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CURSQO DE MICROPROCESALORES

Algunos Concevntos Fundamentales.

La caracteriIscica fundamental de una computadora es su habilided pa-
ra ailmacenar y procesar informacibdn. Para que esto sea posible, es

necesario representar dicha informacidn de una forma tal que sex com
patible con la circuiteria que conforma a la computadora.

EZn el mundo digital, la informacibn es representada mediante "uacs"
y "ceros" dcbido a que estos pueden scr procesados facilmente median
te dispositivos biestables, tales como Flip - Flops.

En esta Seccidn examinaremos algunos conceptos bdsicos acerca G. Sis

temas Numlricos, C6digos y Dispositivos Lb6gicos.

L. Sistemas Numéricos

Como dijimos anteriormente, una compucadora representa la iagor-
macidén en términos de unos y ceros. Por esto es fundamental co-

nocer el sistema binario y su rel.cidn con otros sistemas cono

el cecimal, el octal y el hexadecimal.

l.1. Sistema Decimal

Lste es el sistema que empleamos comunmente y estg o "0

en diez digitOS: 0[ 1, 2, 3, 4’ 5, 6[ 7, 8 y 9. POI’ ;»S-t

se@ dice que la base del sisgscema decimal es 10.

(@)

Para representar nCmneros mavores gque 9 usaremos més 12 un
digito, y cada uno de éstos tendré& un valor segln la sosi=-
cidén que ocupe. Por ejemplo el nlmero 2345 podemos repre-
sentarlo en forma posicional de la siguiente manera:

2 x 103 + 3 x 102 + 4 x 10+ + 5 x 100 = 2000 + 300 + «o ~
5 = 2345 -

Este tipo de notacibén la polemos formalizar de la sigu.ea-
te forma

W o= , n—l n“2 k) N 0 PO
i dn—l X b + dn_2 X0 +oe.. + a, % bY + dg X »

En esta expresién, d representa un digito del sistema en-

'..2




o
o

" diyito entre 0 y 9) v b representa la base del sistema -

o

vlaaco (en el caso decimal & puade representar cualguier

.

(& el caso decimal b = 10)

Sistema Binario

Z. sistema binario emplea sélo dos digitos (0 y 1), pa-a
representar un nGmero y su base es 2. Luego, el nimero
binario 1 01 1 0 12 se representa en forma posiciona. de
la siguiente manera:

161101 = 1 x 25 + 0 x 2% + 1 x 23 + 1x22 + 1x2b + 1 x 20
Decimal equivalente: 32 + 0 + 86 + 4 + 0 + 1 = 45

Sistema Octal

N

El sistema octal estd constituido por los digitos del §
al 7 y su base es 8. Una caracteristica muy important.
dcl sistema octal es que su base es una potencia de la ba
se¢ del sistema binario (8 = 23) y por lo tanto, como vera
mo.s posteriormente, la conversidn de un nimero octal a bi
nario es directa.

Coemplo: el nGmero octal 35678 se representa:

3537 = 3 x 8% + 5 x 82 + 6 x 8 + 7 x 80

Decimal eguivalente: 1536 + 320 + 48 + 7 = 191110

w

istema Hexadecimal

Este sistema es muy empleado en microcomputadoras. Eudlea
156 digitos y como solo disponemos de 10, es necesario em-
piear letras para representar los 6 digitos faltantes.
Asi, los digitos empleados por el sistema hexadecimal son
o, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F.

La base de este sistema es 16 y también es potencia cde 2,
por lo que la conversidn entre ambas bases es muy simrle.
Brcmplo: el nmero hexagonal 9FAl se representa:

Fal = 9 x 163 + F x\162 '+ A x 161 + 1 x 169

Decimal equivalente: 36864 + 3840 + 160 + 1 = 4086510

Conversiones de Base

Hasta el momento conocemos algunas caracteristicas de las
bcses més empleadas y cbmo pasar ¢de cada una de estas a la
bease decimal. A continuacidn veremos cbdmo convertir aa nid-

niero de una base a otra.

cee3

O
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A.l.

i

D 11 a Binaric

H

)
£

cim
\4

dos mé&tocos para convertir un nlmero decimal a binaric

0O

jU]

-

Mé&todo de Sustraccién

'

Consiste en sustraer del nGmero decimal la potencia de dos

m&s cercana a &ste y poner un 1 en la posiciba corraspon-

diente. Si después ae la primera sustraccidn, la potencia

de dos inferior siguience excede al residuo, poner un 0 en

la posicién adecuada. |

Ejemplo: Convertix 3789lo a binario

L.a potencia de dos méds cercana es 241 = 2,048, luego

3789 211 210 29 28 27 26 253 24 23 22 ol 0
-2048 2*%~1 1 1 o 1 1 o0 o0 1 1 o 1

# !
g 2 : ' : A

1741 b Lok ;

- 13524 210 | i g i g

717 | ! : ]

-~ 512 29‘ | | i g

295 ; | ‘ﬁ

- 128 27 i | ?

77 ! i

i

- 64 2° 5 ! ;

13 Lo ;

- g 23 . g ;

5 g 3

1 {

- 1 20 |
0
Luego

Rl e)

3/u9lo=1110110011012

M&zodo de Divisidén

Coansiste en dividir el nimero decimal por 2. Si hay au
residuo, poner un 1 en la posicidn menos significaciv.;
1 no lo hav, poner un 0. Dividir el rcsultado de la ol
meca operacidn por 2 y repetir el proceso.

Co.ntinuar hasta que el resultado sea 0.

Ejemplo: Convertir 378910 a binario




b

3759 ¢ 2 = 1894 Residuo : I (digito menos significativol
1024 ¢ 2 = 947 Residuo 0
547 ¢+ 2 = 473 Residuo : 1
473 ¢ 2 = 236 Residuo : 1
236 :+ 2 = 118 Residuo J
118 2 = 59 Residuo : 0
59 ¢ 2 = 29 Residuo : 1
29 2 = 14 Resicduo : 1 \
14 ¢ 2 = 7 Residuo : 0
7 : 2 = 3 Residuo : 1
3 : 2 = 1 Residuo : 1
1 : 2 = 0 Residuo : 1 (digito m&s significativo)
Luego,
3789lO =111011001 1.0 1,

Octcal & Binario y Binario a Octal

Conv se menciond anteriormente, el cambio de octal a binario
es .auy simple puesto que ambas bases estdn relacionadas: g=23.
El procedimiento para pasar de Octal a binario es representar
cada digito del nlmero octal por tres digitos binarios ccuiva
lentes; el resultado ser& la representacidn en binario Gel nd
mero en octal.

Ejerplo: Representar en binario el ntmero 7613

8:

7g =111,
18 =00 12
38 =0 1 12
Luego

761, =111110001 01211

3 S N~ NS
El paso de Bir:io a Octal tembién es directo y es el proccso
inverso al descrito. Se agrupan los digitos binarios ea gru-
pos de a 3 y se representa cada grupo por su equivalente en
octal.

Ejeinlo: Representar en octal el nfimero:

O



1012001110011 1109 12

Agrupamos de a 3, comenzando desde el digito menos signicica-

N

" —

1 C 2 3 4 7 5

Luego: 10100111001111 0 12 = 1234758

T 17 9 ) ~ 1 ) y
Obsérvese que se agregaron dos ceros a la izquierda del digi~
to mis significativo, con el objeto de completar el grupo de

tres digitos.

Conversién de Hexadecimal a Binario

Tal como en el caso anterior, el cambio de hex.a binario es
Girecto, ya que 16 = 2%, E1 procedimiento en este caso con-

. -s s
siste en reemplazar cada digito hexpor cuatro digitos binarios

¢

eguivalentes

Ejemslo: Representar en binario el nGmero F3C216:
F=1111

3=0011

C=1011

2=0010

Lueco

F3C2 =11110011106121001 02

Similarmente, para pasar de binario & hex. se agrupan lus dé
gitos binarios en grupos de cuatro bits y se reemplaza cada
grupo por su equivalente hex, agregando a la izquieraa J&el
it mé&s significativo, tantos ceros como sean necesarios, -
para completar cuatro digitos

Ejemplo: Convertir el nCmero binario 1 01 011011 0 .

)
a hex. 0101 1110 11061
5 E D

Luego: 1 011110111090 12 = S2D

A -~
40

Conversién de Deciilmal a Octal v a Hexadecimal

Aln cuando existen m&todos directos de conversidn de Gel..ui.

a octal y de decimal a cexadecimal, estos reguilieren gue i.. -




ozeraciones (divisiones) sean realizadas e.a la base a

Y

a gue

sa cuiere convertir y por 1o fanto pueden rasultar complejos.

(]

Lo nds simple es convertir de decimal a binario y luego ue bi

naric a octalo hexadecimal segn el caso.

Deraciotes Artméticas con Nlmeros Binarios:

2.1 Adcibn
La adicién en binario sigue el mismo patrdn que la acilidn
e.. decimal, excepto que el acarreo a la siguiente posicidn
se produce cuando la suma alcanza 2 (L + 1)
Ejcmplos: ‘
A) 101 = 544
01¢ = 2
_— 10
111 = 7
10
B) 111 = 7lO
010 = 2
—_— 10
1001 = 9
10
2.2 S.ostraccidn

c
Lo mayoria de las computacdoras y en especial las mMICILoOmSU
tadoras pueden realizar s6lo adiciones. Esto no repr<senca
ur. problema puesto que la substraccibdn se puede convel oir
facilmente en suma.

Substraer un nmero decimal es quivalente a sumar ei (o .21e

ronto de diez de dicho ntmero.

Ei complemento de diez de un nlGmero se obtiene substrés/enao

+

0

1 nlmero de diez. El digivo de acarrco, si se produc., de

ser ignorado.

o]

¥

-

Licmplo: Considere la substcracciébn decimal

3]
-~

G -

]

£l complemento de 2 es (10 - 2) = 8. Luego, la substr.occid

decimal se puede realizar via adicidn del complemento de

«

dicz.
+ §
Ignorar el acarreo 1i7
St

Rezalizar una substraccidn decimal empleando el complezento

(@)
g]
.
(X
[i
H
()]
[
(]
[
o]
4]

Ge diez no tiene mayor scnildo, puesto gue redgu



operacidn mads. Sin embargo, emolear el complemento de dcs

para substraer en binarioc es muy conveniente y de hecho es

orma en que se realiza en una computadcra.

th

=

a
Para obtener el complemento de dos de un ntmero binario se

cambian todos los ceros por unos y 1los unos por cercs (es

decir, se complementa el nimerc) obteniendose el complemnen
to @& uno, y luego se le suma uno.
Fjempio: Obtener el complemento de dos del nGmero 101011C1.
NGmero original: 1 0 1 01 10 1
Complemento de uno: 0 1 0 1 0 0 1 0
+ 1
Complemento de dos: 0 1 010001

Veamos ahora cémo se realiza la substraccidn de dos nameros

enpleando el complemento de dos.

Ejemnlo:

Minuendo: 100101 37

10
Sustraendo: ¢l1o00111-= 1910
Primero obtenemos cl complemento de dos del sustracendo:
Sustraendo: 0100 1L 1
Compiemento de dos: 101101

Ahora realizamos la suma:

Minuendo: 1 0 0 1 ¢ 1

Complemento de dos del Sustraendo: 1 0 1 1 1
Igaorar el acarreo Sne 1§o 1001
Luego, la diferencia es: 01 0 0 1 0 = 1810

Ejemplo:

Minuendo: 1 01 0 2 = 21.
i0
o do: 1 = 12
Sustraendo: 0 1 1 ¢ O l“lO
Minuendo: 10101

Conmpleriento de dos del
Sustraendo:

1
01001=29

Ignorar el acarreo %~li 10

.
L]
.
[dg)
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. U

£. los ejemplos anteriores, el ainutendo era siempre naYyor
guc ¢l sustraendo y por esto sc producia un digito dc «ca-
roco. Cuando el minuendo sea menor gue el sustraendd. No
s. producird digito de acarreo y se obtendrd el resultado
ern complemento de dos.
Ejeuplo:

Minuendo:

oY
o
i
[

Sustraendo: 1101 =2710
Minuendo: 101
Connlemento de dos del
Sustraendo: 0 01401

Re -ultado en complemen )
to de dos: 010180

5:< al valor obtenido lo poncmos en complemento de dos vy

lc asignamos un signo negativo, obtendremos el resulta-

do. ©Luego, el complemento de dos Ge 01 01 0Ces 10110
v el resultado es - 1 011 0 = -22. .

Del ejemplo anterior podemos concluir lo siguiente:

Al efectuar una substraccién en complemento de dos, €l -
acarreo final provée el signo del resultado. Si el aca-
rreo es 1, el resultado es positivo. 51 el acarreo &5 0

el resultado es negativo y se obtiene en complemento de Gos

3. Cédigos
Dado que internamente una computadora trabaja con el sistena bi-

nario, es necesario contar con algln medio de "traduccidn", me-

diante el cudl podamos intercomunicarnos con la computadore.

Con este fin se emplean los "codigos", que son mcdios cue permi-

ten representar un ndmero o un simbolo en forma diferente a la

original; en particular nos interesardn los cédigos binarios ma

nejables por un sistema digital como es la computadora.

3.1.

Cédigo BCD

e

21 cbdigo BCD ("Binary Coded Decimal") s¢ emplea paré ro-
presentar directamente los nlmeros decilmales en binarios.
La representacidn de nlmero en BCD se cbtiene reemplazando
cada digito de un nlmero decimal, por un grupo de cuatro
digitos binarios. En la tabla siguiente sc muestra la re-

presentacibén en BCD de los nueve digitos decimales.

e}

Y .o



" Decimal

B CD
0 0.0 00
o 1. . 00 o0-1-
2 0010
3 00.11 i
4 0100 B
5 0.1.0 1 g
6 0.1 10
7 0111
8 1000
9 1.0 0. 1

E]cmplo. chresenuar 375 en E”J De la tabla- anterlor
'obtenenos la rbpresenta016n en BCD, de cada’ diﬁlto deci~

‘‘‘‘‘ M e

mal y lo reemplazamos dlrectamence.
0011021110101 =-375, AT

' \\__,//\\\_,//\\\_,//BCD-' i (R

.En ‘binario, el mismo nimero” se :epresenba como s*gue.
1-0-1-11-0 1 1~ 12 = 375lo o T )
Ejemblo ~ Convertir el nﬁmero BCD 0101011110000001 a d ci=-

e Y [
5 . -

‘ mal N X ,
Ag;upamoo ‘de-a: cuatrO“digltos b¢nar105 cl num;ro BCD'y reew
. plazamos 'cada ‘grupo” ‘de dlgltOb OOL su cqulvalcntc dccxmul
0101 0111 10700, 0670701, = 5781

\___/

\._//\\_/\./BCD 10* ‘

e

[

5

. £ N ”\ N
- 3 [ N i £y AP
- - A - -

Ejemglo: Convertlr el ntmero BCD 0:1.0-1.1-1 0 O 0001

a decpnal St Lo B T S T

. FANRRN . . -

Proceclendo como_en:. el ejbmplo anterior-~" T T -
6101 11009 000 STk
5 Ilegals,., .- 15 . .
En este caso, el grupo 1100 no representa ningln digito de-

cimal codificado en BCD y, por lo tanﬁoteéiuniéédiéolilééal,‘

- ! Tas e AR b
- - S ‘l
-

COdlco neyaae01nal ) P L TR “e

[

El coalgo binario puro db cuatro bits, en el gque 8¢ usan

e

todas las ‘combinaciones pOalbLeS conStlkuye el cbdigo heaa~

«esl0




Y
S.2imal. Las seis ccmbinaciones no usadas en BCO se Limbo-
~.4an con lectras, A a r
DoCIlMAL HEX:ZECIMAL DANCMINACIO.
0 60 000 0
: . .
9 100 1 9
10 1030 A
11 1611 3
12 1 .00 C
13 L1201 D
14 1110 o
15 ii111 r
-"2mvio: El nlmero binario . 1 0 O 1 0 1 correspgonaz a

[ &1

o)
C 5 hexadecimal y a 12 x 16 +

3.5. C.ligos Alfanuméricos:
Zote tipo de cbSdigos permite representar
Tip0 Ge caracter: digitos,; letras v sinbd
Lcs dos COQlyOb alfanané&rices més emplead
(. worican Standard Code four EInformation I
Z.CDIC (Extended 3inary Codced Decimal Int
& cb6digo ASCII es cmpleado vor todos los
n.computadoras y microconpucadoras.
Crae 7 bits {(mé8s uno de paridad, para
n.cacilones). Ademds de informacida alian
cuntiene posicionés que scn incervretadas
a2 comunicaciones para realizar ciertas £
... carro", "avance del papcel", "conectar
Uy, ete.)
5S¢ adjunta una tabla dacl cbddigo ASCII.
Corcuitoo [6gicos Bésicos
En una computadora (maxi, mini o micro), la inf
senta e. binario. Una seial binaria puede ser
sicderar como un tipo especial de variable. Las

a—

rica, <&
r las t
iones ¢
rforado
acidn s

C s 3e

s

riaolies




se representan mediante letras. Por ejemplo, una variaple binaria
se puede designar mediante la letra A. Como la variable Linaria
pucede adcuirir s8lo dos valores: 1 & 0, se emplea la notaciba A
y A para representar el valor 1 o el valor 0 respectivamente, La

notacidén A se llama complemento de la variable A.

A
Para resolver distintos problemas, las computadoras emplean cpera-

ciones ldgicas entre las variables binarias. Las operaciones 16gi-
a

§

iate-

¥
.

4]
6]

cas entre var:zables binarias son tratadas por una rama cde 1

nmaticas llamada algebra de Boole.

[l

a
as relaciones Entracda-Salida de un sistema 16gico se pucden expre-

sar mediante tablas de verdad. La tablila de verdad consiste de dos

e

partes. La primera parte est& reliacionada con las entradas y pre-
scnta una lista de todas las combinaciones posikbles de ellas.

La segunca parte presenta la salida como funcidn de cada combina=
cidén de las entradas.

Todos los sistemas l6gicos se pueden reducir a combinacionas de

G
unos cuantos circuitos 1légicos que se definir&n a continuacion.

4,1, Inversor:

El inversor es un circuito de una cntrada; a 1

[\
n
j g}
[T
e
el
)
(@}
~
O
]

duce el complemento del estado 18gico de la entrada. Por

ejemplo, si la entrada es 0, la salida es 1 y viceversa,

>

A i

O v e e § e

1
0
Fig. 1: Circuito Inversor

4 .2. ADs

El circulto AND tiene dos o mads entradas. En la Fig. 2

[
0

muestra su simbolo y su tabla de verdad

ceesil




o

p

L B AL

. - 00 0
e D N R

5.._%.__... 0 1 0

~ 10141 0

11 4 1

i

Fig. 2: Circuito AND

Dc la tabla de verdad vemos cue la salida del circuit. scré
1 :.ulo cuando ambas entradas, A y B, sean 1. Cualigui.:.” otra
coaoinacidén a la entrada producird un 0 a la salida.

(OFN

L1 circuito OR tien dos o mé&s entradas. En lia ﬁig. 3 e -
mucstra su simbolo y su tablc de verdad

b

A B {4 + B

o o! o
A Avd 0 1 1
: 1 ool 1
101 1

|

rig. 3: Circaito OR

De la tabla de verdad vemos cue la salida del circuito serd
S 0

1 .:aando cualquiera (o todas) entradas sean 1, y suxd

su.0 cuando todas las entradas sean 0.

Lou circuitos AND, OR e Inverscxy son los bé&sicos de w: S1s
tcia 16gico y de hecho con estos tres es posible (aunc.o o
es aconsejable) disenar una computadora. Estos circui.io:s
se combinan para producir funciones mé&s elaboradas, algunas

de las cuales veremos a continuacidn.

~r
H -
P R

Ll circulito NOR es una combinacidn del circuito OR y cel (}
Inversor. En la Fig. 4 se nmuestra su simbulo y su tabla

-

de verdad.

.o
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AB A+ B

i
00 1
——-—-—D_f_‘__‘?_ 01 0
L T 10; O
11 0

FPig. 4: Circuito NOR

De la tabla de verdad vemos que la salida serd i s6l¢ cuan

Y

do todas las entradas sean 0 y serd 0 cuando cualguiera
de las entradas sea 1.

El circuito NAND es una combinacidn del circuito AND y el
Inversor. En la Fig. 5 se muestra su simpolo y su tabla

de verdad.

AB§A-B

1 v

ooz 1

;5"'__—'—';——\‘\%&’5 Olé 1
\’—_ I

o1 10} 1

11} 0

Fig. 5: Circuito NAND

o

La salida serd o cuando todas las entradas sean 1 y ser

|

cudndo cualquiera de ellas sea O

O
)

Zunaolusivo

1 circuito OR Exclusivo realiza la funcidn OR con la ex-=

3]

cepcidn de que cuando ambas entradas son 1, la salida es Q,

A B 1A{B
o 0 | o
2 ————}‘1 A®B o0 1 1 1
S )i 1 0 ¢ 1
11 o

Fig. 6: Circuitc OR Exclusivo

3 ~—
= 2
21 FPlip-TFlop es un dispositivo binario de almacena.aiesnto,

de un it de informacibin. A coatintacidn se descriope el

g

£1ip-Zfi0p RS que es lia base purc de los demé&s tipos.




o

L7 fiip-flop RS estd especialimente disenado para opero.
D0 control de una senal «e reloj: todos 1los cemoico
¢ la salida se producirén cuando los cambios

da coincidan con un pulso de reloj. En la Tig. 7 sc :i:&S
tr. el simoolo de un f£iip-flon RS y su diagrama de tio...0s.
I reloj es una sehal binaria periddica cue sincroniza _~0s

eventos de un sistema digiceas.

At v

o

e e

3 L |
H oy ; ; : :
a ek ) 5 ¢ ;
E"» ES ? ! a ' I ‘f‘-—-
PEVQLEN H { | P
——m et & {1 | DU ' P
4] ; ! é i Lo
; ; - pod
e —_ ! L
| . ! T
sty e et . —:12_——-— ES ’ v - f E
~ [ ¢ y
: Cleay ! by b
——. f § L .
(E’) i i i
4 i _
! ! i ;
i ) r e
| o
! i
0 — ] o

FIG. 7: FLIP-TuOP RS

L1 circuito tiene dos entracas: R y S. Cuando S sc hacce

i, la salida Q se hard 1, v Q se haré& 0,en el pulso de re-
1oy inmediatamente siguicnte. LEl ciryrcuito pormanacoid on
Coow estado hasta que licguce un pulso a la cabrada R, L0

anworior se ilustra en el diagrama de tiempos de la Fic 7.

Circulitos Funcionales Basicos

Los circ.itos 16gicos ba&sicos se pueden 1nterConaeColl palad ol o=
ner blogees que realicen funciones mé&s complejes. Ln esta sec-~
cibn se uescribiré&n algunos de 10s ologues més

=
v e dd



O

;..l
(43

Un £lip-flop se puede usar para almacenar un bit Ge informa-
ci6én. Sin embargo, un nGmero binario puede estar compuesto
por n bits y por lo tanto seri necesario provedr almacena-

miento para esos n bits. Esto se puede consegulr coaectan-
do adecuadamente n iflip~Zlops. Dichna combinacibn se llama-

ré& regiscro de n~bits. En la Fig., & se muestra un regis-

tro de 4 bits hecho a base ce flip-flops RS

{ Clock

Y

Cloch

FIG. 8: REGISTRO DE 4 BITS

Las lineas R y S se emplean vara entrar en paralelo - ..ts
de informacidn. Como las iineas R y S deben estar s.oaupre
er. forma complementada, se emplean inversores para conse-
culr esta condicidn.

Los registros se pueden naccy empieancdo flip-flop RS dis-

~

cretos, pero por 1lo general se enplilean aguéllos gue va -
T

vicnen en forma integrada como se ilustra en la Tig., 9.

R:oistros de corrimiento

EXl corrimiento de informacidn es una Cc las operacioncs bd

A

sicas en un computador digital. Un registro de corrimientq

'._.
I
Q
[d]
O I
m
(@]
-
[e])
[l
[o]}
[o]]
(]
O
0]
0
el
‘_..
%]
[y
v
'—J
0
«
0
O
o]

@S Un circuito con t
deatro de 51 mismo, sin alterar el orden Ge 1los kits., Pue=~

-

pes
cen efectuarse corrimientos hacia la .izquierda o hacia la
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FIG. 9: ReGISTRO INTZGRADO

Gerecra, una, dos o varias posiciones. En la Fig., 10 se
muestra el diagrama de un registro de corrimiento de 4 bits.

A B o s]
‘L AL ';|‘ l LL *'
Preset r ! i | i :' L
S A B |}—~—j c o} 'r_l
' | .
Cloch ro i i ‘ ’_Q [
D ; i
Serial input |t - EN . -
R A 8 —'-— C} i
! Clear [ { |
| [T VR J
|
Clock {>¢ | L T T
| |
Clear {>& |

FIG. 10: REGISTRO DZ CORRIMIENTO DE & BITS.
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En el circuito de la Fig., 10 se entra un ntGmero al registro
meciance las encradas de PRESET de cada fiip-~flop. ada pui
so de reloj correrd el nimero una psicibn a la derecha,

Contador Binario

Un ¢oncador binario es un registro gue cues
ma binaria. Cada vez gue sc produzca un pulso en :ra entra-
da del contador, éste deberd incrementar en 1 el nlmero gue
tiene almacenado.

En la fig., 11 sec muestra el circuito de un contador pina=
rio de 4 bits.

Input

{ K C K 0
Clear L . '

FIG. 11i: CONTADCR BINARIO DE 4 BITS

~

La linea de "clear" se emplea para poner en 0 el conca-

cor Si le 1legan k wvulsos &l contador por la linea de

}.J

('“

crada, el estado de las cuatro etapas correspondera &

ne.aero birario k.

-1




n

w

i

Loazodor decimal

Cuivo tipo de concador es el decimai. Tieac una entrii.a cGe
1

contceco, una de CLEAR y 4 l6.cas de salida. Este tinc de
contador presenta la salida codificada en BCD, por lo tan-
to, al llegar la cuenta a 1001 = 9. ¢l contador se rese-

t2a, comenzanco desde 0000 auevamente.

a
austiplexor digital, llamado a ve
plexor de ocho entradas J c
las ocho cntradas paréa gue aparezca a ia salica
trada tiene una direccidn y e@s seleccionada mediante iva -
c&digo de tres Dbits.

Zr. ia Fig., 12 se muestra un nultiplexor de ocho entr: das

v ou tabla de verdad.

AB3C Dy DgDgD, DyDy Dy Dy Y ¥
DJ0 0 X X X X X X x 0 1
000 1 X X X X X X X, 1 G
0c1 X 0 X X X X X X 0 1
31 X 1 X X X X X X 1 0
510 X X 0 X X X X x 0 1
5290 X X 1 X X X X X 1 0
.1 X X X 0 X X X X 0 1
c11 X X X 1 X X X X 1 0
P30 X X X X 0 X X X 9 1
150 X X X X 1 X X X L 0
151 X X X X X 0 X x 0 1
151 X X X X X 1 X X 1 o
S .0 X X X X ¥ X 0 X 0 1
110 X X X X X X 1 X 1 0
ol x X X X X X X 0 0 1 prgiz: omuntTcoIoNoR
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Dezodificador

da

En un decodificador, la direccidn de eatrada detgrmina cudl
de las salidas se‘'hard cero. En la Fig., 13 se muestra ¢l
sirbolo de un decodificador. |

z SN
A —— .

3 .

3 . . ':r [y i

~ DECODIFICADOR '
C . ‘ ‘ .

D —— ’ e
5

FIG. 13: DECODIFICADOR’

3

Lac cuatro lineas de entrada: A, B, C, D determinan cudl de
las salidas serd cero. Por ejemplo. si a,la entrada se tiew
ne 0 0 1 0, la salida 2 estard en el nivel 0.

&
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Too INTELLEC § uses a seven-bit ASCH code, which is tne normal 8 bit ASCH code with the parity {(fiL . oiaer) ol

GIWaYs Tuset,
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MTCEOPROCESADORES (PO QUE EVERCITRON?

LNPRara

ING. AZLEJLNDRO GUARDA AURAS

En 1972 se inicid una nueva era en el campo de la electrdnica <ue,
Por su inpocto, es ccomparable a la era del {ransistor. DI1 respoa-
savle de esta verdadera revolucidn ha sido un nuevo componente in-
tegrado: el microprocesador, o "computadora en una pastilla"

Bl microprocesador surgid como una solucidn de los fabricantes de
circuitos integrados, al problema de la falta de estandarizacica de
componentes digitales complejos de uso especifico, a ser emplendos
en distincos sistemas que cumplieran funciones diferentes.

Ll problea consistia en que cada cliente ordenaba un circulito cue

realizara cierto tipo de funciones y que tuviera ciertas espec. fi-
cacicnes. Para esto, el fabricante de circuicos integrados debiia
hacer el papel de "sastre", ordenando sub-sistemas de tal forme de

r : .

las funciones reqgueridas en uno O mds circuitos, gua Cum-
or. las especifiicaciones impuestas. A este procedimienco

1
lo llamarcrios "diseno personalizado" y al producto, "circuito per-
o (

a
Como es evidente, el "diseno personalizado" resultaba extremademente
card, tante para el Tabricante como para el cliente. Esto not.ve a
los primeros a diseflar un componente estdndar, que pudiera ser ser-
sonalizado® por el mismo cliente. Sin embargo, para que esto ruera

posibie, debia cambiarse la forma tradicional de disefo, en la Juae

se realizabpan todas las funciones de un sistema mediante "hardaware”
v por lo tanto, la relacibn entrada-salida Gel wmiocmo era fija.

A este tipo de disefio se le llama "logica alambracda'.

La "personalizacidn" se logrd empleando el concepto bédsico de lias
computadoses de proposito general. IEn estas, se realizan en "hard-
ware" ciertas funciones basicas y esténdar, tales como operacicnes

aritméticas, operaciones 1ldgicas, control, transferencia de Iniorma-
cibén, almacenamientc, etc., y luego, mediante un conjunto de inscruc

ciones, se organiza la secuencia de ejecucidn de dichas funciones

(1) Debicdo al alto costo de desarroiloc de los circuitos
cdigitales LSI, un nuevo diseno complero s3lo se justifica e
nénicamente si el volumen de compra de los misnos estd ar
de las 106,000 unidades.



. ‘ .2

(programa) , con la secuencia determinada por la funciln especifica que
se desea obtener como por ejemplo, el cdlculo de una est:uctura, el -
control de los semdforos de un sector de una ciudad, etc.
Esta combinacibén de Hardware-Software, permite ofrecér una varicdad -
enormeé de sistemas de uso esp;ciflco, con la ventaja adicional de que
dicho sistema puede ser alterado en su Lunc16n, simplemente cambliando
el programa original. . - - -
Como puede verse, el microprocesador no .ha introducido ningﬁn concep-
ote) nueyé, va que el principié\eniéuemée basa ha éstgdb empleéndosé ma
sivamente en:las dos Ultimas décadas. ' '
El verdadero aporte de los microprocesadores ha sido el>poner @i al=
canqé de los dlsenadores, un dlSpGSlthO de bajo costo, tamaiio redy-
cido, bajo consumo de potencia y mucha flexibilidad; en otras pualg-
bras, un -dispositivo de excelente relacidn costo/funcionamiento,
En qé principio, los microprocesadores se dcstlnaron a reemplazar =
pequéiios sistemas realizados con ldgica alamnrada y a calculadoras, -
Porlesto, los de primera generacidn poseian arquitecturas;y caracee
ristlbas nay espec1ales que limitaban bastante su empleo en ogias -
apll¢;c1ones. Sin embargo, al verse el potenCLal de dichos disposi x
tivos, aparecié una segunda genb:ac;én con una argquitectura semuJaQ
Ee a la de una minicomputadora y con caracteristicas de funcionamien
to muy superiores a las de microprocesadores de primera generacién.
El campo de.aplicacién de estos dispositivos, se extiende desde el

‘tremo dominado por la léglca alambxaua, hasta aquellas gue 0O su
complejldad estaban reservadas a mln*conputadoras.(Z) En el cuadro
de la Fig., 1 se muestra el lugar que ocupan los mlcroproqgéadores
en el esnecho de los s:stemas dlg*talub- )
Como pucde apreciarse en el cuadro, la zona de traslape con las mini
comggggdoras es muy pequefla. Es importante hacer notar que los mi-
croprdcesadores no estan destinados a reemplazar a las minicompytado
ras;ﬂya‘que poseen severas limitaciones de velocidad y de longitud

de palabra. AlGn cuando dichas limitaciones sean rebasadas mediante

w
E)
1

el uso de nuevas tecnologias, seguirén existiendo limitacione

la capacidad de manejo de informacién y en el control sobre perife-

(2) Pasando por nuevas aplicaciones, sélo posibleé por el bajc cos-
to y tamano del sistema electrdnico que resulta.

.o.‘3'
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Introduccidén a los Nic*op;ocesaao*es

Las Computadoras pueden alv1d1rse internamente. para su estudio*
en tres partes importantes:

1) Memoria. Conjunto de dispositivos donde se almacena la in-
formacidn que se procesa y los programas que ejecuta una eom
putadora.

2) Entradas/Salidaé. Conjuntq/ge dispositivos a través de los

cuales la computadora se comunica con el exterior para trans
ferir informacidén y programas.
3) Procesador Central. Conjunto de dispositivos que transiorw

man la informacidn contenida en la memoria de acuerdo 3 la
secuencia de instrucciones que constituye el programa.

Con el avance de la tecnologfa, lag ceomputadoras han pasado por
varias generaciones. Cada generagidn se¢ distingue por la rgalie
zacidén fisica de sus elementos bidsicos de decisidne. Las coapu-
tadoras han usado elementos electromecdnicos, vidlvulas ol vaalio,
transistores discretos y modernamente conjuntos monoliticos ae
transistores llamados circuitos integrados, Con cada ganewracida
aparecen computadoras mds pequefas en cuanto a volujen fisico ae
sus componentes, pero con un poder equivalente de cdlculo a con-
putadoras de generaciones anteriores.

No existe una definicidn exacta ce ;Q que es up migroprocesacor,
pero se puede decir que es un procesadoy central en el cual el
volumen fisico y nGmero Ge compongntes se ha reducido a un nipniw=
mo. Es usual que un microprocesacor tenga la presentacidn fisi-
ca de un circuito integrado, pero ademads posece el mismp podcr de
cdlculo de una modesta computadora,

I.a. Un poco de Historia

Los primeros microprocesadores evolucionaraon de procesadow
res numéricos para calculadoras electrdnicas y paralelamen
te de procesadores de caracteres alfanunéricos usados en =
terminales inteligentes para computagdoras., LoOs precursores

..Iz
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e los m;cropLouesaaores actuales tuvieron un éxito vasa=
jero,” debido a que se requeria de gran compl»jluad e dir <:>
seno para utilizarlos como procesadores centrales de com-
putadoras muy pequeflas, gue se llamaron microcomputacdoras.,
Para otras aplicaciones dedicadas, donde no se requeria

del poder de cédlculo de una computadora de prcpdsito geng
ral, los microprocesadores llegaron a sustitulr ccmplica-
dos circuitos electrdnicos de decisidn, con programas que
podian efectuar las mismas decisiones con un ntmero menor
de componentes y con un costo reducido. Asi pues, los =
primeros microprocesadores aparecieron en el mercado denm
tro de calculadoras electrbénicas, cajas registradoras de
ventas, medidores digitales, terminales para compuiadoras

y muchos otros perif%ricos para computadoras.

Con la experiencia que se obtuvo de los primeros micropro
cesadores las nuevas generaciones adquirieron muchas venta
jas sobre sus precursores es comin encontrar, entre las
nuevas generaciones, a microprocesadores eéspecialmente di- <>
senados para usarse como computadoras de propdsito general,
Muchos de los procesadores nuevos son tan generales gue se
pueden usar con la misma facilidad para efectuar cdlculos
matemdticos como para controlar procesos fisicos.

Con cada generacidn, el poder de cé&lculo y de contreol de
los microprocesadores ha ido aumentando, miencras que el
costo se ha mantenido estable. Por lo gcneral, la familia
de componentes afines de cada microprocesador es mis ver=
satil y fé&cil de utilizar gque la de generaciones ancerio-
res. No es difificil extrapolar que en el futuro muchas de
las funciones de decisidn cgue se realizaban fisicamente
con gran cantidad de circuiteria y componentes electréni-
cos se vean substituidas por un microprocesador y unos -

cuantos componentes.

Evolucién de las Computadoras

Las primeras médquinas se utilizaban exclusivamente para
levar a cabo céalculos gque de otra manera hubieran reque= :)
rido de un esfuerzo humano desorbitado. Esos artefactos



TO anora utilizan microprocesadorées, reduciendo el voluuaen
fisico y el costo del sistema. A veces es tan espectacu-
lar este cambio que lo resultante es un instrumente porté
til cue funciona coa baterias.

Lo otra tendencia es la de incorporar un nicroprocesador
en un sistema para efectuar lz mayoria de las funciones de

procesamiento de datos y de control, aprovechando la exi

19}

tencia del procesador para incrementar el nimero Ge funcio
nes del siscema, con un nGuero pequeno de componences aci-
cionaies. De esta manera, instrumentos de medicidn que
aiites efectuaban un ntmero limitado de observaciones, ano-
ra son capaces de transformar nateméticamente las medicio-
nes en valores relacionados. Es usual encoatrar instrumen
tos que miden relaciones diferenciales, integrales, prome-
dios, conversidn de unidades, dececcidn de limites, etc.,
a un costo muy reducido, Solo por efectuar los cdlculos -
con un microprocesador, en vez de tratar de obtener el mig
nmo resultado vor medio de circuitos analdgicos.

Los microprocesadores se pueden usar en una gran variedad
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istemas de contrcl y cdlculo. La conii
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curaleza de los dispositivos periféricos y la cantidad y ti
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e memoria empleados.
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Por ejemplo una calculadora electrdnica puede consistir de
un microprocesador para efectuar iunciones aritméticas y

de control, cierta cantidad dc¢ memoria para guardar datos

interniedios, una memoria especial en la cual estuviera gira

bada el programa de control y algunos algoritmos matem&ti-

-
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}..

0]

cos trascendentales, una interface de entrada para el t a
do v una interface de salida pare el mecanismo gque escribe
los resultados. Todo esto se pucde realizar €O.a Unos Gicz
circuitos integrados. Ademd&s la calculadora puede ahore

er programable.

a

g
o
 [0]

S
Otro e¢jemplo puede ser un voltimetro digital, en el cue
més de los elementos usuales, se utiliza un convertidor anz

logico~digital para observar la variable anaidgica. Este
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eran fisicamente grandes y costosos, de reparacidn Irecuen
te y mantenimiento caro. Pero su utilizacidn era eventual
mente mds ventajosa y la obtencién de resultados mds rédpi-
da que utilizar unaequivalente baterfia de matemé&ticos con
sus calculadoras.

Con lias distintas generaciones de computadoras, fueron apa
reciendo productos més baratos y confiables que sus precur
sores. Las computadoras pasaron de usarse exclusivamente
para cédlculos gigantescos a ciertas aplicaciones industria
les, donde la velocidad de respuesta era esenclal para el
control de los procesos fisicos. La aparacibdn de computa=-
doras de bajo costo y alta confiabilidad en los labcrato-
rios de investigaci6n, también fue muy importante. En es-
te caso, se usaron los procesadores como instrumentos da
control y para la adgquisicién y procesamiento de dacos.
Comercialmente fuercn apareciendo sistemas de medicién o de
control tan sfisticados gque inclufian a una computadora <¢Q
mo parte integral del sistema. Posteriormente, esas com-
putadoras serian reemplazadas con microrpocesadores.

En manera andloga al desarrollo de las computadoras, las
calculadoras electromecé&nicas pasaron a ser calculadoras
electrdnicas. Muchas de las calculadoras electrbnicas
gquieron la capacidad des ser programables. Ahora es dirfi-
clil precisar cuales son las diferencias entre una calicula-
dora programable y una computadora pequena. Igualmente y
de una manera mas natural, los microprocesadores fueron a
sustitulir las entranas de las nuevas calculadoras.

Una tendencia que existe en la industria electrdnica ahora
es la de sustituir, cuando sea posible, inflexibles circul

tos electrbnicos para microprocesadores programados.

Sistemas bacados en Microprocesadores,

Existen dos tendencias principales en el uso de los micro
procesadores. Una de ellas tiende nacia la utilizacidn de
microprocesadores donde antes se utilizaba una computadora
para efectuar una tarea similar. De esta manera, sistenas

que usaban ccomputadoras o calculadoras para su funcionamien
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dispositivo puede entonces seleccionar la escala automdti
camente, para mostrar siempre el resultado con un méximo
de precisidén. Ademds, la lectura digital se puéde usaxr
‘par'alimenték a un impresor, perforador Qe cinta o papel,
o0 puede conectarse directamente a un sistema de ‘adquisicidn
de' datos.” Lo que antes se realizaba con cientos de coiipo-
"~ - nentes discrétos, ahora se ve reducido a unos'cuantos cir-
cuitos integrados. \ - )
Se puede ‘pensar que, en- 1los.sistemas electrdnicos de con=

trol de procesos fisicos.o -los sistéemas-en 1&s -Gualés, in=

*

térvienen cédlculos ‘aritméticos ¥ due, en'él“pxééentc,’se

- realizan con' elementos discretos (afin cirecuitds. integrados),
cni el futuro pueden redlizar més eficiehﬁementé ¥ a menor
costd’ usando microprocesadoras. -
Es posible usar microprocesadores én alduras apiicacicnes

~&e ‘control  de procesos, adn cuandd actualmente no sean de

realizacién’ electfonlca si se reuhén cacrtas .conridiciones:

1). Existen los transducLores adecuadods para obbervar las va-
--riables de -éstfmulo ‘al - ‘sistema ‘en va ables eléctronicas

.anélogas‘de‘entrada aﬂun'ﬁicroprGCesador. P to

L[4

< 2) Exlsten los efcctores adecuados para LrunSEOLmar Las sei:

1®

l =3 clectrénlcab ‘de ‘salida de un mlcromrocesado& eri las v:

1:

rlablcs de respuesta an&logas del 51stcma.
35 " Existe- algln algoritmo ‘para: rela01ona1 unlvocamentc las sg
flales 'de’ entrada con laS'senales de~salma§;'
' Cuando ‘existen estas tres condiciones para unh ‘SiStema &e

- © ‘control, entonces puede  resultar.mis Ventaiosd la implicmen
et =
opx

tatidn del  sistema de ‘control usando iin microprécesador Y

su:i; ‘elementos  afines, ‘qué la presenté ifplemeéntad 5i6n éled=

“:omecénlca por lo general..

I.G4. Programadfén’cbntra Realizadidn Fisica

Cuando se usa un 51stema de control redlizZado con l6gica
programada en lugar de utilizar la equivalente realizacidn
fisica, es posible enumerar ciertas vent;jas y desVenta=
jas de usar la una o lg otra.

A favor de usar 1l6gica programada estédn los siguierites ar




3)

4)
5)
6J
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guraentos:

racilidad de incorporar mejoras en el sistema

Il diseifio se facilita por el uso de programacién, usanco
lencuajes de alto nivel o compiladores, ensambladores y

editores.

La correccidn de errores se facilita con el uso de simuia

dores y otras técnicas de programacién capaces de detectar

errores.

El nlmero de componentes fisicos se reduce

La documentacién del sistema es mds sencillo

Como consecuencia de terer menor nlmero cde componentes £I
sicos, los costos de produccibén son menores y la probabi-
113ad de fallas se reducen.

Zn contra de usar légica programada esté&n los siguientes

argumencos:

La velocidad de respuesta Gel sistema ¢s mé&s lenta

i costo de desarrollar la capacidad de programacidn es
elevada inicialmence .~

21 costo de sistemas pequenos puede ser mis elevado.

El costo de cambiar es contraproducente.

Las ventajas o desventajas Ge usar la realizacidén f£isica

5

o en elementos discretos de un sistema de control, son evi-

-

dontemente el complemento de ias dos taplas anteriorcs.

(l.’

o
Y

(J

La decisidn de utilizar un sistema de control o proc

-
1=

wmienco de datos, realizado con ldgica programada O mic

ol

B
ts

wrocesadores, no es ficili. s necesario evaluar cada una
de las ventajas y desventa’as segin la aplicacidn en pars

cular. Pero la experieacia ha cemostr ado cue en la maevor

&2 los casos es més ventajoso usar los microprocesaccres.

‘..licaciones en General.

*

Lco microprocesadores han encontrado aplicaciones en 1los
siguientes campos:
1; Industriales
Z2; Comunicaciones
2) Comerciales
%) Computadoras
5) Instrumentacidn.
I



CURSO: "MICROPROCESADORES TEORIA Y APLICACIONES"
DR. ADALBERTO GONZALEZ BURMESTER

II. Composicidédn fisica de los sistemas (Hardware)

La composicién fisica de sistemas basados en microprocesadores
es muy similar a la organizacidn interna de una computadora. Esencial-
mente, el microprocesador controla y tiene acceso a tres conjuntos
de sefales, que llamaremos conductos o "buses". Cada "bus" tiene una

funcidén diferente ‘en el sistema: g ¥

1) E1 "bus" de informacidn, transmite, los datos entre el micro=-

procesador'y el resto del sistema.

2) E1 "bus" de direccidn, transmite la direccién de la memoria

qgue se desea usar, o la direccidn de los dispositivos de
entrada/salida que se van a emplear. Este "bus" se origina
normalmente en el microprocesador.

3) E1 "bus" de control, transmite del microprocesador al resto

del sistema las seflales que controlan la operacibn del mismo.

Sobre estos conductos o "buses" Se conectan los distintos elemen
tos del sistema segﬁn las distintas nece51dades. Por ejemplo, un mé
dulo de memoria usa el "bus" de direccién’ para seleccionar la celda
que se va a utlllzar, el "bus" de control para saber si se va a es-
cribir o leer la memoria y cuando, el "bus" de informacibn para trans
mitir o recibir la informacién de la ‘celda escogida.

Los distintos mlcroprocesadores dlflefen adem&s de su estructu-
ra interna y juego de instrucciones, ‘en la manera en la cual esté
organizado el‘conﬁunto de "buses" del sisfema. Algunos microproce-
sadores usan uno, ‘dos o tres "buses" 'seglin el nmero de conecciones
externas que”tengé el circuito integfado én el cual se presenta £i-
sicamente este elemento. ’ -

Es importante7considerar que el ancho-de los "buses" en nudmero
de lfneas, dépenderi del espacio de direc¢cionamiento y el nGmero do
bits de infoﬁmacién de cada microprocesador. Por ejemplo, el Intel
8080 utiliza ' 16 lineas en el "bus" de direccibn y 8 lineas en el "bus"
de informacién. .

Las unidades de memoria afines a los microprocesadores esté&n di-

sefiados para conectarse directamente a los "buses". Por lo tanto,
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un microprocesador puede trabajar con un minimo de memoria con la
misma facilidad que si tuviera todo el complemento. El inconvenien-
te de este sistema, es de que el microprocesador no sabe cuando exis
te o0 no cierto médulo de memoria. ‘

De la misma manera, los dispositivos de entrada y salida estén
disenados para conectarse directamente a los "buses". En ciertas
ocasiones, existe una divisibén fisica del "bus" de informacién, en
lo que puede llamarse el "bus" periférico, dedicado exclusivamente
para los dispositivos‘de entrada y salida.

Ciertos otros elementos de control son necesarios para contro-
lar el tr&fico por los distintos "buses". Generalmente estin aso-

ciados con el "bus™ de control.

II.a. Tipos deé Microprocesadores. EL intel 8080

Los microp¥ocesadores se clasificah m4s® facilmente por el nime-
ro de bits de informacibén que usan por palabra de memoria. Los mi-
croprocesadores de 4 bits estdn orientados hacia las calculadoras
electrdnicas y otras aplicaciones comerciales, donde se utiliza una
aritmética muytlimitada. Los microprocesadores de 8 bits son dema
siado generales para describir, pero eséncialmente estdn orientados
hacia el manejo de taracteres alfanuméticos'y cdlculos matem&ticos
mas sofisticadbs. Los microprocesadores de. 12 y 16 bits estdn enca-
minados a las\éplichciones donde sc usa una matemdtica de mds alta
precisifn y generalmente tienden a sustituir a computadoras de poder
equivalente.

El microprocesador INTEL 8080 es uno de' los elementoé procesado-
res mas usadoséen la tecnologia electribnica en el presente. Es un
dispositivo de: 8 bits de informacibn, .es capaz de direccionar 65,536
celdas de memoria ¥y usar 256 dispositiwos de entrada y salida.

II.b. Tipos de Memorias. Ram, Rom, Prom, Eprom.

Los m6dulos de memoria esté&n organiizados internamente para alma-
cenar palabras!de ihformacidén en localidades especificos. Si la me-
moria es capazide leer y escribir infqrmaci@n, se le llama memoria
de lectura/eséfitura. Por una inconsistencia del lenguaje se le ha

$ ' . oo

O
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() llamado memoria de acceso aleatorio o RAM. Si la informacidn de la
memoria es inalterable y s6lo se puede leer, se le llama memoria de
lectura exclusivamente o ROM. §Si la memor;a estd destinada a operar
como ROM pero se puede programar inicialmente.por medio de procedi-
mientos especiales, se le llama memor;a de(lectura exclusivamente =
programable, ROM programable o PROM. Si la memoria estd destinada
a ser PROM pero ademds por otros métodos uSpuClale, el contenido se
puede borrar, ‘.entonces es un PROM borrable. o EPROM.

Generalmente, las memorias de tipo RAM, se utilizan con los micro
procesadores para Quardar la informacidén que est&d cambiando en un =
programa. En'ocasiones, es posible usar e% RAM para guardar el pro-
.grama que se va a ejecutar. Y ;

Los microprocesadores utilizan los diversos tipos de ROM'S para
almacenar programs:k:y ciertas tablas de 4datos que no cambian durante
un programa.lf . ) }

La mezcla'de RAM y ROM en un 51stama depenue mucho de las apli-
caciones. Es.posible encontrar un 51§temalminlmo en el cual sdlo

<> se utilizan um RAMJy un ROM. Es posible también encontrar microcom
putadoras que "tienen bastante RAM para guardar datos Yy programas y
un poco de ROM donde estdn protegidos 'ciertos programas residentes

de la microcomputadora.

ITI.c. Tipos de periféricos y elemencos de.interface

Los microprocesadores se comunican con,)el mundo exterior a tra-
vés de los dispositivos de entrada y salida. Estos elementocs se en
cargan de transformar y almacenar la informacifn por el tiempo.nece
sario para sincronizar el tréafico de inforkacién entre los “"buses"
de informacién y el mundo exterior.

Se pueden-distinguir dos tipos de clementos de interface. La
caracteristica de éllos es en la manera de transmitir una palabra
de informacidbni, si‘'lo hacen en paralelo; o0-1lo hacen en serie.

Una interiface due funciona en paralelo es capaz de almacenar
una palabra d4dé informacibn y de transferir bidireccionalmente, en el

() caso m&s genetral, recibir en el caso de un dispositivo de eﬁtrada,
o simplementeltran&mitir en el caso d& un dispositivo de Salida.

La transferene¢ia odurre de manera que'estd sincroriizada con alguna

ook




serial de control. Todos los bits de informacién son accesibles du-
rante la transferencia. ‘ 5

Una interface que funciona en serie es similar a la anterior sé
lo que 1la informacidén es accesible un bit a la vez. Esto se usa en
el caso de transmisiones por cable telefénico, o en comunicaciones
con teletcipos. :

Los dispositivos periféricos més usuales para los microprocesa-=
dores son los teclados, lectores de cinta, los impresores, indicado-
res luminosos o "displays". En ocasiones es muy com(n encontrar te

letipos.

II.d. Otros componentes varios.

Ademé&s de los dispositivos de memcria y- de interface, existen
otros componentes afines a los microprocesadores. Estos se usan
mds relacionados con el"bus" de’cpntrol gue con otras partes del -
sistema. Muchas de las piezas de soporte caen en esta categoria.
Entre ellas s€ pueden enumerar los circuitos de reloj y fases, el
control de interrupcibn, el acceso directo de memoria o DMA, y la

seccibn que alimenta o recibe a los diversos "buses"

¢
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Dentro del campo industrial encontramos a los microprocesa-
dores en la automatizacién de f4bricas, manipuladores pro-
. gramables y autbmatas industriales. Otras aplicaciones in
cluyen el control de m&quinas de ensamblado, mdgquinas auto
méticas de peso y envazamiento de articulos, observacibn y
control remoto, entrada y salida de datos y control de trd
fico. Una aplicaci6én muy importante es en el ramo de control
numérico de maquinas herramienta y los controles necesarios
para programarlos. Las m&quinas de hilados y tejidos igual
mente son' fdciles de automatizar en este sentido. También
se encuentran mdquinas de composicién para peribdicos en
esta categoria. :
Considerando el campo de las comuhiéaciones, se encuentran
los microﬂrocesadores esencialmente como procesadores de

caracteres alfanuméricos. Se usah para convertir cédigos,

buscar caracteres especiales, editar ménsajes revisar la

paridad de transmisién, correccibn de errores y retransmi-
sién. Dentro de las redes de comunicacién de microondas,
los procesadores se usan para seleccionar las antenas que
se deben éncadenar en la transmisién de mensajes. En las
redes de éomun;caciones internacionales los procesadores
se usan para reéconciliar los c6digos, velocidades y forma
tos antes!de permitir el encadenamiento. Otra aplicacidn
interesante es.en el control de potencia de las torres de
transmisién de’radio y micro-ondas. En la telefonfa, los
procesadoﬁes han encontrado aplicacibén:en la transmisibn
digital de la voz, haciendo la trédnsmisidn mds eficiente y
eliminand® costosos repetidores afialégicos. Esto mismo
facilitar& en ¢l futuro la transmisifntde las imdgenes de
los usuarifos astraves de las lineés telefbénicas. Asimismo

las transmisiones de voz se puedeﬂ encddificar en un telé-
fono y dedodif;car en otro para tfansmitir mensajes con al
to grado de sequridad. Si otro téléfoﬁo no conoce la deco
dificiacién adecuada el mensaje nd se puede reconocer.
Dentro def campo comercial se encuentran procesadores en
las cajastregistradoras de ventas, b&sculas, terminales pa
ra inversfonisﬁas y la industria de las finanzas, cajeros

autom&ticds en ‘los bancos, control de inventario en negocios
t v ...s



Yy supermercados. También se encuentran aplicaciones en
los autombéviles para minimizar el consumo de gasolina.
Diversos juegos electrbdnicos modernos esté&n basados en pan
tallas de televisidén y microprocesadores.

En el campo de las computadoras cabe decir gque muchos pro-
cesadores se usan normalmente asociados con unidades de me
moria y otros periféricos en microcomputadoras. Pero de-
bido a su baja velocidad, los micfoprocesadores solo han
encontrado cdbida dentro de las secciones de control de
los periféricos de las computadoras. Por ejemplo, en las
terminales inteligentes, impresores de lineas, conversién
serie-paralelo, etc. Las calculadoras electrénicas progra
mables son otro buen ejemplo de aplicacién de microproce-
sadores. * ‘

Tal vez la aplicacidn mds importanhte de los microprocesa-
dores es en el' campo de la Instrumentacién. Donde no solo
se utiliza la reduccién de n@meros de componentes l&gicos
discretos sino que ademds se utiliza la capacidad de c&l-
culo. Se' tienen muchos probadores de ‘elementos semicon-
ductores y circuitos %ntegrados, sintetizadores de frecuen
cia, wattﬁetrés, medidores de temperatura con termoparos Yy

toda una serie de instrumentos inteligentes.
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Prdctica No. 4: DISENO Y PROGRAMACICN DE UNA CALCULADORA

DR. ADALBERTO GONZALEZ BURMESTER.

OBJETIVO: En esta practica se usard la estructura fisica del SDK-80
para simular por medio de programacidn adecuada, la operacién de una
calculadora sencilla.

INTRODUCCION: Las caracteristicas esenciales de la calculadora que

se va a simular son las siguientes: .

a) Debe ser capaz de efectuar las cuatro operaciones aritméti=

cas de suma, resta, multiplicacibén y divisién.

b) Debe aceptar nfimeros decimales desde la terminal, para ser

usados como cperandos.

c) Debe escribir el resultado decimal en la terminal.

Para facilitar la programacibn, se ha suministrado en un PROM es
pecial ocho subrutinas que son capaces de efectuar las cuatro funcio
nes aritméticas y las operaciones de leer y escribir datos decimales
en la terminal. Usando una combinacifén adecuada de llamadas a estas
subrutinas preestablecidas se puede disimular una calculadora senci-
lla. El formato en el cual la calculadora efectuars estas operacio
nes dependerd de la complejidad del programa de control.

TEORIA: Las ocho subrutinas utilizan nmeros enteros positivos de

16 bits de significancia, esto equivale aproximadamente a nmeros com
prendidos entre 0 y 65 535 inclusive. Todos los operandos usados por
las subrutinas son pasados a traves del Stack; es decir, los operan-
dos que se usan en las operaciones aritméticas son tomados del Styck
y el resultado el regresado en el Stack. Este método de pasar operan
dos facilita el encadenamiento de operaciones aritméticas, ya que el
resultado anterior estd en el Stack y s6lo basta proporcionar el otro
operando.

En ciertos casos es posible detectar, por medio del flag de Aca-
rreo, si cierta operacibén ha excedido el nivel de significancia de
16 bits, o si cierta operacién ha producido un resultado negativo.

La funcién de las ocho subrutinas es la siguiente:

1) ADDXY: Suma los dos operandos superiores del Stack y regresa

el resultado en la parte superior del Stack. E1l flag

de pcarreo indica sSi hubo un sobreflujo.




2)

3)

4)

3)

6)

7)

8)

EJEMPLOS:

DADXY :

SUBXY:

NEGXY :

MLTXY:

DIVXY:

DECOD:

ENCOD:

.2

Es de operacibén idéntica a ADDXY pero usa otro méto-

.do para obtener la suma.

Resta el operando superior del Stack del siguiente
operando en el Stack, regresa el resultado en la par-
te superior del Stack. El flag de Acarreo indica si
el resultado es negativo.

Toma el operando superior del Stack, lo convierte en
su valor negativo y regresa el resultado en la parte
superior del Stack. Esto se usa en caso de que SUBXY
haya producido un nfimero negativo.

Multiplica los dos operandos superiores del Stack y
regresa el resultado en la parte superior del Stack.
Si el contenido de la pareja de registros DE es dis-
tinta de cero, indica que hubo un Sobreflujo.

Divide por el operando superior del Stack al siguien-
te operando en el Stack, regresa el resultado en la
parte superior del Stack. El residuo permanece en la
pareja de registros DE. El cociente es la parte ente
ra exclusivamente.

Toma la parte superior del Stack la convierte y escri
be como nmero decimal, sin signo, en la posicién ac-
tual de salida de terminal.

Lee de la terminal a un nGmero decimal, sin signo, y
lo convierte en nGmeroc binario de 16 bits. E1l resul-
tado lo pone en la parte Superior del Stack. Si un
nGmero mayor de 65535 es suministrado entonces el ni-

mero convertido estd indefinido.

para sumar dos nfimeros decimales basta escribir el siguien

te sencillo programa:

CALL ENCOD

CALL ENCOD

CALL ADDXY

CALL DECOD

Leexr primer sumando de la terminal
Dejar sumando en el Stack.

-s we

Leer segundo sumando de la terminal
dejar sumando en el Stack

~e wo

Sumar los dos operandos superiores
del Stack, dejar total en el Stack

Escribir el total en la terminal
;- tomadndolo de la parte superior del Stack

-y wme

o

El mismo procedimiento se usar& para Restar, Multiplicar y Divi

O



dir cambiando solé SUBXY, MLTXY & DIVXY pcr ADDXY én ei‘brpgrama an
terior. Nota,oes importante considerar el orden en el caso de la
resta y la divisidn.

Cuando se restan dos nlmeros decimales, el resultado puede ser

negativo. El siguiente programa corrige esta situacién:

CALL ENCOD ; leer substraendo

CALL ENCOD ; leer minuendo

CALL SUBXY ; hacer la yasta

JNC POSIT ; saltar si Residuo positivo
MVI C,2D ; poner cardcter "-" en Reg. C.
CALL CO ; escribir signo negativo

CALL NEGXY ; obtener el negativo del residuo
POSIT: CALL DECOD ; escribir residuo positivo.

Usando un procedimiento similar, se puede probar si en el resul-
tado de una suma o de una multiplicacién hubo un sobre flujo. En ese
caso se escribiria algln carédcter especial para indicar esta condicibn
antes de escribir el resultado.

Para que la calculadora pueda efectuar las cuatro peraciones arit-
méticas es necesario reconocer simbolos especiales como “+", "=", "k"
"/", etc. Dependiendo de cual fue el simbolo especial reconocido, la
calculadora deberid efectuar la operacién correspondiente. E1 siguien
te programa sencillo realiza esta operacibn:

OPER: CALL GETCH leer caré&cter de la terminal

-.

CALL ECHO ; escribir cardcter en la terminal
MOV A,C ; poner car&cter en el Acumulador
CPI 2B ; comparar con "+"

JZ ADDXY ; si fue, sumar

CPI 2D ; comparar con "-"

Jz SUBXY ; si fue, restar

CPI 2A ; comparar con "*"

Jz MLTXY ; si fue, multiplicar

CPI 27 ; comparar con "/"

JZ DIVXY ; si fue, dividir .,

MVI C,3F ; poner cardcter "?" en Reg. C.
CALL CO ; escribir interrogacién

CALL CROUT ; cambiar la linea

JMP OPER volver a leer

LY




FORMATOS: Con una combinacién adecuada  de las rutinas presentadas

anteriormente, se pueden escribir programas para simular calculado-
ras fdcilmente. El formato de entrada y salida mds sencillo es el
sigulente: -

NUMERO

NUMERO

OPERACION

RESULTADO

Con unas cuantas modificaciones, el formato de entrada y salida

puede convertirse en el siguiente:

NUMERO . '

OPEXRACION

NUMERO

RESULTADO

DIRECCIONES: Las ocho subrutinas residen en el segundo PROM del sis
tema SDK-~80. Para llamar a esas subrutinas es necesario llamarlas a

las siguientes direcciones:

0400 ADDXY 7 =X+ Y
0403 DADXY 72 = X + Y
0406 SUBXY Z=X-Y
0409 NEGXY 7= -X
040C MLTXY 7= X *Y
040F DIVXY 2 =X/Y

En las cuales X es el primer operando que entra en el Stack ' Y
es el segundo operando que estd en la parte superior del Stack
0412 DECOD ESCRIBE 2
0415 ENCOD LEE X6 Y
Donde 2 es el operando que estd en la parte superior del S%ack,
usualmente un resultado, y X 6 Y tienen el mismo significado que arri

ba.
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Urimare practica:  conocimiento el prototipo do dIisncuc

Cooneral vandes

Pura reasizar los trabajos précticos del curso usaremos QoS LUoldoi-

o [ e

053 e caesarrollo ("Kits") de la firma Intel, denominados "JAl5-80".
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iutes coucienen el conjunto de elementos b&sicos gue nos peraitiran
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viercitur el microprocesador 8030, conectarlo al mundo

Yo eintraca/salida de informacidn cnandar el kit. Cada 1L con-

h
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~Gae w. programa llamacdo "monitor", que por un lado poimiit ol Opo

saaor o .lizar una serie de fuancioanes relativas a La forma S cone-

Q
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»Ar Y w.0DAr un programa en desario

i0 Yy poxr otrc inc
.1t coun una serie de dispositivos periféricos
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Jde video; para que el operador entire y extraiga infor
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poocunter o disponible ("Hardware ™)

41l conjuw.to de circuitos v funcionces de que dispoina el kit uasaen Jdi
vidirse vn los grupos detallados a continuacidna.

2.1. Un:dad central de proceso {(C’U} y circuito

S

Co.iprenden basicamente el C2U (8080a), el cenerad

reioj (8224) y el decodiiicador de

I'2cos circuiltos son el cooazdn del kit, tomen las deci-ioncs

16gicas y den el tiocmpo corirccto para la operacidn de zodo ol
“cuito.

2,2, ouoria de lectura Gnica (PRUM'S o ROM'S)

Zro estos circuitos se guedan las rutinas que permitir. . zeali-
zar operaciones tales como la comunicacidn con el muads exte-
rior, introduccibén al kit G& programas desarrorliados Lor el

operador, etc. Ademé& atins s com-
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oictas para realizar diversas taireas en operaciones mutomdtci-

Q

&3, las que se podrén llamar desde el porgrama de tra &3¢,
facilitando asi grandemente la tarea.

L. X1t dispone de cdos PROM'S (3708), una gue incluve .. *moni-
- it

TS (ver 3.) otra gue ha sido programada especialnicate por
iy -

nosotros, la gue contiene una serie de subrutinas a s.:i usadecs

)




i

2.5.

.2

<

Ly

4. Dos espacios vacios permitiria

v

en la tarea No. incor;.o-
rar dos £7C08 adicionales. E1 cirxcuito 8205 deccocdificar pnar-
te de las lineas de direccidn y permite habilicar una 870%

cuando es seleccionada por el contador de programa. Cada -

8708 rcrmite alojar 1,024 palabras de 8 bits.

Memorir ie lectura y escritura

Permiten almacenar instrucciones y datos, sea proporcionacos

desde ¢l exterior, sea generados por el sistema durante ic -
e

ecucibn de un programa. Son l.amadas "RAM'S" (8111-1) Yy
cada una permite aimacenar 256 polabras de 4 bits, por 1o -ue
n 1os & existentes, se dispone de un médximo de 1,024 pal

(O3

co
bras de § bits. Hay también un decodificador 8205, que poco-
wlte seleccionar los 8111-1 en grupos de dos (256 plabrocs e
8 bits componen cada grupo) .

Unidad.s de entrada y salida

Para comunicarse con el mundo exterior, el kit daispone d¢ -

v
"puesios" de comunicacién. Los 3255 permiten la comunica-

i
16n ea paralelo de tres grupos ce 8 bits cada uno, prog:os -
mables a voluntad en forma muy vers&til. Bajo comando autl

vrogramador, estos puestos pueden trabajar como entradas, -a

lidas, alternadamente, etc.
ilay o.co tipo de puesto, el 8251, que permice la intercon....

cacidén con dispositivos periféricos que trabajan en seric .

1o son teletipos o terminales de video). Por medio de div.und
res adccuados de frecuencia (circuitos 93516 y 74161), sc¢ .t
Ge elegir de acuerdo a las necesidades, a qué velocidad so ..
rd la cransmisidn/recepcibn de datos; una serie de transisio-
res y cesistencias permite acoplar los diierentes niveles (.ic

v

a que trabajan los circuicos electrdnicos del kit vy .o

(=

cntes sistemas del mundo extcerior. (Corricnte de tranisaa-

{
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i f
ién p.ra el teletipo, interfase tipo RS-232 para el termi ..l
de vidzo, y niveles TTL para aplicaciones diversas).

Alimencaciones
El kit necesita para su uso de cuatro tensiones reguladas, .=
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Las cuales tres ( +12, +5 y =-12V) deben ser provi
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Lwoaente, y la cuarta {(-5V) es generada internamente
regulador 79M0S5.

207 8708 ccn notacibn "S.D.XK." contiene, Srasados uaa warie Ge

Drograsas gue permiten el control del funcionamiento del kic, y su
noogranacibn, por un teletipo, toerminal cde video o teclado.

Se acoapaian copias Ge las pdginas pertinentes del manual ol ki,
¥ & coaclnuacidbn se explican brevemente las principales furciones

Coneccado el teletipo o el terminal de video, oprimir &i boton de

presta a cero”", Deberd& verse escrito "MCS-80 kxit" cen ¢l tvermi-

- Introducir instrucciones en RAM

Coraniy "I", seguida de la prinera locacibn en RAM donde se guie-
ra i;:roducir un programa. Para regresar de esta orden. oprimir
un c.orete "ilegal" (por ejemplo, la letra "R").

- !ostrar contenido de memoria.
Oprimlr "D", seguida de la primera locacidn gque (uaiere V. rse, Li:

coma, y la QGltima. Oprimir luego "Return"

- Subsitulr

Oprarir "S" y la direccién que contiene la informacidn ¢ »ea 1ol
ficada, seguida de una coma. Aparecerd el contenido aciual de o=
locaiicad. El operador tiene opcidn de modificar el contanidc
-para lo que debe introducir la nueva informacid
para lo que debe oprimir nuevanente la coma. Apare

e
rmacibn de la siguiente locaiidad con la cue se rige I. mi&n.

fo
cpciba. Se interrumpe el proceso con un "Return"
- Zhac lar programa
Op: mir "G", seguida de la direccidn donde se guiere COL L 1ZEY .-

i6n de un programa. Al oprimir "Return",

L_J

ecuc
ecutarse.

o ©
(_I
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T iy e - e M AT AT - . L W,
LXNATMLNET YV odlilcar registros

Oprimix "XN" seguido de "Return". L1 estado de cada uno dc

o -
(O

[

tros, uvi contador de programa y el apuntador se veré&n escri....
se desca ver o modificar algln registro particular, oprimir

uido o el nombre del registro a examinarse; si se desea . .._-

go de vei 2ascriito dicho contenido, se debe ingresaxr lia nueva Lao-

formacii.s.  "Return" vuelve siempre zl estado originai.

.1. Uso Zde Subrutinas
Como s> ha dicho, puede emplearse las propias subrutinas uvoa-
Cas »or el monitor para, por ejemplo introcducir informacida
Lexadcoceimal como dato de un programa, O escribir resuicadc.s
obtenluos.

2. Conilcocracidbn de la memoria

Tebricamente el CPU 8080 A con sus 16 bits de direccionaii.in-

to, pwede manejar memorias de hasta 65,000 localidades diife-

n la oré&ctica, el kit, en su configuracidn actual, pueic a

10

cecder a s6lo 5,000 localidades diferentes, de la forma guc in

dica l& figura.

0 . 3000
PROM §5.D.K
(MONITOR)
1K + = = = = = = = = = = « (03FF
10400

PROM USUARIO No. 1
2Kk = = = = = = = = = = ~I07FF
0800

3K p = = = = = = = = = = = 0BFF

0000
PROM USUARIO No. 3
4K p = = = = = = = = = = —|OFFF
11000
RAM

5K = = = = = = = = = = = =|13E2

-

Los nluneros de la izquierda indican notacié.i decimal los ‘e

dereci.a hexadecimal.

El es_acio destinado a RAM es de 1600 H a 1i3FF 4. En 1icos kxiuts
e S

de cdemcstracidén hay colocados circuitos gue cubren

O



~<cJ30 - 10FrF, y 1300 a L2FF, los que son todos utilizalles
v el usuario salvo los treointa Gltimos (l3E2-13Fr), rceser-—

V.dos por el monitor para su proplo uso.

La:ld C3 programa

T, junto con el terminal de video, posee una forma muy conve-
niente v.ara disehar y probar programas.

3 prev.o a cualgquier operacidn de programacidn, el escudio a fon-
do del juego de instrucciones del sistema y un conocimiento, 1o
nds aca.ado posible, del funcionamiento interno del mismo.

" deil rog

(e}
L}
V)]

!

Luego, ¢s muy conveniente nacer un "d¢agLuma de flujo
na, conwe se resaltan las operaciones esenc1ale5 gue se rea.izaran
las entuoadas y salidas, las pruebas y condiciones a gue sc Loaete-
rian los datos parciales obtenidos.

Finaimente, se pasa el diagrama de flujo a instrucciones; convie=

ne colocar <&l lacdo de los mis importantes, explicaciones escritas

sobre qud se estd haciendo con ellas,.a fines de documentaciédn fu-
tura.

Is convenicente introducir cada tantas instrucciones "RS
o)

r

T- ; CoOn
lo gue s¢ vuelve el sistema al conctrol del Monitor. Con &soe, -
pucden observarse los estados de L10s registros luego de ia Glutliu
instruccidbn y corregir asi errores posibles. El programa Dui...
prosegulirse con la tecla "G" y la direccidn siguiente. Cua..co vo-

td todo el programa listo y libre de fallas, pueden reemplawarsa

las "R57-1" por "NOP", con lo que el programa se ejecutard cnlLsro.

4.1. Codificacién

Czda instruccidn tiene, dentro de la miAgulina un CieltC ood.o.
{¢1 general una sola palabzra ¢e¢ 8 bits). Esos 8§ bits puld.a

scr considerados como dos digitos hexadecimales conclyuwls
{(cada uno, de valior 0 a 15), codificados 0 a ). Cada ¢odico
¢e instruccibn, entonces, pucde ser entrado, c€con 105 Gla wL-
¢gltos que contiguos, correspoonden a la codificacidn req.crite.
Cyemplo: La instruccién ADD L
t.ene el cédigo 1000,0 1l

g.e corresponde en ‘exadecimai a 8 5 ST

La tarjeta "Assembly language reference carzd" indica Las ecar-
valencias entre instruccioncs en lenguaje ensamblado y ol ¢co-

a.go de teclado que corresponde a cada una ae ellas. Lo rex-
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Since their incepticn, digital computers have contin-
wously become more etficient, expanding into new appli-
cations with each major technological improvement, The
advent of minicomputers enabled the inclusion of digital
computers as a permanent part of various process control
systems Unfortunately, the size and cost of minicomputers
in "dedicated’’ applications has limited their use. Another
approach has been the use of custom built systems made up
of “random logic"” (1.c., logic gates, flip-flops, counters, etc.).
However, the huge expense and development time invoived
in the design and debugging of these systems has restricted
their use to large volume applications where the develop-
ment costs could be spread over a large number of machines,

Today, Intel offers the systems designer a new alter-
native ...the microcomputer. Utilizing the technologies and
expericnce gatned 1n becorming the world’s largest supplier
of LSl memory components, Intel has made the power of
the digital computer available at the integrated circuit level,
Using the n-channel silicon gate MOS process, Intel engi-
neers have implemented the fast {2 us. cycle) and powerful
{72 basic instructions) 8080 microprocessor on a single LSI
chip. When this processor is combined with memory and
1/0 oircuits, the computer is complete. Intel offers a variety
of random-access memory {RAM), read-only memory (ROM)
and shift register circuits, that combine with the 8080 pro-
cessor to form the MCS-80 microcomputer system, a system
that can directly address and retrieve as many as 65,536
bytes stored in the memory devices.

The 8080 processor 1s packaged in a 40-pin dual in-line

package (DIP) that allows for remarkably casy interfacing.
The 8080 has a 1G-bit address bus, a 8-bit idirectional data
bus and fully decoded, TTL-compatible control outputs. In
addition to supporting up to 64K bytes of mixed RAM and
ROM memory, the 8080 can address up to 256 input ports
and 256 output ports; thus allowing for virtually uniimited
system expansion. The 8080 instruction set includes con-
ditional branching, decimal as well as binary anithmetic,

logical, register-to-register, stack control and memory refer-
ence instructions. In fact, the 8080 instruction set is power-
ful enough to rival the performance of many of the much
higher priced minicomputers, yet the 8080 is upward soft-
ware compatible with Intel's earlier 8008 microprocessor
(1.e., programs written for the 8008 can be assembled and
executed on the 8080).

In addition to an extensive instruction set oriented to
problem solving, the 8080 has another signiticant feature—
SPEED. In contrast to random logic designs which tend to
work in parallel, the microcomputer works by sequentially
executing 1ts program. As a result of this sequential execu-
tion, the number of tasks a microcomputer can undertake
in a gwen period of time 1s directly proportional to the
executioh speed of the Hwicrocomputer. The speed of exe-
cution is the limiting factor of the realm of applications of
the microcomputer. The 8080, with instruction tumes as
short as 2 usec., is an order of magnitude faster than earlier

generations of microcomputers, and therefore has an ex-
panded field of potential applications.

The architecture of the 8080 also shows a significant
improvement over earlier microcomputer designs. The 8080
contains a 16-bit stack pointer that controls the addressing
of an external stack located in memory. The pointer can be
inittalized via the proper instructions such that any portion
of external memory can be used as a last in/first out stack;
th us enabling almost unlimited subroutine nesting. The stack
pointer aliows the contents of the program counter, the ac-
cumulator, the condition flags or any of the data registers to
be stored n or retricved from the external stack. In addi-
ton, multi-level interrupt processing is possible using the
8080's stack control instructions, The status of the pro-
cesé,or can be “pushed’’ onto the stack when an interrupt is
accepted, then “popped” off the stack after the interrupt has
been serviced. This ability to save the contents of the pro-
cessor’s registars i1s possible even if an interrupt service
routine, itself, is interrupted.




CONVENTIONAL SYSTEM

PROGRAMMED LOGIC

Product definition
System and logic design

Debug
Lab instrumentation
PC card layout
Documentation
Cooling and packaging

Power distribution
Engineering changes

Done with logic diagrams

Done with conventional

Done with yellow wire

Simphificd because of ease of incorporating features

Can be programmed with design aids ,
{compilers, assembilers, editors) O

Software and hardware aids reduce time

Fewer cards to layout

Less hardware to document

Reduced system size and power consumption
eases job

Less power to distribute

Change program

Table 0-1.‘The Advantages of Using Microprocessors

ADVANTAGES OF DESIGNING
WITH MICROCOMPUTERS

Mictocomputers stimplify almost every phasc of pro-
duct development. The first step, as in any product devel-
opment program, 15 to identify the various functions that
the end system is expected to perform Instead of realizing
these functions with networks of gates and fhip-flops, the
functions are implemented by encoding suitable sequences
of instructions {programs) in the memory elements, Data
and certain types of programs are stored in RAM, while the
basic program can be stored in ROM. The microprocessor
performs all of the system’s functions by fetching the in-
structions in memory, executing them and communicating
the results via the microcomputer’'s /O ports. An 8080
microprocessor, executing the prégrammed logic stored in a
single 2048-byte ROM element, can perform the same logical
functions that might have previously required up to 1000
logic gates,

The benefits of déwgning i@ nucrocomputer into your
system go fare beyond the advantages of merely simphifyimg
product development. You wiii also appreciate the piofit-
making advantages of using a microcomputer in place of
custom-designed random logic The most apparent advantage
1s the significant savings in hardware costs. A microcomputer
chip set replaces dozens of random logic elements, thus re-
ducing the cost as well as the size of your system, In addi-
tion, production costs drop as the number of individual
components to be handled decreases, and the numoer of
complex printed c1rcu;t boards {which are difficult to lay-
out, test ond correct) 1s greatly reduced Probably the most
profitable advantage of a microcomputer s its flexibility
for change, To modifly your system, you merely re-program
the memory elements; you don’t have to redesign the entire
system. You can imagine the savings 1n time and money
when you want to upgrade your product. Reliabihity 1s
another reason to choose the microcomputer over random
logic. As the number of components decreases, the.prob-

ability of a malfunctioning element likewise decreases. Al

ey

of the logical control functions formerly performed by
numerous hardware components can now be implemented
in a few ROM circuits which are non-volatile, that is, the
contents of ROM will never be lost, even in the event of a
power faillure Table 0-1 summarizes many of the advan-
tages of using microcomputers,

MICROCOMPUTER DESIGN AIDS '

tf you're used to logic design and the idea of designing
with programmed logic secms like too radical a change, re-
gardless of advantages, there’s no need to worry because
Intel has already done most of the groundwork for you Th!
INTELLEC® 8 Development Systems provide fiexible, in-
expensive and simphified methods for OEM product develop-
ment. The INTELLECY 8 provides RAM program storage
making progiam loading and modification easier, a display
and control console for system monitoring and debugging,
a standaid TTY inteaiface, a PROM programming capability
and a standad software package (System Monitor, Assem-
bler and Test Editor), Inaddiion o the standard solbtware
package avarkable with the INTELLEC™ 8, Intel olfers a
PL/Mmcom‘pll(‘r, a cross-assembler and a simulator wiitien in
FORTRAN 1V and designed to run on any iarge scale com-
puter. These programs may be procured directly from Intel
or from a number of nationwide computer time-sharing
services. Intel’s Microcomputer Systems Group is always
available to provide assistance in every phase of your product
deveiopment.

Intcl also provides complete documentation on all
their hardware and software products. In addition to this
User’s Ménual, thete are the:

L

,PL/M'\‘Languagc Reference Manual

o B080 Assembly Language Programming Manual

o INTELLEC®8/MOD 80 Operator’s Manual

o INTELLEC®8/MOD 80 Hardware Reference O
Manual

e 8080 User’s Program Liprary



O

APPLICATIONS EXAMPLE

The 8080 can be used as the basis for a wide vanet’y
of calculation and control systems. The system configura-
tions for particular apphcations will differ in the nature of
the peripheral devices used and in the amount and the type
of memory required. The applications and solutions de-
scribed in this section are presented primarily to show how
microcomputers can be used to solve design problems, The
8080 should not be considered limited either in scope or
performance to those applications listed heie,

Consider an 8080 microcomputer used within an auto-
matic computing scale for a supermarket. The basic machine
has two input devices: the weighing unit and a keyboard,
used for function sclection and to enter the price per unit
of weight. The only output device is a display showing the
total price, although a ticket printer might be added as an
optional output device.

The control unit must accept weight infarmation from
the weighing umit, function and data nputs from the key-
board, and generate the display. The only arithmetic func-
tion to be performed is a simple multiplication of weight
times rate,

The control unit could piobably be realized wrth
standard TTL logic. State diagrams for the various portions
could be drawn and a multiplier unit designed. The whole
design cculd then be tied together, and eventually reduced
to a selection of packages and a printed circuit board layout.
In effect, when designing with a logic family such as TTL,
the designs are “customized’’ by the choice of packages and
the wiring of the logic.

If, however, an 8080 microcomputer is used to realize

the control unit {as shown in Figure 0-1), the only “custom”
logic wiil be that of the interface circuits. These circuits are
usually quite simple, providing electrical buffering for the
input and output signals.

Instead of drawing state diagrams leading to logic, the
system designer now prepares a flow chart, indicating which
input signals must be read, what processing and computa-
tions are nceded, and what output signals must be produced,
A program is written from the flow chart. The program is
then assembled into bit patterns which are loaded into the
progiam memory. Thus, this system is customized primarily
by the contents of program memory.

For this automatic scale, the program would probably
reside in read-only memory (ROM)}, since the microcom-
puter would always execute the same program, the one
which implements the scale functions, The processor would
constantly momior the keyboard and weighing unit, and up-
date the display whenever necessary. The unit would require
very little data memory; it would only be needed for rate
storage, intermediate results, and for storing a copy of the
display.

When the control portion of a product 1s impiemented
with a microcomputer chip set, funcuor,ws can be changed
and features added merely by alteiing the program in mem-
ory. With a TTL based system, however, alterations may re-
quire extensive rewiring, alteration of PC boards, etc.

The number of applications for microcomputers is
limited only by the depth of the designer’s imagination. We
have listed a few potential applications in Table 0-2, along
with the types of peripheral devices usually associated with
each product.
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Figure 0-1. Microcomputer Application — Automatic Scale




APPLICATION

PERIPHERAL DEVICES ENCOUNTERED

intelligent Terminals

Cathoae Ray Tube Display

Printing Units

Synchronous and Asynchronous data lines
Cassette Tape Unit

Keyboards

Gaming Machines

Keyboards, pushbuttons and switches
Various display devices

Coin acceptors

Con dispensers

Cash Registers

Keyboard or Input Switch Array
Change Dispenser

Digital Display

Ticket Printer

Magnetic Card reader
Communication interface

Accounting and Biiling Machines

Keybeard

Piinter Unit

Cassette or other magnetic tape unit
“Floppy' disks

Telephone Switching Control

Tetephone Line Scanner
Analog Switching Network
Dial Registers

Class of Service Parcel

Numerically Controlled Machines

Magnetic or Paper Tape Reader
Stepper Motors
Optical Shaft Encoders

Process Control

Ahalog-to-DigutaI Converters
Digital-to-Analog Converters
Contro! Switches )
Displays ‘

Table 0-2. Microprocessar Applications
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This chapter introduces certain basic computer con-
cepts. It provides background information and definitions
which will be useful in later chapters of this manual. Those
already familiar with computers may skip this material, at
their option,

A TYPICAL COMPUTER SYSTEM
A typical digital computer consists of:

a) A central processor unit (CPU)
b} A memory
¢) Input/output {I/G) ports

The memory serves as a place to store Instructions,
the coded pieces of information that direct the activities of
the CPU, and Data, the coded pieces of information that are
processed by the CPU. A group of logically related instruc-
tions stored In memory is referred to as a Program. The CPU
“reads’” each instruction from memory in a logically deter-
mined sequence, and uses!it to initiate processing actions.
If the program sequence Is coherent and logical, processing
the program will produce intelligible and useful results.

The memory 1s also used to store the data to be manip-
ulated, as weli as the instructons that direct that manipu-
lation. The program must be organized such that the CPU
does not read”a non-instruction word when it expects to
see an instruction, The CPU can rapidly access any data
stored in memory; but often the memory is not large enough
to store the entire data bank required for a particular appli-
cation. The problem can be resolved by providing the com-
puter with one or more Input Ports. The CPU can address
these ports and input the data contained there. The addition
of input ports enables the' computer to receive information
from external equipment {such as'a paper tape reader or
floppy disk) at high rates of speed and in large volumes.

A computer also requires one or more Output Ports
that permit the CPU to commumcate the result of its pro-
cessing to the outside world The output may go to a dis-
play, for use by a human operator, to a peripheral device
that produces “hard-copy,” such as a line-printer, to a
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peripheral storage device, such as a floppy disk unit, or the
output may constitute process control signals that direct the
operations of another system, such as an automated assembly
line, Like input ports, output ports are addressable. The
input and output ports together permit the processor to
communicate with the outside world,

The CPU unifies the system". It controls the functions
performed by the other components. The CPU must be able
to fetch instructions from memory, decode their binary
contents and execute them. It must also be able to reference
memory and /0O ports as necessary in the execution of in-
structions. In addition, the CPU should be able to recognize
and respond to certain external control signals, such as
INTERRUPT and WAIT requests. The functional units
within a CPU that enable it to perform these functions are
described below.

THE ARCHITECTURE OF A CPU

A typical central processor unit (CPU) consists of the
following interconnected functional units:

o Registers
e Aritnmetic/Logic Unit (AL U)
I e Control Circuitry

Registers are temporary storage units within the CPU.
Some registers, such as the program counter and instruction
register, have dedicated uses, Other registers, such as the ac-
cumulator, are for more general purpose use.

Accumulator:

The accumulator usually stores one of the operands
to be manipulated by the ALU. A typical instruction might
direct the ALU to add the contents of some other regisier to
the'contents' of the accumulator and store the result in the
accumuiator Itself. In general, the accumulator i1s both a
source {operand) and a destination (result) register.

Ofter :a CPU will include a number of additional,
general puipose registers that can be used to store operands
or intermediate data. The avadability of gencral purpose




registers eliminates the need to "shuffle” intermediate re-
sults back and foith between memory and the accumulator,
tus improving processing speed and efficiency.

Program Counter (Jumps, Subroutines
and the Stack): ’

The instructions that make up a program are stored
in the system’s memory., The central processor references
the contents of memory, in order to determine what action
is appropriate. This means that the processor must know
which location contains the next instruction.

Each of the locations in memory is numbered, to dis-
tinguish 1t from all other locations in memory. The number
which dentifies a memory location is called its Address.

The processor maintains a counter which contains the
address ot the next program instruction, This register is
called the Program Coun‘ter. The processor updates the pro-
gram counter by adding “1” to the counter each time it
fetches an instruction, so that the program counter is always
current {pointing to the next instruction).

The programmer therefore stores his instructions in
numerically adjacent addiesses, so that the lower addresses
contain the first instructions to be executed and the higher
addresscs contain later instructions. The only time the pro-
grammer may violate this sequential rule s when an instruc-
tion in one section of memory 1s a Jump instruction to
another section of memory.

A jumpnstruction contains the address of the instruc-
tion which is to follow it. The next instruction may be
stored in any memory iocation, as long as the programmed
jump specifies the correct address. During the execution of
ajump instruction, the processor replaces the contents of its
program counter with the addréss embodied 1n the Jump.
Thus, the logical contm{.nty of the program is maintained.

i

A special kind of program jump occurs when the stored
program “Calls” a subroutine. In this kind of jump, the pro-
cessor 1s required to “remember’’ the contents of the pro-
gram counter at the time that the jump occurs, This enables
the processor to resume execution of the main program
when 1tis finished with the last instruction of the subroutine,

A Subroutine is a program within a program. Usually
it 1s a general-purpose set of instructions that must be exe-
cuted repeatedly in the course of a main program. Routines
which calculate the square, the sine, or the logarithm of a
program variable are good examples of functions often
written as subroutines. Other examples might be programs
designed for mputting"or outputting data to a particular
peripheral device, .

The processor has a special way of handling sub-
routings, in order to insure anorderly return to the main
program. When the précessor receives a Call instruction, it
increments the Program Counter and stores the counter’s
contents in a reserved memory area known as the Stack.
The Stack thus saves the address of the instruction to be
executed after the sub(outme is completed. Then the pro-
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cessor loads the address specified 1in the Call into 1ts Pro-
gram Counter, The next instruction fetched will therefore
be the first step of the subroutine.

The last instruction in any subroutine is a Return. Such
an instruction need specify no address. When the processor
fetches a Return instruction, it simply replaces the current
contents of the Program Counter with the address on the
top of the stack. This causes the processor to resume execu-
tion of the calling program at the point immediately follow-
ing the onginal Call Instruction.

Subroutines are often Nested; that is, one subroutine
will sometimes call a second subroutine. The second may
call a third, and so on. This 1s perfectly acceptable, as long
as the processor has enough capacity to store the necessary
return addresses, and the logical provision for doing so. In
other words, the maximum depth of nesting is determined
by the depth of the stack itself. |f the stack has space for
storing three return addresses, then three levels of subrou-
tines may be accommodated.

Processors have different ways of maintaining stacks.
Some have facilities for the storage of return addresses built
into the processor itseif. Other processors usc a reserved
area of external memory as the stack and simply mamtain a
Pointer register which contains the address of the most
recent stack entry, The external stack allows virtually un-
limited subtoutine nesting. in addition, if the processor pro-
vides instructions that cause the contents of the accumulator
and other general purpose registers to be “pushed’” onto the
stack or “‘popped’’ off the stack via the address stored in the
stack pointer, multi-level interrupt processing (described
later in this chapter) is possible. The status of the processor
{1.e., the contents of all the registers) can be saved in the
stack when an interrupt is accepted and then restored after
the interrupt has been serviced. This ability to save the pro-
cessor’s status at any given tme is possible even if an inter-
rupt service routine, 1tself, 1s interrupted.

Instruction Register and Decoder:

Every computer has a Word Length that 1s characteris-
tic of that machine. A computer’s word length is usually
determined by the size of its internal storage elements and
interconnecting paths (referred to as Busses); for example,
a computer whose registers and busses can store and trans-
fer 8 bits.of information has a characteristic word length of
8-bits and s referred to as an 8-bit parallel processor. An
eight-bit 'paralle! processor generally finds it most efficient
to deal with cight-bit binary fields, and the memory asso-
ciated with such a processor s therefore organized to store
dight Lits 1 each addressable memory location, Data and
instructions are <:oted in memory as eight-bit binary num-
bers, or as numbers that arc integral multiples of eight bits:
16 bits, 24 bits, and so on. This characteristic eight-bit field
is often referred to as a Byte.

Each operation that the processor can perform s
‘{dentlfled by a unique byte of data known as an Instruction

O



Code or Operation Code An eight-bit word used as an .n-
struction code can distinguish between 256 alternauve
actions, more than adeouate for most processors.

The processor fetches an instruction in two distinct
operations. First, the processor transmits the address in its
Program Counter to the memory. Then the memory returns
the addiessed byte to the processor. The CPU stores this
instruction byte in a register known as the Instruction
Register, and uses 1t to direct activities during the remainder
of the instruction execution.

The mechanism by which the processor translates an
instruction code into specific processing actions requires
more elaboration than we can here afford. The concept,
however, should be intuitively clear to any logic designer.
The eight bits stored in the instruction register can be de-
coded and used to sclectively activate one of a number of
output hines, in this case up to 256 hines, Each line repre-
sents a sct of activities associated with execution of a par-
ticular instruction code. The enabled line can be combined
with sclected timing pulses, to develop electrical signals that
can then be uscd to initiate specific actions. This transla-
tion of code into act!dn 1S peuformcd by the Instruction
Decoder and by the associated control circuitry.

An eight-bit instruction code s often sufficient to
specify a particular processing action. There are times, how-
ever, when execution of, the instruction requires more infor-
mation than eight bits can convey.

One example of thxs is when the instruction refer-
ences a memory locatxm The basic 1nstruction code iden-
tifies the operation to, be performed, but cannot specify
the object address as weil. In a case like this, a two- or three-
byte instruction must be used. Successive instruction bytes
are stored in sequentially adjacent memory locations, and
the processor performs two or three fetches in succession to
obtain the full instruction. The first byte retrieved from
memory is placed in the'processor’s instruction register, and
subsequent bytes are placed in temporary storage; the pro-
cessor then proceeds with the éxecution phase. Such an
instruction is referred to as Variable Length.

Address Register(s):

A CPU may use a register or register-pair to hold the
address of a memory location that 1s to be accessed for
data. If the address regl‘ster is Programmable, {i.e., if there
are instructions that allow the'programmer to alter the
contents of the register) the program can “‘build” an ad-
dress in the address register prior to executing a Memory
Reference instruction ({i:e., an m'struction that reads data
from memory, writes data to memory or operates on data
stored in memory).

Arithmetic/Laogic Unit (ALU):

All processors contain an arithmetic/logic unit, which
is often referred to simply as the ALU. The ALU, as its
name implies, is that portion of the CPU hardware which
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performs the arithmetic and logical operations on the binary
data.

The ALU must contain an Adder which 1s capable of
combining the contents of two registers in accordance with
the logic of binary arithmetic. This provision permits the
processor to perform arithmetic manipulations on the data
it obtains from memory and from its other inputs.

Using only the basic adder a capable programmer can
write routines which will subtract, multiply and divide, giv-
ing the machine complete arithmetic capabilities. In practice,
however, most ALUs provide other built-in functions, 1n-
cluding hardware subtraction, boolean logic operations, and
shift capabilities.

The ALU contains Flag Bits which specify certain
conditions that arise 1n the course of arithmetic and logica!l
manipulations. Flags typically include Carry, Zero, Sign, and
Parity. It 1s possibie to program jumps which are condi-
tionally dependent on the status of one or more flags Thus,
for example, the program may be designed 10 jump to &
special routine if the carry bit 1s set following an addition
instruction

Control Circuitry:

The ‘control circuitry is the primary functional unit
within a CPU. Using clock inputs, the control circuitry
maintains the proper sequence of events required for any
processingtask. After an instruction is fetched and decoded,
the control circuitry issues the appropriate signals (to units
both internal and external to the CPU) for initiating the
proper processing action. Often the control circuitry will be
capable of responding to external signais, such as an inter-
rupt or wait request. An Interrupt request will cause the
control circuitry to temporarily interrupt main program
ekecutxon,jump 1o a special routine to service the interrupt-
ing device, then automatically return to the main program,
A Wait request is often issued by a memory or 1/O element
that operates slower than the CPU. The control circuitry
will idie the CPU until the memory or 1/O port is ready with
the data.

COMPUTER OPERATIONS

There are certain operations that are basic to almost
dhy computer. A sound understanding of these basic opera-
tions i1s a necessary prerequisite to examining the specific
operations of a particular computer.

, :
Timing:, |

The activities of the central processor are cyclical. The
processor fetches an instruciton, performs the operations
required, fetches the next and so on. This
orderly sequence of everds requires precise timing, and the
CPU theretore requires a free cunning oscdiator clock which
furnisnes the reference for all processor aciions. The com-
bined feté:h and execution of a single instruction s referred
to as an lnstruction Cycle. The portion of a cycle identitied

instruction,




with a clcarly defined activity 1s called a State. And the incer-
val between puises of the timing oscillator is referred to as a
Ciock P-riod. As 3 genera! rule, one or more clock periods
are nocessary for the completion of a state, and there are
several states in a cycle,

Instruction Fetch:

The first state(s) of any instruction cycle will be
dedicated to fetching the next instruction, The CPU issues a
read signal and the contents of the program counter are sent
to mcmory, whicn responds by returning the next instruc-
tion word, The first byte of the instruction is placed in the
instruction register. |f the instruction consists of more than
one byte, additional states are required to fetch each byte
of the mnstruction. When the entire instruction is present in
the CPU, the program counter is incremented {in prepara-
tion for the next instruction fetch) and the instruction is
decoded, The operation: specified in the instruction will be
executed in the remaining states of the instruction cycle.
The instruction may call for a memory read or write, an
input or output and/or an internal CPU operation, such as
a register-to-register transfer or an add-registers operation,

Memory Read:

An instruction fetch 1s meiely a special memory read
operation that brings the instruction to the CPU's instruc-
tion register. The instruction fetched may then call for data
to be read from memory into the'CPU, The CPU again issues
aread signal and sends the proper memory address; memory
responds by returning ‘the requested word. The data re-
ceived is placed in the accumulator or one of the other gen-
eral purpose registers (not the instruction register).

Memory Write: .

A memory write bperatuon is similar to a read except
for the diucction of data flow. The CPU issucs a write
signal, sends the proper memory éddrcss, then sends the data
word to be written into the addressed memory location.

¢

Wait (memory synchronization):

As previously stated, the activities of the processor
are timed by a master clock osciliator. The clock period
determines the timing of all processing activity.

The speed of the processing cycle, however, is imited
by the memory's Access“Time. Once the processor has sent a
read address to mcmory:;it cannot proceed unti the memory
has had time to respond. Most, memories are capable of
responding much faster than the processing cycie requiies,
A few, however, cannot supply 'the addressed byte within
the minimum time established by the processor’s clock.

Therefore a proc'lessor shauld contain a synchroniza-
tion provision, which permits the memory to request a Wait
state. When the memory receives a read or write enable sig-
nal, 1t places a request signal on the processor’s READY line,
causing the CPU to idlé:temporarily. After the memory has
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had time to respond, it frees the processor’s READY Iine,'
and the instruction cycle proceeds.

input/Output‘:

Input and Output operations are similar to memory
read and write operations with the exception that a peri-
pherai 1/O device is addressed instead of a memory location.
The CPU issues the appropriate input or output control
signal, sends the proper device address and cither receives
the data being input or sends the data to be output.

Data can be input/output in either parailel or serial
form. All data within a digital computer is represented in
binary coded form. A binary data word consisis of a group
of bits; each bit i1s either a one or a zero. Paraliel 1/O con-
sists of transferring all bits in the word at the same time,
one bit per line. Serial |/O consists of transferring one bit
at a tme on a single Line. Naturally serial 1/O is much
slower, but it requires considerably less hardware than does
paraiiel 1/0.

Interrupts:

Interrupt provisions are included on many central
processors, as a means of improving the processor’s effi-
ciency. Consider the case of a computer that is processing a
large volume of data, portions of which are to be output
to a printer, The CPU can output a byte of data within a
single machine cycle but it may take the printer the equiva-
fent of many machine cycles to actually print the character
specified by the data byte. The CPU could then remain idle
watting until the printer can accept the next data byte. If
an interrupt capability is implemented on the computer, the
QPU can k')]utput a data byte then return to data processing,
When the printer is ready to accept the next data byte, it
can request an ir:terrupt. When the CPU acknowiedges the
interrupt, it suspends main program execution and auto-
matically  branches to a routine that will output the next
data byte! After the byte s output, the CPU continues
with main program execution. Note that this 1s, in principle,
quite similar to a subroutine call, except that the jump is
initiated externally rather than by the program,

More complex interrupt structures are possible, in
which several interrupting devices share the same processor
but have different priority levels, interruptive processing is
an important feature that enables maximum untilization of
a'processor’s capacity for high system throughput.

:

Hold:

Angther important feature that impioves the through-
put of a processor :s the Hold. The hold provision enables
Direct Memory Access {(DMA) operations,

i Inordinary input and output operations, the processor
itself supervises the entuire data transfer. Information to be
placed in memory is transferred from the input device to the
processor, and then from the processor to the designated
memosy location. In similar fashion, information that goes

O
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from memory to output devices goes by way of the

processor. e .

. . H ,
Some peripheral devices, however, are capable of

transferring information to and from memory much faster
than the processor itself can accomplish the transfer. If any
- appreciable quantity of data must be transferred to or from

such a device, then system throughput will be increased by

i

'
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having the device accomplish the transfer directly. The pro-
cessor must temporarily suspend its operation during such a’
transfer, to prevent conflicts that would arise if processor
and periphe{ral device attgmpted to access memory simul-
taneously. It is for this reason that a hold provision is in-
clqded on some Processors,







The 808015 a complete 8-bit parallel, central processor
unit {(CPU) for use in general purpose digital computer sys-
tems, It is fabricated on a single LSi chip (see Figure 2-1).
using Intel’s n-channel silicon gate MOS process. The 8080
transfers data and internal state information via an 8-bit,
bidirectional 3-state Data Bus (Dg-D7). Memory and peri-

bit 3-state Address Bus (Ag-A15). Six timing and control
outputs (SYNC, DBIN, WAIT,WR, HLDA and INTE) eman-
ate from the 8080, while four control inputs (READY,
HOLD, INT and RESET), four power inputs (+12v, +5v,
-6v, and GND)} and two clock inputs {¢1 and ¢2) are ac-
cepted by the 8080.

pheral device addresses are transmitted over a separate 16-
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Figure 2-1. 8080 Photomicrograpt{ With Pin Designations
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ARCHITECTURE OF THE 8080 CPU

The 8080 CPU consists of the following functional
units:

o Register array and address logic
e Arithmetic and logic unit (ALU)
e Instruction register and control section
o Bi-directional, 3~-state data bus buffer

Figure 2-2 illustrates the functional blocks within
the 8080 CPU.

Registers:

The register section consists of a static RAM array
organized into six 16-bit registers:’

e Program counter (PC)

o Stack pointer (SP)

o Six 8-bit general purpose registers arranged 10 pairs,
referred to as B,C; D,E; and H,L ’

e A temporary register pair called W,Z

The program counter maintains the memory address
of the current progiam instruction and 1s incremented auto-

matically during every mstruction fetch, The stack pointer
maintains the address of the next available stack location in
memory. The stack pointer can be iitialized to use any
portion of read-write memory as a stack, The stack pointer
is decremented when data s "push‘ed" onto the stack and
incremented when data is “popped’’ off the stack {i.e., the
stack grows ‘‘downward’’}.

The six general purpose registers can he used either as
single registers (8-bit) or as register pairs {16-bit). The
temporary register pair, W,Z, is not program addressable
and is only used for the internal execution of instructions.

Eight-bit data bytes can be transferred between the
internal bus and the register array via the register-select
multiplexer, Sixteen-bit transfers can proceed between the
register array and the address latch or the incrementer/
decrementer circuit. The address latch receives data from
any of the three register pairs and drives the 16 address
output buffers (Ag-Ais), as weil as the incrementer/
decrementer circuit. The incrementer/decremcenter circuit
receives data from the address latch and sends 1t to
the register array. The 16-bit data can be incremented or
decremented or simply transferred between registers.
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Figure 2-2. 8080 CPU Functional Block Diagram
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Aritametic and Logic Unit (ALU):

The ALU contains the following registers:

e An 8-bit accumulator
e An 8-bit temporary accumulator (ACT)

« A b5-bit flag register: zero, carry, sign, parity and
auxihiary carry

e An 8-bit temporary register {TMP)

Arithmetic, logical and rotate operations are per-
formed in the ALU. The ALU is fed by the temporary
register {TMP) and the temporary accumulator (ACT) and
carry fhip-flop. The result of the operation can be trans-
ferred to the internai bus or to the accumulator; the ALU
also feeds the flag register, ’

The temporary register (TMP) receives information
from the internal bus and can send all or portions of it to
the ALU, the flag register and the internal bus.

The accumulator {ACC) can‘be loaded from the ALU
and the internal bus and can transfer data to the temporary
accumulator (ACT) and the internal bus. The contents of
the accumulator (ACC) and the auxiliary .carry flip-flop can
be tested for decimal correction during the execution of the
DAA instruction (see Chapter 4). .

Instruction Register and Control:

During an nstruction fetch, the first byte of an in-
struction (containing the OP code) is transferred from the

internal bus to the 8-bit instruction register.

The contents of tHé instruction register are, in turn,
available to the instruction decader. The output of the
decoder, combined witq various timing signals, provides
the control signals for the register array, ALU and data
buffer blocks. in addition, ithe outputs from the instruction
decoder and external control signals feed the timing and
state control section which generates the state and cycle
timing signals.

Data Bus Buffer:

This 8-bit bidirectional 3-state buffer is used to
isolate the CPU’s internal bus from the external data bus
(Dg through D7). In the output mode, the internal bus
content 1s loaded-Into an 8-bit latch that, in turn, drives the
data bus output buffers! The outpui buffers are switched
off during input or non-transfer operations.

During the input mode, data from the external data bus
is transferred to the internal bus. The -internal bus i pre-
charged at the beginning 'of each'internal state, except for
thewtransfer state (T 3—described later in this chapter).

2.3

THE PROCESSOR CYCLE

-An instruction cycle is defined as the time required
to fetch and execute an instruction. During the fetch, ia
selected instruction (one, two or three bytes) Is extracted
from memory and deposited in the CPU’s instruction regis-
ter. During the execution phase, the instruction is decoded
and translated into specific processing activities.

Every instruction cycle consists of one, two, three,
four or five machine cycles. A machine cycle is required
each time the CPU accesses memory or an 1/O port, The
fetch portion of an instruction cycle requires one machine
cycle for each byte to be fetched. The duration of the execu-
tion portion of the instruction cycle depends on the kind
of instruction that has been fetched. Some instructions do
not require any machine cycles other than those necessary
to fetch the instruction; other instructions, however, re-
quire additional machine cycles to write or read data to/
from memory or /O devices. The DAD instruction is an
exéeptlon In that 1t requires two additional machine cycles
to complete an internal register-parr add (see Chapter 4},

Each machine cycie consists of three, four or five
states. A state is the smallest umit of processing activity and
is defined as the interval between two successive positive-
going transitions of the ¢1 driven clock pulse. The 8080
1sdriven by a two-phase clock oscillator. All processing activ-
ities are referred to the period of this clock. The two non-
overlapping clock pulses, labeled @1 and ¢, are furnished
by external circuitry, It is the ¢1 clock pulse which divides
each machine cycle into states. Timing logic within the
8080 uses the clock inputs to produce a SYNC pulse,
which identifies the beginning of every machine cycle. The
SYNC pulse 1s triggered by the low-to-high transition of ¢,
as shown in Figure 2-3.

FIRST STATE OF
'"*EVERY MACHINE
CYCLE

o VNV N/ \
e | /N
A/ -

*SYNC DOES NOT OCCUR IN THE SECOND AND THIRD MACHINE
CYCLES OF A DAD INSTRUCTION SINCE THESE MACHINE CYCLES
ARE USED FOR AN INTERNAL REGISTER-PAIR ADD

|

SYNC

Figure 2-3.914, 2 And SYNC Timing

There are three exceptions to the defined duration of
a state. They are the WAIT state, the hold (HLDA) state
and the halt (HLTA) state, described later in this chapter.
Because tha WAIT, the HLDA, and the HLTA states depend
upon external events, they are by their nature of indeter-
minate length. Even these exceptional states, however, must




be synchronized with the pulses of the driving cloek. Thus,
trie duration of all states are integra! multiples of the clock
period.

To summarize then, each clock period marks a state;
three to five states constitute a machine cycle, and one to
five machine cycles comprise an instruction cycle. A full
instruction cycle requires anywhere from four to eight-
teen states for its completion, depending on the kind of -
struction involved,

Machine Cycle ldentification:

With the exception of the DAD instruction, there is
just one consideration that determines how many machine
cycles are required in any given instruction cycle: the num-
ber of times that the processor must reference a memory
address or an addressable peripheral device, in order to
fetch and execute the instruction. Like many processors,
the 8080 is so constructed that it can transmit only one
address per machine cycle. Thus, If the fetch and execution
of an instruction requires two memory references, then the
tnstruction cycle associated with that instruction consists of
two machwme cycles, If five such references are called for,
then the instruction cycle contains five machine cycles.

Every instruction cycle has at least one reference to
memory, during which the 'instruction 1s fetched. An in-
struction cycle must always have a fetch, even If the execu-
tion of the instruction requires no further references to
memory. The first machine cycle in every instruction cycle
is therefore a FETCH. Beyond that, there are no fast rules.
it depends on the kind of instruction that 1s fetched.

Consider some examples. The add-register (ADD r)
instruction Is an instruction that requires only a single
machine cycle (FETCH) for its completion, In this one-byte
instruction, the contents of one of the CPU’s six general
purpose registers is added td the existing contents of the
accumulator. Since all the information necessary to execute
the command is contained in the eight bits of the instruction
code, only one memory refggence is necessary. Three states
are used to extract the mstrlljction from memory, and one
additional state 1s used to accomplish the desired addition.
The entire instruction cycle thus requires only one machine
cycle that consists of four states, or four periods of the ex-
ternal clock.

Suppose now, however, that we wish to add the con-
tents of a specific memory location to the existing contents
of the accumulator (ADD M). Although this is quite similar
in principle to the example just cited, several additional
steps will be used. An extra machine cycle will be used, in
order to address thel'desnred memory location,

The actual seauence isﬂas follows. First the processor
extracts from memory the one-byte instruction word ad-
dressed by its program counter. This takes three states.
The eight-bit 1nstruction word obtained during the FETCH
machine cycle is de[posited in the CPU’s instruction register
and used to direct activities during the remainder of the
instruction cycle. Next, the processor sends out,as an address,

v
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the contents of 11s H and L registers Thé eight-bit data
word returned during this MEMORY READ machine cycle
1s placed in a temporary register 1nside the 3080 CPU. By
now three more clock periods (states) have elapsed. In th
seventh and final state, the contents of the temporary reg©
ter are added to those of the accumulator. Two machine
cycles, consisting of seven states in ail, complete the
“ADD M’ instruction cycle.

At the opposite extreme is the save H and L registers
{SHLD) instruction, which requires five machine cycles.
During an “SHLD" nstruction cycle, the contents of the
processor’s H and L registers are deposited in two sequen-
tially adjacent memory locations, the destination 15, indi-
cated by two address bytes which are stored in the two
memory locations immediately following the operation code
byte. The following sequence of events occurs:

{1) A FETCH machine cycle, consisting of four
states. During the first three states of this
machine cycle, the processor fetches the instruc-
tion indicated by its program counter. The pro-
gram counter is then incremeanted. The fourth
state 1s used for internal instruction decoding.

(2) A MEMORY READ machine cycle, consisting
of three states. During this machine cycle, the
byte indicated by the program counter is read
from memory and placed in the processor’s
Z register, The program counter is incremented
again.

f

'(3)  Another MEMORY READ machtine cycle, coQ
sisting of three states, in which the byte indica-
+ed by the processor's program counter Is read
from memory and placed in the W register. The
program counter is incremented, in anticipation
of the next instruction fetch.

{4) A MEMORY WRITE machine cycle, of three
states, in which the contents of the L register
are transferred io the memory location pointed
to by the present contents of the W and Z regis-
ters. The state following the transfer is used to

i increment the W,Z reqister pair so that it indi-
cates the next memory location to receive data.

'(5) A MEMORY WRITE machine cycle, of three
states, i which the contents of thq H register
are transferred to the new memory location
pointed to by the W,Z register pair.

!
‘In summary, the “SHLD" instruction cycle contains
five machine cycles and takes 16 states to execute.

Most instructions fall somewhere between the ex-
tremes typif.ed by the “ADD r” and the “SHLD" instruc-
tions. The input (INP) and the output (OUT) instructions,
for example, require three machine cycles: a FETCH, /-
obtain the instruction; a MEMORY READ, to obtain t()
address of the object peripheral; and an INPUT or an QUT-
PUT machine cycle, to complete the transfer.
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While no one instruction cycle will consist of more
then five machine cycles, the following ten different types
¢f machine cycles may occur within an instruction cycle:

(1) FETCH (M1)
(20 MEMORY READ

(3 MEMORY WRITE

(4] STACK READ

(5) STACK WRITE :

6) INPUT
(7) OUTPUT |
(8) INTERRUPT ,
(9) HALT '
(10)

HALT o INTERRUPT

The machine cycles ithat actually do occur in a par-
ticular instruction cycle depend upon the kind of instruc-
tion, with the oveiriding s:tipulation that the first machine
cycle in any instruction cyc{:le is always a FETCH.

The processor identiyies the machine cycle in prog-
ress by transmitting an eigﬁt-bit status word during the first
state of every machine cyc]e. Updated status information is
presented on the 8080’s 'data hines (Dqg-D7), during the
SYNC interval. This data should be saved in latches, and
used to develop control signals for external circuitry. Table
2-1 shows how the positive-true status information is dis-
tributed on the processor’s data bus.

Status signals are provided principally for the control
of external circuitry. Simplicity of interface, rather than
machine cycle identification, dictates the logical definition
of individual status bits. You will therefore observe that
certain processor machine ¢ycles are uniquely identified by
a single status bit, but that others are not. The M status

bit {Dg), for example, unambuguously identifies a FETCH

machine cycle, A STACK READ, on the other hand,
indicated by the coincidence of STACK and MEMR sig-
nals. Machine cycle «dentitication data is also valuable in
the test and de-bugging ‘phases of system development.
Table 2-1 lists the status bit outputs for each type of
machine cycle. 3
N "
State Transition Sequence'

Every machine cycle within an instruction cycle con-
sists of three to five active states (referred toasTq, T2, T3,
T4, Tg or Tyw). The actual number of states depends upon
the instruction being executed and on the particular ma-
chine cycle within the greater rnstructlon cycle. The state
transition diagram in Frgulre 2-4 shows how the 8080 pro-
ceeds from state to state in the course of a machine cycle.

3The diagram also shows how the READY, HOLD, and

INTERRUPT lines are sampled during the machine cycle,
and how the conditions 6n these' lines may modify the
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basic transition sequence. [n the present discussion, we are
concerned only with the basic sequence and with the
READY function. The HOLD and INTERRUPT functions
will be discussed later.

The 8080 CPU does not directly indicate its internal
state by transmitting a ‘’state control” output during
each state; instead, the 8080 supplies direct control output
(INTE, HLDA, DBIN, WR and WAIT) for use by external
circuitry.

Recall that the 8080 passes through at least three
states in every machine cycle, with each state defined by
successive low-to-high transitions of the ¢9 clock. Figure
2-5 shows the timing relationships in a typical FETCH
machine cycle. Events that occur in each state are referenced
to transitions of the ¢1 and ¢2 clock pulses.

The SYNC signal identifies the first state (T1) in
every machine cycle. As shown in Figure 2-5, the SYNC
signal 1s related to the leading edge of the ¢2 clock. There is
a delay (tpc) between the low-to-high transition of ¢2 and
the positive-going edge of the SYNC pulse. There also is a
corresponding delay (also tpc) between the next ¢2 pulse
and the falling edge of the SYNC signal. Status information

is displayed on Dp-D7 during the same ¢2 to ¢2 interval,

Switching of the status signals is likewise controiled by ¢3.

| The rising edge of ¢ during T1 also loads the pro-
cessor’s address lines (AQ-A15). These lines become stable
within a brief delay {tpa) of the ¢2 clocking pulse, and
they remain stable until the first ¢2 pulse after state T3.
This giwves the processor ample time to read the data re-
turned from'memory.

. Once the processor has sent an address to memory,
there is an opportunity for the memory to request a WAIT,
This it does by pulling the processor’'s READY line low,
prior to the‘ “Ready set-up’’ interval {trg) which occurs
during the ¢2 pulse within state T2 or Ty. As long as the
READY lineiremains low, the processor will 1dle, giving the
memory time to respond to the addressed data request.
Refer to Fig;ure 2-5.

The processor responds to a wait request by entering
an alternative state (Tyy) at the end of T2, rather than pro-
ceeding drrectly to the T3 state. Entry into the Ty state is
indicated by a WAIT signal from the processor, acknowledg
ing the memory’s request. A low-to-high transition on the
WAIT line i is triggered by the rising edge of the ¢1 clock and
occurs within a brief delay (tDc) of the actual entry into
the TW state

A want period may be of indcfinite duration. The pro-

cessor remains in the waiting condition until its READY line.

agawn goes hrgh A READY indication must precede the fall-
ing edge of' ‘the ¢2 clock by a specificd intet val (tgg), n
ord‘er to guarantee an exit from the Ty s‘ate The cycle
may then proceed, beginning with the rising edge of the
next ¢1 clock, A WAIT interval will therefore consist of an
intégral number of Ty states and will always be a nmui;iple
of the clock period.




Instructions for the 8080 require from one to five machine
vycles for complete execution The 8080 sends out 8 bit of 8080 STATUS LATCH
satus information on the data bus at the beginning of each
machine cycle {during SYNC time). The foliowing table defines 0, M2 )
the status information o, : o,
STATUS INFORMATION DEFINITION ;’: 7 o
Data Bus ' o f; 0,
Symbols Bit Def.nition 8080 o505 ﬁ:
6
INTA® Dg  Acknowledge signal for INTERRUPT re- o, 12 o,
quest Signal shou!d be used to gate are- syne 112
start instruction onto the data bus when oom 117
o DBIN 15 active o1 02 STATUS
WO D, Indicates that the operation in the current p” " LatcH
machine cycie will be a WRITE memory 375, Ug b INTA
or OUTPUT function (WQ = 0).Otherwise, - g__ wo
a READ memory or INPUT operation wili 5 o~ ::.‘:’(;K
be executed. e
STACK D,  Indicates that the address bus holds the £ (1o N
pushdown stack address from the Stack CLock GeN  [fmTTL) Cid 2 mema
Pointer & DRIVER Ma) g:? MO DS,
HLTA D3 Acknowledge signal for HALT instruction —Ji3 [2 1
ouT D4 ¢+ Indicates that the address bus contains the \ 7 o8N
address of an output device and the data
bus will contain the output data when Ve
WR 15 active.
M; Dg Provides a signal to tndicate that the CPU .
is in the fetch cycle for the first byte of A : 12
an (nstruction . |
INP® Dg Indicates that the address bus contains the —n —
address of an input device and the input 2 —
data should be placed on the data bus SYNC / i \
when DBIN is active. _ b o
MEMR" D,  Designates that the data bus will be used pATA _X ; —
for memory read data. - = N
STATUS X
*Thaese three status bits can be used to control
the flow of data onto the 8080 data bus
STATUS WORD CHART
TYPE OF MACHINE CYCLE
I I ]
\ i
& &
& Q
A '\8 & &Vﬁ Qél A\'@
‘ Y /9 & < /&
Y > I A QS S
& SN NI W RN A $ S/ &/F &
S -3 S/&/S/&/F/&/5/F/L/ET
s/ &8 /$/8/8/s/S/8/E/S/E /S8
g/, & L /S S/ T/S/F/ K S/ I /SE
¥ eSS NS eSS
S & L &
N
§ S
/® STATUS WORD
- D@ 6| ®|® ® | @
Do INTA 0 0 0 0 0 0 0 1 0 1
D1 WO 1 1 ol 1]ol] 1lo0o}1 1 1
D2 STACK 0 0 0 1 1 0 0 0 0 0
D3 | HLTA olojolojo|olojo]n 1
D4 ouT 0 0 0 0 0 0 1 0 0 0
Ds My 1 0 0 0 0 0 0 1 0 1
'De INP 0 0 0 0 0 1 0 0 0 0
D7 MEMR 1 1 0 1 0 |0 0 0 1 0

" Table 2-1. 8080 Status Bit Definitions
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Figure 2-4. CPU State Transition Diagram




The events that take place duiing the T3 cfate are
determined by the kind of machine cycle in progress. ‘in a
FETCH machine cycle, the processor interprets the data on
its cata bus as an instruction. Duringa MEMORY READ or
4 STACK READ, data on this bus is interpreted as a data
word. The processor outputs data on this bus during a
MeMORY WRITE machine cycle. During 1/O operations,
the processor may either transmit or receive data, de-
pending on whether. an OUTPUT or an INPUT operation
is involved,

Figure 2-6 1llustrates the uming that is characteristic
of a data input operation. As shown, the low-to-high transi-
tion of g2 during To clears status information from the pro-
cessor’s data lines, preparing these lines for the receipt of
incoming data. The data presented to the processor must
have stabilized prior to both the “¢q—data set-up” interval
{tpgq), that precedes the falling edge of the ¢1 pulse defin-
ing state T3, and the "pp--data set-up” interval (tpgol,
that precedes the rising edge of ¢ in state T3. This same

data must remain stable during the data hold"” interval
{tpH) that occurs following the rising edge of the ¢ pulse
Data placed on these lines by memory or by other external
devices will be sampled during T3. O
8y

During the nput of data to the processor, the 808
generates a DBIN signal whicn should be used externally to
enable the transfer. Machine cycles in which DEIN 15 avail-
able include: FETCH, MEMORY READ, STACK READ,
and INTERRUPT. DBIN is initiated by the rising edge of ¢9
during state T2 and terminated by the corresponding edge of
¢9 during T3. Any Ty phases intervening between T2 and
T3 wiil therefore extend DBIN by onc or more clock
periods. '

Figure 2-7 shows the timing of a machine cycle in
which the processor outputs data. Quiput data may be des-
tined either for memory or for peripherais. The rising edge
of @92 within state T2 clears status information from the
CI5U’s data lines, and loads in the data which 15 to be output
to external devices. This substiiution takas place within the
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Figure 2-5. Basic 8080 Instruction Cycle
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“"data output delay” interval (tpp) foilowing the d clock’s
leading edge Data on the bus remains stabie throughout
the remainder of the machine cycle, until replaced by up-
daied status information in the subsequent T 1 state. Observe
that a READY signal 1s necessary for completion of an
QUTPUT machine cycle. Unless such an indication Is pres-
ent, the processor enters the Tyy state, following the To
state. Data on the output lines remains stable 1n the
interim, and the processing cycle will not proceed until
the READY line again goes high.

The 8080 CPU generates a WR output for the syn-
chronization of external transfers, during those machine
cycles 1n which thg processor outputs data. These tnclude
MEMORY WRITE, STACK WRITE, and OUTPUT. The
negative-going leading edge of WR 1s referenced to the rising
edge of the first ¢q clock pulse following T2, and occurs
within a brief delay {tpg) of that event, WR remains low
until re-triggered by the leading edge of ¢#1 during the
state following T3. Note that any Tyy states intervening
between To and T3 of the output machine cycle will neces-

sarily extend WR, in much the same way that DBIN is af-

fected during data input operations.

states: Tq, T2, and T3 as just described. If the processor k
to wait for a response from the peripheral or memory with
which it 1s communicating, then the machine cycle may
also contain one or more Ty states. During the three basic
states, data is transferred to or from the processor.

All processor machine cycles consist of at least thrb

After the T3 state, however, it becomes difficult to
generalize. T4 and Tg states are available, If the execution
of a particular instruction requires them. But not all machine
cycles make use of these states. It depends upon the kind of
instruction being executed, and on the particular machine
cycle within the instruction cycle, The piocessor will termi-
nate any machine cycle as socon as Its processing activities
are completed, ratner than proceeding through the T4 and
Ts states every time. Thus the 8080 may exit a machine
cycle following the T3, the T4, or the T5 state and pro-
ceed directly to the T4 state of the next machine cycle.

STATE ASSOCIATED ACTIVITIES

T A memory address or 1/O device number 1s
placed on the Address Bus (A15.0); status
information 1s placed on Data Bus (D7.0).

T2 The CPU samples the READY and HOLD in-
puts and checks for halt instruction.

TW Processor enter§ wait state If READY is low

{optional) or if HALT instruction has been executed.

T3 An instruction Byte (FETCH machne cycle),
data byte (MEMORY READ, STACK READ)
or interrupt instruction (INTERRUPT machine
cycle) 1s input to the CPU from the Data Bus;
or a data byte (MEMORY WRITE, STACK
WRITE or OUTPUT machine cycle) is output
onto the data bus.

T4 States T4 and Tg are available if the execu-

T5 tion of a particular instruction requires them;

(optional) if not, the CPU may skip one or both of
them. T4 and Tg are only used for internal
‘ processor operations.

Table 2-2. State Definitions



INTERRUPT SEQUENCES In this way, the pre-interrupt status of the program counter
is preserved, so that data in the counter may be restored by

The 8080 has the built-in capacity to handie external )
the interrupted program after the interrupt request has been

nterrupt requests. A peripheral device can initiate an inter-

O rupt simply by driving the processor’s interrupt (INT) line processed.
high, The interrupt cycle is otherwise indistinguishanle from
The wnterrupt (INT) input 1s asynchronous, and a an ordinary FETCH machine cycle. The processor itself
request may therefore originate at any time during any takes no further special action. It is the responsibiiity of the
instruction cycle. Internal qunc re-clocks the external re- peripheral logic to see that an eight-bit tnterrupt instruction
quest, so that a proper correspondence with the driving is “‘jammed’’ onto the processor’s data bus during state T3.
clock is established. As Figure 2-8 shows, an interrupt In a typical system, this meens that the data-in bus from
request (INT) arriving during the time that the interrupt memory must be temporarily disconnccted from the pro-
enable line (INTE) is high, acts in coincidence with the ¢ cessor’s main data bus, so that the interrupting device can
clock to set the internal interrupt latch. This event takes command the main bus without interference,

place during the last state of the instruction cycle in which The 8080's instruction set provides a special one-byte
the requ.est oceurs, thus ensurutlg that any Instruction in cail which facihitates the processing of interrupts (the ordi-
progress is completed before the interrupt can be processed. nary program Call takes three bytes). This is the RESTART
The INTERRUPT machine cycle which follows the instruction (RST). A variable three-bit field embedded in
arrival of an enabled interrugt request resembles an ordinary the eight-bit field of the RST enables the interrupting device
FETCH machine cycle 1n most respects. The M1 status bit to direct a Call to one of eight fixed memory locations, The
1s transmitted as usual during the 'SYNC interval. It is decimal addresses of these ded:cated locations are: G, 8, 15,
accompanied, however, by an INTA status bit {(Dg) which 24, 32, 40, 48, and 56. Any of these addresses may be used
acknowledges the external request. The contents of the to store the first instruction{s) of a routine designed to
program counter are latched onto the CPU’s address lines service ' the requirements of an interrupting device. Since
during T4, but the counter itself 1s not incremented during the (RST) i1s a call, completion of the nstruction also

the INTERRUPT machine cycle, as it otherwise would be. stores the old progiam counter contents on the STACK.
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HOLD SEQUENCES

The 8080A CPU contains provisions for Direct Mem-
ory Access (DMA) operatons. By applying a HOLD to the
appropriate control pin on the processor, an external device
can cause the CPU to suspend its normal operations and re-
linguish control of the address and data busses. The proces-
sor responds to a request of this kind by floating its address
to other devices sharing the busses. At the same time, the
processor acknowledges the HOLD by placing a high on its
HLDA outpin pin. During an acknowledged HOLD, the
address and data busses are under control of the peripherai
which originated the request, enabling it to conduct mem-
cry transfers without processor intervention,

Like the interrupt, the HOLD input is synchronized
internally. A HOLD signal must be stable prior to the "Hold
set-up’’ interval {tyg), that precedes the rising edge of ¢,.

Figures 2-9 and 2-10 illustrate the timing involved in
HOLD operations. Note the delay between the asynchronous
HOLD REQUEST and the re-clocked  HOLD. As shown in
the diagram, a coincidence of the READY, the HOLD, and
the ¢2 clocks sets the internal hold latch. Setting the latch
enables the subsequent 1ising edge of the ¢1 clock pulse to
trigger the HLDA output,

Acknowledgement of the HOLD REQUEST pieccdes
shghtly the actual floating of the processor’s addiess and
data lines. The processor acknowledges a HOLD at the begin-
mng of T3. if a read ot an input machine cycle is in progress
{sce Figure 2-9). Otherwise, ‘acknowledgement 1Is deferred
until the beginning of the state following T3 (sce Figure
2-10). In both cases, however, the HLDA goes high within
a specified delay (tpc) of the rising edge of the selected ¢
clock pulse. Address and data lines are fioated within a
brief delay after the rising edge of the next ¢2 clock puise.
This relationship 1s aiso show.t in the diagrams.

To all outward appeara:nces, the broccssor has suspend-
editsoperations once the address and data busses are floated.
Internally, however, ccrtam’;functlon‘s may continue. If a
HOLD REQUEST s acknow'Iedgcd at T3, and if the pro-
cessor is in the middle of a machine cycle which requires
four or more states to complete, the CPU proceeds through
T4 and Tg before coming to a rest, Not until the end of the
machine cycle 1s reached will processing activities cease.
Internal processing is thus permitted to overlap the external
DMA transfer, improving both the effncnency and the speed
of the entire system. '

The processor exits 1t'he holc:i:mg state through a
sequence similar to that by which 1t entered. A HOLD
REQUEST is terminated asynchronously when the external
device has completed its data transfer The HLDA output

1
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returns to a low level following the leading cdge of the next
¢1 clock pulse. Normal processing resumes with the ma-
chine cycle following the last cycle that was executed.

HALT SEQUENCES

When a halt instruction {HLT) 1s executed, the CPU
enters the halt state (Tyyy) after state To of the next ma-
chine cycle, as shown in Figure 2-11. There are only three
ways in which the 8080 can exit the halt state:

@ A high on the RESET line will always reset the
8080 to state T1, RESET also ciears the program
counter.

A HOLD input will cause the 8080 to enter the
hold state, as previously described. When the
HOLD line goes low, the 8080 re-enters the halt
state on the rising edge of the next ¢7 clack
pulse

An nterrupt (i.e., INT goes high while INTE 1s

. enabled) will cause the 8080 to exit the Haltstate
and énter state T on the rising edge of the next
¢1 clock pulse. NOTE. The interrupt enable {INTE)
flag must be set when the halt state is entered;
otherwise, the 8080 will only be able to exitviaa
RESET signal,

Figure 2-12 illustrates halt sequencing in flow chart
torm,

START-UP OF THE 8080 CPU

thn power is apphed itially to the 8080, the pro-
cessor begms opuatmg immediately, The contents of its
program counter, stack pointer, and the other working regis-
ters are naturally subject to random facters and cannot be
specified. For this reason, it will be nacessary to beg:n the
power-up sequence with RESET.

An external RESET signal of three clock period dura-
tion (mumimum) restores the processor’s inteinal program
counter to zero. Program execution thus begins with mem-
ory location zero, following a RESET. Systems which re-
quire the processor to wait for an expiicit start-up signal
will store a halt instruction (Ei, HLT) in the first two loca-
tions. A manual or an automauc INTERRUPT wiil be used
for starting. In other systems, the processor may begin ex-
ecuting its stored program immediately. Note, however, that
the RESET has no effect on status flags, or on any of the
proces§or's wqumg registers (accumulator, registers, or
stack pointer). The contents of these registers remain inde-
termingte, untillinitialized explicitly by the program.
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MNEMONIC OP CODE miil M2
—_—
D7DgD50; | D303DqDg T1 T2l2 T3 Ta 75 T T2ld j
- T —
MOV 11 2 oD ! DS s s PCOUT | PCe=PC +1 |INST-TMP/IR (SSSI-TMP (TMP)~DDD i
STATUS ) !
MOV ¢, M DD |B1 10 : xi3) HL OUT DATA —|=-GDD
sTATUSIB!
MOV M, r [ 11 {055SSs 1555)-TMP PR (TMP) —=-DATA BUS |
1 |
SPHL l 1 100 1 WU LSP i
: |
MVI r, data bD {C1 1o X PC OUT 82 —{«LDDD
STATUSIE)
MVI M, data 11 0110 X B2—tmTMP
LXirp data A P 000 1 x ' PCePC+1 B2 ~—{e=r1
LDA addr 1 1010 X PC=PC+1 B2 —»2Z
STA addr 11 0010 X PC=PC+1 82—{»2Z
LHLD addr 10 1010 X ’ PCaPC+1 82—=2
k1
SHLD addr 10 0010 b PC OUT PC=PC+1 B2—imz
sTATUSIO!
LOAX rpldl R P 1010 X p OUT DATA—{A
. : STATUSIS!
STAX rpld] R P 0010 X o OUT {A) —1=DATA BUS
. sTAaTusl?]
XCHG 10 1011 (HL)e—(DE)
ADD 00 [0s-ss (S§5)-TMP (o} (ACTI+{TMP}—A
(A)=ACT,
ADD M o0 o1 1o {A)~ACT HL OUT DATA-—|&TMP
sTATUSsIG!
ADI daty 00 01 10 (A)-sACT PCOUT | PCapC B2 - j=TMP
sTaTuslol
ADCH 00 1§ss {SSS) TMP 191 {ACT)H{TMP}1CY A
{AI=ACT
ALCM 00 1110 {A}ACT 1L OUT DATA  |mTMP
sTATUSIG!
ACI data 0o 1110 (AlACT PC OUT PC = PC+ Y B2—{=TMP
STATUSIO)
suB 0 1 0SS S [SSS)~TMP 1l {ACT)-{TMP)~A
{A)l=ACT
SUD M 01 0110 {AlACT HL OUT DATA—}=TMP
STATUSIO!
5Ul dato o 1 0i1.10 {Al-+ACT PC OUT PC=PC +1 B2—ie-TMP
STATUSIG
sBB ¢ 0 18 S S (SS5)-TMP 6] {ACT)-{TMP)-CY—A
; {A)ACT
SBO M 0.1 1110 (Al=ACT HL OUT DATA-1e=TMP
sTATUSI6)
SDI data 0 1 1110 {A)=ACT PC OUT PC=PC+1 B2—j= TMP
. sTATUS6]
INR DD ODO100 (DDD}-TMP ALU-~DDD
(TMP) + 1-ALU
INA M 1 0100 i P X HLOUT _ DATA ~» TMP
. STATUSIE] (TMP)+1 —= ALU
DCA ¢ DD ! D1 O (DDD)=TMP ALU—DDD
i (TMPI+1~ALU
DCR M 1 0101 X HL OUT DATA —{& TMP
: sTATUSlS! (TMP)-1 —o- ALY
INX rp R P 00 1 1 (RPI+1____ | RP
DCX rp R P 101 1 ‘P -1_____ Lre
DAD rpl8 R P 1001 X {r)=ACT (L)=TMP, ALU-L. CY
. {ACTI+(TMPI=ALU | :
DAA 10 01 11 DAA—A, FLAGSI10] !
: N
ANA ¢ 10/ 0s5sSs (SSS)-TMP ) (ACT)+{TMPI=A \_/
‘ (Al>ACT
ANA M ' 10 o110 PCOUT | PC=PC+1| INSTSTMP/IR | (AJACT HL OUT DATA & TMP
0 STATUS STATUSIEl i
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M3 M4 M5
T3 v2l2 T3 AR Tz2(21 T3 T1 T212 T3 T4 T5
O l
r———— e = O
o
N 1
- 1
—_— 1 '
HLOUT (TMP) —|»DATA BUS
staTust? ' - JSHNON S S
PCOUT PC=PC+1 B83—srh
1 starusiol
T PC=PC+1 B3I —{»W Wz ouT DATA . A
STATUSIE! |
PC=PC+1 B83—je-W W2 OUT (A} ————2 DATA BUS i
| sTaTusll :
' PC=PC+1 Bl —jmW w2 OUT DATA - L wz ouT DATA—]—H
STATUSIO! WZ=WZ +1 STATUSIG!
1 pcoOUT PC=PC +1 Bl-l=W wZ oUT {L) ———¢ DATA BUS | WZOUT {Hl——[=-DATA BUS :
1 staTusiél STATUS!? WZ =WZ+1 sTATUs(? :
191 {ACT)HTMPI=A . |
]
[t} (ACT)+(TMPI A
{9l {ACTH{TMPIICY—A 3
9 (ACT)+{TMP)+CY—A
‘
19 {ACT)-{TMP}~A , | .
i
1 {ACT)-(TMP)-+A
9 {ACT)-(TMP)-CY—A
|
9 (ACT)-(TMPj-CY—A {
=
—
HL OUT ALU —-}=DATA BUS
STATUSI?) N
- < HL OUT ALU—l= DATA BUS ! .
P sTATUSI?] ;
rd f
! |
.
N L .
-
(rh)=»ACT (H}->TMP ALU-H, CY R .
(ACT)+{TMP)+CY~A LU ; ;
O \ |
19} (ACT}+(TMP)~A [ .
) 1 . i ~L .
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MNEMONIC 0P CODE il M2 ;
070gD5Dy | D3D2D1Dg m T2l4 T3 T4 75 T1 T2(2) ‘ T3 C;)
i 1
ANI data Y110 0110 PC OUT PC = PC+ 1| INST=TMP/IR (A}-ACT PCOUT | PC-PC + 1 B2 %,TMP '
STATUS TATUSIO! ! }
XRA ¢ 101 0 1§85 4 {Al--ACT 9l (ACT 4 (TPMI—A ! !
| (555)-TMP | :
XRA M 1010 110 {Al=ACT HL OUT DATA —lo-TMP |
sTATUS!E) |
XRI data t 110 1110 {AJ=ACT PC OUT PC=rC ¢ 1 82 —{w TMP
STATUSIO !
ORA 1011 | 085S (A)-ACT 9} | {ACT) (TMP)—A 1
(SSS) ~TMP
ORA M 101 1 0110 i | (Al~ACT HL OUT DATA —l= TP
| STATUSIG
CRI data 111 0110 (A}-ACT , PC OUT FC-PC+1 B2 —f=TMP
- | STATUSIE
cmpr 10 1 1 1t 5SS {Al~ACT ! 1o (ACT)-(TMP), FLAGS
| 1S55)--TMP |
cMP M 1001 1110 . {Al=ACT i HL QUT DATA —|eTMP
i STATUSINI
CP1 data 111 1110 {A)--ACT ! °COUL PC=PC+1 B2 —teTMP
siaTUsiBl
— ]
ALC o000 o011 (A)--ALY 9 ALU=A CY
ROTATE
]
RRC 0000 1190 {A)=ALU e ALU—=A CY
‘ ROTATE |
- T
RAL 00 01 01 1 1 [A), CY=ALU 131 ALU~A CY
ROTATE A
RAR 000 3 Tt { | 1Al cy-ALY | ol ALU=A CY
| ROTATE !
cMa 0010 | 1311 | (A)=A :
! _ . — )
cmC 00 11 111 ! CY--CY |
. ' o {
STC 003 1 01 1 1 1-CY . :>
IMP addr 1100 00 1 | ‘ X PCOUT PC=PC v B2 —leZ
I sTATUSIO!
J cond adds i1 /] 1tr1¢cc | coo : JUDGE CONDITION PCOUT | PC=PC 1 B2 =2
STATUSIO!
CALL addr 1100 1101 SP=SP-1 PC OUT PC=PC+1 82 -{»2
STATUSIOI
Ceondaddrlt?l | 1 1 Cc ¢ c100 JUDG T CONDITION PC OUT PC=PC+ 1 B2—i=2
) ‘ IF TRUE,SP = SP - 1 sTATUSIE! o
RET 1100 10 Q1 X sP OUT SP=SP 11 DATA—je2
! sTATUSS!
Recondavor!?l | 1 1 C ¢ cCo0oo0o0 INST-TMP/IR JUDGE CONDITION14] SPOUT | 8P=5P+1  DATA—=Z
' : sTatusiisl
RSTn VIENNL NG oW SP=5P-1 SPOUT | SP=SP-1  (PCH) -{=DATABUS
, INST--TMP/IiR STATUS[6!
PCHL 1110 1001 INST—TMP/IR {(HL}— —— - —dPC (
i o1
PUSH rp 1 1 RP 01 01 i SP=5P -1 P OUT SP=SP-) {rh)—]e=DATA dUS
. i STATUSHE! !
PUSH PSW P11 01 01 | SP = SP -1 sPOuUT | sP=sP-1 {A)- |=DATA BUS
| sTATUSIE
POP rp 1V RP 00 01 | X SP QUT SP=SP+1 DATA—jer}
I STATUs!15]
POP PSW P11 00 01 ' X SPOUT _ | SP=SP+1 DATA—{=FLAGS
. STATUS!B!
XTHL Tt 10 001 X SP OUT | SP-5P+1 DATA-—leZ
? ‘ ‘ STATUS(E] |
IN port 1101 101 1 ' X PC OUT PC = PC +1 B2--jeT. 4
, ) i STATUS!E! [,
; S
OUT port P10 6011 X FCOUT | PC=PC+1 B2 -+=Z. W i
. | STATUSIE | |
<
€l 111 1011 SET INTE F/F ! . ! '
o ' . ! !
: - 1 e
Y 111 00 11 RESET INTE F/F ;
0 L I ) . O
HLT o111 |01 10 i X PC OUT HALT MODEIN! : i
| ¥ L : STATUS |
; -_,____1
NOP tjooo0o0] 0000 PC OUT PC = PC + 1| INST-TMP/IR X ! !
t STATUS , . i
e

218



{ . (X} M4 M5
e
! . _—ri 1212 T3 T v2ld T3 T3 1212 T3 T4 s
¢ |
(ACT}+{TMP)—=A
- ; -
] ,
I I :
y ' - f
Py (ACT)+ (TMPI~A T ‘ ™
H 1
g .
[ — -
i IACTI+(TMP) A :
{ « f
P {ACT}4{TMP)~A :
H
!A—
]
a f
| (ACT)-(TMP), FLAGS
, . (ACTI-(TMP), FLAGS
e
;
i
e e 1 ? ‘
! :
; .
oo : ! !
)T ) i T
f
S | |
:
i '
. ' AP S S -
weOUT PC=PC+1 Bl —jew ' . w2z out (W2) + 1~ PC
5TATUSE! , ' STATUSI
PCOUT PC-PC+1 B3 - jew w2 our (WZ)+ 1+ PC
sTATUSIO! ' sTATULSI2)
PCOUT PC=PC+1 B3 ~{mW . 5P OUT (PCH)-——- (mDATA BUS | SPOUT (PCL) -+ DATA BUS WZ OUT (W2) + 1 PC
STATUSE! STATUSIBl | spwyp-y sTATUS[1G] sTATUSIHMI
PC OUT PC=PC+1 03 - [mwi13l 5P OUT (PCH) -—— — == DATA BUS SP OUT {FCLI—4 DATA BUS WZ OuT (W2) ¢ 1 PC
statuslel | ) 'STATUSE! | spasgp.-1 STATUSIIG! STATUS[114D
P OUT SPeSP+1 DATA—|wW’ : ' wz ouT (W2} + 1 PC
sTATUSHIS] sTATUSIN
< OUT SP=SP+1 DATA- lmw ' WZ OUT (W2) + 1~ PC
sTAaTUsHS! STATUSINI)
5P OUT [TMP = OONNNOOO) ~— | Z : W2 OUT (W2) +1—=PC
STATUSIG) (PCL) - {»=LATA BUS sTaTusiill
sPOUT {rl) —{=DATA BUS
staTusi6l A ,
P OUT FLAGS —=DATA BUS 2
sTATUSITE! 7 ,
5 OUT SP=SP+1 DATA—|mrh’
sraTuslisl ‘
5P OUT SP=SP+1  DATA- -eA .
STATUS!YS]
sPouT DATA—{mW SP QUT (H———1=DATABUS | SPOUT {L)—= DATABUS | (WZ)l—t-eHL
STATUSS) v sTATUSI6] STATUsIE)
wz our OATA [mA .
sTATUslig] !
L. - —— L
viz ouT (A} —|= DATA BUS 2
statusigl ) .
o e
¥ ]
. | f
- ¥
~N ;
S '
i
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NOTES:

1. The first memory cycle (M1) is always an instruction
fetch; the first {or only) byte, containing the op code, is
fetched during this cycle.

2. li the READY input from memory is not high during
T2 of each memory cycle, the processor will enter a wait
state (TW) until READY is sampled as high.

3. States T4 and TS are present, as required, for opera-
tions which are completely internai to the CPU. The con-
tents of the internal bus during T4 and Tb are available at
the data bus; this is designed for testing purposes only. An
X' denotes that the state is present, but is only used for
such internal operaticns as instruction decoding.

4. Only register pairs rp = B (registers B and C) or rp=D
{registers D and E} may be specified.

5. These states are skipped.

6. Memory read sub-cycles; an instruction or data word
will be read.

7. Memory write sub-cycle. .

8. The READY signal is not required during the second
and third sub-cycles (M2 and M3). The HOLD signal is
‘accepted during M2 and M3. The SYNC signal is not gene-
rated during M2 and M3. Duripg the execution of DAD,
M2 and M3 are required for an internal register-pair add;
memory is not refereir:\ced.

9. The results of these arithmetic, logical or rotate in-
structions are not mgved into the accumulator (A) until
state T2 of the next instruction cycle. That is, A is loaded
while the next instrugtion is being fetched; this overlapping
of operations allows for faster processing.

10. If the value of the least significant 4-bits of the accumu-
lator is greater than 9_o_r_ if the auxiliary carry bit is set, 6

is added to the accumulator. If the value of the most signifi-
cant 4-bits of the accumulator is now greater than 9, orif
the carry bit is sct, 6 js added to the most significant

4-bits of the accumulator.

11. This represents the first sub-cycle (the instruction
fetch) of the next ingtruction/cycle.

2-20

12. If the condition was met, the contents of the register
pair WZ are output on the address lines (Ag 15} instead of
the contents of the program counter {PC).

13. If the condition was not met, sub-cycles M4 and ..
are skipped; the processor instead proceeds immediately to
the instruction fetch {M1) of the next instruction cycle.

14. If the condition was not met, sub-cycles M2 and M3
are skipped; the processor instead proceeds immediately to
the instruction fetch (M1) of the next instruction cycle.

15, Stack read sub-cycie.

16. Stack write sub-cycle.

17. CONDITION CCC
NZ — not zero (Z = 0) 000

Z — zero{2=1) 001

NC — no carry (CY =0) 010

C — carry (CY = 1) on

PO — parity odd (P = 0} 100

PE — parity even (P =1) 101

P — plus (§=0) 110

M — minus (S=1) 111

18. 1/0O sub-cycle: the I/0 port’s 8-bit select code is dupli-
cated.on address lines 0-7 (Ag7) and 815 (Agash

19. Qutput sub-cycle.

20. fhe processor will remain idle in the halt state untii

an inférrupt, areset or a hold is accepted. When a hold re-
quest 15 accepted, the CPU enters the hold mode; afte

hold mode is terminated, the processor returns to the halt
state. After a reset Is accepted, the processor begins execu-
tion at memory location zero. After an interrupt is accepted,
the processor executes the instruction forced onto the data
bus (usually a restart instruction),

vy

SSSor DDD Value 'p Value
A 111 B 00
B . 0co__ | D j__ o1 |
c 001 H 10|
- D 010 sP 11
E 011
_H 1C0
L 101
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This section deseribes some techimques other than
macros which may be of help Lo the progiammer.

BRANCH TABLES PSEUDO-SUBROUTINE

Suppose a program consists of several separate rou-
tines, any of which may be executed depending upot some
witial condition {such as a number passed in a register). One
way to code this would be to check cach condition sequent-
ally and ranch to the routines sccordingly as follows:

CONDITION = CONDITION 1?
IF YESBRANCH TO ROUTINE 1
CONDITION = CONDITION 2?
IF YES BRANCH TO ROUTINE 2

BRANCH TO ROUTINE N

A scquence as above is inefficient, and can be 1m-
proved by using o branch table.

The logicat the beginning of the branch table program
computces a pointer into the biranch table. The branch table
self consists of a hist of starting addresses for the routines
10 be branched to, Using the pomter, the branch table pro-
gam loads the sclected routine’s starting address into the
wWdress bytes of a jump instruction, then executes the jumnp,
For example, consider a program that executes one of eight
routines depending on which bit of the accumulator is set.

49

Jump Lo routine 14t the accumuldator holds 00000001

"o " "o " " 06860010
o v . 00000100
0o vooog oo " 00001000
"o S ONT & 00018000
o v " 00100000
"o v y2RUZ & 01000000
"o " g v " 10000000

A program that provides the above logic s given ot the
end of this secuon, The program s termed a pseudo-
subroutinge”™ because it s treated as a subroutine by the pro
grlammer {1, 1t appedrs Just once W memory), but otas
entered via a regular JUMP mnsuuction vather than via a
CALL instruction. This 1s possible because the branch rou-
une controle subsequent execution, and will never retun to
the instruction following the call:

Jump
Routines

Branch Table
Program

Main Program

——— e —

normal sibioutinec et n
seqaence not followed by
branch table program

Rev B




Labsl  Gode  Operand
1! START LXI H, BTBL . Registers H and L will
( , point to branch table.
GTBIT RAR
JC GETAD
INX H AR L=(H, L4120
INX H , point to next address
, mn branch table,
JMP GTBIT
GETAD: MOV E.M ; A one bit was found,
INX H ; Get address in D and
., E.
MOV DM
XCHG ; Exchange D and E
;with Hand L.
PCHL , Jump to routine

; address.

BTBL. OW . ROUTI
DwW ROUT2

; Branch table. Each
;entry s a two-byte

, address

; held least significant
, byte first.

DW ROUT3
DW ROUT4
oW ROUTS
DW ROUT6
Dw ROUT7?
ROUTS

The control routine at START uses the H and L regis-
ters as a pointer into the branch table (BTBL) corresponding
to the it of the accumulator that s set. The routine at
GETAD then transfers the address held in the corresponding
branch tablc entry to the H and L registers via the D and E
registers, and then uses a PCHL instruction, thus transferring
control to the selected routine,

SUBROUTINES

Frequently, a group of instrucuions must be repeated
many times in a program. As we have seen in Chapter 3, 1t s
sometimes helpful to defineg a macro to produce these
groups. If a macro becomes too lengthy or must be repeated
many times, however, better economy can be obtained by
using subroutines.

A subroutine s coded like any other group of assembly
lanquage statements, and is referred to by its name, which s
the label of the first instruction. The programmer references
a subroutine by writing its naime n the operand field of a
CALL instruction. When the CALL 1s executed, the address
of the next sequential instruction after the CALL s pushed
onto the stack (see the section on the Stack Pointer in
Chapter 1), and program execution proceeds with the first
instruction of the subroutine. When the subroutine has com-
pleted its work, a RETURN instruction is executed, which
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causes the topy address 10 the stack to be popped into the
program counter, Causing program execution 10 continue
with the mstruction following the CALL Thus, one copy of
a subroutine may be called from many different points in
memory, preventing dupiication of code.

Example:

Subroutine MINC increments a8 16-bit number hela
least-significant-byte first in two consecutive memory loca-
tions, and then returns to the instruction following the last
CALL statement exccuted. The address of the number to be
incremented is passed 1n the H and L registers,

Label Code  Operand Comment
MINC: INR M ; Increment low-order byte
RNZ , lf non-zero, return to
;calling routine »
INX H ; Address high-order byte
INR M s Increment high-order byte
RET . Return unconditionally

Assume MINC appears 1n the following program:

Aibitrary
Memory Address

Arbitrary
Memory Address

2C00 | CALL MINC 3C00 | MINC

2C03 S S
\\

2EF0 | CALLMING [  —

2EF3 —— “

When the first call is executed, address 2C03H
pushed onto the stack indicated by the stack pointer, and
control s transferred to 3CO0H, Execution of cither RE-
TURN statement 1n MINC will cause the top entry to be
popped off the stack into the program counter, causing exe-
cution to continue at 2CO3H (since the CALL statement is
three bytes long).

Stack After

Stack Before Stack While RETURN

CALL MINC Excecutes 1s Performed
FF Low Addr 03 (_S:ack 03
) S Pointar p——
FF 2C 2C
| 2¢ | 12C |
1_Stack FE Q_Stac:k
FF Pointer FF
FF High Add FF FF
igh Addr
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When the secoad cail s executed, address 2EF3H s
pushed onto the stack, and control is agan transferred to
MINC. This ime, either RETURN instruction wi'l cause exe-
cution to resume at 2EF3H,

Note that MINC could have called another subroutine
during its exccution, causing another address to be pushed
onto the stack. This can occur as many times as necessary,
himited only by the size of memory available for the stack.

Note also that any subroutine could push data onto
the stack for temporaty ssorage without affectng the call
and return sequences d4s long as the same amount of data 1s
popped off the stack before executinga RETURN statement.

Transferring Data To Subroutines

A subioutine often requires data o perform its opera-
tions. In the simplest case, this data may be transferred 1in
one or more registers. Subroutine MINC 1n the last section,
for example, reccives the memory address which it requires
in the H and L registers

Sometimes it is more convenicnt and econonucal to let
the subroutine toad 1ts own reaqisters One way to do this s
to ptace a List of the required data {called a parameter list)
in some data area of memory, and pass the address of this
list to the subroutine in the H and L reqisters,

For example, the subroutine ADSUB expects the ad-
dress of a three-byte parameter listin the H and L registers.
It adds the furst and second bytes of the list, and stores the
result in the third byte of the list

O})orand

Label Code Operand  Comment

LXi H, PLIST ; Load H and L with
; addresses of the param-
. eter list
CALL ADSUB ; Call the subroutine
RETY1: ———ro

PLIST: DB 6 ; First number to be added

(9]2) 8 , Second number to be
s added
DS 1 ; Result will be stored here

LXI H, LIST2 ; Load H and L reqisters

CALL ADSUB |, for another call toADSUB
RET2: ——- .

LiST2: DB 10

D3 35
DS 1
ADSUB: MOV A M ; Get fust parameter
INX H , lnciement memory
, address
MOV B, M , Get second parameter
ADD B , Add fust to second
INX H , Increment memory
, address
MOV M, A , Store result at third
* , parameter store
_____ _ReT ; R(‘IUHLBEOH(JI_!‘L(IHHV

The first ttme ADSUB s called, 1t loads the Aana B
requsiers from PLIST and PLIST+1 respectively, adds them,
and stores the result in PLIST+2. Return 1s then made 1o
the wnstruction ot RETT.

First call to ADSUB:

ADSUB: [5

?
L 06 | PLIST
———
08 | PLIST+I
s | OEA | PLIST+2

The second tume ADSUB 1s called, the H and L regis-
ters poing to the parameter hist LIST2. The A and B registers
are loaded with 10and 35 respectively, and the sum is stored
at LIST2 + 2. Return is then made to the instruction at
RET2.

Second call to ADSUB:

ADSUB: l H I [ L l
(U ——
0A [LIST2
23 LIST2+1
—— 1 2D LIST242

Note that the parameter hists PLIST and LIST2 could
appear anywhore in memory without altering the results pro-
duced by ADSUB.

This approach does have aits himitations, however, As
coded, ADSUB must receive a ist of two and only two num-
bers to be added, and they must be contiguous tn memory.,
Suppose we wanted a subroutine (GENAD) which would

add an arbitrary number of bytes, located anywnere in mam-

ory, and leave the sum in the sccumulator

This can be done by passing the subroutine ¢ pari-m-
eter st which s a hist of addresses of paramecters, iather
than the poremeters themselves, and sigmifying the end of
the parameter hist by a number whose first byte s FFH
{avsuming that no parameters will be stored above address
FFOGH).




Call to GENAD"

As implemented below, GENAD saves the current sum

H L {beginning with zero) in the C register, It then loads the ad-
GENAD: [ l I l I dress of the first parameter into the D and E registers, If this
{ address 1s greater than or equal to FFOOH, 1t reloads the
accumulator with the sum held in the C reqister and returns
_8_ PARM1 to the calhing routine, Otherwise, it loads the parameter into
the accumulator and adds the sum n the C register to the
accumulator, The t then | 5 back to pick up the
o 16| PARMA accumulator, The routine then loop pi o]
remainirig parameters,
ADR2
ADR3 13| PARM3
ADRA4
FFFF 82| PARM2
L.abel Code Operand Comment
LX1 SP, 1000H ; Assume this stack size 1s adequate
LX1 H, PLIST ; Calling program
CALL GENAD
HALT
PLIST: DW PARMI . List of parameter addresses
DW PARM2
Dw PARM3
DwW PARMA4
DW OFFFFH ; Terminator
PARMI. OB 6 ®
PARMA4: DB 16
PARM3: DB 13
PARM2: DB 82 ,
GENAD: XRA A , Clear accumulator
LOOP. MOV C, A ; Save current total in C
MOV E,M ; Get low order address byte
. of first parameter
INX H
MOV A, M , Get high oirder addiess byte
cof first parameter
CPi OFFH , Compare to FFH
JZ BACK , If equal, routine 1s complete
MOV D,A ;D and E now address parameter
LDAX D ; Load accumulator with parameter
ADD C , Add previous total
INX H sIncrement H and L to point
; to next parameter address
JMP LOOP ; Get next parameter
BACK: MOV A, C , Routine done —restore total
RET , Return to calling routine
END '
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Note that GENAD could add any combination of tne
parameters with no change to the parameiers themseives

The sequence:

LXi H, PLIST
CALL GENAD
PLIST: DW PARM4
DW PARM1
DW OFFFFH

would cause PARMI and PARM4 1o be edded, no matter
where tn memaoary they moght be Incated (excluding ad-
arosses above FFOQH),

Many variations of parameter passing are possible, For
exampie, if it was necessary to allow paramieters to be stored
atany addiess, a calhing program couid pass the total number
of parameters as the first parameter; the subroutine would
10ad this fust parameter «nto a register and use it as a count-
¢er to determine when all parameters had been accepted,,

SOFTWARE MULTIPLY AND DIVIDS

The multiphicction of two uasigned 8 it data bytes
may be accomplished by one of two techniques. repetitive
additon, ar use of 4 register shifting operation

Repetitive addition provides the ssimplest, but slowest,
form of multiplication For example, 2AH- 74H may be gen-
crated by adding 74H to the (imtially zeroed) accumulator
2AH time-.,

Using shift operations provides faster muitiplication,
Shiftinga byte feft one bt s equivaient to muttiptying by 2,
and shifting a byte right one bits equivalent to dwiding by
2. The following process will produce the correct 2-opyte
result of raultiplying a one byte multiplicand by a one byte
multiplier

(o},  Test the least significant bit of the multipher If cero,
go to step B M one add the multipheand te the most
significant b/te of the recult,

(b)  Shift the entire two byte result right one bt position,

(c) Repeat steps a and b untd all 8 bits of the multupher
have been tested

For example, consider the muitiplication,

2AH-3CH=908H

HIGH-ORDER BYTE LOW-ORDER BYTE
MULTIPLIER MULTIPLICAND OF RESULT OF RESULT

Start 00111100 00101010 00000000 00000000
Stepla————— e e

b 00000000 G0C00000
Step 2o ————— e ————————

b 00000000 00000000 ]
SIEP 3 A — e e ————— 00161010 00000000

b 00010101 00000000
SUEP 4 8 — e e e e e 00111111 00000000 !

b 00C11I 10000000
StepHa—mm e e 01001001 10300000

b 0010000 11000000
Step B o ——— e 01001110 11000600

b 00100111 01300000 i
Step 7 @ =m— e e e e ———————_—— )

b 00010011 10110000
SIEP B A e e e e e ——————

b 0GQa1001 11011000
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Step 1 Test multphier O bit, 1t 15 0, so shift 16 bit result

right one it

Step 2. Test multiphier 1 it, it 15 Q, 5o shuft 16-bit result
right one bit

Step3  Test multiplier 2-bit; 1t1s 1, so add 2AH to high-
order byte of result and shift 16-bit result right one

bit

Step 4: Test multiphier 31, 1t1s 1, so add 2AH to high-
order byte of resultand shift 16-bit resutt right one
bit,

Step 5 Test multiplier 4-bit, 1t 15 1, so add 2AH to high-
order byte of resultand shift 16-bit result right one
it

Step 6: Tost muitiphier 5-bit; itas 1, so add 2AH to high-

order byte of resultand shift 16-bit result right one
int

Step 7 Test muluphier 6 bit, it 15 0, so shift 16-bit result
right one bit

Step 8: Test mulupher 7 bit, 1t ds 0, so shift 16-bit result
right one bit.

The result produced is 09D8.
The process works for the foliowing reason.
The result of any multiplication may be written:

Equation 1. BIT7-MCND-2" + BIT6-MCND 2% +. ..
+BITO-MCND-2°

where BITO through BiT8 are the bits of the multiphier {each
equal to zero or one), and MCND 15 the multiphicand,

For example:

MULTIPLICAND MULTIPLIER
06001010 00000101 =

0°0AH:2" + 0-0AH:2% + 0-0AH-2" + 0-0AH 2% +
0'0AH: 2 + 1-0AH-2? + 0-0AH-2' + 1:0AH-2° =
00101000 + 60001010 = 00110010 = 50,,

Adding the multiphicand to the high-order byte of the
result 15 the same as adding MCND-+ 2% 1o the full 16-bit
result; shifting the 16 bit result one position to the right is
cquivalent 1o multiplying the result by 2! {dividing by 2).

Thercetare, step one above produces:

{BITO - MCND -« 2%) « 27!

Step two produces.
((BITO* MCND - 2%) + 27! + (BIT1 - MCND + 28)) » 27!
=BITO * MCND + 2° 4 BiT1 » MCND -« 27
And so on, until step eight produces:
BITO* MCND » 2° + BIT1 * MCND - 2' + ., . +BIT7
MCNOD - 27
which is equivalent to Equation 1 above, and therefore s

the correct result

Since the multiphication routine described above uses

a number of important programming techrnigues, a sampic
program is given with comnents,

The program uses the B register to hold the most sig-
mificant byte of the result, and the C register to hold the
least significant byte of the result,

The 16-bit night shuft of the result s performed by two
rotate-right-through-carry instructons.

Zero carry and then rotate B

B . c
T ]
. )
‘—_—}-_. X ,
K | —
Then rotate C to complete the shift
C

um

—
L .

Reqister D holds the muluplicand, and register C orig-
inally hoids the multiptier.

MULT: MVI 8,0 ,initialize most significant byte
, of result
MV E, 9 ;Bitcounter
MULTO: MOV A, C , Rotate least significant bit of

RAR ; multiplier to'carry and shift
MOV C, A ;low-order byte of result

DCR E

JZ DONE ; Exit «f complete

MOV A,B

JNC  MULTH !
ADD D ; Add multiplicand to high-

; order byte of result «f bit
, was a one

MULT1: RAR , Carry -0 here, shitt high-
; order byte of result
MOV B8, A
JMP  MULTO
DONE.

An analogous procedure s used to divide an unsigned
16-bit number by an unsigned 16 bit numbes. Here, the
process  involves subtraction rather than addition, and
rotate-left instructions instead of rotate right instructions.

The followyg reentrant program uses the B and C
iegisters to hold the dividend and quotient, and the D and
E registers to hold the divisor and remainder. The H and L
registers are used to store data temporarily.
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Div., MOV

AD ; Negate the divisos
CMA
MOV D.A
MOV AE
CMA
MOV E.A
INX D , For two’s complemnnt
LXI H,0 ,inual value for remainder
MV A7 s nitialize loop counter
DVO: PUSH H , Save remainder
DAD D ; subtract divisor (add negative)
JNC DV1 s under flow, restore HL
XTHL
DVi:.PCP tH
PUSH PSW , Save loop counter {A)
MOV A,C ;4 register left shift
RAL ;with carry
- MOV C.A ,CY ~>C—->8->L~->H
MOV A,B
RAL
MOV B,A
MOV AL
RAL
MOV LA
MOV AH
RAL
MOV H A
POP PSW , Restore loop counter (A)
DCHR A ; decrement 1t
JNZ Dvo ; keep looping

; Post-divide clean up

; shift remainder rnight and returnin DE
ORA
MoV
RAR

The E requistar holds the length of cach number to be
added (in this case, 3).

The numbers (¢ be added are stored from fow-order

byte to high order byte beginning at memory focations

FIRST and SECND, respectively,

The result wiil be stored from low-order byte to high-
order byte beginning at memory location FIRST, replacing
the original contents of these locations,

MOV
MOV
RAR
MOV
RET
END

»C P>
r>» I

m
>

MULTIBYTE ADDITION AND
SUBTRACTION
The carry it and the ADC (add with carry) instruc-
tions may be used to sdd unsigned data quantities of artr-
wrary length, Consider the foliowing addition of two three-
uyte unsigned hexadecimal numbers:
32AF8A
+ 848BAJ0
B76ATA
This additton may be performed on the 8080 by add-
ing the two low-order bytes of the numbers, then adding
the resulting carry to the two next-higher-order bytes, and

Memory
Location before after
|
— A
FIRST 8A > -k »| 1A ’|> carry
f
o e —
FIRST+1 AF >+ | 6A ) carry
FIRST+2 | 32 >+ ~»| B7
R e | 4 p—— ——{
SECND 90 | ——d 90
SECND+1 | BA BA
SECND+2 | 84 84 |
"1
Label  Code Operand Commeat |
MADD: LXI B,FIRST , 3 aund C address FIRST
LXIi H,SECND; H and L addiuss SECND
XRA A , Clear carry bit
LOCP. LDAX B , Load byte of FIRST
ADC M ; Add byte of SECND
, with carry
! ) STAX B ; Store result at FIRST
‘ DCR E ;Donc f E=0
JZz DONE
INX B ; Point to next byte of
. FIRST
INX H ; Pomnt to next byte of
,SECND
JMP LOOP ; Add next two bytes
DONE: —-
FIRST: DB 9CH
na OBAH
; DB 84H
SECND: DB 8AH
DB OAFH
DB 32H o

so on:
r
32 AF 8A
84 BA 90.
B7 ’ 6A 1A

The following :outine will perform this multibyte ad-
dition, making thesc assunplions:

carry = 1

r

carry = 1

r

o

Since none of the instructions in the program ioop
affect the cerry bit except ADC, the addition with carry will
proceed correctly,

Whenlocation DONE s reached, bytes FIRST through
FIRST+2 will contain TAGAB7, which s the sum shown at
tne beginning of this section arranged from low-order to
high-order byte,




The carry {or boerrow) it and the SBE {subtract with
borrow) mstruction may be used to subtiact unsigned da.a
cuentities of arbitrary length Consider the foilowing su-
. acton of two two byt unsigned hexadecimal numbers.

1301
- 0503
ODFE

This subtraction may be perforimed on the 8080 oy
sudtracting the two fow order bytes of the numbers, then
using the resulting carvy bit to adjust the difference of ihe
two higher-order bytes if a borrow occurred (by using the
SBB instruction).

Low order subtraction (carry bit = 0 indicating no
borrow):

00500001 = 01H

11111101 = -{(03H+carry)

11111110 = OFEH, the low-order result
carry out = 0, setting the Carry bit = 1, indicating a borrow

High-order subtraction.

00010011 = 13H
11111010 = -{05H+carry)
006001101

carry out = 1, resetting the Carry bit indicating no borrow

VWhenever a borrow has occurred, the SBB instruction
mcrements the subtrabend by one, which 1s equivalent to
borrowing one from the minuend

In order 10 create @ multibyte sublractuon routine, it
15 necessary only to duphicate the muitibyte addition routine
of this section, changing the ADC instruction to an SBE in-
struction, The program will then subtract the number begin-
ming at SECND from the number beginning at FIRST, plac:
ing the result at FIRST, .

DECIMAL ADDITION

Any 4 it dete quantity may be treated as a decimal
nurnber as long as 1t represents one of the decimal digits
from O through 9, and dous not contam any of the it pat-
terns representing the hexadecimal digts A through F. In
order 10 preserve this decimal interpretatton when perform
ing addition, the value 6 must he added 1o the 4-bit quantity
whenever the addition produces a resuft between 10 und 1h,
This 15 because cach 4 bit data quantity con hold 6 nore
combinations of ity than there are decmal digits

Decimal addimion as performed on the 8Q80 by letting
cach 8 bit byte represent two 4-bit decimal digits The bytes
are summed in the accumulator o standard fashion, and the
DAA {decimal odjust accumulator) istruction is then used
4s 10 Section 3, to convert the 8 bit binary result to the cor-
rect representation of 2 decimal digits, The settings of the
carry ond auxihiary carry tuts also affect the operation of the
DAA, permitting the addition of decimal numbers longer
than two digits

To perforin the deermal addiuon
2965
+4936
7021
the process works as foliows

(1) Clear the Carry and add the iwo lowest order dagits of
each number (remember that cach 2 decirma digits are
represented by one byte).

85 = 100001018
36 = 001101108
carry = 0
0l 101116718

\

Carry = 0 Auxiliary Cany =0

The accumulator now contains 88H,

(2} Perform a DAA operation, Since the nghimost {our
bits are =z 10D, 6 wili be added to the accumulator,

Accumulator = 1011101183
6=__ 01166

110000018

Since the leftmost 4 hits are now 910, 6 will be added
to these bits, setting the Carry bit.

Accumulator = 110000018
6=0110__ B
1} 001000018

b\

Carry bit =1

The accumulator now contains 21H. Store these two
digits.,

(3} Add the next group of two dimpts:

29=0010710018
49 = 010010018

carry = ]

01011100118
e n\

The accumulator now contains 73H,

Carry = 0 Auxihary Carry =1

{4) Perform a DAA operation Since the Auxibary Carry
bit 1s set, 6 will be added to the accumulator

Accumulator = 011100118
6= __ 01108
{0 011110018

\

N\

Since the lefunost 4 bauts are <210 and the Carry it s

catiy bit =0

reset, no further action occurs
Thus, the correct decimal result 7921 s generated in

two bytes.

A routine which adds decimai numbers, then, 1s exact-
ly analogous to the multibyte addition routine MADD of the
last section, and may be produced by inserting the instruc-
tion DAA after the ADC M instrucuion of that example
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Eaciy iteration of the program loop will add two decimal
chgits {one byte) ot the numbers.,

DECIMAL SUBTRACTION

Each 4 bit data quantity may be treated as a decimal
number as long as 1t represents one of the decrmal digits 0
through 9@ The DAA {decimal adjust accumulator} instruc-
tion may be used to permut subtraction of one byte (repre-
seating a 2-digit decimal number) from another, generating
a2-chigit decrmal result. In fact, the DAA permits subtraction
of multidigit decimal numbers.

The process consisis of generating the hundied’s com-
plement of the subtrahend diqit {the difference between the
subtrahend digit and 100 decimal), and adding the result to
the minuend digit Forinstance, to subtract 340 from 56D,
the hundred’s complement of 34D (100D-34D=66D) s
acddded to 56D, producina 220, which when truncated to 8
bits gives 22D, the correct result, H a borrow was gencrated
by the previous subtraction, the 99°s complement of the
subtrahend digit 1s produced to compensate for the borrow.

in detail, the procedure for subtracting one multi-digit
decimal from another is as follows.

(1) Sct the Carry bit = 1 indicating no borrow.

{2}  Load the eccumulator with 93H, representing the
number 99 decimal,

{3)  Add zero to the accumuiator with carry, producing
cither 99H or 9AH, and resetting the Carry bit,

{4) Subiract the subtrahend digits from the accumulator,
producing either the 99's or 100°s complement,

{5 Add the munuend digits to the accumulator,

(6) Use the DAA instruction to make sure the result in
the accumulator s in decimal format, and to indicate
a borrow in the Carry bit if one occurred.

Save this result,
(7) If there are more digits 1o subtract, go to siep 2.

QOtherwise, stop.

Example:
Purform the decimal subtracton:

4358D
- 13620
29960

B

{1)  Sectcarry =1,

{2) Load accumulator with 99H.

(3) Add zero with carry to the accumulator, preducing
9AH.

7

Accumulator = 106116078
0 = 0C000C0G8
Carry =

100110108 = 9AH

(4) Suhtract the subtrahend digits 62H from the accumu-
lator,

Accumuiator = 130110100

62H = 100111108
31001110008

(5)  Add the minuend diyits 58H to the accumulator,

Accumulator = 6011106008
56H = 010110008
¢} 100100008 = 90H

A

7

Carry = 0 Auxihiary Carry =1

(G} DAA converts accumutator 1o 96H (since Auxihary
Carry = 1) and leaves Catry bit = 0 wndicating that a
borrow occurred,

(7}  Load accumulator with 99H

(8} Add cero with carry 1o accumulator, feaving dccumu-
lator = G9H.
’
{8) Subiract the subtrahend digits 13H from the sccumu-
lator.

Accumulator = 100110018
13H = 111011018
1) 100001108

{10) Add the minuend digits 43H to the accumulator.

Accumulaior = 100001108
43H = 010000118
0} 110010018 = CGH

e

Carry =0 Auxibiary Carry = 0

(11) DAA converts accumulator to 29H and sets the caniy
bit = 1, indicating no borrow occurred.

Therefore, the result of subtracung 13620 from

4358D 15 2896D,

The foilowing subrouting wiil subtract one 10
wgit deamal number from another using the following

assumplions:

The munuend 1s stored least sigmificant {2) digits tirst
beginning at location MINU.

The subtrahend s stored ieast significant (2) Jiguts
first beginming at location SBTRA.

The result will be stored least sigmificant {2) digits
fust, replacing the minuend. "




Label - Code  Operand Comment
osuB: LAl D, MINU ;D and E address minuenc

[

LXi H,8BTRA , Hand L address subtra-
shend

, Each loop subtracts 2

, digits (one byte),

, therefore program will
; sublract 16 digits,

STC : Set Cairy indicating

no botrow

MV cC.8

LO0P: MV A, 99H ; Load accumulator
, with 99H.
ACI 0 » Add zero with Carry
suB M , Produce complement
,of subtrahend
XCHG ; Switch D and E with
;Hand L
ADD M , Add minuend
! DAA , Decimal adjust
, accumulator
MOV M, A ; Store result
XCHG ; Reswitch D and E
i ;with Hand L
| DCR C ,Done f C=0
! JZ DONE
! INX D ; Addiess next byte
| , of minuend
I INX H , Address next byte
j ; of subtrahend
JMP LOOP ; Get next 2 decimal digits
' DONE: NOP
I
{

ALTERING MACRO EXPANSIONS

This section describes how a macro may be written
such that dentical references 1o the macro produce different
expansions  As a uscful example of this, consider a macio
SBMAC which needs to call a subroutine SUBR to perform
its function. One way 1o provide the macro with the neces-
sary subroutine woula be to include a separate copy of the
subroutinein any program which contains the macro. A bet-
ter method s to let the macro itself generate the subroutine
during the first macio expansion, but skip the generation of
the subroutine on any subsequent expansion, This may be
accomphished as follows:

Consider the following program section which consists
of one global set statement and the definition of SBMAC
(dashes indicate those assembly languaqge statements neces-
sary to the program, but irrelevant to this discussion).

58

Label Cods Operand
FIRST SET OFFH
SBMAC MACRO

CALL SUBR

IF FIRST
FIRST SET 0

JMP ouT
SUBR:: - —

RET
OouT: NOP

ENDIF

ENDM

The symbol FIRST s set to ~FH, then the macro
SBMAC is defined

The first time SBMAC 15 referenced, the expansion
produced wili be the following

Label Code Operand
SBMAC
CALL SUBR
i FIRST
FIRST SET 0
JMP ouT
SUBR ——
RET
* QUT. NOP

Since FIRST s non-zecro when encountered during
this expansion, the statements between the IF and ENDIF
are assembled into the program The fust statement thus
asseinbled sets the value of FIRST to 0, while the remaining
statements are the necessary subroutine SUBR and a jump
around the subroutine. When this portion of the program s
executed, the subroutine SUBR will be called, but program
execution will not flow into the subroutine’s definition,

On any subsequent reference 1o SBMAC i the pro-
gram, however, the following eapansion will be produced.

Label Cod.: Operand
SBMAC
CALL SUBR
IF FIRST

Since FIRST ..
ends the macro expansion and dows not cause the subroutine
to be generated again The label SUBR s nnown during this
expansion bacause 1t was defined globaliy (foliowed by two
colons in the definition),

Now cqual 1o zero, the TF statement
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These simple truths dccount for the -

- curfent eéxplosion in mrcrOprocessor
actrvrty "And explosion is just what, rt is.
/Practrca!ly all new data-processing’

systems ‘at or below what one could call

~ . the mmrcomputer level of comp!exrty are
" being designed with MICrOprocessors.
“And the availability of cheap computing

" power enables designers toincorporate

decision- makmg Capability into .
applications never considered before.”

It has been estimated thiat by 1980,
microprocessor-based-systems and
equipment will exceed $1 billion in sales.
Entire new businesses are being B
spawned—in games, test equipment,
communications gear, intelligent
terminals, and in industrial controls of
every imaginable variety

The attributes of microprocessors that
make them so altractive are almost
paradoxical: '

&1 They're complex devices, yet they can
be adapted simply to many different tasks.

‘8 They're mass~produced,,b’ytlthey'_make

- ..+ the world of gates and flip-flops to the
" world of programing and memory

: custom large sca!e integration
- economrcalty feasiple.

.8 They're low in cost themselves, but

they add srgmfrcant value to a product.

. I’'s no’'wonder that MICroprocessors are

turning electronics technoiogy on its ear.
Part of their attraction is thai they make .,

the actual task of logic desrgn easiar,; ’

albeit racxrcauy difierent from in the past

Goné are the tradrtlonal logic diagrams,

the old bench instruments for ’ o

troubleshooting, and the magmtude of the

~effort required to make an engmeermg

change. Instead, the designer now.works
with compilers, assemblers, and editors,
debugs with software and special
developmem hardware. Moreover, he or
she makes engineering changes simply by
.. altering a pattern that is stored in a
programable read-only memory.
However, it is a radical transrtron from

utllization,-from circuit diagrams to flow

. charts. Compounding the d:fnculty isthe

" dynamic nature of mrcroprocessor
development——an engmeer can quickly be
lost in the forest of new components test
equipment, design‘aids and all the
literature that comes with:it.

This special issue is intended 1o help
you wend your way safely and efficiently
through these technological thickets. it
begins on the following pages with a
comprehensive roundup of the




microprocessor families that are available
or newly emerging This section will
provide valuable msight into the
architecturc and performance of each
family, whether chip or board, and help
you make the right selection for your
application.

Perhaps the most perplexing task facing

the designer taking on the microprocessor -

is becoming famihar with software and its
uses. The next section in this special issue
will lead you through the formerly arcane
universe of assemblers, compilers,
simulators, and high "cvel languages. It's
important to be ablc 0 assess these,
becausc each has i3 advantages and
disadvantages in terms of cost, ease of
use, and efticiency in memory utilization.

Out o1 the microprocessor ferment is
rising a whole new class of instruments
and exerciser equipment, accompanied
by special software that simplifies the job
of producing and debugging a prototype
system Right now, most of these
cevelopments are coming from the
semiconducior manufacturers for their
own microprocessor-chip families. How
these aids fit into the design process is the
subject of the next section of this issue,
which also discusses a new class of
universal development systems that is on
the way The systems are apphcable to
any type of processor.

The sheer complexity of the
microprocessor imposes a difficult testing

e e e T ——
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Chups and boards, 78
Software, 104
Design auds, 114
Testing, 125
Applications, 134

problem al boti device and hoard levels.
Compared to the conventional hardg-wired
logic board, microprocessor failure modes
are far more subtle and varned and
therefore more difficult to detect, The
testing report in this special 1Issue sorts out
the various technigues being employed. It
shows that, at both levels, the choice of
test method depends greatly on the
degree of assurance—and therefore the
cost—you are willing 10 accept

if any part of this special issue testifies
to the scopea of the microprocessaor
explosion, il is the final section of this
report, dedicated (o apphcations. Here we
have assembled 14 examples of
successful designs of real products,
described by the engincers who
conceved them. They range from process
control systems to cash requsters, from
blood analyzers to telephone automation,
and encompass simple 4-bit, ubiquitous 8-
bit, and sophisuicated 16-bit systems. We
asked all the contributors in this section to
tell why they decided to use a
microproceassor in the first place, and why
they chose tiie one they used And we
asked that, whenever possible, they
describe the major problems—in hardware
as well as software—they ran into, and
how they solved them. We beligve that
their collecive experience will be a
valuable guide to most digital design
engineers, who inevitably will find
themselves working with microprocessors.
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After 18 months of calm, in which microprocessor man-
ufacturers have consohdated the designs of their fist
genceral-purpose families, a sccond big wave of activity
has begun. This ume, however, 1t reaches a4 more so-
phisticated level.

Urged on by savvy uscrs, whose concern 1s with sys-
tem design rather than clup architecture, the manufac-
turers are natroducing second- and third-order refine-
menis aimed at boosting microcomputer capacity while
lowerig system cost At the same ume, they are rushing
new deviees 1o maiket (o entend the mucioprocessor
performance range both at the low end, wheie existing
chips present an overhidl solution, and at the high end.

Four trends are emerging, First, established fanulics
are being enhanced. System thioughput 1s being n-
creased and mstruction sels enlarged as manulaciurers
turn o new metai-oarde-semiconductor processing and
improved central-processer archiiecture. Input/output
power, (00, 18 being increased with new sets of program-
able 170 chips.

Sccond, the new [6-bit single-chip processing units
are heading upwards, What (hey are azming for s the
high-perfoimance end of the microprocessor market,
where preasion anthmete and large memories must be
accommuodated,

Third, the one-chip controllers. as their name implies,
contam cnough compuimg power (o handle many
stand-adone controller functions on their own. On the

same chip as the central processing unit sit control read-

only memory for program storage, random-uacces
memory for data storage, and input/output regisicrs for
system manipulation.

Finally, there’s o host of single-board micro-
computers, begmling alternatives to the do-it-yourself
approach of buying just the chips.

All these developments are changing the micro-
processor univeise. in order to graph this change, Fig. |
charts the vanous family types agamst the oopheations
spectrum,

Clearly, the 8-bit system covers the most ground.
being used in many more different designs than cither
the 4- or 16-tit devices. Indeed, the 8-bit word scems
Just about right for most of teday’s microcomputer sys-
tems, 1 contrast to the 16-bit words that are the staple
of minicomputers.

How much overlap there will be between powerful 8-
bit general-purpose systems and the 16-bit high-per-
formance systems 1s still to be determined. especially m
large-memory process-control applications. The current
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 nhancements add lustre 10 the

J capaptlities of established families,
* and new devices are extending the
" performance range in both

_ directions Low-cost

y ! microcomputer boards oifer

¢ another allernative

wisdom s that the 16-bit funuhies will remam primanly
on the mgh-performance end of the application spec-
trum for scveral years, since the 8-bit familics are so
well estublished.

Besides, enhanced 8-Dit microprocessots are cominy
along that are faster and cun handle 16-bit word data
anyway. making it casy tor ¢ user to upgrade hus §-bu
system to a 16-bit design withour wmiuch additional 1n-
vestment in software. Moreover. the use of single-chip
controllers i distributed processing systems boosts the
performance of &-bit designs by takiag inuch of the bur-
den oft the central processing umit and, in many casces,
by making 1t unnecessary to move up to a higher-capac-
iy 1o-bit CPU system.

Mecarwlale the mult.chip 4-bit systems—tae carliest
mucroprocessors to appear—are fechng snareasing pres-
sute froa the minimum-chup system des.gns. Rochwell's
PPS-8/72 and PPS-4/2 two-chip sysicins, Farchild
Semuconductor’s F-8, Nutional Semiconductior’s sC/MP,
and Electronic Arrayy’ 9002 can all handic many of ihe
Jobs formerly done by the 4-bit Intel MCS-4 or Rock-
wcll PPS-4 but often with fewer pachages and at Jower
cost. Morcover, the single-chip 4- and 8-bit nucro-
contiollers already mentoned wili macasingly climi-
naie the need for multichip 4-bit desigis,

Puts it ali together. Activity in microprocessors is fast and furous,
as manulactuiers make avakable a wide range of products, from
low-cost microcontroller cnips to powerful, generai-purpose faniies
and boards This 16-bit microcomputer is from Data Generai
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The C-bit mainsirsam

Irr the 8-bit mucroprocessor applications spectrum, Intel
Corp.’s 808: tanuly, with ats enhanced 8080A cru,
Motorola Semiconductor’s 6800 family, with 1ty en-
hanced 6800D crur. and Rockwell’s PPS-8 family cur-
rently rank one, two, and three in popularity among
wets The 8030 system s being used'in a wide range of
mdustrial process contiols, games, ntelligent data ter-
minals, and so on. The 6800 has found its greatest pene-
dation i data-communications ternunals and mstru-
mentation. The PPS-8 has found strong acceptance in
skid-control automouve designs, as well as m other
eh-volume systemis. All are sccond-sourced—the 8080
py AMD, TL NLC, and Siemens, the 6800 by AMI, and the
PPS-8 by National.

What makes these chip fanulies so suitable for gen-
cral-purpose applications is the centrahzaton of their
computing capabuiities—an orientation borrowed from
muucomputer arcmitecture. Unlike many newer designs,
~uch as the F-8, which distributes 1ts computing power
among s family of devices, the 8080, 6800, and PPS-§
concentrate that power ail on a single chip. In effect,
their central processiig units act as their own pertpheral
controllers, using gencralized bus lhines to manipulate
eaternal memories, nterface chips, and input/output
chips.

These cpU chips are well equipped for their job. Both
the 80S0A and 680U0D have a 16-bit address bus, an 8-
bit bidirectional data bus, and fully TTL-compauble
control outputs. Besides supporting up to 65 kilobytes of
rundom-access memory, they can address a large num-
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ber of penipheral deviees, providing for practically un-
himnted system cxpanasion

Mareover, both ¢PUs show a considerable nmprove-
ment 1 architecture over the preceding generation of
8-bit designs. The 8080, for example, contains a i6-bit
stack pointer that controls the addressing of an external
stack located in memory. The proper instructions can
miualize this pointer to use any portion of ¢xternal
memory as 4 last-in/first-out stack, so that almost un-
limited subroutine nesung becomes available. The stack
pomnter m addiuon allows the contents of the proram
counter, the accumulator, the condition flags, or any of
the data registers to be stored i or retrieved from the
eaternal stack.

The 8080’s stack control instructions also pernut mul-
tilevel anterrupts. The current program or “status” of
the processor can be pushed onto the stack when an in-
terrupt 1s accepted, then popped oiff the stack afier the
interrupt has been serviced, and this can be done even
when the mterrupt service routine is itself interrupted

Where the two fanulies differ 1s 1n several of the sys-
tem requirements. The 6800’s single 5-volt power sup-
ply contrasts with the 8080’s =5 v and 12 v supphes.
The 6800 tinung 1s quite simple. All instructions are ex-
ccuted 1 two or three cycles, which are identical in
length. Control oatputs are real-time signais nstead of
look-ahcad instructions. Morcover, mn the 63800 system,
separate /0 Instructions are Unnecessary simce menory
locutions can house cither 10 or memory data.

On the other hand, the 8080 has morc powertul in-
structions, with stronger branch and interrupt capabil-
ity. It can interface with a wide varnety of peripheral de-
vices. It has tremendous software support, such as an in-

o - 3

TMS 1600 3080
4004 4040
PPS 4/2 PPS 4
! PPS 8/2 F8  6100° 6502 PPSG  B030A
! (IR '.l s i »_R—JA‘:—;,‘ 7= “'\L B u[i e '
, . , ; ; .
1 SCAMP 9002 TLCSi2* 1802 2650 5800 Z80
PACE CP1600 9500
i H
IMP 16 MCP 1600
‘ 0400 3002 2501 10800
6701

"12BIT

1. The universe. The 8-bit microprocessor famiies cover most grouna, being found in everything from peripheral coniroile’s to powertul
Zata-processing systems The 4-bit systems handle the smailer controller jobs, while the 16-bit chips and bit slices nise to minicomputer worn
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bus, hooking up parts into complex configurations becomes quite straightforward once the instruction program has been developed
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3. The 6800. A Motorola 6800 system, also designea arouna a central bus, keeps the package count to a minumum oy using pov.eriul pe-
npheral devices, such as the peripheral interface and communication adapters Sysiem works oft standard ROMs and RAMs
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4. The PPS-8. 1 Rockwell's PPS-8 microcomputers, general-purpose input/output, ROM, and RAM chips again hook up directly 1o acdiess
and instruction cata buses Farmily contains o direct-meinory-access controller and parailel and senal 1/0 data channel modules

ciieurt prototype developing system and a large hbrary
of user-gencrated instruction programs. All this ac-
counts {or the 8080 system’s overwhelming suceess.

Rockweli’s PPS-8 diflers from both the 8080 und the
6800 1 the hasic architecture of 1ts CruU. Its CPU clup
has an anthmetce/logic unit, a control unit, accumula-
tors, and address registers, laid out much as in the 8080
and 6800, but interlinked quite differently from either
the 8080 and 6800 fumilics (see Figs. 2, 3, and 4). For
example, the program and data memories in a PPS-8
microcomputer system have compictely separate and
parallel address spaces. so that a memory address may
legitimately adentifly iwo different memory locations—
maybc a byte of program mcmory containing an in-
struction code and a byte of data mecmory containing
binary data. This double-duty memory address ac-
counts for the PPS-8’s high throughput, even though 1t
is built with p-channel MOs technology.

A unmque feature of the PPS-8—us clock signals—adds
to 1ts flexibility. These signals serve for both synchro-
nization and control. The four-phase clock gencrator
transmits two clock signals to every device 1n a system,
and every device contains logic to decode them, nter-

Electronics/Apri 15, 1476

reting the contents of the data and address buses 1n
A o - »
dilferent ways during diflerent phases of 4 machine’s

cycle As aresult, the €U can program a wide varieiy of

peripheral devices—if the user s willing to learnn lus way
around the clocking scheme.

While the CPU or miucroprocessor chip 1s the central
controlling clement 13 a microcompuler system, just as
vital are the ROMs, RAMs, and various input, ouipui,
and interface cucuits that make up the balance of the
design. Figures 2, 3, and 4 illustrate typical system: con-
figurations for the 8080, 6800, and the PP-8. these, the
most cstablished general-purpose microcomputer sys-
tems, have highly-developed system components that
hook up directly with the CPuL on simple bidirectional
bus lines.

The bus line configuration of the 8080 and 6860 famu-
lies generally has become the model for most 8-bit sys-
tems. lts three bus lines—a aata bus, a control bus. and
an address bus—handle all elements of 4 system Stun-
dard ROMs, which store the program data in the form of
lookup tables, are hooked u.p by connccuing the ROM’s
output hnes to the data bus and input lines to the ad-
dress bus. RAMs get thar data wnitien {rom CPU com-

St
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fhyt ) fotaaents
Tt
4004 p MOS 4k lntel
4040 pMOS 4k Intel (Nauional)
PPS 4 p MOS 4k Rockwell (National) SV
PPS 4/2 p MOS 8 k Rockwell CC, SV
PPS-4/1 p MOS — Rockwell CC, SV, RAM on chip
TMS 1000 p MOS 8-k Texas Instruments' SV, MP
Y
EA 9002 n MOS 65 Electronie Arrays SV
F8 nMGL 58 Fairehild (Mostek) GC
8008 1 p MGy 16k intel
8080 A nMOS 65k Intel (AMD, TI, NEC, Siemens)
8048 n MOS 2 intel 512 Int RAM onchip
6502 nMOS G5k MOS Tecihnoloqy — other versions are
avadable with lower address capacity
5065 pMOS 32k Mosteh
6300 A MOS 55k Motorela (AMI) SV
SCAMP pMOS 55k Natonal CC, SV
1801 CMOS ubk  RBRCA 2c¢hmp CPU
1802 CMOS G5k RCA
PPS 8 pMOS 32k Rockwell {(Natonal) SV
PPS 8/2 pMOS 32k Rochwel! CC, SV
2650 nMOS 32k Signetics CC, SV
300 TTL S 8k Scientilic Micro Systems
Z-80 nMOS 65k Zilog SV i
172ty
6100 C-MQS 4K Interst {Harnis), SV, CC
TLCS 12 n MOS 4k Tostuba® MP
1 b
CP1600 nMOS G5k Generd) Instruments MP
MCP 1600 n-MOS 65k Western Digital MP, MC
IMP-16 p-MOS  65-k Natonat MP, MC
PACE p MOS 65k National MP
PFL-1G00A n-MO5 G5k PanaFacom MC
TMS 9900 n-MOS 65k Texas Instruments SV, general-
purpose regislers 1 memory
(SRR FTRTIN
2901 TTL 65-k Advanced Micra Devices {Motorola,
Rayitheon) MP
9400 TTL 65 k Fairchitd MP, SV
3002 TTL 512 Intel {Signetics) MP, 2-bit stice
6701 TTL . 65k  Monohthic Memories MP
10800 ECL 65k  Motorola MP, CC, ECL
SBP0400 L 65%  Texas Instruments. CC, MP
NOI LS
* Developing manufacturer histed first
""Key MP — mucroprogramable SV = single voltage
ECL — emitter coupled logic CC - clock onchip
TTL — transistor trensistor logc MC = muiti-ch:p central
L - mtegrated inyection logic processing unii

.
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Making comparisons between the availanlie micro-
processors on the basis of data sheets 15 a very tricky
business Even a simple specification like cycle tirme can
be highly misleading In most cases cycle ume by itself
tells vou practically nothing—you must know how many
cycies are needed to execuie what instruction For ex-
ampie, some MIcroprocessors boast cycie times as low
as 1 microsecond but require multiple cycles to executg
even the simplest instruclions, Others st longer cycle
times but require fewer cycies to do the same instruction

Nor does 1t help too much 1o compare exccution imes
of simple instructions Often ine time to do a fetch or a
register-to-register ADD has ittie relation to the time re-
quired for executing more complex instructions, like call-
Ing in a suoroutine on the basis of various bit settings

Even more misleading is ranking CPU complexities in
terms of numbers of registers, or I/ ports, or whether
the chip has built-in direct rmcinory access, and so on
Many powerful microprocessors, such as Ti's 9900 expel
alt the general-putpose working registers rorn the CPU
chip and locate them in external RAM But the chip 18
more powerful than most CPUs with mulliple genereal-pur-
pose registers Likewise, a minimum-chip system design,
such g¢ the F-8. has computation logic distributed over
iwo or three matched chips, so just looking at the CPU
doesn’t berin o show the capabiily of the system

The instruction set is another area that 1ends wseli 10
vendor specmanship Repertoire size alone has ittie
meaning, unless you know how the suppiier is counling
instructions  Are mullipie, closely related tnstrucuons
counted as one or as many? What mnstruclions are in-
cluded”? And the various types of instructions that difer
only in thewr """ conditions, how are they counted?

That's why this microprocessor chart s hept tairly
simple Breaking down tne chips by word length gives an
idea of a processor’s range—but only a rough one, since
the efficiency of doing anything certainly docs not de-
pend on word lengtn alone The techrology 1s broken out
only because knowledgeable uscrs feel more comfort-
able knowing what's in tne device, but it too has to be re-
fated 1o design—whether processing 1s done seriahy or in
parailel, and so on. (All things being equal, devices buiit
with n-channel MOS are faster, smaller, and easier {0 in-
terface than those built with p-channel MOS, whereas de-
vices built with bipolar techneoiogy are faster and can do
more but are larger and cost more to build than MOS LS!
devices.)

As for address capacity, obviously the more memory
that a chip can access, the larger the system that can be
implemented But again, watch out Some processors
can access large amounts of memory directly Others
need external devices to reach large bytes of memory

Another area that concerns users 1s alternate sourcing
in general, the alternate sources of microprocessors are
proving well able {o satisfy customers’ demand for mul-
tinle-sourced devices. For instance, AMD's 9080A series
claims speed and power specifications that in some re-
spects exceed intel's 8080A succihications, and AMI un-
dertook considarable process dovelopment i butiding s
verston of Motorola's 6800 family Mostck Gorp  has
done a nice job suppiementing Fairchid's F-8 support
and applications etfort Then t{oo, there s the Na-
ticnal/Rockwell technology exchange tnat made their re-
spective microprocessor families avaiiabie to each other
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mands that travel on the address bus, and their data s
read out to the ¢eir on the data bus. Penipheral mier
face cireunts receive therr inputs on the control and ad-
dress bus and retura therr data outputs on the data bus.
Thuas, th - bidircctional bus system 15 the conduit
serving i members of the microcomputer family, New
interface and peripheral chips, regardless of their com-
plexity, wali usc these bus hines, ensuring a user a simple
and well-formulated method of upgmdmg his basic sys-
tem with more powerful 170 and peripheral chips.

The dedicated §-bil types

Undike the general-purpose 8-bit systems, which gen-
crally use at least w dozen chups, Fanchild Semicon-
ductor’s F-8, also supphed by Mostek Corp., and Na-
uonal  Semuconductor Coip's $¢/Mr famthes  were
designed to reabize controller-type systems with the few-
est possible chips at the Jowest possible cost. Both fami-
aes can dish oup useful designs with just two chips, al-
though the -8 15 a more powerful system, readily

Capr mdable mto memory-rich designs.

!hu dissimularities of these two devices stem from dis-
similar design phiiosophies. The Fairchild F-8 designers
chose a coafiguration that is quite unlike the CPU on-
cniation of mimicomputers. Instead they distribute pro-
cess and memory control throughout the system. The
F-8 therefore works best where two or three of its pow-
criul fanuly members can do the job standing alone,
without a large number of external memory (although
they can be added if necessary)

Because they interact so intimately, a designer must
be famihar with the functions of the F-8 chips. Besides
the CPU chip, there’s a programable storage umit, which
provides rcad-only memory plus various logic func-
tions—it combines with the CruU to form a complete mi-
crocomputer if s0 desired. A dynamic-memory interface

RAM STORAGE |
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chip imks the fivst two chips 1o cithier dynanne or static
RAMS storing data, and a siutic-memeory niciiace s for
usc with state Rams only Finally, a ducct-inemory-ac-
cess chip implements the direct-meimory-access fogic in
conjunction with the dynamic-memory interface chip.
Because vanous logic functions arc  distnibuted
among the four peripheral chips, the CPU contu.ns only
the anthmetic/logic unit, the control unit ana instruc-
tion regwster, the logic associated with interfacing the
systemn bus with the 170 control signal, and the accu-
qulator register. It does not contain memory-aadress-
g logic, memory-addressing registers, stack pointer,
program counicr, and data counter, all of which reside
in the companion memory and memory interface chups.
This configuration has both advantages and disad-
vantages, the chief advantage being that fuirly powerful
systems can be implemented with remarkably few chups.
Morcover, the lack of memory-addressing logic on
the ¢ru chup iself mecans that no address luaes are
needed on the system: bus, and the 15 address signals,
which CpU-oriented systems need to anterface with the
bus, can instead be used for two 8-bit 170 ports on each
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5. Emcnency experts SC/MP and F-8 carry off the prize for minimum-

~-chip multlprocessor syslems This SC/MP conn;guranon (a) from Na-

tional daisy-chains several microprocessors along one bus The Farrchild F-8 disk controller has five F-8s operaling as distnbutea proces-
sors F-8 sysiems can readily be expanded to handle a wide variety of peripheral control and compiex data communications applications
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6. Relaling. Nauonal's 16-bit PACE systern reaches the 1TL wotld with transceivers that interface directly with any s5AM. or ROMs designed

with on-chip addiess latches

device. Better yet, the place on the et chip formerly
occupied by address egisters and niemoiy- .uidxu\m"
logic can now  aceept 64 bytes of  random-aceess
memory. Hois this on-clup RAM that makes an F-§ nuni-
mum two-chip configuration functionally uscful.

Now for the dlxadv‘mmbu Because of the removal of
memory-addressing logic from the €U clup, external
memornies can no longer be connected direetly to the
system bus, which no longer has address hines, and the
family’s other devices must be used. Of course, this iy
casily done with the memory-interface devices, but the
extia packages do add to the cost of the design. Worse
yet, this memory-addressing logic musi be dupheated if
morc than onc memory device 1s present.

On the other hand, s¢/Mp (pronounced Scamp) cen-
tralizes its computing capabilities in the CPu, just hhe
the 8080 and 6800 familics, so that systems can be con-
figured with standard memories directly. The sc/mp
chip can handle up to 4 kilobytes of memory with no
additional logic or interface packages. Systems requi-
ing morc memory arc also possible: a five- -chip system,
handhing up to 65 kilobytes of RAM, would consist of the
SC/MP, a two-chip bidirectional transceiver, an address
latch, and a bulfter.

Internally, s¢/Mp is a programable 8-bit paraliel pro-
cessor. It contauns one 8-bit accumulator, four 16-bit

“pointer registers (one of which 1s dedicated to the {unc-
tion of program counter), an 8-bit status register, and an
8-bit extension register. On-chip timung crcusts ehmt-
nate the need for external clocks, and T1L compatibiuiy
allows casy interfucing with other system componenis.

Architecturally, sc/Mp, again hike the 8080 and 6860
familics, employs a unified bus system, o which the
central processing unit, memory, and peripheral devices
arc cach connccted. The common data bus cnables
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Standard memoiics can also be uswa it Gn 8 bit address lalch element s

included

memory- reference nstiuctions to reference pcl:phcr;.f
devices, In addition, SC/MP architectaie provides senal
duta and control streambining under soltwaie conuol
and has butt-in programable delay,

Both the se/Mp and F-3 fanulies fend themselves w
multiple processor systems In 8C/Mpb, the bus configura-
Lon is responsible, allowing many SC/MPs o be tied to
the bus for dasy-chiam operation {(Fig 5a). When one
SC/MP stops transnutung or seeciving, 1t notifies the neat
SCrMban lme that ot may take over

The IF-§ CrU cmips can scrve either mnoa multiple | pro-
cessor syslem or in two-chip penipheral contiollers sub-
ordmate to a multichip processor-based sysiem, such as
large pomt-of-saic tcrmmal.\, The floppy-dish contioller
shown in Fig. 5b contains five F-8s working in conjunc-
tion with 110p py disks, a m. wncm -tape umt, a cathode-

ray-tubc display, a l\t.ybu.lfd, prmter, and modem

While the low-speed devices (the keybourd, printer, and
modem) can be adequately handled by the programed
170 structure, the other, high-speed devices require sep-
arate F-8 C?Us and programable storage units.

The 8-bit newcomers

While establishied supphers of microprocessors have
recently come out with upgiaded products—most no-
tably the 80S0A and 6800D—ncewcomers to the field are
trymg to gain entry with sull higher-performance ver-
stons of the carler devices. A good example 15 Zilog
inc’s Z-80 chip. In a tnivute to the suceess of the 8030.
designers at the Los Aitos, Cahf, company have based
thair desipn on it, but have added more data-processing
and instruction-handhng capability At the same Gme,
they have tricd to simphity the system configurauon
along the Lines of the 6800.

For example, the Z-80 1s heavily Cpu-oriented, like
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7. Thinking blg. Texas Instruments’ 9900 16-bit microprocessor has full 16-bit data bus and 16-bit ALU on chip but exiles all general-pur-
pose registers 10 external RAM locations A wide range of interrupt capabiiity 1s included, making the chip very flexibie

the 8080A, and 15 completely compatible with 8080A
software. But thanks 1o depletion-mode technology, it,
like the 6800, has a single-phasc clock on the chip and
requires only a single 5-v power supply.

The Z-80 can handle 158 different instructions and,
like the 8080A and 6800D, has an internal 16-bit-wide
data bus. Unlike them 1t contains both an 8-bit and 16-
bit external address bus, so that it can process either 8-
or 16-bit words 1n onc cycle.

Architecturally, the Z-80s cruU chip resembles the
8080A, where genceral-purpose registers perform basic
compulat.on operations and special-purpose registers
perform various progiam opcrations, such as program
counting and stack pointing. Also as in the 8080A, ihe
Cru contains the accumulator and flag registers.

The Z-80°s block of general-purpose registers has a
distinctive feature. it consists of two matched scts of six
8-bit registers. Now a piogramer can use them indiyid-
ually, as 8-bit registers, or i tandem as 16-bit register
pairs, depending on whether he s handhing 8-bit or 16-
bit words. Morcover, the programer may sclect one set
of registers for a single exchange command while using
the other set for the rest of the sequence. This saves in-
terrupt ime—and 1s especrally uscful in systems that re-
quire a fast interrupt response—becausc there’s no need
to transfer the register contents to an external stack dur-
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ing the fast-cycle interrupt or subroutine processing.

As for the Z-80's special-purpose registers, the pro-

gram counter and stack pointer function much as they
do on the 8080A. The program counter holds the enlire
16-bit address of the currcent instruction just feiched
from mcmory, and the stack pomter keeps track of the
16-bit address of the current mnstruchion. An ¢xternal
stack memory, organiced as a last-in/first-out file, al-
lows simple implementation of multiple level interrupts,
unhmited subrouune testing, and simplitication  of
many types of data manipulations.
- Like the Z-80, another fccemly introduced micro-
processor that takes cognizance of estabhished 8-bit gen-
ral-purpose designs s the 9002 from Elcectronic Arrays
Inc.,, Mountain View, Calif. But unlike the Z-80, which
13 being supphied with 1ts own sct of dedicated support
devices, the 9002 has been conceived as a stand-ulone
digital process controller that can interface with stun-
dard penpheral chips through an 8-bit parallel TTL-
compatible data bus.

The 9002 uming and control signals allow a user to
bring the chip together with any bus-criented periph-
cral devices he may choose. Examples are' Motorola's
6820 penipheral interface adapter for gencral-purpose
controller applications; the asynchronous communi-
cauons interface adapter and low-speed modem for
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In approaching the design of microprocessor systems,
the first requirement for the novice 1s to learn the special-
1zed jargon The basic terms defined below can help
They are followed by some advice on the next steps in an
education in microprocessor theory and applications

Central processing unit; a group of registers and logic
that form the anthmetic/loQiz unit plus another group of
registers with associated decoding logic that form the
control unit Most metal-oxide-semiconductor devices
are single-chip CPUs, In that the regisiers hold as
many bits as the word iength of the unit (the 8080 and
6800, for example, are 8-bit devices and thus the basic
registers are cight bits wide) With bit-slice devices,
however, centrai processing Jnits of any bit width can
be assembled essentially by connecting the oit-shce
parts in paralii Exiurnally, a bit-shce device will ap-
pear to be a conerent single CPU capable of hanaling
words of the desired bit length

Register logic eluments (gates, fip-flops, shift registers)
that, taken together, store 4-, 8-, or 16-bit numbers
They are essentialty for temporary storage, n that the
contents usually change {rom one Instruciion cycle to
the next In fact, much of the microprocessor's oper-
ation can be learned by studying the registers, which
take part in nearly all operations

Accumutator a register that adds an :ncoming oinary
numer 1o its own conten's anc then substitutes the re-
sulls ior the contents

Program counter a register whose contents correspond
to the memory address of the next instruction to be
carned oul. The count usually increases by one as
each instruction 18 carried out, since instructions gen-
erally are stored in sequential locations

Instruction register storage for the binary code for the
operation to be performed Usually this instruction rep-
resents the contents of the address just designated by
the program counter However, the contents of the In-
struction register or the program counter may be
changed by the computations. This, of course, repre-
sents one of the key 1deas of a stored-program com-
puter—instructions, as well as data, can be operated
upon and subscquent operations will be determined by
the results.

Index register some memories are organized by incex
number (the contents of the index reqister) The ad-
dress of the next instruction may be found by summing
the contents of the program counter and the index reg-
1Ister Increasing the Index register by one will cause
the processorto go to a new section of memory.

Stack pointer a register which comes into use when the
microprocessor must service an interrupt—a high-pn-
onty call from an external device for the central pro-
cessing unit to suspend temporariy 1ts current oper-
ations and divert its attention to the interrupting task
A CPU must store the contents of its registers before
it can move on to the interrupt operation I does this In
a stack, so named because information is added to its
top, with the information already there being pushed
further down The stack thus is a last-in tist-out type ot
memory The stack-pointer register contains the ad-
dress of the next unused location in the stack

Flag usually a flip-flop storing one bit that indicates some
aspect of the status of the central processing unit. For

o . LRI -
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exampie, a carry flag I1s set 1o one when an arthmernc
operation produces a carry A zero flag is set when the
resultis zero These flags aid in interpreting the results
of certain calculations Others are sometimes provided
to permit access by interrupt reguest iines—for ex-
ample, If a CPU is engaged n the nignest prionty of
calculation, it may set all status flags to zero--which,
lcosely translated, means ‘‘don’t bother me now " If
oniy some of thiese flags are set, then only certan in-
terrupt lines will be abie to get through according to
thetr priority

Direct memory access a technique thai permits a periph-
eral davice to enter or exiract blocks of data from the
microcomputer memory withou! involving the central
processing unit In some cases, a CPU can perform
other functions while the transter occurs.

In going beyond these dehmiions, an engineer will
probably find that there's not an abundance of good
Dasic information on microprocessors However, the gap
1S filling

Certainty, a first source on the details of a parucular
product 1s the manufacturer's product descriptions
Some of them are quite readable Most provice easily un-
derstood introductions to the microprocessor, with just
enough information to get started Best known are intel's
"Bug0 Users Manual,” Motorola's mammoth “'Micio-
proceswor Appiications Manual” and 6800 Sysiem de-
scnplion, Fairchild s "'F-8 Circuit Data Book," Signetics’
2G50 manual, Rochkwell’'s microprocessor family descrip-
tions, and the descripiive hterature National puts out on
SC/MP, PACE, and IMP-16 families

independently produced sources also are avaiable,
out they're of varying quality A useful one is a monthly
publcation on a vanety of microprocessor subjects

called "'New Logic Notebook,” edited by Jerry L Ogdin

of Microcomputer Technique Inc, 1120 Reston Inter-
national Center Office Bldg, Reston, Va 22081 A
monthly compiation of microprocessor news and prod-
uct introductions 1s a newsietler called '"Microcompuier
Digest,” P O Box 1167, Cupertino, Calif 95014

One o1 the best books is a paperback called ""An Iitro-
ducltion to Microcomputers,” from Adam Osborne and
Asscciates, 2950 Seventh Sit. Berkeley, Calf 94710 |t
has a compact tutonal section on basics, foilowed by
good comparisons of key families

Then there's ““Microprocessors,” tirst voiume in the
Electronics Book Series 1t 1s a compilation of all the origi-
nal arucles on major microprocessor aesigns that ap-
peared, in this magazine—from the first 40C4 1o today's
complex 8- and 18-bit designs 1t aiso contains delailed
design and application material 1i's availlable 1or $8 95
(see page 227)

A good source of bastc information 1s the independent
seminars that are becoming widely available One of the
most successful 1s integrated Computer Systems’ thiee-
1o-five-day courses held across the country A schedule
s avallable from David Collins at ICS, 4445 QOverland
Ave , Culver City, Calif 90230

An cpportunity for hands-on experience s tneg sup-
pllers’ seminars These are manned by applications spe-
cialists 'wno travel around reguarly, otienng a good re-
view of a particuldr microprocessor ine Finally, there are
the courses offered by the |[EEE and the universities
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communications-controller apphications, or any of In-
wol's new progeamable interface deviees, such as the pro-
gramable poripheral or communications mterfaces. This
means thet a system designer caa use the 9602 as a
powerful controlier chiup. managing the operation of any
T -compatible peninheral dwmc.

The 9002 designers also picked the best features of
enisting processor designs. The €ru combines the on-
chip 64~ byte scrutch- p.&d RAM of the F-8, the push-pop
subroutine stack ot the Intel 4040, the simplified tining
concepts of the PPS-4, the straightforward penipheral
addressing techniques and single 5-V-supply require-
ment of the 6800, and the general-purpose registers of
the 8080,

To these borrowed features the 9002 adds some
purcly its own. It contams a sceven-level subroutne
stack for mullxplc mterrupt capability and cight 12-bit
general-purpose data registers. With its 64-by.e scratch-
pad memory it can ndle many stand-alone controller
;\‘nh\ withoul requining additonal RAM. Morcover, onc
of the 9002 internal fdags allows the user to pertorm ¢i-
ther 8-bit binary wothmetic or packed bimary-coded-
decimal anthmence (dual 4-bit operands) with buwilt-in,
automatic decrmal correction. To choose, he simply sets
the flag m one state or another. This 1s useful for pe-
ripheral controliers where Cr1 displays need BCD data,

With all this computing power, ample control signal-
ing. and on-chip RAn capabihity, the 9002 can reatlize
many fuirly powerful designs with oaly two or three
pachages. For example, a controller can be built with
the 9002, a 1,024-by-8-bit ROM, such as the EA 4700,
and two Intel 8212 penpheral interface chips, or else it
can be built with the 9002, a 2,028-by-8-bit ROM, such
as the LA 4600 and Motorola’s 6820 r1a chip.

C-MOCS

Another enhancement of an existing device 1s RCA
Selid State division’s single-chip version of 1ts 8-but
C-MOS mucroprocessor. Designated the 1802, the chup is
three times faster than the old two-chip design, has one
third mere instructions—a total repertoire of 91—and
costs Jess This came about thanks to RCA’s new silicon-
gate process that yields ¢-Mos devices almost half the
size of metal-gate designs and also increases transistor
switching speed  As a result, a C-MOs microprocessor
becomes as fast, cost-cffective and flexible as today’s
p- and n-MOS MICroprocessors.

To dlustrate, the 1802 has a cycle time of 1.25 micro-
seconds and takes only one or two cycles, plus a fetch
cycle, to ecxecute any instruction. This gives it an in-
struction time of cither 2.5 or 3.75 microscconds that
puts it well in the speed range of cither the 8080 or
6800. Morcover, with its 91 instructions, it 1s as pow-
erful and as flexible. Yet RCA designers were careful to
retain the architecture of the two-chip design, so that
the 1802 1s software-compatible with 1ts predecessor.

What distinguishes the 1802 ¢pyu from other S-bit de-
signs is ils scparatc instruction and address registers.
The address data 1s placed in an array of sixteen 16-bit
scratch-pad registers, cach of which can point to either
data or program That means that a user 1s not forced to
provide an address with cach memory reference instruc-

. another choice .

Electronics/April 15, 1976

Y I T
H X L '

|

I

PN
et

oy

Like zll semiconductor chips, microprocessor prices

are coming down Here's a rough guide to how much
i costs to do some typical jobs at today's prices (in
appropriate volumes)
i
Job Number of packages Cost |
General-purpose .
mrmicomputer emulation 30andup  $1,000
Dedicated minicomputer 20-30 600
Process controliers 15-20 400
Smart terminal (1 €
communications, etc ) 10-15 300
Complex general controliers (1 e
traffic ights, medical, machine
tool, etc ) 10-15 200
Compiex peripherai controllers,
tndustrnial 10 150
Point-of-sale terminals 10 150
Games, instruments, etc 5-10 75
Simple controllers, hobby gear,
apphance conirol 1or2 10 ;’
L e

uon—something he must do with other processors.

As address pointers, inchvidual scratch-pad registers
in the array are sclected by any one of three 4-bit regis
ters, so that the contents of any addiess can be dxm.ud
to any onc of three destinations. As data pointers, the 160
scratch-pad memories are equally tleaible. They can be
used erther (o indicate a location m memory or as point-
¢rs to support a built-in direct-memory-aceess function

The only other C-MOS microprocessor 18 Intersd™s 12-
bit device, By using the same software as the PDP-8A,

the device lets users of that popular computer unple-

ment their systems in low-power casy-lo-use C-MOS
technology. The 40-pin package has an mstrucuon ca-
pacity of about 40, can access 32-k bytes.of external
memory, and can control 64 170 parts. For the 1600, In-
tersit plans to supply a complete set of C-MOS peripieral
devices, such as C-MOS ROMs, RAMS, and UARTS

Two n-channel 8-bit microprocessors that have begun
to makc headway for general-purpose applicat.ons are
the Signeties Corp. 2650 and the MOS Technology Inc.
6500 famuly of mucropiocessors. The Signeties part,
availuble only 1n sample quantutics about a ycur ago,
lately gamned momentum—cspecially in Europe, thanks
in part to Philips’ recent acquisition of Signetcs.

The 2650 1s a single 5-v parallel 8-bit binary proces-
sor capable of performing 75 instructions 1n a machine
cycle ime of 2.4 microseconds, which putsitn the same
general class as the 8080 and 6800 families. The chip
can address up to 32 kiobytes of external memory
(compared to 65-k for the others). But its ability to exe-
cute variable-length nstructions makes 1t somcwhat
more eificient, since a one- 01 two-byte mnstruction may
often be used for memory addressing. Morcover, niost
mnstructions require onl & of the first § bits, so the re-
maining bits can be uscd for the register field.

m0Os Technology’s family 1s unique in that it includes
a number of software-compatible microprocessor chips
differing primarily in the amount of memory they can

address. The 40-pin 6302 can handle 65-k bytes of
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8. lndependence Rockwell's PPS-4/1 handles many controller
jobs almost by itself Microwave oven controlier (a) needs only an
8-bit latch to drive the high-current oven gear Two PPS-4/1s (b)
handie more complex systems like cash regisiers

memory, as well as a large number of real-ume nter-
rupts, putting it in the class of the 8080 and 6800 fami-
lics. For smaller systems, there’s the 6503, a 28-pin
device capable of addressing 4-k bytes while accom-
modating two interrupts. The 6504, also a 28-pin pack-
age, can addiess up to 8-k bytes of RAM and handle onc
interrupt, and the 6505, a 28-pin package, can addiess
4-k bytes with onenterrupt.

All the chips arc single 5-v depletion-load devices
with on-chip clocks that operate with very fast 1-micro-
second cycle tmes. Moreover, all can handie 55 instruc-
tions, have 13 addressing modes, contain truc indexing
capability, and come with direct memory access. And,
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stnce all the patis use the same software, ey alfow o
user o tatlor his microprocessor selection to the size of
his system

Recently, MOs Techinology has announced several pe-
npheral chips that work dxru,tly wiln the processor
chips. There’s a combination RAM/ROM chip (6530)—
the first 1o mcmporatc RAM, ROM, 170, and an interval
umer on a smgle chip. It contains 1-k byic of ROV' H4
bytes of RAM, and two 8-bit hidirectional peripheral in-
seiface ports. The umer s programable from the CPU
and has interrupt capability. Two other versions have
10 ROM but twice the RAM conien

The only single-chip 8-bit bipolur microprocessor on
the market is the SMS 300, “om Scientific Micro Sys-
tems Inc., Mountain View, Calif. A rceently introducea
version cuts the oniginal eycle time by 20% to 250 s, so
tnat the device can now, for example, dircetly controi
double-density loppy-disk units.

Wiore uem,. m nce

The §-bit nucroprocessor has andoubtedly caught on—it
fits many of the controller and medium- sized data-han-
diing jobs that formerly weat by default to mn-
computer desigins But the 8-but word dength can be a
handicap for large systems, where big bytes of memory
must be processed. or in high-perforniing data-acquist-
ton systems where speed and nigh resolution are
needed This 1s where the 16-bit micioprocessor coimes
in:its 16-bit words reach external memory locations (wo
bytes at a tume, while 1ts long words can casily accom-
modate the 10-, 12-, and 14-bit coaverter resolution
that’s standard for most systems.,

Nauonal Semiconductor Corp. was the first semicon-
ductor manufacturer 1o recognize the value of the 16-bii
systems. In fact, the industiy’s hrst mucroprocessor
above the 4-btt fevel was National’s IMP-16, introduced
i 1973 and stil a viable produer today. (The company
15 redesigning the IMP-16 with bipolar technolegy for
ten times faster performance.) Though among the most
powerful and flexible, the Mp docs, however, nced
rather a large number of chips io implcment mosi sys-
tems—the CrU alone uses five. The company therefore
begin working on a single- ch1p version of 1M, produc-
Ing another mdu:.try hrst thic one-chip 16-bit PACE.

The first 16-bit CPU on achip

PACE 18 softwarc-compuiuible with 1M and retains
many of ity features. Like IMP, PACLE provides 16-bit in-
struction and address piocessing plus o choice of either
8-bit 01 16-bit data processing. in addwion, many Cpu-
related operations, for which IMP needed external oL
packages, are mcluded i the 40-pin PACE chip—tor .n
stance, status and contiol registers, mstruction br\.xm-
g, wmtarupt logie, and cock gencration (adthough
some clock logic s sull neceded). Thus, a sin-chep PACL
system, ne lx.umb a4 ROM tor program control and four
1,024-bit RaMs with on-chip laiches for data storage,
can run a powcerful data-processing terminal contammeg
16-kilobits of prostm"n storage and 4-hdobits of data
R AM. Such a termunal would previousty have needed ci-
ther dozens of TTL packages or, in an 8-bit mucro-




processor-based des o,
and more micil}zc\: Sl

Indeed. because 1 10-bit capabiiity can process two
S-bit \\ordn «ia tiae, PACE can supply faster thiougi-
put to many desigas now usig 8-hit MICTORIOCCSSOrs
Morcover. a 16-bit system can work with shorter pro-
grams using less memory. Clearly, a user must analyze
all system requirements —program length, memoty, and
petipheral functions -before he can be cerlain whether
an 8- or a t0-bit design 1s betier for hus purposes

For example. mm complex, high-speed, data-process-
ing terminals or an large point-of-sale and imdustrial
process-control systems, an 8-bit CPU system may ie-
quire double-precision anthmetce to attun the neees-
sary data sccutacy Nioreover, i 8-bit designs, multple
registers must be provided i 16-bit memory addresses
md multpic accesses o memory are used to fetch
mulubyte instiuctions

Bestdes pact . Nauonal supplies a set of matched Lsi
chips that hook onto a Tl -compatible PACE bus svsten.
A typreal PAach system s showan i Fig. 6. Included in
the fannly daie a system unung clement, for gencrating
the clock wenads, and a adirectonal tianseerver ele-
ment, ot coavertiag PACTs p-chanacl MOS signals to
the 1ot fevels requued by the i bus line. (T hese level
convetters will be chimmnated i n-MOs versions of PAC)
that are m dgevelopment.) Since the address and data
Imes are muluplened on the PACH CPU, there are also an
mterface Liteh element. actually an 8-bit-wade demui-
upleaer that selects and rettansnuts data outpuls, and
an 8-bit address lateh element, which does the same de-
multiplexing job for tiie address outputs, These system-
matched components, together with external ROM and
RAM, formv the PACE 16-bit system. No TTL parts are
needed for most system designs.
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Designed fcr power

An cven more powerful 16-bit microprocessor 1s
Tevas Insttuments Ine’s 9900, which was designed for
s mimeosiputer division and 15 now availabie on a
microcompuiter board or as a lone clup. Its use of ad-
vanced n-channel processing tesults movery fast (3-
mupdherts) clock operation, and ity mincomputer-like
e design results e efficient register-to-register com-
putation and direct memory-to-memory data transfer.

This method of handling data permitted the 9900 de-
sizners to remove from the chip all gencral-purpose reg-
isiers, along with therr associated 16-bit parallel buses
(1ig. 7). Their funcuons are instead assigned to loca-
tons i external Ram, and room s made available for
several  powerful  specral-purpose  registers—accumu-
Lators, pointers, index registers and the hike

s configuration has several advantages. For one,
awencorporitiion ol working registers n memory pio-
duces 4 Memory-to-memory dlt.hllcdlll that makes for
very Hexible progianung, For another, the bected-up
specidl-purpose or houscheeping registers enable the
¢ U to handle up to 17 interrupts, 15 of them external
plus two pre-defined oncs. (Four bits in the status regis-
ter store the prionity of the interrupt currently being ser-
viced.) Also, seven addicessing'modes are available.

Finally, the 9900 has scparate address and data bus
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e o aint entanal demwitipleamg devices e o
PACL vstem The cup onelaie

necd e unlike mothe i
cllicieotly with standard memornies mi Jany stendard
petipheral circuits, winether T7L-compatibic MOS pack-

ages orstandacrd T circlaly
Uu.my the archectture of tie 9900 s fundameatinly
different from nost 8-bit general-purposc processors,
mclucing the 8030 and 6800. Whereas the 8080 Criploys
conveationa! stack archriectuie, with the prograim and
data spaces i eaternal memory, the 9500 puts nov only
the program and data spaces but also the genciral-pui-
pose r2isters moexiernal memoty. There are two basic

¢

1

o
(RN

adv.atages 0 such an architecture, espectally for
systems, First, the number of workspace register aies is
not liacd, as itis on the 8080. Sccond, nteritini han-
aling cun be very fast, since all data used in picgram
eaccut.on 1s comained in memory.

Ancther 1o-bit MICTOPLOCLs T Bltting i) OGN
s Geneial Insirument Coip's € P T600.
ventuonal general-purpose CPu that caa hnde s e
ton cveles about as fast as the 9900, but keeps ity work-
g regnvicts on the CruU. These crahit in- by arlaelers
operate cither ay accumulators or PO,V stach
pointers, mthis sespect behiaving very mueh as an RCA'S
1802 8-bit design

Astrength of the CPIOU0 55 s sophisiicated intuiragt
system which yields fast serviee hm has low harawa
and programing overhead "Both mternupt seiviane and
piionty progranung withmn the Cpyoare hanalad by
stack processing on comamand {from the stack pomnter

Finally, in the 16-bit area, the Westera Corp MOP
1600 anicroprocessor, which ongrally was desigied for
DECs LSE-1] mictocomputer, s also available as an in-
dependent device. t

pye}

[ I TR S W PR

Like the other 16-bit chups, 1t s an
n-channel MOs deviee that can be microprogiamed lor
contro} upplicatons, or programed to emulate most
nuncomputers it differs from the other 16-bit dewigns
by its use of three matched LSI chips to make ap tne
processor: a data chip (1611B), a coatrol chup (i0.74),
and a ROM pronmm chip.

The three chips are n‘luw“mu xd by an Bs-baonu-
croinstruction bus (hat provides bidircctioaad comiani-
cattons between them for address and msttucacas An
additional data-access bus uses a 16-but port for com-
municating with memory, input/output devices, and
other system components.

7]

The onie-chip controiier

Even while microprocessor manufaciurers are mov-
g up ato the 16-bit mimconputer region, otheis are
extending the technology i the other direction o the
stand-aione contioller. These new self-contuined sinzle-
chip coairoliers provide the cheapest solution to w nost
of small comtiol applications—in apphances, low-coscaa-
strumesise such as digital thermometers, and seas that
regunes o minimal amount of data processing, stk as
catenlnions, gas pumps, cash registeis, and scales Smee
the ievel of pcrfornmncc required s not too hugn, cven i
single fow-cost chip can contam cnough CPU. prog.am
ROM, data RAM, and /O capability 10 handle st
small-to-medium controller apphcations on its> owa T
and Rockwell alrcady have 4- bx[ controller chups on ihe
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9. New talents. Programable paripherai circunts are extending the capabilics of CPU-orented microprocessor systems ana at ine same
tme simplily:ng them The programable interrupt controller (a) can handle up (6 eight vectored priority nterrupts, wnile the programable d.-

rect-memory coniroller (b) can access or deposit data directly from or

market, and other manufacturers are cxpected to an-
nounce 4- and 8-Mu! designs shortly.

But bear in nuad, there s an overlap heie. Cleaily
munimuni-chip microprocessors, like the F-8, sC/mp, or
the 9002, could be used to implement controlier sys-
tems. But their processing power mught be wasted in too
small an apphcation—-they’re better 1n configurations ol
at Jcast two und usually three or more chips.

The first single-chip processor to have been designed
spectfically as a stand-alone controller is Rockwelis
PPS-4/1 Secveral of these small mucrocomputers can
also act as penpheral controllers in large sysicms, such
as point-of-sale and communications termunals, to tahe
the load olf the central processors

Each PPS-4/1 chip contams 10,752 bits of read-only
memory, 384 bits of random-access memory, and 31 -
put/output ports. That’'s more on-chip 170 capabihty
than 15 available on the single-chip 4-ut controlicis
originally developed for calcutatorns Also adding to the
chup’s versatihty 15 a darge st oft 50 mstrucuons and
compatibility with Rockweil's older geueral-purposs
PPS-4 and rccent two-chip P26-4/0 systeims,

In more detail, the PPS-4/14 program memory is a
1,344-by-8-bit mask-programable ROM while 4 96-by-4-

G A

inio memory Intel makes both ior use with its 8083 fanuly

bit RAM provides data, parainceter, and woraiag storage.
Data 1s processed by thic chip’s accumulator, function-
ing as the primary register, and five-register arith-
mcetic/logic unit, which, together with a carey register,
combine to perform cither bunary anthmetic or decimal
arithmetie.

The efficiency with which such a chip can serve a con-
troller is illustrated 1in Fia. 8. The microwave-oven con-
trofler (Fig. 8a) needs m addition to the PPy 4/1 only
an 8-bit latch chup for the oven'’s mechameal controls--
blowers, stirrers, and so on. A 28-key muatnx supplies
the conuolier inputs, while the strobe signals from
seven of the chip’s data output chanicels operate the 6-
drgat display and indicaior Lights. The e:ghth deta out-
put runs the latch One mitcrrupt hne pooviuesreal-ime
cloca mputs for accurately measuring coohiag time, and
the other interrupt provides an interlock mpai for wrn-
1ag oil the oven when the door is open.

I'he casheregister design (Fig 8b) shows how two or
moie oniroller chins work 1n one $ystem, Here one
PPS-4/1 ope-ates as the main controller. the other oper
ates as the printer controller, 1nd the two communicate
over any of the nput/output Lnws, hielp cd Iy a 4-oit se-
rial shift register ucd to the serial 1/0 Les of both chips.
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nnlnmmx {and mote expensive) seag fe-chip

desicn s Intel’s soon-to-be-avadable 3-bit nuacro-
controller, the 8048 Fhe Intel elnp wil! contam all the
clements of icrecomputer—-CpyU, program ROM, duta
RAM and 7O But itwili be both more powerful, because
teontaniy an n-channdd 8-bit ALU for handhing over 80
instructions, and moeie eablie, beeaase ity oa-chip con-
ol ROM is prowiamable and alterable by the user. (In-
tel will also st.pnlv an vnalterable version.)

The chup’s PROM, a 1,024-by-8-bit contiguration, is
similar to the comnaay’s recently mitroduced 2708
crasable read-only nnmory, which the vser can erasc
with ultiaviolet light. Erasability has distinct advan-
tages Notondy can a system designer pmumm his ROM
on the bunch as his design progresses, but he may up-
dawe or change that program at any uine aiterwards
without cachanging one chip for another.

Besider the ALU, dua registers, and PrROM, the c'mp
contains o 512-bat stetic R/\\1 for scratch-pad date han-
ditng. 4 prociamable mterval tmer, and 10 chunnels
Moteover, i can addiess up 1o 2,048 bus of eernal
RAM. Thus, & desigines can use either the 8048 own 64
bytes of R i stand-ilone contiolicr applications or
A Nl 230 bytes of RAM m more comples svsteims,

Bestdes being usetul s o stand-alone contioller, the
5048 works well as o penipheral contioller in 8080 dis-
tubuted  provessiig svstems,

A moie

tral computation and providing the control signals
needed to run the peapheral controllers and program-
able 170 and mterface creuits In pomnt-oi-sale systems,
for example, severai 3048s would provide the control
wpie for cash registeis, credit-cand vahdators, and -
veatory accounung. while the 8080 would handle the
number crunching and cenual processing operations.

While Intel alone will offer a field-programable 8-bit
controtler, «ther suppliers are developing mask-pro-
gramable devices, Rochwell, for eaample, will soon
have a one-chip software-compatible controller (PPS-
$/1) forits PPS-8 product line, and Natonal 1s develop-
g a sigle-clup sc/nmp system. Fauchild will offer a
onc-chip 3860 controller for its F-8 hine. Fuirly typical
of this class, tie 3860 will have 2 kilobytes of ROM, 64
bytes of RAM, 32 170 ports, interrupt capability, pro-
gramablc tmer, clock circuit, and power reset.

The bottom iine: calculator types

Texas Instruments led the way in making the TMS
1000—onigimally developed for its hine of programable
calculators—available as a stand-alone microcontroller.
Now other calculator firms, such as Rockweil and Na-
uonal, are preparing calculator-type controller chips.
Generally smatler and cheaper than the more poweriul
stand-alone 4- and 8-t controllers, they work best n
slow-input cquipment, ike keyboards or clocks.

But the TMS 1000 15 still quite powertul. Introduced
about I8 months ago, the p-MOS device s 1n heavy de-
mand as a high-volume low-cost 4-bit serial controller.
Several software-compatible versions are available
28-pin TMS 1000 with 1,024 bytes of ROM and 64 bytes
of RAM; a 40-pin TMS 1200 with more 1/0; the TMS
1070 and TMS 1270, which have high-voltage output
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The powertul 8080 Cru,
chip acts as the muin nucroprocessor, handling the cen-

mpgmizw for duectly dnviay displays, and the TMS
00 nd TMS 1300, whicn Love twice wiec mevrory of
e odiers. 71 also pians enhanced n-channel versioas,

Natonal’s line of 4-bit calculator-type controlicis will
start at the lugh performance end with the MM7581
and 3782 chip sel. The tirst ¢chip has 2-k bytes 0. ROM,
ROM oddress and control logic, and some 170, i1 sce-
ond caip contams the ALU, a programable-logic-ariay
mstruciion decoder, a 160-by-4- bit RAM, some RAM reg-
sters, and a seritl 120 port A lower-priced sinz” -chip
combination, the MMS5799, wili ofTer 1,536 b‘.us of
ROM wixd 96 by 4 bits of RAM, and last in hine wii, come
a very jow-priced MM5734, with less memory.

Rocxwell’s caleulator-hke controtler hne 1s air.ed ot
applicztions below the capability of ils single-chuy 2. *5-
4/1 controlier. Coming soon 1» the A76/(>\ whict will
have about half the PPS-4/1’s ROM and RAM < oubiity
and a shghily smaller instruction sct. It is wiended 10
scll in the 85, igh-volume range.

17 Cs it

Whiic nuctoprocessor sunpl.m aJre answennyg tie aall
for lower-cost contiotler chips on the one fiiad, they aic
also satstymg the demand for more 170 and penphend
flextbinty m general-puipose systems, Rochweli, for ex-
ample, has paid dose attention to 170 and penplicral
suppoct In s PPS-8 fumdy, besides the ¢Pu chip, cloda
gencraiors, and memory modules, there are a geneial-
purpose 1O chup, paralici-datr, senal-data,
memoiy-access and printer controllers, a telecom
cations daia materface, as well asa gencral-purpose Ley-
board/display and fToppy-disk controllers, the lust com-
pauble with 1BM's tloppy disks Again, all work directly
on Cptrcontiol atsystem clock and voltage levels.

Muiosola and Intel have been acuve 1) adding power
and flexibility to then general-purpose 170 and periph-
eral devices, Since these chips can operate at TIL volt-
age levels, they will undoubtedly find markets outnmide
of those of théin famulies, especially with the new bus-
orienied n-chanuel microprocessors.

The penipheral devices in Motorola’s 6800 sysien
have found wide acceptance in the industry. {nciuded
arc the peripheral interfuce adapter, the asynchronous
commuanications interface adapter, and the low-speed
modem. Working with the CpuU {or MPU, as Moiorola

calls 1t), RoM and RAMs, all on a singlc 5-V supply. these
peripheral cips can mmplement many systems with a
mnimum of packages.

intel’s new 8030 perm'n;‘ral devices have surred inter-
est because they are all sofiware- or 1/0-programabie.
These programa b’lc chxps complement a large number
of 170 devices, both TTL and MOS, that already arc avail-
able, including an 8-bit 10 port, one-of-eight decoders,
a priority Interrupt control unit, and a 4-bit bidirec-
tonal bus driver.

Two of the programable chips are elready avaiable.
a peripheral inter face anu a communications nteriace,
Three others are commn. a programable miteival tmer,
DMA controller, and mtgrfuu\ controller (Fig. 9). The in-
terrupt controlier can handle eight levels of requests,
and s ¢expandable to Conﬁm..auons of up io 64 levels.
The interval timer s actually a group of three indepen-

th inteliigence
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dent 16-bit counters driven simply as 170 ports—instead
of seting up uming loops m system software, a pro-
gramer can now satisfy lus system uming requirements
with a singie chip.
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Bit slices and microcomputer beards

While the MOS single-chip microprocessors are domi-
nating control and data processing in small, medium-
performance systems, the bipolar processor shices are
taking on the tough process-control and high-speed con-
troller jobs now handled by ranicompulers.

Unlike MOS designs, a bipolar bit slice is only a sec-
ton of a central processing unit. [tis not iniended to op-
crate alone. A 16-bit computer design requires eigit
2-bit shices or tour 4-bit shices for the ¢rU, pius a host of
peripheral input and output packages. These arc usu-
ally standard 17i aircunts, which are not availuble n
low-cost Ll form and therclore add considerably to the
cost of the systenm. Finally, bit-shice-processor designs
generally requive a ot of eaternal memory-—up to (»f
kilobytes and more—and memory 15 expensive. In fact,
a typical nunicomputer CPU using the shice techmque
may need 15 packages costing about $3G60.

Nevertheless, bit-shice activity s humnung along,
with scveral families already on the market.

a For stand-alonc controls and minicomputers there's
TI's antegrated-injection-logic low-performance  4-but
processor shice: This chip, with 1,500 gates operaung at
delays of 25 nanoscconds, works with TI's existing fam-
ily of TTL LSt processor parts. In additon, a 4-bit
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0. Howeverit's sliced . . . In AMD's 2900 family of high-pertorm-

ance wpolar chips, the 4-oi processor shce 1s the hey element in

minicomputer conhigurations The powertul 11-chip system can
handie 16- or 32-bit-wide words for data-processing equipment

Schottky TTL slice 1s 1o be introduced shortly, mncreasing
speeds into the I-to-10-nanosceond range.
2 For high-speed processois and fast nunicomputen
there are th 2-bit and 4-bit Smouky oL shcees pto-
duced by a growing numbcer of bipolar-circuit manufac-
turers (}*dnchxld /\MD viml, Raytheon, and Inteh)
These gencrally emulate existing immicomputers.
2 Finally, there are the lnghcst-pcxfo(mmg emitier-
coupled-logic processor slices for the control of big
mamnitame memories. Motorola has already announced
a 4-bit ECL processor shice u.\mg its ECL UK technology.
All this performance and iiexibility do not come iree.
Bit-slice microprocessor designs are consulerably morc
cxpensive than those buift with MOS MICTOPIOCESSOTs,
The muajor assct of the bipolar LSt funmhies 1 the
processing  power, which s far greater than tho
presently available from MOS 'mcroproccx\ors By vaca-
g theur processing power on several maiched LSt ch
.hcy are casily expandable to 16-bit or even 32-but Woi,
lengths, and they can be mictoprogramed to handie the
nost powerful high-levelinstrucnon sets avarlable.
No matter how ditferent cach new oir-shee sy i
may appear, ceitam cicuit dlocks are commen w then,
all. Besiaes the procassor shice itself, there are the fune-
tions of control regisier. timing, shice-memory inteiiace.
and carry look- ahcad The control register alwavs coa-
tains the logic necessary for nucioprograniable coatrol,
It inciudes a 2- or 4- -bit-wide data path, which can be
capanded to larger words, plus ¢nough storage aaa
logic to address and control the memory airculis. It oun
also handle status, oranching. and mierrupt luncions
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“rothie anthmete/ o ic-untt block, Cie comrutational
iogie ity side by side with data routing paihs @ ‘nd the -
pm/outnul potts tat aandle the control-rezister wpuis
and memory outputs Fhe timing function ties the otiwer
funcuons together by providing the various clock phases
needed to drive all parts of the system.

But the systems generally differ in capability and

speed (sce table on p 96) Almost i dead heat are the

AMD 2900 and MM 6700 designs. More points go to
the AMD system, wlich can operate twice as fast off less
power. Nevertheless, withh 17 working ALU registers and
two address operations, both systems offer the digital
designer a large measuare of high-quality design capabil-
ty at very reasoaable costs

AMD's 4-bat shice s tymical of processor-shice architee-
ture, since it includes a high-speed ALY, a 16-word-by-
#-bit two-port RAM (to handlc the two-port address con-
higaration), and all the associated circuit blocks for
shifting, decoding und mulispiexing. Crucial to the fay-
out 1s the 9-bit micromstructon word-decode block that
selects the ALU source operands, the required ALU func-
tion, and the ALU destmation registers. Thus configured,
the microcontiolier can be cascaded cither with full
look-ahead logic capability or with ripple carry. Alsoo ot
has tineesstage oupais, and 1t can provide vauous
status flag ouiputs duectly from the ALU.

Double adidress operation 1s mnade possible on the
CPU chip by the two-port RAM and an ALU fasi cnough
to handle concurrent iput sequences m turn without
slowinyg up the sysu.m Essenually, any of the 16 words

e e mm e e e e e e e e e e e ey

'
' [ TP RN B PO I L R PR
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. An altlernative to either buying mucroprocessors and
designing your own system or buying fuily packaged |
microcomputer boards 1s to buy an evaluation parts '
kit They're available from all the semiconductor man-
ufacturers as well as many independent sources You
can use them to familianze yourself with a device be-
fore committing to 1it, and they can even be used for
short production runs
! The kits typically include a CPU chip, a programable
¢+ ROM chip, a RAM chip, 170 interface devices, addi-
¢+ tonal circuits to complete the computer, and a
1 printed-circuit board Some semiconductor vendors
. also offer seif-teaching aids, such as RCA's Micro-
!
I

tutor, MOS Technology's KIM-1, and Texas Instru-
ments’ learning module. Such umits wiil help an engi-
neer learn machine language
Another type of source is an electronics distr.butor
* Cramer Electronics, for one, commissioned Micro-
+computer Technique Inc., Reston, Va , 1o design a set
©of parts kits called Cramerkits Present versions use
i some of the most popular microprocessor types sev-
eral manufacturers' 8080s, Motorola's 8800, Texas In-
© siruments’ 9900, RCA's 1802, and Mostek's F-3.
: Aiso, don't overlook the growing number of sup-
© pliers of hcbby kits, such as MITS Inc , Albuquerque,
N Mex , with its Altair computers—the 8800, based on
the 8080, and the 680, based on the 6800 MITS, in
fact, 1s also active in sofiware develocpment, having
recently introduced a version of the Basic language
for interactive use on its computers

'
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of the laM can be readd 1Tom one of uts ports (4l Lon-
trol of the addicss ficld wput seicctor Meanvhiv, data
Trom toe other port ;s being read with the san.c code
Both data groups then appear simultancously at the
RAM port ouiput for ALL processing.

Only 1l AMD chips arc required to implemen. @ typr-
cal central processing unit (Fig 10) Four distinct data-
processing functions are needed—ihe muiCropocessor
slice, the 170 bus nterface transcervers, the micropro-
gram control, and the CPU control, indluding priority n-
terrupt ~nlus whatever mam memory is needed These
P! chips replace about 200 TTL packa gus.

Motorolw’s LCL 4-but-wide CPU chip design 15 shiced
paraflel to the data fow so that i, oo, 15 fully ex-
pandable, The auvantage of this apworoach s taa the
system can be extended both fateradiy to uny bt length
innciements of 4 bis and vertically, Thrs aind of BCL
pipe-tine design achieves very migh <..a thioughipui—
rates of under 50 ns

Configured somewhat differently trom the Schotky
TTL unts, the shee contains a mask-p.ogramable latch
netwotk, the ALY, an accuimulator, tlu. shift neiwoik, -
put and output bus coutrols, and associated uter-
connccions. This configuration copics most nuuntrame
controiler designs built with lardwired oL packiges

Yo build or lo buy?

Of course. engineers do have an alicrnative to puiung
togetlher thelr own microcompuiers {rom whnt might be
a bew ildering array of competng devices. For a reason-
ablc cost {considening the design time, assembly, and
testing), packaged rcrocomputer boards are availaole
(rom essentially three types of sources:

a Semiconductor companies themselves are otiering

" prototype boards and single-board microcomputers and

n‘.lcroproc‘,ssox&; Most notable examples arc Intel's 8-bit

SBC U/ 10 [Electrones, Feb 5. p. 771 and Texas Insiru-
ments” [6-bil 990/4 bascd on the 9900.
@ Mincomputer marufac:urcrs growing concerned
about the impact of the microprocessor on their low-end
OEM business. have extended their lines downward
Their major weapons in this baitle w.li be the quani:ties
of deve.opment software that thc,y have built up over
many yuxrs and thewr ability to oifer customers the op-
tion of moving upward to more complex systems \v.nle
stll maintainmg sofltware compatibidity. ‘
u {ndependent manufacturers of logic modules, such as
pCs Inc, Fhnt, Mich, Pro Log Corp., Montercy, Califl
and Control Lowu, Inc Nauck, Mass., are offering nmi-
Crocom puters Dased on popuiar types of mucro-
processors (mostly the 6800, 4040, and §080) There 1s
also a nost of smaller manufacturers who, having de-
sigined & microcompuicr {or interual use, have decided
to try the microcompuater business (With a micro-
processor, almost anyonc can call nimsclf a computer
manufaciurer—and some of these companies will sur-
vive.) o

There are many cost factors that may escape an engi-
neer’s notice 1n his fush of enthusiasm 1o get mto nu-
Croprocessor system designing. Besides cxira hardware,
he should also consider CO.)[ or software aeve}op1 ant,
prototype (est, meoming inspection, documentauon,
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11. Minicomputer maker’'s answer. Digital Equspment Corp 's LSI-
1118 @ microcomputer built around custom MOS LSI chips A memi-
ber of the PDP-11 family, it runs the standard soitware,

production equipment, and special test equipment.

What an engineer mast deaide s whether he can do
the same design job, and manufaciure, test, and support
his own microcomputers for less than he would have to
pay for somcone else’s microcomputer. Intel, for ex-
ample, sclls 1ts SBC 80710 for $295 1n quantiues of 100
(single umits arc $495). Included, at that price, are the
SO80A cpru, 1 kilobyte of RAM, sochets (only) for 4
kilohytes of ROM, two 8255 170 devices allowing 48 pio-
gramable 170 lines, and interfaces (an 8251 setial mter-
face device for a programable communications line and
interfaces for an RS-232 peripheral or a teletypewriter,
plus clock circuitry and TTL circuits that are needed 1o
complete the computer).

Texas Instruments, which has been in the mini-
computer business for years, put it all together late Jast
year when it sprung its 9900 16-bit microprocessor, and
at the same ume announced the 990/4 single-board mi-
crocomputer based on the 9900. For $512 in quantitics
of 50, the 990/4 has the following major featurcs: 8
kilobytes of memory, sockets for 2 kilobytes of pro-
gramable ROM or static RAM, and 170 interfacing
through its communications register unit (CRU).

On the minicomputer front, Computer Automation
Inc, Ivine, Calif. was an carly entry with 1ts Nahed
Mulh, the LS1 3705, built with 111 Schotthy arcuits. Al-
though 1t does not use a micioprocessor per se, its cost
puts itin the same ballpark with many of the other one-
board minicomputers, The CPU s built on a standard
REIMA half-board and sells for $295 in single unuts.
With 1,024 buts of memory on another halfl board, the
cost comes to about $400. Computer Automation is
proudest of il> 170 nterfacing scheme, which uses mu-
croprogramabic circuitry 1o tailor the 170 lines to any
type scrial or parallel peripheral device.

16O

Dignal Eguipment Corp.s LSI-IT 15 a 16-bit 5.
hudt cround four MOS MICTOPrOLessor ¢hins custo.n-
manulactured for DLC by Western Digrial Corp. (Bt
the Maynard, Mass, firm will probably ~soon begin ity
own production of the chups to serve as its own sccond
source.) The LSI-11, at $634 in 100 quanities, has a
4-xiioword RAM, a parallel 170 bus port, and other CpL
circuitry on an 8.5-by-10-inch board. Aside from having
the full weight of DLC'S reputation behind i, the L51-11
also has the full range of PLIP-11 softwaie going for it
More than about 206,000 PDP-11s of various sizes are 1
use, and 1t 1s a familiar computer 1n many OoM plants

The latest minicomputer manufacture to slkip m a
one-boaid computer at its low end was Duita General,
Southboro, Mass For its microNova, Data General i
making its own 16-bit n-channel microprocessors it
Sunnyvale, Cahf, semiconductor facility. As o member
of the Nova family, the microNova runs ali the already
developed software. With 4 kilowords oi” memory, i
sells for about $570 in 100 quaaiities. Duta Genceral also
says 1t will sell the microprocessor and memory chips
separately. but thus does not necessarily put the com-
pany m direct competition with semiconducior manu-
tacturers. Users will Iikely first buy the coniplete boards.
Later, when the volume jusufies at, or whea o diflerent
form factor 1s needed on the printed-circuit boards, the
user witl buy the chips, and asscinble and lest hils own
boards. still muaintaining software compatibuity. ]

At the uther end of the microcomputer spectium he
boards produced by the independents. Pro Log, for ex-
ample, says 1t has the only logic processor system priced
below $100 (ivs $99 1n quanuties of 500). The system,
PLS-401A, is a 4004-based system that inc.adces a crys-
tal clock, 80-character RAM, 16 lines of (L mpat, 16
lines for output, and sockets for 1,024 words of memory:
Pro Log essentially spans the Intel nucrop.ocessor hne,
olfering computer boards with the 4040, 8008, and 8050,
but it also has a 6800 board. O

i you want to hnow moro
Most of Tie: mayjor mic ruproces-ors have been covered in the pages of lociromcy
Intet 4004 Standaro parts and custom design mergo nfo four-thip rocessor kit, * Apnl
Q01972 p 112
Motorola LB00 * N-channel MOS technology yiclds new gencraiion of \Ticropro ossors,
Apnl 18, .9/4,p 08
tnet 8080 "in switch 1o n-MOS, microprocessor gets 2-ps cycle tme " Apri 18, 1974,
P95
BRochwell PPS-8  Fast 8-bnt microprocessor s versatle  June 27, 1974 p 149
Nanonal PACE "Single-chip ricroprocessor employs minicomputef vord length * Cec 26,
1974 p 87
Fawctild F 8 “'Four-chip microprocessor family reduces system parts count ' March 6
1475 p 87
Tooshirr TLUS 12 "{wewo-bil microprocessor neurs mimcompuiur porformanyg iovel,"
March 23, 1974, p 11
Inact 3000 "Bipoidr L5H computing elements ushier in new era of diglai desgn,” Sept 5,
1974, p 89
Texas instruments SBPO400 ''1:L takes bipolar integration a uigniicant stop lorwa-d,” Fel
u 1975 p 83
Monohthie Memones 6701 "Senottky-TH controller puitona Cup ' Mareh 7, 1974, p 159
Natonat HC/MP SCamp muuropnoces o aims 1o 1eplace mechaeal loge,” Soot ty
1975, p 81
information on anitwarg ana deagn s providod in
" Deagaung wih incroproces ors msteand of wired iogic ashs more of do gners,” Oct 1
1 e O
Hhan Teved Laguiane ssenpiifie s nucrowomputen progesnitet ™ dane /7 197 1 p 106
CPUAS onhiac e gt prov e wor < peed and cut cemponent count - Aug 8, 1974, n 109
Proparation (o key 10 SUCCecs with mMeaoproc onaors, Marcn 20 1975 p 1

Abcrocs npuler-gevelopmaent systemt achioves hardhw ire sollwai hatmory ™ May 29,
1975 p 95

"The ‘super component N one-board computer with prog.amaoie V0 Feb 5 1976,
p 77

Cooies of ths special 1ssL.2 may be orcerea at $4 00 each Oiscoun . ore avarlable for quan
ty © cers To order or for more Information, contact Electromics Rennn's Depanment, P O
Box 669, Highistown, N u 08520
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CHAPTER 3
THEORY OF OPERATION

Now that you have assembled the structure of
the SDK-80 it is time to discuss the internal
composition of the design. We will do this by
presenting the functional organization of the
SDK-80 logic and, in the process, bring in the
decisions that you, as the user, must make
before completing the kit.

Figure 3-1 Is a functional block dlagram of the

SDK-80. it has been purposely drawn as simple
as possible in order to give a basis for
discussion. You will note that this figure shows
only the major signals in the unit. For this
reason, some occasional reference to the SDK-
80 schematics (Appendix B) will be in order.

The text to follow describes each of the
elements In the block diagram.

i RCSET §
SWITCH

P

0Ssc 8224

—

STRTE

CRYSTAL

cLOCK
GENERATOR P]

| T T T |

-

INT REQ
HOLD

READY SYNC  ¢1 62 RESEY INT

80BJA CPU

WR  DBRIN HLDA

1

8275, | ! Ire_zv
- SYSTEM N ADDRESS !
CONTROLLER : | BUFFERS !
4 o

2205 8205
PROM nAM
DECODER _../ DICONIA
- 4

Pysiyy gyt == :[: |y
h 8703 Iy RN
11 )
H PROMS I RAMS

ﬁ 7

DATA BUS (8)

U0

{1

CONTROL BUS {8)

L

ADDRESS BUS (16)

2 1! ;/\/U ,—U—-—\x-i\l

t -
o o 18251 | 8285
BAUD - 10
AATF |COMM INTERFACE | PERIPHLRAL
QENERATOR : {USART) INTERF ACE
L :
{10 4 REC 170 DATA

DATA DATA

Flgure 3-1. SDK-80 Funciional Block Diagrem.
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SYSTEM BUSSES

The SDK-80 logie is built around three system
busses: the data bus, the address bus and the
control kus. All of the MCS-80 components
commuicate via these three busses.

The system busses can be selectively enabled/
disabled from the user system if the board is
jumpered for that capability. Bus enable
jumpering is described in the System Bus
Enable section of Chapter 4.

Each bus is more fully described in the 8080
Microcomputer Systems User's Manual.

RESET SWITCH

The Reset Switch gives you the capability of
forcing a reset to the SDK-80 logic at any time.
When the switch is pressed, the Clock
Genetator will send a RESET signal throughout
the system The Reset Switch should be
pressad each time you power-up the system.

CLOCHK GENERATOR AND CLOCK
CRYSTAL
The 8224 Clock Generator provides the primary

timing to the system. It generates the high-level
clocks necessary to drive the 8080A CPU,

synchronizes the READY signal into the CPU,
and transmits the power-up {and Reset Switch) -

reset signal,

g1 and 2 Clocks .

g1 and @2 are 2.048 MHz clocks for the CPU.
They are derived from OSC using an internal
dwide-by-nine function.

RESET Signal ’

RESET is the primary reset signal to the system
logic. It is asserted both atpower-up and when
the Reset Switch is pressed. RESET clears the
CPU, disables the RAM Decoder, and resets the

USART. RESET is available to the user system
at pad V. '

READY Signal

READY can provide a synchronized READY to
the CPU, derived from an external asynchro-
nous RDYIN signal (pad P).

0OSC Signal ‘

OSC provides an 18.432 MHz input to the Baud
Rate Generator. This 18.432 MHz rate was
chosen for two reasons. First, it permits the
8080A CPU to run at very close to its maximum

ie

speed Second, it is a convenient rate to use in
designing a simple. but highly stable, Baurl
Rate Generalor

STSTB (Status Strobe) Signal

At the beginning of each machine cycle, the
CPU issues status information on its data bus.
STSTB causes the 8228 System Contioller to
store this information into its status latch.
STSTB is available to the user systerr as
STATUS STROBE at pad J.

8080A CPU

The 8080A CPU is thoroughly described in the
intel 8080 Microcomputer Systems User's
Manual and need not be repeated here

The CPU clocks, @1 and @2, will be supplied (at
2.048 MHz) by the Clock Generator.

The data bus will interface directly to the
System Controller and the address bus will
enter the system through the Addreas Bulfers, if
applicable.

There are two separate jumper-wite options
with the CPU. The first opbion allows an
external HOLD signal to be presented to the
CPU via pad R. The second option allows an
external READY signai to force a Wait state in
the CPU, It should be pointed out, however, that
the 8080A and SDK-80 memory chips have
been designed to operate without Wait staies.
The option permits you to force a Wait if
desired, though. Both of these jumper options
are described in the Hold And Wait Options
section of Chapter 4.

SYSTEM CONTROLLER

The 8228 System Controller generates the
control bus signals that provide read and write
functions for 1/0 and memory.

They are available to the user system as shown
below:

[/OW is at pad E
I/ORisatpad L
MEMW is at pad U
MEMR is at pad T

® O @ ®

The System Cratroller alzo buffers the Iata
bus.
Interrupl

A single:!evel intertupt struchuse s provided
such that whenever pad H (INT PLQ) is



grounded, the System Controller causes a
Restart instruction (RST 7) to be inserted into
the CPU. This feature provides a single
interrupt vector without using adaitionai com-
ponents, such as an interrupt instruction port.

Multiple level interrupts will require additional
chips to be installed into the wire-wrap area.

ADDRESS BUFFERS (OPTIONAL)

The 8212 Address Buffers are not inciuded in
the System Design Kit, but must be added if
more than a nominal amount of memory {more
than 1024 bytes of RAM and mora than 4K bytes
of PROM) is used. The Addiess Buffers are tri-
state TTL buffers that provide 15mA drive.

The address bus ievel can be forced to the high-
impedance state vy inputting a high level on
pad S {(SYSTEM 3US ENABLE), if the board is
jumpered for this capabiiity.

SDK-80 MEMORY

The SDK-8C has two types of memory. lts
PROM Memory ¢an accomodate from 1K to 4K
bytes, where the lower 1K bytes are dedicated
to the system monitor ' its RAM Memory can
accomodate from 256 to 1K byles, in which all
but the uppermost 30 bytes {addresses 13E2-
13FF) are useable by your system. Figure 3-2 is
a map of SDK-80 memory.

o 0000

SYSH’,M'
MONITOR PROM
Q3FF
K 0480
vasrn
PROM 4
....... 4 O7FF
KE == % og0g NOTE
USER SHADED AREA INDICATES
PROM 2 MERONY SUPPLIED WITH
OBFF KT
A o o —— Rl P4
USER | )
PROM #3
OFEF
o] ok
RAM *
MEMORY

[13 L 13FF

Figure 3-2. SDK-80 Memary Map.

PROM DECODER AND PROM
MEMORY
The SDK-80 can accomodate up o four 1024x8

Electrically Programmable Read Only Memory
(PROM]) chips. Two of these chips are supptied

" in the System Design Kit.

The 8708 that installs into board focation A14
has been pre-programmed with the SDK-80
system monitor.

The 8708 that installs into board location A15
can be used to hold a program that you have
deveioped and checked out in RAM.
Locations A16 and A17 are useable for
additional PROMs if required.

The 8205 PROM Decoder selects the PROM
chip being addressed. Figure 3-3 shows the
PROM address format.

15 14 43 2 11 w6 9

ARFDEEEEEER

L —— i

r JUSUE
LPROM ADDRESS

PROM CHIP SELFCT
00 = MONITOR
01 = USER'PROM 1
10 » USER PROM 2
19 « USER PROM 3

-— ———— NOT USFD

Figure :3-3. PROM Address Format.

RANM DECODER AND RAM MEMORY

‘In the standard configuration, the SDK-80 can
accommodate up to eight 256x4 Static MOS
Random Access Memory (RAM) chips. Two of
these chips are supplied in the System Design
Kit, so users requiring only 256 bytes of
memory need not instaii additional RAM chips.

The 8205 RAM Decoder selects the RAM chip
pair being addressed. Figure 3-4 shows the
RAM address format.

3 1 0

[T TTTTT ]

il

15 14 13 12 1 10

MEND)

h

RAM ADDRESS

RAM CHIP PAIR
SFLECTY

000 - 1000-10FF

001 - 1100-1VFF

010 - 1200121 F

011 - 1300 13FF

100 111 ARE UNUISED
N STANDARD
CONTIQURATION

S s - NOT USED

i

Figure 3-4. RAM Address Format.

RAM access is disabled whenever the RESET
signal from the Clock Generator is asseried.
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BAUD RATE GENERATOR

The Baod Nate Gonerator cucuit supplies the
fransontter and teceiver clocks to the /0
Communication Intetiace. This circuit is made
up of thre ¥iC chips one 93316 and two 74161s.

The Baud Rate Generator takes the 18.432 MHz
0OS5C signal from the Clock Generator and, by
internal division, generales a series of signals
which represent bhaud rates between 75 and
4800. The baud rate that will be presented to the
170 Communication Interface is determined by
jumper-wiring o1 a rotary switch. This selection
will be discussed in the Baud Rate Selection
section of Chapter 4,

i/0 COMMUNICATION INTERFACE

The 8251 170 Communication Interface is a Uni-
versal Synchronous/Asynchironous Receiver/
Transmutter (USART) chip that accommodates
any data communications required by the
SDK-80 system The /O Communication
interface can accept parallel data from the data
bus and send it serially to an-external device. it
can also accept serial data from an external
device and put it onto the data bus in parallel
form when eight bits have been collected.
Figute 3-5 shows the address format for
communications,

The baud rate at which the i/0 Communication
Interface wili transmit and receive data is
governed by the Baud Rate Generator.

The {/O Commumcatuon lnterface circuit on the
board also includes some jumpers that select
the communication input/output level. Any of
three lvels may be selected.

e RS-232 level, which us typically used for
CRT applications

o Current-loop level, for TTY applications

o TTL level. -

The input/output leve| jumpermg is discussed
in the Communicatign Level Selection section
of Chapter 4.

PERIPHERAL INTERFACES

The 8255 Programméblo Pe;ripheral Interfaces
provide the user's primary access point to the
SDK-80 data bus. One 8255 chip Is supplied in
the System Design Kit.

18

-~ CONYRO! /DATA

0-NATA
1 - CONTROI

~ NOT USED

- 25V CHIP SEYFCT

0= USART Sferrren
T-USART N STYECTED

Figure 3-5. /0 Communication Inierfacrs l\ddreq':
Format.

Each Peripheral Interface chip provides three 8-
bit parallel 1/O ports, each of which s
independently addressable. Figure 3-6 shows
the address format for {/0 port selection.

L 1/0 PORY SELECT
00 - PORT A - + DATA BUS
01- PORT B
10=PORT C -+
11 - CONTROY -

- DATA BUS
DATA BUS
~ DATA BUS

-~ NOT USED

U - - A256 CHIP SCLFC T
10 -~ KIT SLINPLIED CHIP
SELEE
0OV - UISER SUNCLIF D CHIP
Sk 60y
on 11 nrraat

F!gure 3-6. Peripheral !nlerfa( e Address I'ormat.

The output pins of the Peripheratl Interfaces are
totally uncommitted and may be jumper-wied
to best suit your particular apphcation For
example, they might be wired directly to the
interface plugs or, alternately, they might be
wired to standard TTL buffers in the wire-wrap
area before coming back 1o the pluas. This
wiring is further discussed in the Output Wiring
section of Chapter 4.
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CHAPTER 4
FINAL ASSEMB

At this point in the manual you should have
completed the preliminary assembly and read
the theory of operation. You can now finish the
board assembly and begin a checkout se-
quence.

JUMPER-WIRING THE BOARD

The SDK-80 is designed to be used in virtually
any evaluation appiication and can be
jumpered to suit your particular requirements.
These questions will help you decide what
jumpeis are needed:

1. Will you ever want the CPU to enter a Hold
or Wait state?

2. Will you ever want to disable the system
busses? '

3. What type of input device wiil you use to
communicate with the SDK-80 (e.g., CRT,
Teletype)?

4. What is its baud rate? \

5. Will you be using 8212 Address Buffer
chips? !

6. What kind of information will be transfer-
red to/from the SDK-80?
"
If you have a fairly good'idea of the answers to
all of these questions, you are ready to start
jumper-wiring the board. The scrap leads that
have been cut from previously-installed resis-
tors are a good source of jumper wire. However,

use 22-gauge insulated wire in situations where -

any jumpers may make contact with each other.

Hold and Walt Options’

The SDK-80 is designed'to run without Hold or
Wait states However, a jumper-wire option is
available to give either capability.

O To disable thé Hold state, wire J5-2 to J5-3.
O To enable the Hold state, wire J5-1 to J5-2.

O 1f READY is to force an 8080 Wait state, wire
J5-8 to J5-8. if not, wire J5-8 to J5-7.

D CHECKOUT

System Bus Enable

One jumper is available to make it possible to
selectively disable the SDK-80 system bus.

If the bus will be selectively disabled, wire
J5-5 to J5-6.

0O If the bus should remain enabled at ali
times, wire J5-4 to J5-5.

Baud Rate Selection

The communications baud rate can be selected
in two, ways, depending on the application. If
only dne baud rate will be employed, the rate
can be selected by installing a single jumper
wire. If two or more baud rates will be employed
in the application, however, the Spectrol rotary
switch installed in Chapter 1 will be used for
this purpose.

O Toselectafixed baud rate, jumper pad 29to
one of the pads 31-37 per Table 4-1.

H

Table 4-1. Baud Rale Seiecﬂlonr Table.

Baud Rate Wire Pad 29 To
4800 31
2400 32
11200 33
600 34
300 35
150 36
75 or 110 37 J

For 110 baud, the standard Teletype rate,
wire pad 4 to pad 5.

Communication Level Selection

Any of three communication levels can be
selected: CRT, Teletype, or TTL. All serial data
is passed through connector J3.




Table 4-2. Communicalion Level J!umpm Table,

caT TTY TTL
Configuration Configuration Configuration
Jumper- Jumpers Jumpers
T 23t 24 231026 2310 25
1710 18 1810 19 i7to 18
9to 10 10to 11 1210 13
1310 14 13to 14 2103
2to 3 1102 20 to 21
6toB 7t08
; 27 to 28 15to 16
i 211022 2110 22 ]
0O Jumper wire pads } through 28 per Table
4-2 , l
0 If youn system does not contain a modem,

jumper pad A to pad B

Address Bus Jumpers

If you do not use 8212 Address Buffer chips on
your SDIK-80, the address bus must be
jumpered across locations A11 and A12. In this
situation, connect the following jumpers AT
BOTH LOCATION A1t AND LOCATION A12.
All jumpers should be instailed form the circuit
side of the board i e , NOT the slik-screen side.
Jumper pad 3 to pad 4.

Jumper pad 5 to pad 6.

Jumper pad 7 to pad 8.

Jumper pad 9 to pad 10

Jumper pad 15 to pad 16

Jumper pad 17 to pad 18.

Jinnper pad 19 to pad 20.

Jumpes pad 21 to pad 22

ooogoooo

IZ1
Ouiput Wising

Connector 13 is dedicated as a communica-
tions inlerface (see Table 4-3) and is, in fact, the
only comnntied mterface in the SDK-80 All
otherinterfacing is at the discretion of the user.

For example, the 8255 Peripheral Interface
might be jJumpered directly to connector J1 or,
alternately, might be jumpered to TTL buffers
in the wire-wrap area before being passedto Ji.
Conversely, you might wish to add a switch
array to the 8255 area in order to send data to
the CPU

Your System Design Kit includes male connec-
tors that mate with the female connectors
installed at J1 and J3.

A group of control signals are avéi!able at the
alphabetic-labeled pads in area two of the
board. Table 4-4 identifies these pads.
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Table 4-3. Pin Assignmenis {or
Ccmmumcamm interface (13).

93| ecav oTTY 7L
Pin Conllgurlﬁon L@nﬂguraﬂon Conliguration

1

2 | CRT REC. F1L REC

DATA = DATA
3 | CRT XMIT TTL XMIT
DATA DATA

4

5 | #12VDC

6

7 1 SIGNAL GRND SIGNAL GND

8 | +12VDC

9

10

14 -

12 TTY REC

RETURN

13 TTY XMIT

14 .

15

16

17

18

19

20 | +12 VDC

21

22

23

24 TTY REC

25 TTY XMIT
. | RETURN .

Tabﬂe 4 4. SDK-80 C@mroﬂ Bus Pads.
Pad

w»®WIZ2Z~X=1T

<~

<

Mnemonlc

2 (TTL)
DSR
oW

STATUS STROBE
0SC

170 R

HLDA

INTA

READY

HOLD

SYSTEM BUS ENABLE
MEMR
MEMW
RESET

Def;rrlpﬂnn

Clear To Send
Reaquest to Send

2 0AR Mit iz Clork
Data 30t Renady

t/0 Wiite

Data terminal Ready
Totorrapt Reqriet
Status s on Nata Bus
18 432 MHiz Osaillator
1’0y Read

Hold Acknowledan

tnteriupt /\(*knnwled('f‘f
Ready
Hold

Enables Data Bus and
Address Bus

Memory Read

|
|
!
|
|
l
|
Memory Write i



INSTALLING INTEGRATED
CIRCUIT CHIPS

You have now reached the point where you will
startinstalling 1C’s in the board, but a few words
are in order before you begin.

Speciai Precautions For Handling MOS IC's

The Kit's MOS IC’s {8080, 8111, 8251, 8255, and
8708) are particulariy susceptible to static
electricity. They can be easily damaged if
proper care is not taken in handling them. For
this reason, the foliowing steps should be
adhered to as closely as possibie:

1. Al equipment (soldering iron, toois,
solder, etc ) should be at the same poten-
tial as the PW board, the assembler, the
work sutface -iud the IC itself along with
its container This can beaccomplished by
continuous physical contact with the work
surface, the cemponents, and everything
eise involveu in the operation.

2. When handling the IC, develop the habit of
first touching the conductive container in
which it is stored before touching the i1C
itself.

3. Always touch the SDK-80's PW board
before touching the IC to the board. Try to
maintain this coniact as much as possible
while installing the IC.

4. Handle the iC by the edges. Avoid touch-
ing the pins as much as possible.

5. In general, never touch anything tothe iC
that you hava not touched first while
touching both it ana the IC itseif.

Aligning the T Ping

The connector pins of integrated Circuit chips
are very fragile and can be easily pushed out of
hine. In fact, sometimes iC's will arrive with one
or more pins out of line. Trying to instali a
misaligned 1C is a hapless task and, worse,
might cause permanent damage to the chip.

Aligning the pins of an 1C is an easy job. Simpiy
lay the IC on its side on your work surface, hold
the chip by 1ts body and exert encugh pressure
so that all pins are perpendicuiar to the body.

Chip Orientation

The IC's must be correctly oriented on ithe
board or they will not operate properly. One
end of the chip will carry some sort of
identifying mark, typically anoichoradotora+
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sign. The chip must be Installed 50 that this
identifier conesponds to the silksereened “1”
on the board.

instailing IC Chips

After orienting the IC, follow these steps to
install it in the board:

1. Start the pins on one side of the IC into
their respective holes on thesilk-screened
side of the PW board. DO NOT PUSH THE
PINS IN ALL THE WAY if you have dif-
ficulty getting the pins into the holes, use
the tip of a small screwdriver to guide
them.

2. Start the pins on the other si:l¢ of the IC
into their holes in the same manner. When
all of the pins have heen staited, setthe IC
in place by gentiy rocking it back and forth
until it rests as close as posstbie (o lhe
board or socket.

If the iC is notinstalled in asocket, turn the
board over and soider each pin to the foil
pattern on the back side of the board Be
sure to solder each pin and be careful not
to leave any sclder bridges.

o3

Removing IC Chips

If required, an IC chip can be removed from a
socket by gently rocking it back and forth to
start its release. When a gap exists between the
chip and socket, pry it gently at alternate ends
until the pins start to come loose. A popsicle
stick or small screwdriver works well here.
Then hold the chip by the ends and pull it iree.
Try to keep the chip fairly paraliel to the socket
throughout this opetation.

CLOCK GENERATOR
Besides the 8080, the most criticat chip in the
SDK-80 circuit is the 8224 Clock Generator.

0 Insert the 8224 Ciock Chip into the socket
at location A8.

POWER, CLOCK AND RESET
VERIFICATION

With this single chip instalied, we can check the
power and clock inputs and the operation of the
Reset Switch. The procedure is as follows:

O Connect your power supply to terminal
lugs E1-E6 on the SDK-80 board.




|

NOTE
The SDK-80 edge connector is
power-compatible with intel’'s MDS
(Micre:- »mputer Development Sys-
tem). it you have MDS, the SD¥-80
can detive its power through Instaila-
tion in the MDS chassls.

! Develop the habit of pressing the
anseﬂ Switch each time you power-up

0

a

J

Turn power on

Using a voltmeter, verify +5 VDC at the pad
provided.

Venify +12 VDC at the “+12" pad.

Verify your supply’s negative volitage at the
“-10" pad.

Verly -5 VDC at the "-5" pad, near location
AT,

Press tihe Reset Switch a few times and
choeck for #4 VDC at A8, pin 1(RESET).

NOTE

the system.

pins 10 and 11 each show 2.048 MHz clocks
(02 and @1, respectively).

Using an oscilloscope, verify that A8 pin 12
shows an 18 432 MHz clock (OSC).

Turn {ne power off.

REMAINDER OF SDK-80 CHIPS
After h.wing verified that the SDK-80 logic is

cor

rectly receiving power, the system clocks

and the RESET signal, you can finish installing

the

chip complement. Some of the IC's will plug

into sockets, others will have to be soldered

ont

o the board.

The procedure is as follows:

a
a

O

Solder the 93516 chip into location A1,

Solder a 74161 chip into locations A2 and
A5,

Solder the 7406 chip into location AB.

If applicable, solder 8212 chips into loca-
tions A11 and A12.

Solder 8205 chips into lpcations A13 and
A18.

Solder 8111 chips into iocations A25 and
A26.

If you have an oscilloscope, verify that A#@

a

Insert the 8228 chip into the socket at loca-
lon AD

Insert the 8080A chip into the sockel at lo-
cation A10

Insert the 8251 chip into the socket at loca-
tion A7.

Insert the 8255 chip into the socket at loca-
tion A3.

Insert the pre-programmed 8708 FPROM
chip into the socket at location Al4d

Tabie 4-5. Power Requirements.

Symbol | Vollage ng;r:;t:“m Msa;x;;r;:‘m Unit
Vo | 45V 5% 13 217 | Amps
Voo +12V 15% 35 45 Amps

~-10V 15% .
Vag 12V $5% .20 .30 Amps
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START-UP PROCEDURE

You have now completed the SDK-80 asseimnbly

and are 1eady to start up the system The start-

up proceduie is as follows:

00 Plug your system communication moni-
tor (CRT. Teletype, elc.) into the SDK-80
connector J3.

1 Turn power on at both the SDK-80 power
supply and vour communication monitor.

O Press the Reset Switch.

At this point, your monitor should display the
following message:

MCS-80 KIT

if it does, congraiuiations] You are now raady {0
start using the sysiem.

A

TROUBLESHOOTING HiNG S

If the SDK-80 system does not work property,
turn the power off and investigate these areas

1.

Verify that all resistors have been properly
installed and are correctly color-coded.
Appendix C summarizes the color codes

Verify that all capacitors have been
properly installed and that ail electrolytic
capacitors are installed with proper
polarity.

Verify that both dicdes (CR1 and CR2)
have been installed with proper polarity.

Verify that the metal tabs of ail three
transistors are properly positioned.
Verify that ali IC's are installed with their
“1"-end identifiers correctly oriented.

Verity that aill jumpers have been properly
instailed.




APPENDIX A. SDK-8

INTRODUCTION

The SDK .80 Momitor is an intei® 8080 program
provided in a pre-programmed ROM. The
Monttor accepts and acts upon user commands
to operate the SDK-80. It also provides input and
output facilities i the form of 1/0 drivers for
user console devices. The Monitor provides the
following facilities:

e Displaying selected areas of memory.
o Initiating execution of user programs.

e Modifying contents of memory and proces-
SOT 1egisters

e Inputting hexadecimal file from the console
device o memory.

the Mowitor communicates with the user
throuigh an interactive console device, normaiiy
a Teletype or CRT Terminal. The dialogue
between the operator and Monitor consists of
user-originated commands in the Monitor's
command languinge, and Monitor responses,
either in the form of a printed message or an
action being performed. After the cold start
procedure (described under the heading, “Cold
Slart Procedures” in Section 1), the Monitor
begins the dialogue by typing the sign-on
message on the console and requesting a
command by presenting a prompt character, “."
(penod).

MONITOR OPERATIONS

The SDK-80 Monitor is a command controlied
operations supervisor for the 8080 Micro-
computer System Design Kit. Control com-
mands are discussed in Section I, “Command
Structure”.

. FUNCTIONAL SPECIFICATION

A. General Characteristics and Scope of
Product i

The monttor is a program written in intel® 8080
mact 0 assembly language. The monitor resides
in 1K (K = 1024 bytes) of programmed ROM and
Is located in the address space of the 8080
microcomputer between 0 and 1K. The non-
volatile nature of the program'’s storage media
means that the monitor is available for use
immediately after power-on or reset.
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0 MOMNITOR

B. Description of All Major Functions
Periormed

7. CONSOLE COMMANDS

The monitor communicates with the
operator via an interactive consnle norm-
ally a teletypewriler. The dialogie b
tween the operator and the monilor
consists of commands in the momtor’s
command languiiage and the monitor’s
responses. After the cold start procedure,
the monitor begins the dialogtie by typing
a sign-on message on the console and
then requests a command by 1esenting a
prompt character, " Commands are i
the form of a single aiphabetic character
specifying the command, {cllowed by a list
of numeric or alphabetic parameolers,
Numeric parameters aie entered as hexa-
decimal numbers The monitor recognizes
the characters Othrough Sand A through F
as legal hexadecimal digits, The vahd
range of numbers is from | io 4 hex digits.
Longer numbers may be entered, but such
numbers will be evaluated modulo 2'% so
that they will fall into the range specified
above.

The only command requiring an alpha-
betic parameter is the “X" command. The
nature of such parameters will be dis-
cussed in the section explaimng the
command.

. USE OF THE MONITOR FOR

PROGRAMMING AND CHECKOW T

The monitor allows the user to enter,
check out, and execute sinall demonstra-
tion programs The monitor conlans
facilities for memoty modification, BOg0
CPU register display and modificabon,
program loading from the console device,
program initiation, and the recognihion of
an “RST 7" instruction A= anuncondilional
branich to RAM addinss 131 By
inserting RST 7 instructions in a program
under test, ¢ by wusing the hardware
generated R T 7V instruction (if avaitabie),
the user can cause exccution of a program
to transfer to a dediwcated location, for
whatever purposes he desires.

When the user wishies o re-enler the

O

O



monitor, he should use an RST 1 instruc-
tion, either generated by hardware or
coded intc his program. When entered in
this manner, the monitor will zutomatically
save the state of the 8080 specifically, it
will save all registers (A, 8,C, D, E, H, L),
the CPU flags (F}, the user's Program
Counter {(PC), and the user’s Stack Pointer
(SP). These may be examined with the X
command. When the operator enters 2a G
command, these values will be restored.

3. i/0 SYSTEM

The I/O system provides two routines,
console character in and console charac-
ter out, which the user may call upon to
read and write, respectively, characters
from and o the console device.

C. Applicabie Standards

Throughout this specification, the numbering
convention for bits in a word is that bit 0 is the
least significant, or rightmost bit.

The internai code set used by the monitor is 7
bit (no parity) ASCIi.

. INTERFACE SPECIFICATIONS

A. Command Struclure

In the foliowing paragraphs the monitor
command language is discussed. Each com-
mand is described, and examples of its use are
included for clarity. Error conditions that may
be encountered while operating the monitor are
described in Section I1V.C.

The monitor requires each command to be
terminated by a carriage return. With the
exception of the "8" and "X" commands, the
command is not acted upon until the carriage
return is sensed. Therefore, the user can abort
any command, before he enters the carriage
return, by typing any illegal character (such as
RUBOUT).

Except where indicated otherwise, & single
space is synonymous with the comma for use as
a delimiter. Consecutive spaces or commas, or
a space or comma immediately following the
command letter, will be interpreted as a null
parameter. Null parameters are illegal in all
commands except the “X" command (see
below).

ltems enciosed in square brackets “[" and “}"
are optional. The consequences of inciuding or
omitting them are discussed in the text.

1

i
i
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1. DISPLAY MEMORY COMMAND, ‘©

D <low address™>, <high address>

Selected areas of addressable memory
may be accessed and displayed by the D
command. The D command produces a
formatted listing of the memory area
between <low address>> and <high
address>, inciusive, on the console de-
vice. Each line of the listing begins with
the address of the first memory location
displayed on that line, represented as 4
hexadecimal digits, followed by up to 16
memory locations, each one represented
by 2 hexadecimai digits.

The D command may be aborted during
execution by typing an Escape (ESC) on
the conscle. The command will be
terminated immediately, and a new
prompt issued.

Example

09,28
0009 00 11 22 33 44 55 66
0010778899 AA BB CC DD EE FF10203040506970
0020 80 90 AQ 60 CO 09 EG FO 01 02 03

. PROGRAM EXECUTE COMMAND, G

Gl<entry point>] N
Control of the CPU is transferred from the
monitor to the user program by means of
the program execute cominand, G. The
<entry point> should be an address in
RAM which contains an instruction in the
user's program. if no entry point is
specified, the monitor uses, as an address,
the value on top cof the stack when the
monitor was entered.

Example

61400
Control is passed to lacation 1400H.

. INSERT INSTRUCTIONS INTO RAM, |

| <address>

Single instructions, or an ennre user
program, are entered intc RAM with the i
command. After sensing the carnage
return terminating the command e, the
monitor waits for the user to enter a string
of hexadecimai digits (0to 9, Ao F) Each
digit in the string is converted into 1Its
binary value, and then Iloadéd wto
memaoty, beginning at the starting address
specified and continuing into sequential




memory focations Two hexadecimat
cdigits are loaded into esach byte of
memory.

Separ: ‘ors between digits (spaces, com-
mas, carnage returns) are ignored; illegal
characters, however, will terminate the
command with an error message (see
section IV.C 1). The character ESC or
ALTMODE (which is echoed to the
console as “$") terminates the digit string.
i an odd number of hex digits have been
entered, a 0 will be appended to the string.

Example

Ha1

1122334455667786993

This command puts the following pattern
mto RAM-

1410 11 22 33 44 55 66 77 88 99
11440

123456789%

This command puts the following pattern
into RAM:

1440 12 34 56 78 90

Note that, since an odd number of
hexadecimal digits were entered initially, &
0 was appended to the digit string.

. MOVEZ MEMORY COMMAND, M

M <low address>, <high address>>,
<destination>

The M command moves the contents of
memory <<low address> and <high
address>, inclusive, to the area of RAM
beginning at -Jdestination>. The con-
tents of the source field remain un-
disturbed, unless the. receiving field
overlaps the source field

The move operation is performed on a
byte-by-byte basis, beginning at <low
address>. Care should be taken if
<destination> is between <low address>
and <high address>. For example, if
jocation 1410 contains 1AH, the command

M1410, 141F, 1411

will result in locations 1410 to 1420
containing "TA1A1A...".

The monitor wi|i continue to move data
until the source field is exhausted, or untif
it reaches address OFFFFH. if the monitor

N

ienchos address OFFFFH without ex-
hausting the sourc hield, it will move data
into this iocation, then stop.

Example

#1410, 150F. 1510

256 bytes of memory are moved [rom
1410-150F to 1510-160F by this command.

. SUBSTITUTE MEMORY COMMARND, S

S <address>

The S .command allows the user 1o
examine and optionally modify memory
locations individually. The command
functions as follows:

i. Type an S, followed by the hexadecimal
address of the first memory location you
wish to examine, followed by a space or
comma.

ii. The contents of the location is dis-
played, followed by a dash (-)

iii. To madify the contents of the location
displaved, type in the new data, followed
by a space. comma, or carriage raturn f
you do not wish to modify the location,
type only the space, comma, or carriage
return.

iv. If a space or comma was typed in step
(iii), the next memory location will be
displayed as in step (ii). if a carriage return
was typed, the § command wili be
terminated.

Example
S1450 AA- BB-CC 01-13 23-24

Location 1450, which contains AA is
unchanged, but lccation 1451 (which used
to contain BB) now contains CC, 1452
(which used to contain 01) now contains
13, and 1453 (which tised to contain 23)
now contains 24.

. EXAMINE AND MODIFY CPU

REGISTERS COMMAND. X
X [<register identifier>]

Display and modification of the CPRPU
registers is accomphshed wvia tho X
command. he X command uses
<register identifier>> to select the
particular register to bhe displaved A
register identifier is a single aiphabetic
character denoting a regisler, defmed as
follows:



A — B030 CPU register A

B — 8080 CPU reg'ster B

C — 8080 CPU register C

D — 8080 CPU register D

E — 8080 CPU register E

F — 8080 CPU flags byte, displayed in the
form as it is stored by the "PUSH PSW”
(hex code F5) instruction

H — 8080 CPl'y register H

L — 8080 CPU register L

M — 8080 CPU registers H and L
combined

P — 8080 Program Counter

S — 8080 Stack Pointer

The command operates as foliows:

i Type an X. fcllowed by a register
identifier or a =arriage return.

ii. The coqients of the register are
displayed (iwo hexadecimaidigitsfor A, B,
C, D. E, F, H, and L, four hexadecimal
digits for M and 8), {cilowed by a dash (-).

fii. The register may be modified at this
time by typing the new value, foiiowed by a
space, comma, or carriage return. if no
modification is desired, type only the
space, comma, or carriage return,

iv. If a space or comma was typed in step
(i}, the next register in sequence
(alphabetical order) will be displayed as in
step il (unless S was just displayed in
which case the command is terminated). {f
a carriage return was entered in step iii, the
X command is terminated.

v. If a carriace return was typed in step (i)
above, an annotated list of all ragisters and
their contents are displayed.

Example

YA AA- BB- CC- DD EE- FF- 12- 34 1234 0008
XA AR- 23- CC- B1- EE- FF- 12- 34- 1234- 1010
X

A-AA B 23 C-CC B-01 £-EE F-FF #-12 L-34 M-1234 P-OiCF S-03C0

B. Console Device Drivers

The monitor interiaces to the console device
via a universal synchronous/asynchronous
receiver/transmitter (USART). The monitor
drivers interface with the USART according to
the USART specifications. At the time of the
assembly of the Kkit, the USART may be
configured for a particular type of consoie

27

interface The actual console device must
conform to this interface.

C. Using the /O System

The user may access the two monitor 1/O
system routines from his program by calling the
routine desired. The following paragraphs
describe the routines available and their
respective functions.

Ci — Console Input

This routine returns a character received from
the console device to the calier in the A-
register. The A register and the CPU condition
codes are aftected by this operation. The entry
point of this routine is 3FDH.

Enample
o EQU  JFON
EALL ¢l

STA DATA

CO — Console Output

This reutine transmits a character, passed from
the calier in the C-register, to the console
device. The A and C registers, and the CPU
cendition codes, are affected by this operation.
The entry point of this routine is 3FAH.

Example
co EQU  3FAH
My g
CAL: GO

lil. OPERATING SPECIFICATIONS

A, Product Activation Insiructions
1. COLD START PROCEDURE

After a power-on or reset, the monitor will
begin execution at location 0in ROM. The
monitor will perform an initialization
sequence, and then display a sign-on
message on fthe console. When the
monitor is ready for a command, it will

(TI A

prompt with a period, “.".

2. USE OF RAM STORAGE IM THE
MONITOR

The monitor dynamically assigns its RAM
stack near the top of the first 1K bytes of
RAM (address space from 4K to 5K). The
top 3 bytes in this block of BAM are
reserved for a transfer address, suppiied




by the user, whichis used as a destinaiion
lncaton for RST 7 instructions {(or the
optional hardwired instruction). Several
additional bytes are used, below the stack,
for tr: porary storage. Except for RAM
addresses 5K-1to 5K-256, ati other RAM is
available for the user.

B. Summary of Normal Use Methodology

(This section, which normally consisis of a
detailed example of the use of the monitor, will
be omitted Examples of all commands may be
found 1 the sections explaining the monitor
commands )

C. Error Conditions

1.

INVALHY CHARACTERS

The monttor checks the validity of each
chaiacter as it is entered from the console.
As soon as the monitor determines that
the iast character entered is iliegal in its
contoxt, the monitor aborts the command
and issues an """ {o indicate the error.

Example

(11400, 145G*
The character G was encountered in a
parameter list where only hexadecimal
digits and delimiters are valid.
e ‘
Y is rsot a valid command.
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ADDRESS VAL LI ERPNDARS

Some commands roquite an addiess par
of the form <low address>, - Ingh
address>. I, on these commands, the
value of <low address™> is greater than or
equal to the value of <(high address .- the
action indicated by the command vull he
performed on the dala at <low address>
onty.

Addresses are evaluated modula 2'
Thus, if a hexadecimal address greater
than FFFF is entered, only the iast 4 hex
digits will be used.

Another type of address error may occur
when the operator specifies a part of
memory in a command which does not
exist in his particular conhguration In
general, if a nonexisient portion of
memory is specified as the scurce freld for
an instruction, the data fetched wiil be
unpredictable. If a nonexislent portion of
memory is given as the destination field in
a command, the command has no effect.
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APPENDIX B. MONITOR LISTING
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ABSTRACT R

THIS PROGRAM RUNS ON THE 8G80A BOARD AND 1S DESIGNED TO PROVIDE
THE USER WITH A MINIMAL MONITOR. BY USING THIS PROGRAM,

THE USER CAN EXAMINE AND CHANGE MEMORY OR CPU REGISTERS, LOAD

A PROGRAM (IN ABSOLUTE HEX) INTO RAM, AND EXECUTE INSTRUCTIONS
ALREADY IN MEMORY. THE MONITOR ALSO PROVIDES THE USER WITH
ROUTINES FOR PERFORMING CONSOLE 1/0. L

PROGRAM ORGANIZATION

THE LISTING IS ORGANIZED IN THE FOLLOWING WAY. FIRST THE COMMAND ~
<RECOGNIZER, WHICH IS THE HIGHEST LEVEL ROUTINE IN THE PROGRAM.
NEXT THE ROUTINES TO IMPLEMENT THE VARIOUS COMMANDS., FINALLY,

THE UTILITY ROUTINES WHICH ACTUALLY DO THE DIRTY WORK. WITHIN
EACH. SECTION, THE ROUTINES ARE ORGANIZED IN ALPHABETICAL

ORDER, BY ENTRY POINT OF THB ROUTINE. :

THIS PROGRAM EXPECTS TO RUN IN THE FIRST 1K OF ADDRESS SPACE.
1IF, FOR 'SOME REASON, THE PROGRAM 1S RE-ORG'ED, CARE SHOULD'

BE TAKEN TO MAKE SURE THAT THE TRANSFER INSTRUCTIONS FOR RST 1
AND RST 7 ARE ADJUSTED APPROPRIATELY.

THE PROGRAM ALSO EXPECTS THAT RAM LOCATIONS 5K~1 TO 5K-256,
INCLUSIVE, ARE RESERVED FOR THE PROGRAM’'S OWN USE. THESE
LOCATIONS MAY BE ALTERED, HOWEVER, BY CHANGING THE EQU'ED
SYMBOL "DATA" AS DESIRED.

LIST OF FUNCTIONS ! RN
omEr == cososmoeom- | . C '
‘ ' B .
iy .o . .t A '
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parn
13rp
BIFA
0927
0AFB
NAFA
GOFA
AOFB
20080
1300

s we wa we wa

N8 % e %e e ~s ~e N6 e e % we VA N0 se ~e =e <s e <6

o me me =8 we “a ve ws e we

BRCHR
BRLOC
BRTAB
CMD
CNCTL
CNIN
CNOUT
CONST
CR
DATA

1CMD
MCMD
SCMD
XCMD

BREAK
Ci
CNVBN
CoO
CROUT
ECHO
ERROR
FRET
GETCH
GETHX
GETNM
HILO
NMOUT
PRVAL
REGDS
RGADR
RSTTF
SRET
STHF®
STHLF
VALDG
VALDL

ORG

EQU
EQU
EQU
EQU .
EQU .
EQU
EQU
EQU
EQU |
EQU_

ERRORS = @ PAGE 2
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iﬁ#ﬁﬁﬁ#ﬁﬁﬁﬁﬁﬁhﬁﬁﬁhﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁ#&ﬁ#ﬁhﬂﬁ&ﬁﬁﬁbﬂﬁaﬁﬁﬁﬁibﬂaﬁﬂﬁﬁﬁbﬂhﬁﬁﬁh

MONITOR EQUATES

1B H
13FDH H
IFAH 1
@27H H
BFBH H
OFAH :
dFAH :
@FBH :
808 H
5%1824-256

Qiﬁ*ﬁ**ﬁ#ﬁﬁﬁﬁiﬂ*ﬁﬁﬁﬁﬁﬁh#ﬁﬁ*****&ﬁﬁﬁﬁhk#ﬁ&ﬁﬁﬁ&ﬂhﬁﬁ*ﬁﬁtkﬁﬁﬁﬂﬁﬁh&ﬁﬁ&

CODE FOR BREAK CHARACTER (ESCAPE)
LOCATION OF USER BRANCH INSTRUCTTOHN IN RAM
LOCATION OF START OF BRANCH TABLE IN ROM

COMMAND
CONSOLE
CONSOLE
CONSOLE
CONSOLE

INSTRUCTION FOR USART JHITTALIZATION
{USART) CONTROL PORT

INPUT PORT

OUTPUT PORT

STATUS INPUT PORT

CODE FOR CARRIAGE RETURN

2
H

30

START OF MONITOR RAM USAGE
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oelB
. @600F
GAFF
aeoA
0000

@6CF

aeor
PATF
13ED
0ea2
6038

gelB
8661
8OFF

WO Se WO e VO e Ve.ve o e w0 e

ESC EQU 1BH : CODE FOR ESCAPE CHARACTER

HCHAR EQU OFH ; MASK TO SELECT LOWER HEX CHAR FROM BYTE

INVRT EQU BFFH - t MASK TO INVERT HALF BYTE FLAG

LF EQU gAH: ; CODE FOR LINE FEED

LOWER EQU 2 ; DENOTES LOWER HALF OF BYTE IN ICMD

: LSGNON EQU - ; LENGTH-OF SIGNON' MESSAGE - DEFINED LATER
MODE EQU ACFH :+ MODE SET FOR USART INITIALIZATION

s MSTAK EQU - ; START OF MONITOR STACK - DEFINED LATER
: NCMDS EQU -—- ; NUMBER OF VALID COMMANDS

NEWLN EQU 8FH ; MASK FOR CHECKING MEMORY ADDR DISPLAY

PRTY8 EQU 97FH ¢ MASK TO CLEAR PARITY BIT FROM CONSOLE CHAR
RiKGS EQU DATA+255-~18 : 'START OF REGISTER SAVE AREA

RBR EQU 2 : MASK TO TEST. RECEIVER STATUS

RSTU EQU 36H 3 TRANSFER LOCATION FOR RST 7 INSTRUCTION

: RTABS EQU -— ; SIZE OF ENTRY IN RTAB TABLE

TERM EQU 1BH t CODE FOR ICMD TERMINATING CHARACTER (ESCAPE)
TRDY EQU 1 3 MASK TO TEST TRANSMITTER STATUS

UPPER EQU OFFH s DENOTES UPPER HALF OF BYTE IN 'ICMD

. : ~
H s
.

’ I
rﬁﬁﬁ09ﬁﬁ(hﬂbhﬁﬁhﬁhﬁﬁﬁ#ﬁﬁ*ﬁﬁ*i#h.ﬁﬁ*&iﬁﬁﬁiﬁﬁ*&ﬁﬁﬁh#.hﬁﬂﬁﬁﬁﬁhitﬁﬁeQQ

}
N

MONITOR MACROS

H
¢
H
: .
PR R AR R RO AR AR RN R AR AR AN AR AR AR AR AR ANAS AR AR AADARARARRAR IS
: .

!

TRUE MACRO  WHERE ¢ BRANCH IF FUNCTION RETURNS TRUE (SUCCESS)

1 JC . - WHERE
ENDM
' .
FALSE MACRO WHERE 3 BRANCH IF FUNCTION RETURNS FALSE (FAILURE)
JINC WHERE
ENDM 5

! , o

H
’eﬁﬁ&ﬁﬁﬂbiﬁﬁﬁﬂﬁﬁhﬁ#ﬁﬁﬁQﬁﬁ&#tt##ﬁﬁhﬁﬁﬁﬁ#ﬂﬁiﬁ*ﬁﬁiﬁﬁﬁﬂitiﬂﬁﬁditihﬁﬁlt

v
- v -

USART INITIALIZATION CODE

N
ﬁﬂﬁﬁﬁh*ttﬁﬁiﬁﬁﬁitﬁkﬁh**tﬁ&tﬂﬁhiﬁii*i#*ﬁiﬁﬁﬁiiﬁi*ii***ﬁﬁﬁﬁﬁi*ﬁﬁﬁiﬁ

¢

THE USART IS ASSUMED TO COME UP IN THE .RESET POSITION (THIS
FUNCTION IS TAKEN CARE OF BY THE HARDWARE). THE USART WILL
BE INITIALI2ED IN THE SAME WAY FOR EITHER A TTY OR CRT
INTERFACE. ‘THE FOLLOWING PARAMETERS ARE USED:

31
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a0ead
1002
@004
8886

anns
a608
249D
300C
0AaF
fa12
2013
0816
go19
061A
0@81B
861C

JECF
D3FB
JE27
D3FR

22F313
El
22F513
210600
39
22F713
21F313
F9
F5
C5
D5

WO WO BE WO ws VO W w6 W 4 we “e we WO W W8 W w0

)~ ~* ~¢ ne e se ve ve e~

{0}

' . .
;ﬁﬂﬁﬁﬁﬁ&ﬂﬁﬁﬁﬁﬁnﬁﬁ*ﬂﬁaﬁﬂﬁﬁﬁﬁﬁﬂﬁhﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁéﬁﬁﬁﬁﬁﬁ#ﬁﬁQﬁﬂ

LS

- wo we e

MODE INSTRUCTIORN

2 STOP BITS

PARITY DISABLED

8 BIT CHARACTERS

BAUD RATE FACTOR OF 64

COMMAND TINSTRUCTION

TRemmI oo oy oy ED

NO HUNT MODE
NOT{RTS) FORCED TO 8
RECEIVE ENABLED
DATA TERMINAL READY
TRANSMIT ENABLED

MVI A,MODE

ouT CNCTL 3 OUTPUT MODE SET TO USART

MVI A,CMD

ouT CNCTL 3 CUTPUT COMMAND WORD TO USART

EE TR EX TR LR LSS EEERL LR EEEL-EXLE-SEEEEEREE AL RERLERE LRSS

RESTART ENTRY POINT

[ T E T EX R ETER R EEY TR ERRE R A REE R RS- ENEE ARSI EEEEE-EN-LEEEL LR R 224

SHLD LSAVE ; SAVE HL REGISTERSS

POP H : GET TOP OF STACK ENTRY

SHLD PSAVE  ; ASSUME THIS IS LAST P COUNTER

LXI H,0 ; CLEAR HL

DAD SP : GET STACK POINTER VALUE

SHLD SSAVE  ; SAVE USER’S STACK POINTER

LXI H,ASAVE+1 : NEW VALUE FOR STACK POINTER
SPHL ; SET MONITOR STACK POINTER FOR REG SAVE
PUSH PSW 3 SAVE A AND FLAGS

PYSH B 1 SAVE B AND C

PUSH D : SAVE D BAND E

PRINT SIGNON MESSAGE

32
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