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OZET

Yazicir giktisi bilgisayar programlarini optik okuma
'ydntemi ile belirlemek amaciyla yapilan bu calismada bir

optik sistem gelistirilmigtir.,

Optik sistemin, optik algilayici katinda elde edilen
elektriksel'sinyaller, tasarimlanan ve gergeklenen bir dev—
re yardimiyla sayisal sinyallere ddnlstlrdlmektedir. Kagit
tzerindeki siyah-beyaz bolgelere uygun olarak eide edilen
bu sinyaller, giris—-cikig portu ( Z-80 FIO ) araciligl ile
bilgisayar hafizasina ylklenmektedir. Hazairlanan bilgisayar
programlary ile hafizaya-ylklenen veriler degerlendirilerek,
kagait Gzerindeki yazi, resim ve benzeri sekiller belirlen—

mekte ve bilgisayar ekranina ¢izilmektedier.



SUMMARY

In this study an optical—-detection system which can

read printouts obtained from prinfers has been developed.

Electrical signals obtained from optical sensor sec—
tions of the system are converted to digital signals by
means of an.electronic‘circuit. These digital signals
which are generated according to black and white parts of
the print out surface are loaded to computer memory through
the input port of Z-80 FIO . Loaded data are processed by
a special written computer program. Finally letters, pictures
and whatever‘else is on the paper are detected and this

.,

figures are drawn on computer monitor.
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1. GIR1S

1.1 Optoelektronigin Tanima

En genel anlamiyla optoelektronik; elektronik, op-
tik ve 1g181n birlesimi ile verimli ve ekonomik olarak,
clglim yapmak, bilgi transfer etmek ve elektromekanik sis-
temlerin kontrolunu saglamak seklinde tanimlanabilir. Op—
toelektronik sistemlerde, elektronik devre elemanlari,is1ik
sagicilar (light emitters) ve 151kva1911ay1c11ar (photode—
tector, photosensor) olmak Uzere iki grupta toplanirlar. I-
g1k sagicalar, elektrik enerjisini 11k enetrjisine, i1gik
algirlayicilar ise 1s1ik enerjisini elektrik enerjisine do-

X3 . .. > » 0
nigtilren geviricilerdir (transducer).

Optoelektronik yeni bir teknoloji olmakla beraber e-
lektronikte vakum tiplerinin kullanildigr yillarda vakum
tipi i1gsi1k algilayicilar (vacuum—type photocells) hareketli
kapilaran motar kontrolugda, belirli yerlerden gecen insan
veya cegitli cisimlerin sayisinin belirlenmesinde, film ma—
kina ve kameralarinda kullanilmaktaydi. Binimizde benzer
teknik malin cinsini belirlemek amaciyla supermarketlerdeki

kod okuyucularda kullanilmaktadair.

Yariiletken teknolojisinin ortaya gikip gelismesine
paralel olarak optoelektronik éndﬂstrisinde de gok blyik
gelismeler saglanmistir. P ve N tipi variiletken malzeme-~
lerden olusan P~N eklemleri (P-N junction) belirli sartlar

altinda igi1k sacarlar. Bu 1sik tungsten ampullerin veya ben-—



zeri 1sik kaynaklarinin verdikleri i1gik kadar parlak olma-
makla birlikte, yluksek duyarliliktaki yariiletken algila-
yicirlar igin uygun 1si1k kaynaklaraidir. P ve N tipi yarii-
letken kristallerin eklemlerinden olugan 11k sagicar LED’
ler fiziksel yapilarina bagla olarak degisik dalga boyla-—
rinda, gorinidr (visible), mordtesi (ultraviolet) ve kizil—

tesi (infrared) 1sik sacabilirler.

Guntmizde optoelektronik sistemlerde kullanilan i1gsik
“algilayicilarda yvariiletken teknolojisiyle lUretilmektedir.
F-N ekleminden olusan diyot dogru kutuplamada (forward bias)
151k sagar,, ters kutuplamada ise (reverse bias) Uzerine
11k digtiglnde igerisinden elektrik akimi gegirir. Benzer
sekilde N-F-N tipi transistdr base ucu acikta iken " base—
collector " eklemine i1sik disidrdldiginde kendi icerisinde
elektron akimi olusturur ve transistorin dogru kutuplama

.

kazanca " hfe "’ yi aPt?lPlP.

Optoelektronik devre elemanlarinin fiatlarinin digik
fiziksel boyutlarinin kiglk olmasi, ayrica hizli ve yuksek
duvarlilikta galisabilme ozelliklerine sahip olmalari onla-
ra ekonomiklik saglar. Bu nedenlerden dolay: pek cok alanda

optoelektronik kullanimi tercih edilmektedir.

Bugiln optoelektronik sistemlerin endistriyvel alanlar—
da yvaygin olarak kullanilmalarinin yani sira, 1sik sinyal-
lerinin fiber optik kablolar yardim: ile uzak mesafelere
tasinmasi oclanaginin dogmasiyla, optik sistemlerin sayisal

haberlegsme alanindaki kullanima da biylk odnem kazanmigtir.
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1.2.Calismanin Amaca

Bu calismada optik algilayicilar kullamilarak kagat
dzerindeki, yazici (printer) giktisi bilgisayar programla-
rinin akunmasi amaglanmigtir. Bu amaca uygun olarak kagat
tzerindeki siyah-beyaz farklilaiklarini belirleyen bir optik
algilayici sistem gelistirilmigtir. Optik algilayicida elde
edilen elektriksel sinyaller tasarimlanan ve gergeklenen
bir devre yardimiyle sayisal sinyallere donigtlrdlmis ve
@lde edilen bu sayisal sinyailer, giris—gikis portu (Z-80
FIO) araciligiyle AMSTRAD 6128 bilgisayarinin hafizasina
yiklenmistir. Yazilan bilgisayar programlari yardimiyla
hafizaya yilklenen veriler degerlendirilerek, kagit lzerin-
deki yazi, resim ve benzeri sekillerin belirlenmesi islemi

gerceklestirilmistir.

Optik okuma igleminin ilk ve en Onemli basamagi kag:it
tizerindeki siyah ve beyaz bélgelerin algilanmasi isglemidir.
Kagit lzerindeki seklin hatasiz olarak belirlenebilmesi
icin herseyden dnce bu siyah-beyaz farkliliklarinin temiz
ve saglikli bir bigimde algilanmasi gerekmektedir. Temiz ve
saglikly bir algilama ancak, her zaman dizenli ve kararla
calisan bir okuma mekanizmasinin saglanmasiyla mimkiUndir.
Sivah-beyaz algilama igslemi igin bir bilgisayar yazicisinin
kullanimi uygun gorllmis ve optik okuma iglemi bilgisayar
yazicisinin, yazici kafasi yerine bir optik algilayica kafa

verlestirilerek gergeklenmigtir.
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1.3. Kullanilan Yazici ve Yazicinin Yazma tslevi

Bu caligmada optik algilama islemi Microline 83-A
vazicisl yardimiyla vapilmaktadir. Microline 83-A, nokta
matris {(Impact Dot Matrix) sistemiyle yazan bir yazici o-
lup, temel matrisi 9x9 luk noktalardan olusmaktadir. Bu
yazicida karakterler 7x9 luk nokta matrisiyle basilmaktadir.
EK 1'de karakterlerin nokta modelleri (Dot Pattern) veril-
migtir. Karakter genislikleri (character—to-character space)
ve satir araligir (line space) degigik fonksiyon komutlara
ile asagida verilen boyutlarda belirlenebilmektedir.[13

a. Karakter Geniglikleris

Ing Bagaina Disen Karakter Sayis: Karakter Genisligi
(Character Fer Inch, CPI) (Char. To Char. Space)
3 ) CPI F5.08 mm (1/5 inch)
8.% CFI .. F.003 mm (1/8.3  inch)
10 CPI 2.34 mm (1/10 inch)
16.5 CPI 1.52 mm (1/16.6 inch)

b. Satir Araliklara

Ing Bagaina Disen Satir Sayisi Satir Aralaiga
(Line Per Inch, LFI) (L.ine Space)
() LFPI 4.23 mm (1/&6 inch)

a8 LFI 3175 mm (178 inch)



u

"4 LFI" ve "8 LFI" satir araliklarina qore degisik
yazim modundaki karakterlerin basim trnekleri EK 2.° de ve-

rilmistir.

Microline 83-A yazicisinda, "10 CPI™‘lik yazim modun-—
da yazilmlﬁ karakterler "Normal Karakter", "16.5 CPI" lak
yazim modunda yazilmigs karakterler ise "KiaclUltidlmis Karak-
ter" olarak isimlendirilir. Sirasiyvla "S5 CPI" ve "8.3 CFI"
lik yazim modundaki karakterler ise "Normal" ve "kKilglltal-—-
mig" karakterlerin iki kat blylltiilmis basim gekilleridir.

L1l

Bu ¢alismada, 8 LFI satir araligir ve 10 CPI ile 5 CFI
karakter genisligindeki vazma modunda yazilmis olan yazici
cirktrlarinin okunﬁa51 lzerine caligilmigstir. Microline 83-A
yazicisr 4 10 CPI karaﬁter genisligi modunda bir satir ho-
yvyunca 80 karakter, 5 CFI genisligi modunda ise bir satir
boyunca 40 karakter basar. Her iki yazim modunda da yvazici
kafa bir satir boyunca 7x1°lik sittun vektidridnden olusan 260
vekﬁﬁru tarayarak ve hetr bir vektdr igin gerekli yerlere
noktalar basarak karakterlerin kagit lOzerine yazilmasina
saglamaktadir. Bagska hir deyisle, yazici kafa 10 CPI karak-
ter genigliqi modunda, her bir karakter igin 9 adim (Step)
iki karakter arasindaki bogluk igin de iig adim olmak Uzere
bir karakter genisligi boyunca toplam 12 adim hareket eder.
Bioylece bir satiri, toplam 80 karakter icin 12x80 (960) a-—
daimda kateder. 5 CFI karakter genisligi igin ise, herbir
karakter icin 18 adim, iki karakter arasindaki bogluk igin
de 6 aélm olmak Uzere bir karakter genisligi boyunca 24 a-

dim hareket eder. Bu vazma modunda bir satir 40 karakter

00
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genisligine sahip oldugu igin bir satiri yine 24§40 (260)

adimda katetmis olur.

Optik okuma isleminde de, karakterleri tam olarak be-—
lirleyebilmek icin kafanin hareketine egzamanli olarak bir
satir boyunca 960 drnek almak gerekmektedir.Kafanin hareke-

tiyle eszamanli drnek alimi,alt bdldm 1.4. de anlatilmigtar.

1.4. Yazici Kafanin Sirilmesi ve Kafa ile Eszamanli Ornek

Alim

Microline 83 A yazicisinda yazici kafa bhir darbe moto—
ru (Puls Motor) ile surdlmektedir.Darbe motorunun siridcid dev-
e Semasl éK I fe verilmistir.EK 3 'te gbrilen ve "SPFM1" ve
"SPPFM2" olarak adlandirilan kare dalga sinyalier darbe mo-—
torunu siiren sinyallerdir.Bu sinyaller sirasi ile yazicinin
kontrol kartindaki Q8 (74 LS 0%) tiumlesik devresinin 13 nu-
marali bacagi ile Q9 (7407) timlesik devresinin 1 numarala

hacaginda ¢ikt1r olarak Qfetilmektedir.au sinyallerin osilas-

kopta gdzlenen dalga sekilleri gekil 1.1’ de verilmistir.

T=2,66ms

SPPMA ll}.v

SPPM2,

SPPM2, |

Sekil 1.1. Darbe motoru EUPQCH sinyalleri.




Sekil 1.1’ de SFFPM2 sinyali,SFPPM21 veSFFM22 olmak Uze;
re iki degigik gekilde gizilmigtir.Bunun nedenis ya21é1 ka-—
fa soldan saga hareket ederken 9 timlesik devresinin 1 nu-
marali bacaginda SFFM21 sinyalinin (retilmekte ve darbe mo-
torunun mili saatin dénme yoninde hareket Etmekfedir.ﬁafa
sagdan sola giderken yani,geri dﬁﬁerken Q7 timlesik devresi-
nin 1 numarali bacaginda SFPM21°'in evrigi (Inverse) olan
SFFM22 sinyali Gretilerek,darbe ﬁotorunun milinin saatin don-
me yonlnidn tersinde hareket etmesini saglamaktadir.

EK 3¢ te verilen siiricl devre semasinda gorildiqd gibi
darbe motoru 4 fazli bir motor olup, SPPM1 ve SFFM2 ve bu
sinyallerin evrikleri olan SFFM1 ve SFFMZ sinyalleri ile sii—
rillmektedir.Bu sirdci devre semasi analiz edilirse, darbe
motorunun,s&rucu sinyallerin bir periyodu boyunca Sekil 1.2

de verildigi gibi 4 adimli hareket ettigigdrilecektir.

.l

<
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— s e . et e S e
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oedin adim adip edim

Sekil 1.2. Suridci sinyallerin bir periyodu bovunca

darbe motorunun sQridlmesi.



Optik ckuma isleminde de, darbe motoru surdcu sin-—
yallerinin disik seviyesinde (Low Level) 2 drnek, yliksek
seviyesinde (High Level) 2 Grnek olmak Gzere, bir periyod
boyunca toplam 4 ornek alarak, kafanin hareketine eszaman-—
l1 alarak bir satir boyunca toplam 260 ornek almak mUmkin-
dir. Burada gtz onine alinmas:i gereken bir konuda sdricil
sinyallerinin gerek dusik seviyesiﬁde; gerekse yliksek se—
viyesinde alinmasi gereken 2° gev‘arneklemelerin rastgele
degil, uygun zamanlarda alinmis olmasidir. Bu sorunu orta-
“dan kaldirmak igin bu calismada, SPFM1 ve SFPFMZ2 Jinyalleri
EX-OR kapisindan gegirilerek sekil 1.3° te gﬁatelilen s5in~-
yval elde edilmistir. Slridcd sinyallerin iki girigli EX-OR
kapisinin girislerine uygulanmasiyla bu kapinmin "@" gikig-
inda frekans: sirideld sinyallerin iki kat: olan "CLK" sin-
yvali élde edilmigtir. elde edilen bu sinyalin diglk sevi-
vesinde 1, yiksek seviyesinde 1, ornek alinarak uygun or-

nekleme yapma imkani saglamigtir.

T
SPPML ' | : : :
i | : : : v
! SPPML i H :
. SPPM2 =
; sPPM2 ;| ! 1 ] '
; : : \ ) | ' : ' :
! | '
| < :_P LFJ_ _F '
! koo ’
| .
{
L

(g) | o o )

Sekil 1.3 (a) Siirich sinyallerin'EX~DR kapisina uygulanmasi

(b) Uygulanan sinyaller ve Ciktinin dalga Sekilleri



2. OPTIE OKUMA SISTEMININ DONANIMI
2«1. Optak Algilayicr Sistemin Yapisa

Optik okuma sisteminin donanim mantigi, kagit Uze-
rindeki siyah-beyaz bolgelerin optik olarak algilanmasa
ve algilanan i1sik sinyallerinin elektriksel sinyallere
dntUgturilerek istenilen hafiza birimine aktarilmasini
igcerir. Bu islemi gerceklestiren aonanlm vapisinin biok

semnasi1 sekil 2.1. 'de verilmigtir.,

OPtl‘( T ' : nls.!c.snu : KvweHindins
Kofo ' ‘h\ . ' . l‘q*. N K-+l rev—
i
1
- '
1

|

1

[
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|

'
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: - N . '
[

i

[

1

[

]

'

[

'

Parclel 3 Kargiloshr
A 2 ang: lostiriex
:> ' Girig— Ciks $ ' ve
A\ C

CPU b Kab [ Flp-Flop lod ¥

Yazies

[

Sekil 2.1, Sistemin blok diagram:
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«2. Optik Algilayici Kafanin Yapisa

Girig bolimimde belirtildigi gibi, bu calismada
optik algilama islemi, yazicinin yazici kafasi verine bir

optik algilayici kafa yerlestirilerek vapirlmigtair,

Microline BX A yazicisinda yazici kafa, disey ola-
rak siralanmis 0.35 mm capinda 7 adet metal pini manyetik
olarak ileri geri hareket ettirir. Bu pinler araci1li19: ile
kagirt Uzerinde noktalamalar vapar ve karakterlerin ya211¥

masini saglar.

Optik algilayicai kafada, yazici kafada bulunan ya~—
zici pinlerin yerine 7 adet fiber optik kablonun disey ola-
“ak siralanmasiyla olusturulan fiber optik kablo matrisi

kullanzlmigtir.

Sekil 2.2. 1x7 fiber optik kablo matrisinin kesiti



11

7 adet fiber optik kablodan oclusan bu matris, ya-
zicyr kafanin kagida bakan ylzeyinde bulunan plastik bir
kapagin dzerine monte edilmistir. Olusturulan optik algi~

layicar kafamin sematik resmi gekil 2.3. 'de verilmigstir.

LED ler Fiber Ophk
. qulo laf"

[

' PIGSH“ Vauf’ —
Fiber Optit Kebige
Kablolar '

Sekil 2.3. Optik algilayici kafanin sematik resmi

Fiber optik kablo matrisi sekil 2.3.'de godrildugi
gibi plastik kapakta yazici pinlerin oturtuldugu yuvaya
yerlegtirilmigtir. Ayrica kagit ldzerinde parlaklik sagla-
malk amaciyla yuvanin olusturdufu cirkintinin sag ve sol
vaniyla, bu gikintinin iist kismina birer LED konulmustur.
Led’lerden gikan i1gik kagQit lUzerindeki siyah-beyaz bdlge
farkliliklarina gore degisik siddetlerde yansimaktadir.
Zagit Uzerinden yansiyan 1sik fiber optik kablolar araci-
lagr ile a1sik algilayicisi olarak kullanilan fototransis—
torlere ulastirilir. Fototransistorlerin yardim: ile ka-

git lzerindeki siyah—beyaz bolgeler belirlenir.



2.3. Tasarimlanan Devrenin Yapisi

Optik algilayici katfadan fibér optik kablolar a-—
racilifga ile iletilen 11k sinyalleri uygun izolasyon bi-
legenléri ile 1éik algilayicilarina ulasmaktadir. Bu galig—
mada i1sik glgliay1c151 olarak " MFOD 300 " ve " MFOD 200 "
fototvansistﬁrieri kullanilmigtar. " MFOD 300 " ve " MFOD
200 "fiber optik sistemler igin dretilmis fototransistor-
ler olup, elektriksel ve optiksel Odzellikleri EK S'de ve-
rilmistir.

Dptik algilayici kafadan gelen 1sik sinyalleri elek-
triksel sfnyallere dénugtUPmek ve bu elektriksel sinyalleri
de, bilgisayar hafizasina girdi olarak ylklenecek ééylsal
sinyaller haliné getirmek igin, bir élektronik devre tasa-
r1m1anm1§ ve gerceklenmistir. Tasarimlanan elektronik dev-
renin semast sekil 2.4. 'de goridlmektedir. Sekil 2.4. de ve-
rilen sema tasar1m1ana5‘devrenin, tek bir kanalini gister-
mektedir. Tim sistem, 7 adet fiber optik kablo igin, sema-
da gisterilen devrenin aynisi olan 7 adet devrenin bUtuntn-
den 0;u5maktadxr. Tasarimlanan devrenin cesitli kademele-~
rinde Uretilen ve sema Uzerinde numaralanmis olan sinyal-

lerin dalga bigimleri sekil 2.5. de gdsterilmigtir.
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- 2.4, Tasarimlanan Devrenin Caligmasi

Tasarimlanan devrenin caligsma prensibi sekil 2.4.°
de verilen devre semasi ve sekil 2.5.° de verilen sinyal

sekillerinin yardimy ile sdylece Ozetlenebilir.

Optik kafanin hareketi sirasinda algilanan i1gik sin-
yalleri fiber optik kablolarla " MFDD I00" ( veya MFOD 200 )
fototransistorlerine iletilir. Bu 1s1k sainyalleri, fototran-
sistor ile BC 108 NFN transistdridnin darlington baglanmasa
ile olusturulan transistérin kollektdr uwcundaki " V1 " oo
larak isimlendirilen sinyalde kiglk voltaj degigimlerine
sebep.olur.'VI sinyali bir voltaj gegiriciden ( voltage
¥milower ) gegirildikten sonra, seri bir kapasite ile d.c.
voltaj seviyesi sidzllerek " V2 Y sinyali alde edilir. Sekil
2.5. ten gdrdldigd gibi " V2 " sinyali, kafanin, beyazdan
siyaha gegiginde pozitif ytinde, siyahtan beyaza gecisinde
ise nagatif yodnde, oluggh milivoltlar seviyesindeki darbe—
lerden ( puls ) meydana gelmektedir. Daha sanrak" V2 " sin-
yali giris direnci 560 ohm ve geri besleme direnci Rf olan
bir evirici kuvvetlendiriciden ( inverting Amplifier ) ge-
girilmektedir.'Kuvvetlendiricinin geri besleme direnci Rf
mega ohm’ lar seviyesinde segilerek kazancin miumkin oldugu
kadar yiksek olmasi saglanmigtir. Kazancain yilksek tutulmasi
ile , kuvvetlendiricinin gikiginda -13 voltta ve +15 volt-
ta kirpilan darbelerden meydama gelen " V3 " asinyali elde
edilmigtir. Daha sonra bu " V3 " sinyali, eksi girigine.Po—
zitif referans voltaji uygulanan karsilastiricinin ( comp-

arator ) arti girisine ve arti girisine negatif referans
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-voltaji uygulanan kasilastiricinin ise eksi girigine uy-—
gulanmaktadir. Biylece kasilastiricilarain gikigsinda, ka—
fanin beyazdan siyaha gegiginde +15 voltluk darbelerden
olusan ve diger durumlarda —15 volt seviyesinde kalan

" oy4 " ginyali ile kafanin, siyahtan beyaza gegiginde +
15 voltluk darbelerden olusan ve diger durumlarda -15
volt seviyesinde kalan " V3 " sinygli 2lde edilmistir.
Elde edilen bu " V4 " ve " V5 " sinyalleri seri birer
diyot ile 1.2 k ohm’ luk direncgler uzerinden toprakla-—
narak —15 volt degerleri stzilmistir. Boylece beyazdan
siyaha geciste +13 voltluk darbeler veren " V6 " sinyali
ile siyahtan'beyaza geciste +15 voltluk darbeler veren

" Y7 " ginyalleri Gretilmigtir. Daha sonra " ysE " ove " V7N
aolarak isimlendirilen bu sinyaller, 6 adet TTL tampon’

dan olusan {( SN 7407 ) timlesik devresinin girislerine
uygulanmigtir., Bu timlesik devrenin cikisinda voltaj se-
viyeleri +5 vaolt alan dapbelarden olugan " v8 " ve " V9 "
sinyalleri elde edilmigtir. Sekil 2.5. ‘ten de goridldigl
gibi " V8 " sinyali, kafanin beyazdan siyaha gecisinde,
noyg v ginyali ise, kafanin siyahtan beyaza gecisinde +

5 volt seviyesinde darbeler dreten 5inyallerdir. " VB‘"
ve " Y9 " ginyalleri, " set " ve " reset " girislerine
sahip olan ( CD 4027 ) JK flip flop timlesik devresinin
sirasiyla 8 ( set ) ve R { reset ) girislerine uygulanarak
flip flop’ un @ gikisainda v Y10 " sinyali elde edilmigtir.
Sekil 2.5. ten gdrdldigd gibi " V10 " sinyali, kafamn
beyazdan siyaha gegisinde +5 volt (lojik 1) seviyesine u-
lasmakta ve kafa siyahta kaldig: surece bu seviyesini

-
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. korumaktadir. Ayni sekilde kafa siyahtan beyaza gectigin-
de " V10 " sinyali O volt ( lojik 0 ) degerine dismekte

ve kafa beyazda kaldigi sirece bu seviveyi korumaktadar.

Tasarimlanan ve gerceklenen bu devre yardim 1le
kagit lUzerindeki siyah-beyaz farka, siyah bGlgelerde
( lojik 1 ) beyaz bilgelerde ( lojik 0 J)olmak Uzere elde

edilmigtir.
.5, 7-80 FIO ile Eafanin Surdlmesi ve Veri Alama

Optik kafanin sirdlmesi ve tasarimlanan devrede el-
de edilen verilerin hafizaya yuklenmesi isleminde, Z-80
mikroislemcisine uyumlu galisan Z-80 FPI0O devresi kulla-

nitimstir.

Z-80 FI0 cift yonli galigma Ozelligi olan iki adet

.

port’ tan olusmaktadir. Z-80 FIO’ nun Z-80 mikroislemcisi—
nin sinyalleri ile eszamanli galigma dzelligine sahip ol-
masi, giris-gikis komutlarinin kullani1ldigar yerlerde dona-

nim acisindan kullanim kolaylig: saglar.

Bu galismada kullanilan AMSTRAD 6128 bilgisayar:
asagida verildigi gibi belirli adresler arasindaki port

numaralarini kullaniciya ayirmaktadirs

AlS —~ AB A7 — AO

_~,;; __________
Fe? EO ~ FE
FA

FE
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Yukaridaki tabloya uygun olarak Z-80 PIO igin

sectigimiz port adresleri portlarin galisma modlarina

gtire sbyledir;

FORT A FORT B
Kontrol : FAFA FAFE
Data : FAF8 : FarFc

Boylece, F8 adresine ayarlanan bir kod gdziicl
devre cikisinain PIO’ nun " €8 * ( chip select ) baca-
gina uygulapmaslyla biatiin caligma modlar: icin FIO’ yu

secmek mumkidndir.

A veya B portunun secimi ile " Kontrol " veya " Da-—
ta " secimi icin uygun g¢alisma modunun belirlenmesi igle-
mi de PIO’ nun " C/D " ¢ Control/Data Select ) ve ; BR/A "
( Fort B/Fort A Select ) bacaklarina sirasiyla adres hat-

tinin Al ve AZ bitlerinin baglanmasiyla saglanmistir.

Bu calismada kullanilan FIO devresinin Z-80 mikro-—
islemcisi ile olan baglantisi sekil 2.6. 'da gisterilmistir.
Z-80 PIO tumlesik devresinin yapisi programlanmas: ve elek-

triksel dzellikleri EK 6 ‘da verilmigtir.



{ DATA GBUS ) -
\ L} m
" IORG®
RO
Z- 80 i 2-80
. INT PTO
C Py _GNO
. r-1
Aule —elc/5
A .l 3/A
|-

Sekil 2.6. PI0O devresinin Z-80 mikroigslemcisi ile

baglantisi

Z-80 FI0 devresinin B portu girise promlanarak, op-
tik algilayici devreden-gelen sayisal sinyallerin hafizaya
yiiklenmesi saglanmaktadir. A portu ise, yazicinin ¢alisma-
sin1 yani, optik kafanin hareketini saglamakta ve uygun or-

nek alimini kontrol etmektedir.

Sekil 2.7.° de verildigi gibi A portunun A7 ve A6 bit-
leri girise diger bitleri ise ¢ikiga programlanmigtir. B7
biti " SFFM1 " ve " SFFM2 " sinyallerinin EX-OR kapisindan
gecirilmesiyle elde edilen " CLK " sinyalinin kontrolunu
yapmaktadir. A7 biti ile " CLK " sinyalinin bir dagik bir

yviltksek seviyesi kontrol edilerek uygun ornekleme yapillma-



51 saglanmaktadir. A6 — AOD bitleri ise yazma isleminin
gerceklesmesi igin yaziciyla, bilgisayar arasindaki ge-—
rekli sinyallerin iletilmesini saglamaktadir. Bu sinyal-
ler sirasiyla; A6 biti, yazicidan bilgisayara godnderilen
ve ( lojik 1 ) oldugu zaman yazicinin veri almaya hazir
oldugunu gidsteren " BUSY " sinyalidir. AS biti, bilgisa-
yardan yaziciya gonderilen ve ( lojik QO ) oldugu zaman
bilgisayarain veri gondermeye hazir oldugunu gdsteren

" STROBE " sinyalidir. " STROBE " sinyali yazilan prog-
ramda A portu araciligl ile gonderilir ve yazicidan

" BRUSY " sinyalinin " 1 "’ e yikseltmesi beklenir. Ya-
2icy " BUSQ " sinyalini " 1 "’ e yukselttigi zaman, A4-
AOQ bitleri ile yaziciya " ASCII " karakter kodlari gbnde-
rilir. Burada yazma islemi stz konusu olmadigi igin A4-
AQ bitleri ile gdnderilen " ASCII " kodun hig¢ bir Snemi
yoktur., Olugfurulan bu interface sinyalleri ile sadece

03 -'-
kafanin hareket etmesi saglanir.

Yamarga Ver' Gonder o

5"pr cLK GUSY sTRong D I
s L T 1 1T 1 11

A | Re | Ag Ry | Az | Ao | A | A, poar A

/\_—_V"/;@_\
L T L L 1]

o | 6| 85|68y | B | B.| B | go| PoORT B

Sekil 2. 7. Z-80 FIO portlarinin kullanima
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3. YAZILIM

J»1. Hazarlanan Bilgisayar Frogrami

Optik algilayici devrede elde edilen sayisal sinyal-
leri hafizaya ylklemek ve bu veriler yardimiyla karakterleri
belirlemek ig¢in bir bilgisayar programi hazirlanmigstir. Ha—
zirlanan bilgisayar programi "BASIC" programlama dilinde
vazilmis olan bir ana programla, 7-80 assembler dilinde ya~—
zilms olan bir alt programdan olusmaktadir.

Optik algailayici kafanin hareketi, Ornek alimi ve ali-
nan drnekler degerlendirilerek karakterlerin belirlenmesi
islemi alt programda gebgeklegtirilir. Bu islemlerin yara-
tillmesinde "BASICY programlama hiz agisindan vavas kaldig:

igin alt program makina dilinde hazirlanmigstir.,

Optik okuma islemi, yvazilim geregi, yvazici ciktisa
programlar éaﬁ1r,sat1r taranarak yapilmaktadir. Bu nedenle
yazicr giktilar:a allnlrk;n dikkat edilmesi gereken iki Gnem-—
1i nokta vardir: Bunlardan biri, program satarlarinin yazi-—
cinin bir satirini (Yazim moduna gidre, "Normal Karakter" i-
cin 80, "Bluyiitilmils Earakter" igin 40 karakteri) gecmemesi
gerekir. Program satirinin, yazicinain bir satirini gegmesi
durumunda optik ockuma acisindan sakincalar dogmaktadir.
Yazicida program satiri bir satiri gegtigi =zaman bu satirain
devami bir alt satirda basilmaktadir. EgQer bu satir herhangi
bir say1 ile bagliyvorsa optik okuyucu bu sayiyir satir numa-—
rasi olarak kabul edecektir. Biylece okunmasi istenilen

programin yapisi bozulacaktir. Bir diger nokta ise, program-—

larin son satirinda "ENDY komutunun mutlaka yazilmis olmas

-
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gerekmektedir., Clnkd optik ockuma islemi "END" yazisi okundu-—
gu zaman sona ermektedir. EQer "END" komutu yazilmamigs ise

program bitmis dahi olsa optik ockuma islemi devam edecektir.

F.1.1 Ana Frogram

Ana program caligtirildiga zaman, once data olarak gi-
rilen nokta model verilerini okur. Okudugu bu verileri
THO00 (BCAQ Hewx) ile 36855 (BFF7 Hex) nolu adresler arasinda
kalan hafiza birimine yerlegtivir’. Daha sonra disketten
"READER .FRT" isimli alt programi yikler ve okunulmasi iste-
nilen yazici ciktisinin yazim modunun girilmesini bekler. O-
kunmasi istenilen yvazici giktisi "Normal karakter" modunda
vazilmig ise "N "Blyltiilmis karakter" modunda ise "B"
tusuna basilarak karakterlerin yazim modu belirtilir.
program girilen yazim moduna gore hafizada belirli adreslerde
ayrilan yerlere gerekli verileri ylkler. Diskte "FROGRAM.BAS"
isimli bir kiitik (file) actiktan sonra makine dilinde ya-
z1lmis olan alt programt® ¢agirir. Alt programda drneklemeler
alinip karakterler belirlendikten sonra tekrar ana programa
donidlir. Alt programda belirlenen karakterler hafizadan sira
ile cekilerek "A%" olarak atanan degigkende toplanir. Daha
sonra "A%" degiskeni "FROGRAM.BAS" ismiyle acilan kiltige ya-
z1l1r. Boylece ckunmasi istenilen "BASIC" programin ilk sa-
taranan "ASCII" karakter Eodlar1 diskete ylklenmis olur.
Okunulmasi istenen bilgisayar progﬁam1n1n satir sayisi kadar
alt programa gidilerek her bir satir igcin ayni islemler tek-—
rar edilir. Frogramin son satir: da okunup diskete yazildik-
fan sonra diskette agilan kiititk kapatilir. Son olarak dis—
ketten "FROGRAM" isimli program hafizaya ylklenerek optik

_okuma iglemi tamamlanir.
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F.1.2. Alt Program

Hazirlanan alt program iki asamadan olusmaktadir. Frog-
ramin ilk agamasinda, optik kafanin hareketi, drnek alimir ve
alinan orneklerin hafizaya atilmasi islemleri yiaritilmekte—
dir. 1kinci asamada ise ilk asamada hafizaya atilan ornekler

karakterlerin belirlenmesi ve belirlenen karakterlerin ha-—

fizaya yiklenmesini saglamaktadir.

Alt programin ilk basamaginda, Z-80 PI0 kartinin A ve
B portlari galisma kosullarina gore programlanir. Daha sonra
FIO kartinain A portu araciligyr ile yaziciya 80 karakter icin
gerekli olan "Interface" sinyalleri ile "ASCII" karakter kod-
lar: gonderilir. Gonderilen bu sinyaller ile optik kafanin
hareket etmesi saglanir. Optik kafanin hareketiyle birlikte
crmnek alimina baslanir. Urnek alma islemi "GIRIS" bollminin
"1.4" nolu alt bolumiiyle "DOMANIM" boluminin "2.4" nolu alt
bolimine uygun olarak ve bir satir boyunca 260 Ornek alinarak
vapilir. Alinan bu drnekler hafizada 3TJ000 (B8ES Hex) nolu
adresten itibaren yilklenir. Bir satir igin drnekleme alin-
diktan sonra alt programin ikinci agsamasi olan karakterlerin

belirlenmesi islemine gegilir.

Karakterlerin bhelirlenmesi, data olarak girilen nokta
model verilerivle drneklemeler sonucunda ailnan verilerin
karsilagtirilmas: ile yapilir. Karsilastirma sonucunda be-—
lirlenen karakterler 37120 (2100 Hex) numarali hafiza adre-—
sinden itibaren yuklenir. Karakterlerin belirlenmesi iglemi

tamamlandiktan sonra ana programa donllir.
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4. GENEL SONUCLAR
4.1. Sonuglar

Yazicida pasllmlg bilgisayar programlarini optik bir
sistemle okuyup, bu programlar:i bilgisayara yluklemek ama-—
ciyla vapilan bu calismada su sonuglar elde edilmistir,

Kagit Uzerindeki siyah—-beyaz bidlgelerin, kagidin yu-
zeyinden yanslyén 11k sinyalleri ile optik olarak belirlen-
mesi, kullanilan optik algilayicilarin yiliksek duyarlilikta
oclmasini zorunlu kilmaktadir. Yapilan deneysel galismalarda
optik sistemler igin Uretilmis olan normal fototransistor
ve fotodiyot gibi isak algilayicailarinain kagit ylzeyinden
yansiylp fibér optik kablolarla iletilen bu i1sik sinyallerini
algilamada yetersiz kaldaiklari gtzlenmigstir. Fiber optik
sistemler icin Uretilmis ve ylksek duyarliliga sahip olan
"MFOD200" ve "MFODIOO" fototransistdrleri bu i1sik sinyalle—
rini algilayabilmektedirler. Bu tip fototransistirlerin eli-
mizde yeterli miktarda ofMay1$1 ve bzel amacli olduklara
icin piyasada bulunmayislari sebebiyle bu galigmada tam o-
larak istenilen amaca ulasilamamistir. Uygun cap ve kalitede
fiber optik kablonun bulunamayisi amaca ulasilamamasinda

diger bir etkendir.

Bu calismada elimizde bulunan 2 adet "MFOD200" ve 1
adet "MFOD300" fototransistdrleriyle amagtan biraz daha

farkll bir uygulama gerceklestirilmigtir.



4.2. Gerceklenen Uygulama

Kisitl:i imkanlarla yapilan bu galismada, bilgisayanr
ciktisi: resim, sekil ve blylk boyutlardaki ya=zilar, optik
olarak algilanip bilgisayar ekranina gizilebilmektedir. Ka-—
g1t tzerindeki resim ve gekillerin belirlenmesinde takip

edilen yol siyledir.

Yazicida basilmis olan resim ve sekiller optik kafa
ile satir satir taranarak her bir satir igin 450 Ornek alai-
nir. Alinan bu ornekler belirlenen bir hafiza birimine yik-
lenir. Ornek alma islemi "YAZILIM" bdluminde anlatilan alt
program yarplmlyla vapilmaktadir. Burada karakterlerin be-
lirlenmesi stz konusu olmadig: igin bu alt programin ilk
kismi kullanmilir. Karakterlerin belirlenmesiyle ilgili olan
kisim gikartilmistir. Bir satir igin drnekleme alindiktan
sonra EK 7.3'te verilen "BASIC" programa doniililr. Bu program
vardimiyla héflzadaki érnekleme verileri sira ile alinarak
kagit Uzerindeki resmin‘ilk 25 satiri igin aynai islemler
tekrar edilir. Sonucta optik olarak algilanmasi istenilen
resmin ilgili satirlari ekranda olusturulur. Bu uygulama
ile okunmus ve ekrani kagit lizerine kopya edén "SCREENCORY"
programi ile kagida aktarilmis bir kag drnek EK 8'de veril-

mistir.
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Karakterlerin Nokta Modelleri
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Microline 83-A Yazicisinin DEgigik Yazim

Modlarindaki Ya=zim Urnekleri
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Darbe Motoru Siiriicii Devresi
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"MFOD 200" ve"MFOD 300"Fototransistérlerin
Elektriksel ve optiksel Ozellikleri

@ MOTOROLA

PO. BOX 20812 « PHOENIX, ARIZONA 85036

SEMICONDUCTORS

MFOD200

Control Systems

® Spectral Response Matched to MFOE 200
® Hermetic Metal Package for Stability and Reliability
® High Sensitivity for Medium Length Fiber Optic

® Compatible with AMP Mounting Bushing #227015

PHOTOTRANSISTOR FOR FIBER OPTICS SYSTEMS

...designed for infrared radiation detection in medium length,
medium frequency Fiber Optic Systems.
include: medical electronics, industrial controls, security systems,
M6800 Microprocessor systems, etc.

Typical applications

FIBER OPTICS

NPN SILICON
PHOTOTRANSISTOR

=

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted).

L)

Temperature Range

Rating (Note 1) Symbol Value Unit
Collector-Emitter Voltage VcEO 40 Volts
Emitter-Base Voltage VEBO .10 Volts
Collector-Base Voltage VcBo 70 Volts
Light Current ('Y 250 mA
Total Device Dissipation @ T4 = 25°C Po 250 ., mwW

Derate above 25°C 1.67 mwW/°C
Operating and Storage Junction T)Tsg |-55t0 +175 °c

FIGURE 1 — CONSTANT ENERGY SPECTRAL RESPONSE

80 /

7
2 / \
Z 60
2 / \
; ‘“r // )
g /
L W4 A
0
04 05 0§ 0.7 03 09 1.0 w2
A, WAVELENGTH (um)

SEATING
PLANE

STYLET:
PIN 1. EMITTER
2, BASE
3. COLLECTOR

NOTES:™
1. LEADS WITHIN .13 mm (.005) RADIUS
OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL
CONDITION.
2. PIN 3 INTERNALLY CONNECTED TO
CASE.

MILLIMETERS| _INCHES
orm[ wiN_| MAX | Wil | MAX
\ | 531 | 688 [ 0209
aszlass Toimlates
41| 048 100160019
19160 | 00471 0.063
G | 25485C | 0.10085C
W1 117 | 6039 0.0
84 [ 1.22 00337 0.
X [1270| - [esool -
L 338 J a0t [oa32]01
(W[~ e®Bsc | 4s0gsc
CASE 82-04
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- ‘\J‘“

STATlC ELECTRICAL CHARACTERISTICS (TA 25°C unless otherwnse noted)

" Characteristic Symbol © Min ' Typ Max Unit
Cotlector Dark Current ' : IceEO .
(Voe =20V, H=0) Tp = 25°C : - - 25 nA
Ta = 100°C - 4.0 - KA
Collector-Base Breakdown Voltage ' ' V(BRICBO 50 - - olts
(ic = 100 uA)
Cofllector-Emitter Breakdown Voltage V(BR)CEO 30 - - Volts
(tc = 100 pA) ' '
Emitter-Collector Breakdown Voltage V(BR)ECO 7.0 - - Volts
(1g = 100 pA) '

OPTICAL CHARACTERISTICS (Tp = 25°C)

Characteristic Symbol Min Typ Max Unit

Responsivity (Figure 2) R 14.5 18 - HAuUW

Photo Current Rise Time {Note 1) te - 25 - Hs
(R = 100 ohms) '

Photo Current Fail Time (Note 1) tf - 4.0 - Hs
(R = 100 ohms)

Note 1. For unsaturated response time measurements, radiation is pruvided by pulsed GaAs (gallium-arsenide) light-emitting diode {A = 900 nm)
with a pulse width equal to or greater than 10 microseconds, i¢ = 1.0 mA peak.

FIGURE 2 — RESPONSIVITY TEST CONFIGURATION ’

1 Meter Galnte 1000 Fiber

’ DuPont PIR140 +20V

L1
I_‘l N
» MFOE200 Oonnector

D.U.T.

TYPICAL CHARACTERISTICS
COUPLED SYSTEM PERFORMANCE versus FIBER LENGTH*

A FIGURE 3 ~ MFOE200 SOURCE
10 :
Tp = 250C ]
g
o 10Ees_
Q ——
[
; e~ 1 = 100 mA
= —~
u 1f = S0 mA \\
T 0 S
Q ——
-~ —
Ty
001 L —

30 60 90 12 15 i 21 4 27 W

*0.045" Dia. Fiber Bundle, N.A. = 0.67,
FIBER LENGTH (m)

Attenuation at 900 nm = 0.6 dB/m

- Motorola reserves the right to make changes without further notice to any products herein to improve reliability, function or design. Motorola does
not assume any liabitity arising out of the application or use of any product or circuit described herein; neither does it convey any license under its
patent rights nor the rights of others. Motorola and (M- are registered trademarks of Motorola. inc. Motorola, Inc. is an Equal Employment Opportunity/
Affi ive Action Empl
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@ MOTOROLA

SEMICONDUCTORS MFOD300

PO. BOX 20912 « PHOENIX, ARIZONA B5036

FIBER OPTICS

NPN SILICON
PHOTODARLINGTON TRANSISTOR PHOTODARLINGTON
FOR FIBER OPTICS SYSTEMS TRANSISTOR

...designed for infrared radiation detection in long length, low
i frequency Fiber Optics Systems. Typical applications include:
industrial controls, security systems, medical electronics, M6800
Microprocessor Systems, etc.

Spectral Response Matched to MFOE100, 200

Hermetic Metal Package for Stability and Reliability

Very High Sensitivity for Long Length’ Fiber Optics
Controi Systems

Compatible With AMP Mounting Bushing #227015

Ao
MAXIMUM RATINGS (T = 25°C unless otherwise noted). L r_ ?p
Rating Symbol Value Unit f
Collector-Emitter Voltage VCEO 40 Volits h _T [
Emitter-Base Voltage VEBO 10 Volts SEATING J ;
Collector-Base Voltage s V¢Bo 70 Volts PLANE X
Light Cugrent : . o 250 mA l
Total Device Dissipation @ Tp = 25°C . Pp - 250 mw
Derate above 25°C 167 mwW/°C
Operating and Storage Junction T).Tstg. |-65t0 +175 oc
Temperature Range

STYLE 1:
PIN 1. EMITTER
2. BASE
3. COLLECTOR
FIGURE 1 — CONSTANT ENERGY SPECTRAL RESPONSE NOTES:

100 1. LEADS WITHIN .13 mm {005} RADIUS

OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL
\ CONDITION,
80 2. PIN 3 INTERNALLY CONNECTED TO
= / \ CASE.
& | / \ MILLIMETERS | INCHES
g 60 o] MIN_ MAX_ | MIN | MAX
2 / \ A 1 5371584 [0.209[0230 ]
= 8 | 452 4.95 [0.178] 0.5
: 40 Z \ C .22 | 698 | 0.2451 0.2]5
Z a5 5041 048 {006 0019 ]
3 V F | 1. 60_| 0.047] 0.063
& / \ 2.54 BSC 100BSC_|
2 99 [ 1.17 | 0.039] 0046
84 | 122 {00331 0048
727301 - [o0s00] -
0 L ] 335 | 401 [0132[0.15
04 05 06 07 08 03 10 o2 M 450BSC 4508SC_ )
A, WAVELENGTH {um} CASE 82-04
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" MFOD300 _

.STATIC ELECTRICAL CHARACTERISTICS (T = 25°C)

Characteristic Symbol Min Typ Max Unit
Collector Dark Current ICEO - 10 100 nA
{(Vce=10V, H=0) .
Collector-Base Breakdown Voitage V(BR)CBO 80 - - Volis
{ic = 100 uA)
Coltector-Emitter Breakdown Voltage V(BR)CEQ 30 - - Volts
{tc = 100 uA)
Emitter-Base Breakdown Voltage V(BR)EBO 7.0 - - Voits
{1g = 100 uA) ‘
OPTICAL CHARACTERISTICS (Tp = 25°C)
Characteristic Symbol Min Typ Max Unit
Responsivity (Figure 2) . R 400 600 - BAUW
Photo Current Rise Time (Note 1) t - 40 - us
(R = 100 ohms)
Photo Current Fall Time {Note 1} t§ - 60 - us
(R = 100 ohms)

Note 1. For unsaturated response time measurements, radiation is provided by pulsed GaAs (gallium-arsenide) light-emitting diode (A =~ 900 nm)
with a pulse width equal to or greater than 500 microseconds, Ic = 1.0 mA peak. .

+ FIGURE 2 ~ RESPONSIVITY TEST CONFIGURATION .
' 1 Meter Galite 1000 Fiber
L. or
DuPont PIR140
L ‘ 1 450V
» MFOE100 Connector
TYPICAL CHARACTERISTICS
COUPLED SYSTEM PERFORMANCE versus FIBER LENGTH*
FIGURE 3 — MFOE100 SOURCE - , FIGURE 4 — MFOE200 SOURCE
10 T ¥ ) o Sy i e ety I JNNCE TN R
Ta= 259C _5‘_\& ~oF
5.0 hn \\ N
= -
< S E e‘
£ \\ - = N N
2 1w S 2 10 -
aQ e ~ e —— — —
2 os N~ = - N
: ‘\\ = \‘
- = —
e ~ ~ IF < 100mA E - —
w
€ o1 =3 = E 01
B g5 if = 50 mA ©
Ty
0.01 0.01
0 30 60 80 12 15 18 ] 24 21 30 0 50 100 15 20 % 30 3% 40 45 50
FIBER LENGTH (m) FIBER LENGTH (m)
*0.045” Dia. Fiber Bundle, N.A. = 0.67, Attenuation at 900 nm = 0.6 dB/m
Motorola reserves the right to make changes to any products herein to improve reliability, f ion or design. M ia does not any fiability arising
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others.
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Z-80 PIO'nun Yapaisi ve Programlanmasi

1.0 INTRODUCTION

A The Z80 Parrallel 1/O (PIO) Circuit is a programmable, two port device which provides a TTL
- "gompatible interface between periphidral devices and the Z80-CPU. The CPU can configure the Z80-PIO

to interface with a wide range of peripheral devices with no other external logic required. Typical peripheral
devices that are fully compatible with the Z80-PIO include most keyboards, paper tape.readers and
punches, printers, PROM programmers, etc. The Z80-PIO utilizes N channel silicon gate depletion load

- technology and is packaged in a 40 pin DIP. Major features of the Z80-PIO include:

e Two independent 8 bit bidirectional peripheral interface ports with ‘handshake’ data fransfer
control

e Interrupt driven ‘handshake’ for fast response
e Any one of four distinct modes of operation may be selected for a port including:
Byte output
Byte input
Byte bidirectional bus (Available on Port A only)
Bit control mode
All with interrupt controlled handshake

® Daisy chain priority interrupt logic mc]uded to provnde for automatic interrupt vectoring without
external logic.

e Eight outputs are capable of driving Darlington transistors.
e Ail inputs and Outputs,fully TTL compatible
e Single 5 volt supply and single phase clock are required.

One of the unique freatures of the 7.80-PIO that separates it from other interface contrellers is that all

44

data transfer between the peripheral device and the CPU is accomplished under total interrupt control. The

interrupt logic of the PIO permits full usage of the efficient interrupt capabilities of the Z80-CPU during 1/0
transfers. All logic necessary to implement a fully nested interrupt structure is included in the PIO so that
additional circuits are not required. Another unique feature of the PIO is that it can be programmed to
interrupt the CPU on the occurrence of specified status conditions in the peripheral device. For example,
the PIQ ‘can be programmed to interrupt if any specified peripheral alarm conditions should occur. This
interrupt capability reduces the amount of time that the processor must spend in polling peripheral status.

4
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2.0 PIO ARCHITECTURE

A block diagram of the Z80-P10O is shown in figure 2.0-1. The internal structure of the Z80-P1O
consists of a Z80-CPU bus interface, internal control logic, Port A 1/O logic, Port B 1/O logic, and interrupt
control logic. The CPU bus interface |qgig -allows the P10 to interface directly to the Z80-CPU with no
other external logic. However, address decoders and/or line buffers may be required for large systems. The
internal control logic synchronizes the CPU data bus to the peripheral device interfaces (Port A and Port B).
The two I/O ports (A and B) are virtually identical and are used to interface directly to peripheral devices.

+5Y GND @
INTERNAL PORT 4—3/-—0 DATA OR conmoq
CONTROL > a
e vo.. HANDSHAKE
>
s ‘ .
CPU :
cPy DATA Bl;s sus K INTERNALBUS . , PERIPHERAL
INTERFACE ) o ~ .
PIO CONTROL
LINES .
Kj——{> DATA OR CONTROL
INTERRUPT b PORT
CONTROL. - :

8
v R

HANDSHAKE
) J
3 o .. .

]

INTERRUPT CONTROL LINES

 FIGURE 20-1
\et's"  PIOBLOCK DIAGRAM

AR
DY

”p. i) . . ) N )

The Port 1/0 logic is composed of 6 registers with “handshake” control logic as shown in figure 2.0-2.
The registers include: an 8 bit data input register, an 8 bit data output register, a 2 bit mode control
register, an 8 bit mask register, an 8 bit input/output select register, and a 2 bit mask control register.

INPUT/OUTPUT
> SELECT REG
88I17S)

3

MODE
CONTROL OUTPUT
REG ENABLE
(28I7S) )
: DATA
TERNAL BUS :> ouTPUT
INTERNAL out
{8 BITS)

seIT
PERIPHERAL
- DATA OR
CONTROL BUS
D K DATA

MASK MAS -

CONTROL > REG INPUT

nES ‘ {88ITS) RES.... <
(2 B1TS) INPUT DATA [N

1
t

|
| READY
f HANDSHAKE |—
INTERRUPT HANDSHAKE
7 REQUESTS oo * IW LINES

FIGURE 20-2
PORT 1/0 BLOCK DIAGRAM
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The 2-bit mode control register is loaded by the CPU to select the desired operating mode (byte
output, byte input, byte bidirectional bus, or bit control mode). All data transfer between the peripheral
device and the CPU is achféved through the data input and data output registers. Data may be written into
the output register by the CPU or read back to the CPU from the input register at any time. The handshake

lines associated with each port are used to control the data transfer between the PIO and the peripheral
device.

' The 8-bit mask register and the 8-bit input/output select register are used only in’ the bit control
mode. In this mode any of the 8 peripheral data or control bus pins can be programmed to be an input or

_ an output as specified by the select register. The mask register is used in this mode in conjunction with a

special interrupt feature. This feature allows an interrupt to be generated when any or all of the unmasked
pins reach a specified state (either high or low). The 2-bit mask control register specifies the active state
desired (high or low) and if the interrupt should be generated when all unmasked pins are active (AND
condition) or when any unmasked pin is active (OR condition). This feature reduces the requirement for
CPU status checking of the peripheral by allowing an interrupt to be automatically generated on specific
peripheral status conditions. For example, in a system with 3 alarm conditions, an interrupt may be
generated if any one occurs or if all three occur.

The interrupt control logic section handles all CPU interrupt protocol for nested priority interrupt
structures. The priority of any device is determined by its physical location in a daisy chain configuration.
Two lines are provided in each PIO to form this daisy chain. The device closest to the CPU has the highest
priority. Within a PIO, Port A interrupts have higher priority than those of Port B. In the byte input, byte
output or bldlrectlonal modes, an interrupt can be generated whenever a new byte transfer is requested by

_ the peripheral. In the bit control mode an interrupt can be generated when the peripheral status matches a

programmed value. The PIO provides for complete control of nested interrupts. That is, lower priority
devices may not interrupt higher priority devices that have not had their interrupt service routine com-
pictcd by the CPU. Higher priority devices may interrupt the servicing of lower priority devices.

When an interrupt is accepted by the CPU in mode 2, the interrupting device must provide an 8-bit
interrupt vector for the CPU. This vector is used to form a pointer to a location in the computer memory
where the address of the interrupt service routine is located. The 8-bit vector from the interrupting device
forms the least significant 8 bits of the indirect pointe: while the I Register in the CPU provides the most
significant 8 bits of the pointer. Each port (A and B) has an independent interrupt vector. The least -

- significant bit of the vector is automatically set to a 0 within the PIO since the pointer must point to two

adjacent memory locations for a complete 16-bit address.

The P10 decodes the RETI (Return from interrupt) instruction directly from the CPU data bus so
that each PIO in the system knows at all times whether it is being serviced by the CPU interrupt service
routine without any other communication with the CPU.
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3.0 PIN DESCRIPTION

A diagram of the Z80-PIO pin conﬁgurauon is shown in figure 3.0-1. This section describes the
function of each pin.

D7-Dg

B/A Sel

C/D Sel

1I0RQ

Z80-CPU Data Bus (bidirectional, tristate)

This bus is used to transfer all data and commands between the Z80-CPU and the Z80-PIO.
Dy is the least significant bit of the bus.

Port B or A Select (input, active high)
This pin defines which port will be accessed during a data transfer between the Z80-CPU and

~ the Z80-PI0. A low level on this pin selects Port A while a high level selects Port B. Often

Address bit Ag from the CPU will be used for this selection function.

Control or Data Select (input, active high)

This pin defines the type of data transfer to be performed between the CPU and the P10. A
high level on this pin during a CPU write to the PIO causes the Z-80 data bus to be inter-
preted as a command for the port selected by the B/A Select line. A low level on this pin
means that he Z-80 data bus is being used to transfer data between the CPU and lhe P10.
Often Address bit Aj from the CPU w:ll be used for this function.

Chip Enable (input, active low)

A low level on this pin enables the PIO to accept command or data inputs from the CPU
during a write cycle or to transmit data to the CPU during a read cycle. This signal is
generally a decode of four /O port numbers that encompass port A and B, data and control.

System Clock (input)

“The Z80-PIO uses the standard Z-80 system clock to synchromze certain signals internally.

This is a single phase clock.

Machine Cycle One Signal from CPU (input, active low)

This signal from the CPU is used as a sync pulse to control several internal PIO operations.

When MT is active and the RD_ RD signal is active, the Z80-CPU is fetching an instruction from
memory. Conversely, when M1 is active and IORQ is active, the CPU is acknowledging an

interrupt. In addition, the "M signal has two other functions within the Z80-P10.

" 1. M1 synchronizes the P10 interrupt logic.

2. When M1 occurs without an active RD or IORQ signal the PIO logic enters a reset
state.

Input/Output Request from Z80-CPU (input, active low)

The IORQ signal is used in conjunction with the B/A Select, C/D Select, CE,and RD D signals
1o transfer commands and data between the Z80-CPU and the Z80-PIO. When CE, RD and
TORQ are active, the he port addressed by B/A will tra transfer data to the CPU (a read operation).
Conversely, when CE and TORQ are active but RDis not active, then the port addressed by
B/A will be written into from the CPU with either data or control information as specified
by the C/D Select signal. Also, if IORQ and M1 are active simultaneously, the CPU is
acknowledging an interrupt and the interrupting port will automatically place its interrupt
vector on the CPU data bus lf itis the hxghest pnonﬁ ’ifevnce requestmg an mterrupt

Read Cycie Status from the Z80-CPU (input, active low)

IfRDis active a MEMORY READ or 1/O READ operation is in progress. The RD signal is
used with B/A Select, C/D Select, CE, and TORQ signals to transfer data from the ZBO-PIO
to the Z80-CPU.
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Interrupt Enable In (input, active high)

This signal is used to form a priority interrupt daisy chain when more than one interrupt
driven device is being used. A high level on this pin indicates that no other devices of higher
priority are being serviced by a CPU interrupt service routine.

Interrupt Enable Out (output, active high)

The TEQ signal is the other signal required to form a daisy chain priority scheme. It is high
only if IEI is high and the CPU is.not servicing an interrupt from. this PIO. Thus this signal
blocks lower priority devices from interrupting while a higher priority device is being
serviced by its CPU interrupt service routine.

lnterrgLRequest (output, open drain, active low)
When INT is active the Z80-PIO is requesting an interrupt from the Z80-CPU

Port A Bus (bidirectional, tristate)
This 8 bit bus is used to transfer data and/or status or control information between Port A
of the Z80-PIO and a peripheral device. Ag is the least significant bit of the Port A data bus

Port A Strobe Pulse from Peripheral Device (input, active low)

- The meaning of this signal depends on the mode of operation selected for Port A as follows:

1)  Output mode: The positive edge of this strobe is issued by the peripheral to
acknowledge the re ugenpt of data made avallable by the P10.

2) Input mode: The strobe is issued by the)penpheral to load data from the penpheral
into the Port A input register. Data is loaded into the PIO when this signal is active.

3)  Bidirectional mode: When this signal is active, data from the Port A output register
is gated onto Port A bidirectional data bus. The posmve edge of the strobe
acknowledges the receipt of the data.

4)  Control mode. The strobe is inhibited mtemally '

Register A Ready (output, active high) .
The meaning of this signal depends on the mode of operation selected for Port A as follows:
1)  Output mode: This signal goes active to indicate that the Port-A output register has

been loaded and the penpheral data bus is stable and ready for transfer to the
peripheral device.

2)  Input mode: This signal is active when the Port A input register is empty and is
ready to accept data from the peripheral device.

3)  Bidirectional mode: This signal is active when data is available in the Port A output
‘ register for transfer to the peripheral device. In this mode data is not placed on the
Port A data bus unless A STB is active. .

" 4)  Control mode: This signal is disabled and forced to a low state. -

“Port B Bus (bidirectional, tristate)

This 8 bit bus is used to transfer data and/or status or control information between Port B
of the PIO and a peripheral device. The Port B data bus is capable of supplying 1.5ma @
1.5V to drive Darlington transistors. By is the least significant bit of the bus.

Port B Strobe Pulse from Peripheral Device (input, active low) -
The meaning of this signal is similar to that of A STB with the followmg exception:
In'the Port A bidirectional mode this signal strobes data from the peripheral device
into the Port A input register.
SEe
Register B Ready (output, active high) '
The meaning of this signal is similar to that of A Ready with the following exceptxon
In the Port A bidirectional mode this signal is high when the Port A input register i is
empty and ready to accept data from the peripheral device.

P
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4.0 PROGRAMMING THE PIO

4.1 RESET

The Z80-PIO automatlcally enters a reset state when power is applied. The reset state performs the
following functions: .

1)  Both port mask registers are reset

2)  Port data bus lines are set to a high impedance state.and the Ready “handshake” signals are
inactive (low).

3) The vector address registers are not reset.
4)  Both port interrupt enable flip flops are reset.
5)  Both port output registers are reset.

In addition to the automatic power on reset, the PO can be reset by applying an M1 signal without
the presence of a RD or lOlﬂsngnal If no RD or IORQ is detected durmg'K'lm2 the P10 will enter the reset
state immediately after the M1 signal goes inactive. The purpose of this reset is to allow a single external
gate to generate a reset without a power down sequence. This approach was requued due to the 40 pin
packaging llmltatlon F!

Once. the P10 has entered the mtemal reset state it is held there until the PlO receives a control werd
from the CPU. , )

42 LOADING THE INTERRUPT VECTOR

The PIO has beerz des.gr. d to operate w1tu ;hc Z80-CPU using the mode 2 mterrupt respoiise., This
mode requires that an interrupt vector be supplied by the interrupting device. This vector is used by the .
GPU to form the address for the interrupt service routine of that port. This vector is placed on the Z-80 data
bus during an interrupt acknowledge cycle by the highest priority device requesting service at that time.
(Refer to the Z80-CPU Technical Manual for details on how an interrupt is serviced by the CPU). The
desired interrupt vector is loaded into the PIO by writing a control word to the desired port of the PIO with
the following format: '

D7 Dé D5 D4 D3 D2 Dl DO

v7 Vé \£] V4 V3 V2 Vi 0

signifies this control word is an interrupt
vector

DO is used in this case as a flag bit which when low causes V7 thru V1 to be loaded into the vector register.
At interrupt acknowledge time, the vector of the interrupting port will appear on the Z-80 data bus exactly
_ as shown in the format above.

J——
¢ m——————

S i
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4.3 SELECTING AN OPERATING MODE

Port A of the PIO may b%géoerated in any of four distinct modes: Mode 0 (output mode), Mode 1
(input mode), Mode 2 (bidirectional mode) and Mode 3 (control mode). Note that the mode numbers have

been selected for mnemonic significance; i.e. 0=Out, 1=In, 2=Bidirectional. Port B can operate in any of
these modes except Mode 2. “ (\n"

!r\

- The mode of operation must be estabhshed by writing a control word to the P10 in the following
format

D7 D6 D5 D4 D3 D2 D1 DO

M| Mo | x | x |1 |1 1 1 =unused bit
\—_V—_—/ ~ /
N/
mode word ‘ signifies mode word
to be set

Bits M1 and MO from the binary code for the desired mode according to the following table:

Mode

0 (output)

1 (input)

2 (bidirectional)
3 (control)

N
- o — o=
o

Bits DS and D4 are ignored. Bits D3-D0 must be set to 1111 to indicate “Set Mode”

Selecting Mode 0 enables any data written to the port output register by the CPU to be enabled onto -
the port data bus. The contents of the output register may be changed at any time by the CPU simply by
writing a new data word to the port. Also the current contents of the output register may be read back to
the Z80-CPU at any time through the execution of an input instruction.

With Mode O active, a data write from’ the CPU causes the Ready handshake line of that port to go

- high tS notify the peripheral that data is available. This signal remains high until a strobe is received from

the peripheral. The rising edge of the strobe generates an interrupt (if it has been enabled) and causes the
Ready line to go inactive. This very simple handshake is similar to that used in many peripheral devices.

Selectmg Mode 1 puts the port into the input mode. To start handshake operation, the CPU merely
pcrforms an input read operation from the port. This activates the Ready line to the peripheral to signify |
that data should be loaded into the empty input register. The peripheral device then strobes data into the
port input register using the strobe line. Again, the rising edge of the strobe causes an interrupt request (if
it has been enabled) and deactivates the Ready signal.

Mode 2 is a bidirectional data transfer mode which uses all four handshake lines. Therefore only Port
A may be used for Mode 2 operation. Mode 2 operation uses the Port A handshake signals for output
control and the Port B handshake signals for input control. Thus, both A RDY and B RDY may be active
simultaneously. The only operational difference between Mode 0 and the output portion of Mode 2 is that
data from the Port A output register is allowed on to the port data bus only when A STB is active in order
to achieve a blduectxonal capability. (.« (}P\L ;

iy A .)( ’

Mode 3 operation is intended for status and control apphcat:ons and does not utilize the handshake
signals. When Mode 3 is selected, the next control word sent to that port defines which of the port data bus
lines are to be inputs and which are outputs. The format of the control word is shown below:

D7 D6 D5 D4 D3 D2 DI DO
/0, | ¥0g | WOs | /04 | VO3 | 1O, | WO, | VO,

‘n
VV
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If any bit is set to a one, then the corresponding data bus line will be used as an input. Conversely, if the bit
is reset, the line will be used as an output.

During Mode 3 operation the strobe signal is ignored and the Ready line is held low. Data may be
written to a port or read from a port by the Z80-CPU at any time during Mode 3 operation. When reading
a port, the data returned to the CPU will be composed of input data from port data bus lines assigned as
inputs plus port output register data from those lines assigned as outputs.

44 SETTING THE INTERRUPT CONTROL WORD
The interrupt control word for each port has the following format:

D7 Dé6 D5 b4 D3 D2 D1 Do

Enable AND/ | High/ | Masks 0 1 1 1
Interrupty OR Low follows - -

LN 7\ 7
W

used in Mode 3 only signifies inlerrupt control word

If bit D7=1 the interrupt enable ﬂlp flop of the portis set and the port may generate an interrupt. If bit
D7=0 the enable flag is reset and interrupts may not be generated. If an interrupt is pending when the
enable flag is set, it will then be enabled onto the CPU interrupt request line, Bits D6, D5, and D4 are used
- only with Mode 3 operation, They are disregarded for all other modes. These three bits are used to allow for
interrupt operation in Mode 3 when any group of the 1/O lines go to certain defined states. Bit D6 (AND/
OR) defines the logical operation to be performed in port monitoring. If bit D6=1 an AND function is
specified and if D6=0, an OR function is specified. For example, if the AND function is specified, all bits
must go to a specified state before an interrupt will be generated while the OR function will generate an
interrupt if any specified bit goes to the actlve state.

Bit D5 defines the active polarity of the port data bus line to be monitored. If bit D5=1 the port data
lines are monitored for a high state while if D5=0 they will be monitored for a low state.

If bit D4=1 the next control word sent to the port will be interpreted as a mask as follows:

D7 D6 D5 D4 D3 D2 D1 Do

MB; | MBg | MBs | MB, | MB; | MB, | MB, | MB,

Only those port lines whose mask bit is zero will be monitored for generating an interrupt.
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Ana Program

EnogsTlﬁ9ghUYUCU SISTEMLpnANA PROGRAMI

3

%m g%géé KARAKTERLERIN DOT PATTERN DATALARININ OKUNUP HAFIZAYA YUKLENMESI
OR I=1 TO 850

EAD DCLD

ORE (35999+1),D(1)

EXT 1

' LOAD"READER. PRT"

RINT"PRINTER CIKTISI YAZILAR NORMAL KARARTER MODUNDA ISEs N“

PRINT"PRINTER CIKTISI YAZILAR BUYUK KARAKTER MODUNDA ISE;

PRINT"TUSUNA BASINIZ"
INPUT"N/B: 7" ;M$
IF M&="N" OR M&="B" THEN 130 ELSE PRINT "HATA":GOTO 110

IF-ME="N" THEN 150 -
IF-M$="B" THEN 170

X=gQrY=1
GOTO 180
X=40% Y=2 :

“Eﬂ%ﬁ(B?DUD),X:POKE(B?ODi),Y

- OPENOUT ""PROGRAM. BAS"

- END-

“C@L5"41000 |
FOR-J=37120 TO 37120+X
K=PEEK ¢.J) .

A$=A%+CRR$ (K)

NEXT J . '
'PRINT #9 A% .
FOR I=1 10 LENCA$)

~ﬁ§ ¥1g$cAs LI,10="" THEN 290
1IF MID%S(A$,I+1,3)="END" THEN 310
~GOTO 190 ‘
CLOSEOUT

“ESAD"PROGRAM“,
REM ASCII hARAKERLERIN DOT PATTERN DATALARI

DAT& “’L f&é a& é é 6 G d é ,8,0,0, 8, 0,42,20,8,20,42,0,8,0,8,0,
' DA %A Lé,oa 1A A bé al La 0,0,66 105127 0264 0,0,66,0,97,0,49,0,41,0,38,
471354,5,84 4% 4& é 3122255003 32 &
,64.5,b4, é4 §7 én b6,9,84.9, 2523014 é I Y. éb 17, s,z
DA%A 48 7é %L,i % ZB 5 i 2 i 72 i ¥z, aa,aD 0, 54 0,54,0,0,0,0,0
D& 66 bé ,‘i é4 21 018; i 4 z’ i 6 {7,0 17,2,124,65,62,65,8,65,8,65,
%6L,65,D,65 0,65, , 65, }&5 é ééq éé 3 é é§*
bA%A i277b 8 7°é 665 <119 é b iz%.8: ‘é ;0 3~,eL 6& 64 63,0,1,127
0 4,8 ak,és 127.0, 64 2986z 20, by, {5% o,
, 1278 Z 167320 ,1:? é& &5.0,45 é b 65,
"D&TA 1L7 6452687 o, 17 0.14,42,45,0, 918518 32,1, 94 0,127,0,9,0,9,16,41, 7%
,0,73,0, %3 6 73,%0,1,0,1 0, 27,0,1,0,1 257 Z
Gob86328 53 7.8, ia ¢2 6 ,éz 16, é fb ag,& éa
J7DA 6 LSA 6L0 3 8,20,3 ig 25 3! A 1,0, 65,32,81,8,69,2,65,0,0,0,

30 af#‘azab 2,55005565,8,0570 | -
ATA 6 é % éﬁ gédb 13 bé éAbé Lé é éé éa 1£4,0,127,0,68,0,68,0,68,56,56,6

u&ﬂwoéJ64,J WIS lﬁb4mm4m
0 DA A L% 8,0,4,0 &OJ 0,7%,0 1LL}0 64,0,0,0 244, 4,64 ,61,0,0,0,12
16, & 4;6,6,6,6 1378 A R M T
5,8, ik 120,0,8,0 230 ,4,124,0,54, és é b éa

DAT& 6 1zéé6,qj,o,1ééd,{ éé éiéb 6 6 0,1 é u 4,120,0,4,0,4,8,8,
Mm°6444ﬁzl%36{ 46&4& 0203672, 52,6

bA% 6 6é 051 ,o,i 10 ,éa & ba 2, Lo,i é 4,250, b 6& 34 68,16,68,8,68 o,
bB %4é6§ 0, Siéa Zob 5620,12% 6,0,0, 6 ,0,85,0,65,




'Hisoft GENAS Assembler.

Pass
4CD¢

hp

Alt Frogram

1 errors:

O1FAFA
SEFF
CED79

Qo

PN It b el ges ol ol o s ol b g
Pa= OO NNSOINSD
QOQOQooooCLQolo

230

1ba

PIOSET

HEAD

BUSY

L.OW
LOW1

H1GH
HIGH1

Page

%
BC,#FAFA

NZ ,BUSY"
D

NZ ,HEAD

HL HBHBLS
DE, , #03CO0
BCE#FAFC

(HL) A
HL

DE
BC,#FAFS
#80

HIGH
Bé #FAFB

#éo

NZ ,LOW1
BC.#FAFC
A l.C’
(HL) -
H

54
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Hisoft GENAZS Assembler.

4C786 FEFF
4C78 C24P4AC
4C7B. 3A8890
4CT7E  328A90
4C81 210091
4C84 ZEFFI
4C87 - 21P888
4C8A 220192
4C8D 01A08C
4C20 1EZ0
4C92 1609
4094  0A
4C95 RE.
4C9&6 C2A94C
4C99 15
4C9A  CABS54C
4C9D  3A89%0
4CA0 23 ¢

4CAD 3
4CAE 5.
4CAF  C2AD4C
4CR2  C3924C
4CBS  3A8990
4CB8 23
4CR9? 23
4CBA 23
4CBE 3D
4CRC CZB84C
4CBF 220192
4CC2  2AFF91
4CC5 73
4CC6 23
4CGC7 22FF91
4CCA  3ABA90
4CCD 3D
4CCE C8
4CCF- 328A%0
4CD2 2A0192
4CDS5 - C3BDAC<

Pass ‘eprors.

Table used:
Executes:

19459

Page
570 cP
580 JP
590 ASCII LD
600 LD
610 LD
620 LD
630 LD
640 - LD
650 START LD
60 LD
&70 LOAD LD
&80 COMP LD
670 CP
700 Je
710 DEC
720 JP
730 LD
740 INHL INC
750 ' DEC
760 JP
770 INC
780 JpP
790 DEGIL. INC
a00 LD
810 INCR INC
820 DEC
830 JP
340 JP
850 OKEY LD
860 TEKRAR INC
870 - INC
880 . ING
820 DEC
200 JpP-
910 LD
220 LD
230 LD
240 INC
950 LD
60 LD
P70 DEC
280 RET RET
990 Lo
1000 LD
1010 END JP
o0
216 from 269

55

=
oy

#FF
NZ,LOW
A, LHF088)
(#QDSA) A
#9100
c#éiFF)
#8828
c#éLa1»
BC #8CA6
E,#20
D, a9
A, (BCH

CHL)
NZ,DEGIL
z OKEY

A, (H5089)
L

A

NZ , INHL.
BC

COMP

E

HL, (#9201)

TEhRAR
c#ézo1)

HL , t#?i#F;
CHL) LE '
HL

(HFP1FF)
ﬂ ¢#908A

Z
(HGOBA)
HL . (#9461)

START
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EK~7.3.

ar "ln &

Gerceklenen Uygulamanin " BASIC" Program Kisml

{ MODE 2:BORDER 12

10 MEMORY 33500

20 LOAD"READER.PRT"

75 FOR FG=1 10 24

30 CALL 41000

40 ORIGIN 0.16%(25-FG)

45 5(0)=3:5(11=5:5(2)=b

t0 FOR J=0 TG 2

&0 FOR 1=35000 TO 35450

70 MOVE (1-36000).5(J)#2:0RAWR 0. (2] AND PEEK(1)1/2°J.(2"] AND PEEK(IN/Z7]
80 NEXT 1

90 NEAT ]

110 HEXT F&

470 LOCATE 1,1:FOR KK=1 TO 10:PRINT CHR$(7) :FOR TT=1 T0 SOO:NEXT TT:NEXT KK:LOCATE 1.1sINPUT A$
130 IF A${>"" THEN SAVE A$+",GEM",B.8C0D0, 84000
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