reset. 

The ripple time of the i~terrupt daisy chain 
(both the High-to-Low and the Low-to-High 
transitions) limits the number of devices that 
can be placed in the daisy chain. Ripple time 
can be improved with carry-look-ahead, or by 
extending the interrupt-acknowledge cycle. 

M1------------------~------------

DATA-----------------~--------
Figure 16. Write Cycle 



Timing (Continued) 

For further information about techniques for 
increasing the number of daisy-chained 

CLOCK 

M1 ~'---------l...J/ 

'--~1 
RD -------------1------

IEI =========~ 
DATA. ------------((V ECTOR>~---

Figure 17. lnterrupt Aclcnowledge Cycle 

Absolute Maximum Ratings 

Voltages on all inputs and outputs 
with respect to GND .......... -0.3 V to + 7.0 V 

Operating Ambient As Specified in 
Temperature ........... Ordering Information 

Storage Temperature ........ -65°C to + 150°C 

Test Conditions 

The characteristics below apply for the 
,following test conditions, unless otherwise 
noted. All voltages are referenced to GND 
(0 V). Positive current flows in to the refer­
enced pin. Available operating temperature 
ranges are: 

• o oc to + 70°C, 
+4.75 V s Vee s +5.25 V 

• - 40°C to + 85°C, 
+4.75 V s Vee s +5.25 V 

• - 55°C to + 125°C, 
+ 4. 5 V s V cc s + 5. 5 V 

devices, refer to the ZBO CPU Data Sheet. 

CLOCK 

M1 

Do-D7 0>-----(G)r-:-: -----
------ --r _____ ..;_ __ _ 

JEl ------' 
lE O 

Figure 18. Return from lnterrupt Cyc:le 

Stresses grea\er than those listed under Abso!ute Maxi­
mum Ratings may caı.:se perma;,.ent dan:age to t!:e device. 
This is a stress rating only; operation of the device at a:-ıy 
condition above those indicated in t!:e operaticı:.a: sect:ons 
of these specilicatior:s is not impl:ed. Exposure to absolute 
maximum rating conditions for ex~ended periods r:ıay af!ect 
device rel:ability. 

The product number for each operating 
temperature range may be found in the order­
ing information section. 



DC Characteristics 

Symbol Pa:ra:meter 

V;Lc Clock Input Low Vol:age 

v.w..., 
'. '-

Clock Input High Voltage 

v,L Input Low Voltage 

v,H Input High Voltage 

VOL Ou:put Low Vol:age 

ve>H Output High Voltage 

I u lnput Leakage Current 

Iz 3-State Output/Data Bus Input Leakage Current 

I;__(SY) SYNC Pin Leckage Current 

Ice Power Supply Current 

L:tr s;:~t:-cdıe-d teı..perö~;..:re and v:ıl!öge rö:1ge. 

;apacitance 

:ymbol 

c 

Pa:ra:meter 

Clock Capaci!ance 

Ir:pJt Capacitance 

Output Capacitance 

Min 

-0.3 

Vcc0.6 

-0.3 

+2.0 

+ 2.4 

--lO 

-lo 

-40 

Ma:x U nit Test Condition 

+0.45 V 

+ 5.5 V 

+ 0.8 V 

+ 5.5 V 

+0.4 V IoL = 2.0 mA 

V I oH = -250 IlA 

+lO 11-A O<V;ı.;<Vcc 

+lO 11-A 0< V:o; < Vr•' .:.'10 ~._..\,.,... 

+lO IlA 0< V;~,< V cc 

100 mA 

Ma:x U nit Test Condition 

40 pF lJnmeasured 
ı:; pF p:~s ret~rned ._, 

lO pF to ground 



AC Electrical Characteristics 

CLX 

Cl, CIÖ, IlA 

i i ! i I...,.__IT" ---ı-......ı i 
!...,..--:;:;--......,: 1 -.....:_..~ 1 1 

1 .r---

1 i-+-'~ 0) 
ı 

L . • _ .. L __ ~-- ---~): 

~ 1 

~ 
~ ,. ® 1 ' 

--ej" ı 
-®--

ı 
"\, 

ll 

lll '\ 
1 1 

-----® 1 1+3:-ı s ! 
i 

1 110 

--® ı 

1 

;7 ' 

ı 

-----® 

-----------~~~~~ 
<v .,ı 



AC Electrical Characteristics (Continued) 

Z8440, 1, 2 Z8440, L 2A Z8440, 1, 2B 
Z80 SIO ZSOA SIO Z80B SIO 

Number Symbol Parameter Min Max Min Max Min Max U nit 

TcC Clock Cycle Time 400 4000 250 4000 165 4000 n s 

2 TwCh Clock Width (High) 170 2000 105 2000 70 2000 n s 

3 TIC Clock Fall Time 30 30 15 n s 

4 TrC Clock Rise Time 30 30 15 n s 

5-TwCl Clock Width (Low) 170-2000--] 05-2000 --70-2000-- ns-

6 TsAD(C) CE, C!D, BiA to Clock ı Setup Time 160 145 60 n s 

7 TsCS(C) IORQ, RD to Clock 1 Setüp Time 240 115 60 n s 

8 TdC(DO) Clock ı to Data Out Delay 240 220 150 n s 

9 TsDl(C) Data In to Clock 1 Setup (Write or Ml Cycle) 50 50 30 :J.S 

ıo-TdRD(DOz)-RD 1 to Data Out Float Delay 230 1 lO go--ns-
l 

]] TdlO(DOI) IORQ ı to Data Out Delay (INTACK Cycle) 340 160 !00 :-ıs 

12 TsMJ(C) "' M 1 to Clock 1 Setup Time 210 90 75 n s 

13 TsiEI(JO) IEI to IORQ ı Setup Time (INT ACK Cycle) 200 140 120 n s 

14 Td.Ml(IEO) Ml ı to IEO ı Delay (interrupt before Ml) 300 190 160 n s 
ıs-TdiEI(IEOr)-IEI ı to IEO ı Delay (after ED decode) ıso 100 7o--ns-

16 TdiEI(IEOf) IEI ı to IEO ı Delay 150 100 70 n s 

17 TdC(INT) Clock ı to INT ı Delay 200 200 ıso n s 

18 TdiO(W/RWf) IORQ 1 or CE J to W/RDY ! Delay Wait 300 210 175 n s 
Mode) 

19 TdC(W/RR) Clock ı to W /RDY J De lay (Ready Mode) 120 120 100 n s 

20-TdC(W/RWz)-Clock 1 to W;RDY Float Delay (Wait Mode) ıso 130 ııo--ns-

21 Th Any ı.:nspecified Hold when Setup is specified o o o n s 



AC Electrical Characteristics (Continued) 

Z8440, 1, 2 Z8440, l, 2A Z8440, L 2B 
Z80 SIO ZSOA SIO Z80B SIO 

Number Symbol Parameter Min Max Min Max Min Max U nit 

ı TcC Clock Cycle Time 400 4000 250 4000 l6S 4000 n s 

2 TwCh Clock Width (High) 170 2000 10S 2000 70 2000 n s 

3 TIC Clock Fall Time 30 30 ıs n s 

4 TrC Clock Rise Time 30 30 iS n s 

s-TwCl Clock Width (Low) 170-2000--105-200C--70-2000--ns-

6 TEAD(C) CE, Cli5, BIA to Clock t Setup Time 160 145 60 n s 

7 TsCS(C) IORQ, RD to Clock t Se!-..ıp Time 240 llS 60 n s 

8 TdC(DO) Clock t to Da:a Out Delay 240 220 ıso n s 

9 TsD](C) Data In to Clock 1 Se!up (V/r:te or Ml Cycle) so 50 30 n s 

ıo-Tci.ED(uOz)- RD t to Data Out Float De;ay 230 ll O go--ns-
t 

ll Tdl0(D01) JORQ 1 to Data Out Delay (INTACK Cycle) 340 160 100 n s 

!2 TsMJ(C)" Ml to Clock 1 Setup Time 210 90 7S n s 

13 TsiEI(IO) IEI to IORQ 1 Setup Time (INTACK Cycle) 200 140 120 n s 

14 TdMl (IEO) Ml 1 to IEO 1 Delay (in!errupt before Ml) 300 190 160 n s 

15-TdiEl(IEOr)-IEI t to IEO t Delay (after ED decode) 150 w o 7o--ns-

16 T di El (lE Of) IEI 1 to IEO 1 Delay 150 100 70 n s 

17 TdC(lNT) Clock t to INT 1 Delay 200 200 ıso n s 

18 TdlO(W/RWf) JORQ 1 or CE 1 to W/RDY 1 Delay Wait 300 210 175 n s 
Mode) 

19 TdC(W/FI.R) Clock t to W/RDY 1 Delay (Ready Mode) 120 120 100 n s 

20-TdC(W:EV-/z)-Clock 1 to WiRDY Float De!ay (Wai: Mode) 150 130 ııo--ns-

21 Th Any unspecıfied Hold when Se!i.ıp :s spec:!ied o o o n s 



AC Electrical Characteristics (Continued) 

't:=--=---:-0:_-_-:__-__ -":; 
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EK 5: S1STEM PROGRAMLARI 

CLE; 
DlM A(26l, Bt26l, Cl26i 1 Dl26l, E126l, Fl~6l, H12&1, MATI26l 
CON(!J ON 
OPEN "COf11: !?OO,i·~,8, I,CS,DS,CD" FCJR RAND0~1 AS ıtl 
ON COf1 \ 1 l GOSUB 1500: GOTO 3 

1500 XPR = fNP!~·M3F8l: RETUF:N 
3 CLS 

FOR I == i TO 26 
READ Am , B (1) , C i I! , 

NEXT I 

r1 .. • ·, 
ut.iJ' Em, F\li, H(I) 

CLS 
F'R = O 
LOCATE 8, 15: F'F:INI "19:00- 06:00 ?IRASI : 
LOCATE 9, 15: PRINT "06:1)1) - 07:0(: AF:ASJ : 
LOCAIE 10, 15: P~:INT "07:0Cı - 08:00 AHASl : 
LOCAIE ll, 15: PRlNT "ü8:UO- U'i:OC! ;;;:::ASI : 
LOCATE 12, 15: F'F:IN1 "(ı4:ü(ı - 12:00 ARAS! : 
LDetHE 13, 15: F'RINT "i2:00 - 14:1)0 i~RASI : 
UJCATE 14, 15: F'RINT "14:00 - 1/:0C ARASl : 

PF: NO: 1 '' 
PR NO: 2 '' 

Pf{ NO: 3 " 
PR NO: 4 " 
PR NO: 5" 
F'R NO: 6" 
PR NO: 5" 

LOCATE i5, i'5: F'RHH "li:ı)(i - 19:00 1\RASI : F'R NO: 7" 
LOCA TE 2 4 , 8: PF: I NT " F'FIOGHI1M ACIKLANASI T ' " i 

PRINT H CIKlS !CIN Q TUSUNA BASlN" 
5 Y.A$ = INKEY$ 

IF XA$ = "Q" OR XA$ = "·:ı" THEN GOTO '2U•::G 
IF XA$ = "T" OF: XA$ = "t" THEN GOTO ~.(l(ı(l 

lF MID$(TlME$, 1, :·ı < "06'' TKEN GOSUB !Oü 
IF MlD$niME$, 1, 2l >= "06'' AI~D MlD$niMEı, 1, 2) < "07" THEN GOSUB 1i0 
IF MID$ni1H, 1, 21 >= ''1)7" AND M1Dı(Tli1E<J, 1, 2) < "08" THEN GOSUB 120 
IF MID'li(TIME$ 1 1, 2l >= "08" AND rllD!!ı(TI!1Eı, 1, 2l < "(;9" THEN GOSUB 130 
IF MlDHTIME$, 11 Li >= '\ı'i" AND NID~iW!E$, 1, 2) < "12" THEN GOSUB 14ü 
IF \",][i$(T!ME$, i, 2) >= "li" N~D t11D'HTIMEı, 1, 2) < "14" THEN GQSUB 150 
IF 11lO$<TlME$, 1, 2) .. = "14" AND l'i!D'iı\TiiH, 1, 2! < "17" THEN GOSUB 140 
IF 1'1!D$niMEı, 1, ;·ı >= "17" ?iNl! MlD$\TlMEı, i, 2! < "19" THEN GOSUB 160 
IF i'\ ID$ niME$1 1, 2) >= "19" THEN GfJSUB 10(1 
LOCATE 1, 72: PRINT TIME$ 
LOCATE 2, 72: PRINT ''PR NO:"; PR 
GOTO 5 

J(ıı) IF PR = 1 THEN RETURN 
F'R = 1 

FOR I = 1 TO 26 
MAT (li = F (Ii 

NEXT I 
GOSUB 1000 
RETURN 

110 IF F'R = 2 THEN RETURN 
F'R = 2 

FOR I = 1 TO 26 
MATıi l = A '.Ii 

NEXT I 
GOSUB 1000 
RETURN 

120 IF FH = :. THEN F:ETURN 
PR = 3 

FOR I = 1 TO 26 
MAT\IJ = B(]ı 

NEXT I 
GOSUB 1000 
RETURN 



no IF PR = 4 THEN RETURN 
PR = 4 

FOF: I = 1 TO 26 
MATm = CW 

NEXT I 
GOSUB 1000 
RETURN 

140 IF PR = 5 THEN RETURN 
PR = S 

FOF\ I = 1 TO 26 
MAT(I) =Dm 

NEXT I 
GOSUB 1000 
~:ETURN 

150 IF PR = 6 THEN RETURN 
PR = 6 

FOR I = 1 TO 26 
MAT(!) = E (I) 

NEH I 
GOSUB 1000 
RETURN 

160 IF FR = 7 THEN RETURN 
PR = 7 

FOR I = 1 TO 26 
MAT (I) = H m 

NEXT I 
GOSUB 1000 
RETURN 

1000 FOR I = 1 Tü 26 
PRINUH, CHF:$ (MAT (l)); 

NEXT I 
RETURN 

3000 CLS 
LOCATE 5, 17: F'RINT "CALJ:3NAKTA DLAN PROGF:AMIN AW1AMASI" 
IF PR = 1 THEN 22 ELSE IF F'R = 2 THEN 23 ELSE IF PR = 3 THEN 24 
IF PR = 4 THEN 25 ELSE IF PR = 5 THEN 26 ELSE IF PE = 6 THEN 27 

IF PR = 7 THEN 28 ELSE GOTO 7 
22 LOCATE lü 1 10: F'RINT " SU ANDA LANBALAfi: SARI VANIP SONMEKTEDIR " 

GOTO 7 
23 LOCATE 10, 10: PRINT " Devr·e Sur·esi 

LOCATE 11, 10: PRINT " Ana 'ı'ül Geci:: Sur·esi 
LOCATE 12, 10: PRINT 11 Tali 'i ol Gee is Suresi 
LOCATE 13, 10: PRINT '' Yaya Gecis Sut·esi 
LOCATE 14, 10: PRINT ;o Koruma Sureleri Top. 
GOTO 7 

24 LDCATE 10, 10: PRINT " Devre Sut'esi 
LOCATE 11, 10: PRHH " Ana Vol Gecis Suresi 
LOCATE 12, 10: PRINT " Talı Yol Gecıs Suresı 

LDCATE r:., iO: PRINT u Yaya Gecis Suresi 
LOCATE 14, 10: PRINT " Koruma Sur-eler-i Top. 
GOTO 7 

25 LDCATE H\ 10: PRINT 11 De··lt'e Suresi 
LOCATE i 1, i 0: PR INT '' Ana Yol Geci s Sut'esi 
LOCATE 12, iO: PRINT 11 Talı Yol Gecis Suresi 
LOCATE ı::., 10: F'RINT " Yaya Gecıs Suresi 
LOCATE 14, 10: PRINT " Km-u:ıia St.welen Top. 
GOTO 7 

: 26 sn ıı 

8 sn " 
6 srı ı• 

6 sn ll 

6 sn " 

52 sn ii 

20 sn ll 

18 sn 11 

8 sn " 
6 sn 11 

42 sn " 
15 sn ll 

13 sn 11 

8 sn " 
6 sn 11 



26 LOCATE 10, 10: PRINT 11 Devr·e Sur·esi 
LDCATE 11, 10: PRit-H " Ana Yol Gee ı=. Sures.i 
LOCATE 12, 10: FRINT '' Tali Yol Gecıs Suresi 
LDCATE 12., 10: F'Rit~T " Yaya Geı:is Sut·esı 

LOCATE 14, 10: PRINT '' Kontma 5LwelE'r'l Top. 
GOTO 7 

27 LOCATE lO, 10: F'FiiNT " Dem? SLire 
LOCATE 11, 10: PRINT " Ana Yol Gee ıs Sur·esi 
LOCATE U, 10: PRINT " Tali Yol Gecıs Sur·esi 
LOCATE 13, 10: PF:INT " Yaya Gecıs Suresı 
LOCATE 14, lü: F'RINT 11 f::or·uma Sw·elen Top. 
GOTO 7 

28 LOCATE 10, 10: PF:HJT '' DevTe Suresı 
LOCATE 11, ıo: F'RINT " Ana Yol Gecis Suresi 
LOCATE 12, iO: PRJNT " Tali Yoi Gecis Stwesi 
LOCATE 13, 10: F'F:JNT " Yaya Gecis Sur-esi 
LIJCATE 14, 10: FBINT " Kotuıı:a Sur"elen Top. 
GOTO 7 

32 sn " 
10 sn " 
8 sn " 
8 sn " 
6 sn 

47 sn " 
18 sn " 
15 sn " 
8 sn ll 

6 sn " 

60 sn 
24 sn ıı 

2(: sn " 
10 sn 11 

6 sn 

7 LOCATE 24, 8: F'FIINT "Fress arıy i::ey to continue" 
6 A$ = INKEYS 

IF AS = "" THEN lı ELSE 1 

2000 CLOSE #1 
END 

DATA 16,40,:.0,20,35,3,45 
DATA 3,3,3,3,31 31 3 
DATA 3,3, :., 2., :., :., 3 
D(HA 12,36,26,16,J0,3,4G 
DAlA 3,3,3,3,3,3,3 
DATA 121 16 116,16,16,3,20 
DATA 3,3,3,3 13,3,3 
DATA 3,313,3,3,3,3 
DATA 2,3,4 151 b 1 117 
DATA l6 140,30,2ü,35,3,45 
DATA 3,3,3,3,3,3,3 
DATA 16,40,30,20, 33,~· 1 45 
DATA 3,3,31313,3,3 
DATA 12,20,20,20,2ü,3,30 
DATA 3,3,3,31313,3 
DATA 3,3,3,313,3,3 
DATA 2,3,4,5,6,1,7 
DATA 16,40,3(1,20,35,3,45 
DATA 3,3,3,3,3,3,3 
DATA 3,3,3,3,3,3,3 
DATA 12,36,26,16,30 13,40 
DATA 3~3,3,3,3,3,3 
DATA 12,16,161 16,16,3,20 
DATA 3,3,3,3,3,3,3 
DATA 3,3,3,3 13,3,3 
DATA 2,3,4,5,6 1 1,7 



;*********************************** 

Z-80 MICROCOMPUTER SYSTEM PROGRAM 
MASTER CARD PROGRAMI 
Ha 1 il i<:r;EAI<Pı;3 

EQUATE TABU::~3 

M?~ı I N: 
STi;Cı<.TOP: 

DIGBUF: 
HEXBUF: 
t·1{1FL.AG: 
t·iADH: 
f:::r.:::YCüUNT :: 
11F::s~=;T {\F-:T :: 
cuı-::r:.:nnm<: 

Cl) U 
EQU 
E Gl U 
EQU 
Ei~ Li 
Ei~ U 
ELıi.J 

Et~ U 
Ei~ U 

OFG OOH 
JF' t·IA iN 

O!.üOH 
':?FEFH 
·:~tF.F()H 

r7·FF61-i 
c;FF'1'! .. ·! 
9Ff: (i H 
"iFFCH 
·:ıFFDH 

o:tı:::·r:FH 

CODES: DB 18H,14H,04H,13H,OC1H 1 15H,68H 
;************************************ 

DI 
JF :lOOOH 

;************************************ 

DI 
.Tl 11001-i 

!*********M**~**************************** 

CJF:G (ı():~/ıH 

DI 
Ji~· 1200H 

;***************************************** 

ür;:G o o :::;sı-ı 
DI 
JF:· 1 ~~.OOH 

;**************************************** 

m;~G O 1 O(iH 
L.D '3F', :JTi~Cf::TOF' 
i.. D l~, ~'j~)H 

DUT ·:20H) ı A 
ı·JUF' 

i\iDP 
OUT C2:lHJ ~·i'\ 
LD ~~~.SF H 
OUT \20HI 1 f1 
LD A1 UFI .. ·i 



1'1A I NLUOF': 

CONV7SEG: 

CN\1LODF·: 

OUT (21Hi . .J1 
L .. .O C ~ t;. ::::.H 
L .. D f:, 7 
l_D HL. ., CODE~:; 
OT H\ 
.li'l o 
ı:: I 
I .... D t:'ı, 01:::-Fli 
OUT \OH·i! ., A 
L .. Dtı,lFH 
OUT <OlH) ı(\ 
LD rı, :::;FH 
OUT ( •Y'·i·-i! , {l 

L..D 1~, (ll H 
i...D U·U~FU)Gl ~· f;; 

LD HL., D I CiE:UF 
LO (MESSTARTl,HL 
XCIR Pı 

L.D (CUFmE::NTOP), A 
L..D Hi.. .. , UOOOH 
Lll ( i'i{iDF: l , HL 
LD (HEXBUF) ,HL 
C~ıL.L CON'v1 7~;EG 

LD Hi...., (:OUUH 
LD (ü1GBUi+4l,HL. 
LD HL, C•l U\iH 
CALL.. DEL.. Ai' X 
c~·iLL r<EY ~:J·r f4 ·rus 
CJ)LL. Lı l<['y'PPOG 
C{;ıi....i_. ;::·;:;;I NT D .lU 
JF' HAIM .. CiDF' 
L..D DC, HEXBUF 
L..D HI._, D I f:IBUF 
LD C.1 ·:~.ı .. A-1 
PUSH HL 
!....D Pı, \DE> 
~\ND Ur: t)H 
nı:;: cr, 
F(FiC: ~i 
riF: CA 
I=<RCPı 

U) HL. ı GEC:Jı•1T ı::ü3L.E 
U.iLI.... ı:.:ıDD?ıHi.... 

L.D B, \HU 
LO Pı 1 ([lE) 
Pıi\ID OFH 
L.D HL, SEGf'ITABLE 
CP;LL.. imDi:;ı·ıL 

L .. D ~~~ OJU 
F'OP HI.... 
LD (HU.,B 
I!\IC HL 
LD <1--lll,A 
Ii··.iC HI.... 
Il1lC Dt 
DEC C 



'3EGr'1T ABLE: 

ADDAHL.~ 

KEYSfATUS: 

i<EYW?HT: 

F I i\iDi<E\': 

F Il.·lDLP: 

FINDCOL.: 

JP r-.ı:z j CI,NLOOP 
F~ET 

DB 3FH,l1H,5EH,5BH,71H 
DB 6BH,6FH,39H,7FH,79H 
DB 7DH,67H,2EH 1 57H,6EH,6CH 
f.iDD ::i, L 
L.D L~ii 
RET NC 
li\! C i·· i 
ı::-:E·r 

DEC HL. 
L.D A,H 
Dn ı ... 
JF' !\IZ, DEJJ1Y X 
HE\ 
LD A, Cıt:ıH 
CJUT ( t):~H! ~· A 
OUT \•)UH) :• A 
IN ~~ı \OOHl 

i.JF: OEOH 
CF· OFFH 
.JF l'·.iZ,r<EVl•Jf.ıi·r 

LD {~ı._,OOH 

LD dTiCClUriTi,A 

ı::a:::r 

L .. D A1 (!:EYCCJUNT) 
CF' J.'?H 
... TF· h!Z ._, KEYl<Jl 
Jl\iC A 
Hf.::T 

L.D ( i<EYCOL.II\lT i , A 
CF' l9H 
HET !\JZ 

LD A., OOH 
DUT \O:ZHi,A 
DUT \OOH.ı,A 

I N rı j :; OOH J 

UF: O:ıEOH 

L..D B.1 ı'~ 

L.D C,, 04H 
\._D A,CıFE:H 

CF B 
..JP Z, F l:i'·4DCOL 
I~:L.Ci~ 

DEC C 
.. W NZ,i~7 Ii'·IDL.F' 

L.D A, EIOH 
OUT 'U2i·i) , i:i 
LlJ A,üCOH 
OUT \C:ıüHJ, A 
J:l',j (\1 ((H)!-1) 

OF: OEüH 
Ci~· OFFH 
L.D B.ı üOH 



Pm•JFOUND: 

PRINTDIG: 

J<EYF'FWG: 

JF· NZ, ROVJF--DUND 
LD .8,05H 
LD (4, •.)ı;OH 

DUT (00HJ 'J A 
IN ;:,~ \OOH: 

OF! UEOH 
Cl' OFFH 
JF' NZ, F:CJL.Jf"DUt\m 
L..D B,, ·)~4H 
LD Pı '·' 61.+1 
DUT \ (ıO~L .. , A 
I ı\j A .1 U) Of-D 
DF\ ıA::OH 

Cl·:· CıFFH 

JF' i'··.il ~ PO\,iFDUND 
L.D E:, •:)Ff-1 
LO ?';,C 
tıDD A~ f: 
LD E~, (1 

LD A~B 
ı::: ET 
LD HL, (MESSTARTı 
LD A, 'CURRENTDRl 
LD B,Pı 

CALL P:DDAHl_. 
L.D (.\~ (HL..ı 

P!.UD ti ,, ,, 
;·i 

ı:;l)D (\ 
' 
A 

'"~ r··;·ı r• fi 1-ı.c!i! ri 
'·' 

ADD 
,, 

ı~ !-! •! 

(iD U .. , ... 1 

ı·· i '! i'1 

OUT \OOHiıA 

LD A,B 
114C ,:~ 

CF' Ol>l-1 
LD (CURRENTDR>,A 

XDF·: rı 

LO (CURRENTORl,A 
m::T 
CF' IOH 
JP 1\IC, FUNI<EY 
LO E>,A 
LD {~, (MAFU'lG! 
CP 01H 
JF Z, FdJLf.\4 
i_ D HL.., ( ı~itıDH l 
L.D {4 1 \HU 
PıDD iı.1 n 
ADD ?)~(-\ 

i-iDD ~;,p, 

{1DD tı.1 ~\ 

t:Jh: B 



FWLA4: 

ADDRI10D: 

FUNC.l: 

FUNC2: 

LD (/-!U, A 
LJJ HL. ı ( /Yi{~Df:) 
LD A, \1·-ILJ 
LD (HEXBur~ '~-2), f) 
LD HL ., U'·itıDR i 
LD A,H 
LD (HEXBUF)

9
A 

LD (1., l 

LD iHEXBUF+.l J, A 
CIKL CONV7SEG 
E'ET 
LD A,B 
lD HL, (I"JADR) 
ADD HL., HL 
ADD HL,HL 
PıDD HL, 1-IL 
ADD HL,HL 
(Jf;· L 
LD l, ~~ 
LD U'"iADR) , HL 
LD Hl, i/1ADR> 
LD A9 H 
LD H,L 
LD L,A 
LD ( HEXDur J , HL 
Cr4LL C.:O!\IV7.SEG 
LD llL, ()()H 

LD i.O I GEıUF -t"4) 
1 

HL 
FIFT 

i-\11/D 1 Fi-i 
C::F' 1 (!H 

JF' JIJL,FLJNCl 
LD t;, ft1AFLPıG) 
AND ÜI.H 
XOR Otı-1 

LD iMAFU~G), {~ 
Jp Z ; I"IE/'11>/C.iD 
JP '"lDDF:/10IJ 
CF' 11 H 
JF NZ,FUUC2 
LD HL '·' \ 11f1D/~) 
JNC !-iL 
LD ( r·tADri) , HL 

!....D A, if'ii-)FLı':JGJ 
CF· OOH 
JF· Z, r·lENr·'IOD 
Jp ADDfd1DD 
CP 12l·/ 
JF NZ,FUNC3 
LD HL, ( i"iADFi:) 
DEC HL 
LD i i·1f4Di:~ J , HL 
LD ~ı, (l·li-iFL.AC;j 
CF' OOH 
JP Z, NEMi1fJD 
JP ADDf~I10D 



FUNC:3: LD HL, ( 1'1ADF~) 
..JP (1-JL) 

;***************************************** 

iJF:G 10001-1 
F'USH ı;F 

PUSH HL 
F'USH BC 
PUSH DE 
L.D A ,1 o::::H 
DUT (62H!,A 
L..D C~43H 
LD DE, ·::H"ıOOH 
LD B,2ô 

F'OI..L.l : L.D !~·.ı O 
DUT \C) ·.ı A 

F'OL.L: IN {1, (Ci 
BIT O.,ı'4 

JF' i:. , PiJl_L 
nı t=ı, \4:.:::H) 
L.D (DEl, rı 
U) t=ı, 30H 
OUT (C) .1 A 
INC DE 
DJI\JZ F'OLU 
CALL. TG:i-~N!::; 

F'DF' DE 
i:>oF· BC 
POF HL. 
FOF· AF 
EI 
h ET 

;***************************************** 

m;:G 1l0()H 
PUSH {\F 
F'U~1H HL 
PUSH BC 
F'USH DE 
LD ı'-'i, 02H 
DUT (6211), A 
LD C,4.3H 
I...D 1;, O 
OUT (C), {1 

PSl: IN {1 1 \Ci 
BIT O, Pı 
JF' l, F'~31 
IN ı'4ı (42HJ 
PU~3H AF 
LD Pı, ::::oH 
OUT (C), A 
F'DF AF 
i_ D HL, 9008H 



CP <HU 
CAI_L I'~Z, SC4TR 
Ci4LL F'CTF<PıNS 

POP DE 
POP BC 
POP HL 
POP Af~ 

EI 
RET 

;*********************************** 

OFIG l200H 
PUSI·-f i~F 

F'USH HL 
PU~.lH BC 
F'USH DE 
LD A,OlH 
OUT (62Hl!A 
LD C, 4::::1-1 
L.O 14, O 
OUT (C),~~ 

PS2: IN A, <Cl 
BIT O,A 
JP Z,PS2 
IN A, <42H) 
PUSH AF 
LD A, 3•.::ıH 
OUT (C) ,A 
POP AF 
LO HL~'iOlOH 

CP <HL) 
CALL NZ,SC3TR 
CALL PCTRANS 
POP DE 
POP BC 
POP HL 
POP AF 
EI 
F~ET 

;*************************************** 

ORG 1300H 
PUSH ;:)F 

PUSH HL 
PUSH BC 
F'USH DE 
LD A,OOH 
OUT (62Hl, i~ 
LO C, 4~:)H 
LD A,O 
OUT (C), A 

PS3= IN A, (C) 
BIT 0,1~ 

JF' 2,PS3 



IN A, (42Hl 
PUSH AF 
LD A.1 30H 
OUT (C), A 
POP AF 
LO HL, 901 CfH 
CF' (HU 
CALL NZ, SClTR 
CALL PCTRANS 
POP DE 
POP BC 
POP HL. 
POP AF 
EI 
RET 

;******************************** 

TRANS: CALL SClTR 
CAL.L. SC3TR 
CAL.L SC4TF: 
HET 

;********************************* 

SClTFi: LD t~ı O 
OUT <h2H),A 
LD HL, <tOOOH 
LD B,9 
CALL. SEt'>lD 
HET 

;************************************** 

SC3TR: L.D A,Ol 
OUT (6:::H), A 
l..D HL ,1 90091-1 
LO B,B 
CALL ~:)END 

ı:::: ET 

;****************************************** 

SC4TF:: I_D A, :2: 
OUT (62Hl,A 
LD HL,9011H 
LD B,9 
U1LL SEND 
RET 

;********************************************* 

SEND: L.D A,O 
OUT (43Hl,A 

NSEND: IN A, <4::::H) 
BIT 2,A 



JF' Z,NSEND 
LD A, \HU 
OUT (42Hl,A 
li\IC HL 
DJı·~z SEND 
f;ET 

;************************************** 

PCTRANS:LD A!3 
DUT \6::H) ,A 
LO HL •.; 9008H 
LD B,1 
CALL SEND 
RET 

, 



;********************************** 
; SLAVE CARD 1 PROGRAMI 
;********************************** 

DF\G OOH 
..JP 0200H 

;*********************************** 

DRCi oo::mH 
DI 
PUSH ?'iF 
PU~::;ı .. l HL. 
PUSH BC 
F'USH DE 
LD C, 4~)H 
LD DE, 'if'~ OOH 
LD D,9 

F'DLLl: L.D A .1 O 
DUT <Cl, A 

POLL: IN A, (C) 
BIT O,A 
.JF· Z, PDLL 
11\1 ı~\, Uf2H) 
l..D <DE), (i 

L.D A,30H 
DUT (C),~~ 

INC DE 
DJNZ POLL:l 
F'DF· DE 
F'DP EiC 
POP HL 
PUP AF 
EI 
F:ET 

;*************************************** 

CODES: 
DATf1: 
DELA'YN: 
YEU ... OW: 

DB 18H,14H,04H,13H,OC1H,15H,68H 
DB OCDH,OD5H,99H,79H,OB9H,ODAH,OD9H,OD1H 
DB 20,3,3,16,3,16,3,3,2 
DB OB7H,OFFH,087H,OFFH,OB7H,OFFH,087H,OFFH 

;**************************************** 

OFiG 200H 
LD SP' CJFFFH 
LD f1, 5~:5H 
DUT (20Hl,A 
NUF' 
ı~cw 

ULJT \21HJ,A 
Ul Aı 6FH 
DUT (20Hi,A 
I._D A.!OFH 
DUT <21 H) , ~~ 



LOOP: 

LD C,43H 
LD B,7 
LD HL., CC DES 
or I ı:;: 

LD f.!t .. , 3FH 
DUT (U1Hl ~A 
LD IY,DELAYN 
LD B~9 

LO HL ~· 9AOüH 
L.D 14.1 <I 'n 
LD (HLJ, A 
INC HL 
INC lY 
DJNZ LOOF' 
111 1 
EI 

AGAIN: LD IX,DATA 
LD l Y, '/AOOH 
L.D B,8 

CONT: 

LD t:l.1 ( IY+·B) 
CF' 1 
JF' 2, ONLYYEL.LO~J 
CAL.L. TRAI'~GM IT 
L.D A.1 (I Xl 
OUT ((lOHi, {1 

CALL. DEUWX 
INC IX 
INC IV 
D.JNZ CONT 
JF' i~G~~ I N 

;****************************** 

DELAYX: LD C, ( IYJ 
DELAYl: LO DE,OFFFFH 
DEUW:2 ~ DEC DE 

LD r:ı.1 D 
m( E 
JP NZ .1 DELAY2 
DEC C 
.JP NZ,DELPıYl 

RET 

"***************************************** ' . 

TRAI'~SM IT~ D I 
PUSH BC 
L.D HL' CJ'i~\OOH 
LD B,9 

TFiAN~:i: LD A ı O 
OUT (43H) .1 A 

INTl: IN P,, (4:::.Hı 

BIT ::::,A 
.:fF' Z, IIHl 
LD A, (1-iU 
DUT ( Lf :.~:H) , A 



INC ril 
üJNZ TF(AI\IS 
POP BC 
El 
F!ET 

;********************************** 

ONLYYELLOW: LD I:X,YEL.LOW 
LD A, (:i:x) 

OUT <OOHl,A 
CAL.L TRI~I\151'1 IT 
CALL DELAY2~:iN 

INC IX 
LD (1, (1 X) 
OUT WOH) , {~ 
CALL DEUW2SN 
LD ~ı~ (91~08H) 

CP ı 

JF' Z .1 01\IL YYELLOvJ 
JP {1GI-üN 

;****************************** 

DELAY2SN: 
DEL1: 
DEL2: 

LD C,5 
LD DE,OFHTH 
DEC DE 
LD A,D 
DR E 
JF i~Z, DEL2 
DEC C 
JF' NZ, DELl 
nET 

;*********************************** 



;********************************** 
; SLAVE CARD 2 PROGRAMI 
;********************************** 

OF:C OOH 
JF' 02001-l 

;*********************************** 

DFm oo::;m-ı 

DI 
F'Uf.:lH AF 
F'LJSH HL 
PU~)H BC 
F'U~3H m:: 
LO C,43H 
LD DE,9AOOH 
I_D B.1 9 

POL.U: LD A~ O 
OUT (C), A 

F'OLL: IN A .. , (Ci 
BJT 0 1 A 
JF' Z ~ POLi. 
11\J A, \42H) 
L.D ([)[) ,A 
LD {-'ı, 30H 
DUT (C; 1 {1 

Il\iC DE 
DJNZ F'DLL:l 
CAL.L DELAY::'iSN 
F'DP DE 
POP BC 
PDF' HL. 
POP ?'ıF 

EI 
f~ET 

;***************f*********************** 

CODES: DB 18H,14H,04H,13H,OC1H,15H,68H 
DATA: DB OCDH,OD5H,99H,79H,OB9H,ODAH 1 0D9H,OD1H 
YELLDW: DB OB7H,OFFH 

;**************************************** 

DELAY55N:LD C,10 
DEL51: LD DE,OFFFFH 
DELS2:: DEC DE 

LD A,E 
DR D 
JP r,~z, DEL52 
DEC C 
JP i\IZ,DFLS:l 
h: ET 



;**************************************** 

oı:;:G 20(ıH 

LD ~3P, 9FFFH 
i....D A ı ~=i:SH 
DUT (20H), A 
N OF' 
i\IOP 
OUT <:::tH), A 
LO A,hFH 
DUT \?OHl,A 
L.D i~, OFH 
DUT (211-\) ı A 
i ... D C,•t:3H 
LD D.1 7 
LD HL.,CDDES 
DT IF< 
LD A, :}FH 
DUT (O 11-1) , A 
NUP 
NCJF' 
OUT \O::::H) .1 A 

:ı: r·ı ı 

EI 
L.ü A, 1 
LD ( (N~OGH) , A 

VELLOWY:LD IX,YELLDW 
Cf.\LL TFd~N~:;J·i IT 
L.D n, (IX) 
UUT \ 001 .. ·1) , ~1 
I i~C I X 
CALL DELAY3 
LD A, (I X) 
OUT ( OOH) , (4 
CALL DELAY::: 
LD tı, \ 9iKıBH) 
CF' 1 
.JF' l., YELLOW"/ 

AGAIN: LD IX,DATA 
LD l Y, 'HiOOH 
L.D 8, i3 

CONT:: 

LD ı.:!ı,1 ( TY+8) 
CP 1 
JF' Z,YELLOWY 
CALL T R?1NSM lT 
LD A, (IX) 
OUT (00Hi,A 
Uıll DELAYX 
INC IX 
If\! C I Y 
DJI\IZ CUI'H 
JF' i\GI4 ~N 



;****************************** 
m::UWX: LD C,(IY) 
DELAYl: LD DEjOFFFFH 
DEUW2: DEC DE 

LD f-\, D 
cm E 
JF' l'~l, DEUiY2 
DEC C 
Jf' NZ, DI:~L(iY 1 
ı~ı:::T 

;***************************************** 
DEuw::.: LD C~ 5 
DELA31: LD DE,OFFFFH 
DEU432: DEC DE: 

Li) A, D 
OR E 
JF' I\IZ, DELi~ı:::.2 
DEC C 
JP NZ, DELA:~: 1 
f~ET 

;********************************* 

TR?iNSMIT: DI 
LD HI._, 'if~ OBH 
LO r.ı,O 

OUT i LL)i·-D , ?1 
I N l~ı ,1 (l.f3H i 
BlT 2,ı~ 

JF Z, JN.ll 
i.. .. D 1·1.1 < HL.) 
DUT ( <L:f-i) , {i 
i.: I 
RET 

;********************************** 



;********************************** 
; SLAVE CARD 3 PROGRAMI 
;********************************** 

ORG OOH 
JP ü:lOOI···I 

;*********************************** 

CH~G ü038H 
Dl 
JF' 570H 

;*********************************** 

ORG 0066H 
JP 5001 .. i 

;************************************ 

OFIG 0100H 
LD SP,9FFFH 
l_D ?-ı, 55H 
OUT <20Hl,A 
I'~CIP 

NOP 
OUT (21Hl,A 
LD A,6FH 
DUT GOH! .1 A 
LD 1~, OFH 
OUT (21Hl,A 
LD C, 4~::H 
L .. D B, J 
LD HL, CODE~:; 
Ollh 
LO A, :::::FH 
OUT \Ol HI, A 
LD A, :3FH 
DUT (03H) ,A 
LD IY,DEL.AYN 
LD B,f3 
LD HL., 9PıOOH 

LOOF': LD ~ı, (IV) 

LO <f-lll , {1 

li\IC HL 
INC I ·r 
DJr~Z LOOF' 
Ii"ı 

El 
AGAIN: LD IX 1 DATA1 

U) HL, L\f.\Tı;2 
L..D IY,9AOOH 
LD 8,7 
LD A, iiY+7> 
CF' :l 
.JF Z, YFLLO~·JY 
CI~L.L Th?H'-1~111 IT 



COI\IT: LD Pı.;(IXl 

DUT ((H) H) , A 
LD A~ (HU 
DUT (02Hl,A 
CALL DELAYX 
li\IC I X 
INC HL 
INC IY 
DJNZ CONT 
JF' AG?~IN 

;****************************** 

DELAYX: LD C, (IYl 
DELAYl: LD DE,OFFFFH 
DELAY2: DEC DE 

LD A,D 
OH E 
JP NZ,DELAY2 
DEC C 
JP NZ, DELPıY 1 
i~ ET 

;***************************************** 

TRANGr·ı IT: D I 

INT 1; 

F'USH HL 
L.D HL, 9A07H 
LD A,O 
OUT (43HJ,A 
IN A, (4:!.H) 
BIT 2,A 
JF' Z, INT1 
LO A, (HU 
OUT (42Hl,f.) 
POP HL 
EI 
F~ET 

;********************************** 

YELLOWY:LD IX,YELLOW1 
LD IV, YELUJ\IJ2 
L.D Pı, (I Xl 
DUT (00H), ı; 
i_D ?'ı, ( IY J 
OUT (02Hl,A 
cr.:iLL TF:ANSMIT 
C ALL. DE:L. Y2 
INC IX 
INC IV 
L.D A, (I X) 
OUT <001-D , A 
L.D A, O V) 
OUT \02Hl,A 
C{il.L DEL Y2 



LD ı'~, \9Pı07H) 

CP 1 
JT' l , YELLOWY 
JP ?'ıC:JAIN 

;****************************** 

DELY2: LD C,5H 
DELl: LD DE,OFFFFH 
DEL..2: DEC DE 

L.D ı'4,D 

OF< E 
JF' NZ,DEL2 
DE:C C 
.JP Nl,DEL1 
RE:T 

;*********************************** 
m;:G 5(l()H 

VEE! IL: 

F'USH AF. 
PlJ::)H HL. 
ı:::·usH BC 
PU':3H DE 
r:"U!3H l Y 
PUSH IX 
LD C,5 
CALL DEL1 
LD ı'4,B 
CP :::;; 
JF' Z,YESIL 
LD Pı, ODDH 
DUT WOH l , {~ 
C?iLL DEL.Y2 
LD 14, OEEH 
DUT ( OOH) , f~ 
LD {\~, 2 
OUT (02H), ı':i 

LD C.! :lh 
Cf~LL DEL 1 
LD A,'5 
CJUT ((ı2f-l), A 
CALL DELY2 
F'CJP T \ı 

J,/\ 

POP IY 
POP DE 
f:·op BC 
F'DP HL 
f'UP i4F 
LD A,UX> 
DUT (001-i) ,A 
F:ETN 



ORG 570H 
F'USH Al~7 

f='USH HL 
F'U'3H BC 
PUGH DE 
LD C,4:JI-I 
L.D DE, '1PıOOH 
L.D 8,8 

F'OL..U: LD f:i, O 
OUT (C), (4 

FOLL: Il\l i~, (Cl 
BIT O, (i 
JP Z,F'OLL 
IN 1;, (42H) 
LD !DE), A 
LU (i, ::::OH 
DUT \Cl, A 
Ir-JC DE 
DJNZ POLL:l 
F'OF' DE 
POP DC 
POP HL 
r=·oP ;;F 
EI 
h ET 

;*************************************** 

CODES: DB 1BH,14H,04H,13H,OC1H,15H,68H 
DATA1: DB 6DH,4DH,OB6H,OD6H,OEEH,OEEH,OECH 
DELAYN: DB 30,3,30,3 1 26,3,3,2 
YELLDWl:DB ODDH,OFFH 
YELLOW2:DB OFFH,OFFH 
DATA2: DB 05H,05H,05H,05H,02H,05H,05H 
;**************************************** 



;********************************** 
; SLAVE CARD 4 PROGRAMI 
;***********••********************* 

OI~G OOH 
JP 02001-! 

;*********************************** 

DF~G 003!3H 
DI 
F'USH AF 
F'USH HL 
PUSH BC 
FUSH DE: 
LD C, 4:5H 
L.D Dt:,9AOOH 
LD Eı,9 

F'OLL1: LO A~ O 
OUT (CI,A 

POLL.: IN A, (Cl 
BIT 0.! A 
JF' Z,POLL 
IN {~ı <42Hl 
LD WEl, A 
LD Pı, ~::.OH 

DUT (C), A 

INC DE 
DJNZ PDLLl 
PDF' DE 
POP BC 
PDI::o l·iL 
POP ı:iF. 

ET 
f(ET 

;*************************************** 

CODES: DB 18H,14H,04H,13H,OC1H,15H,68H 
DATA: DB OCDH,OD5H,99H,79H,OB9H,ODAH,OD9H,OD1H 
DELAYN: DB 20,3,3,16,3,16,3,3,2 
YELLOW: DB OB7H,OFFH,OB7H,OFFH,OB7H,OFFH,OB7H,OFFH 

;**************************************** 

ORG 200H 
I_D SP, 9FFFH 
LD r;, 5:.ıH 
OUT <20H) '! ?1 
I\IOP 
NOP 
iJUT \21Hl,A 
LD A,hFH 
DUT (?OH) , ?\ 
L_D A, üFH 
OUT C21Hl ,A 



LDOF': 

LD c j Lj.::;ı-ı 

LD B,7 
LD HL,CDDES 
OTIR 
I_D A, 3FH 
OUT Wl HI ı A 
LD IY,DELAYN 
I._D B, 9 
L.D HL, 9AOOH 
LD A, <IY) 
I_D (HU, A 
INC HL 
H~C IY 
DJNZ LOOP 
11'1 1 
EI 

(\G?1IN: I_D IX,DATA 
L.D IY, 9tıOOH 
L.D B,Fi 
LD A, ( IY.-t-8) 
CP 1 
.JP Z, DNL.YYELLCltıJ 
C rı LL. TRf''ıNSM IT 

CONT: l...D f:i., (I X) 
OUT (00HI,A 
Ci~LL DELAYX 
INC IX 
INC IY 
DJNZ CmH 
JP PıGi"~IN 

;****************************** 

DEUıVX: L.D C,(lY) 
DELAYl: LD DE,OFFFFH 
DFLAY2: DEC DE 

L.D A., D 
OF( E 
JF' NZ,DELAY2 
DEC C 
JP NZ, DELAY1 
t-<ET 

;***************************************** 

TRANSMH:Dl 
LD HL., (?AOBH 
L.D t:ı, O 
OUT (43H>,A 

INTl: IN A, (431-1) 
BIT 2, A 
JF' Z,INTl 
L.D A, (HU 
OUT (42H>,A 
EI 
RET 



;********************************** 

ONLYYELLOW: LD IX,VELLOW 
LD A, (IX) 
OUT ( 001··1) , A 
CALL TFIANSI'I IT 
CALL DELAY2~:;ı·~ 

INC IX 
I.J) {~,(IX) 

OUT \OOH), A 
CALL DELAY2SN 
LD A, (9A08Hl 
CP 1 
.lF' Z ,ONLYYELLOW 
JP i~GAIN 

;****************************** 

DEUW2SN: LD C, 5 
DELl: LD DE,OFFFFH 
DEL2: DEC DE 

LD A,D 
OR E 
JF' NZ,DEL2 
DEC C 
JP Nl 5 DELi 
FIET 

;*********************************** 


