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FO R E O R D

Th fs book rep resen ts th e p r fn c ip a l co m pu ter re la ted p rodu cts

m a n u f a c tu r e d b y G o d b o u t E l e c t r o n i c s f r o m  19 7 5 th r o u gh 19 8 0 -

s ta r tin g ou t w i th on e of th e v ery firl t b oa rd s fo r th e S- 100 Bus

(then called the Altair Bus); our AKxé static RAM board, a11 the

w ay th rough our state-of-the-art CPP 8085/88 dual processor
b oard , th e f irs t b oa rd to b r in g 16 b it po w er to th e S- 100 b u s in

a u s ab le an d a ffo rdab le con f igu ra tion .

T h i s b o o k i s b a s i c a l ly a c o m p i l a t i o n o f a 1 1 th e u s e r's

m anua ls fo r a ll th e se p roduc ts , b u t w e h av e th ro v n in a fe w  ex tra

good ies. 0 n e o f th e se is a d iscu ss ion of th e IEEE- 6 96 S- 100 Bu s

standard (w ritten by none other than Bill Godbout himselfl) that
is no t in ten d ed to rep la ce th e IEEE do cu m en t , b u t is u sefu l as a

s u p p l e m e n t t o i t . A  c o p y o f th e I E E E d o c u m e n t w a s p r in t e d in

Issu e f/1 o f S- 10 0 M ic rosy s te m s m a ga zin e. B ack issu es a re

av a ilab le fo r $5.00 fro m : M icro sy s tem s , P.O . Box 789-M :
M o rr tstow n : N J . 0 7960 . W e a lso recom m end a sub scrip tion to th is

' lournal as it often eon tain s usefu l inform ation and product
rev iew s.) W e have also included schem a tics tha t have had a1l
errors corrected (to th e b est of our know ledge) as w ell as
d iffe ren t sch e m a tics for th e v ar iou s rev is ion s of a p rodu ct. W e

h av e a l so tr ie d to co r r e c t a 1 1 k n o w n e rro rs in th e d o cu m en ta t io n

i tse lf .

Y ou m ay a lso n o tice th a t ou r n a m e h as b een slow ly ch an g in g

over the years. Ftrst it w as lust Godbout Electronics. Then the
. C o m p u K i t l o g o a p p e a r e d . a n d n o w  th a t th i s i s m u ch m o r e th a n a

h obby is t o r ien ted ind us try , C o m p u K f t < a s r e p l a c e d b y C o m p u p r o .

N o w  th e C o m p u p r o n a m e i s g e t t i n g b i g g e r a n d th e G o d b o u t

E lec tron ics logo is ge tting sm a ller.

' T h i s b o o k c ov e r s o u r p r o d u c t s f r o m  19 7 5 th r o u gh th e en d o f

1980 : th u s n o t a 11 of ou r cu rren t p rodu c t lin e is rep resen ted in

th is v o lu m e. Vo lu m e 2 w i ll coa ta in produ c ts fro m  198 1 on : an d it

w ill b e ou t a s soon a s w e get en ou gh n ew  p rod u c ts ou t for a w h o le

volum e (which should be pretty soon at the rate w e're grow ingl).
#

Th ank s for add in g th is v o lu m e to y ou r tech n ica l lib ra ry . W e

. h ope it w ill b e an education to those wh o bough t it just for
re fe r en c e , an d a h an dy a id to th o s e d ea le r s a n d te ch n ic ian s w h o

>

s e e o u r p r o d u c t s th r o u g h th e i r sh o p s a 1 1 th e t i m e : o r o n ly
#

occasionally. Enloy!

*
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IE E E 6 9 6 / 5 - 1 0 0

M odu la r M i c r o c o m p u t e r B u s

A  b u s p r o v i d e s a d e f i n e d s e t o f p a th s f o r w h i c h ev e r h a p p e n s t o b e c o n t r o l l i n g t h e

d a t a , a d d r e s s , a n d c o n t r o l s i g n a l s f o r a b u s a t th e ti m e th e s ign a l is r e f e r en c ed .

s y s t e m . A d d i t i o n a l l y , p rov is ion m u s t b e

m a d e f o r p o w e r a n d a n y o th e r u t i l i t y

s i g n a l s a s y s t e m  m a y r e q u i r e . T h e I E E E

6 9 6 / S 1 00 propos ed bus s tandard prov ides 1. DATA 16 Lines
th e de f in it ion s n o te d ab ov e in add i tion to 8 D le a ta In 8 Do e a ta Ou t

d ef in in g b u s s ign a l t i m in g a n d h a n d sh a k e

conv en tion s f or DM A  dev ices . Th e stan da rd I n a n 8 b i t a p p l i c a t i o n th e D 0 l in e s a r e

a 1 s o s p e c i f i e s t h e f o r m  f a c t o r a n d u s u a l ly d r iv en b y th e b u s m a s t e r a n d th e

d im en s ion s o f th e s 1 0 0 b o a r d. (S e e D I lines are driv en by bus slav es su ch as
Appendix A , page 94). The f orm f actor of m em ory or I /0. These lines are then
th e b oa rd w h ich w a s o r ig in a l ly p r od u ced b y c o n s i d e r e d u n i d e r e c t i o n a l s in c e d a t a i s

M IT S in 1 9 7 5 h a s b e e n r e t a in e d . T b i s a l w ay s o n l y r e c e iv e d o r t r a n s m i t t e d o n

p r o v i d e s m e ch a n i c a l c o m p a t ib il i ty a m on g th o s e l i n e s b y a n y p a r t i c u l a r b o a r d ,

b o a r d s p r o d u c e d b y t h e h u n d r e d s o f m a s t e r o r s l a v e . T h i s m o d e o f d a t a

d i f f e r e n t m a n u f a c t u r e r s o f S 1 0 0 b o a r d tran s f e r is a l so u sed b y 16 b i t p ro ce sso rs

roduc ts. E lec tr ical com pa tib ili ty is n o t su ch as th e 8088 w h ich p erf orm s 8 b it da taP

as ea s i ly a s su re d . H op e f u lly th e ou tlin e t r a n s f e r s o n ly . T h i s t r a n s f e r m o d e i s

o f th e e le c tr ic a l sp ec if ica tion o f th e b u s a 1 s 0 u s e d b y p r o p e r ly d e s i g n e d 16 b i t

w il l a id th e r ead er in de sign o f n ew  S 100 C P ll'S w h e n e x ch a n g i n g d a t a w i th 8 b i t

p ro du c ts an d ev alu a t in g ex is tin g p ro du c ts. s lav es. M ic rop r o ce ssor s su ch a s th e 80 86

h av e b 0 th 8 b i t an d 16 b i t tr an sf er m od es .

In th e op in ion o f th i s w r i ter , th e sy s t e m s T h e S 1 0 0 b u s c o n t a in s p r ov i s i o n s f o r

a r ch i t e c t f o r th e S 10 0 b u s w a s n o t M IT S s i g n a l l i n g t h e b u s m a s t e r w h e t h e r a

b u t r a th er th e d esign e r o f th e In te l 80 80. P ar t icu l ar dev ice is c ap ab le o f p er f o r m in g

Th e lo g i c s ign a ls p r e s en t on th e o r ig in a l a 1 6 b i t ''w o r d 'f t r a n s f e r . I f , f o r

b u s a r e th os e o f th e 80 80. Th e 8 0 80 exam p le, an I /0 port is set up to handle
o s s e s s e s m a n y o f t h e a t t r i b u t e s o f O n l y 8 b i t 'îb y t e '' t r a n s f e r s , th e n th e 16p

earlier large machines. The f ortui tous bit mayter should have a def ault mode
resu l t o f th is f a c t , w h e th er b y ch an c e o r w h i ch p i l l p e r f o r m  1 6 b i t t r a n s f e r s i n

d e s i g n , i s a l o g i c a l s t r u c tu r e w h i ch by te se / ia l f a sh ion . Th is m ean s a sy s te m

p r ov i d e s a l m o s t a 1 1 o f th e c o n t r o l a n d O W n e r d o e s n o t h av e t o r e p l a c e a 1 1 th e 8

s t a t u s s i g n a l s r e q u i r e d f o r a n y bit memory and I/0 in a system just to use
m icrop rocessor r e g a r d l e s s o f th e s i z e o f a n e w  1 6 b i t C PU .

da ta an d a d d re s s w o rd s . Th e in f lu en c e o f

th e 8 0 8 0 h a s b e e n s o p r o f o u n d u p o n th e In 16 b i t app l ic a tion s th e D0 an d D I lin e s

d e s i g n o f l a t e r m i c r o p r oc e sso r s th a t th e a r e d r iv en b y b o th b u s m a s te rs a nd s lav e s .

I E E E 6 9 6 / S 1 0 0 b u s c a n a c c o m m o d a t e Th e 1 6 d a t a 1 i n e s o p e r a t e i n a b i -
v i r t u a l l y a n y 8 o r 1 6 b i t p r o c e s s o r . d i r e c t i on a l m o d e . I n th i s m od e th e 8 D 0

Th e r e a r e sch e m e s u n d e r con s id e ra t ion f o r l i n e s c o n t a i n th e l e a s t s i g n i f i c a n t b y t e

g e t t i n g 3 2 b i t m  a c h i n e s o n t h e b u s a n d t h e 8 D I 1 i n e s c o n t a i n t h e m  o s t

som e tim e in th e m id 8 0's . s i g n i f i c a n t b y te . W o r d p a r a l l e l d a ta

t r a n s f e r s a r e p e r f o r m e d i n th i s f a s h i o n

Th e p h y s i c a l b u s c on s i s t s o f 1 0 0 l in e s . b e tw een 16 b it m ast er s an d s lav es . 16 b i t

These w ill be considered by f unction w ith- slav es such as m em ory and I /0 shou ld
o u t r e g a r d t o a c tu a l l in e o r p i n n u m b e r s . i n c l u d e a d e f a u l t m o d e c a p a b l e o f

(See A ppendix B , page 110, f or actual p in perf orm ing by te ser ial tran sf ers w ith 8
a s s ign m en ts ) A 1 1 sign al nam es w h ich b it m asters. Th e section s on Sta tus an d
ia c lu d e re f eren ce t o sign a l d ire c tion ar e C o n t r o l s i gn a l s c on t a i n d e t a i l s ab o u t 1 6

m a d e r e l a t iv e t o th e C PU o r m a s t e r , i .e . b i t tran sf e rs. 32 b it tran sf er s cou ld b e

perm anen t m ast e r k'Ch os t p ro c e s s o r'' o r accom plish ed b etw een 16 b it dev ices by
t e m p o r a r y m a s t e r s u ch a s a D M A  d e v i c e , p e r f o r m in g 16 b it w ord se r ia l tran sf er s .

V
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2 . M m u ss 24 L in es B . s M  1 , s t a t u s O p - c o d e f e t ch  , i s
d a l o n g w i th S M E M R to i d e n t i f y a P 81

Memory 16/24 I/0 8/16 asserte w i
m e m o r y r e a d c y c l e w h e r e th e c u r r e a t b u s i

n
T h e 8 0 8 0 a n d t h e o r i g i n a l M I T s b u s m a s te r i s c a l l in g an in s t ru c ti on f r o m t t

p rov ided on ly 16 add r ess lin es . In i tla l ly m em ory . b u 1

th i s w a s c oa s i d e r e d m o r e th a n  a d e q u a t e .
W i th th e c o s t o f R A M  a s h i g h a s i t w a s , C . S IN P , s t a t u s IN p u t y i s a s s e r t e d

an d in th e v ir tu a lly ab sen ce o f sof tw ar e , Y h en ev e r th e cu r ren t b u s m a s ter is r ea d in g
s t

4K bytes were quite adequate and 8K bytes data f rom an I/0 port.

w ere h eav en ly ! Th is sta te of af f airs d id
n o t las t f o r lon g . M an y op er a tin g sy ste m s D * S O U T , s ta tu s o u T p u t , i s a s s e r t e d

t o
o w  o c c u p y m o r e t h a n 1 6 K a n d s o m e W h en ev er th e cur rea t b u s m a ster is w ri tin g

n data to an 1/0 port. CO
in terpr ete rs requ ire a m in im u m  of 64K  f or (ja

p r op e r op era tion . M u l ti u s er ap p lica tion s g o
r e q u i r e c o n s i d e r a b ly m o r e . In i tia l lv an  E * s W 0 * , s t a tu s W r i t e O u t , i s a s s e r t e d

',b k s e1e c t'' k as whenever the current bus master is writing reI / o 
s c il e m e c a 1 1 e d a n tr

dev ised to perm it 8 b it processors to data to either m em ory or 1/0.

a ccess m o re th an th e 64K w h ich th ey cou ld
d i r e c t l y a d d r e s s . T h i s s c h e m e w a s F * S IN T A . s t a t u s IN T e r r u p t A ck n o w -

r e
c u m b e r s o m e a t b e s t . T h e a dv e n t o f n e w e r l e d g e , i s a s s e r te d b y th e c u r r e n t b u s

e  

ter to in d ic a te th a t i t is p rep a r ed to a d
M PU s w i th m o r e th a n 1 6 ad d r e s s l i n e s , m a s s i

th e 80 8 8 h a s 2 0 , th e r e w a s n o n e e d S e rv i c e a n in te r r u p t r eq u e s t p r ev io u s ly
V .g . i s s u e d t o i t b y a b u s s l av e . a f
f o r b a n k  s e l e c t b u t th e b u s d i d n e e d m o r e t y

a d d r e s s l i n e s . T h e s 1 0 0 s t a n d a r d s
ittee added 8 ad dres s lin es to th e 16 G * SZLTA : statu f H aLI A ck noW l ed ge , is SU

c o m m a s s e r te d b y th e c u r r en t b u s m a s te r t o m '
a l r e a d y o n t h e b u s . T h e t e r m  I E E Ed ed ad d re ssin g no w  r efe r s to dev ice s a c k n o W l e d g e th a t a h a l t i n s t r u c t i o n  h a s r E

ex ten b e en ex e c u t e d
.  

P E
cap ab le of decod in g th e fu ll 24 b i ts o f an

a d d r e s s . T h e c a p a b i l i t y o f d i r e c t l y
ing up to 16 M egabytes of RAM should H * SXTR QA : sta tus sixteen b it da ta

a c c e s s T r a n s f e r R e q u e s t
, 

i s a s s e r t e d b y th e s t
f i l l ju s t ab ou t a n y n e ed s fo r th e c u r r e n t b u s m a s t e r to a s c e r t a in i f th e a l
f o r e s e e ab l e f u t u r e . A 1 1 n e w  d e s i g n s 1 a d d re s s e d b u s s lav e c an p e r fo r m  S 1
sh o u ld in c lu d e ex ten d ed ad d re ssin g . Cu r ren t y

16 b it (w ord) transfers. If th e request Af

I/0 addressing w ith the 8080 w as 8 lines is not acknow ledged by the slave the
rov iding for up to 256 I /0 dev ices. Th e m aster Sh ould perform byte serial data

P t d
roposed IEEE 696 contaias extended 1/0 transfers. This signal permits b0th byte

P i :
a d d r e s s in g u s in g 1 6 l in e s t o p r ov id e f o r 8 n d W o r d o r g an i z e d s l av e s t o o p e r a t e o n h j

up to 64K I /0 dev ices. I /0 addresses are the same bus. it

a s s e r te d o n th e 1 o w  o r d e r S 10 0 a d d r e s s tl
lin es . 1 . S M W , s t a tu s M e m o r y W r i t e - a n i n th

i ï
s ta t u s s i g n a l f o r w h f ch th e r e i s n o b u s

line-is def ined as sM W =(-s0W ).sW 0. T:

8

3 . s'rA 'r;s 8 L in es 01

Th e s ta tu s l in e s a r e u s e d to sp e c i fy th e 4 . Con tro l o u tpu t 5 L in es

typ e o f b u s cy cle to b e p er form ed. Statu s 5
sh ou ld b e as se r ted as e ar ly in a b us cy c le T h e c o n t r o l ou t p u t s ig n a l s e s t a b l i sh th e

a s i s p o s s ib l e . T h e f i r s t s ev en a r e 8 0 8 0 tim in g an d m ov em en t o f da ta du rin g a 11 b u s T j

o rlg ina ls ; th e la s t tw o are n ew ly defin ed c y c l e s . Th e s e f iv e a r e or ig in a l 8 0 80 m (

i n IE E E 6 9 6 . s ign a ls . H ow ev er , in  th e au th o r's op in ion b t

th e r e i s a s i x th s i g n a l , M W R T : m e m o r y u y

A . S M E M R , s t a t u s M E M o r y R e a d , i s w ri te , w h ich sh ou ld h av e b e en in c lu d ed in  t)

a sserted w h en ev er th e curr en t bu s cy cle is th i s s e c t i o n o f IE E E 6 9 6. Th i s s i gn a l is ol

a m e m o ry f e tch . c o v e r e d i n th e u t i l i t i e s s e c t i o n o f th i s m l

v i v
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s

p ap er in or d er t o m a in ta in corr e sp on d en c e A . R D Y
. R e a D x , i s th e g en e r a l r e a d ya

w i th IEEE 696. De sign ers and users sh o uld l in e f o r b u s s l av e s
.  W h e n n o t r e a d y i ss

i n c l u d e M W R T in a n y c o n s id e r a t i o n o f a s s e r t e d th e b u s m a s t e r f s 
s ta l l e d o rm t i

m in g an d c on t r o l r e l a t in g t o th e S 10 0 c au s e d t o is s u e w a i t 
s t a t e s u n t i l th eb

u s . s l av e r e m ov e s th e n o t r e a d y s i gn a l
.  I n

th i s f a sh i o n s l a v e s w i th  s l o w e r a c c e s sd
A . P SY N C : SY N c h r o n i z e , i n d i c a t e s th e t im es th an th e b

u s m a s te rs can sy n ch ro n ize
star t of ea ch b us cy cle. da ta tran sf er s w ith th o

s e m a s t e r s . R D Y i s

a n o p e n c o l l e c t o r l in e a n d sh o u l d b eB
. P STVAL W, S'ratus VAL id (an alogous term inated by an appropriate p u l l - u p o nd

to ph i 1 on th e 8 0 8 0) s ign i f ie s , in the bus perm anent master
.#

conjun ction w ith P SYN C , that status an d
a d d r e s s a r e s ta b le o a th e b u s an d r e a d y B

.  XR D Y , e x t e r n a l R e a D Y , i s f u n c t i o n -
f o r u s e . P r o p e r a s s e r t i o n o f P ST VA L a l l y r e d u n d a n t 

w i t h R D Y . X R D Y i sd
r e q u i r e s th a t th e r e b e o n ly o n e n e g a t iv e s p e c i f i e d a s a t o t e m  p o l e d r ï

v e n l ï n e s otr
an s it ion  on  P ST VAL du r in g P SYN C . i t c a n n o t b e u s e d b y m o r e th

a n o n e d ev i c e
w i th ou t con f l ic t. X RD Y sh ou ld n o t b e use d

C . P D B IN , D a ta B u s IN , i s th e g en e r a l in n ew  de sign s
.  R D Y w a s f o rm erly u s ed on

r ea d s t ro b e w h i ch g a t e s d a ta f r o m  an th e f r o n t p a n e l s o f f i
r m s w h i ch a r e n o ws

ad d r e s s e d s l av e o n to th e b u s . A d d r e s s d e f u n c t
.  T h e l in e w a s n o t d e l e t e d a t th eo

sign a l s m u s t b e h eld stab le b ef o re
, during tim e IEEE 696 w as orig in a ted b ecause the reF

an d a f te r a s s e r t i o n o f P D B IN . D a t a f r o m  w e r e s t i l l a s i gn i f i
c a n t n u m b e r o f th e s eth

e s l a v e m u s t b e s t a b l e o n th e b u s f r o n t p a n e l s in u s e
.  T h e X R D Y l ï n e i s a

su f f ic i en tly p r io r to th e en d of PDB IN to can d ida te f o r f u tu re r e
a s s ig n m en t.

m  e e t t h e r e a d d a t a a c c e s s t i m  e

r e q u i r e m e n t s o f th e m a s t e r a s s e r t i n g C . IN T W
, IN T e r r u p t : i s a n o p e n c o l -

PDB IN . lec to r g en eral in t e r r u p t s
erv tce reques t

l in e . T h e IN T A l in e i s o f t e a u s e d w i th a
D . p W R * : W R i te , is th e g en e ra l w r ite sl av e d ev ice w h ich serv i

ces th e 8 v ectored
s trob e w h ich ga te s da ta f ro m  th e b u s in to in t e r r u p t l in e s d e f in

e d in s e c t i o n 7 .5
an a d d r e s s e d s l av e . D a t a a n d a d d r e s s In terrup t re qu e s ts a re a sse r ted 

on  IN T A a s
sign a l s m u s t b e h e ld s tab le b e f o re

, du r in g a l ev e l a n d w h en a c c e p t e d b y th e b u s
an d a fter asser tion  o f pW R * . m a s t e r i t w i l l a

ck n o w l e d g e w i th S I N T A .:
IN T W m a y b e m a sk e d b y in t e r n a l s o f t w a r e

E . P H L D A , H OL D A ck n o w l e d g e , i s a s s e r - op era tion s on th e b u s m a ster
.

t e d b y t h e p e r m a n e n t b u s m a s t e r t o 
E!

in d i c a t e t o th e t e m p o r a ry m a s t e r w i th D. N M I*
, N on M askab le In terrup t y is An :h i

gh e st p r io r i ty tha t th e p e r m an en t m as te r op en co l le c t
o r i n t e r r u p t s e r v i c e r e q u e s t

i s r e lin qu i sh in g con tt ol of th e b u s . N o te l in e w h i ch  can n o t b e m a
sk ed o f b y th e b u s

th a t o n ly th e p e r m an e n t b u s m a s t e r c an m a s t e r
.  N M I W i s a s s e r t e d a s a n e g a t iv e '

is su e P H L D A . t r a n s i t i o n o n th e l in e a
n d n e e d n o t b e E

ack now ledged b y a S IN T A cy c l e .
Tim ing diag ram s of typ ica l bus m aste rs

, a n

8 b it Z 80 and a 16 b it 808 8, are c on tain e d E . H 0 L D *
, H O L D r e q u e s t , i s a n o p e n

oa pa ge s 232 an d 233 of th is m anu al. c o l l e c to r l in e u s e d b y t e m
p o r a r y b u s

m a s t e r s t o r e q u e s t c o n t r o l o f th e b u s .

HOLD W m ay b e softw are m ask ab le by th e Ho st5
.  C on trol Iupu t 6 L fnes P r o c e s s o r

.  H O L D A i s a c k n o w l e d g e d b y a n E!

S H L T A  c y c l e . H o l d r e q u e s t s a l w a y s ta k e E T h
e c o n t r o l in p u t s i g n a l s p r ov i d e th e p r io r i t

y over interrupt requests. (See 7) : b which bus slaves m ay 
sy n ch ron i ze 

I

m ean s y
' b s m as ters w f th th e tim fng r

e qu i re m en ts F. SIr N * SIXT e eN ack now le dge
, 

i s a n ju 
, u n i q u e t o th e s l av e s

.  T h e y a l s o p r ov i d e o p e n c o l l e c t o r s ig n a l l i
n e u s e d b y b u s : th e m ean s f or s lav

es to request interrupt s lav es to resp ond to SXTR QA th at 16 b it 
!' 

b s da ta tran sf er s a r e p o ss ib l e
.  

A n  ab sen t or Eor h o ld op era t ion s f rom  th e p e rm an en t u
 

Am aster . d e l ay e d S I XT N sh o
u l d c a u s e a b u s m a s t e r

M i i



t o d e f a u l t to b y t e s e r i a l d a t a t r a n s f e r Pr o ces so r g ran ts th e r equ e st b y a sser tin g

mode. PHLDA. Only the permanent bus master/Host
P r o c e s s o r m ay a s s e r t P H L D A . N E ST E D D M A

O P E R A T IO N S A R E N 0 T P E R M IT T E D 0 N T H E S 10 0

6. DM A  Cou tro l 8 liu es B PS. The tem pora ry m as ter w ill con tin ue
t o a s s e r t H O L D A u n t i l i t r e l in q u i s h e s

D M  A c o n t r o l i s p r o b a b l y t h e l e a s t c o n tr o l of th e b u s t o th e H o s t P r o c e s s o r .
u n d e r s t o o d aa d m o s t m a l i g n e d p a r t o f U P O n r e c e i p t o f th e b u s g r a n t : P H L D A , th e

IEEE/SIOO specsm an sh ip around. W e1l temporary master asserts ADSBA, SDSBA and
sp o rts fan s I'm  sure th a t som e o f y ou h av e DOD SB A w h ile en ab ling i ts con trol ou tp u ts a

Hs k in n i n k n iv e s 'f o u t b y n o w  a n d a s Sh O W a b e lo w . OA

g o t y o u r

the rest of you poor souls who have worked j
y o u r w a y th r o u g h m y s t i l t e d p r o s e a r e slc lA t  ts G lc STA T E !

just w aiting to get ia your shots. First:
1 e t m e a s s u r e y o u th a t s u c c e s s f u l D M A  p syx c F a lse

design an d ope ra tion are no m ore d ifficu lt p sT vAL * Fa lse

th an p lay in g pok er w ith som e o f th e loca l pog lu F atse

fa una o u t h e re a round S fl fc on G u lch . So m e p w R w F a lse

o f t h e c a r d s h a r k s i n t h e c o m p u t e r p HL o A  T ru e

b u s in e s s m a k e t b e V e g a s k i d s l o o k  l ik e
s l o w  t h i r d g r a d e r s l S o , w h a t 's th e T h e c o n t r o l s ig n a l o u tp u t s f r o m  b 0 th th e

s e c r e t ? F ir s t , y ou g o tta k n o w  th e ru les : H o s t P r o c e s s o r a n d th e t e m p o r a r y m a s t e r

C O L D . S e c on d , y o u g o t t a k n o w  th e o d d s : sh ou ld m a tch  w ith  b o th dr iv in g th e b u s .

e r , I m e a n p r i o r i t i e s . T h i r d , y o u m u s t
h av e g o o d t i m in g ; ev e r tr y t o ru n a b l u f f Th e t r an s f e r b e t w e e n H o s t P r o c e s s o r an d

on ly t o b e m u r d e r e d b e c a u s e y o u r t i m i n g t e m p o r a r y m a s t e r i s c o m p l e t ed b y th e B
b d ? Proper tim in g in DM A ope ra tion t e m p o r a r y m a s t e r a s s e r ti n g C D SB W a n d B

w a s  a

is c ri t i c a l . e n a b l in g i t s a d d r e s s , d a ta a n d s ta t u s

o u t p u t s . N o t e t h e i m p o r t a n c e o f 6.

A. DM A OA , DM A IA, DM A 2* , DM A 3*, D irec t ov e r la p p in g d r iv e on th e co n t r o l b u s . 1

M e m o r y A c c e s s , 0 th r o u g h 3 a r e o p e n P S YN C an d P D B IN a r e a c t iv e h ig h s i g n a l s . d

c o l l e c t o r l in e s w h i ch c a r r y th e en c o d e d I f th e c o n t r o l s i gn a l s w e r e a l l o w e d t o bd
p r i o r i t i e s o f u p t o 16 t e m p o r a r y b u s f l o a t f o r a f e w  n a n o s e c o n d s d u r i n g 11

S

m as ter s. Th e p r io r itie s a sser ted on th e se tr a n s f e r , o n e o r m o r e d ev i c e s on th e b u s tt

lines are used to simultaneously arbitrate could see the slice (w e are dealing w ith sd
requests for bus control. r ea s on ab ly fa s t l og i c ) a n d ca u s e an :.

u n w a n t e d r e a c t i o n . U n w an te d r ea c tion  is a
B . A D SB W A d d r e s s D i sa B le ; DO D SB A , sp e lled CRA SH or , w or se yet , som e th in g so S1

#D a t a 0 u t D i sa B l e ; S D S B * S t a tu s D i s a B l e sub tle th a t i t d oe s n o t app e ar un ti l m an y B1
' w L

a n d C D SB W , C o n t r o l D i S a B 1 e ; a r e o p e n l i n e s o f c o d e h a v e b e e n e x e c u t e d . T h e 14

c o l l e c t o t D M A  c on t r o l l in e s a s s e r t e d b y c on t r o t l in e s m u s t n o t b e a l l o w e d to 11

t e m p o r a r y b u s m a s t e r s t o d i s a b l e th e f loa t. P er f o rm ing tran s f er o f con tr ol as Ct
a l

add ress , da ta , s ta tu s and con tro l sign als d e s c r ib ed ab ov e in s u r e s th a t th e c on t r o l
s l

o f th e p e r m a n e n t b u s m a s t e r / H o s t lines w ill not f loat. 1he temporary w)
Processor . 1, . .tc ,-- k-v -.atlzdrt 7 m a s te r n o w h a s c on t ro l o f th e b u s . IE E E tl

!&. #f:' t' %*e  ûv'u 0 - K- ' - j.696/5100 imposes no limit to the number of :
A

DM A ope ra tton s ar e con tr olled by th e 8 D M < bus cy c les a tem p orary m aster m ay perf o rm z:

control lines w orking in conlunction w ith bef ore return ing control to th e H ost 'D
H O L D A a n d P H L DA . A t e m p o r a r y m a s t e r P ro c ess o r. Th is p rov id es m uch f lex ib l l ity

b eg in s a D M A cy cle b y a sse r tin g H OL D A . l t f o r s o f tw a r e s y s t e m  d e s i gn . 'rr an s f e r o f

m a y d o s o O N L Y w h e n H O L D A a n d P H L D A  a r e s y s t e m c o n t r o l f r o m H o s t P r o c e s s o r t o

n o t tru e on th e b u s. N o tem p orary m a s ter tem p o rary m a s ter is ca lled tr an s f er s ta te

m a y r e q u e s t c o n t r o l w h e n th e p e r m a n e n t on e y X S 1 . T r an s f e r o f sy s t e m  c o n t r o l

m a s t e r i s n o t i n c o n t r o l o f th e b u s . W e f ro m  te m p o r a r y m a s te r to H o s t P ro c e s so r is

sh a l l assu m e th a t th i s HOL D r equ e s t is th e c a l l e d t r a n s f e r s t a t e t w o , X S I I .

o n l y o n e p r e s e n t o n th e b u s . 'rh e H o s t P e r f o r m in g th e step s d e scr ib ed f or KS I in
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B O A R D !
< @ - >. * @ @ @r 5 : o . ...-HO LE B x ApDREs-BP 50 (COM PONEN T S IDE )

pe lsr s aploo (BoAan BAcK slnul/h slxc !t:::::t
- - P INS 1.1::11.

I I I I 1 I 1 I

d ' GPGPGPGP' I

BP 1 (COM PON EN T S IDE ) & G XG ROUN D P=PU LLUP
. e

d Bp5l (soAqo BAcK slns) DIACEAK 1 
-L

'

CAks
ASSEM B LY IN ST RUC T IO N S O

% @
1) Flrst solder ln a11 sockets 2) Insert a11 2102 ICs 3) Insert bypass capacltors between 2102s as lndzcated ln

% * dzagram 1
.  P lease note . ln ou r exp erlence , som e o f the .0 1 bypass cap s a re no t qu lte th ln enough to fzt com fo rtab ly

'

. 0 between the 2102s Should you come across a capacitor ltke thls , put lt aside and use lt elsewhere on the board . 4)
Install other ICs and other bypass caps as Indlcated in dlagram 1. 5) lnstall LM340/5s on board , uslng slllcone heat

. 3 tt o
vertzghtenslnk grease betw een the slnk szde of the LM 340 and the board Fasgen tlgh t w lth a nut and bo lt , but don

LS to prevent eracktng the board 6) Rount and solder capacAtors
, observlng polarlty as indlcated . 7) Mount and

'

.h  solder reslstors . 8) Solder wlrewrap plns (optlonal) lnto board addresslng holes (see dlagram 1).

. n  KA IT ST AT E # IR ING : Thzs board zs deszgned to work wlth 0 walt states at 25@C . To operate board ln thls manner s add

s a Jumper from hole Hwaltf' to hole 9'0'6 and remove the 74175 (saves about 45 ma of current draln) For longer walt
'  

tates re-lnsert the 74 175 and add a Jumper from hole 'fwalt'f to the other approprlate-numbered ho leS ,
I O

BQARD ADDRE SS ING P IN $ 1 RING ' Thls determlnes wbzch one of 16 posszble blocks of addressable memory thzs board(y 
jz ys thewl11 occupy . The four plns (12, 13, 14, 1S) represent a 4 bzt blnary number that selects the block, pin

22  least slgn lflcan t b lt
, p ln 15 Is the MS B For examp le , to se lect the flrst b lock use th e b lnary numb e r 0000 , conn ect -

'

. o lng plns 12 , 13, 14 , and IS to OG'' or ground plns To select the second b lock (bytes 4096 to 8091), ground pln 12 wh lle
connect ln g p ln s 13 , 14 , and IS to ''P'' o r pu ll-up . If you w an t to se lect th e last b lo ck o f 4096 bytes , p ln s 12 , 13 , 14ts

and 15 go t o ''P''
1 1

SPEC IAL NOTE T0 ALTA I 9 OSNERS I PCC (People ' s Computer Company) has suggested a modzflcatzon to the Altalr 8800'Y 
READY slgna l Is d lsconn ec ted and reconn ected to XRDY . lf you r A lta lr h as b een ch anged znwhere zn zts con tro l p ane l

'

,E thls manner, then you need to do the fo llowxng thzngs

pf 1) Lookzng at the board from the component szde, cut the trace between BP3 and the fzrst hole a.t meets at polnt ''X'' as
zllu st rated ln d lagram 1

IZ 2) Connect a ) umper f ro* ho le ''A'f to hole 'f B'f 
.

. t D IA GRA M 2 S H O M S H 0 * T O P L U G T H E G O D B O UT #E M O RY B OA R D IN T O Y O U R A LT A IR
.

'

.y BAC K S ID E 
wif cjr gcARn 
eyugg ccMpcNENy s IDE OF$ 
k>œ- RD0 .J G O D B O UT M EM O R Y B 0 A

@ $ rl- *'
. e > Y - ED G E CO NN ECTO R
1 o  ..r,IR .

. .
. .

. .  
j 1.' AL
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'
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' i: 2lA6qAK 2ASSEHBLY INSTRUCTIONS---GODBOUT EROH BOARD 
- -  - - - -  -

Th is board may be conf lgured as a 2K by 8 , RK by 8 , o r 8K by 8 EROH modu le , capable of ho ld lng your favo rlte so ftware---

assembler/ed lto r o r whatever In conlunc tlon w lth our pre-programmed ER0Hs, th ls board makes an Idea l assemb le r/ed lto r
fo r the 8080 m lcroprocesso r In the (K by 8 conflguratlon

AAAASSEMBLY 1) F'Irst solder in a11 scckets 2) lnstall heat slnk Into place on clrcult board, and attach *1th two
screws Do not overtlgbten screws to prevent crackln: tbe clrcult board 3) lnstall regulators on top of the beat
slnk , us lng s lltcone grease Note that a m lca Insulato r lnstalls under tbe L:32OT/-12 , also no te that the LN3%0T/5 may
be ho u se num be re d a s S L00 100 A sa ln , a tta c h w lth two sc rew s

, do not overtlghten screws i) Mount and solder tbe diode,
3 3K reslstor, and 1 2 uf capacltors 5) Hount and solder the 01 uf bypass capacltors 6) observln: polarlty, mount
& solder the 100 uf electrolytlcs 7) Solder wlrewrap pins (optlonal) Into the holes for PAGE SELECT and WAIT 8) Look
o ve r yo ur wo rk , no t lng the po la r lty o f the e lec tro ly t lc ca pac lto rs and the d lo de Chec k fo r so lde r b r ldge s o r sho rts

9) Plug in the non-ER0H ICs (a11 ICs except 520ls)
A*œ PLUGG ING IN EROHS The EROHS sbou ld be hand led as lltt le a s po ss lb le and sho u ld be sto red ln co nduc t lve foam

.  P lug-
g lng In a 24 p In lC # howeve r, requ lres a b It o f carefu l handllng to avo ld bend lng o r othe rw lse damag lng the p îns We

reco>nend llnlng up one slde of the EROH wltb the socket holes (whlle holdlng the EROH over the socket), then runnlng
yo u r th um bna ll a lo ng the o the r s lde un t ll tbe E RO M p lns l lne up w lth the so c ke t ho le s

.  If nece ssa ry , do tb ds fo r bo th
s ldes o f tbe EROH W hen the EROH p lns a re llned up w lth the sod ke t ho les

, pusb the EROH In---a ll p lns a t the same t lme .
tf LThe 2K vers pon comes w lth % EROHS , w h lch may go Into any % socke ts on the boa rd , w hether yo u want them In the upper

block of memory , the lower b lock , o r scattered Is up to you P lugs lng în th ls boa rd con nlts 8K o f address The RK
verslon comes w lth 0 ER0Hs, wh jch s lm llarly may be placed In any 8 EROH sockets Tbe 8K vers lon comes w lth 16 ER0Hs

,

wh ich ftll up a 1l tqe sockets The 8080 assemble r/ed ttor board comes w lth 8 ERGHS , 7 of wh lch are dedicated to the

software These ER0Hs have numbers on the top (8 through 14), and must go Into the matcblng numbered sockets on the EROH
boa rd Tbe 8th EROM Is sh lpped unprogrammed , ln case you want to add custom EROR Info rmat don to the so ftware

.

eA LPAGE SELECT Th ls boa rd may occupy any one o f 8 pages o f memo ry , add a J umpe r from PAGE SELSCT to the approp rla te

number page For tbe 8080 assemble r/ed lto r so ftware boa rd , the Jumper must connec t to page 7

'LAAWA IT STATE SELECT ION S lnce ed lto r/assemb le rs are Intrlns lca lly I/0 bound , th ls board was des lgned to sacrlflce
speed somew ha t to ga ln s lgn lflcant powe r sav lngs At 250C th ls boa rd shou ld wo rk w ltb 2 wa lt sta tes , lt ls gua ranteed

to wo rk * 1th 3 wa lt states ove r the no rma l tempe rature range To se lect the des lred wa lt state , add a Jumpe r from KA IT
to the app rop r la te numbe r Sho u ld yo u de s lre a faste r boa rd , lt Is po ss lb le to ach leve 1 wa lt sta te ope ra t lo n by fo llow -

lng dlrectlons (glven elsewhere on thls sheet) on modlfylng your board The penalty ls an lncrease In power consumptlon
AAASPECIAL NOTE T0 ALTAIR OQNERS PCC (People's Computer Company) has suggested a modlflcatlon to the Altalr 8800 whereln
Its cont ro l pane l REA DY s lgna l Is d lsconnec ted and reconnec ted to XRDY If yo u r A lta lr has been changed In th ls manne r

,

then yo u need to do the fo llow lng re fe rr lng to d las ram 1, c ut the trace be tw een ho le k and ho le X , tben , add a Jumpe r
be tw een ho le Y and ho le Z D lag ram 2 show s how to p lug the Godbo u t EROA boa rd rn to yo u r â lta sr

The d lagram on the le ft show s the component
, 

a . . g . . . , . . . de of the EROH board By cuttlng tracesz . Sl
* at the polnts marked (X), and addlng the

. Jum pe rs sbow n w lth do tted l lnes , It ls po s-

* s lble to ach leve one wa lt state at 25*C ,@
. . . . . . and a qua ran teed 2 wa lt sta tes Bea r ln

. @ xl -  > -  * *

-  . -  

-  *  

m lnd , tbo ugh , tha t runn lng a t the fa ste r

. . .. speed adds approx lma te ly 22 ma pe r 520% on
the boa rd fo r a sav lngs o f approx lma te ly

. l 11 .1 aoa as jn terms of tlme% ). .'
u  
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K NOT E lns ta ll .0 1 u f bypa ss ca pac lto rs a t po in ts ma rke d w itb the sym bo l 12
. 7 è Address select
/j @*@*@@*@39 ! 5: obm 1 23 kAB c n
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#33 #3A #35 #36 #33 #38 #39 ##n #111 li2

dlode Tp4 BP1 (component side) s BP50 (component side) &
BP51 (Board back side) BP100 (Board back side)

: *

%# %
A SSEM BLY INSTRUCT IONS

**PRELIM INARIES First , check off the parts zn your k1t agaznst the parts shown on the component layout to famzlzarzze your-

self wlth the varzous components Note that the rounded ends of the 39 uf tantalum capacztors are the (+) ends
* *SO LDE RING . Use a fzne tzp so lderzng lron , rated at about 25 w atts U se on ly ros ln core so ld er , u slng any oth er type o f

so lder znva lldates th e w arran tee So lder every p zn o f every socket

**O RDE R O F ASSEM BLY

1 Mount th e so ckets and so lder th em To p reven t the sockets from fa llzng out as y ou tu rn th e board ove r to so lder , put

a p zece o f ca rdboard over the top o f the sock ets , and tu rn the board over wh z le ho ld zng th e cardb oard agaln A  the soc-

kets to keep th em ln p lace

2 Solder the optional DIP switch Into the address select part of the board (the DIP swztch mountb as zf it were an IC)
3 Che ck TP 1 by takzng a V0M and settln g it to zts h zgh est resistance sca le , then connect one p robe to ground and one

prob e to TP I. The readzng should read zn flnzte ohms or very c lose to zt If not , check for so lder brzdges or a pos-

sable (but not very probable) board short
4 . Fo llow th zs same te st pro cedure fo r TP2 , T P5 , and TP4

5 Put zn a l1 capacitors , notlng th e po larzty of th e tan ta lum types

6 Check TP 1 through TP4 agaln , but thzs tlme w:th the VoM set on lts low est ohms range There shou ld be a ''klck'' on the

meter wk ile th e capacltors charge , and then the readlngs shou ld drlft up to a much h zgher settzng .

7. Install the 5 resistors and the two dlodes (observe polarlty)
8 Mount the LM540T/5 regulators on the board , uslng szlzcone grease between the sznk slde of the LM540T and the board

Fasten t ight w ith a nut an d bo lt , bu t don 't ove rtlgh ten to p revent cracklng th e board Th zs comp letes assemb ly

**ADDRESS SELECT Thzs memory board can occupy 1) any of four 16K blocks zn your machlne, and 2) any 4: block wzthzn that
16K Connectln g add ress se lect ho le A to any on e of th e Y ho les se le cts th e flrst 16 K o f m emory , B Jum pered to Y se lects

th e second 16K o f mem ory , C J umpered to Y selects the th lrd 16K o f mem ory , D Jump ered to Y se lects th e fourth 16K o f memo-

ry S lm zlar ly , ho le 1 Jumpered to any ho le x se lects the flrst 4K o f the 16K b lock p rev lously se lected , ho le 2 lumpered to

to ho le X selects the second 4K b lock , hole 3 Jumpered to ho le X se lects the 3rd 4 K b lo ck
, ho le 4 Jumpe red to X se lects th e

fourth 4K b lo ck Th zs lump erzng may b e zmp lemented w zth w zre Jumpers o r a D IP sw ltch

WE HOPE Y0U ESJOY A SSEM BLING AND US ING HECONO RXW ' AND ENJOY GETT IN G FEEDBACK FROM USERS 0N IT S OPERAT ION AND APPL IE AT ION

@

Plug ECONORAH into your ALTAIR, IHSAI,@
Polymorphlc, etc computer so that QA
the com po ne n t s lde o f the boa rd face s

txethe same dîrectlon as the component
.@j1kKtt ra3nRrMlT ELECTROX S sides of any other boards pluqged into

RrA  2355, C>NKLA N D A R PCA I CA  9461: Tcrocomputer systemyour m
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First, check off your parts against the parts 11st. (1) double-sided printed clrcuzt board, (7) 59 uF tantalum capacztors
(please note the positzve end is rounded, the negative end Is flatla (1) 01 dlsc ceramlc capacltor, (52) 2112 statxc R&M
Icsy (1) 74L5138 (thts IC nay be numbered dzfferentty y but don't get eonfused . It's the only 1* pIn IC wkth your kzt that
zs not a 2112). and (1) 74L154 (the IC In a 24 p1n package).

. ASSEMBLY HINTS' Use a fine tzp soldering Iron, rated at about 25 watts Pse ONLY rosin core solder, uszng any other typey2ITg
of solder (such as aczd core or silver solder) znvalldates the warantee. Solder every pzn of every socket.

ORDER OF ASSEMBLY ' 1) Solder In the 7 tantalum capacltors. OBSERVE P0 LARITY, as Indlcated on the board and the component
layout diagram . Failure to do so wi1l make any power supply most unhappy . 2) Solder In a11 IC sockets. 5) Solder In the
01 disc ceramlc capacztor. 4) Check your work carefully, observlng whether there are any solder bridges, cold Jolnts.
or other potentzal problems. If youfre satisfled wlth your work, plug in a11 1Cs (using MOS handltng technzques on the
2112 ICs), now you fre ready to set the BANK and PAGE select.

BANK SELECT PROCEDURE This memory b oard may be con figured In th e upp er or lower 32 kbytes o f memory vIa BANK SE LECT .

To se lect the low er 52K , Jumper ho le L0 to ho le B , and Jumper ho le HI to ho le C . To select the upp er 32K , Jumper h ole L0

to hole A , and iumper ho le H I to h ole B .

PAGE SELECT PROCEDURE Th ls memory bo ard can occupy any one of elght 4 kbyte b locks w ith ln th e 52k o f mem ory speclfzed

under BAN K SE LECT Jumperlng from th e ho le labe lled PAGE SELECT to ho le 0 selects th e low est 4K b lock , Jumperlng to ho le

1 selects the second low est 4K b lock ; and so on .. until Jumper lng to ho le 7 se lect s the high est 4K b lock .

EDGE CONNECTOR HOLES The NAKED RkM fs connectlons to the outszde world are a11 numbered (see logic print overleaf). These
numb e rs correspon d to ho les In th e ED GE CONNECTO R HO LES area . You may elth er u se a comm er lca lly av ai lab le h eader-conn ector

comb in at lon , o r h ard w lre the ho les In to y ou r sys tem y ou rs e lf . Th e numb er lng schem e o f th e ho les Is as fo llows as sh own

In th e component layout dlagram , h ole 1 zs In the bottom rlght-hand corner . The row counts upw ard , In odd znteger Incre-

ments (1 .3 .5 7 9 .11. 13 .15 etc ) until hole 59, whlch is ln the extreme bottom left-hand corner Slmzlarly, hole
2 is In the upper right hand corner, the holes In the upper row count upward, In even Integer increments (2..4..6..8..etc)
untzl hole 40 , wh lch ls In th e extreme top le ft .

Should you wlsh to use a commerclally avallable header/connector combznatzon (whlch we recommend), here are the detazls
The part that solders lnto the board Is called the header. Thzs plugs into a socket connector (whzch some companzes call
a transitzon connector). The socket connector connects to other socket connectors vla a length of multlconductor flat
cab le Fo llow zng is a partlal list o f supp llers for th ese products , an d any sp ecial notes -

AP PRODUCTS (Box 110, 72 Corwln Drzve, Palnesville, OH 44077) They make a 40 pIn header, Part # 922585-40. They also

sell a socket connector/multiconductor cable/socket connector combinatzon as one molded unit, part #922521-40-X, where X) 
Is th e len gth o f th e cab le zh Inch es

+ j ELECTRONIC PRODPCTS DIVISION, 3M COMPANY (5M center, St Paul, Mlnnesota S5101) makes a header, part #5452-1002. You
-  j wzll also need two socket connectors, #5417-0000, as well as a length of cable, #5365/40 The two socket connectors

press #At tlgh tly onto th e cab le .

XNSLEY ELECTRONICS CORPORATION (3208 Humboldt St , Los Angeles, CA 90051) makes the same type of products The header
ls part #609-400 2M , th e trans zt lon conn ector is #6 09 -4000M , an d th elr cab le num b er ls # 17 1-40

WE HOPE YOU ENJQY U S IN G AND ASSEM B LIN G YO U R ''N XKED RAW ' K1T . W E ARE IHTERE STED IN ANY CQMM ENT S QR CRIT IC ISM S YOU M AY

HAVE 0N 0UR PRO DUCT S AND ENJOY GETT IN G FE EDBA CK FROM USE RS
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I
G

M b Th às boa rd accomodate s 8K worth P A R T S L I S T E L E C T R O N I C 1 T E M SORPER O F AS SEM BLY Read th ese Anst ructzon s care fu lly take your t lme and don t ru s

o f mem ory , tf you h ave o rde red the 4x ve rs zon zt may be expanded to a fu ll SK at a later date by add zng mo re pa rts
D b ts lzst to famtlzarzze yourself wzth the vartous com Rl 22 2 7K reslstor (red/vtolet/red)PRELIHISARIES check 

o ff th e part s zn your k 1t agazn st t e par
A h (+) ends C1 03 59 uF # l0& tantalum capacztorponent s No te th at th e round ed end s o f the 59 u y tan ta lum capac ztors are t e
T 1 Core Solder uszng any ether 62 C4* 19 uF # !0& tanKalum capacxtorSOLDERING :se a fzne tzp solderzng tron rated at about 25 Natts Use on y roszn

k to reduce C5 C50** t) 05 uF green dtsc ueramzc capacztorA type o f so lder in va lldates the w arran ty So lder every p zn o f every so cket T hls bo ard u ses a so lder *as
h le solder rng IC 1 IC2 74 L5 159 dua l % to 4 llne decoder/deeu ltthe ch ances o f br zd ges and so ld er shorts b e sp ar tn g w zth y ou r so lder and h eat both the lead and pad w z

Ic 5 74 :1 125 qu ad tr : state non tnve rt tn g bu ffe r

(1) Mount reszstors R1 and R2 then solder and renove excess lead lengths 1C4 415 109 dual JK fllp flop w/ prese: 4 clear
(2) Mount the seckets for support 1cs (Ic1 Ic11) and solder them To prevent the sockets from falllng out as you JC5 74 LS00 quad 2 lnput NYNU gate

turn the board over to so lder pu t a p xece o f card board ov er the top o f th e soc kets an d turn the bo ard over 1c6 74 L5 74 dua l D po s ed ge tr lggered f ltp flop

wh zle ho ld tng the cardboard agaznst tNe sockets to keep them zn p lace lc 7 74 LsJ2 quad % lnpuz 9: gate

(3) Mount and solder the 64 rematring 16 p1n sockets (NOTE In the 4K verszon only 52 sockets wl11 be left Hount 1C8 ICIO 81 L595 octal trl state non Anvertlng bu ffer
anu solder them zn rows A# A1 *2 and A3 leavlng rows B: Bl 82 and 83 unpoyulated ) ICII 81L596 octal trz state tnvertlng buffer

(4) Mount and solder cl c4 observe polarzty (NcrE In the 4K versxon omzt c2 and c4) ICIO LM540/5T (7805) 5V regulator (T0 220 pack)
(s) Mount and solder a)l other capacitors An place (NOTE ln the 4K verszon do not solder capacltors znto loca ICla* % 1540/ST (780:) 5V regulator (TO 220 pack)

tzons c9 , clo. c1s c16. c20 c2l C25 and c26 ) IC14 1*45 210. Ll IK statlc low Power R#M (450 ns1

dzng by attachzng an ohmmeter across c3+c4 A readlng of 0 ohms lndlcates a 1C46 IL77* 2102 11 IK statlc low power RAM (4S0 ns)(6) check for solder shorts before procee

prob lem check you r work over tf th zs Is the case enot knc luded zn 4K boa rd

(7) Mount the regulators (!c12 $ Ic13) on to the board by pushtng thezr leads znto the deszgnated holes on the board **c9 10 1% 16 20 21 9% 76 not lnuluded ln 4K board
then bend them over on top o f th e h eat s znk s a s shown zn ftgu re 1 A lth ough not requ tred add lng som e s lllcon e

h eat s lnk comp oun d between the regu lator and heat sznk lmp roves th e ef flc len cy o f the heat s kn k Bo lt P A R T S L I S T M E C H A N I C A L I T E M S

the regulator/heat slnk coxbinatlons znto place uszng ehe hardeare provkded (NOTE fn ehe 4 K yerszon IC1a
along with assoczated hardware/heat sink ls not requlred ) Flnally solder the regulator leads (2) Sllde swltches SPDT

(8) To check the card and regulators plug thls board znto your system Measure the voltages acrohq C3 + C; (NOTF c4 (2)* DIP swztches 8 posltlon
not lncluded on 4K board) wlth an ohmmete, lf you obtaln readzngs other than 5: +5% recheuk your work (2)* Heat stnks 'THN 60*0

(9) Orzent the board wlth the component szde factng you and the edae connector pozntlng down solder the two slzde (l) Pc board :114*
swltches znto place zn the upper left hand corner of the board (4) Socket IC 14 pln 1ow profzle

u (10) Solder the t*o D1P swztches lnto place makyng sure that the numbers on the DIP swltches correspond wzth the num (67)** Socket IC 16 ptn 1ow proflle
bers screened on the board (NOTE ln the 4K verslon DIP swltch B zs not used ) (4) Socket IC 20 pzn 1ow ptoflle0 

yrzculty once (23* screws 6 52 x 5/1:(11) Carefully check your solder connectlons for brzdges cold Joznts or other potentkal causes of dlV 
h our work plug zn the varzous ICs as shown on the component layout dlagram Th ks completes as (.)* Mex nuts 6 32 : bI4satâsfted wtt y

sembly of your untt (2)* Lockwashers #6
D .(j) xncjuded rs 4: boa nd l::kA 

SETTING THE DIP SWITCHES The ICs contalned zn rows A# A3 forp a 4K block of memory deszgnated Block & The ICs # v y**(55) tnuluded Tn 4K board
T contazned zn rows B# b5 fo rm another 4K block of memory deslgnated Block B Ezther block may be con flgured any .
A where In the 64K range dzrectly addressable by your computer v1a settlng the approprzate DIP swltch swztch A corres

ponds to block A switch B corresponds to block B On b0th swltches the four rzght hand toggles (5 8) choose one of
4 16K blocks the left hand toggle swztches (1 4) choose a 4K block wtthzn the chosen 16K block Table l shows whzch screw
togg les must be ON in order to se lect the des kred b lo ck of m em o ry No te tw o po lnt s o f znte rest un ltke som e o the r a r

memory boa rds b locks A $ B need not be con fzgured next to each other Add ztzona lly hav lng a l1 sw ltches ln the 0 FF regu lator T A B LE * 1

posatzon makes lt imposstble to ezther read from or wrzte znto the nemory Thls can be useful z f you want to have two t
b lock s o f mem ory occupy lng the same space and need to d zsab le one o r the oth er as the need ar tses l . slst 4K

SETT ING THE S LIDE SW ITCH ES Q rlent the board w 1th the compon en t s zd e fac ln g y ou and th e ed ge conneuto r po lnt ln g down nd 4*

The rlgh' hand sllde s-zrch should normazly be zn the UP posltlon (0 walt states) For machznes ustng the . 80 pro we ard 4K ' * >1 
e  4xh 4K 4 * %c

essot dr lven by a 4 MR z c lock 1 wa zt state ts requ lred In th zs tn stance sllde the qw ktch in to the DoWN po slt lon
le ft h and sw ltch ls :h e w r lte strobe se lect sw ztch For mo st con ven t lon a l sy stems emp loy lng a fron t pane l th zs 3th 4k l * tn e

sw itch shou ld b e ln the UP po svt lon w h lch se lects HKR IT E a s the w r lte st robe lf you have a sy stem w lth no fron t tth 4* * b

panel (and therefore no MFRITE szgnal) the swltch should be ln the D@KN posztlon whlch selects PWF as the wrlte strebe mnxw hea' th IK * t
ln k @th 3k 1 * t

VECTOR INTERRUPT OPTION Thzs board has provzslons to provlde your %ystem wlth a vectored ànterrupt (by Rtroblng ene %jh ,th 4: l .> lo kwa hcr
of the vector tnter rupt llnes) when an attempt ls made to wrlte znto any protected meMory The vector znter rupt ls j .10%h 4*
generated zf FF goes low wh lle the wrtte strobe szgna l ls present lt shou ld be noted that thzs optàon ls not un lque w.- hex nut .11th 3:
ly assoclated * 1th the board on wh tch lt ls lmp lemented and w tll also generate the vccto red lnterrupt àf F7 Ls pro 4 . -1 tl $:

duced by any other board tn the sy st em du rlng a w r lte attemp t 1 :th AK 1 + sF I l1l l q 
reh go e th r u ghY

our sxstem mu st be con flgured so th at tt can latch th ts lnterrupt slgna l du r lng the w r ïte attempt wh lch requ jre s ljth 4 k . q
re: la: r he at Ln k r 1lt

approp r za te ha rdware and softwa re lM less rour sy stem zs spe c kflca lly des lgned to acccroda ee rh ls op e lan do no t ar Iqt: 4: : + s
1 o lrJ enl l e red t ot

empt zm p lem en tat lon standard S 100 bu ss system s do no t requ lre tmp lem entat kon o f th ls feature for p roper funct lo n tng lbth 4 k I . h
bo r l w t'l ht A n ! lnd 1 o kv

ector lnterrupts # 7 correspond to lzke numbered holes on the cxrcult board To select the deszred veûtor lnterH 
h qsl c r

rupt s lmp ly add a Jumper from ho le J to the ho le assoc lated w lth the appropr late vecto r knterrupt
I

OTHER NOTES Trz state outputs are employed so that thls memory may also be used wlth bl dlrectlonal busses as well asG
the S 100 buss âlso a11 parts are warranted for 1 year from dqte o f purchase agaznst defectq ln manufa turlng <)H

shou l d any Part be de f ect 1 ve send tt back to us f or a f ree rep 1 ac ement Ke a 1 so ma ) nt a : n a repa 1 r se rv l ce f or ma l *
functzon zng boards Descrlbe the prob lem as accurate ly and comp lete ly as posslb le and rtturn the board to us c/o Re

D pazrs pepartment #e stronkly recommend znsurzng the board when you send zt back to us

A Your comments and feedback enable us to constantly upgrade both our products and out serslc e q11 letterq are wel
d a11 comments carefully read We hope you enloy uslng yottr FCON 0R*M 1ItR Ktt T ECECT ST Come an
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2 5 16 1$D0 7 9 9 M E M D I7 

M EM DO 7 :5 D I7I I 

1 I
l k y 4 $ ls18 

6D 0 6 : ; M E M D I6 M E M D 0 6 9 5 D l

I I I l

% 5 M : M o Is s :M oo s 6 7 9z o IsDo s , 9
l I I 1

1 I l I1% 15 
q q 12 11 l o j:DO q 58 M E M D I M EM DO 9

I l l I

6 1 M EM o I 5 s E M  n o 5 1% l1 5 q 2 o I 5( o o 5 8 9

l 1 I l

I $1 I l6 7 
M EM D I 2 M : M a o 2 8 9 q 1 n I 2Do z 8 8

l 1 l 1

1 2 1 1 E M p I T 

MEM ao1 18 17 9: DI1j Do1 5s t ( s y (
l l l IL 

6 8 s E M n I9 s :s oo j 2 5 95 n IjJ Do ; 5

L - =  .  L  
- -  OF G 1 9 

'j' 1 '(' 1 9. G
1

8 1u s 9 6 Ic 1 1
i 1 7 -  r6 

MA9 BDSELA9 5%l
l l

11 $A 8 8 tf MA 8 
us g gI I 

2P D 3 I N 7 8 5

I l 1 7 I C 51 8 gk-jA 7 8 
5

1S M 6 M R % 7
I f

2 2A 6 8 2 
M 8 6

L - -  -
-

G 1 1 5 '&-

8 1 L S 9 5 I C 1 /
I I v1/

.1 1 J jjA ,A 5 2 9

1 l

6 7 N g y r s rv c c l T O A L L S U P PO R T C H IP S A N D M E M O R YA % J 0 M A %

I l BA N K êA ê
X x v c c z T 0 M U M O R Y BA N K fB 1l I

11 5A 5 5 1 N A 5

'
* 11'$ BO TH R E G U LA T O R S M O U N T C N H E A TI l

S IN K S18 1 7A 2 8 1 M A 2

1 l

I I2 5

A 1 8 : MA 1

l l

3 $ 19A 9 79 
MA gI 

1
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M EM D I7 M EM D I6 M EM D I4

1 1 2 1 0 2 - L 1 2 1 0 2 - L 1 2 1 0 2 - L 1

D D IN I N  : IN
I x

MA 9 1% A 9 (CH IPS 5- 1) 1
l

) >  j
M A 8 A 8 q:p j

6 U  l1 
x  lM A 7 A 7
rn l

-  1 (z) j
MA6 - A 6 trh jl

2 A 5 D o u r 1 2 v  D o u r j 5 CH IP S I p o u yM A 5

jy 
7 A I4 z  j s I M I LA R LY l

M A  Im
j (.n A MRA N G E : j

M A 5 A 5 l
t'n I

5 (:7 l
M A 2 A 2 z  I

:r l1
4 o  IM A 1 A l

z  l
8 1

M A J A J I

Wc R w '-k'c R v t. '-k'c ) R w ) c E R w
1 5 5 -

M EM DO 7 M EM D O 6 M EM D O k

x R O W  y

x R / W

:: k'k- tttt R /k'

A R O W J M
A zlQ ):)( I c 1sj- 7 y

A R 0 W 2 lt
u :: -

A R O W I X E A C H R O H C O N S I S T S
$.: )'(

.- -  -  -  -  -  -  -  -  -  .  -  -  -. o s a : 1 c : s A s
A R O W p lt

x x o E T A  I l-E D A B o v E

B R O W J lt
B R IQ :( :(

B R O W  2 )t
lt )(

3 R O W  1 11
1: 'g-

'ikowg lt
)1 )(

T H A N K Y O U F O R C H O O S IN G T H I S M C M O N Y B O A R O . ,IU C H 7 1,46 A N D C F F O R T H A V E G O N E

I N T O M A K I N G  T H I S U N I T N O T J U S T A N O T H E R M E M O R Y B O A R D . B U T O N E  W I T H  A F U L L

R A N G E  0 F O P T I O N S . . .L I K E T H E V E C T O R I N T E R R U P T P R O V I S I O N : T H E  T R I - S T A T C  O U T -

P u T s . A B IL IT Y T 0 C O N F IG U R E A S T W O SC P A R A T C B L O C K S . A N D S 0 O N . S T A T IC R A P S

A N D C O N S E R V A T I V E E N G I N E E R I N G  C O N T R I B U T E T O A B O A R D T H A T W IU L  N O T J U S T W O R K ,

B U T W O R K F o R A L O N G T I M E IN Y O U R S Y S T E M . I F W E C A N B E O F A N Y H E U P T 0  Y O U

I N A P P L Y I N G T H I S B O A R D ; L E T U S K N O W .

18

I



1

T M

1

l
/D  N

. x
-  

...s j . . - , - - ,.,,t., v),,,; ,pi t. ,, -- y- .).,t, t, v
-v--s. -., - - , , - ., 

, r,,-- .tss
.
,,
.

ê -
-

-
k,t-'*,-v

.t,j ...,.y. . - , .,.y ..-.ts. # -
pv Y lt)' '+' -*'#' '%< ' .,5 @ '?e e ass'> ''x.'x ' q!

DO p
#

*

''! C'
S T S

*  

.  .1tatlt rx :
A/5 M H x

r

.  

-  

j j oo gTM's 139 o  u  ro  
from1 K 

f

j m ac , /, @

9

19

K



A B @ U T  E C / N @ R A M  IIA  T E C H N IC A L O V E R V IE W

C ong ratulatlons on your dec lslon to purchase the T hls board lncorporates proven statlc m em ory tech-

EC O N O RA M  IIA , an 8K x 8 m em ory board deslgned notogy uslng kndustrlal deslgn technlques and generous
spec lflcally for e lectrlcal and m echanlcal com pat I b lllty w lth safety factors to Insure extrem ely rellable operatlon.

the proposed IEEE S -1 00 buss standard T he S -1 00 buss O f the tw o currently popular approaches to m em ory

currently Is one of the m ost popular ln the lndustry and by far deslgn - statlc and dynam lc - statlc m em orles are the over-
the m ost pro llflc W e be lleve that thls board , w ith the rest of w hesm lng cholce ln app llcatlons w here speed , slm pllcity,

the S -100 portlon of the C om pupro fam lly, ls one of the best ease of use, and rellablllty m ust be consldered.
boards avallab le for that B uss In o rde r to retaln data, dynam lc m em ory m ust be con-

Features, such as tw o lndependent 4K  b locks, easy tlnually refreshed T hds board , due to Its statlc design, w lll

sw ltch asslgnm ent of b locks to deslred m em ory address retaln data as long as pow e r ls app lled T hls Is O f partictllar

Iocatlons. sw ltch selectable B LO C K D IS A B LE , and W R ITE jnterest to those w ho w itl be using thls board In system s

PRO T EC T , follow  the deslgn of the orlglnal EC O N O R A M  11 w here D M A operatlons are tnvolved , as the static m em ory

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . requlres no refresh and the refore there Is never a conflict

A s am ateur rad lo operators have contrlbuted greatly to betw een the D M A devlce and the G PU attem ptlng to refresh

com m unlcatlon techno logy, so has the com puter hobbylst m em o ry
ded the m lcrocom puter lndustry w lth m any slgndflcant T he Sndtvldual m em ory chlps used on thls board arepro

v ,
deve lopm ents In recognlt4on of thls fact, w e also m ake thls Qrouped together to form  tw o 4K blocks of m em ory Each of

fesslonal quallty board avallable ln ''U N K IT '' form  for these 4K blocks Is Indlvldually addressable on any 4K boun-pr
o

those w ho enloy the challenge of assem b llng and testlna a dary T he startlng addresses of each block m ay be set by

flne com puter board - D IP sw ltches on the board
A dd ltlonal fe ature s snc lude W R IT E PR O T EC T for each 4K

* . . . @ * . . . @ @ * . . . @ * * * * * . . @ * * * * @ * * * * * * * * * * * * * * * * * * * *

block, a D IS A B LE feature for each 4K block, plus a sw ltch to
W hen you plug In and start uslng your board, yOu w III dls- provlde for totally dlsabllng the entlre board PH A N TO M  Is

cover as thousands of satlsfled EC O N O R A M  ow ners have provlded on thls board and ls D IP sw ltch selectable Provl-
d lscovered , the pleasure of uslng a hne m em o ry board that slon ls also m ade for operatlng thls b oard kn system s that do

just w orks and w orks and w orks not generate the M W R ITE slgnal It can be operated using

A s the flrst com pany to natlonally o#er m em ory klts to pW R alone or PW R In conlunctlon w lth the M W R ITE slgnal
com puter hobbylsts, w e thank you for chooslng a C om pupro T he EC O N O R A M  IIA also lncludes provlslön for incor-

product w escom e to the club poratlng thls board ln system s uslng m em ory m anagem ent

w lthout m od lflcatlon to the bo ard
E xtra heavy duty po w e r supp ly traces , g ene ro us byp ass-

Ing of supply Ilnes, sockets for aIl lntegrated clrcults, careful
Iayout, and a doub le -slded , so lder-m asked prlnted c ircult

board w lth com p lete com ponent and sw ltch Iegends m ake

thls a versatlse m em o ry board w hlch w lsl g lve exceptlonally

Iong and trouble-free servlcei:taet:

E1 (1 ) EC O N O RAM  lIA clrcult board
M EC H A N IC A L C O M P O N E N T S

IN TEG RA TED C IRC U ITS (Note The follow lng parts (r) (25) D (p sockets**
m ay have Ietter sufflxes and preflxes along w lth the (7I (2) a-pole D IP sw ltches (S1 , S2)**
key num bers glven below ) EZI (2) heat slnks for regulatory IC s

E1 (2) 6-32 bolts
((D (1 6) M M 5257-31- or TM 5 40L44 4K m em orles E) (2) 6-32 lock w ashers

(U1 2-U27) Q  (2) 6-32 nuts
(L) (1 ) 74L500 quad z-lnput NAN D (U6) (7J (1 ) user m anual
U1 (1 ) 74L502 quad z-lnput NO R (U7)
!L1 (2) 74L504 hex lnverters (U8, U9)
C1 (1 ) 74LS 10 trlple 3-lnput NAN D (U5)
E(1 (1 ) 74L5 240 TRI-STATE* buffer (U 1 1 )
C1 (2) 74L5 266 quad excluslve NO R o c (U3, U4)

C1 (2) 7805 5 volt regulators (U 1 , U 2)
@7l (1 ) 81 L596/98 octal buffer (U 1 09)

O T H ER E LE C T R IC A L C O M P O N E N T S

(Q  (2) S I P reslstor packs (R 1 , R2)**
IZ  (1 3) ceram lc bypass capacltors**
(71 (4) 38 UF tantalum capacltors

* T R I-S T A TE ls a tradem ark of N atlonal S em lconductor C orp

** S upp lled so ldered to board In ''U nklt'' kerslœ
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M E M / R Y  A D D R E / :  A * S IQ N M E N T  tlo 
,n dlsables the M EM O R Y W R IT E for block A 5 2-6 in the

O FF posltlon w lll dlsable M EM O RY W R IT E for block B

W henever you w ant to w rite into these b locks
, theT hi

s board is conflgured as tw o 4K blocks Each 4K block respectlve sw itches should be in the O N position

m ay be assigned to any area of m em o ry beg lnning on a 4K

boundary (0K , 4K . 8K, 56K , etc ) The only Iim ltation ls that
the assigned (ocations should not oversap each other or any W R IT E  S T R O B E  S E LE Q T S W IT C H E S
other nA M  in your system

N O TE S 1 ls located m  the upp er-lettp ortlon o/ lhe board
5 2-7 and -8 select the use or non-use of the S -100 bussIt has elght lndlvldual sw ltch sectlons num ber 1 through 8 ln

.. ., j) o gg and ''t ,' = sw ttch o N  Slgnal V W R ITE (pln 68). Thls signal Is norm ally produced bythe table below
, a 0 = sw ltc ,

a front pane l and Is not available ln som e front pane l-less

m achlnes O ther C PU boards do im plem ent thls slgnal lfSTA R T IN G A D D R ESS SW ITC H PO S IT IO N
M W R 4T E Is present ln your m achlne

, turn S w itch 2-7 O N  and
5 2-8 O FFB LO C K A

, B If 
the M W R IT E sig nal is no t used in your system

, turn 5 2-7
O FF and 52-8 O Nhex (spllt octal) 4K

PLEA S E N O TE W hen 5 2-8 is In the O N position
, and 5 2-7A S 1 - 1 234

ls In the O N  positlon, buss bine 68 w ill be grounded
.B S 1 -.5678

OK 0000 (000/000) 0000
4K 1 000 (020/000) 0001
8K 2000 (040/000) 001 0 P H A N T @ M  k l

N E . -  -  -  -  -  -  -  -  -  -  -  - -  -  -1 2% 3000 (060/000) 001 1

1 6K 4000 (1 00/X 0) 01 00
20K 5000 (1 20/000) 0101 In response to Increaslng num ber of users w ho have re

-24K 6000 (1 40/000) 01 1 0 quested Sncluslon of PHANTO M  llne
, thls board Includes the28K 7000 (1 60/000) 01 1 1 

PH A N TO M  feature PH A N T O M  is an active Iow  slgnal T he
32K 8000 (200/000) 1000 feature m ay be enabled on this board by placlng 52

- 4 In the36K 9000 (220/000) 1001 O N 
posltlon40K A0O0 (240/000) 1 01 0

44K B000 (260/000) 1 01 1 C AU TIO N
48K G000 (300/000) 1 1 00 som e m anufacturers use the PHANTO M  Iine (buss pin 67)
52K D000 (320/000) 1 1 01 for a REFRESH slgnal Thls w ill confllct w lth the PHANTO M
56K E000 (340/000) 1 1 10 feature and cause board w ith PHANTO M  on

r to fall If your60K F000 (360/000) 1 1 1 1 
system  has thls confllct, lt m ust be resolved by elther
ellm lnatlng the R EFR E S H slgna! on the C PU  board

, or byN O TE lf the deslred startlng add
ress /s represented as a turnlng the PHAN TO M  feature (S 2-4) O FF

blnary num be ,r the sw ltch settlng rep resents the 4 m ost slg - If yo u w ant the P H A N T O M  feature
, the c o nfllctlngflc dnt b tts o f th

at address O nce yo& becom e fam lltar w lth R E FR E S H slgnal m ay be e llm lnated If It's n0 t tlse df1l
the addredfes O f the 7ar/O&S boundarles

, yO& W lIl flrld lt easy ejsew here In the system
, by cutting the irace connected toto re

- ass/gp varlous boundarlee, yoJ W lII flnd lt easy to re- buss pln 67 on your C PU board Be sure of your syste
m  con -asslgn m em ory D /O6#

.% w lthout referrlng to the abo ve table flguration before ctlttlng any traces

B L / C K  D IS A B L E  S W IT / H E /  M E M O R Y  T E s T lx o

Sw ltch 2. posltions 1 , 2, and 3
, provlde D IS A B LE func- jf the m e

m ory board seem s to be w o rklng properly, thetions
.  S 2-1 , w hen turned to the O N position, disables the A M

em ory Testlng Routlne (flgure 1 ) can be used to glve theblock
, or one 4K block of the boardurendering it transparent

: board a m ore thorough w orkout It Is rather slo y,w  but w lls dothat is
, to ta lly Invlsib le to the buss Y o u can ne ithe r w rite in il th

e job w ell tt can be entered vla edltor/assem bler or frontnor read from  It so that the board w ould appear to th
e buss ane l sw ltchesp

as m ere ly a 4K block of m em ory y h
e routlne ls set up to test 8K from  4000 hex up to 60005 2-2 provldes a slm llar function fo r block B 

hex T his m ay be changed by enterlng a dlfferent startlng ad-5 2
- 3 Is a m aster d lsable sw itch w hlch w ill render the en- d

ress at ''STRT '' (300 1 - 3002) and/or a ddfferent end ad-tlre board transparent
, that Is, both blocks A and B dress at ''END '' (3004 

-  hlgh order byte only)
If the m em ory passes the test It stafts over agaln Y Ou m ay

on the other hand, lnsert a Jum p Instruction at ''M ARK '' toW R IT E  P R / T E C T /E N A B K E  S W IT Q H E S  
som e user routlne o ,r If deslred the use r m ay ente r an output

structlon or. can do a notsfication routsne at ''M A R K '' toln
S w ltch 2, posltlons 5 and 6 , provldes a W R ITE PR O T EC T Show  successful com pletlon and restart

feature , that Is, ln no rm al operatlons
, both of these sw ltches If the m em o ry falls the test

, crltlc a l lnfo rm atlo n IS Sto red
are O N and they EN A B LE the W R IT E slgnal to blocks A and B and the routlne enters a softw are IIH A LT ''

, that Is a 'elum p to
of the board here '' at ''S H LT '' Front panel Ilghts

, If any, w lll sho w  thls
In certain operatlons, you m ay w ant to use a portlon of state The user m ay then use the front panel or dum p

thls RAM  as If It w ere READ O NLY M EM O RY (RO M ), that is, routlnes to dlsplay the follow lng stored fallure lnfo
that yo u can R EA D from  but not W R IT E Into

, 
o ncem e m o ry

've stored ln lt S2-5, when l('s turned to the OFF posl-you

2 2



the C IR C U IT  D E S C R IP T IO N

306 9 * ''FD E '' = D , E palr D Is the flll characterth
e and E Is the te st characte r y h

e heart of E C O N O R A M  IIA Is the M M 5 257N -3L-
306 8 * '<FH L '' = H , L palr . the fallure add ress /y u s 4o u44

- 25 statlc m em ory IC (RAM ), w hlch can store306D * ''FO UT'' 
=  the data expected at thls address 4096 sjng le b lts of Inform atlon

, thus, each Is a 4K x 1 m em o -
306 E * ''FIN '' = the data read from , the address ry jc  u nllke standard R A M S

, tho se Inc lude d w lth yo ur k It are
* address from  M em ory Testlng R outlne Llstlng spec ifjcally deslgnated by the m anufacturer as Iow  po w er

,

hlgh speed parts
'SS T hese IC s are arranged ln row s that are 8 IC s w lde T hls
by w ay

, 
each ro w  can sto re 4K  x 8 b lts o f lnfo rm atio n P ara lle ll-

hss T he user m ay replace the ''Jum p '' at ''S H LT '' w lth a jum p to 4 of these row s together produces a total m em oryIng

If a display or notihcatlon routlne storage of 1 6K x 8 blts (N ote that the bll num ber corres-
nd T he d lfference betw een ''FO U T '' and '$FlN '' should Ind l- nd jng to a g lven co lum n of lC s ls lnd lcated along the toppo

cate w hich blt is failing, lndicatlng w hlch chlp or area IS edge of the m em ory array)
'
- 7 causlng the p ro b lem  N o w  that w e have thls sto rag e

, the re are stlll o the r
T his test w ill find m ost of the harde r to d lstlngulsh errors aspects w e m ust conslde r F lrst

, w e need to address a
- ? sp ec lflc lo catlo n In m em o ry

, and , w e need to be ab le to w rlte

M E M O R Y Te sTlN q R O U TIN E data Into the m em o ry , O r re ad  data from  the m e m o ry

T he schem atlcs o n pag e s 8 and 9 sho w  the add ress c lr-

cu ltry a lo ng w lth the othe r E co no ram  IIA  c lrcultry E ach

3::: 2 1 ;@ 4C @ë l @ STRT LX 1 H # *ZCCH jc reqtllres 1 2 address blts (AO-A I 1 ) to access anym em ory
3 @ ; 3 3E A ; @ 0 2 ? E N D Y V 1 A , C A CH

-  azes 32 se az zz3a sTA FlN one of the 4096 bits avallab le In the IC  T hese address b lts
3: @ 6 3E 1: @ @ * ? M V 1 A ' l:h

ano s are generated by the C PU and are buffered by a num ber of In-3@@A 8* :35:

aeee *F ze6z Mov c'A verters A fter btlfferlng , a partlcular address ls presented toe
-  

az e c !. e e ze 7a , v ! o -z
s y.p. azoz ,vI s'arFs aII IC  ad d re ss se lec tlo n p lns H o w eve r, w e add ltlonally nee dle 3zeE l

ae le 22 65 3: @'q@ DONE SHLD STAD to se lect W hlch partlcufar rOW  Of fC s IS to react to the g lven'e 
az la x r e lz z x u  A

::14 .,? el lz Mov swA address Thls requlres 4 m ore address blts (A1 2-A 1 5),1f, 
.3els '?B zl 2: SCND M@% A'E w hlch are decoded and used to enab le the desired row  of

3: 16 5A z d 3: M 0 V E 'D

3z 1: s; z l4z MoV D'A lC s (note rOw m arklngs along the rlght hand slde Of the
3@ 18 79 e !5 @ M 0 V A ' C

6z LHLD 5TAD 0ROD9OrY aFrZY)3:19 2A 65 3: êl
r aelc ,?2 et7e F'lul- M0v M'D W hen data Is to be w rltten Into m em ory, It first passes) 

a,lp 23 zlaz Isx s hrough 8 lnve rtlng buffers before be lng put on the data p insW 3: IE BC ' !9@ CMP H t

311h- c2 lc 3: e2ee JNZ FILL of the RAM S (bufferlng prevents Ioadlng of the data buss)'r azec a. ss a: za,, usuo sTao
a,2s Aa :22: NEXT M0U M.E D ata to bo read Or1 to the data bUSS from  m em o ry PaSSeShr

3:26 IB :23: M0V A>E through 8 TR I-S TA T E ' Invertlng buss drlvers, w hen data lsY 
3 e 2 : B E : 2 * : CM P M

adas c2 6F ae :25e JN: FAI L' nO t be lng read O n to the bUSS, the O utputs Of these inve rte rs
ae aB 79 : 26 e M 0 V A >C :4 ,,

:xx u are In a hlg h-lm p edance O r d lsco nne cte d State0 3:2C 23 :271

(j 3:2D 9* 628: 5UB H A n unfortunate fact Of llfe Is that Iog ic IC s generate
3: 2E C 2 4 D 3: : 29 : U N Z N D QN

7 azal sô e3ez CMP B Sw itchlng trans lents that trave l along the p o w e r sup p ly Iines

3:32 A* :3 le MQV B'H lf these transients w o rk the lr w ay Into the Iog lc c ircultry,* 
3: 3 3 CA 15 3: @ 3 2: U Z SCN D

3:36 3A 66 3: :325 LDA STAD* 1 prob lem s Can aigeaf T O pfevent SUCN Occurances, bypass
3:39 @e z33: MARK N0P d ac ro ss the po w e r Iines at reg u lar inte r-NoP CZPZC ItO rS are tIe
3: 3* : @ : 3 3 1

3:39 #@ :332 N0P VaIS In the m em ory array and at every Stlppo rt IC
3: 3C 3*  6E 3: 3 3* @ L D A F lN *

csp c T hls b o ard Is g uarantee d to o pe rate at 4 M H z o ve r the3:3F 89 ?35:

aeAz cA ez 3: :36: Jt STRT fujl tem perature range (0-70*C Zm blent) and to UO W  IeSS
3:4 3 79 : 3 :: Y 0 V A AC

a@4* 6.? :38e M0V H'A than 1 000 m A (1 am p)
3@*s 2E ez z39: MV1 L'e jt Is Inte resting to no te that static R A M  te chno lo g y has' 
3:* 7 c 6 lz ' * e e > * D l . 'H
3:*9 AF e*lz deV C*A p ro g ressed to the p o lnt that thls hlg h pe rfo rm ance static, 

uxs x xs t and pow er consum ption to:!g*A c: lg 3: z*2z R A M  board ls com parab le ln COSh 
3@ * D 2 2 6 7 3 : * 4 3@ N D O N > L D N X A D

ags: zg z**@ UOBB M0v AaD dynam lc m em o ry boards '' 
E e * 5 e u 0 pA GM P M3, 5 1 B

a g s a c 2 6 F zz :4 6 : JN : FA :L

a:55 2c z*7e 1NR L * 5 M H z w 1th 80 85 C P U .1 
31 5 6 C 2 5 1 3: 1 *8 1 JN Z L O PA .

' 
31 59 19 3 *9 : M 0 V A # C

2 4 : 5 1 : lN R H3 z 5 A

' 3 : 5 P B C : 5 1: CM P M

36 5 C C 2 5 : 3e : 5 2: JN Z LO P B

3: 5 F 2A  6 7 36 @ 5 36 L H L D N X A D
' 

31 6 2 6 3 2 5 3@ : 5 * 6 J M P N ZX T I
31 6 5 @ 5 5 : S T A D D S 2
3: 6 : C 5 6: NX A D D 5 2 i

3 : 69 : 5 7 * F D E D S 2 

'

3 : 6 8 : 5 6 : FH L 9 S 2 

'

'

3 z 6 D : 5 9 e FQ U T D S l i

3 : 6 E 1 6 : : F lN D S 1

3 z 6 F 2 2 6 8 3: : 6 1: F A I L SH L D FH L

3 : 7 2 3 2 6 D 3: e 6 2 1 ST A F O U T

3e 7 5 TE @ 6 3: M 0 V A *M

3: 7 5 32 6E 3: @ 6 * 3 ST A F lN

3@ 79 E B : 6 5 : X CH G

3 : 71 22 6 9 3: : 6 6: SH L D F D E

3 @ ; D C 3 7 D 31 ' 6 1 % SH L T J M P SH L T

3z 6 : : 68 0 *

2 3

i
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r ev e r s e o r d e r r e tu r n s c o n t r o l o f th e b u s en d p roce s s o r s .

t o th e H o s t P r o c e s s o r . A  b u s l i m i t e d t o

o n e t e m p o r a r y m a s t e r n e e d s o n ly c o n t r o l R e g a r d l e s s o f t y p e , o n ly  o n e in t e r r u p t

t r a n s fe r l og ic . c o n t r o l l e r m a y e x i s t o n t h e b u s . I f

a d d i t i o n a l c o n t r o l l e r s a r e requ ir ed th e y

The IEEE 696/5100 bus provides for a must be either daisy chained or operate in
permanent master/Host Processor and up to a polled mode. A SINTA cycle acknow ledges
16 tem p orar y m a stet s on  th e sa m e b u s. Th e r e c e ip t o f a n in t e r r u p t r e q u e s t , I N T * ,

S 10 0 D M A p r i o r i t y a n d b u s a rb i t r a t i o n h o w ev e r , a v e c to r e d in t e r r u p t m a y o c c u r

p r o t o c o l p r ev e n t s c o n ten tion b e tw een tw o an d b e s erv ic ed b y an in terru p t con tro l ler

o r m o re tem p o ra ry m a s ter s. DM A O* th rou gh w i th o u t th e asse r t ion o f IN T A. In te rr up t

D M A 3* a r e th e f ou r l in e s w h i ch c a r r y th e con trollers n e ed no t a ssert INT W.

p r i o r i t y i n f o r m a t i o n w h i ch  c o n t r o l s th e

a r b i t r a t i o n p r o c e s s . A 1 1 t e m p o r a r y m  UT IL IT IE S 25 l iu e s

m  a s t e r s r e q u e s t i n g a b u s g r a n t

con tin u ous ly sa m p le th e fou r D M A  p r ior i ty T h e s y s t e m  u t i l i t i e s a r e o r d e r e d

l in e s in p a r a l l e l. D o t O R - in g a c t iv e 1o w  e s s e n ti a l ly a s th e y a p p e a r in I E E E 6 96 ,

p r i o r i ty o u t p u t s o n th e b u s p e r m i t s e a c h h o w e v e r : s o m e h e a d in g s a r e r e l o c a t e d in

r e q u e s to r to s im u l tan e ou s ly sa m p le th e b u s th e in t er e s t o f c l ar i ty .

an d a s s e r t i ts p r io r i ty . W h en d isa g r e e m en t

o c c u r s a t a n y p o s i t i o n th e t e m p o r a r y A . Sy s tem  c lock , ph i y p r ov id e s con tro l

m a s t e r w i th  l o w e r p r i o r i ty d i s a b l e s a 1 1 t i m in g f o r a 1 1 b u s cy c l e s . I t i s a l w a y s

i t s l e s s s i g n i f i c a n t o u t p u t b i t s . g en e ra ted b y th e h o st p ro ce s so r. In ca se s

T e m p o r a r y m a s t e r s m a y a s s e r t t h e i r w h e r e th e r e a r e m o r e th a n o n e M P U o n  th e

p r i o r i t i e s a n d H O L D W r e q u e s t o n ly w h e n h o s t p r o c e s s o r t h e c l o c k m  a y b e

H O L D * a n d P H L D A  a r e n o t a s s e r t e d o n th e t r a n s f e r r e d w h e n M P U 'S a r e t r an s f e r r e d .

b u s . B u s c o n t r o l i s a l w a y s g iv e n t o th e T h i s tr a n s f e r m u s t b e s y n ch r o n o u s a n d

f i r s t r e q u e s t o r w i t h o u t r e g a r d t o g l i t ch fre e .

p r io r i ty . Th e a rb i tra t ion p ro toco l co m e s

in to p lay on ly w h en m ore th an on e B. Clock is an asynchronous 2 M Hz + /-
t e m p o r a r y m a s t e r r e q u e s t s b u s c o n t r o l . 0 .5 p e r c e n t s i g n a l . I t i s in t e n d e d f o r

A rb i tr a tion log ic on a 11 te m p ora ry m a s ter s u se b y ti m er s , b au d ra te gen e ra to rs , e tc .

m u s t b e f a s t e n o u gh t o in s u r e c o m p l e t i o n

o f a r b i t r a t i o n a n d b u s s e t t l i n g t i m e C . R e se t F un c t ion s 3 L in e s

w i th in th e sh o r te s t p e r iod th a t c an o c cu r

b e t w e e n a s s e r t i o n  o f E o l d A a n d t h e 1 . R E SET A re se t s a 1 1 b u s m as te t s .

r e sp on se P H L D A .

2 . SL A V E C LR A , SL A V E CL e aR ,

r e s e t s a 11 b u s s lav e s .

7 . VR D Q K B Tm kk lx s

8 L in es VI 0 th r ough V1 7 3 . P0C* , pow er on cle ar , is

a s se r te d on ly du r in g p ow e r up

IEE E 696 prov ides an e igh t lev e l v ecto red an d forces a sser tion o f b o th

in te rr u p t sy s tem . In te r ru p ts p r ov id e th e R E S ET W an d SLA V E C LR * . R e s e t

th e m e an s f o r a b u s s l av e o r p e r ip h e r a l and sl av e c 1r a re op en

d ev i c e t o o b t a i n th e s e rv i c e s o f a b u s co l l e c to r l in e s .

m a s t e r in s u c h a f a sh i o n th a t th e m a s t e r

c a n  r e t u r n t o t h e t a s k  w h i c h w a s i n D . M W R T : M e m o r y W R iT e s t r ob e , i s th e

p r o g r e s s w h e n s e r v i c e w a s r e q u e s t e d . A n s i g n a l w h i ch p r o v i d e s th e t i m i n g f o r

in t erru p t c on tr o ll er slav e m ay b e in clu d ed m e m o r y w r i t e o p e r a t i o n s . M W R T m u s t b e

o n t h e p e r m a n e n t b u s m a s t e r o r o n a g e n e r a t e d a t o n l y o n p o i n t i n a s y s t e m .

s e p a r a t e b u s s l a v e . I N T A , th e g e n e r a l T h e h o s t p r o c e s s o r i s t h e p r e f e r r e d

in t e rr up t l in e , is u se d fo r c o m m un ic a t ion l o c a t io n fo r th i s g en e r a to r . M W R T = p W R  .

b e tw een th e in ter r u p t c o n t r o l l e r a n d a n y - s 0 P T . C a r e m u s t b e e x e r c i s e d i n

m a s t e r . In t e r r u p t c o n t r o l l e r s v a r y a 1 1 g en e r a t in g M W R T s o th a t th e s t r ob e h a s

th e w ay f ro m  s in g le ch ip s to en t ir e f ro n t m in im u m  d e lay f r o m  PW R A .

2 6 CONTINUE: ON PAGE 42
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A B O U T  K C O N O R A M  IV  T E C H N IC A L @ V E R V IE W

c o ng ra tu latto ns o n yo u r d e c ls lo n to p u rc hase T hls board (ncorporates proven statlc m em ory tech-

EC O N O R A M  IV , a 16K x 8 m em ory board deslgned nology There are currently tw o popular types of m em ory
spe c sfscally fo r e le c trlca, and m e c hanlc al c om p atlb lllty w jth b e lng used ln pro ducts such as thls statlc and dynam lc

the s -1 oo buss standard T he s -lo o buss currently Is one of S tatlc m em o rles are the overw he lm lng cho lce In app llca-

the m ost p opular ln the lndustry and by far the m ost p rollhc , tlons w here speed , com p lexlty, ease of use , and re llablllty

w e be lleve thls bo ard , w lth the rest of the S -100 po rtlon of m ust aII be conslde red there Is no refresh slow do w n
, the

the EC O N O R A M  fam lly, ls one of the best m em ory boards C PU IS freed from  the drudgery of caretaklng the m em ory
,

avallable for that buss and technlques such as dlrect m em ory access (D M A ) are far
w e re co m m end that the parts In thls k It be chec ke d m o re re llab le and easle r to lm p le m ent

agalnst the parts 11st for com p leteness and that these In- T he Ind lvldual m em ory IC s used on thls board are

structlons be read through carefully before startlng C om - g ro uped to gethe r to form  a sing le 16 K x 8 b lock of m em ory
,

pletlon of the assem bly should take from  one to four hours, addressable on any 16K boundary ussng the on-board d1p

dependlng on prevlous assem bly experlence, and upon sw ltch (no jum pers requlred) Addltlonal features Include
com p letlon , you w lll dlsco ver -- as thousands of satlshed w rlte protec t sw ltches for each 4% sector of the 16K b lock,

E G O N O R A M  ow ne rs have d lscovered -- the p leasure of a w rdte strobe se lectlon sw ltch w hlch allow s use of m em ory

uslng a flne m em ory board that Just w orks, and w orks, and ln system s w lth or w lthout a front panel (M W RITE strobe),
w o rks allo w ance fo r use w lth or w lthout the P H A N T O M  Ilne

,

A s the flrst co m pany to natlonally offer m em ory klts to thorough capaclto r bypasslng o f supp ly lines to suppress

com pute r ho bbylsts, w e agaln thank yo u for chooslng translents, p lus on-board reg ulatlon and heat-slnklng for

EC O N O R A M  IV w elcom e to the club rellab ly coo l operatlon A II thls and sockets for aII IC s go

onto a doub le -slde d , so lder-m asked prlnted csrcult bo ard

w lth a com p lete com ponent-layo ut Iegend

t: I*:tar
U pon rece lpt of yo ur klt, check your parts agalnst the 11st be low

(7i (1 ) Econoram  IV clrcult board

IN TEG RA TED C IRC U ITS (note the follow lng parts
m ay have Iette r sufhxes and preflxes along w lth the

key num bers glven below  )

E1 (32) 1M 54044 or M M 5257N-3L m em orles (U1 1 - U42)
E) (1) 74LS00 nand gate (U2)
E5 (1) 74L502 nor gate (U3)
E(1 (3) 74L504 hex Inverters (U4 - U6)
E1 (1 ) 74L5240 TRI-STATE' Inverters (U7)
(Zl (1 ) 74L5 139 dual 1 of 4 decoder (U 1 )
(7l (3) 7805 poslttve 5% regutators (U8 - U1 0)

O T H E R E L EC T R O N IC  C O M P O N E N T S

E7 (7) 2 7K ohm reslstors (red-vlolet-red, R 1 - R7)
ED (6) 39uF tantalum capacltors (C 1 - C 6)
(Z) (1 4) ceram lc dlsk bypass capacltors*

M E C H A N IC A L C O M P O N E N T S

EZI (39) Iow proflle sockets*
!71 (1 ) sllde sw ltch (S2)
E1 (1 ) 8 pole dIp sw ltch (S 1)
(71 (3) heat slnks for regulator IC s
(Z1 (3) 6-32 bolts
L-1 (3) 6-32 lockw ashers
E7I (3) 6-32 nuts
L-1 (1) Instructlon booklet

wsupp lled already so ldered to board

2 8
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M E M @ R Y  A D D R E S S  A S S IQ N M E N T  M E M O R Y  P R / T E C T  S W IT C H E S  M E

T hls bo ard ls addressab le as a single 1 6 K b lo ck on any D lP sw ltch p osltlons 5-8 are w rlte enab le sw itches Inver- lf

16 K boundary D IP sw ltch posltlons 1 -4 se lect w hlch 1 6 K se ly they m ay be used for m anual w rdte p rotectlon Of the M err

area Of m em ory the board w III be asso clated w 1th as fo llo w s m em ory Each enable protects 1 /4 of the 1 6 K b lo ck of boar

m em ory (4K ) as follow s the jï 
-  0000 - 3FFF (hex) 5 

-  1 St 4 K  o f 1 6 K b lo ck p anE
2 - 4000 - ZFFF (hex) 6 

-  2nd 4K  of 1 6K b lock T
a - 8000 - BFFF (hex) t7 

-  3rd 4K of 1 6/ block 8004 
-  C 000 - FFFF (hex) jng t8 

-  4 th 4K  o f 1 6 % b lo ck

O nly one Of these four sw ltches m ay be up (on) at a tlm e, Any com blnatlon Of these four sw ltches m ay be up/on w ith addf
how eve r, aII four m ay be do w n w hlch w lll dese lect the board up w rite enab llng the partlcular 4K area and do w n w rlte pro- If

(content Of the m em ory m ay nelther be changed n0r read) tectlng that area On tl
and the bo ard IS transparent to the system  allow ing other som

boards to be add ressed to that area as Iong as It Is d lsab led instr

Sho :
W R IT E  S T R @ B E  S E L E C T  S W IT C H  If

and

he reT h
ls sw ltch se lects use o r non-use of the S -100 buss sig - statt

nal M W RITE (pln 68) Thls slgnal ls norm ally produced by a to d
front pane l and w ould not be avallab le In front pane l-less

m achlnes, how ever, so m e C PU boards now  Im p lem ent thls

slgnal If M W R IT E Is present In your m achlne , p lace the slide

sw ltc h In the cente r po sltlon If no t p re sent, th ls sw ltch

should be $n the up posltlon

P H A N T O M  L IN E

TI
n re spo nse to Inc reas lng num be rs o f use rs w ho have re - (j$(a

quested Inc luslon of ''Phantom '' Ilne , B uss p 1n 6 7 w hlch ls y

o ften used fo r lm p lem e ntlng po w e r o n Jum p feature s T hls c at:

bo ard Ss de ssgned for use w lth actlve or lnactlve phantom  caut

Ilnes B oards w hlch are revlslon .'A '' o r earlle r have thls Ilne '4'

so lld ly connected R evlslon ''B '' and Iater boards requlre a

jum pe r to Im p lem ent thls feature

C A M Y IO N

S om e m anufacturers use the PH ANTO M  Ilne (buss pIn 67)
fo r a refresh slgna l T hls w lll co nfllct w lth the PH A N T O M

teature , and cause boards w lth PH A N T O M  to fatl If your

system  has thls confllct It m ust be reso lved by e lthe r

e llm lnatlng the refresh slgnal on the C P U board o r dlsab llng

the PH A N T O M  feature on thls and other boards

O n revlslon ''A '' o r earlle r boards the Phantom  feature m ay

be d lsab led by cuttlng the trace w here dt Ieaves buss p 1n 6 7

O n revlslon ''B '' and late r boards the P H A N T O M  feature js

d lsab led If the Jum per Is N O T C O N N E C T ED on the trace to

buss pIn 67 (see flgure 1 1 )

If yo u w ant the P H A N T O M  feature , the co nfllc tlng refresh

slgnal m ay be ellm lnated (IF NO T USED ELSEW HERE IN TH E

SYSTEM ) by cuttlng the trace connected to buss p1n 67 on
the C P U board B E S U R E O F Y O U R S Y S T EM  C O N F IG U R A -

T IO N B E FO R E C U T T IN G  A N Y T R A C ES

3 0



M E M O R Y  T E S T IN G  M E M / R Y  T E S T IN G  R S U T IN E

r- lf the m em o ry board seem s to be w o rklng properly, the a@@@ 2 1 @# 4: ;: 1 g STRT LX 1 H /A;3/H '

he Qem ory Testlng Routlne (flgure 13) can be used to glve the 3::3 3E 8: 0Z2: END MV1 Aœ6eH 1
Of board a m o re tho ro ugh w orkout It Is rathe r slow , but w lll do 3@05 32 66 32 :: 3: STA F1N

the 1ob w e ll It can be entered v1a ed lto r/assem b ler or front 3::8 3* 1@ :Z4: MVî * ' !BR
3 g z A  8 4 z z 5 g A D D H

pane l sw ltches so v c .Aodzs A F zz 6z

The ro utlne Is set up to test 1 6 K from  4 00 0 he x up to aegc I 6 a: ee '?g M v I 5 'z
8000 hex T hls m ay be changed by ente rlng a d lffe rent start- 3gaE IE FF ::8: MV I E , @FFH

lng address at ''STRT'' (3001 - 3002) and/or a dlfferent end 3: le 22 65 30 :e98 DONE SHLD STAD
'ith address at ''EN D ' (3004 - hlgh order byte only) 3@ l 3 AF C 10@ XM  A #
O - If the m e m o ry passe s the te st It starts o ve r ag a ln Y o u m ay 3Z 1* * ? B ' .0 M0 %' P 'A l

. d , , 
3 e l 5 A B  @ l 2 : S CN D  M 0 1' A *E

nn the other hand , Inse rt a Jum p Instructlon at M A R K to g j ag ucv E ,o3e l 6 SA

som e user routlne or, If deslred the use r m ay enter an o utput ag l , sp a l4g Mnv D .A
Instructlo n o r, can d o a no tlflcatlon ro utlne at ''M A R K '' to ag 18 79 e l5@ M0 U A , C
Show  succ e ssful c om p letlon and restart 3z 19 2A 65 3: e l 6: LH LD STA D

lf the m em o ry fails the te st, crltlc al Info rm atpo n Is sto re d 3: IG 3 2 e l 7e F 'LL M0 V M 'D
and the routlne enters a softw are ''H A LT '', that Is a ''jum p to 30 ID 23 ? 1BZ lNX H

' t ''S H LT '' Front panel Ilghts, If any. w lll show  thls 30 'Z BC 0 '90 CYP Rh
e re ag - 3: l F C2 IC 3: : 2:: JN Z FIL L i
state T he use r m ay then use the front pane l o r dum p ro utlnes aasz aw 6s ag g2 lg uuuo STAD

a 7to dlsplay the fo llow lng sto red fallure lnfo ae2s Aa :22g NEx t M0v M .E 
,

s 3 e 2 6 7 8  @ 2 3 : M 0 V  A œ E

Is 3 e 2 7 B E  : 2 4 : CM P  M

le 306 9 * ''FD E ' = D
, 
E palr D Is the flll character 3:28 62 6F 3: :25: JN ' FA1 L

Ch and E ls the te st charac te r 3: 28 1% : 26: M0V A ' C

3O6 B * ''FH L ' = H L palr the fallure address 33 26 23 :27: 1NX H

.  . . , , 
' a e 2o 9 4 g 28 : SU B H

306 D FO U T = the data expected at thls address x z x x x
.  . . , , 

3 : 2 E  c 2 4 D  3 : : 29 : J
306 E FlN = the data read from , the add ress ig a j sy gagg csp s

* add ress fro m  M em ory Testlng R ou tlne L lstlng 3z 32 4* : 3 10 MûV B œH

- - , 

3 : 3 3 C A  15 3: : 3 2 @ J Z S C N D

-  
3 : 3 6 3A  6 6 3 : @ 3 2 5 L D A  S T A D + 1

, : , , . . , , 
3 : 39 g e : 3 3: M A RK N 0 P

T he user m ay replace the jum p at S H LT w 1th a lum p to g aa j xcp3: 3A ;@

a dlsplay O r notlflcatlon routlne ag as gq : 3:2 N0p

The d l#erence betw een ''FO U T '' and ''F IN '' sho uld Ind l- agac ah 6E 3: e 3A@ LDA F1N
cate w hlch b it ls fa lllng , Ind lcatlng W hlc h ch lp o r area ls 3: 3F B9 : 35: CM P C
Causlng the prob lem  3:4: CA ez 3: :36: JZ STRT

Thls test w lllflnd m ost ofthe harde r to d lstm g ulsh erro rs 3:* 3 19 033e M0V A 'C
3: 4 4 6 7 : 38 e M 0 V H 'A

3 : * 5 2E z e * 39 * M V 1 L >Z

3 : 4 1 C 6 1: ' A ' ' A D I 1; H

3 : 4 9 A F  : A l@ M 0 V C >A

3 : 4 A  C 3 lz 3 : e 4 2 : J M P D O N E

3: 4 9 2 2 6 7 3: @ A 3@ N D O N SH L D N X A D

3 : 5 e 'A  : 4 4 : L O P B M 0 V  A ' D

3: 5 1 B E : 4 5 : L Q P A 6M P M

3 e 5 2 6 2 6 1 3 @ @ A 6 e J N Z F A I L

3: 5 5 2 6 : * 7 : !N R  L

3 : 5 6 6 2 5 1 3: :4 6 : J N Z L û P A

3 : 5 9 7 9 : 4 9 2 M 0 V  A ' C

3 : 5 A  2 * : 5 : : lN R H

3 : 5 8 B C : 5 1: CM P H

3 : 5 C 6 2 5 : 3: @ 5 2: U N Z L O P B

3 : 5 F 2A  6 1 3 : : 5 3 6 L H L D N X A D

3, 6 2 C 3 2 5 3 : : 5 4 : J M P  N S X T

3: 6 5 : 5 5 : S T A D D S 2

3z 6 7 : 5 6 : N X A D D S 2

3 : 69 : 5 7 e F D E D S 2

3 1 6 8 : 5 6 : FH L  D S 2

3 @ 6 D : 5 9 : F O U T D S l

3 : 6E @ 6 : : F tN D S l

3 : 6 F 2 2 6 8 3: : 6 1: FA IL SH L D FH L

3 e 7 2 3 2 6 D 3: : 6 2 : ST A  F O U T

3: 7 5 # E  : 6 3 : M 0 V  A 'M

3 : * 6 3 2 6E 3: : 6 4 : ST A  F 1N

3: 79 E B : 6 5 e X CH G

3 g 7A  2 2 69 3: @ 6 6 : SH L D F D E

3 : 7 5  C 3 Y D 3: : 6 7 : SH L T J M P SH L T

3: 8 : : 68 : *

3 1



C IR C U IT  D E S C R IP T @ N

T he heart of E conoram  IV ls the T M 5 40 44 /M M 5 25 7 static W hen data ls to be w rltten lnto m em ory, lt flrst passes

m em ory IC (RAM ), w hich can store 4096 single bits of infor- through 8 Invertlng buffers before belng put on the data plns A11
m ation (thus, each Is a ''4K x 1 '' m em ory IC ). Unlike standard Of the RAM S (bufferlng prevents Ioadlng of the data buss)
R A M S, those Inc luded w lth your kit are spec ifically deslg - D ata to be read on to the data buss from  m em o ry passes A11

nated by the m anufacturer as Iow  po w er, hlgh speed parts. thro ugh 8 T R I-S T A T E ' Invertlng buss drlvers, w hen data Is

T hese IC s are arranged ln row s that are 8 1C s w ide T his not be ing read on to the buss, the outputs of these Inverters At

w ay, each row  can store 4K x 8 blts of inform ation. Parallell- are ln a hlgh-lm pedance or ''dlsconnected'' state
Ing 4 of these row s to gether produces a total m em ory A n unfo rtunate fact of Ilfe Is that Iog lc IC s generate A1

storage of 16K x 8 blts (Note that the bit num ber corres- sw ltchlng translents that travel along the pow er supply Ilnes
pond lng to a g lven co lum n o f IG s ls Ind lcated along the top lf these translents w o rk the lr w ay lnto the Iog lc c lrcultry, A;

edge of the m em ory array) problem s can appear To prevent such occurances, bypass
N ow  that w e have thls storage , there are stlll othe r capac lto rs are tled across the pow e r llnes at regular Inter- Af

aspects w e m ust consider Flrst, w e need to address a vals In the m em ory array and at every support IC

spec lflc locatlon ln m em ory, and, w e need to be able to w n te T hls board Is guaranteed to operate at 4M H z over the full
* @ C am bient) and to draw less than Aidata Into the m em ory

, or read data from the m em ory tem perature range (0 - 70
The schem atlcs on pages 8 and 9 show the address clr- 2000 m A (2 am ps) O ur typlcal m easured currents w ere less
try along w lth the other Econoram  IV circultry Each than 1 600 m A at co ld start-up, rapidly decreaslng to around %'ctll

m em ory IC requlres 1 2 address blts (AO-A I 1 ) to access any 1 200-1 400 m A , dependlng on the surroundlng tem perature
one of the 409 6 b lts avallab le In the IC  T hese address b its W e have heard slm ilar repo rts from  the peop le already uslng A:

are generated by the C PU and are buffe red by a num ber of In- these boards

verters A fter bufferlng , a partlcular address Is presented to It ls tnteresttng to note that statlc R A M  techno yogy has A2
aIl IC  add ress selectlon plns H ow ever, w e add ltlonally need prog ressed to the po lnt that thls hlgh-perfo rm ance statlc

to se lect w hlch partlcular row  of lC s Is to react to the g lven R A M  board is c om parab le In co st and pow e r consum ptlon to A

address Thls requlres 4 m ore address bits (A 1 2-A1 5), dynam lc m em ory boards
w hlch are decoded and used to enab le the deslred row  of Aj

IC s (note row m arklngs along the rlght hand slde of the
m em ory array)

SOU.

A1l

A1'

A1

A1

PBAh

SMF'

PDBI

> R 1
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W  ci:3

R1 Ra
R7 HRITE ENABLE R3 R4

*sEE NOTE svlTcHEsî

NANT 67 - - - 3 c- -  -  -  a22 I
ns5 12 gE,

IMFHR 47 1 I
iDS6 1 :E1

!I)!lN 78 l 1
l :57 l vE2

MRITE STROBE SELECT I j
.  SHITCH I (s 8 j vE3

5 1 1A RITE 68 

425 R6 G  -  -  -  -1
6

.  1310 
n a  11

Ud=  ()2 8 12
9p:R 

77

NOTE gn revl s! on ' A ' boards th1 s trace 7 s so1 1 d , on rev! sq nnB' and 1 ater boarts requ# re a J umper to lmpl ement 3 3



S C H E  A T IC  - E C  N  R A  IV

8 019 MDI 1 P0l 7

1 1

r q() 1 N D I N j D l N
12 I% 11 A11 

j 1
1 l13

yA19 A1: l l
l 114 

1 jMA9 A9 CHIPS 5-1
I $1

. 5 j j#A8 A8

l 116 D
:A7 A7 y I 1I I

17 1:0:A6 
:6 1 I

7 j xtl'r 1 s clilps I xuTIIOUT
5 6 A5 Q  I SIBILARLY I '.yA

ARRANGEII I8 I
4 6 A4 5 l 1

Q I I
4 :3 I I:x3

I I3 
Az I 1:A2

I l
2 1 lHA1 A1

l 1
yA9 1 A9 HDO: % 01 I 1 8x 7

I Iè'f i' èë ii u &  ;ë u èi W

19 8

CEx

%Ex

1 1 2 J li 5 6 7

CE#

AME9

cE1

HE1 2

cE2

()ME2

cE3

D@E3

HBII HDII MDI2 HDI3 MDI4 HDI5 HDI6 HDI7

:D09 HD01 8902 8:03 HD04 :905 HD06 *D07

+ 8 1

L8 08 L1p
+8 51 IN 0UT ? IN 0OT 7 IN 0pT 9cc

1 cca cca

GND GND GND

GND 59 C1 C2 C3 64 :5 :6

GND 1:9
. L GND
=

34

i
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A B O U T  E C O N O R A M  V I T E C H N IC A L O V E R V IE W

C o n g ra tu la tlo n s o n yo u r d e c ls lo n to p u rc h a se T h ls bo a rd lnco rpo ra te s p ro ve n statlc m e m orl

EC O N O R A M  V I, a I2K x 8 m em o ry boa rd deslg ned techno logy. T here a re currently tw o po pular types û
speclflca lly fo r e lectrlca l a nd m echa n lca l co m patlb lllty m em o ry be lng used In p rod ucts such as th ls: statlc an(

w lth the H eath C o m pa ny 818 m lcro co m pute r. H eath has d yna m lc. S tatlc m em o rles a re the overw he lm lng cho lce Ir

co m e u p w lth a flne, use r-o rlented m ac h lne, w e've co m e a p p llcatlo ns w he re speed , co m p lexlty, ease o f use, an(

up w lth the pe rfect m em o ry to co m p le m e nt that m ach lne. re llab lllty m ust a II be co nsld ered . . there ls no refrest

slow dow n, the C P U ls freed fro m  the d rudgery of caretai
A II IC  so ckets a nd d lsc bypass ca pac lto rs a re p re- 1ng the m e m o ry

, a nd tec hn lq ues such as d frect m em oq
soldered lnto place on the board, so the tedlous w ork ln access (D M A) are far easler to Im plem ent
puttlng a k1t such as th ls to g ether has a lread y bee n d o ne. y jne Ind lvld ua l m e m o ry 1C s used o n th ls bo a rd ar(

C o m p letlo n o f the re m a ln lng asse m b ly ste ps sho u ld take d to gether to fo rm  tw o Ia rg er b lo cks o f m em oqg ro u pe

o n ly a n ho u r o r tw o at m o st! a nd u po n co m p letlo zn yo u w lll o ne 4 K x 8 a nd o ne 8 K x 8 T he 4 K b lo ck m ay be ad d resset

d lscover -  as tho usa nd s o t satlsfled E C O N O R A M  ow ne rs o n a ny 4K bo u nd a ry a nd the 8 K b lo ck o n a ny 8 K bo u nd ary

have dlscovered - the pleasure of uslng a flne memory by settjng the starilng Iocatlons wlth the on-board drb
oard that just w orks, and w orks, and w orks tch (no jum pers requlred)

. A d d ltlo na l features lncludsw 1

A s the flrst co m pa ny to natlo na lly o ffe r m e m o ry klts to W rlte p rotect sw ltches fo r bo th b locks to prevent acc lder

ho b bylsts, w e aga ln tha n k yo u fo r cho o slng ta l a lte ratlo n O r era sure o f m e m o ry co nte nts, a boarlco m p ute r

EC O N O RA M  V I . . w elcom e to the club. dlsable Sw ltch (the board retalns stored m em ory datd
w hlle In the dlsable m ode), 38 bypass capacltors to sup
press tra nsle nts o n the sup p ly llnes, p lus o n-boa rd reg ulê

tlo n and heat slnklng fo r coo l operatlo n A lI of thls goes or
a d o u b le-slded , so ld e r-m asked p rlnted c lrc u lt bo a rd w ltt

a II so ckets a nd d lsc capac lto rs pre-so ld e red Into po sltlor

fo r m axlm u m  ease o f asse m b ly.

P A R T S  L IS T

U po n rece lpt o f yo u r klt, check yo ur pa rts aga lnst the

Ijst be low .

IZJ (1) Econoram VI clrcult board.

INTEG RATED C IRC UITS (note The follow lng parts m ay
have lette r sufflxes a nd preflxes a lo ng w lth the key

num bers glven below )

Z) (96) 2102 m em orles (U 13-U208 on A em atlc and board
legend)

ID (3) 74L504 hex Inverters (U7-U9)
IZI (3) 7805 (m ay be m arked 340-5) posltlve 5V regulators

(U 10-U 12)
(:) (2) 74L5138 1 of 8 Ilne decoders (U 1 n U3)

2) 74L5266 excluslve NO R gates (U2, U4)Q  (
I:J (1) 74LS10 NA N D gates (U5)
(E) (1) 741-5240 trl-state Inverters (U6)

O T H E R ELEC T RO N IC C O M PO N E N TS

C) (13) 2 7K oh m  resl stors (red/vlolet/redu R1-R1 3)
5) 39 u F tantal u m  capacltors (C 10-14)(Z) (

(n (1) glass dlode (C R1)
(7) (33) ceram lc bypass capacltors* (C 1-C9 and C 15-C38)

M E C H A N IC A L C O M P O N E N T S

ID (105) 1ow prof IIe sockets*
((E) (2) sllde sw ltches
1Z1 (1) 8 pole dlp sw ltch
IZI (3) heat slnks for regulator 1C s
(Z1 (2) 25 pIn rlght angle fem ale connectors
IE) (5) 6-32 bolts
Q  (3) 6-32 Iockw ashers
(Z) (3) 6-32 nuts
IZI (1) bracket to m ount board ln 818 card cage
(Z) (1) Instructlon booklet

*sup p lled a lread y so lde red to bo a rd
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M E M O R Y  A D D R E S S  A S S IQ N M E N T  M E M O R Y  A S S IQ N M E N T  T A B L E  M E A

M lc roco m p ute rs a re deslg ned to have the ca pa b lllty o f E C

accesslng Iarge am ounts of m em ory (up to 64K In m ost equtv
cases) For convenlence, w e usually break the full 64K dlagc1 

= sw itch up; 0 = sw ilch dow ndow  n to a s m  al Ier n u m  be r of b Iock 
js yo u m ay t h I n k o f th I s m a n u

breaklng dow n lnto tw o 32K blocks, fo ur 16K O C TA L the b464K as
Iocks, elg ht 8K blocks slxteen 4K b locks, and so o n. S W IT C H S TA R T IN G  to u nb

W hlchever way you Iooû at 1t, each block has speclflc 4K block: NUMBER ADDRESS Upd
hlch ls the address at w hlch the block (W hat YoU See onstartlng address, w the B

ln the case of 8 K blocks, fo r exam ple, the flrst fro nt pa nelbeg lns 
=  x  k If th eb l

ock w o uld beg ln at octa l add ress 000 000 the next at 040 reauo Lltsl add re
O0O the next at 1O0 000, and so on througp aII 8 blocks. In 1 2 3 4 Ajso' 

Ithe case of 4K b locks the flrst block w o uld beg ln at 000 dow n

000 the next at o2o 060, the next at 040 000, and so on. 0 0 0 0 O00 0O0, cente
0 0 0 1 020 000W Ith Eco no ra m  V I

, the tw o blocks of m em ory (one 4% Fal0 0 1 0 040 000
and one 8K) m ay be asslgned Independent Or non- of the0 0 1 1 060 000
co nsecutlve Io catlo ns lf d es lred , the o n ly req u lrem ent ls se rted0 1 0 0 100 000
th at they no t o ve rla p Io c a td

0 1 0 1 120 000P ro per m
a n lp u latlo n O f the d Ip Sw ltch leve rs ac- () j j () j4c c(m  a nd tl

co m p llshes m e m o ry asssg nm en t S w stche s 1-4 set the o j j 1 16c ctlc T o

startlng add ress Iocatlo n Of the 4K b lock, sw ltches 5-7 set 1 () () () 2()c ccc the fa
the startlng add ress of the 8K block S w ltch 8 does not a p- 1 c () j 22(j ccc jng t.
p Iy to m e m o ry asslg nm e nt a nd w lll be d lsc ussed Iater 24c (m c fo llo v1 0 1 0

T he fo llow lng tables show  the octa l startlng add ress Of 1 () 1 1 26O 000
the 4K b lock relatlve to the settlng o f sw ltches 1-4, a nd the 1 1 () () aOc cnc

octal startlng add ress of the 8K block relatlve to the set- 1 1 O 1 320 ()00
tlng o f sw ltc hes 5-7 W hen settlng these sw ltches, the 1 1 1 () 340 00()

bo ard sho u ld be o rlented as sh ow n ln the co m po nent 1 1 1 1 360 (m 0

Iayo ut so tha t the d Ip sw ltc h Is ln the up pe r rlg ht ha nd

co rne r O C TA L

S W IT C H S TA R T IN G
8K block: N U M B E R A D D R ES S

(w hat you see on
B O A R D  E N A B L E  S W IT C H  front panel

readouts)Sw ltch #8 of the dlp sw ltch Is a board enable sw ltch
.  In 5 6 7

the d o w n po s ltlo n, the bo a rd Is e na b led a nd ln the u p po sl-

tlo n, the board Is d lsab led W hen d lsabled , the board Is 0 0 0 000 000

tra nspa rent o r lnvlslb le a s fa r as the m ac h lne ls co nce rned 0 0 1 040 000

(just as If It w ere unplugged) You m ay nelther w rlte Into, 0 1 0 100 000
no r read f ro m , a d lsa b led m em o ry bo a rd H ow eve r, data 0 1 1 140 0

00sto red In m em o ry prlo r to d lsab llng ls reta lned

1 O 0 200 000 P roO n a p p llcat
lo n of thls feature Invo lves havlng d lfferent 1 () j :4c coo co m p

p ro g ra m m lng Ia ng uages sto red tn d lffe re nt bo ard s S u p- g j () aoc (;4;0 sta rtll

po se yo u need to ru n so m e p ro g ra m s In B A s lc qa nd the n j j j a4c 00() th
e sth to sw ltc h o ve r to so m e o the

r la ng uage , a nU the n get p jy tow  1 s
back to B A S IC  ag a ln Y o u m ay Io ad both Ia ng uag es Into R e m e m ber

, the tw o b locks m a# no t o ve rlap . T heb
oa rd s o ccu pylng the sa m e a rea o f m em o ry, w hen uslng

the 4 @B A S IC
, m ere ly d lsa b le the bo a rd co nta ln lng the o ther

o cta lzla ng uage
, and when you wlsh to swltch dlsable the BASICihe sa m e ad d ress t'O9 Cboa rd N o te that If 2 bo ard s sha re

bo a rdspace
, o n ly 1 m a y be e n a b led at a ny tlm e l

a yo u
c o rn e

T o

2 102s
M E M O R Y  P R O T E C T  S W IT C H E S  Then

.

S 1 a nd 5 2 are the m em o ry protect sw ltches fo r thls 8 b 't t

bo a rd W Ith bo th sw itches ln the m ld d le po sltlo n, boa rd

o p e ratlo n ls n o rm a l a nd yo u m a y e tth e r w rlte lnto o r re ad

fro m  bo th b lo cks o f m e m o ry W Ith S 1 ln e lther the u p o r

dow n posltlon, the 4K block (block A) Is In the protect
m ode W lth 5 2 ln elther the up o r do w n posltlo n, the 8K

block (block B) ls In the protect m ode W hlle In protect b
m od e, d ata m ay be read fro m  the p ro tected b lo ck o f

m em o ry, b ut a ny atte m pt to w rlte Into p ro tected m em o ry

h lb ltedl s I n

F
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M E M @ R Y  T E S T IN G
EC O N O R A M  V I ls f u nc tlo na lly a nd e le ctrlca lly N o w  w e know  bo th the ro w  n um ber a nd b It num ber o f

eiutva len t to H ea th C o m pa ny m em o ry bo a rd s A I1 the IC  In q uestlo n T o flnd th ls IC  a m o ng the m a trlx o f

tlagno stlc ro u tlnes spec lfled by H eath In the H 8 o w ne r's 2 102s o n the b o ard , slm ply Io cate the ro w  nu m b ers a nd b It

manual are appllcable to testlng out thls m em ory, In case num bers legended on the board (note that the bIt num bers
the board lalls thls test, follow the procedures glven below read from  rlght to left) Locate and rem ove the 1C , If any of
to tlnco ve r the ca u se o f fa llu re the lead s a re ben t o ver, ca re fu lly re stra lg h ten them  a nd

U po n fa lllng , the test ro utlne lea ves the fa lllng d ata ln re p lace the ch lp O therw lse. exchang e the suspected IC  f

 O n the B reg lste r a nd the a d d re ss o f th e fa llu re In the H
.

L pa lr W 1th a no ther fro m  w h lc heve r b lo ck Is no t be lng tested at

If the faslure ls sm m edlate (data of 00 or 01) re-check the the ttm e Retest the falllng block to vertty that the fatlure
atdress se lectlo n sw ltc hes o f the b lo ck yo u a re testlng W a S asso cia ted w 1th the IC  Just rep laced

Also. be sure the board dlsable sw ltch (dlp sw ltch #8) Is If the board stlll doesn't w ork, once agaln check over
tow n. a nd the tw o w rlte p ro tect slld e sw ltches a re In the yo u r w o rk If p ro b lem s perslst, the kIt m ay be retu rned fo r

Center po s ltlo n se rvlce dn a cco rd a n ce w dth o u r w a rra n ty In stru c tfo n s

Fallu re m a y be ca u sed by a va rle ty o f re a so n s, b u t tw o
cf the m ost com m oa are a defectlve Ic or an Im properly ln. C IR C U IT  D E S C R IP T IO N

serted IC (typlcally, a bent pIn or Incorrect orlentatlon) To The heart of Econoram  V I ls the tlm e proven 2102 statlc
Iocate w h lch IC  Is ca u slng the p ro b le 

.

,
m  f Irst flnd the ro w , m em o ry IC , w h lc h ca n sto re 1,024 slng le b lts o f Info rm a-

d then the b't, lhat corresponds to the suspected IC tlon (thus, the 2102 Is a I'IK x 1'' m em ory lC) U nllke stan-an
To flnd the ro w , read the H ,L pa lr to f Ind the add ress o f d a rd 2 102s, the 2 102s Inc lud ed w lth yo u r kIt a re speclflca l-

ly deslgnated by the m anuf acturer as low  pow er, hlghthe fallure S ubtract the startlng add ress of the block be-

Inj tested T he rem alnder g lves the row  add ress as Speed parts

tollow s T hese lC s are arranged ln row s that are 8 IC s w sde T hls
w ay, eac h ro w  ca n sto re 1 K x 8 b lts o f Info rm atlo n000 000 

-  003 3 7? R o w  0 P a ra lle l
lng 12 o f these ro w s to gethe r pro d uces a to ta l004 000 

-  007 377 R ow 1 m em ory storage of 12K x 8 blts (N ote that the bIt num ber
0 10 000 - 0 13 377 R o w  2 co rrespo

nd lng to a g lven co lum n o f lC s ls Ind lca ted a lo ng0 14 000 
-  017 377 8ow 3 the top edge of the m em ory board )

020 000 023 37? R o w  4
024 000 - 027 37? R o w  5 N O W  that w e have th ls sto rage, the re a re stlll o ther

030 000 - 033 37? R ow  6 asgects w e m ust co nslder F lrst, w e need to add ress a
034 000 - 037 37? R o w  7 Sgec lf IC Iocatlo n In m e m o ry; a nd , W e need to be ab le to

w rlte d ata Into the m em o ry, o r rea d d ata fro m  the m em o ry

' O n E xam p le F a llu re 356 250 F lg ures 1 1 a nd 12 sho w  the add ress c lrcu ltry a lo ng w 1th

- B lock start 340 000 the other E co no ram  V I clrcu ltry E ach m em o ry IC  requ lres

10 address blts (A 0-A9) to access any one of the 1,024 blts016 250
ava lla b le In the IC  T hese ad d ress b lts a re ge nerated fro m

T h ls ad d ress co rrespo nd s to the co m p ute r a nd a re b uffered by a nu m be r o f Inve rte rs

row  3, elther row  A 3 lf In the A A fter bufferlng, a partlcu lar add ress ls presented to a II IC

(4K) block, or row B3 lf In the B address selectlon plns H ow ever, w e addltlonally need to
(8K) block Select w hlch partlctllar row of IC s ls to react to the glven

address Thfs requlres 6 m ore address blts (A 10-A 15 !)
Pro pe r m a n lp u la tlo n o f the d 1p sw ltc h leve rs a c- w h lc h a re d e co d e d a nd u sed to e na b le the d es lred ro w  o f

ccm pllshes m em ory asssgnm ent. Sw ltches 1-4 set the $C s (note row m arklngs along the rlght hand slde of the
startlng address Iocatlon of the 4K block, sw ltches 5-7 set m em ory array)
the startlng ad d ress o f the 8 K b lock S w ltc h 8 do es no t a p- T he 1.$8 m lcro co m p utef u se s a n 8 b It b ld lrectlo na l bu ss

pIy to m em o ry asslg nm ent a nd w lll be d lscussed Iate r w hen da ta Is to be w rltte n Into m e m o ry
, 
It fjrst p a sse s

The fo llo w lng ta b les sho w  the o cta l sta rtlng add ress o f th ro ug h 8 Invertlng buffe rs befo re be kng p ut o n the da ta

the 4K block relatlve to the settlng of sw ltches 1-4, and the plns of the 2102s (bufferlng prevents Ioadlng of the data
octal/startlng address of the 8K block relatlve to the set- buss) Data to be read on to the data buss from  m em ory
tlnç of sw ltches 5-7 W hen settlng these sw ltches, the passes thro ug h 8 trl-state Inverters, w hen data ls no t belng

board sho u ld be o rle nted a s sho w n ln the co m po ne nt read o n to the b uss, the o utp uts o f these Inverters a re In a

layout so th at the d 1p sw ltch Is In th e u pper rlg ht ha nd h lg h-lm ped a nce o r Kid lsco nnected '' state

Corner A n unfo rtunate fact of Ilfe Is that Iog lc IC s generate
To flnd the b lt nu m b er, f lrst n ote that each co lu m n of sw ltch lng tra nsle nts that travel a lo ng the pow er sup ply

2102s o n the boa rd co rrespo nd s to a b lt In the 8 b It byte Ilnes If these tra nslents w o rk the lr w ay Into the Io g lc clr-

Then, read the fa tllng data fo r the B reg lster C o nvert to an cultry, pro blem s can appear T o prevent such occur-
2 b1t blnary byte as show n ln the fo llow lng exam ple rances, bypass capacltors are tled across the pow er Ilnes

at reg u la r Inte rva ls ln the m e m o ry a rray a nd at every su p-

port ICO : O Octal (on readouts)

/ i
blt= 7 6 5 g 3 2 1 o

0 O 1 0 O 0 O O blnary

Fro m  thls, w e see bIt 5 Is Ind lcated as suspect
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A 10 40

A l l 4 1

A 12 42

A 13 /43

A l4 J./4 V
c c 1 7

A15 45 A F) N / C
2 'FK

2 9
B Fj N / c

5
Vcc # 3 1:

1/j tlj C W  N/C
I 6 11

lp sw ll'cil J. 2 '?K W  N/CD

13 01 15
11 -i-'-i A RoW' c

1/q 02 6 cl 14

12 BuocK A 'iQ  A R0W cE(?
.K)

D lp sw ll'cil 3 2 '?K SELE CT 4 13

c':rw -0  A Row 1 cE
13 1 1 

5 : a1 lz 1/k tlk c'Z-E #-j A Row cE
I)Ip sw tl'cil 2 2 '?K

1. 3

j j 2 1/tj 1.12 y ys , syx y t;sA F/
Dl1: swl'rcil 1 2 7K 2 14IJ 'i-'i B Row cE

Vec 3 y-j 13 'Ij' Rou 5 cEc

y, 122 7K B ROW A CE
05

9 t t
10 W  B R0W 3 CE6

1/11 02 G l8 BuocK 15 y-.j ltl g 
cqB R0W

(8K)
DIP SW ITCH 7 2 7K SELECT q -  9CYK t 6 B R0W 1 C:

9 l 0

5 71/k pk clF ïn E-::R-I-EE
8

D IP SW IT CH 6 2 7K =
j; 2 7 K

4 V c c

11/j 412 3 
96 j() gj

2 8

D tp sw ll'cll 5 2 ?K l
.
o lyj jji

1 l

13 12

M RE A D 28 
1/J 05

l

2 7 K 2

D IP SW IT C H 8 q
-  g pu z yu6

2 3 b 1/ J t) 5 c - - - - aMWRITE
3 l ,.m  I

1* f *1
WRITE ' ZDV R/7 A

ëLîCE i qPROTEUT 8
SL ID: I - a *= 1

swlrcHss @ @I ! I >  R/V B
u. 2L2CL E =
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E . PH A NT O M A i s an op en c o ll e c to r l in e -

u se d to ov erlay s lav es a t th e sa m e a dd r ess

location. Phantom m ust inhibit b0th read 3. + 16 VolG  1 L in e ( 14.5 < + 16
an d w r i te op e ra tion s in disab led s lav e s. < 3 5 V a v < 2 1.5 V + 1 6 i s th e

p r i m a ry su p p ly fo r + 12 r e gu la to r s

F. ERRORA is an open collector general 0n th e b us).

e r r o r l in e w h i ch m ay b e a s s e r t e d w h e n a n

error of any type occurs in th e curren t 4. - 16 Volt 1 L in e ( - 14.5 > - 16 >
b u s cy cle. - 3 5 V av > - 2 1.5 V - 16 i s th e

pr im ary sup p ly fo r - 12 reg u la to rs

G. PWRFAILA, PoW eR FAlLure: indicates On th e bu s).
i m p e n d i n g p o w e r f a i l u r e . P O C A c l e a r s

PW RFA IL W. PW RF A IL * sh o u ld b e g en er a te d in In sp e c tion o f th e in s ta n tan eou s an d av er-

th e sy s t e m  p o w e r s u p p l y t o in s u r e th a t ag e v o l tag e lim its e s tab li sh ed by IE EE 6 96

t h e r e i s s u f f i c i e n t s t o r e d e n e r g y sh o w s th a t th r ee ter m in a l reg u la to rs m ay

av a ilab le fo r th e sy s tem  to g o in to coc oon b e u s e d w i th a n u n r e g u l a t e d c a p a c i t or

m od e. C oco on m od e m ean s th a t op era tion is in p u t p o w e r s u p p ly . V e r y s m a l l m in i m u a

t e r m i n a t e d i n s u c h a f a s h i o n t h a t c o s t s y s t e m  c o n f i g u r a t i o n s m a y l e n d

op er a tion can b e resu m ed up on r esto ra tion th e m se lv e s to th i s app roa ch . T h er m a l and

o f p o w e r . T h i s i m p l i e s t h a t n o d a m a g e p o w e r e f f i c i e n c y c o n s i d e r a t i o n s b e c o m e

o c c u r to s t o r e d d a ta an d sy s te m  h a r d w ar e . qu i te im p o r tan t w i th lar g er sy s te m s . L et

A  p rop er p ow e r fa il se qu en ce in su re s th a t u s con s id er th e c a se o f a sy stem  req u ir in z

m a ch i n e s t a t e i s s t o r e d : d i sk h e a d s 25 A m p s o f + 8 sup p ly . If th e p ow er supp ly

u n l o a d ed , e tc. d e l iv e r s th e 1 1 v o l t m ax im u m  av er a g e , o ur

sy s te m  is con su m in g 2 75 W a t ts to d e liv er

H . PO W ER  6 L in e s p lu s 3 L in e s ? 12 5 W a t t s o f V c c p o w e r t o sy s t e m  l o g i c.

P l u s 3 l i n e s ? T h e s e th r e e l in e s w e r e Th e r em a in in g 150 W a tts ar e d iss ip a ted as

formerly protect (bus pin 70) unprotect heat from our voltage regulators. If thet(bus pin 20) and sense switch disable power supply delivers 7.3 volts to the
(bus pin 53). These lines are now defined bus, our sy stem is consum in g 182.5 W a ttsk
a s g roun d in IEEE 696. Th e s ta ted pu rpo se to d e l iv e r 12 5 W a t t s o f 7 c c p o w e r t%

f o r th i s r e d e f in i t i o n w a s t o p r ov i d e 1 o w  s y s t e m  l o g i c . T h e r e m a in in g 5 7.5 W a t t s t

i m p e d a n c e g r o u n d s o n b 0 th s i d e s o f b 0 th a r e d i s s i p a t e d a s h e a t f r o m  o u r v o l t a g e l

th e b o a r d a n d e d g e c o n n e c t o r . In a c t u a l r e g u l a t o r s . T h e ab ov e e x a m p l e s d o n o t

p ra c tice , th e im p ed a n ce of th e se lin e s is in c l u d e a n y l o s s e s o c c u r r in g w i th in o u r

l ik e ly to b e h igh e r th an des irab le b ecau s e P ow er sup p ly . R edu c in g p ow e r d is s ip a t ion

o f th e ir loca tion s w i th in th e ph y s i cal b u s W i th in th e sy s t e m  l o w e r s th e o p e r a t in g

s t r u c tu r e . A d d i t i o n a l l y , th e ass ign m en t tem p er a tu r e o f th e sy s tem  com p o n en ts w ith

of p in  5 3 h a s b e en  ch an g ed tw ice sin ce th e a c o r o l l a r y i n c r e a s e i n t h e i r l i f e

p r o p o s e d s p e c i f i c a t i o n  w a s p u b l i s h e d in ex p e c tan cy . A d d i t ion a l ly , p o w e r c on su m p -

Ju ly of 1979. In th e au th o r's exp er ien ce , ti o n i s r e d u c ed n o t o n l y fo r th e sy s te m

in c l u s i o n o f a g r o u n d o n p i n 5 3 p r o d u c e d i t s e l f b u t a l s o in th e a m o u n t o f p o w e r

n um e rou s rep o r ts o f v a r i o u s f r o n t p a n e l s e x p e n d e d t o p r ov i d e a i r c o n d i t i o n in g f o r

an d C PU 'S f a i l in g t o op e r a te w i th p in 5 3 th e s p a c e i n w h i ch th e s y s t e m  o p e r a te s .

g r o u n d e d . T h i s w r i t e r r e c o m m e n d s th a t T h e s e a r e e x t r e m e l y i m p o r tan t c on s i d e ra -

d e s i g n e r s av o id u s i n g l in e 5 3 in n e w  tion s in th e se ti m e s o f d e crea s in g en e rgy

p r o d u c t s . I f t h i s r e c o m  m e n d a t i o n i s a v a i l a b i l i ty a n d in c r ea s in g en er gy co s ts .

foll ow ed , th i s lin e s w il l b e av ai lab le fo r A s w i th a 11 g ood th in g s , th e re is a co st.

re a s s ign m en t fo r fu tu r e b u s ex p an s ion . T h e p o w e r s u p p l y u s e d i n  t h e s e c o n d

e x a m p l e p r ov id e s a p r e - r e g u l a t e d +  8

1. Ground 2 Lines (Ground is b0th v ol ts. Th e cost of using m onoly th ic
signal and DC com mon for the busb  sw itching regulators to provide 7.3 volts it

+/- 0.250 volts is minimal when compared j
2. + 8 Vola  2 L in es ( 7 < +8 < 25 w ith th e resu ltan t sav ings in cooling i

V av < 11 V + 8 is th e p r im a ry sup p ly requ ire m en ts an d p o w er con su m p t ion of th e r

for +5 regulators on the bus). sy s te m . F u r th e r e f f i c ien cy m ay b e t

4 2 CONTINPED ON PAGE 78
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A ompuKi. T Mproduct f rom 01 Dr 0: 01 ; 1EC @ R 11
T H E S E IN S T R U C T IO N S A P P L Y O N L Y T o R E V I S IO N 1 2 2 D O R E A R L IE R

W e r e e o m m e n d t h a t y o u c h e c k t h e p a r t s i n t h i s k I t a g a i n s t t h e p a r t s
1

l i s t f o r c o m p l e t e n e s s a n d t h a t y o u c o m p l e t e l y r e a d t h e s e i n s t r u c t i o n s

c a r e f u l l y b e f o r e s t a r t i n g .

> A S S E M B L Y I N S T R U C T I O N S

P r o p e r o p e r a t z o n o f y o u r k i t d e p e n d s o n g o o d s o ld e r in g t e c h n lq u e s ,
a lo n g w z t h c o r r e c t i d e n t i f i c a t lo n a n d h a n d l ln g o f t h e v a r io u s p a r t s* n

' -  

u s e d d u r l n g c o n s t r u c t z o n .

SO L DE R IN G T E C H N IQ U E S . T h e F c o n o r am b o a rd i s ''so ld e r -m a sk e d '' T h e se
b o a r d s a r e s im i l a r t o s t a n d a r d P C b o a r d s , b u t a r e s c r e e n e d w i t h a

re r - s o l d e r - r e s l s t a n t c o a t i n g . S o l d e r i n g a s o l d e r -m a s k e d b o a r d r e g u l r e s a

6 9 6 b it o f c ar e . A l 1 so ld er in g I s p er fo rm ed o n th e so ld e r s id e o f th e
b o a r d . K e e p c om p o n e n t le ad s s t r a ig h t u p , c l ip o f f a f t e r s o ld e r i n g .m ay

W h e n so ld e r i n g , b r i ng t h e Ir o n t ip in a t a n a n g le , ag a in s t th e p# dt
o r a n d  c o m p o n e n t l e a d

.  F e e d zn a t in y b i t o f so ld e r a t t h e l e a d b a s e

Xu m  w he r e It tou c he s t he p ad , (F igu re 1 ) . T h is m ak e s a good Jo tn t w ith
e n d n o ex c e s s so ld e r

.  N O T E : U s e o f a n y t y p e o f s o l d e r o t h e r t h a n r o s t n

an d c o r e In v a l zd a t e s t h e w a r r a n t y . D o n o t u se a n y t y p e o f so ld e r p a s t e

f l u x u n d e r a n y c o n d i t i o n s .o m e O r C o r r o s i v e

L e t I D E N T I F I C A T IO N  O F P A R T S . M a n y I C s a r e u s e d i n t h i s k i t , e a c h m u s t

a a g b e o r ie n t e d c o r r e c t ly fo r p r o p e r o p e r a t io n . M o s t IC s h av e a d o t n e a r

o n e c o r n e r t h a t i n d z c a t e s p z n 1 7 s o m e t zm e s t h z s d o t a p p e a r s i n c o n lu n c -
'P ZY t io n w i t h a d e e p ly c u p n o tc h

, o r a n o t c h w i t h i n a s h a l l o w  c i r c l e . T h e
O u r 6 t a n t a l u m  c a p a c i t o r s m u s t b e c o r r e c t l y o r l e n t e d

.  (T he (+ ) end is th e
v er r o u nd e d e nd ) .
ii c . M A N D L I N G O F P A R T S . A 1 1 I n t e g r a t e d c i r c u i t s m a y b e d am a c e d b y  s t a t l c

e l e c t r i c d m s c h a r g e s . T o p r e v e n t t h i s , l e a v e t h e IC s in t h e lr p r o t e c t iv ea s

fo i l u n t i l n e e d ed . A v o id w e a r in g c lo th ing t h a t i s p r o n e to g e n e r a te ath e

sta t ic elec tr ic lty w h zle co n struc ting , (sw eater s , acry lic fabr ic s , etc ) .th
e A n o t h e r c a u t z o n c o n c e r n s t h e m o u n t i n g o f r e s i s t o r s a n d d z o d e s

.  U s e

t t S n e e d l e - n o s e p l i e r s t o g r a s p t h e l e a d  c l o s e t o t h e b o d y o f t h e r e s l s t o r

t o o r d i o d e a n d t h e n g e n t ly  b e n d t h e l e a d d o w n w a r d .

t t s

C O N ST R U C T IO Nag e
K e e p i n g t h e p r e c e d i n g in f o rm a t i o n i n m i n d , f o l l o w  t h e s t e p s b e l o wa o t

i n t h e o r d e r g z v e n .
ou r 1

.  B e n d l e a d s , m o u n t a n d so ld e r t h e r e s z s t o r s In p l a c e .i
0 n  2 B e n d l e a d s , m o u n t a n d s o l d e r t h e t a n t a l u m  c a p a c z t o r s i n p l a c e , b e

in g c are fu l to co r re c t ly o r ien t t he ca p ac ito r s . T he (+ lend Is rou nd ed .

ith 3 . M ou n t th e s lid e sw itch e s in po szt io n . (N OT E : Or ien ta t io n o f sw ltch

Lf e IS n O t im po r tan t ) .
4 . M o u n t t h e t h r e e r e g u l a t o r s a n d t h e r e g u l a t o r h e a t s ln k s in t o p la c e .m p -

If desired , a small dab of heat sinK compound ma; be added between: e m
t h e r e g u l a t o r c a s e s a n d h e a t s i n k s t o zm p r o v e t h e r m a l t r a n s f e r .

Ze r 5 B e f o r e p r o c e e d i n g , c h e c k y o u r w o r k b y t e s t z n g t h e b o a r d f o r a n y
EO r s h o r t s b e t w e e n s u p p l y l i n e s a n d g r o u n d

.  (S ee F ig u r e 2 ) , u se a
e s . V o l tm e t e r t o t e s t f o r s h o r t s a t t e s t p o i n t s I n d i c a t e d o n t h e r e g u -

ra -  l a t o r . D o t h i s t e s t f o r e a c h r e g u l a t o r .

6 . P lu g i n a 1 1 I C s , f o l l o w  t h e c om p o n e n t l e g e n d . A  c o m m o n p r o b le mrg y

w i t h b o a r d s r e t u r n e d f o r r e p a i r i s im p r o p e r I n s e r t to n o f IC s . M a k et
s . ,

s u r e t h e I C s a r e c o r r e c t l y o r i e n t e d . S o m o t im e s o n e o f t h e I C st
. l e a d s w i l l b e n d u n d e r t h e p a r t I n s t e a d o f g o i n g I n t o t h e s o e k e t

.

'n  d W e r e c om m e n d
, t h a t y o u I n s e r t e a c h I C h a l f w a y , a n d v e r z f y v i s u a l l y

' 8 th a t a 1 1 p in s a r e zn d eed g o ing In to t he so c k e t
.  T h e n , D u s h t h e

zi c I C I n t b e r e s t o f t h e w a y .

(t s 7 . C h e c k y o u r w o r k c a r e fu l ly fo r e r r o r s in c o n s t r u c t io n , im p r o n e r ly

-e d in se r t e d IC s , o r t h e t a n t a lum  c a p a c l to r s ln r e v e r s ed .

Ln g

Lh e

b e
@ G o D e o u T E L E C T R O N IC S e O X 2 3 5 5 O A K L A N D A IR P O R T , C A 9 4 6 1 4 R 6 V 7 Z 7 8

78 4 3



(

ECONORAM vII Q ) .
P A R T S L I S T U p o n r e c e i p t o f y o u r k i t , c h e c k p a r t s r e c e iv e d a g a l n s t

t h e l i s t b e lo w .

(1 ) E cono ram V II c ircu it boa rd

INTEG RATE D C IRCU ITS . (No te : Th e fo llow ing p ar ts m ay h av e
l e t t e r su f f ix e s a n d p r e f ix e s a lo n g w i t h t h e k e y n um b e r s

g iv en b e low ) .
(48 ) M M 52 57 o r TM S 4044 m em or ies (U 1 4 - U 61 )

(1 ) 7 4L 5 00 nand g ate (U 5 )
(1 ) 74LS 1 0 3- inp u t nand g a te (U 7 )

(1 ) 74L 5 02 nor g ate (U 6 )
(5 ) 7 4L5 04 h ex inv er ter s (U 8 - U 1 2 )
(l ) 74L5240 T RI-STAT E @ Inverter s (U 13)
(4 ) 74L5 266 ex -nor op en co llecto r (U1 - U4)
(3 ) 7805 po sitiv e 5 vo lt r egu lators (U 62 - U 64 )

O T H E R  E L E C T R O N I C C O M P O N E N T S

(2) S .I .P . resistor pack s (R1 - R2)*
(11 ) 2 .7K k w att resistors (red -v io let-red ) (R3 - R1 2)

(6 ) 39uF tan ta lum capac ito r s (C 1 - C 6 )
(2 5 ) cer am ic d i sc b yp a ss c apae itor s *

M E C H A N I C A L  C O M P O N E N T S

(61 ) 1ow p ro fi le so cke ts A l

(2) dip switeh (Sl - S2)* 1(5) slide switch (S3 - S7)
(3 ) 2 0- 220 h ea t s in k s

(3) 6- 32 bo lts
(3) 6- 32 lo ckw a sh er s

(3 ) 6- 32 hex nu t s
(l ) tn struc t ton set

* S u p p l i e d  a lr e a d y s o ld e r e d  t o b o a r d .

T R I -S T A T E @ T R A D E M A R K O F N A T IO N A L S E M IC O N D U C T O R C O R P .

:b

q ch e ek f o r

zr o n r zp le a d sh o r t c tr c u z t

lacor across these jregu
p o zn t s w t th

fe e a zn so ld e r w h er e A e r
. - x  

V e l t -o hm m e t er

uwC zndxcated by arrows *<  .(

.
J#e à- s kp c
''d o u g h n u t '

F IG U R E 1
-  

,.r, .,, , , j
ch e ck for

sh o r t c t r c u l t

K I-' ' Mp ro d u c t f ro m 01 DD 01 0: ; pa Co : no ts ss wt hs et ) eA ompu
-  v o l r -o u o e rer

R C V 7 / 7 8

4 4



! EcoN0aAM vII 3 :

MEMORY ADDRE/Y CVYFIGURATION
T h is bo ard fs c- -on F zg ured a s tw o l 2K ''area s '' each hav lng one 4K b loc k

a d d r e s s a b le o n 4 F b o u n d a r i e s a n d o n e 8 K b lo c k i n d e p e n d e n t ly a d d r e s sa b le

o n 8K b ou nd a r le s . O n e d ip sw it ch I s u s ed t o se lec t e a c h l 2R a r e a (sw i tc h
S l : b l o c k A  - 4 K a n d b l o c k B - 8 R # s w l t c h 5 2 : b l o c k C - 4 K a n d b l o c k

D - 8K ) a s fo l low s :

4 K 8 K

S W T T C H S T A R T I N G  S W T T C H  S T A R T I N G

P O S IT IO N  A D D R E S S P O S T T IO N  A D D R E S S

1 2 3 4 5 6 7

77J# #### ##> ####
7#71 1V## pp1 2#gg
7#1# 2gg# g1g 4Jgg
/#11 3:## #l1 6:##
717/ 4g## l#g 8ppp
#1#1 57:7 1gl Apgp
711# 6#77 11# cggg
/111 7g## 111 Eggg
1#7/ 8:##
1:#1 9g##
1# 1g Agpp

1#11 Bgpg . VM gj g: gj jj11#/ C### A Qrnpu 111, product fro m ()1
11:1 D::#
111/ Eg##
1111 F:##

In add it ion , p o s it io n 8 on e aeh sw ztch en ab le s (U P ) o r d zsab le s (DOTG )
t h e a s s o c i a t e d 1 2 K a r e a .

S lide sw itch S3 se lec ts u se/non -u se o f MW RITE strobe . For u se In
m a c h t n e s w i t h f r o n t p a n e l s o r m e a n s o f g e n e r a t i n g M W R I T E Z 5 3 s h o u l d b e

i n t h e e x t r em e U P p o s y t i o n . O t h e r w i s e , 5 3 s h o u ld b e i n t h e C F N T E R

p o s l t i o n .

S l id e s w i t c h e s 5 4 - 5 8 m a n u a l l y w r i te e n a b l e t h e f o u r b lo c k s A - D

r e s p e c t iv e ly . F o r w r l t e e n a b l e p l a c e t h e d e s i r e d wsw i t c h i n t h e C E N T E R

p o s i t io n . T o w r i t e p r o t e e t a b lo e k p la c e t h e a p p r o p r i a t e sw z t c h i n

**  t h e e x t r e m e U P p o s i t i o n .

L IM IT E D  W A R R A N T Y  IN F O R M A T IO N

u k t

Se G o o e o u T F L E C T R O N IC S W IL L R E P A IR O R R E P L A C E . A T O U R O P T IO N .

h M w m s n l A u s o RA N Y P A R T S F O U N D T O e E O E F E C T I V E I N E I T H C N
' t e r W O R K M A N S H I P F O R A P E R I O D  O F 1 Y E A R  F R O M  D A T E  O F  I N V O I C E .

H E A R E N O T R E S P O N S IB L E F O R D A M A G E C A U S E D B Y U S C O F S O L D E R

I N T E N D E D  F O R P U R P O S E S O T H E R  T H A N  E C E C T R O N I C E Q U I P M E N T

C O N S T R U C T I O N . M I S U S E O R A B U S E , U N A U T H O R I Z E D M O D I F I C A T I O N .

U S E O F O U R P R O D U C T S I N  A P P L I C A T I O N S O T H E N T H A N  T H O S C

IN T E N D E D B Y G O D B O U T E L E C T R O N IC S . T H E F T . F IR E , O R A C C ID E N T S .

R E T U R N T O P U R C H A S E R O F A F U L L Y F U N C T I O N I N G U N I T M E C T IN G

A L L A D V E R T I S E D  S P E C I F I C A T I O N S I N  C C F E C T A S O F D A T C O P

P U R C H A S E I S C O N S I D E R E D T O B E C O M P L U T E F U L F I L L M E N T 0 F  A L L

W AR R A N T Y O B L IG A T IO N S A S SU M ED B Y G O U B O U T E L C C TR O N IC S A N D
D O E S N 0 T C J V E R  O T H E R  E Q U I P M S N T U S E D  I N  C O N J U N C T I O N W I T H

S A ID P R O D U C T S . X E A R E N O T R E S P O N S IB L E F O R IN C ID E N T A L O R

C O N S E Q U E N T I A L D A M A G E S . .
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8017

dS 01211 19 
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HRITE PROTECT

SLIDE SHITCHES62 j
R1961 *

@ EA

5SOUT 4s 
4 s4 R11t

.E .N R 77 f' 
kpf'8

MRITE STROZE q12
ITCH J @ S5SLIDE SH 

y1 12 1 idkMHRITE s8 
pg 13 T 122 11 05 UZ

g *

L- 56 R6

Cr 53 MED 1?0ç 99
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:nI9 : D11 MD17

11

nIN DIN I 1 D1N
-  12 AjI l j
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A s o u T  e c o N o n A M  v Il T E C H N IC A L o v e R v le w

c o ng ra tu la tlo ns o n y o u r d e c Is lo n to p u rc ha se T hls board Inco rpo rates proven statlc m em o ry tech-

E C O N O R A M  V II, a 24K x 8 m em ory board de slgned no lo gy T here are currently tw o popular types of m em ory

speclflcally for electrlcal and m echanlcal com patlblllty w 1th belng used In products Such as thls statlc and dynam lc
the S -100 buss standard T he S -100 buss currently ls one of S tatlc m em orles are the overw helm lng cho lce In app lica-

the m ost popular ln the Industry and by far the m ost pro llflc tlons w here speed , com p lexlty, ease of use , and re llab ility

w e be lleve thls bo ard , w lth the rest o f the S -10 0 po d lon o f m ust aII be consldered T he re ls no refresh slow dow n, the

the E C O N O R A M  fam lly, ls one of the best m em o ry boards C PU Is freed from  the drudge ry of caretaklng the m em ory
,

avallable for that buss and technlques such as dlrect m em ory access (DM A) are far
w e recom m end that the parts In thls kIt be checked m o re re llab le and easler to Im p lem ent

agalnst the parts 11st fo r com p letene ss and that these In- T he Ind lvldual m em ory lC s used on thls board are

structlons be read through carefully before startlng C om - grouped together to form  four larger b locks of m em ory, tw o
p letlon of the assem b ly should take from  one to four ho urs, 4K X 8 and tw o 8K X 8 T he 4K b lo cks m ay be addressed on

depend lng on prevto us assem bly e xperlence , and upon any 4K bo undary , and the 8K blocks on any 8K bo undary by

com p letlon, you w lll dlsco ver -- as tho usands of satlsfled settlng the startlng lo catlons w 1th the on-board d lp sw ltch

EG O NO RAM  ow ners have dlscovered -- the pleasure of (nO Jum pers requlred) Addltlonal features Include w rlte pro-
uslng a flne m em o ry bo ard that Just w o rks, and w o rks and te c t sw ttches fo r eac h o f the fo ur b lo cks, a w rlte stro be

w o rks se le c tlo n sw ltc h w hlch a llo w s use o f m em o ry In system s

As the flrst com pany to natlonally oier m em ory klts to w lth or w lthout a front panel (M W RITE strobe), allow ance for
com puter hobbylsts, w e agaln thank yo u fo r chooslng use w lth or w lthout the PH A N T O M  Ilne . tho ro tlgh capac ltor

E G O N O R A M  V ll w e lcom e to the c lub bypasslng of supp ly Ilnes to suppress transsents p sus on-

board reg ulatlon and heat-slnklng fo r re llab ly coo l opera-

tlon A II thls and sockets fo r aIl IC s go onto a doub le-slded,

so lder-m asked prlnted c lrcult bo ard w lth a com p lete com -

p onent-layo ut le ge nd

t: *1 gtar

U pon rece lpt of your klt, check yo ur parts agalnst the 11st be lo w

ER (1 ) Econoram VIIA clrcult board

INTEG RA TED C IRC U ITS (note the follow ing parts
m ay have Iette r sufhxes and pre hxes along w 1th the

key num bers glven below )

!Zl (48) M M 5257N-3L or TM S 40L44 (U 1 4 - U61 )
U1 (1 ) 74L500 nand gate (U5)
()7 (1 ) 74LS 10 3-lnput nand gate (U 7)
ID  (1 ) 74L502 nor gate (U6)
!71 (5) 74L504 hex Inverters (U8 - U 1 2)
C1 (1 ) 74L5240 TRI-STATE * lnverters (U1 3)
C1 (4) 74L5266 ex-nor o c (U 1 - U4)
E)'1 (4) 7805 posltlve 5V regulators (U62 - 065)

O T H E R E LE C T R O N IC  C O M P O N E N T S

!)7 (3) S I P reslstor packs (R 1 - R3)*
U1 (3) 2 7K 1 /4 w att reslstors (red-vlolet-red, R4 - R6)
17.1 (8) 39uF tantalum capacitors (C 1 - C 8)
(7 (25) ceram lc dlsk bypass capacitors*

M EC H A N IC A L C O M P O N E N T S

(7.1 (61 ) Iow  profble sockets*
E)'1 (3) dlpsw ltch (S 1 - S3)*
!71 (4) 10 -220 heat slnks
!71 (4) 6-32 bolts
E1 (4) 6-32 Iockw ashers
(71 (4) 6-32 hex nuts
F'1 (1 ) Instructlon booklet

*supp lled already so ldered to board

50
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A D D R E S S  C O N F IG U R A T IO N  M SM E M O R Y

Thls board Is conflgured as tw 0 4K blocks addressable If the m em ory passes the test It starts Over agaln Y 0u m ay
on 4 K bo undarle s and tw o 8 K b lo c ks Indep endently ad - o n the o the r hand , Inse rt a jum p Instruc tlo n at ''M A R K to

dressab le on 8K bo undarles S w ltches S 1 and 5 2 each som e user routlne or lf deslred the user m ay enter an o utput

select one 4K and one 8% block (sw ltch S1 block A - 4K Instructlon Or, can do a notlflcatlon routloe at ''V ARK to 3ZZ
and block B - 8K , sw ltch 52 block C - 4K and block D - 8K ) show successful com pletlon and restart 3@Z
as fo llo w s 3e Z

lf the m em o ry fa lls the te st, c rltlc a l Info rm atlon Is sto re d 3@ @
4 K 8 K and the routlne enters a softw are ''H A LT '

, that Is a ''lum p to 3@ :

SW IT C H S TA R T IN G  S W IT C H S TA R T IN G  here at ''S H LT Front panel Ilghts
, 
If any, w lll sho w  thls 3 @ Z

PO S IT IO N A D D R ES S PO S IT IO N A D D R ES S state T he user m ay then use the front panel or dum p routlnes 3@@
f Ilow lng stored fallure lnfo 30 Zto d lsp lay the o

1 2 3 4 5 6 7 3e I

F # z v W W  # x 7 N lp' a @ l
/ / 7 1 1F/# F f 1 27F7 ao69* ''FDE = D E palr D Is the flll character 30 1

# / 1 7 2/77 7 1 Z 4/FF and E Is the test character lj )/ z 1 1 3/:7 î 1 1 6//7 
a()6B. '.FHu = H, t. pajr the fallure address a-.- j-q 1 / / 4AAA 1 V ; 8/F7 

. yokj-r = the data expected at thls address - -306D ag j# 1 / 1 57/7 1 g' 1 A/Z/ 
ao6E. ..FIN = the data read from the address ae l7 1 1 / 67:1 1 1 A' C/// 
. from M em ory Testlng Routlne Llstlng 3: 1address# 1 1 1 7fAA 1 1 1 EJ/V a e l

1 / 7 / 87/7 a z j
1 / / 1 9/// , , , , ze ITh

e user may replace the jum p at SHLT w 1th a Jump to :1 g' 1 / AV/? 3 z
Bg'gg a dlsplay or notlflcatlon routlne a@:1 (3r 1 1 

,, , ,y = o p'lz The dlfference betw een ''FO UT and ' FIN should Indl- a@:1 1 ; z cp've
g ! ogp'g cate w hlch blt ls falllng, Indlcatlng w hlch chlp or area ls a@:1 1

1 1 1 g' E##p' 1 = ON Causlng the problem 3@2
F'p/g' Thls test w lll flnd m ost of the harder to dlstlngulsh errors 3@21 1 1 1

3 @ 2

ln addltlon, posltlon 8 on each sw ltch enables (O FF) or dls- 3ê2
ables (O N ) the assoclated 8K block Posltlons 1 and 2 of 3@2

dlsab le/enab le the 4K b locks A and C  respec- 3@ :sw ltch 5 3
3z 3tlve ly 

jx s  . a,aP H A N T O M  L -  -
3 z 3

M E M @ R Y  P R O T E C T  S W IT C H E S  In response to Increaslng num bers of users w ho have re- 3z1
quested Inc luslon o f PH A N T O M  L IN E , buss p In 67 w hlch IS 3ê 2S

w ltch 5 3 posltlons 3 -6 are w rlte enab le sw ltches C on- aa a
o fte n used fo r Im p lem e ntlng p o w e r on Jum p feature s T hlsve rse ly the y m ay be used fo r m anua l w rlte p ro te ctlo n of the 

a @ :b oard ls deslgned for use w lth actlve O r Inactlve PH A N T O Mm em ory Each posltlon 3
, 4 , 5 and 6 Is asso c late d w Ih o ne ag :

m em ory b lock A B , C  and D respectlve ly A ny com b /natlon of llnes a@4

these four sw tlches m ay be O N w rlte enab llng or O FF w rlte 3z4

protectlng the partlcular block C A U T IO N  3:2
PH ANTO M  llne (buss p1n 67) for 3e2Som e m anufacturers use

a @ k
a refresh slgnal T hls w lll confllct w 1th the P H A N T O M  feature ,

W R IT E  S T R O B E  S E L E C T  S W IT C H E S  d cause boards w lth PHA N TO M  to fall If your system has 3eian 
a g k

S 3 posltlons 7 and 8 se lect w rlte strobe 5 3 -8 O N thts confllct lt m ust be reso lved by e lthe r e llm lnatlng the aekS w ltch

PW R to quallfy the m em o ry for w rlte com m ands 5 3 -7 refresh slgnal On the C PU board Or d lsab llng the PH A N T O M  ag !causes

O N causes M W RITE to quallW  the m em ory for w rlte com - feature on thls and other boards 3z!

mands In normal operatlons wlth systems whlch have front yhe PHANTOM feature may be dlsabled by cuttlng the 1.01t
e d b etw e en pad s fo r J 1 It @* 'pane ls Ie , A lta lr, Im sa l e tc , o r o the rs w hlc h gene ra trace o n the bac k Of the P C  bo ar !3 z

M W R IT E w lth o r w tthout front pane ls use M W R IT E A lI others m ay be reactlvated at any tlm e slm p ly by Installlng a Jum per a;!

use PW R Posltlons 7 and 8 both O N at the sam e tlm e w lll at J1 (see Flgure 1 1 ) az!
ground M W R IT E on the buss T hls condltlon m ust be avo lded az:

If you w ant the PH A N T O M  feature the conflctlng refreshIf M W R IT E Is p resent 3g

slgnal m ay be ellm lnated (IF NO T USED ELSEW H ERE IN TH E 3z
SYS TEM ) by cuttlng the trace connected to buss pIn 67 on ag

M E M Q R Y  T E S T IN G  the c pU board BE SUR E O F YO UR S YS TEM  C O N FIG URA - a;

Sf the m em ory board seem s to be w orklng properly the TIO N  B FFO 8 F C U TTIN G  A N Y TR A C E S zz

M em ory Testlng Routlne (page 1 1 ) can be used to glve the 3:
h w o rko ut It Is rathe r slo w  but w lll d o 3 2bo ard a m o re tho ro ug

3zthe lob w ell It can be entered vIa ed lto r/assem bler o r front
3 :

pane l sw ltc hes 3:

T he routlne ls set up to test 24K  fro m  4 00 0 he x up to ac

Ajjj hex Thls may be changed by enterlng a dlfferent start- a:
Ing address at STRT (300 1 - 3002) and/or a dlfferent end 3:
address at END (3004 - hlgh order byte only) 31

3 1

3 1

31

52
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M E M O R Y  T E S T IN G  R O U T IN E  C IR J U IT  D E S C R IP T IO N

Y T he heart of Econoram  V II ls the M M 5257/TM 5 4044

statlc m em ory IC (RAM ), w hlch can store 4096 slngle blts of
It .1 ,, .Inform atlon (thus

, each Is a 4K x 1 m em ory 1C ) Unllke stan-a 3zzz 2 1 ze 4: ze la STRT LXl H
' * : @ zH I

3:e 3 3: A e :e 2: EN D MV l A > eAZH dzrd R A V S, those lnc luded w 1th your kit are spec lflcally

3::5 22 6: 3* aa Da sTA F IN de slgnated b y the m anufacture r as Io w  p o w e r, hlgh spe ed

d 3::6 3E l z : z4 : M v ! A ' l:H garts i

0 3@zA 84 :z5: ADD H T hese IC s are arranged In row s that are 8 IC s w lde T hls I

s 3@eB 4 F @e 6z M0 v c >A w ay, each row  can store 4K x 8 b lts of Inform atlon Paralle l-

ïs 3eec 16 ee ze 7@ M V l D .: Ing 6 of these ro w s to gether p roduces a totas m eç'lory !

3eeE IE FF :e8: Mvl E, @FFH storage of 24K x 8 blts (Note that the bIt num ber corres-
3: le 22 65 3: @e9: DON E SH L D S'A D nd lng to a g lven colum n of IC s Is Ind lcated along the toppo

3: l 3 AF z lee xM  A d e of tNe m em ory array)e g
3e 1* A 7 z l lê M c v B ,A
3: 15 7B z l 2: SCN D M Q 1' A >E K O W  that w e have thls sto rag e , the re are stlll o the r

3: l 6 54 @ l 3: MQ v E ,D aspects w e m ust cons,der F lrst, w e need to address a

3: 17 57 z lAz Mc v D .A Spec lflc locatlon ln m em ory, and , w e need to be ab le to w n te

3: 18 79 e l5 z MQ V A ' C d ata lnto the m em o ry , o r re ad data fro m  the m em o ry

3z 19 24 65 3: e l 6: LH L D STA D T he schem atlcs o n pag es 8 and 9 sho w  the ad dress c lr-

3: l c 72 @ l 7: F'l LL M0 v M >D cultry along w lth the other E conoram  V II c lrcultry Each

âd ID 2: a l8d INX H m em ory IC requlres 1 2 address blts (AO-A I 1 ) to access any
3: IE Bc e l9 z cMP H f tjle 4096 bjts avajlable ln the IC  T hese address bltsone o
3: l F c2 lc 3: g 2ee cN t Fl L L are gene rated b y the C P U and are b upered by a num ber of In-
3z 2 2 2A  6 5 3 : : 2 1: LH L D S T A D

ve rters A fter bufferlng , a partlcular add ress Is presented to3:25 73 : 22: NEX T M0 V M
>E

- ::26 AB : 2:: Mc v A ,E al1 IC  address se lectlon p lns H ow eve r, w e additlonally need

S 3:2 7 BE : 24 : cM p M to Se le ct w hlch partlcu lar ro w  o f IC s Is to react to the g lve n

3:28 62 6F 3: :25: JN1 FA1 L address Thls requlres 4 m ore address blts (A 1 2-A 1 5)
 3z2B 79 :26: M0V A>C whlch are decoded and used to enable the deslred rOw Oi

3:2c 23 :27: !Nx H IC s (note row  m arklngs along the rlght hand slde Of the
3e25 9* :28: SUB H m em ory array)
3: 2E c 2 4 D 3: : 29 : J N : N DON w hen data ls to be w rltten Into m em o ry

, 
It flrst p asse s

3e 3 l B8 e dz z cM p B thro ugh 8 Inve rtlng buffe rs befo re b e lng p ut o n the data p lns

. 3z32 44 :3 le M0v B'H of the RAM S (bufferlng prevents loadlng of the data buss)

. 1: 3 3 cA 15 3: : 32: g : SCN D D
ata to be read on to the d ata buss from  m em o ry p asse s3: 36 3A 66 3: $ 325 L DA STA D + l

 

3:39 @: z 33z MA 9K Nn P through 8 T R I-S T A T E R Invertlng buss drlvers, w hen data Is

 3@ 3A @z e 33 l N 0 P not be lng read On to the buss, the outputs of these lnve rters

 3g 3B z z : 3 32 N 0 P are In a hlgh-lm pedanc e O r ' d lsco nne cte d ' State

1 3:36 3A 6E 3z : 34: LDA F !N A n unfortunate fact of Ilfe ls that Iog lc IC s generate

3: 3F B9 z 35: CM P C sw ltc hlng trans lents that trave l alo ng the p o w e r supp ly Ilnes

3:4 : cl zz 3z : 3 63 J 1 5T RT If these transle nts w o rk the lr w ay Into the Io g lc c ircultry,
3:4 3 :9 z 3 7: M 0 V A . c ro b lem s can ap p ear T o p revent such o c curances

, b yp assp
3:44 67 : 38 : M c v H aA to rs are tled ac ross the po w e r Ilnes at reg u lar tnte r-capac l

r 3:4 5 2E ze : 39 : M v ! L , z va ls In the m e m o ry array and at eve ry supp o rt IC

 3:4 7 C 6 l z e A e z A D l l:H

.

' 3:49 A F :4 lz M0 V c 'A  T hls board IS guaranteed to Operate at 4M H z over the full

a * 70* C am blent) and to draw Iess than1e4A c3 l e 3z z42: JMP DONE tem perature range (0 -
3g4D 22 67 3: @A3: NDON SHLD NXAD 2500 m A (2 5 am ps) O ur typlcal m easured currents w ere1 
3:5e 'x e4Ag I.C PB Mc v A 'D Iess than 1 2 1 0 m A at co ld start-up , rap ld ly decreaslng to

3z5 l eE :45e LOPA cMp M around 1 600 -1 900 m A , dependlng on the surrounding tem -
j aes2 62 6 F 3: :4 6: JN ; FA l L erature W e have heard slm llar repo rts from  the peop lep

aess 26 gA ie 1N R L jre ady uslng the se bo ardst a
::5 6 6 2 5 l 3: gA 8 @ J N Z L û P A

* 3:59 79 :49 : Mc V A >c lt IS Inte restlng to no te that statlc R A M  techno lo g y has

3:5A 24 z 5 zê !N A H R fo g fesse d to the po lnt that thls htg h-pe rfo rm ance statlc

aesB B c z s le cM P H R A M  bo ard Is co m parab le In co st and p o w e r co nsum ptlon to
1

3:5C 62 5e 3: :5 2: JN Z LO PB dynam lc m em o ry boards!

3: 5 F 2A  6 7 3 : : 5 3 : L H L D N X A D
1 3: 6 2 C 3 2 5 3: : 5 4 : J M P N EX T

- 1g 65 z 5 5 g STA D D S 2

3: 6 7 z 5 6: N X A D D S 2

ag69 zsiz FDE ns 2 v u a x x  v o u
3: 6 8 : 5 8 : M L D S 2

3: 65 z 5 9 : F O U T D S l
3@6E :6@z FIN D S l T hlS board IS the result Of m uch tlm e, w ork and ex-

3:6 F 22 68 3: : 6 1: FA l L SH L D FH L Pe cle nce On the part O f a num be r o f p e op le

3:7 2 32 65 3: : 62: 5TA FOU T W e Strlve fO r a bo ard that do esn 't Just w o rk the flrst tlm e ,

3:75 7E 8 6 3: M 0 V A œM but c ontlnues to glve re llab le O pe ratlo n fo r a Iong tlm e If w e

3:76 32 6E 3: :64 : STA F1N can be of any he lp to you In app lylng thls board , Or If you
3:79 E B :6 5 : X CH G have any questlo ns

, 
p lease Iet us kno w  A s a lw ays, w e
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M E :A B @ U T  E G O N O R A M  IX  retaln data as long as pow er ls applled Thls ls of partlcular

Interest to D lgltal G roup Ow ners, slnce the D lgltal G roupC ongrat
ulatlons on your cho lce Of the EC O N O RA M  IX , a f th

e unique ab lllty of the Z -80 C PU to T hsystem  m akes use o32K 
x 8 m em ory board deslgned speclflcally for e lectrlcal j

yesh rather than usm g and ctake care of dynam lc m em ory re
and m echanl6al com patlblllty W 1th the D lg ltal G roup buss fr

esh clrcultry on each lndlvldual m em ory board U nfor- areareA II IC  s
ockets, bypass capac lto rs, and Othe r com ponents, h

js Is a valld and econom lcal approach, It 56 K ,tunately, w hlle tare so lde
red on the board In order to elim lnate the m ost R EsE'r 

or the use of afy ((precludes the use of the norm al systemtedlous and error
- prone aspects Of the assem bly Of thds type c pu 

cannot contlnue to refresh the bo unthe W A IT Ilne slnce the
of kIt A ssem b ly should take only an hotlr or so W e en- R Es Ey 

Is held or C PU W A IT is used For Ins- that tm em ory w hllec
ourage you to take the tlm e to fam lllarlze youfse lf w lth the o

jg itaj G roup d lsk contro iler w ith any (tance , Sn o rder to uSe thef
eatufes and the clrcuit deslgn Of the board prlor to assem - j

je contro ller bo ard and the C PU N $dynam tc m em o ry , both tb l
y S everal of the features - such as Independent b lock f

jed an extra Input port bIt IS requlred, 5 2 //board m ust be m odl ,
o rganlzatlon, easy Sw itch asslgnm ent Of b locks to the y j

je Econoram  IX is not divldand specdal softw are IS necessaryd
esired m em ory address Iocatlon, Sw ltch Se lectab le block b j

em s because of Its static design off asublect to the above prodi
sab le and w rlte p rotec t - have bee n unavallab le to D lg ltal j

jjps used on thls board are dresT he Indlvldual m em ory cG
roup S ystem  Ow ners untll n0w  rouped together to fo rm  four blocks of m em o ry tw o 4KQ

U pon com p letlon of the board you w lll dlsco ver - as thotl- K b jo
ck and one 1 6K block Each block m ay beblocks, one 8

sands of satlsfled E C O N O R A M  ow ners have d lscove red - d t
o any of 1ts respectlve boundarles (1 e., elther 4Kasslgnethe pleasure of uslng a flne m em ory board that Just w orks

, K boundaryv the 8K b lock to any 8 K boundary Sb lock to any 4
and w orks, and w orks and the 16K block tg any of the four 1 6K boundaries) by set

-

A s the flrst com pany to natlo nally Offer m em o ry klts îO dd
ress w lth the on-board DIP sw itches (notlng the startlng a

uter hobbylsts, W e thank yOu fOr chooslng EC O NO RAM  dj Addjtjona! features lnclude a w rite
- pro -com p Jum pers requlre

IX w elcom e to the club tect sw ltch for the 1 6K block and dlsable sw ltches f0r both

the 8K and 16K blocks A lso included are Jum per pads for

adaptlng the board to non-standard polaritles of the W R IT E 0

E R V IE W  Strobe and the RO M  strobe (the slgnal w hich disables the 4T E C H N IC A L @ V  
aboard w hen the bootstrap ERO M  Is being accessed) No

T hls board Incorporates proven statlc m em ory tech- jum pers are required for standard D lgltal G roup system s
' 1 2

nology uslng Industrlal deslgn technlques and genefous slnce traces have been provided to connect the pads for the ! 6

safety factors to avo ld m arg lnal op eratlon standard slgna l po laritles 20

o f the tw o currently popular approaches to m em ory Extra heavy pow er supply traces
, gene rous bypassing of 24

deslgn - statlc and dynam lc - statlc m em orles are the o ver- pow er supply lines
, sockets fo r all Integrated clrcuits, 28

w he lm lng cho lce In appllcatsons w here speed , slm p llc lty , care ful layout and a double -side d
, so lder-m asked p rinted 3 1

ease of use and rellab lllty m ust be consldered clrcult board w lth com p lete com ponent and sw ltch Iegends 31
ln order to retaln data, dynam lc m em ory m ust be con- m ake thls a versatlle m em ory board w hich w ill g lve excep- 4C

tlnually refreshed T hls board, due to Its statlc deslgn, w III tlonally Iong and trouble-free servlce 4/

4 6

5:jsj -------------- 5f-- art: 
e (

Upon recelpt Of your klt, Check your parts agalnst the 11st below j tI

I binêI (7q (1 ) Econoram IX csrcult board 
j motl
I fa&I INTEGRATED CIRCUITS (note the followlng parts 
j wypI may have Ietter sufflxes and prehxes along wlth the 

t eI ll key numbers glven below) 
j abcI u (64) Muszsz orTMs4oL44 me

morles (u1a-u76) 1l r
.

'

.

'

.l (s) z4uso4 hex Inverter (U6-U1 2) 1l 
(z2 (! ) 74:.s32 quad z-lnputoR gate (us) lI 
r-'.q (1) 74us1a9 decoder/demultlplexer (u7) j s jI 
g.'.n (1) z4Ls24oTRI-sTATE* buffer (u8) jI 
r.'.q (4) 74L.s266 ex-soR o c (U1-u4) 1j 

(:jjII OTHER ELECTRO NIC coM poNENTs 
swIl 1'

.

'

.

'

.

'

.'J (2) s l p reslstor packs (R 1 , R 2)* Is
*  I efll (

.7 (2) 2K7 ohm  I/4 w att reslstors (red-vtolet-red R3, R4)
*  I cI ELI (1 ) 39 P

. F tantalum capacltor (c 1 ) p
.  I ncl E7) (28) ceramlc capacltors

I svI
l d:l M ECHANICAL COM PONENTS

*  I bll f
.

'

.

'

.

'

.T (76) low  proflle sockets
s2)* l at1 r--

-l (2) 8 pole dlpsw ltches (S 1 ,
I aïI E7 (1 ) user manual
I blI 
I1 al

*supp lled already so ldered to board te

58



r M E M @ R Y  A D D R E S S A I I IG N M E N T W R IT E  E N A B L E I W IT C H

lp
tO T his board Is configured as tw o 4K blocks. one 8K block S w ltch 5 2-8 Is the W R IT E EN A B LE sw ltch for the 1 6K

g and one 16K block Each 4K block m ay be asslgned to any (''D '') block of m em ory This sw ltch should be O N for norm al
r- area of m em ory beginning on a 4K boundary (0K , 4K , 8K , Operatlon How ever, If the sw ltch is placed In the O FF posl-
lt 56 K

, 
etc ) The 8K block m ay be asslgned to any 8K bound- tion after data has been w ritten into thls block, the block w lll

nf ary (0K , 8 ,K 32K , 40K , etc ) and the 1 6K block on any 16K be W RITE PRO TEC TED and the data can be read but not
le boundard (0K , 16K . 32K or 48K ) The only other Ilm ltation is Changed Thls ls a very pow erful tool for program develop-

-  that the asslgned Iocatlons should not overlap each other or m ent and debugglng , slnce the data ln the w rlte protected

h any other R A M  ln your system  block cannot be destroyed by a w ayw ard program  Y ou m ust

U N O TE ln the follow m g tabl ,e S 1 ps the ftrst d/p sw /lch and rem em be q how ever, that data buffers w hich m ust be

,
1 52 lt the second dlp sw ltch E ach dlp sw ltch has elght ln- changed by the prog ram  m ust reslde outslde the protected

t dtvldual sw ltch sectlons num bered 1 through 8 ..0'' = sw ltch area)

 off and ''J '' = sw ltch on s2-4, -z and -8 are not used tor ad-
e dress selec tlon and are exp latned pn the next secoon

 M E M o R y  T e s v lx o
e
 A n exce llent m em ory testlng routlne Is dlstrjbuted by the

y S TA R T IN G  A D D R ES S S W IT C H PO S IT IO N D lg ital G roup w hlch w ill test both the data integrlty and the

.  
speed o f the m em ory If thls ls unavallab le to you, w e have in-

BLO C K A, B C D cluded a test route (page 10) w hlch glves the board a som e-o

'- hex (spllt octal) 4K 8K 16K W hat slow but thorough w orkout It can be entered ln
 A S 1 - 1 234 S 2- 1 23 S 2- 56 m ochlne code through the program m lng optlons In your
r B s l - 5678 operatlng system  or In source code through an assem bler

 OK 0000 (000/000) 0000 ooo o0 (to use the D lgltal G roup Assem bler the m nem onlcs m ust be
e 4K 1000 (020/000) 0001 Changed from INTEL 8080 m nem onlcs to Zllog Z-80
n 8K 2000 (040/000) 001 0 001 m nem onics)

, 
1 2K 3000 (060/000) 001 1 The routlne fs ln4tfally set up to test a 32K segm ent of

 16K 4000 (100/000) 0100 010 01 m em ofy Startlng at 4000 hex and endlng at BFFF hex The
20K 5000 (1 20/000) 0 10 1 Startlng address m ay be changed by enterlng the deslred

'f 24K 6000 (140/000) 01 10 01 1 Start address at 3001 and 3002 hex (Iow byte first) The end-
q 28K 7000 (160/000) 01 1 1 'n9 address m ay be changed by enterlng the hlgh byte of the
1 32K 8000 (200/000) 1000 100 10 address follow lng the last tested byte at 3004 hex (If the test
 36K 9000 (220/000) 1001 is to end at E7FF hex, enter E8 at 3004)

-  40K A000 (240/000) 1 01 0 1 01 If the m em ory passes the test It Starts over agatn Three
bytes have been Ieft open at ''M/RK'' (a039 hex) to enable44K B000 (260/000) 101 1

48K c 000 (300/000) 1 100 1 10 1 1 YOtI to lnsert a call to a routlne to dlsplay the test address If
s2K D00O (320/000) 1 101 deslred
56K E000 (340/000) 1 1 10 1 1 1 lf anY gortlon Of m em ory falls the test, crltlcal Inform atlon
60K F000 (360/000) 1 1 1 1 IS Stored and the routlne enters an endless Ioop at ''SHLT''

(3o7D hex) Thls ''jum p to Itself'' m ay be replaced by a ''jum p
to a routlne '' w hlch notlfles you of the fallure, or the Ioop m ayN O TE // th

e deslred startlng address /s represente, as a be ter
m lnated by a R ES ET to your m onltor, from  w hlch yo ub

lnarv number, the swltch setttng represents the 2 3, or 4à can examlne the followlng Iocatlons where the Informatlon
m ost slgrl///cant blts of that address o nce vou ecom e regardlng the fallure Is stored '
fam lllar w pth the addresses of the van ous boundarles you

wlll flnd lt easy to re-ass/gn var/ous boundanes, you -?J hnd ao6g ,.gaE,, t
est c harac te r

ft easy to re-asslgn m em ory blocks w lthout referrm g to the aoeA .,,o E ,, +  j fjlj character

above table ,, ,,3068 FHL fallure address (low -hlgh)

306 D ''FO U T '' data expqcted at thls address

306 E ''F IN '' data read from  thls address

B k@ ç K  D IS A B K E  S W IT C H E S  yhe dlfference betw een ''FO UT'' and ''FIN '' should Sndl-

S w ltch 5 2 -4 and 5 2-7 are d lsab le sw ltches fo r the 8K  C8te W hlch b It Is falllng , and together w 1th ''FH L '' should

(''C '') block and the 1 6K (''D '') block respectlvely These Volnt to the bad m em ory IC If several blts are dlfferent the
problem could be an address decodlng problem cause/ byswltches should be OFF for normal operatlon lf elther swltch

IS m oved to the O N posltlon, the correspondlng block Is the fallure of one of the support chlps

effectlvely rem oved from m em ory (although as Iong as
pow er Is m aintalned , data prevlo usly sto red ln the b lock is

not dlsturbed and m ay be re-accessed by returnlng the

sw ltch to the O FF posltlon) Thls feature Is prlm arlly
deslgned to allow the use of a partlally populated board (any
block w lthout a full com plem ent of m em ory IC s m ust be d ls-

abled to prevent confllcts If other R A M  ln the system  is

assjgned an address w hlch overlaps that of the Incom p lete

block) H ow ever, the dlsable sw ltch can also be used as an
aId In troub le-shootlng and as a p seudo w n te-pro tec tbo pro-

tect a sectlon of code w hlle de -bugg lng another program
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z -e o e p v  s o A e o  *I

3 @ : : 2 1 @ @ A e @ ë l : S T R T LX 1 H ' A ; ; ZH I I

3::3 3E A@ 6:2: END MV1 A' :A:H 1 The followlng comments and flxes have been reported to 1l3
z:5 32 6E 3: ::3: STA FlN I us by dlgltal group users j3::8 3E l z ::4: MV! A

> le H  I
I T he data Ilnes from  m em o ry to the C PU are not term lnated I3@:A 84 z:5: ADD H 
I Ion the D igital G roup Z-80 C PU board

, and because of thls I3:eB 4F ** 6* MQ V C 1A I

sv: o.: j the CPU wlll occaslonally get a data byte other than ''FF'' '3@@C l 6 de zz7: 1
3@:E IE FF ::6: MVI E':FFH 1 When accesslng a non-exlstent memogxkmtqkuwxvs w1th j
3: le 22 65 3: ::9: DONE SHLD STAD 1 programs (such as the Dlgltal Group Memory Test Routlnes) -1
3: l 3 AF e 1@z xM  A I whlch use this to find memory Ilmits These Ilnes should be j3: 14 

*7 e l 1: M0V B>A 1 pulled up to +5 through 2 7K reslstors (3 9K and 4 7K resls- l
3: ls AB e l 2: SCND MQ1' A>E j tors have been used w1th satlsfactory results) A convenlent 13: l 6 5A z l 3: MQV E'D i l

o catlo n to install these p ullup re slsto rs ls on the le ft-hand .1

3z 1: 57 z l4e M0V D'A j sjde of the CPU board Above each 2102 locatlon In the flrst 13: 18 ;# e 15: M0V A
aC 1 jum n of lC 's tw o unused p lated

- through holes are pro- Ico3z 19 2A 65 3: e l 6* LHLD STAD j 
jp l u u s c v s .p Vlded (for undershoot clamplng dlodes) The rlght-hand hole3zlc :2 z l ;: 1 

Is connected to lts respectlve data Ilne Also, on the Ieft side I3: ID 23 z 18z :Nx H
3: IE Bc e l9z cMP H I Of each of these 2102's are two unused plated-through holes 1
3: l F 6 2 IC 3: @ 2e: JN : FILL I f0 r bypass capaclto rs T he pullup reslsto rs m ay be con- l

I l3: 2 2 24 6 5 3: : 2 ld LH L D ST A D 
j nected from the top hole (+ 5) of each of these palrs to the I

3:25 73 :22: NEXT M0V M>E I rloht-hand dlode Dad (data Ilne) above each 21 02 1I ** w . e 
a  , ,

,
3: 2 6 TB : 2 3: M 0 V A >E j T here Is an oc catlo nal g lltch o n the W R IT E Ilne of som e I

3: 27 BE : 2* : GM P M I z -8c ,s w hlch
, If not co rrected , can be a prob lem  W 1th m em o- II3: 28 c 2 6F a

e e2sg aNz FAIL 1 (such as thls board) fast enough to respond to It
, the glltch lry3:28 79 :26: M:V A> C 1

I can wrlte garbage Into whlchever locatlon happens to be on j CIR3:2c 23 :27: lNx H j
3: 25 9 * : 28 : sU : H I the address buss at the tlm e T he p ro blem  can be easlly cor- 1

3:2E c2 An 3: :29: JNZ NDON I fected by the addltlon Of a 100 PF capacltor between pIn 22 I 1
3z3 l 88 zze: cMP B I of the Z-80 and ground on the CPU board Two plated- I TM 1
3z32 44 za le Mûv B.H I through holes connected to these Ilnes are convenlently Io- * (.'41l 1(,)
3:33 cA 15 3: :32: J: SCND j cated near the lower rlght corner of the Z-80 and may be I3
:36 3A 66 3: :325 LDA STAD# l -1 used to Install the capacltor j fner3@39 ge :33: MARK N0P j 

A jthough the above problem s m ay not be notlceable on I deE
3@ 3A @@ : 3 3 1 N 0 p j o ur system

, we feel that the addltlon of the recommended I ;ar93@3B @: ::32 Nûp j f
jxes w lll add an extra m easure of re llab lllty to It and perhaps l 73e 3c 3A 6E 3: @ 3A @ LDA F !N 

j I jc  cc 
I 

he lp you to avo id tho se lne xpllcab se pro gram  crashes I3: 3F. 89 g 35: CM P

3:4: CA ee 3: :36: J: STRT 1 1 Stor
3z43 79 :37: M0V AœC 1 * These mods wlll help any system but are mandatory foI I tood

3z44 67 z38: McV HaA I successful 4MHz operatlon * IS 9I 
g lvtzeA s cE ze : :9 : M v ! u .z I

; c 6 lg e * @ e A o I 1zH I l m e n3 @ 4 

, I seg3:49 AF e4lz Mnv c,A I
:ZAA cz lz zz zAaz uHp onNe l I han.
:e4D 22 67 a@ e4a: NnnN sHu: Nxlo l dlode pads j j

aese nx @4Ag ucps Mov A.o I / j conzzsl BE g4se uopA cMp M I ground
dalaline I ingaas2 c2 6: ae :46z JNz FAIL I 

..---C) lntoazss 2c eAve 1Ne u jI 
7.3z56 c2 51 3: zA8z JNZ LOMA I wvpals j d

e c3: 5 9 79 @ h % @ M o v  A a c

oap. pad. 2$o2azsA 24 zsze lxR H l I and
azss Bc zs le cMp H -1 w j of a
azsc c2 se ae @s2z uNz unps o  pullup resistorsl (e required) l Oneaes

F 2. 6 , ae es a: uH u : w x A p tsb l

3:62 cz 2s ae es4z aMp NsxT I j s t
ae6s zssz stAp ns 2 ground zsoz al l dlst
3z 6 7 : s 6: ux w n D s 2 . n
::69 zsve FpE os 2 ; - memory to opu l mer
3z6B @s8: FHL Ds 2 I O  data line pullup j dec
:z6D @s9@ FOUT Ds l I reliwlors (asI3e6E :6:: F!N DS l 1 Q

' TK '@ 4';K  !
1 sw1asoz j3g6F 22 68 3: :61: FAIL SHLD FHL Icsl 

o  j v3e72 32 6D 3: :62: STA FOUT j
3:75 AE z63: M0V AœM j bytll 03:76 32 6E 3: :6*: STA F!N

l l drlv3:79 Es e6sz xcHc
' 2102 l ball:e7. 22 69 az .66. sHuo FDE

3:75 cz lo zg z67z sHue JMp sHum l . recf
ae8z e68z . j i c PtI 

datlI

62



I
I I
I 1

l I j
I 1 1
l I 1
I I I

I 1 : I II 
I 1

I I l I to pin zz II 
1 -- j

: I l I (wRlvs) 1I 
I I

11 11 l l .- j,
I j .. j

1 1 I z-so I 
.
? I11 

11 ... 11

, j I l .,. wsjxs jj.. j
jI I , z -s o

' I l de-glito: $ oo p: oapaeaor I
1 1 l 1
I 1 1 I j
I I 1
I I l I . . I
' 1 , 1

I I l I 1
I I l
' I I
I 1 g ro u nd I
I 1 1
l I 1
I I I
l I 1
I I
I

I
1
I
l
1

I C IR C U IT  D E S C R IP T IO N
I
I
I T he heart of EC O N O R A M  IX Is the M M 5257-3L or D ata to be w rltten Into a m em ory Iocatlon Is buffered and
11 TM 5401-44-25 m em ory IC (RAM ), w hlch can store 4096 bfts presented to the data ln plns of each colum n of m em ory lC s

1 (''4K'' blts) of Informatlon (thus, each ls a ''4K x 1 ' memory However, when a memory wrlte strobe ls recelved from the
I 1C ) These are not standard M M 5257/TM S 40L44's, the C PU. the data Is loaded Into the addressed Iocatlon of the
I m em ory Ic s lncluded In thls kIt are speclflcally tested and enabled row  of IC s only

1 deslgnated by the manufacturer as Iow power, àl/gàl speed W hen the output of a Ioglc IC changes state, It draws a
1 parts very short hlgh-current 'splke' from  the pow er Ilnes If
l k d tpe elec trlcal no lse created by these translent1 These Ic s are arranged In row s that are 8 (C s w lde - each unchec e ,

1 1C contrlbutlng one bIt of an 8-b1t byte Thus each row can splkes mlght couple Into the Ioglc Ilnes and cause erratlc
1 store 4K x 8 blts (4K bytes) By connectlng 8 of these row s Operatlon of the board To absorb these translents, bypass
I to rs are Ilbe ra lly p lac ed acro ss the po w e r d lstrlbutlon1 tog e the r ln para lle l

, 
a to ta l o f 3 2K  byte s of m em o ry sto rage Capac l

I Is produced (Note that the b1t num ber correspondlng to a llnes throughout the m em ory array and at every support IC
1
I glven co lum n of IC s ls Indlcated along the top edge of the Th's board Is guaranteed to operate at 4 0 M H z over the
l full tem pe rature range 0 * to 70 * C  and to draw  less than1 m em ory array and the row  num be r co rrespondlng to the 4K

1 segment wlthln a glven block Is Indlcated along the rlght 3500 mA (3 5 amps) The typlcal measured current draw Is
1 hand edge of the array) less than 3000 m A at cold start-up, rapldly decreaslng to
' N ow  that w e have thls sto rage

, 

there are othe r aspects to aro und 2400 to 2800 m A as the board w arm s upl

I conslder In orde r to be ab fe to m ake use of It F lrst, address- lt Is Interestlng to note that statlc R A M  techno log y has
I
I Ing a speclflc Iocatlon ln m em ory, and second. w rltlng data progressed to the po lnt at w hlch thls hlgh perform ance statlc
l Into the m em o ry or read lng data from  lt R A M  board ls com parab le ln cost and pow er consum ptlon toI

' T he Io g lc d lag ram  on pag es 8 and 9 sho w  the ad dress dynam lc m em o ry bo ards
1
l decodlng , read/w rlte contro l, m em ory array, înput buffe rlng
I
I and output buss drlver clrcults for the Econoram  IX Each row  T H A N K  Y o u

1 of memory ICs requlres 1 2 address blts (AO-AI 1 ) to select
1 one unlque Iocatlon of the 40 96 avallab le Iocatlons T hese T hls board ls the result of m uch tlm e , w o rk and ex-
l
1 blts are brought onto the board through Invertlng buffers lso perlence on the part of a num ber of people fn addltlon to

j as to present only one Iow-power TTL load to the buss) and thanklng you for chooslng thls board, we'd Ilke to thank the
1 dlstrlbuted to the 1 2 address se lect p lns on each of the phantom w and m any others fo r the lr he lp w lth thls prolect
I
 m em ory IC s T he rem alnlng 4 address blts are also buffered/ w e strlve fo r a board that doesn't Just w o rk the flrst tlm e,

 decoded, and If they represent a valld address for the board but contlnues to glve rellable Operatlon for a long tlme If we
I (as determ lned by the Settlngs Of the address select can be of any help to you In applylng thls board, Or lf you
I
I sw ltches), used to enable the approprlate row  of m em ory have any questlons, please Iet us know As alw ays, w e

 1CS sollclt your comments, Ietters and new product suggestlons W hen a row of 1C s Is thus enabled, lt presents the data HAppy C O M PUTING I 1

 byte stored at the addressed locatlon to the output buss 1
I
j 

drlver Thls IC Is normally ln a hlgh-lmpedance State (essen- 1
 tlally dlsconnected) W hen a valld address has been *Edltor S Note 'THE PHANTOM' ls Doug Bell, who pro- 1l

rece lved and a V EM O R Y R EA D strobe js rece lved from  the vfded the Im pe to us for pro duclng thfs kIt and then w rote I

CPU, the output drlver places the selected data onto the these Instructlons uslng a word processor/text edltor on h1s 1
data buss to the C PU D lg ltal G roup S ystem  w hlch Inc luded prototypes of thls Il

m em o ry and a d lsk system  o f hls o w n de slgn

6 3
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T E C H N IC A K o v E R v lE w  M 1A e o u T E C O N O R A M  x

C o ng ra tu la tlo ns o n yo u r d e c ls lo n to p u rc ha se T hls board Incorpo rates proven statlc m em ory tech- T h1

E C O N O R A M  X , a 3 2 K x 8 m em o ry b o ard de slg ne d no logy There are currentdy tw o popular types of m em ory tlflt

spec lflcally for electrlcal and m echanlcal com patlblljty w 1th be lng used In products Such as thls statlc and dynam lc drE

the propo sed IEEE S -100 buss standard T he S -1 00 buss S tatjc m em orles are the overw he lm lng cho lce ln app llca-

currently Is one of the m ost popular In the Industry and by far tlons w here speed , com p lexlty, ease o f use and rellab lllty

the m ost p ro llhc w e be lleve thls board w lth the rest of the m ust aI1 be consldered there Is no refresh slow dow n, the

S -1 00 portlons of the EC O N O R A M  fam lly to be the best C PU ls freed from  the drudgery of caretaklng the m em ory
,

m em ory boards avallable for that buss and technlques such as dlrect m em ory access (DM A) are far
W e recom m end that the parts ln thls kIt be checked m ore re llab le and easler to lm p lem ent B Lt

agalnst the parts 11st fo r com pleteness and that these 1n- T he Ind lvldual m em ory IC s used on thls board are B Lt

struc tlons be read through carefully before startlng A II IC  grouped together to fo rm  three blocks of m em ory, tw o 8K x

so ckets and dlsc bypass capac ltors are so ldered Into place 8 , one 1 6K x 8 T he 8K blocks are addressab le on any 8K

on the board so the ted lous w ork In puttlng the k#t together boundary, the 16K b lock on any 16 K boundary by settfng the

has already been done C om pletlon of the assem bly should startlng locatlons w 1th the onboard d1p sw ltch (no jum pers
take from  one to four hours dependlng on prevlous assem - requlred) A ddltlonal features lnclude a w rlte protect sw ltch
b Iy experlence and upon com p letlon, you w fll dfsco ver -- as fo r each block , a w r/te stro be se lec tlon sw ltch w hlch allo w s

thousands ot satlsfled E C O N O R A M  ow ners have dlscovered use of m em ory In system s w lth or w lthout a front panel
- -  the pleasure of uslng a flne m em ory board that Just w orks, (M W RITE strobe), allow ance for use w lth or w lthout the
and w orks PH A N T O M  llne j ''2 of 8 extra quallflers, dlsab le sw ltches for

A s the hrst com pany to natlonally offer m em ory klts to each block, thorough capac ltor bypasslng of supp ly Ilnes to B u(

com puter hobbyssts and professlonals, w e agaln thank you suppress translents p lus on-board regulatlon and heat-slnk-

for chooslng E C O N O R A M  X w e lcom e to the c lub Ing fo r re llab ly coo l op eratlon A lI thls and sockets for aII IC s

go onto a doub le -slded , so lder-m asked prlnted c lrcult board
w lth a com p le te com ponent-layout legend

k

a te

b Io

* n e 1 :a rtx I:t
U pon recelpt of your klt

, check your parts agalnst the Ijst below  p H j

(71 (1 ) Econoram  X cfrcult board

INTEG R ATED C IRC U ITS (note the follow lng parts
m ay have Ietter sufhxes and prevlxes along w lth the

key num bers glven below )

E) (64) M M 525?N -3L or TM S 40L44 (U 1 7-U8O)
O  (1 ) ?4LS02 quad nor gate (U4)
U1 (4) 74L504 hex Inverter (U 7-U 10)
L1 (1 ) ?4LS08 quad and gate (U 2)
F.J (1 ) 74LS 10 trlple nand gate (U 1 )
EèJ (1 ) ?4LS 139 dual decoder (U3)
E1 (1 ) 74L5240 octal buffer (U 1 1 )
(Zl (2) /4L.5266 quad ex-nor (U5, 6)
!7l (5) 7805 or 340T 5 5U regulators (U 1 2-U 1 6)

O T H E R  E L E C T R O N IC  C O M P O N E N T S

(D (2) S l P reslstor packs (R4
, R 5)*Z  

(3) 2K 7 + 20% V. w att reslstors (R 1 -R3)*
ZJ (1 0) 39 UF tantalum  capacltors (C 1 -C 1 0)
(1R (27) C eram lc dlsk bypass capacltors*

M E C H A N IC A L C O M P O N E N T S
C) (75) Low proflle IC sockets*
E'J (2) Djpsw ltch, 8 posltlon (S 1 -S2)*
(7) (5) 10 220 heat slnks
L-J (5) 6 - 32 m achfne screw s
1Z) (5) 6 - 32 lockw ashers
C1 (5) 6 - 32 x '/4 hex nuts
(7l (1 ) Econoram  X user m anual

*supp lfed already so ldered to bo ard

6 6
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I
1

M R M / R Y  A D D R E * * A * * Iq N M E N T E N A B L K /P R O T E Q T  S W IT C H E S

#- 
Thls board Is addressable as three separate blocks, Iden- Dlp sw ltch 1 posltlons 1 - 4 are w rlte enable (W E) @
tlfled as A , B and C  B locks A and B are 8K , B lock C  16K ad- sw ltches T hey m ay be used for m anual w rlte protectlon of '

9
 dressed as show n below (See Flgure 1 0) each 8K area of the board as follow s '

!

y sw lT c H BLO C K H EX S W IT C H PO S IT IO N PR O T EC T l
S W IT C H !

6 PO S CTCO K ST AB TIK G D ISA B LE
 A D D R ESS S 1 - 1 A )
' I

r 
S 1 - 2 B E

1 BLO C K A 52 1 23 S 1 - 5 S 1 - 3 C O-C I (C L)

e t BLOCK B 52 456 S1 - 6 S1 - 4 C2-C3 (CH) r
x @ 000 00œ
 00 1 20œ  A ny com blnatlon o f these four sw ltches m ay be on/off 1

e 0 1 0 40 00 w lth O N  w rlte enabllng the partlcular 8K  area and O FF w rlte 1

s 0 1 1 60œ  ff ,, protectlng that area r
ON = 1 ;

h 1 00 80X ()
IP 10 >' îî ()''s 1 0 1 A 000 /

,1 1 1 0 C 0G ) (

e 1 1 1 E000 l
W R IT E  I T R @ B E  * E K E C T  I W IT J H  :

r 2

 B LO C K C  5 2 78 S 1 - 7 1
2- 00 0000 T hls sw ltch se lects use or non-use of the S -1 00 buss slg - :

S 1 0 4000 nal M W RITE (pln 68) Thls slgnal Is norm ally produced by a ,
d 0 1 80œ  front pane t and w ould not be avallable (n front pane t-less

1 1 C 000 m achlne 
.

F  howeverv some CPU boards now Implement thls
slgnal If M W R ITE ls present on your m achlneuplace S 1 posl-

Also each block m ay be dlsabled by ptlttlng the assocl- tlon 8 (W S) O FF lf not prese ant O N N O TE sw ltch O N
ated sw ltch (show n above) ln the on posltlon A dlsabled grounds M W R ITE on the buss Thls condltlon should be
blo ck Is transparent to the system  and the contents m ay be avo lded If M W R IT E js present

nelther changed no r read

P H A N T / M  k lN E

In re spo nse to Increaslng num b e rs o f users w ho have re -

quested lnc luslon of ''P H A N T O M  llne buss pln 6 7 w hlch ls

o ften used for Im plem entlng pow er on jum p features T hls

board ls deslgned fo r use w lth actlve or jnaclyve PH A N T O M

llne s

C A M Y IO N

Som e m anufacturers use the PHAN TO M  Ilne (buss pln 67)
to r a refresh stgnal T hls w lll contllct w tth the PH A N T O M

feature and cause boards w lth P H A N TO M  to falj lf your

system  has thls confllct It m ust be reso lved by e lther

ellm lnatlng the refresh slgnal on the C PU board or d isab llng

the PH A N TO M  feature on thls and other boards

T he PH A N TO M  feature m ay be actlvated at any tlm e sIm

pIy by Installlng a jum pe r at J1

)

1

lf you w ant the PH A N TO M  feature the confllc tfng re fresh

slgnal m ay be ellm lnated (lF N O T U SED ELSEW H ERE IN TH E
S YSTEM ) by cuttlng the trace connected to buss pIn 67 on
the C PU board B E SUR E O F YO UR S YS TEM  C O N H G UR A -

TIO N  B EFO R E C U TTIN G  A N Y TR A C ES
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* 1
M E M @ R Y  T E S T IN /  M E M / R Y  T / / T IN I  R @ U T IN E

lf the m em o ry board seem s to be w o rklnq properly, the 3::: 2 1 e: Ae :e le STRT LX 1 H 'A?CJH tas
M em o ry T estlng R outtne can be used to g tve the board a 3:: 3 3E A0 :: 2: EN D M V 1 A 'eAeH t

3 : , 5 3 2 6 E 3 : : : 3: ST A F 1N
m ore tho rough w orkout lt ls rather slo w , but w lll do the Job da,

3: : 6 3E l z e @ 4 z M V 1 A ' 1êH
w ell lt can be entered vIa edltor/assem b ler or front pane l de3::4  8 4 z : 5 : A D D H
sw ltches zges Ay- geu: x: v c .. pa

T he routlne ls set up to test 3 2K from  4000 hex up to agec l 6 de gg 7a Mv I D ,z
C O00 hex T hls m ay be changed by enterlng a d lfferent start- agzz IE FF zes g Mv l E , @FFH w a

lng address at ''STRT (3001 - 3002) and/or a dl#erent end 3e le 22 65 3: :e9: DONE SHLD STAD jng
address at ''EN D (3004 - hlgh order byte only) 3: 1 3 AF : l e: XRA A fN 4

If the m em ory passes the test, It starts over agaln Y ou 3: 1 * *; : 1 l ê M0V B 'A 'lc t

r

m ay on the othe r hand , Insert a Jum p Instructlon at ''V A R K ' 39 15 IB : 1 2: SCN D M Q1' A 'E
m e user ro utlne or, It deslred the user m ay enter an Out- 3: ! 6 SA e t 3: M0 V E ' D

to so as1.$ n K ,, to 3: 1: 5 7 ; lA : M0 V D 'A
put Instructlon or, can do a notlflcatlon routlne at M A sp.3: 18 7* : 15: M: l! A '6
show  successful com p letlon and restart da3: 19 2A 65 3: : l 6: LH LD STA D

lf the m em ory falls the test, crltlcal lnform atlon ls stofed aa lc , 2 g l 7: Flut. M0 v M 'D

and the routlne enters a so ftw are ''H A LT ' , that ls a ''jum p to ae l o 2: a 18 d : wx yI c Ir
here at ''S H LT '' Front panel Ilghts, If any, w lll show  thls 3: IE Bc : l9 g cM P H m e
state T he user m ay then use the front pane l or dum p routlnes 3: 1 F 6 2 16 3: :2:: JN Z F1 LL on

to d lsp lay the fo llow lng stored fallured lnfo 36 2 2 24 65 3: : 2 1, LH L D STA D ar(
3* 2 5 7 3 : 2 2: N EX ; M O V  M ,E ve

306 9 +  ''FD E ' = D , E palr D ls the flll 36 26 IB : 23: M0 V A 'E all
3 : 2 7 B E : 24 : CM p M

character and E Is the test to3: 28 c 2 61 3e : 25: JN : FA I L

character ad3: 28 79 :26: M0V A ' C

3o6 B * ''FH L = H , L palr the fallure add ress ag 2c za : :.?g Ixx H w t

3O 6 D * ''FO U T =  the data expected at thls ad- ag ao :A : :8 : su B H jc

dress 3: 2/ c 2 Ao 3: @ 29 : Jw z N ooN m :

3O 6E * ''FIN ' = the data read from  the address 3e 3 l B8 : 3:g 6M p B
3 : 3 2 * A z 3 l e M 0 V  B ,H thy

*address from  M em ory T estlng R outlne L lstlng az aa cg ,5 og g a2@ a z SCN D o f

3: 36 3A  6 6 3e : 3 2 5 L D A ST A D * 1
T he user m ay replace the ''lum p'' at ''S H LT ' w lth a jum p to ag ag :@ g aa: Mx nx Ncp ysD e

d fsp lay or notfflcatlon routlne ad aA dd p a: l N 0 p t''f
a

T he d lfference betw een ''FO U T ' and ''FIN  should Snd l- 3: 38 ez : 332 N G P NO

cate w hlch b It Is falllng Ind lcatlng w hich chlp o r area Is 3: 36 3* 6E 3: : 3*: LDA F 1N ard
causlng the pro b lem  3: 3F 89 : 35ê CM P C

T hls test w lll flnd m ost of the harder to dlstlngulsh errors 3@*Z CA e: 3: : 360 U Z STRT sv
3eA 3 :9 z 3 7z M 0 V A a 6 lf
3 : 4 4 6 7 z a8 e M 0 v H ' A  o r
3: 4 5 2E e e z 39 z M V I L 1 z Gc a

3e A 1 C 6 le e A e e A D l leH va

3: 4 9 A F a A l z M 0 v c ' x

a@ 4 A  6 3 1: 3 : : * 2 : JM P  D ON E
3eA D 2 2 67 3@ :* 3: N DON SH L D N X A D to

3: 5: 'A êA A e L 0 p B M 0 v A >D 3 6

3: 5 l B E : 4 5 : L O PA  CM p M w '
3 : 5 2 6 2 6 F 3@ ' A 6 @ J N Z FA 1 L tc

3e 5 5 26 e A le !N R L te

3 : 5 6 C 2 5 l 3e @A 8 z JN Z L O PA al
3: 59 79 z 4p z M o v A '6

3:5A 2* : 5 :: lN R H p l

3e58 Bc es le CM P H R
3: 5 6 c 2 5: 3e :5 28 J N z L O P B tt
3 : 5 F 2 A  6 7 3 : : 5 3: L H L D N X A D

3: 6 2 6 3 2 5 3: @ S A : J M P N EX T

3, 65 : 5 5 , STA D D S 2
3 6 6 7 : 5 1 : N X A D D 5 2

3 : 6 9 : 5 7 : F D E D S 2

3: 6 8 z 5 6 : FH L D S 2

3 z 6 D : 59 g FO U T D S 1

3 : 6 E @ 6 * @ F !N D S l

3 : 6 F 2 2 6 8 3 : * 6 1: F A 1 L SH L D FH L

3 e 7 2 3 2 6 D 3: : 6 2: ST A  F 0 0 T

3: 7 5 IE : 6 3e M 0 V A >M

3: 7 6 3 2 6E 3: : 6 4 : ST A F IN

3: 79 E B e6 5 : X CH G
3 : 71 2 2 69 3: * 6 6 @ SH L D P D E

3 @ ; D c ; A D 3 : : 6 7 : SH L T J M P SH L T

3:8 : : 68 : *

: 8



I

o lR o u lv  p l s c n lp v o x  T H A N K  v o u

T he heart of EC O N O R A M  X Is the M M 525 7/1-M 5 40 1-44 T hls board Is the result of m uch tlm e , w o rk and ex- p1
1 statlc m em ory $c (RAM )

, 
w hlch can store 40 96 slngle blts of perlence on the part of a num ber of peop le :

Inform atlon (thus, each ls a ''4K x 1 '' m em ory IC ) Unllke stan- W e strlve for a board that doesn't Just w ork the flrst tim e,
dard R A M S, those lnc luded w lth yo ur klt are spec lflcally but contlnues to g lve re llab le operatlon for a Iong tlm e If w e

deslgnated by tbe m anufacture r as 1ow  pow er, hlgh speed can be of any help to you In applylng thls board , or If you

parts have any questlons, p lease Iet us know  A s alw ays, w e

T hese IC s are arranged In row s that are 8 IC s w 'de T hls SO IIc It your co m m ents, Ietters and new  product suggestlons l

way, each row can store 4K x 8 blts of Inform atlon Parallel- HAPPY C O M PUTING '
Ing 8 of these ro w s produces a total m em o ry of 3 2K x 8 b lts

(Note that the b1t num ber correspondlng to a glven colum n of
IC s ls Indlcated along the top edge of the m em ory array)

N o w  that w e have thls storage , the re are stlll o the r

aspects w e m ust conslder Flrst, w e need to address a

speclflc Iocatlon In m em ory, and w e need to be able to w rlte

data lnto the m em ory, or read data from  the m em ory

T he iog lc d lagram s on pages 8 and 9 show  the address

clrcultry along w lth the other EC O N O R A M  X c lrcultry Each

m em ory IC requlres 1 2 address blts (AO-A I 1 ) to access any
one of the 40 96 b lts avaltab le ln the IC  T hese address blts

are generated by the C PU and are buffered by a num ber of ln-

verters A fter bufferlng , a partlcular address Is presented to

al1 IC  address selectlon plns H ow ever, w e add ltlonally need

to se lect w hlch partlcular ro w  of IC s Is to react to the g lven

address Thls requlres 4 m ore address blts (A 1 2-A 1 5)
hlch are decoded and used to enable the desired row oiw

ICs (note row  m arklngs along the rlght hand slde of the
m em ory array)

W hen data ls to be w rltten lnto m em o ry, It flrst passes

through 8 Invertlng buffers before be lng put on the data p lns

of the BAM S (bufferlng prevents Ioadlng of the data buss)
D ata to be read on the data buss from  m em ory passes

through 8 TRI-STATE' Invertlng buss drlvers, w heq data Is
not be lng read on to the buss, the outputs of these Snverters

are In a hlgh-lm pedance or ''d lsconnected state

A n unfortunate fact of Ilfe ls that Io g lc IC s generate

sw ltchlng translents that travel along the p ow er supp ly llnes

If these translents w ork the lr w ay Into the Iog lc clrcultry,

prob lem s can appear T o prevent such occurances, bypass

capaclto rs are tled across the pow er llnes at regular Inter-

vals In the m em ory array and at e very suppo rt IC

T hls bo ard Is guafanteed to ope rate at 4 M H Z ove r the full

tem perature range (0-70 C am blent) and to draw  Iess than
3500 m A (3 5 am ps) A lso, our typlcal m easured currents
w ere Iess than 3 1 00 m A at co ld start-up , rapld ly decreaslng

to around 2900 m A or Iess depend lng upon the surround lng

tem perature W e have heard slm llar repo rts from  the peop le

already uslng these boards

It Is Interestlng to note that statlc R A M  techno logy has

progressed to the pont that thls hlgh-perform ance statlc

RAM  board Is com parab le In cost and pow er consum ptlon to

the dynam lc m em ory boards
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1

T .M .

A BO U T TH E EC ON O R XM  X a

C on gr n tu la t don s on  y ou r pu rch a se of th e E con o ra m  Xa . a 3 2 x

8 m e m o ry b o a rd d e s f g n e d s p e c l f f c a l l y f o r e l e c t r f c a l a n d

m ech an i cm l co m p a tab i li ty w ith th e IE E E bu s stan dar d . T he S 100

b us sy s tem s are p r o fe s s son al lev el m a ch fn es u s ed fn co m m e rc fa l,

i n d u s t r q a l , an d s c i e n t i f i c ap p l i c a t i o n s . B e c a u s e o f th e b u s

o r f e n t e d a r c h f t e c t u r e , S 1 0 0 m a c h ï n e s p r o v f d e s u p e r f o r

p er for m an ee w #th ou t th e b u i lt in ob s ole scen ce of oth er sy ste m s .

W e b e lJeve th at th is b oa rd w ith the re st of the S- l00 p or tson of

th e C om p up ro fa m i ly ïs on e of th e b e st b oa rd s av a i lab le fo r th a t

b u s -
W e recom m end th a t tb e par ts in th i s k 1 t b e ch eck ed aga in st

th e p a r t l s s t f o r c o m p l e t e n e s s a n d th a t t h e s e i n s t r u c t i o n s b e

read th r ou gh car efu lly b e fore sta r t in g - A 1 1 TC so ck e ts an d di s c

by p a s s r a p a c s t o r s a r e s o l d e r e d in to p l a c e o n t h e b o a r d , s o th e

t e d # ou s w o rk qn p u t t i n g th e k 1 t to g e th e r h a s a l r e a d y b e e n d o n e.

Co m p l e t i o n o f th e a s s e m b ly s h ou ld t a k e f r o m  o n e to f o u r h o u rs ,

d ep en d in g on p r ev iou s as se m b ly ex p e r ien ce , an d up on co m p le tion,

y ou w i ql d is cov er - as th ou san ds of sa t ls f ied E CON OR AM  ow n e r s
1

h av e d i s c oire r ed - - th e p le a su r e of us in g a f in e m e m o ry b o a rd th a t

lust w orks, and w orks-
A s th e f l r s t c o m p a n y to n a t i o n a 1 1y o f f e r m e m o ry k i t s to

c o m p u t er h ob b y ; s t s a n d p r o f e s s i on a l s , w e a g a in th an k y ou f o r

ch o o s in g EC ON OR AM  X a . . .w e lc om e to th e clu b -

T E CH N T C AL  O V ER V TE W

T h 5 s b o p r d qn c o r p o r a t e s p r o v en s t a t l c m e m o ry t e c h n o l o g y .

Th e re a r o c u r r e n t Iy t v o p o p u l a r t y p e s o f m e m o ry b e 1 n g u s p d in

p r od u ct s su ch a s th i s - st a t# c mn d dy n a m # c . S ta t i c m e m o r ie s ar e

th e ov e r w h o lm lng ch o lce in a pp p ica t ion s w b e re sp e ed , co m p l ex i ty ,

e mse of us e an d re 1 imb # lity m u s t al 1 b e con s ider ed .woth e re is n o

re f r o sh s 1 o w d o w n , th e C PU # s f r e ed f r o m th e d r u d g e ry o f

c a r e t a k in g th e m e m o ry , an d te ch n iq u e s su ch a s d i r e c t m e m o ry

mccess fDM A ) are f ar m ore rfal i'b le and eas ier to im p lem en t-
T h e in d # Az# d u a l m e m o ry IC s u s e d on th ï s b o a r d ar e g r o u p ed

to ge th er to f o rm tw o 16K x 8 b lo cks of m e m o ry . E a ch of th ese 16K

b l oek s can b e st ar te d on any 4K  b ou ndpry by se ttin g th e dip sw itch

(no ju m p ers requ ï red ). A ddltfon al f en tu res j nclude a u rj te

1 protect swltcb and an pnabl e switch f or each block. write strobe
s e 1 e c t # o n s w f t c h e s f o r u s e ïn s y s t e m s w i th o r w , th o u t M W R T T E

s trob e 24 b it ex ten d ed ad d re ssin g w lth di sab l e sw i tch f o r m e m ory

ex p a n s l o n b ey o n d 6 4K , t h o r o u gh c a p a c i t o r b y p a s s fn g o f s u p p ly

1 1 ; es to su p p ress tran sï en ts p lu s on -b oa rd regu la t ion an d h e at -
l n

j s# nking f or relb ably cool operat ion. A! 1 thïs and sockets f or
a11 TCs go onto a doubl e-s ided , solder-masked printed circuitf

I 
b o p rd w i th a com p le te com p on en t- lay ou t leg en d .
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U S TN G E C O N O R AM  X a

l6K  BL O C K  AD D R E S S IN C
E a ch l 6K b l o c k on th l s b o a r d can b e se t to st a r t on an y 4K

b o u n d a ry in th e c u r r en t l y a d d r e s s e d 6 4K p a g e . T h e s t a r t ln g

add res s of th e b o ard ls se t by ad d in g th e sw l tch v a lu e fn d ica te d

on th e d isg r am  b e low - I f th e s ta r tin g ad d re ss is 52K or gr ea ter ,

th e r e m a in in g m e m o ry th a t w ou l d ex i s t b ey o n d 6 4K i s w r a p p ed

a r o u n d t o 0K - F o r e x a m p l e , l f a b l o ck  l s a d d r e s s e d t o s t a r t a t

5 6K . th pn th e rp w ou ld b e 8K  from  56K  to 6 4K  mn d 8K  from  OK  to 8K .

SW TT CH  S q

BLOCK I BLOCK B IH BLOCK A I

SWTTCH POSTTTON I 1 I 2 1 3 I 4 IIl 5 I 6 l 7 ! 8 I

SWTTCH V/LUE l32K I16K I 8K I 4K !II32K I16K ! 8K I 4K 1

SW T T CH  P O S TT TO N  AN D S E T T TN G

B L O CK  A 5 6 7 8 STA R T TN G AD D R E S S

RL OC K B 1 2 R 4

0F F 0F F 0F F OF F 0K +  0K +  0K +  OK = 0K

0 FF OFF 0FF O N OK  +  0K  +  OK  +  4K  = 4K

0 F F 0F F 0N OFF OK +  OK +  8K +  OK  = 8K

O FF 0 FF 0N O N 0K + 0K + 8K + 4K = 12K

0 F F ON 0F F OF F 0K +  16K +  0K +  OK = 16K

0 FF ON O FF 0 N 0K  +  16K +  OK  +  4K = 20K

O F F ON  0N OF F OK +  16K +  BK +  OK = 24K

0 FF 0N ON O N OK  +  16K +  8K  +  4K = 2 8K

0N OF F 0F F 0FF 3 2K +  0K  +  0K  œ  0K  = 32K

ON 0 FF 0 FF O N ? 2K +  0K  +  0K +  4K = 3 6K

0N 0F F ON 0F F 32K +  0K +  8K +  0K = 40K

ON O FF ON 0 N 3 2K +  0K  +  8K  +  4K  = 4 4K

0N ON 0F F 0F F 32: +  16K +  0K +  0K = 4 9K

ON ON 0 FF 0 N R2K + 16K +  0K +  4K = 5 2K

ON 0N ON 0FF 92K +  l6K +  8K +  0K = 56K

ON ON ON O N A2K +  16K +  8K  +  4K = 6 0K

F X T E N D E D  A D D R E S S G E L E C T TO N

T h P m e m o r y o n th l s b o a r d m a y b e p l a c e d ïn an y o f th e 2 5 6-

6 4 K p a g e s t h n t c c n b e n d d r p s s e d b y t h f s b o a r d . T h i s ï s

a c c o m p l s sb e d b y s e t t s n g tb e 6 4K  p a g o m d d r e s s on sw d t cb S 1 a s

shown b olow , and turn ïng X N* (S 2-8 ) to th e OFF posltqon .

ADDREqS !A2q lA22 IA2lIA20 IA 19 !A l8 1A l71A 16 1 ON = ''0f'

l 1 l 2 ! R l 4 l 5 l 6 l J l 8 l OF F = ''l H
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I

N O T E : T f u s in g th i s b o a r d in a sy s t e m  th a t do e s no t h a v e

EXTENDED ADDRESSTNG, the user shou ld rem ove U 12 (25L52521). turn
a11 position s of S 1 to th e 0FF position , an d tu rn 52-8 (XA *) to
th e ON  p o s i t ion -

BL O C K  EN A B L E SW TT C H E S

E ach l6K  b l ock on th i s b o ard m ay b e se le c tiv e ly di sab led an d

r e m ov ed f r om  m e m o ry sp n ce a t any ti m e by tu rn in g th e ap p rop r ia te

e n a b l e sw ï t ch to th e 0 F F p o s ï t / o n . F o r n o r m a 1 op e r a t i o n , th e

en ab le sw itch es sh ou ld b e le ft in th e ON  p o s i t ion .

SW TT C H  N A M E SW TT C H  PO S IT IO N

B L O C K A EA 5 2- 6 ON = EN A B L ED

BL O C K B EB 5 2- 7 0 F F = D I SA B L ED

W R TTE P R O T E C T SW TT C H E S

E a c h 1 6K b l o c k o n th l s b o a r d m a y b e s e l e c t i v e ly w r i te

p r o t e c t e d a t a n y t i m e b y t u r n in g th e a p p r o p r i a te w  r i t e e n a b l e

s w i t ch to th e 0 F F p o s i t i o n . T h l s a l l o w s th e u s e r to r e a d f r o m

th e R A M . b u t n o t to a l t e r 1 t s c o n t e n t s . F o r n o r m a l o p e r a t s o n ,

th e w r i te en ab l e sw i t ch e s sh ou ld b e le f t in th e ON p o s i t ion .

SW TT CH  N AM E SW IT CH  P O S TT ION

B LO C K * W A 5 2- 4 0N = W R IT E ENA BL ED

B L O C K B TJB 5 2- 5 0F F = W R ITE PR O T EC T ED

M W R IT E SE L E C T IO N  SW TT C H E S

T h e M W R TT E se le c t ion sw ï tch e s sh ou ld b e se t as sb o w n b e low

to conform to y our system 's imp lem en tatlon of the M W RTTE line (S-

10O bus p1n 68).

T f y ou r sy s t em  h a s . . . . .

M WRTTE TM PLEM ENTED : Turn 52-2 (M W ) to the ON position , and 52-3
(MG ) to the 0FF posltion .

M WR TTE NOT TM PLEM ENTED : Turn 52-2 0%W ) to the OFF posltfon , and
52-3 (MG ) to the 0N positïon .

N OT E ' Tf y ou r sy s te m  le av e s M W R IT E d is co n n e c te d or f lo a tïn g , it

m igh t b e a g o od id ea to g r ou nd th e l in e b y tu rn ing b 0 th 5 2- 2 an d

S2-Q fM W an d M G ) to th e ON posl tion - Th is sh ou ld al low al 1
b o n rds u s fn g b 0 th M W R TTE an d P W R A to op e r a te p rop e r ly .

PH A N T O M  L TN E

T h l s b o a r d m ay b e d i s ab 1e d b y th e P HA N T O M * lin e (S - 10 0 b u s

p ïn 6 7h ïf d p s lr ed b y p la c in g S 2- 1 (PH ) in th e ON p o s q t lon . F o r

norm al opormt#on unaffected by PHANTOM A, leave 62- 1 (PH ) #n th e
0 F F p o s q t i o n .
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a t ta in ed b y e s tab l ish in g a sub - se t of IE E E

6 96 w h i ch w ou ld p e r m i t d i s t r ib u t i o n o f

r e g u l a t e d + 5 v o l t s d i r e c t ly to s y s t e m

b o ar d s .

1 . N D E F , 3 L in e s , N o t t o b e D E F i n e d ,

a r e o p t i o n a l s i gn a l l in e s f o r u s e b y

in d iv i d u a l m a n u f a c tu r e r s . T h e s e l in e s

M U ST b e fu lly de f in ed by any m an u fa c tu r er

u s i n g th e m . Th e y M U S T b e p r ov i d e d w i th

sw itch es or lum p ers to elim inate b us
con f lic ts an d th e ir si gn a l s M U ST b e 5 v ol t

TT L log i c lev els .

J . R F U , 4 L in e s , R e s e rv e d f o r F u t u r e

U s e , m a y n o t b e u s e d f o r a n y p u r p o s e .

T h e se l in e s a r e r e se rv ed f o r b u s ex p an s i on *

an d m a y b e d e f in ed in f u tu r e r ev is ion s o f
ZIE E E 6 9 6.

T h i s c o m p l e t e s a b r i e f ov e rv i e w  o f th e

f u n c t i o n s a n d o p e r a t i o n o f th e 1 0 0 l in e s

spectfied in IEEE 696/S-100.

j
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A B O U T E C / N @ R A M  X I T E C H N IC A L O V E R V IE W

C o ng ra tu la tlo ns o n y o u r d e c Is lo n to p u rc has e T hls board Incorpo rates proven statlc m em ory tech-

EC O N O RA M  X I, a 32K x 8 statlc m em ory board deslgned nology There are currently tw o popular types of m em ory
spec lflcally for e lectrlcal and m echanlcal com patlb lllty w lth belng used 'n products such as thls statlc and dynam lc

the slng le -board -leve l-com puters, that Is the S B C  80 serles S tatlc m em orles are the Overw he lm lng cho lce In appllca-

by Inte l and the B LC  serles by N atlonal S em lconductor C o rp tIOnS w here Speed , com p lexlty, ease Of use and re llablllty

A II IC  sockets and dlsc bypass capacltors are pre- m ust al1 be consldered There ls no refresh slow dow n, the

so ldered lnto place on the board, so the tedlous w ork In put- C PU Is freed from  the drudgery of caretaklng the m em ory,

tlng a klt together has already been done C om pletlon of the and technlques such as dlrect m em ory access (DM A ) are far
rem alnlng assem b ly steps should take from  one to three easle r to Im plem ent

hours U pon com p letlon, you w lll dlscover as thousands of T he Indlvldual m em ory lC s used on thls board are

satlsfled EC O N O R A M  ow ners have dlscovered, the pleasure grouped together to form  three blocks of m em ory, tw o 8% x 8
of using a flne m em ory board that just w orks and w orks and and one 16K x 8 The 8K bsocks are addressable on any 8K
w o rks b o undary , the 1 6 K b lo c k o n any 1 6 K bo undary by se ttlng the

As the flrst com pany to natlonally offer m em ory klts to startlng Iocatlons w lth the on-board D IP sw ltch (no Jum pers
com puter hobbylsts, and now  supplylng m em orles to 4n- requlred) Addltsonal features Include a w rlte protect sw ltch
d lviduals and large concerns, w e agaln thank you for choos- for each b lock, optlonal advanced w rlte stro be , optlonal

lng E C O N O R A M  X j W elcom e to the club l rem ote m em ory protect, optlonal ''2 of 8 '' extra quallflers

dtsable swltches for each block, plus thorough bypasslng oi
supp ly llnes to sup p re ss translents A II thls and so cke ts go

onto a doub le-slded , so lder-m asked prlnted clrcult board

w lth a co m p le te co m p o nent-layo ut Ie ge nd

*

st .+.++..+........+..+ a rt: I+.
*  upon recelpt of your klt

, 

check your parts agalnst the 11st below  #
+  *
+  *
+  Z  (1 ) EC O NO RAM  XI clrcult board #
+  +
#  IN T EG R A T ED C IRC U ITS (note the follow lng parts #
+  m ay have Ietter sufflxes and preflxes along w lth the #
+  *k

ey num bers glven below  ) ++  
u j 2 - u8j ) +(72 (64) M M 5257 or 1M 54044 m em orles (+

+  (7J (2) 74L5 136 excluslve O R gate (U1, U3) #
+  IZ  (1 ) 74L5266 excluslve NO R gate (U2) #
+  (7l (1 ) 74L5 139 dual 1 of 4 decoder (U4) #

.
+  EEl (1 ) 741

-

502 NO R gate (U5) ..#

Y  ED (1 ) 74LS 10 N AN D gate (U6) Y++  

f ce gates (U7) ++  C1 (1 ) 74L538 buffer and tnter a
+  EEl (4) 74L504 hex Inverters (U8 - U 1 1) +
+  EZI (1 ) 74L5 240 TR I-STATE * Inverters (U 1 2) #
+  +

.

+  O T H E R ELEC T R O N IC  c o M p o N E N T s .*

-*- C) (44) ceram lc capacltors* -*'++  
.

+  EEI (2) 39uF tantalum capacltors +
+  E1 (3) S I P reslstor packs (R ,1 R2, R4)* #
+  (71 (1 ) 1 8K 1 /4 w att reslstor (R3)* #
+  *
*  IC A L C O M P O N E N T S #M E C H A N 

++  .
+  (7! (76) low proflle sockets +
+  (71 (3) D lP sw ltches* +
+  (71 (1 ) lnstructlon booklet #
+  *
#  *s upplled already soldered to board #
+  *
+  +

'T R I-S T A T E a tradem ark of N atsonal S em lconductor C orp

* * * + + # + # + # + # + + # # # # + # # # # # # # # # # # # # # # # #

80
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M E M O R Y  A D D R E S S  A S S IG N M E N T  A D V A N C E D  W R IT E  S T R O B E

T hls bo ard ls ad dressab le as thre e se parate b lo cks o n U nde r no rm a l Ope ratlo n a w rlte cyc le on the buss re qulres 3
3the lr respe ctlve bo unda rles B lo cks A and B are 8K , B loc k C  Zt lo ast 2 w a lt States T he m a ln C pu /co ntro lle r board, 3

Is 1 6 K w lth sw ltch po sltlons as fo llo w s ho w e ve r, uses an advance w rlte stro be that e llm lnate s thls a

d e lay on-bo ard If thls stro be ls b ro ug ht o ut o nto the buss on !

A D D R ES S 8K B LO C K 1 6K B LO C K One Of the unused buss plns, It m ay be used by thls m em ory 3
S W IT C H S TA R T IN G  S TA R T IN G  D IS A B LE board to ellm lnate the w alt states by connectlng the ap- 1

S W IT C H proprlate buss pIn to lum per pad # 1 JPO S IT IO N S A D D R ES S A D D R ES S 
:

BLO C K A s l -1 2 3 s 2-1 FOr norm al C PU conflguratlon sw ltch 52-8 (XA external :
acknow ledge) should be O N and sw ltch 5 2-7 (AA advance :BLO C K B s l 

- 4 5 6 s2-2 acknow ledge) should be O FF System s uslng AA (advance :
:B LO C K C S 1

- 7 8 X s2-3 acknow ledge) turn 5 2-7 O N and 52-8 O FF
.:

:

0 0 O 0000 0000 Q U A L IF IE R S :
(0 = O FF) o c 1 zooo

(1 = O N ) o 1 O 4000 4o00 In addltlon to the norm al address quallflcatlon thls board
o 1 1 6 00 0 has tw o unuse d q ua llfle rs w hlc h m ay be used , lf de slre d , for

1 o o 80 0 0 ao o o syste m s w lth m o re than the no rm a l 6 4 K o f m em o ry o r o ther

1 () 1 A oo o unusua l ap p llcatlons E ach ls lm p le m e nted by co nnectlng

1 1 O C 00O C 0O0 the deslred buss pIn to lum per pads .# 2 and/or .//3 These

1 1 1 Eooo are actlve hlgh (Iow  to dlsable m em ory), but m ay be m ade
actlve Iow by placlng S2 posltlons 4 and/or 5 (Iabeled Invertl

n add ltlon , S 2 p osltlons 1 - 3 d lsab le b lo cks A - C  2
, Invert 3 respectllely) ln the on posftlon lf the extra

respectlve ly as noted above Each b lo ck m ay be d lsab led quallflers are not used the assoc lated Invert sw ltches M U ST

(sw ltch on) or enabled (sw ltch off) Independently allow lng be In the off posltlon
the bo ard to be c onflg ured as 8 K

, 1 6 K , 24 K o r 3 2K A

deselected block 's transparent to the system  (content of
the m em ory m ay nelther be changed nor read)

M E M O R Y

If the m em o ry b oard se em s to be w o rklng p rop e rly, the

M em o ry T estlng R outlne can be use d to g lve the bo ard a
M E M O R Y  W R IT E P R O T E C T  S W IT C H E S  m ore thorough w orkout It Is rather slow

, but w lll do the Job

w e ll

T he ro utlne Is set up to test 3 2K fro m  4 0 0 0 he x up toD IP 
sw ltch 3 p osltlo n 1 - 6 are w rlte enab le sw ltche s 60 ()0 h

e x T hls m ay be change d by ente rlng a d lffe rent start-c on
ve rse ly, they m ay be used fo r m anua l w rlte p ro tec tlo n o f d d

ress at ''STRT (3001 - 3002) and/or a dlfferent endlng athe m em ory w lth on enabllng and off protect
lng each block ddress at ''EN D (3004 

-  hlgh order byte only)aas follow s
If the m em o ry passe s the test, It starts ove r aga ln Y ou

W R IT E EN A B LE R EM O T E W R IT E m ay on the other hand , lnsert a Jum p lnstructlon at ''M A R K

S W IT C H PR O T E C T S W IT C H to som e user ro utlne , or If deslred the user m ay enter an

o utp ut Instruc tdon o r c an do a notlflcatlon ro utlne at ''M A R KB t
- o c K A s 3 - 4 s 3 - 1 to show successiul completlon and restart

B LO C K B s 3 - 5 s 3 - 2 If the m em o ry falls the test crltlcal Inform atlon Is stored

and the ro utlne ente rs a so ftw are ''H A L T that Is a T'lum p toB l
- o c K c  s 3 - 6 s 3 - 3 j

aere at ''S H L.T Front pane l Ilghts, lf any w lll show  thls

state T he use r m ay then use the fro nt pane l o r dum p routlnes

R em o te w rlte p rotec t m ay be Im p le m ente d by c onnec tlng to d lsp lay the fo llo w lng sto red fallure lnfo rm atlon

jum pe r p osltlo n 4 to any unused buss p ln A Io g lc O o r g ro und

on that b uss Ilne w lth a rem ote sw ltc h o r c lrcult bo ard w lll
w rlte p ro te ct each b lo ck w lth the respe ctlve rem o te sw ltc h 3 06 9 * 'FD E -- D E pa lr D IS the f111

on M o re o ver the rem o te pro tect m ay be actlve hlg h Instead Cbafacter and E Is the test

of Iow by settlng 52 posltlon 6 on (lnv/4) If unused, the Character
rem o te pro tec t sw ltche s and the Inv/4 sw ltch sho uld be In 30 6 8 * 'FH L -- H L pa lr the fallure addre ss

the o ff p o sltlon A ctlve Iow  op e ratlng Is the p refe rred m od e 3 0 6 D * ' F O U T -- the data e xp e cted at thls ad -

O f o pe ratlon fo r thls o r any othe r feature dress

3 O6 E * 'F IN -- the data read fro m  the add ress

*add ress from  M em o ry T e stlng R o utlng llstlng

T he use r m ay rep lace the 'Jum p at 'S H LT w lth a Jum p to

a d lsp lay o r a no tlflcatlon ro utlne
T he d lffe rence betw een ''FO U T and F IN sho uld Ind l-

cate w hlch b lt Is fa lllng Ind lcatlng w hlch chlp o r area ls

causlng the p ro b le m

T he te st w lll flnd m o st o f the harde r to d lstlng ulsh e rrors

8 2

I



M E M @ R Y  T E S T IN G  R O U T IN E  C IR C U IT  D E S C R IP T IO N

,e s 3 e : : 2 1 e d A C 0 : 10 S T R T LX 1 H ' A @ C UH
-  -  

3@:3 3E 8: :(92: END MV1 Aœ80H T he boart Of EC O N O RA M  XI Is the M M 5257/1-M 5 4044krd

, mx pjs statlc m em ory (C (RA M )
, 
w hlch can store 40 96 slng le b lts of3e:5 32 6E 3: 0: 3: ShIs 

azgg aE I q ggAe Mv: h' l gH Inform atlon (thus
, each Is a ''4K x 1 m em ory IC ) Unllke stan-on aggA 8A agsg ADD H 

dard R A M S those Inc luded w lth your k1t are spec lflc
a lly7ry aZZB 4 F :: 6e M0 V C 'A d

e slg nated by the m anufac ture r as Iow  p o w er
, hlgh sp e edlp - 3e2 C 1 6 # : :2 7: M VI D ' J

p arts3egE IE FF ::8 : MV l E 'ZFFH

::9 z DONE SHLD STAD T hpse lC S are arranged In row s that are 8 IC s w lde T hlô3: le 22 65 3z

1 3e l 3 X F ê l ez XM  A W aY , each row  can sto re 4K x 8 b lts of Inform atlon Parallel
-

n a

aa l A h g : l l g M0 v B .A Ing 8 o r these row s tog e ther p ro duces a to ta l m em o ry)c e
ae : s AB e l cz scwo dn1' h.E storage of 32K x 8 blts (N ote that the blt num ber corres

-

1c e
ae l 6 sA z l a: M0 v E a D p ondm g to a g lven col

um n 0 / lc s ls lndlca ted along the top3: l 7 57 z l 4: M0V D 'A 
d e of the m em ory array )e g3: 18 79 e 15@ M0U A' C
N o w  tha t w e ha ve thls storag e

, the re are sttll othe r3e 19 2A 65 3: @ 1 6: LH LD STA D
@ l 7: F TLL MO v M 'D aY9 eCtS W e m ust co nslde r fsrst

, 
ad dre sslng a sp e clhc Io ca-3: lc 72

ae l D 2: a 18c 1 NX H tlo n In m em o ry
, and Se cond , w rlttng data Into the m em o ry ortrd 

az IE sc z l9 z cM p H readlng data from  the m em o ryl
o r o: j F c : l c o: : 2:: JN z FIL L T he l

og lc d fag ram  on Pages 8 and 9 show  the address clr
-'e r 3 : 2 2 2A  6 s 3 : e 2 la LH L D S T A D 

c ujtry a lo ng w lth the o the r E C O N O R A M  X I c lrcultry E achng 3:25 73 : 2 2e N EX Y M 0V M
'E c  ! g 

address blts (AD DRO - AD DR9
, 

A D -m em ory I requlres3e26 7B : 23: M0U A #Ese 

csp s DRA - Apo RB) to access any one of the 4096 blts avallable3e27 BE 224:de 
jn the IC These address blts are generated by the C PU and3e28 62 6F 3: :25: JN Z FAl L,rt 

q g:6g scv x . c are buffered by a num ber of Inverters A fter buffe rlng
, 

a par-3e 28 7:ra 
a@ 2c 2 3 : 27g 1Nx H tlcu lar add ress Is pre sented to aII IC  add re

ss selectlon p lnsCT 3:20 94 g28: sU B H H
o w ever, w e add ltlo nally ne ed to se le ct w hlch partlcular3$ 2E 6 2 4D 36 : 29 : dN Z N DQN 

t jc s Is to react to the g lven address T hls requlres 4row  o3z3 l B8 e3:: CM P B

m ore address blts (ADD C - F) w hlch are decoded and used3e32 44 23 10 M0V 9'H
ga2g cz scxo to enable the deslred row of IC s (note row m arklngs along3:33 CA 15 3:

3:36 3A 66 3: 2325 LDA STAD* l the N#h/-hapd Dlde 0/ the m em ory array)
agag ee gaa: MARK N op w hen data Is to be w rltten Into m em o ry

, It hrst passe sj
)e aêaA gz z 33 1 N0P thro ugh 8 lnvertlng buffers be fore be fng pUt On th

e data p lns3e 38 ze e 332 N 0 P 
of the RAM S (buferlng prevents loadlng of the data buss) a ! x3:36 3A 6E 3e :3*e LD

A F p ata to be read onto the data buss from  m em ory passesb g asg cMp c30 36 89 

through 8 T R I-S T A T E * lnvertlng buss drlvers W hen data Is3e4: CA :@ 3@ :363 JZ STRT
to 3e4 3 79 : 37: M0 V A 'C Oo t b e lng read Onto the buss

, the o utp uts o f these Inve rte rst
-  

3:44 67 @36e MGV H *A afe 10 a hlgh-tm pedence or 'ldlsconnected ' state
d a:4s 2/ gg :39: Mv I t , z To prevent IC generated sw ltchlng translent no

lse !3:4 7 c6 l z @4zz A D l l;H p rob lem
s , byp ass cap ac sto rs are tled acro ss the p ow e r llnes3:49 4 F 2

4 1: M0 V C *A at re g ular Inte rvals In the m em o ry array and at eve ry suppo rt Iu Js p x x s
, 3eAA C 3 l z 3z :* 2: Ir. 

D a A D  2 2 6 7 3 : : * 3 : N D O N SH L D N X A D  'W  '
Rrl 3 e 5 e A A  @ A A : L O P B  M 0 V  A 'D T b'S bo ard IS guaranteed to operate at 4 M H z over the full 

;'' 3@5 1 BE :45: LOPA CMP M tem gerature range (0-70 C am blent) and to draw Iess than 
.

aes2 c2 6F 3: :46: JNZ FA1 L 3500 IMA (3 5 am ps) O ur typlcal m easured currents w ere
cj azss 2c a* 7e 1N R L Ie ss than 3 0 00 m A at c o ld start

- up , rapldly dec reaslng to î3:56 C2 5 l 3e :*8 : JN Z LOPA 
240 0 - 28 0 0 m A

, 

dep end lng on the am b lent tem p e ratureto
3e 5 9 79 3 4 9 : M 0 V  A ' CIs 

:us u lt ls lnterestlng to note that statlc R A M  techn6logy has !3:5A 24 e5ee
'S 3e58 Bc 35 le CM P H o Fo g resse d to the p o lnt that thls hlg h

- p e rfo rm ance statlc 6
c c 2 5e 3e z52: JN Z LO PB 8 A V  b o ard IS C om parab le In Co st and po w e r co nsum ptlo n to3e5

3e5 7 2A 67 3@ :5 3e LH LD N XA D dynam lc m em o ry b oard s
3e 6 2 6 3 2 5 3: C 5 4 d 4 M P N E X T

3 : 6 5 : 5 5 : ST A D D S 2

an67 as6a NXAD Ds 2 T U A N K  y o u
3 e 69 : 5 7 e F D E D S 2

3 e 6 8 3 5 8 : FH L D S 2

a a 6 o z s g g F O U T D S l 
f jj tlm e w o rk and ex-T hls board Ss the resu lt o m uc 

,3 : 6 E 2 6 : 0 F lN D S l
perlence on the part of a num be r of peop le In add ltlon to3e6F 22 68 3: 36 l ; FA l L SH LD FHL

: 62g STA FGU T thanklng y0 u fO r cho o slng thls bo ard
, 
w e d Itke to thank3: 72 32 GD 3:

ae 75 ;s : 63: M0V A 'M e ve ryone Invo lved fO r the lr w o rk o n thls p rolect
3: 76 32 6E 3: 0 640 STA F lN W e Strlve fO r a boa rd that do eso t just w o rk the flrst tlm e

,3e79 EB 865: X CH G but co ntlnue s to g lve re llab le Op e ratlon f0 r a Iong tlm e lf 
w e3 e 7 A  2 2 69 3 : : 6 6 : SH L D F D E  

be of any help to you In app lylng thls board
, 
o r If y0 u jo Can3: 75 6 3 AD 3: @ 6 1* SH L Y JM P SH LT

have any que stlons
, p lease Iet us kno w  A s a lw ays, w e3:8 : :68 : *

- so llc lt your com m ents Ietters and new  product sug ges- j
s tlo ns

$ H A PPY C O M PU T IN G I 
.
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1 2
ADDR F 44

:8 R  M R x l
13APDR f 43 

FAGE ) oy J

08
3 4ADDR () 46

08
1 1 1 ;AIIDR c 45

R ?
R 1 2

S l - ! tj 5 3)

1 2
7 7 3 LJ kA 4Sl 

- 2 tl 5 B y , t''@ A#3

5y 1 t-r A 1
2

3 2s 1 3 tl 1 A
1 6v ? 

('T s9

s? - 1 : 2 y y 7 t'-g (; g
l 3 l

1 1 tl 5 G

q ?
R ) 1 2 11

9 , - 4 ) (3 j 1

9
8s 1 

-  s ) t) 1

4

s l 6 tl 15

S 2 2

Ll +  21 3 1 '
('j-j8 ï l :p

1 1 rlY 1 c 1
R 2

1 9R l
8 1 4 ) j.rS 1 7 9 tl 5 A Y <! C ?

y 3 i V  c 34
6 8

s 1 8 5 lJ 5 1 1 5
j tl 5 G

S 2 3

5

jl 4 A= 6

R ) q 2

22 ; 
3 .

s 2 4 q Li 2

26

1 2 R 32 7 
. , 'x 1S 2 5 

q :$ U /( c

28

829 
q ? oS 2 6 

j LJ 2

30

r
32 R 4

R 45

34 (
, :474

6
4 2r% ? ITE 20 

5 U 5 3
t.l 7'1

MR E A D 1 9

2

7 F853
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I

d1g
5 6 HDI 7

* tJl:
? 8 MD I 6

?AGe 2 oF 5 d1l
1 2 19D1 5

tli.l
1 3 1 2 HDI 4

d11
3 4 HDI 3

d11
1 1 1 @ HDJ 2

d11
5 6 Mt)l 1

R 2 tJll
R 4 j 8

9 H()1 p

8
1 9 17

1 1 9

d12
1 1 9 6a IIATA 7

:()0 7

8 1 ? y (lAy; g;MD0 6 6

1 3 7 7j Ix v; ï
H()0 5

6 1 4 (,: (x y
.q 4e 0 4

7 :3 5 ;? (IV A tj
MD0 3

4. 1 6M()0 ? 71 DATA ?

1 7 3 IIA:.A )MD0 1 1%

2 1 8 aAyA jMD0 l 7 3

1 2 !; 2 7 I--IA A
1 1 gb AOAI;K

1 3 tl 7

S 2 8 r'-lï A 23 XFACK

FoR NoRMA.u CFIJ cosF I GURATION XA (S2-8) Ex-rEnsAu ACKNOKI-EDGE, sHouun BE 08

&Nn M  (S2-7) ADVANCE ACKNONUEDGE 0FF SysrEqs us I NG AnvANcE ACKNIA L-EDGE

sHouun TURN 52-7 08 AND 52-8 0FF

R 4 R 4

1 3 s 3 41 2

S 3 l ! 06 W 'A

2

3 s 3 5 tJl0
A S 3 î 4 t! (5 k'F B 1 1 1 -ADI)R 8 48 qlk 7 l

5*  ù1g
1 1 ADDR A 97 :3 1 W  19

S 3 6
1 (Js E1 W  C jâg

. S 3- 3 ? 3 1 2 -

9 ADDR 9 5: MA 9

IJJ.;
! 2

Aol)q 8 49 'iR 8

C  L19
) a ) 2 j-jApnR 7 52 7

09

D 1 2 'j-ykADI)R 6 51 6

L19
9 8 i-j 5ADZR 5 54

09
5 6 -

e 

ADDR .1 63 MA 4

t)9
1 1 1 j-j ryAEII)R 3 66

19
3 ; k-jAnl)q 2 55 2

(18
9 8 -jk qADDR : 58

F 
1-18

5 6 'jà
.AOI)R g :7 9

8 5



:n1 : ';F i 1 Mnl x :n1 7
1 1 

-  -  . -  nDIN C DlN DIN
,2 nTN jM  1 1 

- - I
l l13

ih 19 --1 I
14 

- - 1 s cHlps I'/  9 
slpjluxqky jls I 
ARRANGEP j :

76 g % 
- . .

1 1 :iq 7 
, a j j z

17 œ O œV  6 
u  --1 I u? I  

nopl x 1 DOUT ; DOUT6 DOUTi'i 
s K tm =  .,

tm 1 I
à'î 4 5 : : --1 1 M

4 g : 
- .1 l #1  a 

x  = j =I
3ià 2 '-1 1

h'à 1 2 Q  I
,1 I lV  

9 - 1 IEE W  '5F k'f (K ) (W ) V  kï

&  9 e 0 1 -  :D0 y e 0 71 9 8

k''ë x

-;i ï

FAGE J oF 5

2IT F0S ITIOII

@ 1 2 5 4 5 6 7

W  A
A@L'-( A9

A1't''f A1

W  B
B@i'i B9

B1rf
Bl

W c9,1 C:

è''i c,

C1i''i cl

62/
c2

(5
J ca

t 'i'Ik 5
-  

Mx  6 MDO 7xx  9 i'b-i 1 :l)tl 2 MD0 3 yx  4

#DI 9 MDI 1 MDl 2 RDI 3 #D1 4 N0I 5 :Dl 6 XDI 7 1
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/ 7 1 -
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X
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s
n t  >
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'*

r''if. --*c 1)7 :
*  

.  
k

: . - ....... '- - ' 
.  xv.stA11 W *11 '

.  t R * 
.  

*'i Rk ;
,

.  

ez xty :t.d yx .

-  

) N . 4, ' 4 - -x4.4. : xxxs A

bank selett
s  '

IAK/QAK x 8 statlt m em ory .
using M M 5Q57/TM $AeLAA * AM HX

$-1Q:
;

1A : o m p u e ro
-

'-  

from 02 Dp 0: 02 yt
8 7

1
' '  

. . .  . 
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B A N K S W I T C H I N G T H E O R Y

T h e p u r p o s e b e h f n d B a n k s w i t e h i n g i s t o a l l o w t h e

m i c r o c o m p u t e r u s e r t o a e e e s s a n d w r i t e t o m o r e t h a n t h e

t y p f c a l 6 4 K t h a t m o s t m ic r o s c a n d l r e e t ly a d d r e s s . T o

a l l o w t h l s , t h e E C O N O R A M  X I I a l l o w s c h u n k s o f m e m o r y t o b e

s e l e c t i v e l y e n a b l e d a n d d l s a b l e d b y o u t p u t t l n g t o d a t a b 1 t

O of a use-specffied port , (a 1' 1 '' or a tf O '' ). For examole ,
l f o n e B a n k l s s p e c i f f e d a s P o r t 4 O H , o u t p u t t in g a '' 0 '' t o

data b1t 0 (Port 4OH ) will dlsable the memory assoclated wlth
that bank . By then outputting a t! l f' to data b 1t 0 (port
4OH ), the memory w ill then be enabled . In addition . the
status of the m emory controlled by a eertain port (i .e . port
40H ) can be sampled to tell if the memory is eurrently en-
abled or dfsabled by fnputting from the port (40H ) and eheek-
1 n g d a t a b 1 t 0 . I f d a t a b i t 0 l s a f' 1 't t h e m e m o r y l s e n -

a b l e d . I f i t i s a '' O 'l , t h e m em o r y i s d i s a b l e d .

N O T E : C a r e s h o u l d b e t a k e n t o f l r s t d l s a b l e a n e n a b l e d b a n k

b e f o r e e n a b l l n g t h e d l s a b l e d b a n k t o i n s u r e t h a t n o m e m o r y

c o n f l l e t s o c c u r .

B A N K P O R T A D D R E S S I N G

S 3

A 7 1 ( O N = l )
A 6 2 ( 0 F F = 0 )

5 3

4 4
3 5 BA NK 1
2 6

1 7

O

S 4

A 7 1 ( 0 N = 1 )
A 2 ( O F F = O )
A 5 3

A 4 4
A (3 5 BA N K 2

A  2

A  1

O

E x a m p 1 e : p o s i t i o n s 1 - 8 o n = p o r t F F H

p o s 5. t i o n s l - 8 o f f = p o r t 0 0 H

p o s 1 t 1 o n s l - 4 o n - p o r t F t) H1
p o s i t l o n s û - 8 tn f f

O u t p u t 1 t o b 1 t O -e n a b l e s t h e b a n k
# 

x vO u t p u t O t o b 1 t O -d i s a b l e s t h e b a n k

w' ë 
s

' 

z

I n p u t l f r o m b i t O - b a n k l s e n a b l e d
x # x

I n p u t O f r o m b 1 t O - b a n k l s d i s a b l e d

8 8



I

!

S W I T C H

S 1
''- Al 9 l Ad d r e s s A - l jF ( c' N - ' ' 1 ' ' )

zBLocx A. Al4 2 Address A -14 ( oFF- '' o '' )
h

.

A l 3 3 A d d r e s s A - l 3

-  

D l 5 4 O n = d f s a b l e d O F F = e n a b l e d

A l 5 5 A d d r e s s A u l f ( 0 )7 = ' ' l ' ! )

/ -Al4 6 Address A -l4 ( OFF= '' 0 '! )B L O C K B

A l 3 7 A d d r e s s A - l 3'è B - D I .S O n = d i s a b l e d 0 F F = e n a 'b l e d
t

s 2
*  f A l 5 - Y  A d d r e s s A l 5 ( O N = ' ' l ' ' )

* A l 4 2 A d d r e s s A l 4 ( OF F = ' ' 0 ' ' )
/ 

..' A l 3 3 A d dr e s s A l 3
B L O C K C C -D I S 4 0 N = d l s ab l e d O F F = e n ab l e d

I - E P P 5 B A N K 1 e n a b l e o n p o w e r -u p
t! 2-EPU 6 BASK 2 enable on power-up

I - D P U 7 B A N K l d i s a b l e o n p o w e r - u p

2 - D P U B A N K 2 d f s a b l e o n p o w e r - u p

POW ER -U P ENA BL E/D ISA BLE

T h e 2 B a n k s o n t h e E c o n o r a m X 1 I e a n b e s e l e c t l v e l y e n a b l e d

o r d i s ab l e d o n p o w e r - u p t o e l im i n a t e m em o r y  c o n f l i c t s . T o e n -

able a BANK on power-up , turn the EPU sw ftch on and the DPU sw ftch
o f f . T o h a v e a B a n k d 'l s a b l e d o n  p o w e r - u p , t u r n t h e D P U s w f t e h

o n a n d t h e E P P sw i t c h o ç î .

M E M O R Y A D D R E S S A S S I G N M E N T

T h l s b o a r d l s a d d r e s s a b l e a s t h r e e s e p a r a tye 8 K x 8 b l o e k s ,

i d e n t i f i e d a s A , B a n d C . T h e s e t h r e e b l o c k s c o m o r i s e t h e t w o

B a n k s w f t h b l o c k A  a s s o c i a t e d w i t h B a n k l a n d b l o c k s B a n d C

:a s s o c l a t e d w l t h B a n k 2 . A d d r e s s l n g o f t h e B a n k s 771 1 1 b e d l s -

c u s s e d b e l o w .
P o s f t f o n H e x S t a r t l n g D l s a b l e S w f t c h

Swftch Al5 AlA  /lJ Address rosltlon
B L O C K A SS l l 2 3 4
B L O C K B S 1 j 6 7 8

B L O C K C S 2 1 2 3 4

O O O 0 0 0 0

O O 1 2 0 O O

O 1 O 4 O O 0

0 l 1 6 0 0 0

l O O 8 0 0 O

l O l A  0 O 0

l 1 O C 0 O O

l l 1 E O 0 0

8 9



(MEM ORY ADDRESS ASSIGNMENT C0NT .)

E a e h B l o c k m a y b e d l s a b l e d b y p u t t l n g t h e a s s o e l a t e d

disable switch (shown on last page ) ln the on position . A
d l s a b l e d b l o c k l s t r a n s p a r e n t t o t h e s y s t em a n d 1 t s c o n t e n t s

m a y  b e n e i t h e r c h a n g e d o r r e a d .

N O T E : P u r e h a s e r s o f t h e E C O N O R A M  X I I - 1 6 K b a n k s e l e e t b o a r d

s h o u l d d l s a b l e t h e 8 K b l o c k n o t p o p u l a t e d o n t h e b o a r d .

POW ER -U P ENA BLE/D TSA BLE

T h e t w o B a n k s o n t h e E C O N O R A M  X T T c a n b e s e l e e t i v e l y e n -

a b l e d o r d l s a b l e d o n p o w e r - u p t o e l lm l n a t e m e m o r y e o n f l i c t s .

T o e n a b l e a B A N K o n  p o w e r - u p , t u r n t h e E P P s w l t e h o n a n d t h e

D P U s w i t c h o f f . T o h a v e a B a n k d f s a b l e d o n p o w e r - u p , t u r n t h e

D P U s w i t c h o n  a n d t h e E P U s w i t c h o f f .

P H A N T OM  L I N E

PHANTOM (Buss p1n 67 ) gan be Jumpered to dlsable BANK 1 ,
BA NK 2 or b 0th BA NKS by slmp ly ln sta lllng a Jump er .

A Jump er in sta lled at J4 w fll enab le BA NK 1 to b e phan -

t o m e d b y  t h e a y s t e m .

A Jum per ln stalled at J3 w ill enabl e BA NK 2 to b e phan -
t o m e d b y t h e s y s t e m .

C A U T T O N

S o m e m a n u f a c t u r e r s u s e t h e P H A N T O M  l f n e a s a r e f r e s h s l g -

n a 1 f o r d y n a m i c m e m o r i e s . T h i s w 1 1 l e o n f l i c t w 1 t h t h e P H A N T O M

f e a t u r e a n d c a u s e b o a r d s w l t h P H A N T O M  t o f a f l . T f y o u r s y s t e m

h a s t h i s c o n f l i e t , i t m u s t b e r e s o l v e d b y e l t h e m e l l m l n a t i n g t h e

r e f r e s h s i g n a l o n t h e C P U b o a r d o r d l s a b l l n g t h e P A H N T OM  f e a t u r e

o n  t h l s a n d o t h e r b o a r d s .

9 0



E c o n o r a m X I l - P A R T S L I S T

l 6 K a n d 2 4 K B a n k S e l e c t R am f o r S - 1 O O B u s

(l ) Econoram X TI Clrcuft Board

I N T E G R A T E D C I R C U I T S

(32 ) /+ 5257N-3L (l6K KIT )

(48 ) MM 5257N-3L (24K K1T )

(3 ) 74L:00 Quad NAND (U 5, U16 , Z20 )

(1 ) 74L502 Quad NOR (V17 )

(1 ) 74L810 Triple 3 input NAND (PG )

(l ) 74L515 Trfple 3 lnput O .C . AND (Pl8 )

(l ) 74L527 Quad h4oR (710 )

(l ) 74L574 Dual D type Flfp Flop (U2l )

(l ) 74L8125 Quad trf-state burfers (P6 )

(l ) 74L5240 Octal bus Drfver (Ul5 )

(3 ) 74L5266 Quad O .C . X -NOR (:7 , V8 , U19 )
1

(3 ) 81L596/98 Octal Bus Drfver (U12 , UlJ, Ul4 )

' (2 ) 25L5521 Octal Comparator (P1l , D22 )

(4 ) 7805 + 5 Volt regulator (Ul , U2 , U3, U4 )

O T H E R E L E C T R O N I C C O M P O N E N T S

(5 ) SIP reslstor paeks (R1-R5 )*

(8 ) 39uf tantalum eapaeitors (C1-C8 )

(26 ) Ceramic Bypass Capacltors:

M E C H A N I C A L C O M P O N E N T S

(66 ) Low Profile socketsx

(4 ) Dipswitch , 8 position (s1-s4 )x

(4) 10-220 Heat Sfnks$
(4 ) Sets 6-32 Hardware

* S u p p l i e d a l r e a d y s o l d e r e d t o b o a r d .

9 1
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E e o n o r a m  X I 1 I - P J R T S L I S T

J2 K Ba n k S el e c t R am f o r S -l 0 0 b u s

(l ) Econoram XIII Cfrcuft Board

I N T E G R A T E D C I R C D I T S

(64 ) 11145257N-3L 4Kx1 Static Ram

(l ) 74L500 Quad 2 fnput NAND (:'8 )

(1 ) 74L502 Quad 2 input N0R (Vll )

(2 ) 74L504 Hex fnverter (rl2, Dl3 )

(l ) 74LSlO Triple 3 input NAXD (B6 )

(l ) 74L520 Dual 4 fnput NAMD (P9 )

(l ) 74L527 Triple 3 input NOR (V j)

(l ) 74L574 Dual f' D f' Flfp Flop (U3 )

(l ) 74L5125 Quad Trl-state burfer (P4 )
(l ) 74L5139 Decoder (V7 )
(1 ) 74L5240 Octal Bus Drlver (Pl5 )

(l ) 74L5266 Quad 2 lnput X-!ç0R (710 )

(1 ) 81L596/98 Octal Bus Driver (Dl4 )

(2 ) 25L52521 Octal Comparator (Zl, P2 )

(5 ) 7805 5 Volt Regulator

OTHER ELECTRONTC F-O/T éFJ.J TS

(4 ) SIP Resistor Packs (Pl-R4 ) >

(10 ) ;9 uf tantalum capacftors (C1-ClO )

(24 ) Ceramic Bypass Caoacltors /

M E C H A N I C A L C O M P O N E ITT S

(79 ) Low Proflle sockeis *

(4 ) Dipswlteh , 8 positlon (S1-S4 ):

(4 ) $0-220 Heat Slnks

(4 ) Sets 6-32. Hardware

* s u p p l i e d a l r e a d y s o l d e r e d t o b o a r d .
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I

B A N K S W I T C H I N G T H F O R Y

T h e p u r p o s e b e h i n d B a n k sw i t c h i n g i s t o a l l o w t h e o '-n r o -

c om p u t e r u s e r t o a c c e s s a n d w r f t e t o m o r e t h a n t h e i v r l e a l 6 4 K

t h a t m o s t m l c r o s c a n d l r e c t l y a d d r e s s . T o a l l o w  t h l s . t h e

E C O N O R A M  X I I I a l l o w s c h u n k s o f m e m o r y t o b e s e l e c t l v e l v e n a b l e d

an d dlsab led by ou tput fng to data b 1t U of a u se-sp eclfied port .
(a '' l '' or a '' U '$ For example , if one Bank is specîfied as
Port 4UH , outputlng a '' ; '! io data bft U (Port 4ZH ) $?/111 dis-
a b l e t h e m em o r y a s s o c i a t e d w i t h t h a t b a n k . B y t h e n o u t p u t i n g a

!' l '' to data bft / (port 4UH ), the memory wlll then be enahled .
I n a d d i t i o n , t h e s t a t u s o f t h e m e m o r y c o n t r o l l e d b y a e e r t a f n

port (1.e . port 4UH ) can be sampled to tell if the memory is
currently enabled or dfsab led by inputlng from the Dort (4ZH )
and checklng data b 1t U . If data b 'It / fs a f' l '' , the m em ory
ls enab led . If it is a '' U 'f z the m em ory is dlsab led .
N O T E : C a r e s h o u l d b e t a k e n t o f l r s t d i s a b l e a n e n a b l e d b a n k

b e f o r e e n a b l f n g t h e d i s a b l e d b a n k t o l n su r e t h a t n o m e m o r y c o n -

f l i c t s o c c u r .

B A N K P O R T A D D R E S S I N G

S l l 2 3 4 5 7 l BA N K A

( O N = l )
A A A A A A A A1 ( OFF = ; )
U l 2 1 3 4 5 6 7

s 2 1 2 3 l 4 5 7 BA N K B

( O èI = l )
A A A A A A A ( OF F = Z )

: l 2 3 4 5 6 7

E x a m p l e : p o s i t i o n s 1 - 8 o n = p o r t F F H

p o s i t i o n s l - 8 o f f' = p o r t ; U H

po sition s 1-4 on ort gyHP
p o s 1 t i o n s 5 - 8 o f f

0 u t pu t ' ' l ' ' t o b i t f ' U ' ! - e na b l e s t h e b a n k
Ou tpu t f' U '' to b it '' U lf -d1. sab 1es the ban k

Inpu t /' l '' f rom b it '' U 'f -bank ï s enab led
Inpu t tî 7 'f f'rom b it '' 7 'f -bank i s di sab led

Pow er -up E NA BLE /D ISA BLE

S b3 I T C H

1 2 3 4 5 7

SJ ' B ' ' A ' BANK ( A or B )
N 0 T D D j E D PIJ = D 1. s ab l e o n P o w e r - IJ p

P P i P ' P EPLJ= En ab le on Pow er -lJpSED

U IJ IJ IJ

l vz

.1



C O N T .

T h e 2 B a n k s o n t h e E c o n o r a m  X I I I c a n b e s e l e e -

t i v e l y  e n a b l e d o r d l s a b l e d o n p o w e r - u p t o e l f m i n q t e n e m o r lr

e o n f l f e t s . T o e n a b l e a B A N K o n p o w e r - u p , t u r n t h e F P U sw l t e h

o n  a n d t h e D P U sw l t c h o f f . T o h a v e a B a n k d l s a b l e d o n p o w e r - u r .

t u r n  t h e D P U s w f t c h o n a n d t h e E P U s w l t c h o f f .

M E M O R Y A D D R E S S A S S IG NM E N T

T h l s B o a r d i s a d d r e s s a b l e a t w o s e p a r a t e l 6 K x 8 b l o c k , w l t h

B l o c k A  a s s o c i a t e d w l t h B a n k  A , a n d B l o c k B a s s o c l a t e d w l t h B a n k

B . A d d r e s s f n g l s d e s e r l b e d b e l o w :

S W I T C H P o s l t i o n B a n k

:4 .1 12 3 4 5 6 7 8 (l ) A 0)1= dfsabled
A A B A jA A B (2 ) A A ddress Al4

D 1 'l 'D l l P P (3 ) A Address Al5
I 4 5 I 4 5 H H (4 ) B 0)1= dlsabled
S S (5 ) B Address Al4

(6 ) B Address Al5
(7 ) A PHANTOM onrenabled
(8 ) B PHANTOM onrenabled

Pn s l t l o n s w i t ch 5 4 H F X S T A R T IN G

A 15 A 14 DISAXVV- O ADDRESS
B L O C K A 3 2 l I

I

B L O C K B 6 5 4 '
y - '-  :

0N= ! U '' / - ON / - 0N j 0 0 Q 0
U - 0N l - 0FF 4 O 0 0
1 - O F F 0 - O )I 8 0 0 O

(0FF - !' l '' ) 1 - 0FF l - 0FF C 0 0 0

P H A N T O I! L I N F

PHANTOM (BUS PIN 67 ) ean be swltched to dlsable elther or b0th

BA NKS for p ow er -on Jump s an d b oot lng .

S w i t c h l n g p o s l t f o n 7 o f 5 4 '' o n '' w f l l e n ab l e P H A N T OM  o n B a n k A .

S w i t e h ln g p o s l t i o n 8 o f 5 4 î' o n 'r w 1 l l e n a b l e P H A N T OM  o n Ba n k B .

W 1 t h e i t h e r p o s f t l o n 7 o r 8 o f f , i h e e o r r e sp o n d l n g BA N K w 1 l 1

n o t b e d l s a b l e d b y t h e P H A N T O M  s l g n a l .

C A U T I O N

S o m e m a n u f a e t u r e r s u s e i h e P H A IIT O M  l i n e n s a r e f r e s h s i i n a l

f o r d y n am i e m e m o r l e s . T h l s w 1 l l e o n f l l e t w i l h t h e P IIA N T O M  C e n t u r e

a n d c a u s e b o a r d s w l t h P H A N T O M  t o f a l l . I f v o u r s y s t e m h a s t h l s

confllct, lt must be resolved by elther ellminatlnr the refresh slr- l
na1 on the CPU board or dlsabling the PHALITOM Cealure on lhls and j
other boards. ï98

t
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A BO U T EC O N O H A M  X llla T EC H N IC A L O V E R V IEW  PO W I

Con g ra tu la t fon s on y o u r d e cfs fon to pu rch a s e Th fs b oa rd fn co rpo ra tes p rov en s ta t fc m em cry

zcôr oàM  = IIa , a 32K x 8 mem ory board designed technology . There are curren tly two popular
r e c e

sp e c if ïca l ly fo r ele c tr ica l an d m ech an ica l typ e s of m em ory b e in g us ed in p ro d u c ts su ch a5 L
ei th

com pa t ib il ity w l th th e IEEE S- 10 0 b u ss th is : sta t ic an d dy nam ic . Sta tic m em or ies art
sw i t

stan d a rd . Th e S- 10 0 bu ss is th e p r o f e s s ion a l th e ov erwh e lm in g ch o i ce in ap p l ica t ion s wh ere
th e

level choice f or comm ercial . industrial , and speed , complexity , ease of use , and reliability (PR )
sc ien t if ic ap p l ica t ion s . Th is b u ss p r ov id es m us t a1 1 b e con s id e red . . .tb e re is n o ref resk

on pf 
or ready expansion and modif ication as the slowdown , the CPU is f reed f rom the drudgery :f (RE )

s ta te o f th e com pu t in g ar t im pr ov es . W e ca re tak in g th e m em ory , an d te ch n iqu e s su ch as
th e

believe th is board , along with tbe rest of the direct memory access (1)MA ) are f ar more d f 
s  a

S- 100 p ortion of th e c om pu pt o f am ily , is on e of re liab le an d eas ier to im p lem en t . 'rhe

th e b e s t m em o ry b oa rd s av ai lab le fo r th a t b u s s . in d iv id ua l m em o ry IC s u s ed on th is b o a rd are

A s ao at eu r rad i o op e r at o r s h av e con t rib u t ed gr oup ed to g eth er to f o rm  a sin g l e 32K  X  8 b lock

greatly to comm un ication techno logy , so too th e of m em ory , addressab le on any 4K boun dary using M E h

computer hobb yist has prov ided tb e th e on-bosrd Dip switcb (no Jumpers required) ,
m icr o com pu te r in d u s try w i th m an y s ign if ican t A d d it ion a l f e a tu re s in c lud e a w r ite p ro tect Ty

d ev elopm en ts . In re cog n i t ion o f th is f a c t , w e sw itch ; a w r i te strob e se le c tion sw i tch wh ich on

al so m ak e th is b o a rd av ai lab le in ''U N KIT I' f o rm  a l lo ws us e of th is m em ory in sy s tem s w i th or o s j?

f or those who enJ oy the challenge of assembling w itbout a f ront panel (MWRITE strobe) ; stal
an d tes t in g a f fn e com pu te r bo a rd . a l low an ce fo r us e o f th e PHA NTOM A line ; ad d !

A s th e f irst com pany to na tion ally of f er th o rou gh cap a cito r b yp ass ing of supp ly lin es to be ll

m em o ry k i ts to com pu te r h ob b yi s ts , w e ag a in su p p r es s tran s ien ts ; p lu s on -b o a r d reg u la tion E xxl

th ank you f o r cho osin g th e com pu Fro ECOSOK AM  an d h ea ts ink in g f o r re liab ly coo l ope ra tion . an d

X IIIa . . .w elcom e to th e club ! A 11 th is an d so cke ts f o r a11 IC s go on to a o sP

do ub le sid ed , so ld e r- m ask ed p r in ted cïrcuft sw i

b o a r d w i th a com p le te cop pon en t- lay ou t le g en d .
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1

PO W ER -O N EN A B LE/D ISA B LE BA N K SW ITC H IN G T H EO R Y

W h en in it ia l p ow e r is ap p l sed , an d up on Th e pu rp o s e b eh in d Ban k Sw itch in g is to a l lo w

re ce iv in g a slav e res e t th is b o a rd w i l l b e th e M icro c om pttte r u s e r to ac ces s an d w r i te to

ith e r ENA B LED o r D ISA B LE D d ep en d tn g on th e m o re th an th e tvp ica l 64K th a t m o st M ic ro s can
e

itch se t t in g of s 2 p o s i tton s 1 & 2 . T o h av e d ire c tly ad d r e ss . T o all ow  th is , tlle E C ON OR AMs
w

th e b oa rd en ab led on pow e r - on tu rn p o s i tion 1 Z II I8 a l lo= -5 ch un k s o f m em ory to b e se le c tlv ely

(PR ) 0N , and positl on 2 0FF . To disab le board enab led and disab led by outputting a data bit

on power-on turn position 1 oy'y' and position 2 (user selectab le) to a T /0 Port (also user

(RE ) ON . Do not hav e both switches ON because Selectab le) . For example , if the bank ls
th e b o a rd w i l l com e up ran d om ly en ab led o r sp e c lf ied as p o r t 4OH , an d th e d a ta b it is b it

disab led . 0 , b y ou tp u t tin g a on e in da ta b it 0 to p o r t

40H , th e b an k w il l b e en ab led . A l te rn a te ly , b y

ou tp u t tin g a zer o to d a ta b it o th e b an k w il l

b e d is ab led . an d th e b o a rd w i l l n o t b e

M EM O R Y  A D D R ESS A SS IG N M EN T electrically part of your system .

N O T E : C a r e sh o u ld b e ta k en to f i r s t d ls ab l e an

Th is b oa rd fs on e la rg e 32K b lo ck ad d r es sab le en ab led b an k b e fo r e en ab l fn g th e d is ab led b an k

on an y 4K b o un d a ry . Th e d ip sw i tch S 2 , to in su re th a t no m em o ry con f l ïc ts oc cu r .

posi tion s 5- 8 pr e us ed fo r se le c tin g th e

sta rtlng ad d res s of th e b lo ck . Th e s ta r t ing

addr es s is set b y ''ad d in g 'l th e v alu e s sh ow n

be low  th e sw i tch wh en th e po si t ion is 0N .

EXAM PLE : T o sta rt at 20K , tu rn ON p o si t lon s 6
and 8 (16+4 ) . To start at 52K , turn ON B A N K PO R T A D D R ESS IN G

positions 5, 6, and 8 (32+ 16+4 ) . with al1
svitches (5-8 ) OFF tl4e block will start at 0H . S4 1 2 3 4 5 6 7 8 Bank Selection

A 7 A 6 A.5 A 4 A 3 A 2 A 1 A 0 ON = 1

oF F =O

D ISA B L IN G  4 K B LO C K S

E X&M I'I,E :

Be cau s e th i s b o a rd is so ld p a r t ia l ly

popu la ted al so , th e m em o ry row s can b e Po s Terlo x s 1- 8 ON = PO RT FFH

disab led . S 1 is u s ed to de le t e 4K  B lo ck s f r om

th e m em ory sp a ce . T h is is p a r t icu la r ly u s ef u l po s lT ro N s 1- 8 0 F F = PO RT 00H

f or disk op e ra tion s wh ich m ay re qu i re R0M  a t

E900 or E000. By turning on the appropria te poslerloxs 1-4 ox y
ition on S l tlae AK Block associated with poslrrloxs 5-8 O'F'F / = PORT F0llpos

that p o s i tion is rem ov ed f r om th e sy s tem .

s l N SITION 1 2 3 4 5 6 7 8 ON = DISABLED BA N K EN A B LE/D ISA B LE B jT A SSIG N M EN T

B LO C K  7 6 5 4 3 2 1 O 0F F = EN A B LED O n ce th e Ban lr Po r t b a s b e en se le c ted 
, 

o n e

data bit (or more h must be selected to enab le
o r dïsab le th e b an k . 5 3 ïs u s ed to s ele c t

Th e leg en d on th e rlgh t s id e o f th e b oa rd th es e d a ta b l ts as sh ow n b e low :

(z0-A 7 ) corresponds with the positïons shown
1 2 A 4 5 6 7 8 ON = '' 1 1'

abov e . FoR E M M PL E : To p opu la te th e b o a r d to
1 16K  pu t th e R AM  ch ip s in row s A 0-A 3 an d S 3on y 

,

turr on p o s i ton s 5- 8 of s l . 'rh is w il l d ïs ab le D 7 176 D 5 D 4 D 3 5 2 D 1 D 0 OF F = 'î0 l'

rows A 4-A 7 . s 2 is st i l l u sed to se le c t th e .
tart in g ad dr e ss o f th e b lo ck . Pr ob lem : T o T O d ls ab le th e b an k a1 1 0 s m u s t b e ou tp u t tos

lat e th e b oa rd w i th 28K in th e up p e r h a l f tb e da ta b its wh i ch h av e b e en tu rn ed ON . T opopu

en ab le th e b an k ag a in , a ''1'' m u s t b e ou tp u t to
of the memory map and leave a hole at E000 (f or
disk R0M ) . Set th e address switches to start ZnY Of the data b ïts tbat have been turned 0N .

at 8000 (s 2-7 0N , 5, 6, & 8 OFF ) , turn S 1-2 0: Note that ït requïres a11 0 's to be sent to the
to disab le row  A 6 , an d pu t th e RAM  ch ip s f n a1 1 Se le c ted dm ta b its to d fs ab le , b u t on ly on e ''l ''

rows bu t A 6 . Y ou can leav e R AM  ch ip s in a b it W l l en ab le th e b an k ag a in .

dtsab led row  w ï th no p r ob lem s if y ou ch o o se to .

1Q3



R E F E R EN C E T A B L E PH A N T O M  L IN E M E

Sw itch 5 2-3 al lows th e ICON O* AM  Xllla to be

rem ov ed fr om  m em ory sp a ce b y a 1ow  lev el oc P f

SW ITCH S 1 1 2 3 4 5 6 7 8 ON=DISABLED puwxToM w (Bus Pin 67 ). With s2-3 ON , memory US
i1 1 d is app e a r wh en PHA NTOM A is as s e r te d . W ith I tV

j BLOC K (7 ) 6 5 4 3 2 1 0 OFF=ENABLED s 2-3 ()zy. , tye board is unaf f ected by PHANTOMA . It
NO T E t S fn ce som e m an u f a c tu re rs a re not Pa

con f o rm in g to tb e p r op o sed IE E E S- 10 0 b us:
- S 1 is u sed to se le ctiv ely b lank ou t in d iv idua l tand ard 

, 
in su r e th a t y ou r sy s tem  is u s in g tbe h es

4K  b lo ck s w i th in th e m ain 32K  b lo ck . pjlw x,roM w lin e pr ope r ly b e f o r e u s in g th is en

(3feature on your %CONOVIM Xlla
.

' I 'I7

a g

A 4 5 6 7 8 ON=ENABLED IYSW ITCH s2 1 2
o r

ir
LA B EL P R P M  ? 1 8 4 OF F =D ISA B L

a t
R E H W  2 6

r e

ir
- PR en ab led cau s es th e b oa rd to b e en ab led on

s c

p o w e r up o r re s e t . u 6
- R E en ab led ca u se s th e b o a rd to b e d is ab le d on ti

p o w e r up or re s e t . p t
- PH en ab led pu ts th e b o a rd un d er th e con tro l o f

s t
th e ph an tom  lin e 6 7 .

- M W en ab l ed g roun d s th e MW P IT E l in e an d cau s es

th e b oa r d to re sp on d to PW R A .

- 3 2 , th e de c im al num b e r th a t , wh en en ab led ,

m us t b e su m m ed to g eth er to ob ta in th e sta rt in g

ad d re s s fo r th e b o a rd .

- 16 S ee 1'32 ':
- 8 S ee '' 3 2 91

- 4 See :13 2 î'

SW IT C H S 3 1 2 3 4 5 6 7 8 ON =R E S N N D

/ jxj wV 
LABEL 7 6 5 4 3 2 1 0 0FF =NORES P PX  r

- p o s i tion s 1 th rou gh 8 co r resp on d to d a ta b its i

7 th ro u gh 0 re sp e c tiv ely . S 3 is u s ed to se le ct c

wh ich bit (s) th e bank select respond s to .
d

SW ITC H S 4 l 2 3 4 5 6 7 8 ON = f'1 61

b' LA B EL 7 6 5 4 3 2 1 o oF F - ,,0 ,, 
, j ze jî) l

-  Positions 1 through 8 correspond to address #

lines 7 through 0 respectively. S4 selects *&t j
b an k se le c t p o r t ad d re s s an d sb o u ld re f le c t th e

b in a r y equ iv al en t of th e d es i red ad d r es s .

l
l
l104



1

M E M O R Y  T EST IN G  M E M O R Y  T EST IN G  R O U T IN E

If th e m em o ry bo a r d seem s to b e w o rk in g 30:2 2 1 3: 4: 22 !0 STRT LX 1 H 'AZCZH
azza 3E Az ::2: END Mv1 A 'ebzHp r op e r ly

, th e M FM OR Y TE ST IN G RO UT IN E c an b e azas ag 6E ag azae smA FIN

u s ed to g iv e th e b o a r d a m or e th o rou gh w o rko u t . 3:z8 3E lz zz4z MVl A'IeH

It ls rather slow ; but will do th e 1ob well . 32:* 84 CZ50 ADD H
3eee 47 zz6z MGv c,AIt can b e en te r

ed via editor/assembler or front agzc 16 g: gz7z MvI Daz
p a n e l sw i t c h e s . 332E IE FF ZZB: MkI E ';FFH

32 1: 22 65 3: :390 DONE SHLD STADTh e ro u t in e is se t up to tes t 32K fr om  40 0 0 
az la gv g lag xnw wh e

x to BF FF h ex . Th is m ay b e ch an g ed b y 3: 14 47 g l1a M0%' B.A

en te r in g a d if fe ren t sta rt in g ad d res s a t I'ST RT '' 3? !S 78 3 12Z SCND M0V A,E

3:16 sA zl3: Mcv E'D(3001-3002) and /or a different end address at 
ag j; s , a la g M c v o .A''

END '' (3004 - hfgh order byte only ). 3,16 7* :15: MoU A,C
lf th e m em o ry pa s s es th e tes t it s ta r ts ov er 30 19 2* 65 3: : !6: LHLD STAD

3z lc 72 z lia FILL M0U M >Dag a in
.  Yo u m ay on th e o th e r h an d , in s e r t a az lo za g lgg 1Nx H

Jump instruction at ''MARK'' to som e user routine 3;1E BC :19: CMP H
3@ lF c 2 lc 3: : 2: : J N : F IL Lo r

, if de s i red th e u s er m ay en te r an ou tp u t aazz a
a 6s az a 2 !a us u o sTw oin

s t ru c tion or , can do a n o t if ic a tion rou t in e 3:25 73 z22: NEXT M0V M'E

a t ''M A R K H to sh o w  su c c e s s fu l com p l e t ion an d 3026 IB :23: M0V A 'E
3 : 2 7 B E : 24 : cM p Mr e s t a r t

. a g z: c c 6 , az : 2 5 : J x z F w T u

I f th e m em o r y f a l l s th e te s t , cr ï t l ca l 3328 79 :260 M0U A 'C

3a2c 23 g27g lNx Hin fo rm abon is sto red an d th e ro u tin e en te r s a 
a a ao q . g zy z su s H

software I'HALT '' that is a ''j ump to here'' at ae2E c2 4D az azpz JNz NDON
''SHL T H . F ron t pa n e l lïg h ts

y kf mn y , w i1 1 sho v  3Z3 1 B8 @3*@ CMP B
3z32 44 za l; Mcv B'Hth i s s ta t e

.  T h e u s e r m ay tb en us e th e fr on t azaa cA Is 3: zacz J: scNo

pan e l or dum p ro u t in e s to d isp lmy th e fo l low in g 3:36 3A 66 3: :325 LDA STAD* I

sto red fa ïlu re ïn fo rm at ïon : 3039 28 833@ MA RK N0P
3 z 3A  B z g a 3 l N o p

3 a 3B z z : 3 3 2 N n p

3: 36 3A 6E 3z : 34 : LDA F !N

* NFDE '' = D E p a ir .. .D is th e fil l 3Z3F W  035: CMP C30 69 
, 3 : 4 : c A  e z 3z z 3 6 : u : S T R T

ch a ra c t e r , an d E i s aaA a 79 z3re Mov A ac

th e te s t ch a ra c te r 3344 67 :38: M0V H *A
k f, ,, 3:45 2E z: :39: MVl L'z30 68 FHL = H

, L p a ir .. oth e fa i lu r e aau, c6 lg zwgz AsI Igs

ad d r es s 3:49 &F g4 Iz Mov c'A

30 6D * ''FOUT H = th e dx ta ex pe c ted 3?4A C3 13 3: :42: JMP DQNE
f, r, 3349 22 67 3: 34 3: NDON SHLD NXAD30 6E * F IN = th e da ta re a d 

a a s e 7 x  g w w g u c p s M c v  A . o

3 z s 1 e E z 4 s : u c p A c M p M

* md d r e s s fr om  M EM OR Y TE ST IN G RO U T TN E 3052 C2 6F 3: 3462 JN Z FAIL
3a s 5 2 c z 4 r e 1N R L

' 3 : 5 6 C 2 5 1 3 : 3 4 6 3 J N 5 L O P A

3: 5 9 79 g 4 4 : M o v  A , c

f f rf f f ef 3054 24 :5:: 1 NR HThe user may replace the lump mt SHLT 
z s s s c z s I a c M p H3

with a jump to a display or notif ication azsc cz sz 3e zs2z JNz LOPB
ro u t in e . 3:5 7 2A 67 3: :5 3: LH L D NX AD

3:62 63 25 3: :54: JMP NEXTTh e d if f e ren ce b e tw en ''FOIJT '' an d ''F IN '' sh
o u ld 3:65 gssg STAD os 2

lnd ica te wh i ch b it is f a i l in g : in d ic a t in g wh ich 3:67 356: NXAD D5 2

h i Or ar ea is cau s lng th e p r ob lem . 3:69 :5'/: FDE DS 2C P
' 3:68 z56: FM L DS 2Th is te s t 

w il l f in d m o s t o f th e h a r d e r to aa6o zsge Foum Ds l

dis t in g u i sh e r r o r s . 3:6E a6:2 V!N DS l
d 3 : 6 F 2 2 6 8 3 : : 6 1 3 F A 1 L SH L D FH L

3 : 7 2 3 2 6 D 3: 3 6 2 : ST A  F O U T

3 : 7 5 A E z 6 3: M 0 v  A 'M

3 : 7 6 3 2 6 E 3: : 64 3 ST A F 1N

3: 79 E B : 6 5 : X C H G

CT&- f'avx dr- DW  T&  /M  X M ''X 3:7A 22 69 3: @ 66; SHLD FDEW  z
RE  /N  VEX TED  3079 C3 XD 3: 367: SHLT JMP SHLTD A JA  'szr # 

a .3: 6 : e 68
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C IR C U IT D ESC R IPT IO N

Th e h eart of ECON OQ AM  Il lla is th e U 8 ïs used to sele ct th e row of m em ory

MM5257/90L 44 static mem ory IC (RàM ), wh ich can enabled during read/write . Sw itch S 1 and NAHD
store 4096 single bits of information (thus , gate U 6 are used with U8 to select 4K chunks of

each is a ''4K x 1'' memory IC ). Un like standard memory to be remov ed anywh ere on the board.
R àM s , th o se in c lud ed w i th y o u r k i t a re Th e app r op r ia te po s i tion o f S 1 w i l l d fs ab le th e

sp e c if ica l ly des ign a ted b y th e m an u f a c tu r e r as co r re sp on d in g b lo ck if it is tu rn ed on .

1ow  po w er , h ig h sp e ed pa r t s . T h es e IC s ar e A n un fo r tun a te fa c t o f life is th a t log ic ICs

a rran g ed in row s th a t are 8 Ic s w id e . T h is g en era te sw i tch in g tran s ien ts th a t trav e l along

w ay , ea ch row  can sto re 4K x 8 b its o f th e po w er su p p ly l ïn e s . If th es e tran s ien ts

in fo rm ati on . P a ra l le l in g 8 o f th es e row s w ork th e i r w ay in to th e log lc c ircu i try ,

to g eth e r p r o d uce s a to ta l m em ory sto ra g e o f 32K  p r ob lem s can ap p e a r . T o p r ev en t su ch

x 8 bits . (Note that the bit number occurances , bypass capacitors are tied across
cor re sp on d in g to a g iv en co lum n o f TC s is th e pow er lin es a t reg u lar in te rv a l s in th e

in d ica t ed alon g th e top ed g e o f th e m em ory m em o ry ar ray an d at ev ery su pp o r t IC .

array ). Now that we hav e th is storage , there This board is guaranteed to operate at 4 MHz,
ar e st il l oth e r asp e c ts w e m u s t con s id e r . o r 5 M H z w i th an 80 8 5 C PU ov er th e fu ll

First , we need to address a specific location temperature range (0- 70 C ambient) and drav
in m em or y ; an d , w e ne ed to b e ab le to w r i te le s s th an 3 .5 A m ps . A l so , ou r typ ica l m ea su red

d a ta in to th e m em or y , or re ad da ta fr om  th e cu rr en ts w er e le s s th an 3 .0 Am p s , d ep en d in g on

m em or y . Th e sch em a t ic s sh ow  th e ad d re ss th e su r r oun d in g tem pe ra tu r e . W e h av e h ea rd

cir cu i tr y al on g w i th th e oth er E C ON O Q AM  Xl ll a s im ll ar rep o r ts fr om  th e p e op qe alr e ady u s ing

ci rc ui try . Ea ch m em o ry Ic r e qu i res 12 ad d res s th es e b oa r d s .

lines (A0-A 11) to access any one of the 4096 It is interesting to note that statsc RAM
b its av a il ab le in th e 1C . Th es e ad d r es s lin e s te chn o log y h a s pr og re s sed to th e p o in t th at

a re gen e ra ted b y th e c PU an d are b u f fe red b y a th is h igh -pe r fo rm an c e sta tic R :M  b o a r d is

nu m b e r o f inv e r te r s . A f te r b uf f e r in g , a com pa rab le in co s t an d p ow e r con sum p t ion to

p a r t ic u lar ad d re s s is p r e s en ted to a 1 1 IC dy nam ic m em ory b o a rd s .

ad d re s s se le c tion p in s . H ow ev er , w e

addittonazly need to sezect whic: particuzar I,a r t s kl-s t
row  of IC s is to rea c t to th e g iv en ad d r es s .

This requ ires 4 more address lines (A 12-A 15 ) o (1) EcosoRAM xlTTa ctrcuit board
w h i ch ar e de co ded an d u s ed to en ab le th e

desired row of ICs (note row markings along the INTFCRATFII CTRCIJITG (note the fol lowing parts

right hand side of th e memory array) . When may have letters suf f ixes and pref lxes along
d a ta is to b e w r i tten in to m em ory , it f ir s t wfth the key ntymbers given below. )

p a s se s th ro u gh 8 inv e rt in g b u f f e r s b e f o re b e in g (u) (f)4 ) ys 525;s
-

aq 4Kx l statfc R.:M l

put on the data pins of the RR s (buf f ering o (1 ) 741,s 02 quad 2 input H0R (Ul0)
nts loads ng of the data buss ) . Data to be (Z1 (2 ) 741.504 hex lnverter (D l5, t!16)preve

Ea ( 1 ) 741.% 10 trip le 3 inpu t NA ND (U 7)r
ead on to th e d a ta b us s f r om  m em o ry p a s se s

E1 (2 ) 741,5 30 8 lnpu t NAND (P 6 U 1% )
th ro u gh 8 TR I -STA T E inv er t in g b u s s dr iv er s ; o  (2 ) 741

,
s 32 quad 2 tnput OR (U1l. U13) /

when data is not being read on to the buss , the Ea (1 ) 74L,G 74 dual ''D'' f 1ip f 1op (U9) #
t u t s o f th e s e inv e r t e r s a r e in a h ig h - E1 ( 1 ) 74LS 138 decoder (U 8) lO u P

lf lî 'rhis board 0 t 1 1 ?4LS 240 Oc t a 1 btlss dr iver (lJ 1 8 ) jimpedance or disconnected state . I ) ytpt
,s 28a 4 b$t adder (u 1l )Ea (

can be u sed in a sy s tem  w i th m ore th an 6 4K o f o  (1 ) 25I s 2521 octal comparator (t1 l9) k

m em ory . an d be cau s e of th is th e re m u s t b e a o  (1 ) 81t,s96/98 octal buss driver (U 19) '1

h d to d is ab le th e en t ire b oa r d an d rem ov e L7 (5 ) 7805 5 volt regulator (lJ 1-U5)m et o

i t f r om  th e sy s t em  m em o r y m ap . S in c e th e C PU

can on ly a cce s s 64K o f m em or y w i th its 16 (ITHj?R y:I jicyaoslc coym xExys

ad d re s s lin e s , th e m eth o d cbo sen w a s to u s e an

I /0 port to E'NàBLE /DTSABLE the board . Switch S4 Cl (4 ) STP resistor packs (R l-4 )*
D  (6) 39u6 Tantalum Capacitors -- C l-C *i

s used to seleet th e T/O port for the board w cy
. t oQ  (20 ) ceram lc bvoass Capactto rs

an d wh en th e co rr e c t po r t is de co ded b y U 19 , 119 - kf l -c //

latches in tl3e dpta b1t (s) , if any bit selected
b y sw itch S 3 is h igh . th e b o a rd w i l l b e en ab led MECHANTCAL COMRANENTS

a t th e ad d r es s se le c ted b y sw i tcb S 2 p o s i tion s fjl
e socke ts *(E1 (78 ) tow Pro

5- 8 . Conv er se ly if p 1 1 b its se le c ted b y S 3 a re o (4 ) n1p qwttch 
, 

8 positton (S l-S 4)*

1o w  up on re c e iv in g th e ou tp u t in s t r u c t i on th e (E) (5 ) T0-220 Heat Sinks

d b e s e t O  (5) Sets 6-32 Rardwareb o p f d w i l l b e d ls ab led . Th e b oa r can

up to b e tu rn ed 0N o r 0F F w i th Pre s e t or Pow e r -
* su p p l fe d a l r e a d y so ld e r e d o n th e b o a r d

on b y u s in g sw i tch 5 2 p o s i tion s 1 an d 2 .
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A P P E N D IX  B

IEEE 696/5-100 Pin Assignments '
%

0 1 + 8 V olt 5 1 + 8 Vo lt i

02 + 16 Vo lt 5 2 - 16 Vol t >

03 yznr 53 G round
w w '04 VI 0 54 SLAR  CLR

05 VI 1* 55 D>  0* *

06 VI 2* 56 D%  1* .

07 V I 3* 5 7 DM A 2*
w w *08 VI 4 58 SXTRQ

09 71 5* 59 A 19 $

10 VI 6* 60 SIX rN W #

11 V I 7* 61 A 20
12 sM I * 62 A  2 1 $

#
13 PW RFA IL * 63 A 22 .

14 DM A 3* 64 A  23

15 A 18 65 NDEF

16 A  16 66 ND EF

17 A 17 6 7 PHAN TOM *

18 SD SB * 68 MW RT

19 CD SB A 69 RF U

20 GROU ND 70 GROU ND

21 NDEF 71 RFU

2 2 A D SB * 72 R D Y

23 D0 D sB * 73 INT *

24 PH I 74 HOLD *

25 P ST VAL * 75 R ESET *

26 PHL DA 76 P SYNC

27 RFU 77 pW R*

28 RFU 78 PDB IN

29 A 5 79 A 0

30 A 4 80 A  1

3 1 A  3 81 A 2

32 A 15 82 A  6

33 A 12 83 h 7

34 A  9 84 A  8

35 D0 1 85 A 13

36 D0 0 86 A  14

3 7 A 10 8 7 A 11

38 D0 4 88 D0 2

39 D0 5 89 D0 3

40 D0 6 90 D0 7

41 D1 2 91 DI 4 !
42 DI 3 92 DI 5 !
43 DI 7 93 DI 6 ;
44 sM 1 94 D I 1
45 SOUT 95 D I 0 1

46 SIN P 96 SINTA  !

4 7 sM EM R 97 sW 0 * .

4 8 SHLTA  98 ERROR A

49 CLOC K 99 P0C * +

50 GR OUND 100 GROUND h

#

4

11Q coxTzpvxo page l28 h

$
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A Bo u T Ec o N o R A M  x 1v  T EC H N IC A L O V E R V IEW

Con g ra tu la tion s on y o u r de c is ion to pu r ch a se T h is b oa rd in co rp o r a te s p r ov en sta t ic m em ory

'C;K QA AM  XIV , a 16K x 8 m em ory b oard design ed te chn o logy . Th ere ar e curr en t ly tw o popu lar '

sp e c if ica l ly fo r ele c tr ica l an d m e ch an ica l ty p e s o f m em ory b e in g us ed in p r o d uc ts su ch as $

com pa t ib il ïty w i tb th e IEE E S - 10 0 b u s s th is : s ta t4c an d dy nam ic . Sta tic m em or ie s are

s tan d ard . Th e S- 10 0 b u s s is th e p r o fe s s ion a l th e ov erxh e lm in g cb o ice in app l ica t ion s vh ete '

lev el cho ice for comm ercia l , in dustria l , and sp e ed , com p lex ity , ease of use , an d re liab ility
>

sc len t if ic app lica t ion s . Th is b u s s p r ov id es m us t a1 1 b e con sid e red wo .th er e is no refr esh

fot tead y ex p an s ion an d m od 4f i ca ti on as th e s low dow n , th e C FU i s fr e ed fr om  th e dru d g efy of t

s ta te o f th e com pu t in g ar t im pr ov es . W e ca r e tak in g th e m em ory , an d te chn iqu e s su ch as

believe this board , with the rest of the S-100 direct memory access (DMA ) are far more
p ortion of th e com pu Fto fam ily : is on e of th e reliab le and easier to im plem en t . The :

b e s t b oa rd s av a i lab le fo r th a t b u s s . in d fv id ua l m em ory IC s us ed on th is boa rd are
>

A s am ateu r ra d io op e ra to rs h av e con tr ib u ted g roup e d to g eth e r to fo rm  a sin g le l6K x 8 b lock

gteatly to comm un ication techn o logy , so too th e of m em ory , addre ssab le on an y 4K b oun d ary using j

computer hobbyist has prov ïded tbe t:e on-board dïp swïtch (no jumpers required).
m fc ro com pu te r in d u s t ry w ith m an y sign if ican t A dd it ion a l fea tu r es in c lud e a v r i te pr o te ct 5

d ev el op em en t s . In re co gn it i on of th is f ac t , w e sw it ch ; a w r i te st r ob e se le c tion  sw i t ch  vh ic: j

a l so m ak e th is pr o fe s s ion a l qu a l ity b o a rd a l low s us e of th is m em o ry in sy s tem s w i th or

available in 'XY KITM form for those who enloy without a front panel (MWRITE strobe);
th e ch a l lan g e of as sem b lin g an d tes tin g a f in e al low an ce fo r u s e of th e PHA NTOM A lin e ;

com pu ter board . ex tend ed 24 b it ad dress in g ; th o rough cap a citor

A s th e ffr s t com pa n y to na tion a l ly o ffe r b ypa s s ïng of su pp ly lïn e s to su p p ress

m em ory k i ts to com pu te r hob b y is ts , w e ag ain tr an s ien t s ; p lu s on -b o a rd reg u la t ion ald

th an k you fo r cho o sing a com pu Pro Pro duc t h ea ts ink ing fo r rel iab ly cool ope ra tion . A1l

...w el com e to th e club ! th is an d so cke ts for a11 IC s go on to a doub le

s id ed , so ld e r-m ask ed p r in ted cir cu i t b o a r d wi tb

a com p le te com pon en t- lay ou t leg en d .
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' BO A R D  A D D R ESS IN G  M EM O R Y  PR O T EC T SW IT C H

Th is b oa rd is con f igu r ed as on e 16K b lo ck . If y Ou des i re to î'w r i te p r o te c tîf th e con ten ts

! Th is b lo ck m ay be ass ign ed to an y area o f Of you r AC ONOQ AM  XIV b oard ; s im p ly tu rn 0F F

j memory beginning on a 4K boundary (0K , 4K , 36K sW itch WE (S2-3). With this switch OFF , the

etc .) with tb e on ly lim itation being that it content of th e R:M can be read , but not
' sh o u ld no t ov e r lap an y oth e r m em ory in th e a l ter ed . Fo r op e ra t ion as a stan d a rd R XM

sy s tem . Th e b o a r d is ad d r es s ed b y f l ip p in g 5 2 b o a r d , le av e sw i tch 5 2- 3 0N .)

po s iti on s 5- 8 ON o r 0F F to a ch iev e th e des ired

j sta r t in g ad d r es s . W i th a1 1 fo u r sw i tch es OF F

(S2(5-8 )). th e block will start at 0H or 0K .
) ,, ,, w s jy E s-r R O B E s E L EC T IO NTo start at 4K

, flip switch 52-8 (marked 4 or
i the legen d ) 0N . To start at l6K or 32K , flïp

switches 52-6 or 52-7 ON respectively (oarked Switch S2 position 4 and Jumper J1 allow the
' 1, 11 Iî yf16 and 32 respectively ) . To s tart at 44K

, 
XCOXOAAM  XIV to be opera ted in sev era l

# (32K + 8K + 4K ) flip switches 32, 8 and 4 ON . different modes concern ing the signal MWEITE

In effect , add the switch numbers to giv e your (Pin 68 ). For system s that hav e MWRITE
? starting address . Note : If th e start of the implemented , turn Sw itch MW (S 2-4 ) 0N . In

16K b l oc k Js at 5 2K o r ab ov e , th e re s id ua l sy s tem s wh e re M W R IT E is groun d ed y tu rn M W ON#

'

memory beyond 64K w ill appear starting at 0K . (S 2-4 ), for system s th at hav e a floating MWPITE

line , turn MW ON and install a lumper at
position J1 (in between U 13 and U 14 ).

EX T E N D E D  A D D R ESS IN G

Th e EC ON O RAM  XI V h a s p r ov is lon s on b o a rd fo r

implem en ting th e propo sed IEEE S- l00 ex ten ded P H A N T O M  L IN  E

addre ss lin es , A 16-A 23 . Tf pr ov id ed w i th th is

option , sw itch 5 2 p o s i tion 1 sh o u ld b e tu rn ed Sw i tch S 2 p o s i tion 2 a l lows th e E CON OR AM  XI V

0FF to en ab le th e ex ten d ed ad d re s s de co de r . to b e rem ov ed fr om  m em or y sp a ce b y a 1ow  lev e l

Switch S1 should be set as shown below . on PHANTOM W (Bus Pin 67). With 52-2 0N , m em ory
w il l d is ap p e a r w h en PH A N T OM A is a s s e r t e d . W i th

SW ITC H PO SIT IO N FU N CT IO N s 2- 2 OF F
, 

th e b o a rd is un a f fe c ted b y PHA N T OM W .

1 A d d r es s A 23 NO T E : Sin ce som e m an uf a c tu r er s a re n o t

2 A d d re s s A 22 con fo rm in g to th e pr o po sed TE EE S- 10 0 b u ssi

3 A dd re s s A 2 1 ON = '10 11 stan d a rd , in su r e th a t y o ur sy s tem  is u s in g th e

, 4 A d dr e s s A 20 PH A KX OM W lin e p r op e r ly b e fo re u s in g th is

5 àddress A 19 fea tu re on y our ECON ON AM  XIV .i

6 Address A18 OFF = '11:'l 7 Address A17
8 A d d re s s A 16

k
E XNM PL E : T o ad d r e s s y o u r E c on o r am  X I V a t

3700 00H , f l jp p o s i tion s R, 4 , 6 , 7 , & 8 0F F an d

1. 2 , & 5 0N .

NO T E : Tf no t us in g th e ex ten d ed

a d d r e s s in g fe a tu r e o f th i s b o a r d
,#

remove U5 (25L52521), turn a11) positions of S1 0FF and turn S2
- 1 ON .

i

1

#

#
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M E M O R Y  T EST IN G  
M s x o R y  T s s v lx o  R o u T lN E

3:33 2 1 ee 4C ze 1: STRT LX 1 H 'A;C?HIf th e m em o ry b oa rd se em s to b e w o rk in g 
gg azzg sxs sv: w .ggH3::3 3Ep rop e r ly

, th e M D OR Y TE ST ING RO UT IN E can b e 3eas 32 6E 3: ::3: sT
A  >-IN

u sed to g iv e th e b o a rd a m or e th o r ou gh w o rk o u t 
.  3 : 2 8 3E l ? e e 4 e M V l A # l:H

3zzA 84 1:5: ADD HIt is rather slow ; but will do the J ob well . 
a zg s 4 ,. :: 6: M c v  c ,A  

(Tt can be entered via edïtor/assembler or f ront aedc l 6 gd @'*3@ MU1 D
a e1 sw itch

e s . 3Z?E IE FF 0@6 : MV 1 E 'Z FFHp a n e

J)a 1: 22 45 aa ë*%' DONE SHLD STADTh e rou t in e is se t up to te s t 16K f r om 4 00 0 
az l a A P- z le z x u  A

. s A #h ex to 7F F F h ex . 'fh is m ay b e ch an g ed b v 3: l * 47 : 1 16 M0t 
'

,CSTR T /' 3e 15 7B Z 1 2: SCND MOV A*Een ter in g a d if f e ren t sta r t in g ad d re s s a t 

#3: l 6 5A z t 3: MGV E'D(3001-3002 ) and/or a dïf f erent end address at a
g I'r s; z )4e Mov D'A''END '' (3004 

-  high order byte on ly ) . 3: 16 79 ; 15z M0U A'C i
3z :9 2A 65 3z e ! 6: LHLD STADI f th e m em ory pa s s es th e te s t it s t p r ts ov er 
ag l c yz a l 7g pj uu Mcv M , D @a g a fn 

.  Yo u m ay on th e o th e r h an d 
, ïn s e r t a 3g ID aa a 1Bz INx H

lump instruction at ''MARK'' to som e user routine 3e1E BC P l9' CMP H ?
3g 1F C 2 IC 3 : 3 2 : 3 J N Z F IL Lo r 

, kf des ir ed th e u s er m ay en te r an ou tp u t 
agz2 aa 6s ag ea la uH uo STAD )in s t ru c t ion 

or , ca n do a n o t i f ic a t i o n ro u t ln e 3:25 73 2 22: NEX T M0V M
1 E''

M AR K I' to sh ow  su cce s s f u l com p le t l on an d 3026 '?B Z230 M0V A*E 
l

a t

3' 2 7 B E : 24 : cM p Mr e s t a r t 
. a: 28 c 2 6 F 3: e z s g J N z F'A I u

1If tb e m em o ry fa il s th e te s t , cr i t ica l 3228 1% 0263 M0V AaC
3:2c 23 :27: 1NX Hin fo rm aton is sto red an d th e rou t in e en t er s a 
az zo 9 4 : 28 : su s H '

software ''HALT '' that is a 'llump to here'' at 3:2E c2 45 3: 329z JN: NDON
''SH L T '' Fr on t pan e l ligh t s

, if an y , w i l l sh ow  3:3 . M  3300 CMP B '
3:32 44 23 10 M0V B>Hth is sta te . T h e us er m ay th en u s e th e fr o

n t az a a cA ls ad a 32g J : SCN D
p a n e l or d um p ro u t ïn e s to d isp 1a y th e fo l low in g 3336 3A 66 3: : 325 LDA STAD+ !

d fa i lur e fn fo rm at ion : 3039 ze 033: MARK N0P 's to re
3e 3A e g : 3 3 1 N 0 p

31 38 e z e 3 32 N G P d

3 : 36 aA 6E 3: : 34 : L DA F lN

A 11 f' 3e3F %  235: CMP C30 69 FDE = D
, E p a ir .. .D is th e fil l a

a a z c w  g z a z z a 6 g J z S T R T
ch a r a c t e r , an d E i s 3g43 79 337e M0V A

, C '
th e te s t ch a ra c ee r 30*à 67 3380 N0V H *A

1, n 3345 2E 3@ 3393 MVl L'330 68 * FHL = H
, L p a ir ...th e fa llu r e agwr c6 lz :

4 z z A o I lzH
ad d r es s 3:49 4F zA lz M0V C'A

* HFOUT '' = th e da ta ex pe c te d 324* C3 13 3: :42: JMP DQNE30 6D

3g49 22 67 3z :43: NDON SHLD NXAD30 6E * 'IF IN '' = th e da ta rea d 
ag s e AA : 4 4 g u o p e M o v A ,D

3 z s 1 B E : 4 5 : L O P A  C M P M

w 3:52 C2 61 3: :46: JN Z FAILad d r e s s fr om  M E M O: Y  T E S T TN G R O U T TN E 
aa s 5 2 c a A r z lN p L

3 : 5 6 C 2 5 1 3 : : 4 8 3 J N Z L O P A

38 5 9 $% 2 4 9 : M 0 V  A ' C

3z5A 24 :5:: !NR HTh e user Day replace th e HJ ump'' at ''SHLT ''
3:51 Bc d5lg CMp Hw ith a Jump to a disp lay or notifi

c a t i on  3z5C c2 5e 3: :52: JN Z LQPB
t fn e . 315 F 2* 6 1 3: :5 30 LH LD N XADr o u

3:62 C3 25 3: 0542 JMP NEXTTh e d if fe ren ce b e tw en ''FOUT H an d ''F TN '' 
sh o u ld 3g6s gssg sTAo Ds 2

in d ica te wh icb b 1 t is fa il in g
, in d ic a tin g wh i ch 3667 :56: NXAD DS 2

h l o r a re a ïs c/ u s fn g th e p r ob le m
.  3269 :570 FDE DS 2C P 

s:z rHu os 23:68 zTh is te s t w i l l fin d m o st of th e h a rd e r t
o  a g 6o z s g z F o u z D S l

d is t in g u i sh er r o r s . 3z6E :6:0 F!N DS l 1

3 : 6 F 2 2 6 8 3: 3 6 1: F A I L SH L D FH L

3 : 7 2 3 2 6D 3: : 6 2 2 ST A F OU T

3e 7 5 7E  2 6 3: M 0 V  A 1M

3: 1 6 3 2 6E 3: : 6 4 : ST A  F 1N

3 : 7 4 E B : 6 5 : X CH G

3 e 7 A 2 2 69 3: : 6 6: SH L D F D E

3 : 7 : C 3 7 D 3 : 3 6 7 3 SH L T J M P 5H L T

o z8 a : 68 2 * '

l
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C IR C U IT D ESC R IPT IO N

( The heart of ECCKQRAM XIV is the MM5257/90L44 It is interesting to note that static RAM
r tatic memory Ic (RxM ) , wh ich can store 4096 tecim ology has progressed to the point that

sI single bits of inform ation (thus , each is a ''4K th is high-perform ance static RXM board ls
x 11' memory IC ). Unlike standard RàM s , those comparab le in cost and power consumption to

in clu d ed w i th y ou r k i t ar e sp e cif ica l ly d y nam ic m em ory b oa rd s .

des ign a ted b y th e m an u fa c tu r e r as 1ow  p ow e r ,

h igh sp e ed pa r ts . T h e se Ic s ar e ar ran g ed in

' rows th a t ar e 8 Ic s w id e . T h is w ay . ea ch row

can sto r e 4K x 8 b i ts of in fo rm a ti on .

) Paralleling 4 of these rows together produces a
à total memory storage of 16K x 8 bits . (Note

th at th e b it num b e r co rr e sp on d in g to a g iv en

colum n of IC s is in d i ca ted al on g th e to p ed g e 
. .  Ihjj N j $ jpjs j - . .

, of the memory array ). Now that we have this
storag e , th er e ar e st i l l oth er asp e c ts w e m u s t

con s id e r . Fi rs t , w e ne ed to ad d re ss a sp e cif ïc
5 location in m em ory ; an d , w e need to b e ab le to Q  ('1 Econoram X1V circuit board .

f wrïte data into the memory, or read data from IXTECRATEn clRculTs (note: tbe following parts
th e m em or y . T h e sch em at i c s sh ow  th e ad dr e s s m ay yav e letter suffixes and prefixes along

j cfrcui try alon g w ith th e oth er ECONOAAM  X I V w ith t:e key numbers gïven belov .)

circui t ry . E a ch  m em ory IC r e qu i re s 12 ad d r e ss
lfnes (A0-A 11) to access any one of the 4096 L  (32) M85257-3L 4Kx1 statfc RAM (P 14-U45)
bits av ailab le in th e IC . These address lines Q  (1) 74L502 Quad 2 input N0R gate (U8)

? are generated by th e CPU and are buffered by a D  (4 ) 74L5 04 Hex ïnv erters (U 9,10>11#13)

l number of inverters. After buffering, a Q (1) 74LS10 Triple 3 input NAND gate (U14)Q (l) 74L5240 Octal TRI-STKTE inverters (Ul2)
( partfcular address is presented to a11 IC p)Q (1) 74L5283 4 bït adder (U

address selection p in s . Howev er , w e o  (j) g4cs 1a9 pual 1 of 4 decoder (U 6)
addïtion a lly need to sele c t wh ich pa rticula r u  (4 ) ygc5 positive 5v regulators (7 1-: 4 )

j row  of IC s is to re a c t to th e g iv en ad d r es s .

This requires 4 more address lines (A l2-A 15 ) OTgER EtECTRONIC COMFONENTS
vh ich ar e d eco d ed an d u sed to en ab le th e
desired row of ICs (note row markings along the Q  (5) 39uF tantalum capacïtors (C1-C 6)

1 right hand side of the memory array) . When Q  (16) Ceramic disk bypass capacitors *

l data ls to be w r i t een fn to m em o ry
, 

it first Q  (1) 2*7K SIP *

) passes th ro u gh 8 inv e r t in g b u f fe r s b e fo r e b e in g M ECHANICAL COM PONENTS

put on the data pins of the RàM s (bufferfng

' prevents load ing of the data buss) . Data to be o  (41) cow profile sockets *
read to th e data buss from mem ory passes o  (I) 8 pole dip switch (S 1)

through 8 TR I -STATE inv ertin g b uss driv ers ; o  (4 ) ueat sinks for regulator 1Cs

k vhen data is not be lng read to the buss , the n  (4 ) 6-32 bolts
outputs of th ese inv ettet s are in a h igh- Q  (4 ) 6-32 lockwashers
fmpedance or ''d ïsconne c ted '' sta te . Q  (4 ) 6-32 nuts

t Kn un fortun ate fa ct of life is th a t log ic IC s 0  (1) Instruction booklet

genera te sw l tc h ing tra n s ien ts th a t trav el a lon g/ Asupp lied alread y so ldered to boa rd

tb e pow er su pp ly lin e s . If th es e tran s ien ts

vork th e i r w ay fn to th e lo g ic ci rc u i t ry ,

prob lem s can app e a r . T o p r ev en t su ch opvyoxwt pxpys FoR EXTEUOE: Aona Esslxc

occuran ce s , b yp a s s ca pa c i to rs a re tied a c ro ss
l the power lin es at regular in terv al s in th e U  (1) 25Ls 2521 octal Comparator (U 5)

memory array and at ev ery support Ic . D  (1) D1P svitc: (S 1)

' Th is b oa rd is gua ran teed to ope r a te a t 4 M H z
, 

Q  (1) 2.7K S1P (R 1)

h or 5 M H z with an 8085 CPU ov er th e fu ll 0  (l) DiSC CaP

temperature range (0- 70 c ambient) and draw
l 

. - -  -  
.

less th an 2 .0 Am ps . A l so , o ur typ ica l m ea su r ed

b curren ts w ere less th an 1.6 Am ps : depen d in g on

th e su rroun d ïng tem pe ra tu r e . W e h av e h ea rd

@ sim ila r rep o r ts fr om th e pe op le al read y u s in g

th e se bo a rd s .

! 117



lr Aa%.*4 .ri%,'%*' **4 - *' 9.).*#', èl * 1,:: ..x .)6 % %. w t .'!/ * 'Gto +? .%y 4.'4ol/JJ . y '%'y k. 
. .

s,o  y
.  

4
. .

yy x.
J
s Jj 4.04. 1 .,x' y k T ? N % v'jhk- tj-y a à : $svs g % a

.# ' 4/ % % : 'r o ''xf ,ej N vg xs . ,jb j.az : ex-y 
. y y sjy ,... o (y. y o%' .ox xa g; ujs. y .s

' 41 s. >' k * j è ,-4, au-. 'h é* A m v %r 
..o.:, êa.ala . xap#) xt n % 4. C  : )v 

g , vgu  .
. ,y. .u ' -'

'/u ,A

@z D#' %t 
y a

. . v> #n  a%  e
> >  h ' # -  p

-  
. . I

q w. 't 7 :/ '4.4.4 , e
. -  ,t. o  'v'

-  - 
v
t J*-4 % i& %v , a  

y a.'Y
. .+ Y a- : .<. X *p x .! x &-* 

a. .ye sv -p  . -,h o oe'- r ,% e x''ew : 'ez/ t
.  

.4 .t
1v-#- s  z o  >  o  

g, .#,. >t
% 'Y,oj .@n . sz,j- u -,# - y

œ. 4 x v x r %t-
1:4 T? *' xa vu xz % 
$ > 3 #. o  y-

.y 'o .y. ,w X  v ) = x 
.  

*
=  & ) , .

a  D - xr C7. g. c . sw p- crD
#x8 I

N 'zQ v. *' J-sovz , =
<>ë' 0$,.* .y + sr

.

y # eu:% % % $$ . '% 'jwt D C D.,>tv m q.y oy,t t',. v k. , -w < .. .,
4 etl 4y y o.s - ot . , o . y y oo . w '-s u

.* *>, l)sl ) > tt./ t''l e)= 
r w . tn

E *  'Ai# $
. - .z % w . m  * '

.o.r. V
.je t. o  o

s?,- '/.w u  a*
o  * u  -

#. a k u q: (J 2:làl
> . D

t% V $ .V'k+ y.* ' = Q Ym # #  o o .- o . y
.
)' m  u- CX  %  * W
bv .%% v r è 6 / V
. o  cx < -

o * i--/ 
.,n ar x

# :: ee

v -  

/4+ Ip#  % kê %  z
'k r z :4 w  œ  o  , .% 

. p R th xe
..w t : 70  4 *  o  Q  a. lbs =  *

D  o  *  >V 
. i : q o  =  o

% E ut w . # = -
' 

o sr o  ù @  -4,vo jr.x ' 4 g )

,. >T .)., 3% - ..>%'Y  r t #  . D o
J/ /p * . x

. , g  < ro -> 
.
% *$ Yv

CJ - > 4. o .. ... -, .? 'V 
tw-'%''k tpv..tV ? .v, . ty . ' *)'% % aa

..':4: f xx, vw r as r :. 'xe . o -. ù w . o
. z tx v..D  

o  mJz >
g x V e : o  u?y %  

toe ) =  =  %
a . .1r Ve  u  D  *  ?h. (N#

N  d
* % y > 1 %e 

*  m

t < W  .4 
> o

x + - M  W

O  %
'Q  <  / : Y *  o

œ  œ  o
As o > (!) =

< =  <
: *  th-e

v j trlA> e-

1 O
N  R

D  D
œ

w  < %

% .p / 'k m % .t,w, ot-i qe
+ *  to

ru O+  
v- v- (DU  

a*  O

=  X R
-. T - y.,- >

.  p œ
1 œ Ilo

kM <ö  D

R  e  *  mD  
œ#

9 k **
v' +- L k+ o  (N 

g j
: tN 6 ke 

m 0C=
m  kC
m  &%
' cz

: >  D
A . % M  <* 

m  œ M
* C> l>

s

3 :

118



I

ECO N RA M  X V ''
!

1MSER $ M A N UA L
à

9 '* 

).
. . J x

:4 - w
.  

'w  

s  v s
R

m  
#  ?

1

* *

Y i WY1 ' V
-*  

.  

X 
.. - + . . . 

. . .

3QK Bank Selett . H 8
usin, M M sqszzx tA. . sM q x

'46 ompupro'- ,,-- @0' D' ö- 0. TtmaC gjyc
1 1 9



-

.
+  

A BO U T EC O N O R A M  X V  T EC H N IC A L O V E R V IEW  s

Con g ra tu la tion s on y ou r pu r ch as e o f th e T h e in d iv id ua l m em o ry ch ip s u s ed on tb is

XCQ#QQAM XV, a 32K x 8 mem ory board designed board are grouped together to form two 16k t
fo r ele c trica l an d m ech an i ca l com p a tab il ity b loc k s o f m em ory . Ea ch o f th es e 16K b lo ck s is :

w ith th e He a th k i t H -8 com pu te r . Th i s b o a rd in d iv fd ua l ly ad d re s s ab le on an y 4K b oun d ary . 1

fea tu res tw o in d ep en d en t 16K b lo ck s y ea sy T h e sta r t in g ad d r e ss e s o f ea ch b lo ck ar e se t by 1

sw itch as s igm en t o f b lo ck s to des ired m em o ry d ip sw itch es on th e b oa rd . In ad d it ion , on e or (

ad d res s lo ca t ion s an d sw itch se le c tab le b o th of th e b lo ck s m ay b e op e r a t ed in p a g e (

en ab les fo r op e ra t ion Jn ei th e r b an k se le c t or se le c t m o d e an d es s en t ia l ly lo ca ted a t an y of 4

stan d a r d m od e . Tt is fu lly b u f fe red to p rev en t th e 25 6 p a g e lo ca t ïon s . W r i te p ro te c t sw i tch es

lo ad in g th e b u s s , an d h a s w r ite p r o te c t ar e al so in c lu d ed fo r ea ch b lo ck . Ex tra h eav y

sw it ch e s fo r en ch b lo ck . d uty p ow er su pp ly tr a ce s , g en er ou s b yp a s s in g of

A s am ateu r ra d io ope ra to r s h av e con tr ib u ted su pp ly lin e s , so ck e ts fo r a1 1 in te g ra ted

g rea t ly to com m un lca t ion te ch n o lo gy , so to o th e c ir cu i ts , ca re fu l lay ou t an d do ub le s id ed

com pu te r h obb y is t h a s p rov id e d th e so ld er -m ask p r in ted ci rc ui t b o a rd w l th com p le te !

m ic ro com pu te r in d u s try w i th m an y sign if ic an t com pon en t an d sw i tch le g en d s m ak e th is a

dev elopem en ts . Tn re cogn i tion of th i s fa c t , w e v er sa ti le m em o ry b oa rd wh i ch w i l l g iv e

a l so m ak e th is p ro fe s s ion a l qu a l ity b o a rd ex cep tion a l ly lon g an d tr oub le fr e e se rv ice . l

availab le in f'UNxlT ff form for those who enloy g
th e ch a l lan g e o f as s em b l in g an d tes t in g a f in e

com pu te r b o a r d .
1

l s th e fi rs t com pa n y to n a tion a l ly o ffe r

m em o ry k i ts to com pu te r bobb y is ts , w e ag a in

th an k y ou fo r ch o o s in g a C om pu p ro Pro du c t

..ow e lcom e to th e club !
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ST A T IC M  EM O  R IES

Th is b o a rd in co rp o r a tes p rov en sta t ic m em ory s e le c ted b y th e u s e r w ith S 2 , :h e us er m ay

tecb n o lo g y us in g in d us tr ia l des ign te ch n iqu e s lo ca te th e b an k se le c t p o r t fo r th is b os r d a t

and generous safety factors to ensure extremely any of the 256 I /O port locations .
re l iab le op e ra tion . Of th e cu r ren tly p opu la r

app r o a ch e s to m em o r y d e s ig n , s t n t i c an d

j dynamic, statïc memories have the overwbelming

choice in npplications where speed, sïmplicity,1 ease of use and reliability must be considered 
. B Lo c K D ISA B L E SW IT C H ES

In or d er to re ta in da ta , dyn am ic m em o ry m u s t

con t#nua l ly be refresb ed . Th is b oa rd due to sw i tch S 3 p o si tion s 6 th rou gh 8 p rov id e 16K

its sta t ic des ig n w il l re ta in d a ta as lon g as b lo ck  d i s ab le f u n c t io n s a s w e l l a s m o d e se le c t

power is app lled . Th is is o f pa rticu lar f u n c t i o n s . T o d i s a b l e th e 16K b l o c k o f R A M

interes t to th o se wh o w il l be us in g th is board c o n t r o l l e d b y B l o ck A
, 

5 3 - 5 a n d 5 3- 6 sh o u ld
: vh ere DM A op e ra t ion s ar e inv o lv ed . Th e sta t ic b 0 th b e t u r n e d O F F

.  To disable Block B, 53-71 
memory re qu ires no refresh , an d th efore th ere a a d s 3 - 8 sh o u l d b o th b e t u rn e d O F F . o n c e a

! 1 is nev er a con f lic t be tw een th e DMA  d ev ice an d b lock is d isab led
: i t i s to ta l ly r e m ov ed f ro m

th e C PU a ttem p tln g to re f r e sh m em ory . j,e b u s
.  I t c a n n e i th e r b e r e a d f r o m  n o rt

W r i t ten t0 , an d it W i l l n o t c on f lic t w i th o f f -

b o a rd m em ory sh a rin g th e sam e add re ss sp ace.

M EM O R Y  A D D R ESS A SS IG N M E N T

Th is board is con f igured as two 16K b locks . w R IT E P R O T EC T E N A B L E SW IT C H ES

Eacb l6K b lo ck m ay b e as s ign ed to an y a rea o f

I memory beg inning on 4K botm dary (0K , 4K , 321ç, sw itch 53 positions 1 and 2 prov ide a write
l etc 

.  ) . 'l'he only lim itation is that the rotect f eature . That i s : in normalP
as s s gn e d lo c a t ion s sh o u ld n o t ov er lap ea cb o p e r a t ion s 

, 
b 0 th o f th es e sw i tch e s are 0N , an d

oth er or an y oth e r m em o ry in y ou r sy s tem . th ey en ab le th e w r i te sfgn a l to b lo ck s A an d B

o f th e b o a rd . In ce r ta in op e ra t ion s y ou m ay

w an t to u s e a p o r t i on o f th ï s RAM  a s if it w e r e

read on ly m emory (ROM ) . That $ s , mem ory you can
BLO C K EN A B LE SW IT C H ES/ read f rom but not write into once you have
BA N K S E L E C T  F E A T U R ES in itial ! zed it 

.  Sw i tch S Q- I is tu rn ed 0F F to

d is ab le th e m em or y w r i te f o r b lo ck A . S 3- 2 f s
Ea ch o f th e tw o 16K b lo ck s m ay b e u s ed in

tu rn ed 0F F to d is ab le th e m em ory w r i te f o r
eith er th e stan d a rd or b an k se le c t m od e . B lo ck b l

o c # B . W h en ev er y o u w an t to w r i te in t o th e s e
à , f o r ex am p le , is en ab led in th e s tan d a rd lnod e b

e jnb lo ck s , th e re sp e c t iv e sw J tch es sh o u ld
by sw i tch in g d ip sw i tch 5 3- 5 ON a n d 5 3- 6 OF F .

th e 0N p o s i t ion .
Block A n ow re s id es a t th e ad d r es s se le c ted b y

th e u se r w ith d ip sw i tch S 1 p o s i tion s 1-4 . T h is

m em ory w i l l alw ay s b e pa r t of th e sy s tem  m em ory

m ap in th is m od e . T o u s e b lo ck A in th e b an k N V RR ON  ST A T U S

mode tu rn 5 3- 5 0F F an d 5 3- 6 ON . Th e b lo ck is

now en ab led by ou tp u tt in g a 1 in da ta b it D 0 to W h e n r u n n i n g i n B a n k S e 1 e c t m  o d e , t h e

th e po r t ad d r e ss co r re sp on d in g to tlza t se le c ted E c o l o o A x  x v  m a y b e s e t t o c o m e u p e n a b 1 e d o r

at dip sw i tch 2 , ou tp u tt in g a 0 to d ata b it D 0 d i s a b l e d a t p o w e r - o n o r r e s e t . T h i s a l l o w s

v ill d isab le th e b lo ck . B lo c k B is en ab ld in b an k s e le c t s y s te m s to h av e a k n o w n m e m o ry m ap

the norm al mode (always in the memory map ) by a t po w e r-on
, 

b e f o r e th e r e h a s b e e n t i m e f o r
tu rn in g 5 3- 7 0N an d S S- 8 OF F . T o u s e b lo ck B p ty t o establish th rough appropriate I /0t h e C
in ban k m od e , tu rn S 3- 8 ON an d 5 3- 7 O F F . Th ïs j) d s a r e to b e en ab l ed o r

p in s tr u c tio n s w h i ch o a r
simple sch em e en ab les th e u s er to m an a g e an d a 

a n d 4 d e t e r m i n ed i s a b l e d . S 3 p o s i t i o n s
1 utilize a th e or e t ica l m ax im um  o f 16 m eg ab y t es x 

an d s 3-4 0FFp o w er- on sta tus . Se tt in g 5 3- 3 0
of m em ory b y as s ign in g b lo ck s o f m em ory to

w i l l c a u se th e b o a rd to b e D I SA B L ED a t p o w e r-
variou s b an k s an d tu rn in g th em 0F F an d 0N u n d e r

o n . S e t t in g 5 3 - 3 O F F a n d S 3- 4 O N w i l l c a u s e
so f tw a r e co n t r o l as re qu ï re d . M em o r y

th e b o a rd to b e EN A B L E D a t p o w e r- o n .
manag em en t m ay now  b e em p loy ed ea s ily an d

ef f iciently. Either block may be used in) either 1ts standard mode or its bank select
mode . The user should not leave both switches) 0N . The T /0 port address f or bank select îs

i
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e l : <  l 1 + 1 x W i 7

11 11 11 11

D N n1N DIN ej nINh: 11
IMA 1:

.

, 
I

< 9 j
'a a a , jCHIPS

-  <  ? l
B l9

6 7 7 7 7
DOIJT X UT X UT X UT

W s l
'i'î 4 j5 CMIPS
ï# 3 SIBILARLï

ARRANGED l k;0 i #5b 7e0 @ e0 1
'ià ? l
'ih l 1
'< g - - - - - - I - -

1: 8 1: 8 19 8 19 8

V x

W y

@ 1 2 3 4 5 6 .7

't'F A 4 A @

@E A

V  A 1 A ,

cir A 2 A 2

ECONORAM XV

cE A 3 
FAR' 2 0F 2

A :r

@  1980 SODBOIJT

:E A 4 B #

UE 8

W  A 5 : 1

CE A 6 : 2

cE A 7 : 3

KhR 9 KR  1 F('j) 2 M(1I 3 :p1 4. 4p1 5 .n1 6 :2 1 7

Mly:l 9 .t)0 1 :D0 ? :D() 3 AIKI 4 N()0 5 :n0 6 u  7

+8 k 49 +5

7805 1 7805 1 7805 1 7805 1 7805 1

+8 k 48 IN IN IN 18 1N
:$ tl 2 3 u 3 3 tj 4 3 tl s 3 

+5 +jU 1 oty'r +5 otl'r +b otl7' +5 ()tl'r +5 (KIT

GND Na Gqil GND
0 ? 2 ? BYPM S

3: uF 39 uF 39 UF 39 uF 39 Qf 39 u
G'p b 10 v 10 V 10 k 10 V 10 k !0 V EAPS

G!p 1
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M EM O R Y  T EST IN G  M E M O R Y  T E S T IN G  R O U T IN E

If th e m em ory boa rd seem s to b p w orkl n g

p rope r ly , th e m em ory tes tin g rou tin e sup p ll ed 3z z z 2 1 z d 4 e e e lz SA'R T ux l H 'ae z gll

w ith y ou r H e a th %18 can b e u sed to g ïv e th e 3:e3 AE Ae ez2: EN D Mv1 A . :AZH
b oa rd a th o r ou gh w o rlrou t . Tt can b e en t e red agzs a2 6s 3: gzaz sml P-IN

via editor/assembler or front panel . 3:,8 3E 1: ''h' MV1 Ae 1eH
3: : 1  : 4 e e s e A D D H
3 e e B 4 ,- , : 6 : , Q v c .A

â d d c 1 6 : a : : 7: , v I D . z
a z z E lE  F F ge B g e !,I E .@ F FH

d is set up 30 'Z 22 65 32 :09: X NE SHLD SYAD
Th e IR OR Y TE ST IN G ROUT IN E in c) ud e ze l â X F : 1d: x u  A

to tes t 32K  f r om  40 0 0 h ex to BF FF h ex . 'rh is ag 1. A, g I Ig % v B .w
m ay b e ch an g ed b y en t er in g a d if f e r en t sta r t in g 3e 15 7B e l 2: SCND MQV A ,E

ddress at ''STRT'' (3001-3002 ) and/or a 3: l 6 5* d l 3: MDV E'D
a :z l 7 s 7 z l4 e M t v  D 'A

dif f erent end address at ''FND '' (3004 - high zgj: ,, , Ise x:v x.c
order byte on ly) . erhis program may be modif ied 3e 19 24 65 3: 6166 LHLD STAD

8 if des i red . 3' 1C 42 : 1 1* FILL MDV M 'D
to rux! on  th e 11 ae lo 23 g !Bz !Nx H

l.f th e m em or y pa ss e s tb e te s t it s ta rts ov er a: ls sc z l:@ cMp H
a g ain . Y ou m ay on tb e oth e r h an d , in s e r t a 3: l F 02 IC iê :2:: JN: FILL

i t r u c t i on a t ''M
-

AR K '' to som e u s e r ro u tfn e 3e22 2* 65 3: :2 1: LHLD SIAD

lump ns 3:25 :3 :22: NExT Mnv M.:
o r , if de s i red th e us e r m ay en te r an ou tp u t :,2: ys qnnq Mcv A,s
fn s tru c t f on or , ca n do a no tif fca t ion ro u tïn e 3:27 BE :2*: cM p M
t ''MA P P '' to slno w  su cce s s f u l com p le tfon an d 3:26 62 6F 3e :25e JN Z FAI t

a 3: 28 19 : 2 6 d M 0 v A ac

r e s t a r t . az z c 2 a o n .l. Ix x H

Tf th e o em ory f a il s th e tes t , cri ti c al 3:2D 9 * :26e SU B H
in f o rm aton is st o r ed an d th e rou tin e en t er s a 3:2E C2 4D 3: :29: .J/1 N DON

'' '' h t is a ''lump to here', at 2:21 *  *3ë* CMP B
so f tw ar e BA L ; t a z;a2 4a ga je Mcv s .H
''SH L T H . Pf on t p an e l ligh ts , if an y , w i l 1 sh ow  3:33 CA 15 36 :32: J : S6N D
tb is st a te . Th e u se r m ay th en u se th e fr on t 3Z36 3* 66 3@ : 325 LDA STAD* I

3: 39 : : : 3 3e M A AM N n P

p an e l or dum p rou tbn es to disp 1ay th e fo llow in g zgzw g: iaa l xcp
s to red fa il ur e in fo rm at ion : 3::8 g: :::2 N0P

3 : 3 6 nA  6E 3: : 3* : L D A F !N

3: 3 F B9 : 35 e cM P c

3: 4 : cA e e 3: : 3 6 : a z ST R T

30 69 * ''F DE '' = : F p a i r ...D is th e fil l nz4 o ,4 zay: Mov A ac
ch a ra c te r , a n d E is 3:4* 67 :38: M0V H AA

3e 4 5 2: ze : 39 : M v I k '@

th e te s t ch a ra c te r 3@A 7 c: 1, 'A'' ADI 1zH
30 68 * ''FFL '' = F L p a i r .. .th e fa il u r e 3z49 AF g* lz Mcv c .A

# ad d r ess aeAw ca le ae e*2e uM p ooxs
* ''POUT ': = th e data ex pe cted ZZAD 22 61 3: @4 3* N DON SHLD NXAD

!0 6D a:se AA @*4g Lop: Mov A ,D
306E * ''F TN 'I = th e data read 3:s ! ss eqse ucph cep e

3 : 5 2 c 2 6 F 3 z z 4 6e a N z FA IL

* d d r es s f r om  M YM OR Y TE ST IN G FOUT IN E 3055 2C 0*;e 1NP L
a 3 :5 6 c 2 5 1 3: z A 6 z JN : L C P A

3: s 9 7 9 g * p e M o v  A .c

a a sA 24 z s p ê 1N R H

,f ,? fIgjjtjdr tf 3:58 BC :5 1 e CM P H

The user may replace the lump at ag :s2: uxz ucps3e5c 62 5e
w ith a jump to a disp lay or notfffcaelon agsr 2A 6: cd dsnê UHLD NXAD
ro u t fn e . 32 62 6 3 25 3: e54e JM P N EX T

16 OU T H an d 'IF IN '' sh o u ld 3:65 ZS5Q STAD DS 2
Th e d if fe ren ce be tw en F 3:67 :56: NXAD Bs 2

ïn d ïca te wh ï ch b 1 t fs fn f l ïn g , in d ic a ting wh i ch 3a69 zsre Fos o s 2
ch ip or area is ca u s in g th e p rob l em . 3:68 :56: PHL DS 2

Th is tes t w i l l f ind m ost of th e h a r de r to 3269 @5Qe FOUT DS l
3: 61 g 6 : g F !N D s l

d ist in g uish er ro r s . ag6g 22 6B ag a6 jz ewlu suuo Fsu
3 e 7 2 32 6 D 3e : 6 2 e ST A P O U T

3: 75 ?E z 6 3e M 0 V A œM
3 : 7 6 3 2 6E 32 : 64 : ST A  F 1N

3z 79 E B  e 6 5 e X CH G
3 * 7.  2 2 69 3: * 6 6 * 3H L D F o E

a@ 7 D c 3 7 D 3 : 3 6 7@ SH L T J M P SH L T

3: 8 : g e B e *
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ERA TTA F0R TH E EC ON OR :M  XV

PA R T S L T ST

A D D TH E F O L L O W  TN G :

(1 (1) 81L5 96 /98 OCTAL BUS DRTVFR (U 18)
C H A N GE T H E F O L LOW IN G :

() (1) 25L5 2521 OCTAL COM PARATOR (U 13 )

SP B ST IT U TE T HE F O L LOW IN G :

M EM OR Y A DD R E S S A S S ICN M EN T

T h is b o a rd is c on f lg u r ed z s t w o 16K b l ock s . E a ch 1 6K b l ock

m ay be assigned to any area of m em ory on any 4K boundary (0K . 4K ,

8K , 12K , 32K , e tc .). Th e on ly 1im i ta t ion is th a t th e b lock s

sh o u l d n o t ov e r l a p . B l o c k A i s se t b y s w i t c h e s S 1- l th r u S 1- 4 ,

a nd b lock B is set w ith sw s tch es S 1-5 th ru S I- 8. E ach s w i tch is

a s s i g n e d a v a t u e w h i c h w h e n a d d e d y i e l d s th e b l o c k s t a r t in g

ad dr e ss as show n b elow .
!

SW IT C H S 1 PO S TT TO N A N r VA LU E

I 1 ! 2 I 3 I 4 I 5 I 6 I 7 I 8 I

I32K I16K l 8K I 4K I32K I16F I 8K I 4K I

E X A M  PL E : T o g iv e b l o c k A a s t a r t i n g a d d r e s s o f 0K , p o s i t i o n s 1

tb ru 4 w o u ld b e OF F. To s ta rt a t 4K , p o s it ion s 1 th ru 3 w o u ld b e

0F F an d po s i tio n 4 w o u ld b e 0N . T o st a r t a t 12K , p o s i ti o n s 1 an d

2 w ou ld b e 0FF and po sition s 3 an d 4 w ou ld b e on (4K + 8K = 12K ).
T o s t a r t a t 4 8K , p o s i t i o n s 1 a n d 2 w  o u l d b e ON an d p o s i t i o n s 3

an d 4 w ou ld be 0FF (32K + 16K = 4 8K ). The sam e app lies for th e B
b loe k as w el l as th e A b loe k .

N O T E : T f a b l o c k h a s th e s t a r t i n g a d d r e s s o f 5 2K o r ab o v e , t h e

o n e o r m o r e 4K b l o c k s th a t w o u ld ex i s t ab ov e 3 7 7 ,3 7 7 o c t a l

(m ax fm um m em ory address), w ill w rap around and start at 0K. If

y ou p lan to w rap a ro u nd th e m e m or y o r s t a r t th e m e m o ry a t lo w e r

th a n 8 K , m  ak e su r e th a t y o u d i s a b l e th e fr o n t p a n e l R O M  in th e

f ir s t 8K o f m e m ory .

B LO C K D I SA B LE SW IT C H E S

T o d i s ab le b l o ck A , f l ip s w i t c h e s 5 7 - 5 a n d 5 3 - 6 to tb e 0 F F

p o sl tion . To d isab le b loc k B , fl ip sw i tch e s 5 3- 7 an d 6 R-8 to th e

0FF p o s i tion . / d is ab led b lock o f m em ory ïs to ta lly tran spa ren t

to th e sy s te m , an d o th e r m e m o r y b o a r d s m ay re s id e in th a t sp a c e .

A D D : BA N K  S FL E C T A D DR E S S IN G

T h e B A N K S E L E C T P O R T A D D R E S S i s s e t in a b i n a r y f a s h i o n a s

sh o w n b e l ow  w f th d ip sw i tc h S 2 .

P O S IT IOK A D D R F SS B IT

1 A DD R E S S A 7

2 A D D R E SS A 6

3 A DDR ES G A 5 ON = 'f0 ''

4 A D D R E S G A 4

5 A D D R E 6 S A 3

6 A D DR E SS A 2 0FF = 6'1 1'

7 A DD R E S S à 1

8 A D DR E S S A 0

E XA M  PL E : T o ad d r e s s th e p o r t a t 360 oc t a l , p o s i t i o n s 1 th r u 4

w o u ld b e O F F a n d p o s i t io n s 5 th ru 8 w o u ld b e 0 N . F o r p o r t 0 7 7

oc ta l , p o si tio n s 1 an d 2 w ou ld b e ON an d po si tion s Q th ru 8 w o u ld

b e OF F .
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C IR C U IT D ESC R IPT IO N

The heart of %C0%04AM X7 is the MM 5257/90L 44 the power supply lines . If these transients
statlc memory Ic (RàM ), wh ich can store 4096 work their way into the logic circuitry,
single bits of inform ation (thus , each is a H4K Problem s can appear . To prev ent such

x 1'' memory IC ). Unlike standard RAMS , those occurances y bypass capacitors are tied across
included with your kit are specifically the power lines at regular intervals in tbe .1
des fgna ted by th e m an ufa c tu re r as low  po w e r , m em ory ar ray an d a t ev ery su p p o r t IC .

h i gh  sp e ed p a r t s . Th e s e IC s ar e art an g ed in Th is b o a rd is gua ran teed to ope ra te at 4 M Rz,

rows tha t are 8 IC s w ide . Th ls way , ea ch row or 5 M Hz w ith an 8085 C PU ov er th e full

can store 4K x 8 bits of information . temperatute range (0-70 C ambient) and draw
Paral le lïn g 8 of th ese rows togeth er p ro duces a less th an 3 .5 A m ps . A l so , our typ fca l measured

total memory storage of 32K x 8 bits . (N ote currents were less than 3.0 Amps , depending on
th a t th e b it n um b e r co r re sp on d in g to a g fv en th e su r ro un d fn g tem pe ra tu r e . W e h av e h eard

co l um n of IC s is in d ica ted alon g th e to p ed g e sim il a r rep o r t s fr om  th e pe o p l e al re ad y u s ing

of the memory array). Now that we hav e th is these boards .
sto rag e , th ere are stil l oth er aspe cts w e must It is in te res ting to no te th at static RàM

con sid er . F irst , w e need to addres s a spe cif ic te chn o logy has prog ressed to th e po ïn t that

lo ca t ion in m em ory ; an d , w e n eed to b e ab le to th is h ig h - pe r fo rm an ce sta t ic RàM  b o a rd is

w ri te da ta in to th e m em ory , or re ad d a ta from  com pa rab le in co st an d pow e r con sum p t ion tc

th e m em ory . T h e sch em at ic s sh ow  th e ad dr e ss d ynam ic m em ory b o a rd s .

circuitry along with the other E60N04AM XV j
cï rc uf try . Ea ch m em o ry IC r e qu i res 12 a d d res s t

lines (A0-A ll) to access any one of th e 4096 l

bfts avaïlable in the IC. These address lines j)a y * < j.j: j )
are generated by the CPU and are buffered by a - - - - - - - - j
n u m be r o f in v e r te rs . A f te r b uf fe r ing , a l

particular address is presented to a11 IC Q (tJ ECONO-  > circutt board j
ad dr e s s se le c tion p fn s . H ow ev er , v e yxvEcltxzEo czacnlzs (note : the following parts f

ad d i ti on al l y ne ed to sel e ct wh i ch p a rt i cul a r may have letter suf f txes and pref ixes along
row  o f IC s is to re a c t to th e g fv en ad d re ss . wtth the key numbers gives below . ) f

Th is requires 4 more address lines (A 12-A 15) '
o  (64 ) - 5257-31. 4K x 1 static RAM

wh ich are de co d ed an d u sed to en ab le th e cc w ad 2 input NAe  (U l4 )(Zl (1 ) 741%

desired row of TCs (note row markings along th e o (4 ) 74:.s04 Hex inverter (U7, 11 , 12. 16 )
1ef t hand side of the memory array ) . W en CI ( l ) ?4Ls 32 œ ad 2 input OR (Ul0)
da ta is to b e w ri tten in to m em ory , it f irs t D  (1) 741,5 74 Dual 'Y '' fltp f 1op (U 15)

C) (1 ) 74LS l39 Dual decoder (U 9)
p a s se s th r ou gh 8 inv er t in g b u f f e r s b e f o r e b e in g Q  (1 ) 7&LS 240 Octal buss driver (U l7)

put on the data pins of the RM s (buf f ering o (z ) 74csag3 4 bit adder (U6,lJ8)
prevents loading of the data buss) . Data to be (:) (1 ) 251,s 2521 Octal comparator (U1@ )
rea d to th e da ta b us s f r om  m em o ry pm ss es Q  (5) 7805 5 Volt regulator (U 1-U 5)

> l ut 6lGD  w 13
th ro u gh 8 TR I -ST AT E inv er t in g b u ss dr iv er s ;

wh en da ta is no t be ing read to th e buss , th e OTHER ELECTRONIC COMD NENTS

ou tpu ts of th es e inv er te r s ar e in  a h igh -
im ped an ce or l'd fs c on n e c ted '' sta te . Th ls b oa rd (7 (3) SIP resistor packs (R 1-R3)
can b e used in a sy stem  w ith m ore th at 64K  o f C! (6 ) 39us l0V tantalum caps . (C1< 6)

o  (29) ceramic disc caps *
m em ory , an d be cau se o f th is th er e m u s t b e a

m eth od to d isab le th e en tire b oa rd and rem ov e

it f rom  th e sy s tem  m em ory m ap . Sin ce th e C PU

can on ly a cce ss 64K  o f m em or y w i th it s 16 MK HANICAL coM m NEx'rs

ad d re ss lin e s , th e m eth o d cho sen w a s to u s e an D  (77) L
ow  Pro fite IC so cke ts *

T /0 port to ENABLE/DISABLE the board . switch s2 o (a) nspswitcu
, 

8 posttton (s 1-s3)

is used to select the I /0 port f or the board o (5) ,r0-220 heat sinks
an d wh en th e corre ct po rt ts decoded by n 13 , r) (10) setss #6 bardware

U 15 latcb es in data b it do an d if it 'ls h igh , Cl (1) Heathkit bracket

the bank l s) will be enabled at the address C1 t2' 25 pin female connectors
/  (1) 'c4K4*AM zv tnstructïon booklet

s e le c ted b y sw i tch S 1 . Conv er s e ly if da ta b it

d 0 is 1ow  up on re ce iv in g tb e ou tpu t in s tru c tion
th e boa rd w i l l b e d isab led . T h e b o a r d can b e * Supplied alresdy soldered to board

se t up to be tu rn ed ON o r 0F F w f th Pre s e t o r

Power- on by u sin g sw itch S 3 p o sition s 4 an d 3 .

A n un fo rtun a te fa c t o f lïf e fs eh a t log ic IC s

gen er a te sw i t ch in g tr an s ien ts th at tr av e l alon g

12 6



1 % %) & ïo tl 'i/ fz 'Q m tf e: çi * .7c 'tl %h * * tA fh 3 > 
,> ts 'Pà $ 'A' b ;2' œ ow/ v % f> çà .  % (> 44 (?27

r e  : ** e e m% &> v F
m m

i çà *D

J4' z tt<  
o , xk t - a-

* w (% w o o % œZ  * o o o *l 
w o E  a z o vj o w  !*  

o =  -=  o =  =  
jl =  * *  * m

%  P - N  >  *
k ç.i .l-  ''.tl : . 'T . T 1

I t ' o > o  #Q V  **  
v-  v-  -  >  f

%A t)y . , 1 .

.  

., j
! ty * tz ur

z e  %J J. o4p m  .0 t1 * o
. œg t: 

n  >N  v c a
* o  o w  m  o e *  %L 

*  n  o  çv  s .

.. m * > wL v ï o -g u z o = %
v w * ' =  o *

*  ?.. >' 
Q' 1-  > z % Q >' 

j t o. v. c o  .a jy a jr os

o o o >  o

I .

' @  G .
'  

p
*

l 'V * ' W '
sA

j > J t
t' o

'a  wy u  w .

t w.

@  .'w? :% '>  n  'P ç  w/
Q

*' * o . > 4 4. m
, m  *C

*
1

*' c

t .t>

tb f'? 4  ;% f/

' '<  6  *  4% *

'Y Q ' W . C# W  -%
tk

%  t

t

#! Q' Q

ê# el

, o  u

.u. '%> 'Q % 4. W

@  '& r .%. fk J' 'N. th 7

ç

'
.N  

.> p

%

4

ty <ç

s
p '$> C

ç q *

>

%>

1: N  .F' '@

db >

u . , '>

4

% *

.4 'r>

.m. 0.21. ya

(% w . 'J3 C# U  J  *  *

t = o; 3
% >

*  n '/

N , . . .,98 %

#

l .>

I

A '

œ â.

r.l  *'

p. # y, A x o g
a .%% .v 
: v sz''.;y, o+ % 

..C.zw, v vs . s
.-% x 54 ':,4 6% e''rv œ-'>  .v,, # -q , ..e a'. s,.o .?.h. o .,zk o . z.a . w.,w ek j? ,* T%@ .

12 7



F

r

'

k

#

' 

@

#
4<

V

*

@ *

co  e .- *N PG  x+

* â

x k %4 s.,a S.''f Vf* >  *1< ** w 
;-  s s > s  x zvq4 *  .ft4.- :74U  
), '; x oz

w

*

*
* * + * *

* w * * * * * * * * *  * * V * * # * *

+ *  *
*  * *  @' K w o

* x * *
. 

+  *. 4.
s *  #

. * # . '*
* *  *' *  *

*  *  *

.C . *
*

#  * #

'

.) *

'

4
>
s #

'

A  s

v .  *

' * 

. 2 r' (' t) t' . ' * '
* .

t .  . ..y.x 4 :*  *

>. 
* . * * % **

. * . +  * .

> o..x. w  .v.

U ON PA GE 5

1 8



T  . M

U S E R  S  M A N U A L
' 

' - 

v
.-

w. w J *

. 

?'

.  

' 

* 
' '.

.4. 

*

o 

*

* 
.,j

.  

'

. 

: ,
.hk

:'

* 
.

: )

*  
. 

4

. ' 1 ê t % k 1 % ' j

.s . ' * 
. . 

? X X

'* #  * * it * * % @ t: * * 
w  

* W V

'x  % 
, 

-. 
. w .

IEE E .G9G/ S-1@@
3 2  S ta tic A

E x ten d ed  A d d re ssin g  a n d

B a n k  S elect

' .  

, ,- -  @ 01 Dn D: 0C ; t164 ompupro a,a,
2 12 9



If*.AL 1+'gne A KM XX is a h iq h sp eed R2K b y Le s ta t ic RA M b o a rd d 'as ig n ud fo r fu ll

Jon n ltib ility w ith the proposed IeE6 S- 109 bus standard of 24 add ress lines

as w e ll ps a l l cu rren tly us .ad B an k S o lie t co n f iq u tc4tio ns . T h e us e r e &n a L

w ill alter the board for e ither configura tion by sinp ly m ov ing one in teg ratid

c irc u it and chang ing sevaral sw itch settin gs. Th is board is con fig u rcf  as

on e 32K by te b loc k tn a t c an s l id e t h ro ug ho u t i Ls 5 4K b y te p ag e Rnd s ta rt on

any 4K bo und a ry . In add ition , on : Iaos it ion D IP sw itch is p ro v id ed to

d isab le an y o r a 1l o f the e igh t 4K b y te b locks on th is bo u rd and a reu te a s

m sny w indo w s in th is m amo ry as nceduf  to a vo id sys tem  m e mo ry co nflic ts.
W i th th e RAM X X co n f ig u r ed fo r ex t and ed 24 b it add re ss ing , th is bo a rd

fully conform s to the proposed IEEE S-l00 Bus stand ard fully , and ollo zs Lhe

user to place the m emo ry in any or al1 of the 255 - 64K byte pages. W ith th2

RAM XX conftg ured for Bank Select Inod o, tha user can salect any I/O port as
the B ank po rt and any b it as the B ank contro l b it. In odd ition , th a user can

selec t whe th er tho board colnes up enab led o r d isab led on pow ur-up .
The RAM XK is sh ipped as a l6K , 24K , or 32K byte board : w i Lh sockets fo r

a 1l 32K bytes o f R NM and p11 suppo rt ch ips . Ex tra heavy d u ty po w er supp ly

traces , g en e ro us b ypa ss ing o f s upply l in es , soe ke Ls fo r o11 in teg ra ted

e ire u its : carefu l layout, conservative d as ign tachn iques , and a double-sid od:

solder-m asked printed c ircuit board w ith com plete com ponen t lw/ ends m ake th is

o gersatile m emo ry bomrd wh ich w ill g lve exceptionally long and trouble-free

serv ice egen in ha rsh env ironm ents .

O M S M  m  >

Sw itch 1

Sw ibch l is used Lo enab le o t d isable 4K bloc ks o f RAM . W hen a sw ltch is

in the 'ON ' pos ition thdan iLs assoc ia ted 4K row is enabled .

Sw itch P os it ion Row  Nu e er

3 .......... ...............2 fON ' enables row

Y ***e*ee*eee@@**#@@*@*e@@*M

6 *****@********@*****@e***Y
5 .........................5 'OFF ' d isab les row

Fo r exa m p le , if th is b oard is add ressed to sta rt at 0K , f lipp in g

pos it ions 2 and 8 OFF w ill c rea te a w ind o w  at *he 2nd and 8 th 4I( b lock o f th e

bo a rd .
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Sw itch 2

S w itch 2 is used to se lec t the base add ress o f th e RKM XX # w h e th er o r no t

the boa rd is used for ex tended add ress ing or phan tom , and w hether or not the

boa rd co m es up d isab led o r en ab led fo r a bank selec t sys ten

Po s it ion s 1 to 4 s e lec t th e b a se ad d re s s o f the R A M XX . E a ch s w itch

p o s it io n ha s a d ec im a l nu m b e r as so c ia ted w ith it . To se lec t th e p ro per

add ress fo r the bo ard , m erely add 'up the dec im al num bers un til they eq ual the

sta rting loc a t ion you wan t .

Sw itch Position D ec im al N llmher

i **@@@@@@@@@**@@*e*@@@@@@@@@Y

2 ..... ...... .......... ......8

3 ...............*....*......16

4 *...*......................32

S ta rting Loc at ion Sta rting Add ress S tarting Loca tion Sta rt ing Add ress

0K 0000H 32K 8000H

4K l000H 36K 9000H

8K 2000H 40K A 000H

12K 3000H 44K B 000H

16K 4000H 48K C 000H

20K 5000H 52K D 000H

24K 6000H 56K E000H

28K 7000H 60K F000H

For exam ple, if you wan ted the board to start at 0 (the zeroeth 4K
blockl, you w ould leave the s w itches off. If you w an ted the boa rd to start
at the 8K add ress boundary you wou ld turn on sw itch pos ition 2. If CFou
w an ted the boa rd to start at the 28K bo unda ry , you w ou ld tu rn on sw itches 1 ,

2 and 3 (4+8+ 16= 28). NOTE : If the 32K bytes of th is board are started at
add ress 9000H o r g rea ter, the res id ual m em o ry beyo nd FFFFH w ill w rap a round

and sta rt at 0 000H .

Sw itch pos ition 5 is used to selec t whe ther or no t you w an t the RAM XX to
respond to ex tend ed add ress ing , m ean ing bank selec t o r the 8 ex tend ed add ress

bits specified in the IEEE S-100 standard (A16-23).
If y o u a re us ing the RAM X X a s a s tand a rd o r g lob al m e m o ry , y o u sh o u ld

turn sw itch post ion 5 CN . If you are us ing Ehe RAM XX as an extend ed add ress

m em o ry , o r bank select m em o ry tu rn sw itch pos it ion 5 OFF .

Sw itch pos ition 6 is used to enable/d isable th e RA M Xx ls response to
PHANTOM . If you w ant the board to respond (deselect) to a PHANTOM , turn
sw itc h po s it io n 6 ON . I f y o u d o n 't w an t th e RA M  XX to re s p o nd to P HA N T O M ,

turn sw itch pos it ion 6 OFF.

Pos it ions 7 and 8 de term in e w h e th e r o r no t th e RAM  XX com es up en ab led o r

d isabled if y ou a re us ing it as a bank selec t m em o ry .

If you w an t the RA M XX to co m e up en ab led wh en you tu rn on the co m puter,

turn sw itch po s it ion 7 CN and po s it ion 8 O FF. If you w ant the bo a rd to com e

up d isab led , tu rn sw itch pos it ion 7 OFF and pos it io n 8 cN . M APE : N eve r leav e

b0th po s it ions 7 and 8 e ither ON o r OFF at the same tim e l
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rla zutll) 3

S w itc h 3 is us ad to se t e ith a r th e ex ten d ed odd re s s o r the b 
yn k s e lel L

port add ress. If you are us inq the RAM XX us an ex tand
u d  add ress m em o ry yo u

sllould plu'g dne 25L52521 into position U11 (luaving UG and 010 blank)
.  T n ens

w itch 3 w ill respond as follow s :

Sw itcb Pos ition Add ress B it

1 ....................A 16

2 ....................A 17

3....................A 18 OK = '0 ' (doos not m tte17 b it)
4 *e+*@e*+*@*****eeee*V iM

5 o*..e....oe.@.o@œ.*.A 20

6 ....................A21 OFF = f1 ' (matches blt)
O o @. . @o e * * . o o . * . . .

@ * . A 22
3 ...................

. A 2 3

I f y ou are us ing th a RA M  XX as 
.4 b an k se lec t b o a rd y ou s h o u ld p l u.; the

25L5 2521 in to pos ition :l0 (leav inq U11 b lgnk), and a 74 L5 74 in to po s it ionU 5
.  Then sw itch 3 w ill selec t fhe bank selec t port add ress as follo

w s :

Switch Position Address Bit T
I1 *@*@eœ*o*@******o@@@A0

2 .... .... ............A i 

?3 .......
. . . . . . . . . . . . . A 2 ON = '1 '

Y o*@*e***********e
* + * X 1

6 **+@*e*@****@e**@*@*X V

6 .................
. . . A 5 3FF = '0 '

O . . . * *
. œ . . * . * . @ o w o @ * . A6

6 @*@*@******e****@***AY

sw itch 4

If you are us ing the RkM XX as an ex tend ed add ress m elno ry 
y ou aan igno res w i tc h 4

.  I f y o u a re u s ing th e R A M  KX a s a b an k s e l e c t b o a rd th e
n sw itch 4is used t

o selec t the data b it tha t w ill enable the boa rd when w ritt
en to th ebank select po

r t.

Sw itch Pos it ion Da ta B it

i ** e * @* * * * @ * * @ * * @@
* @ C0

2 . ... ... . ... ... .
. . w . D 1

3 .. ........ ... ......D 2 QN = 'l '

Y *e*ee@** @*e@**** *
* * C M

6 **.*@*@o@p.@o*.***
* D 1

6 ..................
. D 5 O FF = '0 '

Y *** @* *@ ** @* @*@ *
@ @ * * V V

6 .*.œ*+@*@.* .@. .
. e . . 9 Y

N o te th a t if n o re th a n on fc s w itcb is tu rn gd on th an th
e b o a rd w il l b eselec t

ed if an y b 1 e m a tahes.
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I

32K x8 RAM .FOR S- 100 BUS

PA R IS  L IST

(1) RAM XX c ircuit board

INTD3RATED CIRCUITS (no te : the follow ing parts
m ay h av e l e t te rs s u f f ix e s a nd p re f ix e s a lo ng

with the key numhers given below .)

(64 ) M M 52 57 N - 3 L 4K x 1 s ta t ic RA M

(1) 74L502 quad 2 input NOR (U13)
(1) 74L504 hex inverter (U14)
(1) 74L510 triple 3 input NhND (U12)
(2) 74L530 8 input NAND . (U7 , Ul7)
(1) 74L574 dual ''D '' flip flop (U6)
(1) 74L5138 decoder (U8)
(1) 74L5240 octal buss driver (U18)

(l) 74L5283 4 bit adder (U9)
(1) 25L52521 octal comparator (U11 or U10)

(2) 81L596/98 octal buss driver (Ul5, U16)
(5) 7805 5 volt regulator (U1-U5)

J PHER  EL ECT R ON IC Ca %P ON EN IS

(4) SIP resistor packs (Rl-4)*
(10) 39uf Tantalum Capacitors (Cl-C10)
(45) Ceram ic bypass Capacitors *

(1) 2.7K ohm resistor 1/4 W * (R5)

M EC HAN ICA L C CM PY EN T S

(77) Low P rofile Sockets *
f4) Dip Sw itch , 8 position (s1-s4)*

(5) P0-220 Heat Sinks
(5) Sets 6-32 Hardware

* supp lied al ready so ld ered on the boa rd
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A B O U T  E C O N O R O M  2 T 0 B T E C H N IC A L O V E R V IE W  M S M 4

C o n g ratu Ia tlo ns o n y o u r d e c Is lo n to p u rc ha se T hls board provldes space for up to 16 2708s, one of th. y hjf

EC O N O R O M  2 708 , a 1 6K x 8 E PR O M  board deslgned m ost popular hlgh denslty EPR O M S EPR O M S g lve the at. dressa

spec lflcally for electrlcal and m echanlcal com patlb lllty w 1th vantage of retalnlng stored data w hen pow er Is rem oved jng 1us

the proposed IEEE S -100 buss standard T he S -100 buss EPR O M S are erasab le , that 1s, after program m lng they m ayp

c urrently Is one of the m o st po p ular In the Industry and by far be e rased and rep ro g ram m ed w lth o ther m ate rla l Th9

the m ost pro llflc q w e be lleve thls board , w 1th the rest of the EPR O M  locatlons on thls board are grouped ln four lndepen.;

S-1 00 portlon of the C O M PUK IT fam lly Is one of the best dent 4% blocks The on-board D IP sw ltch (no Jum pers re.h
m em ory boards avallable for that buss qulred) provldes addresslng on any 4K botlndary Adtl.j

W e recom m end that the parts In thls kIt be checked tlonally, each 4% block contalns an Independent dlsabldk

agalnst the parts 11st for completeness and that these 1n- swjtch Thls board also features a walt state selectlori Ea4
struc tlo ns be read thro ugh carefully b efo re startlng A ssem - sw ltc h to se lec t ze ro o r one w alt state , p ro vlslo n f0 r use 0fp s e

bIy should take from one to four hours, dependlng on pre- PHANTO M (Ilne 67) , a sw ltch addressed pow er-on-jumrl

vlous experlence Upon completlon, you wlll dlscover as feature, thorough capacltor bypasslng Of supply llnes tûj
thousands of satlsfled C O M PU K IT m em ory ow ners have dls- suppress nolse translents, plus on-board regulatlon ants
covered , the p leasure of uslng a flne m em o ry bo ard that Just heat-slnkfng fo r rellab ly coo l operatlon A II thls and pre.

w o rks and w o rks and w o rks so lde red soc ke ts fo r aII IC s g o onto a do ub le -sld ed , so lder.

A s the flrst com pany to natlonally offer m em ory klts to m asked p rlnted clrcult board w 1th a com p lete com ponent.

com puter hobb ylsts, w e agaln thank y0u fo r chooslng Iayo ut Iegend T hfs board pro vldes the user w lth a hlghly

EC O N O R O M  2708 w elcom e to the club l flexlb le bulldlng block for vlrtually any S -100 system  cen.

flg uratlo n

t: *1 sta r
s e e e rra t a p a g e 1 # 2

+  U pon recelpt of your klt, check your parts agalnst the 11st below  *
+  *
#  E(1 (1 ) EC O NO RO M  2708 clrcult board #
+  +
+  *IN T EG RA T ED C IRC U ITS (

note the follow lng parts ++

+  m ay have Ietter sufhxes and prehxes along w lth the +
+  key num bers glven below ) *
*  (Z1 (2) 7905 negatlve 5V regulator (U 1 - U2) #
#  Z  1 ) 781 2 posltlve 1 2V regulator (U3) #  Y P '( 

+#  IZI (1 ) 7805 posltlve 5V regulator (U4) 
++  S

+  (Z (2) 74LS 1 38 1 of 8 llne decoders (U9 U 10) +  far j
+  E1 (1 ) 741-5 266 exclusive NO R gate (U2) +  'W' N

+  C E+  IZJ (1 ) 74LS 10 NAND gates (U 1 1 )
#  Z  1 ) 74L502 NO R gate (U 1 2) #  PU''( 

+  res;+  E7q (1 ) 74:s74 dual fllp flop (U 13) 
+  tran#  E(J 1) 74LS 1 ZS TRI

- STATE : output gates (U 1 4) ++  t s
b' buffer (U 1 5, U1 8) +  (1U+  E1 (2) 81 L596/98 TRI

- S T A T E .y

+  (Zl (2) 81 1-595/97 TRI-STATE : buffer (U 16, U 1 7) #
+  or 1+  EZI (1 ) 741

- 505 hex Inverter (U 19) ft+  +  so

+  O T H ER E uEc T s o N lc  c o u p o x EN T s *  pro'
+  . +  ther

+ (71 (3) s I P reslstor packs (R1 R2, R1O) + k)b5)* +  1n+  n  (a7) D lsc capacltors (c 9-c 
aA(+  (71 (7) 2 7K 1 /4 w att reslstors (R3

- R9) red, vlolet, red #
+  (72 (4) 39uF 1 0V tantalum capacltors (C 5, C ,6 C ,7 C 8) .#  'Z 

,16# 
(7) (4) 1 8uF a5v tantalum  capacltors (c 1 , c 2, c 3, c 4) Y  an=

+  *  adc
+  +
+  M E C H A N IC A L C O M P O N E N T S +

+  U1 (3) D lP sw ltches (S7, S8, S9)* #
+  ED (31 ) Iow proflle socketsw +
+  E7l (6) sllde sw ltches (s 1 -s6) 

. . .
+

.+ f7J (4) sets //6 hardware I
Y  (71 (4) To -22o heat slnks -*-++

+  +
+  +

*supplled already soldered to boardk  4
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M E M O R Y  A D D R E S S  A S S IQ N M E N T  P O W K R  O N  J U M P

t 
.

he Thls board ls conflgured as 4 Independent 4K b locks ad- T he pow er on Jum p feature, w hen enab led, causes the :

a 
.

û - dressable on any 4K bo undary Each 4K b lock ls addressed m achlne to start at som e address other than zero after reset

e? uslng the fo llo w lng D IP sw ltch po sitlo ns O r p o w e r o n c lear T hls Is ac com p llshed by d rlvîng the /

'ay PH A N TO M  Ilne low  w hlch should d lsab le a1l system  m em o ry, q

he B lo ck A s w ltch s 7 posltlons 1 - 4 then puttlng a jum p com m and onto the data ln buss, causlno r
n- B lock B s w ltch s 7 po sltlons 5 - 8 the C PU to lum p to the deslred address 'rhls address can b -e 

,J

-

re- B lock c s w ftch s 8 posltlons 1 - 4 any m ultlple of 256 by settlng the hlgh order byte of the ad -

01- Block D sw ltch s8 posltlons s - 8 dress on the appropriate D IP sw ltch (sw ltch 9) Thls feature :
#e fs enabled w hen sllde sw ftch 5 Is ln tNe C EN TER (o N ) posl- t

1On sac: area s address ls selected as follow s tlon and Is dlsabled w hen thls sw ltch ls In the D O W N (O FF) t

 o f a e e e rra ta p a g e 1 4 2 po sltlon !

m p s w ltch H ex ,

to N um be r A dd ress ,
nd W A IT  S T A T E  S E L E C T  S W IT C H  E

1 2 3 4 orre
-  

j

6 7 8 9r
-  -  

If sw ltch S 6 Is In the C EN TE R po sltlon , One w alt State w IlI 1

nt- O 0 0 0 0 0 0 0 be added to all m em o ry Cyc les accesslng thts board 11 the !

hIy 0 0 0 1 1 0 0 0 sw ltch IS In the D O W N posltlon, no w alt States w lll be ad ded 1

n- 0 0 1 0 () . o yy' 2 0 0 0 4

0 0 1 1 1 . o N 3 0 0 0
0 1 0 0 4 0 0 0

0 1 0 1 5 0 Q 0

0 1 1 0 6 0 0 0
1 0 0 0 7 0 0 0 P H A N T O M  K IN E
1 0 0 1 8 0 0 0
1 0 O 1 9 0 0 0 In response to lnc reasfng num bers o f users w ho have re-

1 0 1 0 A 0 0 0 quested lncsusson of ''PH AN TO M  llne, (often used for lm ple-
1 0 1 1 B 0 0 0 m entlng pow er on lum p features) thls board Is deslgned for
1 1 0 0 C 0 0 0 use w lth actlve or lnac tlve PH A N T O M  llnes B oards requlre a

1 1 0 1 D  0 0 0 Jum per J1 to Im p lem ent thts feature

1 1 1 0 E 0 0 0

1 1 1 1 F 0 0 0

@ A @ Fl@ *

Som e m anufacturers use the PHANTO M llne (buss pln 67)
BO A R D  E N A B L E  S W IT C H E S  for a refresh slgnal Thls w lll confllct w lth the PHANTO M

feature and cause boards w tth PH A N TO M  to fall lf your

Sllde sw 4tches S 1 through 54 are board enable sw ltches System  has thls confllct, lt m uzt be resolved by elther
fer blocks A through D , respectlve ly Each sw ltch In the ellm lnatlng the refresh slgnal on the C PU board or d lsab llng

CENTER posltlon dlsables Its respectlve block of m em ory the PH A N TO M  feature on thls and other boards T he PH A N -

Puttlng eacb sw ltch ln the UP posltlon w lll enable the TO M  feature Is dlsabled If the Jum per (J1 ) Is not connected

respectlve block of m em ory W hen a block js dlsabled, (t ls on the trace to buss ptn 67 (see Flgure 1 1 )
transparent or Invlslb le as far as the m achlne Is concerned lf yO u w ant the PH A N TO M  feature the confllctlng refres:

(lust as If It w ere non-exlstent) Slgnal m ay be ellm lnated (lF NO T USED ELSEW HERE IN THE
Thls feature allow s the board to be used as a 4K , 8K , 1 2K SYSTEM ) by cuttlng the trace connected to buss p1n 67 on

or 16K board ft also allow s the user to have parallel sets of the C PU board 8 E S U 9 E O F YO U R S YS TEM  C O N FIG UR A -

sohw are For exam ple , suppose you need to run som e T IO N B EF O RE C U TT IN G  A N Y TR A C ES

prcgram s ln B A S IC , sw ltch over to som e other Ianguage,
then get back to B A S IC agafn You m ay have both languages
In blocks occupylng the sam e area of m em o ry W hen uslng

BASIC , m erely dlsable the block contalnlng the Other
language W ben you w lsh to sw ltch, d dsab le the B A S IC  block

and enab le the other N ote that If 2 b locks share the sam e

address space , only 1 m ay be enab led at any tlm e
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C IR C U IT  D E S C R IP T IO N

T he heart of EC O N O R O M  270 8 ls the 2708 erasable ,

program m able, read-only m em ory (EPRO M ), w hlch has 8K
blts of storage conflgured as 1024 bytes of elght blts each U Q ATA  K 0N oR OM  2708
(Thus, each Is a ''1 K x 8'' m em ory IC ) These IC s are ar-
ranged In blocks of four Thls w ay, each block can store 4K x )

.
d r e a dP AQ T S L I ST sh ou

8 b lts o f Info rm atlon F o ur o f these b lo cks tog ethe r p rod uce

a to tal m em o ry sto rag e o f 1 6 K x 8 b lts
(4) - 741,5266 at positions U5, P6,

1J7 & 118

Now that we have thls storage, there are stlll other (4) - 39 uy tantalum capacitors at
aspects w e m ust consfder Flrst, addresslng a speclflc ad- c ; c 4 c 7 & C 8p osi tion s 

, ,d ress In m em o ry
, 
and seco nd , read lng from  m em o ry

( 4) - 1 .8 uF 35V tantalum capacitorsThe Ioglc dlagram on pages 8 and 9 show the address clr-
the other EC O NO RO M  clrcultry Each at P os ition s C l , C 3 > C 5 & C 6cultry along w 1th

m em ory IC requlres 1 0 address blts (A0-A9) to access any
one of the 1 0 24 bytes avallable Sn the IC  T hese address blts x ltw ok Y  AnD k x s s A K SITœ M 'RW

are generated by the C PU and are buffered on the d
sh ou ld r eaEC O N O RO M  A ft

er bufferlng , a partlcular address Is pre-

sented to aII m em o ry address selectlon plns W e m ust also
select w hlch partfcular IC  In any partlcular block Is to react Sw i t ch  llex

to the glven address Thls requlres 6 m ore address blts N um b e r A d d re ss

(A 1 0-A 1 5) A 1 2 through A 1 5 are decoded and used to I 2 3 4 or
se/ecl the desfred block of IC s A 1 0 and A 1 1 are decoded 6 7 8 9
and used to enable the deslred IC  In that b lock

D ata to be read lnto the data buss from  m em o ry passes

* drlvers When data ls nOt belng read 0 0 0 0 0 0 0 0 lthrough 8 TRI-STATE
onto the buss, the outputs of these drlvers are ln a hlgh lm pe- 0 0 0 1 1 0 0 0 l

dance or ''dlsconnected'' state () () 1 0 2 0 0 0 !
To prevent IC generated sw ltchlng translent no lse 3 () () ()0 0 1 1

problem s, bypass capacltors are tled across the pow er Ilnes 10 1 0 0 4 0 0 0
at reg ular Inte rva ls In the m e m o ry array and at e ve ry sup po rt @

0 1 0 1 5 0 0 0IC

Thls board ls guaranteed to Operate at 2M Hz over the full 0 1 1 0 0 = 0 FF 6 0 0 0

com m erclal tem perature range (0-70* C am blent) and to () 1 l 1 1. = ON 7 0 0 0
draw Iess than 3500 m A (3 5 am ps) w hen used w lth standard 1 () () () 8 0 0 0
2708 .s W e have tested these at 4M H z w 1th ''standard'' () ()

, 1 0 0 1 9 02708 
s and found them  to operate re llab lly In aII cases w 1th

1 0 1 0 A  0 0 0one w alt state The speed and current w lll depend dlrectly

the partlcular 2708 's you use 1 0 1 1 B 0 0 0on

1 1 0 0 C 0 0 0

1 1 0 1. D 0 0 0

1 1 1 0 E 0 0 0

1 1 1 1 F 0 0 0
T H A N K  Y @ U

T hls board ls the result of m uch tlm e , w o rk and ex-

pe rlence o n the part o f a num be r o f pe o p le In add ltlo n to

thank lng you fo r cho o slng thls b o ard , w e 'd llke to thank

e ve ryone Invo lved fo r the lr w o rk o n thls p rolect

W e strlve fo r a boa rd that no t o nly w o rks the flrst tlm e but

co ntlnues to g lve re llab le op e ratlo n fo r a Iong tlm e If w e can

be of any help to you In app lylng thls board, or If you have

any que stlons, p lease Iet us kno w  A s a lw ays, w e so llc lt yo ur

c om m e nts, Iette rs and new  p roduc t sug g estlo ns

H A PPY C O M PU T IN G I
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A BO UT IN T ER FA C ER T ECH N ICA L O V ERV IEW  I/O /

C o n g r a t u l a t i o n s o n y o u r d e c i s i o n to T h i s b o a r d in c o rp o r a t e s re l i a b l e L S1

pu rch ase th e INTER FA CER , a dual channel R 5- 232 t e ch n o lo gy U A RT ch ip s to p e rf o r m  th e b a glt add l

serial I/0 board designed specifically for serial-to-parallel and parallel-to-serial th r
fu ll e le ctrica l and m e ch a n i c a l c o m p a t i b i l i ty c o n v e r s i o n s n e c e s s a ry f o r th is S- 10 0 dual e i t

w ith the IEEE 696/5-100 standard. The S-100 channel I/0 board. By using these UARTS: thel ele'
b u s is cu r re n t ly o n e of th e m o s t p o pu la r in CPU is f reed of the tim e consu m lng d m dge ry 0ff sv i

the lndustry and by far the most proltfic. We perform ing serial I/O operations by software S3

belleve that th is board w ith the rest of the techniques. Because of this, I/0 operations Chal
S- 100 p or t ion of th e C om pu p ro fa m l ly , is one are far m ore re liable and easier to tmp lement. th e

of the b est boa rds ava ilab le for th at bu s. I n a d d i t io n to th e U A R T S , s e v e r a l o th er a t

F e a t u r e s , s u c h a s re l ia b le ha rd w a r e f ea tu re s a re in c lu d e d to m a k e th l s bo a rd b O a

U A R T S , i n d e p e n d e n t c h a n n e l p o r t s e l e c t ï o n : e x t re m e ly f l e x i b le a n d e a sy t o u s e . T h e ge h a N

c ry s t a l co n t r o l l e d d u a l b a u d ra te gen e ra tor, f e a t u r e s in c l u d e a n o n b o a r d c r y s t al a d d

full hardware/softw are prograw mability, and a controlled du al b au d ra te gen e ra tor for add

convenient interrupt structure allov for reliable baud rates independent of your CPVI cut
m axim u m  f lex ibi lt ty at a reasonab le p rice. c l o ck s p e e d , c o n v e r s i o n t o T TL : cu r r e n t l oo? a t

T h a n k y ou f o r ch o o s i n g a C o m p u p r o an d R 5 - 23 2 l e v e ls f o r in t e rf a c in g to a l m o st in s

1 to the club. every ktnd of serial device, and hardware/) 1%11.product....we come
s o f t w  a r e p r o g r a m  m a b i l t t y f o r p o w  e r - on t

o p e ra tion an d ea sy p a ra m e ter m o d if ica ti on . sM

?O tO th e r f e a tu r e s s ta n d a rd to a 1 1 C o m p u? rn

b o a rd s fn c lu d e th o ro u gh by p a s s l n g of a11

su pp ly lin es to supp ress tran sien t s, on b oarl

re gu la to rs , an d lo w  pow er S ch o ttk y r rL an d M0s

te ch n o lo gy in t e g r a t e d c i r cu i ts f o r r e l iab ly x

coo l op era tion . A l1 th is and sock ets for a11

1C s go o n to a d ou b le - s i d e d , s o ld e r m a sk el

p r i n t e d c i r c u i t b o a r d w i t h a c o m p l e te

co m p o n en t lay ou t le gen d .

f i
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Show n above Is a typlcal Installatlon uslng (2) optlonal Interfacer cable assem blles.
T hese cables conslst of an A nsley 609-265 25 p4n ''D '' connector and an A nssey

609 260 1M  26 pln fem ale transltlon connector.

lndlvldual cable par'ts or assem bled cables ln 18 and 30 lncb lengths are avallable

from  G odbout E lectronlcs
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1/o A D D R ESS A SSIG N M EN T ST A T U S PO RT B lT A SSIG N M EN T

Ls I E a c h C h a n n e 1 o n t h i s b o a r d i s Inp u t s fro m  th e STA T U S PO R T to th e C P U a re

si c addressab le as a sing le 2 port b lock anyw h ere de fined as fo llows :

tal through the 256 port I/0 space. In addition , DATA BIT NAM E SIGNAL
za l e i th e r o r b o th C h a n n e l s c a n b e d i s a b l e d a n d

!he electrically removed from the I/O space. DIP D0 TBMT Transm ltterbu#erempty
l ''A 'f an d D D  sw itch D 1 D A V D ata avallableof sw it ch 52 a d d re s se s C h a n n e

'' '' A s sh i p p e d . b o th 0 2 O PT O ptlonalstatus llne
zre s3 a d d r e s s e s C h a n n e l B . o a pE panty error

)n s ch ann e ls w i ll h a ve th e da ta p o rt r es i d in g a t o 4 o n o ver run

zt . the p or t add re s s , an d th e sta tu s p o r t re s idin g D 5 FE Fram lng error

le r at th e p o r t a d d r e s s +  1. I f d e s i r e d , th i s 9 6 C C  R5 232 C C m put
d s o th a t b 0 th C h a n n e ls D 7 C B R 5 232 C B m put

trd board m ay be ju mpere
ïs e h a v e t h e i r s t a t u s p o r t s a t t h e s e l e c t e d

a 1 add r e s s a n d th e d a t a p o r t s a t th e s e l e c t ed

o r add re ss + 1. T h is m ay be a cc om p lish ed by B A U D  R A T E S E L EC T IO N

b t w  e e n p o i n t s ''B '' a n d ''C ''2 U cu t t in g th e t r a c e e

,op at J 14 (on the solder side of the board ) and o ip sw itch sl is used t
o s e l e c t th e b a u d

lling a Ju mper betw een poin ts ''A '' andst insta ra te for b 0 th ch ann e ls A and B
.  S w  i t c h

e/ '%''. 80th channels are addressed as follows: sztions 1 - 4 set the baud rate for Channelpo

o n A  a n d p o s t t t on s 5 - 8 s e t th e b au d ra te f o r

sw lT c H cha nn e l B as sh ow n be lo w .

, po sIT IO N  F U N C T IO Nr o

t1 1
1 ADDRESS A1 PORT Nké PORT 3* @trd
2 ADD RE SS :2 sw lyc H po s ln o N s s w IT c H PO S IT IO N S1() i; 

jptjjyj, x. ff (),ç3 ADDRE SS A 3
, ly 1 2 a 4 s 6 7 84 ADD RE SS A4

z1 l fro yv ff 
.  ,, jr,5 AD D RE S S A 5

:e d 6 ADDRE SS A6

: t e 7 AD D R E S S A 7

8 CH ANN EL D IS . - I'ON '' zx D I SM L ED 0 0 0 0 50 B aud

-  ''O FF '' = E N A BL E D 1 0 0 0 75 B aud

0 1 o 0 1 10 B aud

1 1 0 0 1 34 5 B aud
E x a m p l e : T o a d d r e s s C h a n n e l ''A '' a t th e 0 0 1 0 1 50 Baud

f irs t 1/ 0 port address pair 00H and 01H , dd ,, 1 0 1 0 300 BaudON 
=  0 c 1 1 o 6cc B aud

pcsition s 1 th rou gh 7 of sw i t ch S2 w ou ld b e ON o glr 
=  '$1 ,, j 1 j c ! r0o s aud

an d p o s i t i o n 8 w o u l d b e O F F s o t h a t th e 0 o o 1 1 800 B
aud

chan n e l ''A '' i s e n a b l e d . T h i s c o n f i g u r a t i o n 1 c o 1 acoo Baud

place s th e d a t a p o r t a t 0 0 H an d th e s t a tu s 0 1 0 1 2400 Baud

port a t 0 IH - a s su m in g th a t J 14 h a s n o t b e en 1 1 0 1 3600 Baud
ltered f ro m  th e f a c to ry se t t in g . 0 0 1 1 4800 Bauda

1 o 1 1 7200 B aud

o 1 1 1 9600 B aud

1 1 1 1 1 9 20 0 B aud

CO N T R O L PO R T B IT A SS IG N M E N T
EX AM PLE : To set Chann el ''A '' to 9600 bau d , D IP

outpu t s to th e CO N TR OL  D R T f ro m  th e C PP a re s w i t ch s 1 w ou l d h a v e p o s i t i o n 1 ON a n d

def inM  as fo llow s : p o s i t io n s 2 > 3 , an d 4 w ou ld b e O FF . T o set

Ch a n n e l ''B '' t o 1 1 0 b au d , D IP s w i t ch S 1 w ou l dD
ATA B IT N A M E S IG N A L h

a v e p os i t t on s 5 , 7 , an d 8 ON an d p o s t t ion 6
Do R XIN T E Recelver lnterrupt enable O FF .
D 1 T XIN T E T ransm ltter Interrupt enable

D 2 C D R 5 232 C D output

D 3 C A R 5 232 C A output
D4 T SB N um ber of stop blts

D 5 N P N o parlty

96 EPS Even parlty select
D 7 N B I N um ber of b lt/character
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U A R T PR O G  R A M M IN G  sE l

On pow er-up th e con trol la tch es are a 11 T h e s ta te of th ïs b o a rd m ay b e a l te red

r e s e t to a d e f i n e d s t a te a s sh ow n b e l o w . I f a t a ny ti m e by ou tp u t t in g a n e w co n t r o l w o rë s e 1

t h e E A R T p a r a m e t e r s f o r y ou r sy s t e m  to tb e C on tro l P ort. To ch an ge th e m a sk un der a d '

eo n f i g u r a t i on  a r e s e t p r op e r ly f o r th e r e s e t s o f t w a r e c o n t r o l , s i m p ly ou t p u t a ''lr' t o th e c o 1

s t a t e : n o s o f t w  a r e tn i t i a l i z a t i o n i s p r o p e r d a t a b i t o f t h e C o n t r o l P o r t k 1o 4

necessary for proper operation of this board. corresponding to the stgnal that you desire to t th
T o s e t th e p o w e r - u p p a r a m e t e r s . th e p r o p er cha n ge . T h is w ill f lïp the lo g tc le ve l of the cu :

logic level for the program ming header should particu lar sïgnal to the opposite state (1.e. F o
be chosen from ehe table and the correspondlng odd pa rl ty v lll becom e even pa rï ty ). bo
h e a d e r t ra c e sh ou l d b e l e f t i n ta c t w h i le th e O u tp u t t in g a '.011 to a b 1 t w i l l re tu rn i t to m o

t r a c e w ï th th e o p p o s i t e l e v e l sb ou ld b e cu t th e p ow er -up se t ttn g . 1i1

(an X-ACTO knife w orks great). F or exam ple,
if o dd p ar i ty is de s i re d , th e tab le sh ow s tb a t s o

EP S sh ou ld be a lo g ic ''0'' an d the h ea de r v Ec T o n E D  IN T E R R U PT S w i

d ia gra m ind ica tes th a t th e tra ce be tw een pin s E q

3 and 14 should remain whïle the trace betw een u uen en ab led an d ju m p ered to th e bo
p in s 4 a n d 13 sh ou ld be cu t . N O T E : n e v e r a p p r op r t a t e in t e r ru p t p in on th e S - l0 0 bu s , b e

leave both traces to a slgnal line unbroken as each port has both a trans mit and receive (D'

this could lead to heattng and possible damage interrupt line. The recetve lnterrupt line t se
to the 74LS175's. (RXINT x or B) ls driven 1ow when data is Om

a v a i la b le f r o m th e P A RT a n d th e R X IN TE l in e th

U A R T PR O G R A M M IN G  h aS be en en ab le d as de scr fb ed in th e PART 'b

P R O G R A M M ING s e c t i o n . T h i s l i n e r e s e t s to a e :

PC RT A PO RT B h i gh i m p e d a n c e s t a t e a f t e r th e d a t a h a s b e en t i

f e t ch ed f rom  th e U A RT . T h e t ra-  m it in te r rup t s f

J7 a  line (Tx1NT A or B ) is driven 1ov wh en the bt

,6 

ë A RT l s r ea d y to a c c e p t a ch a ra c te r f r o m th e ft
1 16 0 0 1

xsI BIr z NBI CPP an d th e TX IN TE lin e ha s b e en en ab led as a
r a

2 15 1 1 2 1 5 d e s c r i b e d fn th e U A R T P R O G R A M M I NG s e c t i o n .

3 14 0 0 3 14 T h i s li n e re s e t s to a h i gh i m p e d a n ce s t a te ' ct
Eps B lT 6 EPS w h e n th e IJA RT t r a n s m i t t e r bu f f e r i s f u 1 1 a n d s d

4 13 1 1 4 13 i t ca n n o t a ccep t an o th e r ch a ra c te r
. 

N o te th a t f'
5 12 0 0 5 12

Np Bc s Np 'b INTAH S- 100 bus pin 96 , ls not m onitored by#

6 1 1 1 1 6 1 1 t h i s b o a r d a n d 1 s n o t n e e d e d t o .i m p 2. e m  e n t a
z 1 () 0 0 7 1 0 é 1 interrupt s ch em e . 6

u s  e  u
TsB B IT 4 TSB

8 9 1 1 8 9

S-100 B U S PIN S a! ! i

.
l1 110 v$o 4 ! ! ek Rx 1NT A 1

16 0 0 1 1 6 V l1 5 2 1 5
!

C A B 1T 3 C A
1 5 1 1 2 1 5 V l2 6 3 1 4

2 'rx IN 'r A
14 0 0 3 1 4 V î3 I 4 1 3

,3
C,D B tT 2 C D

1 3 1 1 4 1 3 V l4 8 5 1 2
4 R x tN r B

1 2 0 0 5 1 2 Vl5 9 6 1 1
5

CXIN TE B 1T 1 TXIN TE
1 1 6 1 1 V 16 10 7 10

6 1 1 n x lN 'r B
7 1 0 0 0 7 1 0 V6T 1 1 8 9

r INTE BIT 0 RXINTE

8 9 1 1 8 9

,a ,, 
As w ith the PART piram eters , the vecto red

Sl 6 N A L ::0'' i n t e r r u p t s a r e e n a b le d a n d d i s a b l e d a s

Eps onn pAelzv Evcx pAelrv d e sc r ib ed p r ev iou s ly . o utpu t t in g a ..1,, to

xs1 , alrs aa zs bzts o or 1 w llz dlm bze an enab l-  interrup t

TSB 1 STOP BlT 2 STOP BITS or enab le a dlsab led interrupt. O utputting a
NP PA R ITY N O  PA R ITY
TXINTE DISA/LE ENABLE ''061 W i l l r e ttlrn th e m  'tO th e ir p o W e r -up O r

RX NTE o1sABkE ENABLE rese t se tting .
c A SPA C 'N G  M A RK IN G

c D & M C IN G  M AR K jN G
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SER IA L M O D E JU M PE R S

e d T h e IN T E R F A C E R bo a rd w l th 1 t s u n l q u e O U T PU T L IN ES .

rd serial program ming Jumpers, allows the user to .
e r adap t h i s b o a rd to a 1 1 s t a n d a rd R 5 - 2 3 2 p in DATA BIT R5- 232 L INE D825 P IN CON NE CT ION I

e con fi gu ra t i o n s a n d to n on - s ta n d a rd cu r r e n t 92 CD 20 QR 6 *

t loop co n f igu ra t io n s . In cu r re n t lo o p m o d e , 9 3 CA  4 OR 5 *

to th ts b o a rd m a y b e s e t to u s e th e o n b o a rd
e cu rre n t sou rce or an ex te rna l cu rr en t sou rce . IN PU T LIN ES

e . For e x a m p l e , a t e l e ty p e r e q u i r e s th a t th e o n '
)* board cu rrent sou rce be used , so the serial DATA BIT R5-232 LINE 5825 PIN CONNECTION
:0 mode Ju m pers (J3/J5 and J4/J6) shou ld be se t D6 CC 6 0R 20 * 1

5 7 c: 5 OR 4 *
lik e th e exa m p le sh ow n on th e follow in g page .

In Rs-232 mode, these jumpers m ay be set
so tha t th ïs bo a rd op e ra te s ln a ''m a s te r'' m o d e N O T E : N on - s ta r r e d p 1n nu m b e r s in d i c a t e th e

w k e r e i t b e h a v e s a s t h e D a t a T e r m  i n a l D 8 2 5 p in nu m b e r w h en th e S e ria l M od e J u m p ers

Equip ment (DTE), or it m ay be set so th at the are set for ''m aster'' m ode. The starred pin
e boa rd op e ra t es in a ''s la v e '' m o de w h e re i t nu m b e rs indi ca te th e D 825 p in nu m b e r w h en th e I

;, beh a ve s a s th e D a t a c o m m u n i c a t i o n E qu tp m e n t s e ria l M ode Jum pe rs a re set for ''s la ve '' mo de . !

e (ncE). slnce alzost a1l cRT term inals and .
e serial interface printers operate as the 0ne optional input line (CF or Rec'd Line
s ''master'' or as the Data Term inal Equip m ent, Signal D etect) is provided at locations J 12
e then th e INTZ RFA CER boa rd m u st op era te as th e fo r Channe l A an d J 13 for Chann e l B. If poin t

T 'blave'' or Data Communicatlon Equipment. For HBH is ju m pered to potnt HAH th is line w ill

 example , to connect the INTERFACER to a appear on Status B ft D2. By ju mperfng polnt
 ter m in a l l ik e an AD M  3A  o r a R a z e l t in e : th e f% 'î t o p o i n t HC '' t h e HE n d o f C h a r a c t e r ''

 serial m ode Ju mpers (J3/J5 and J4/J6) shou ld output (E0C) from the EART w ill appear on
 be s e t i n ''s l a v e fl m o d e a s s h o w n o n t h e S ta tus B 1t D2.

follow ing pa ge . T o conn e ct th e IN TE R FA CZ R  to

a M odem is a d iffe rent set-up becau se M odem s

ar e s e t t o o p e r a t e a s ''s l a v e s ''. w h e n

connected to a M o de m , th e INTER FA CER sh ou ld b e

set in th e ''m a s t e r 'l m o d e a s sh o w  n on th e

follow in g pa ge.

RS-232C C O N T R O L L IN ES

T h e R 5 - 2 3 2 c o n t r o l an d d a t a l i n e s a r e

defined as sh ow n b e low .

?LsIl CIRCU IT DIR . DESCR IPT ION

1 A A P RO TE CT IV E G R OU N D

2 BA TO D cE TRAN SM IT TED DATA

3 BB T0 D TE RE CE IV ED D A TA

$ CA T0 DcE REQUEST T0 SEND
5 C3 T 0 D TE CL E AR  TG SE ND

6 CC T0 D TE DATA SET REA DY

7 A B S IGN AL G R OU ND

8 CF T0 D TE RE C 'D L INE SIG N AL DE T .

20 CD TO D CE D ATA TERM IN AL RE ADY

Fou r ha rd w fred R 5- 232 ha ndshak ïng slgna ls

are p ro v i d e d f o r i n te r f a c i n g t o e q u ip m e n t

need in g th e s e l i n e s a s sh o w  n b e lo w . T h e se

lines m ay be set to p ow er -up e ith er m a rk ing or

s pa c in g , an d th e i r s t a t e m a y b e a l t e r e d b y

so f tw a re c o m  m a n d s a s d e s c r i b e d ïn th e U A R T

PROGRA M M ING Sec t ion .
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B O A R

T Y P IC A K P R / I R A M M IN Q  J U M P E R I  x o

syste

c urrent loop - on board current sources EXA M PLE TTY C urrent Ioop - external current sources j 
-

2 -

1 1 1 1 a
-

* -

s -

6 .

J3 / J5 J4 l J6 J3 / J5 J4 / J6 7

8
! 1 1 1

9

: 0

T hls conflguratlon ylelds T hls conflguratlon ylelds

reE ven pan ty O dd parlty

blts :7 l J8 a9 ? ul'o 7 data blts 27 / 28 J9 / J1o8 data

vt2 stop blts 1 stop bIt

plN o parlty N o parlty

(tInterrupts dlsabled Interrupts dlsabied
ul

R S - 232C - M aster m ode EXAM PLE M odem  RS - 232C - S lave m ode EXAM PLE C R T Term bnal, prlnter

,

1 .1 1 1 I /(

T hls conflguratlon ylelds
Thls conflguratlon yleldsC A ''

sp ac lng '' o n p In 4
cn ''marklng'' on pln 2o 23 / 25 J4 / J6 cA ''spaclnq'' on pIn 5 23 / 25 24 / 26 Il
BA (Tx data) on pIn 2 C D ''spaclnq'' on pIn 6 i

BA (Tx data) on pIn 3 6BB (Rx data) on pIn 3 t

C B Status to l/O board on pIn 5 BB (Rx data) on pIn 2 l
c c s tatus to 1/o  board on pIn 6 C B S tatus to I/O  board on p1n 4 '

cF (Recelved llne slgnal detector on pln 8) C C Status to I/O board on pIn 20 '

1 1 1 1 y

T hls conflguratlon ylelds T h1S Conflguratlon ylelds

O dd parlty O dd parlty 3
8 data blts J7 / J8 .19 / J1 0 -J data blts 

vjg ag / xjj c27 /
1 stop b It 2 Stop b It

N o parlty N O parlty

T x Inte enab led Interrupts d lsab led

R x Inte dlsabled

150
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B O A R D  PO W E R U P A N D  T EST IN G

N ow  the fun part before you Install the board In your 1 V erlfy that the B aud rate you w ant ls be lng dellvered to

system , take the t/m e to check these few  thlngs over the U A R T W lth a scope or frequency counter m easure

the frequency at p lns 40 and 1 7 of the U A R T R em em ber

1 ARE Auu Ic s PROPERLY INSERTED'J that the U A R T needs a 1 6x clock so the frequency w lll be

1 6 tlm es the B aud rate2 ARE THE BAUD RATE sw lTcHEs sET ro THE pnopEn BAUD

RATE Fo R yo un TERM INALQ e xam p le 1 200 B aud x 1 6 = 1 9 2 K H z

fo r peo p le w lth sco pesa ARE THE Poq'rs Yo u w ANT To usE PROPERLY ADDRESSED

> Frequency (Hz) = 1ANo ENAœ ED

cycte persod (seconds)
4 IF Yo u D o N T w A N T To  Us E A PO R T Is IT D IS A B LED ''

2 V erlfy w lth scope o r Iog lc probe that data reaches p1n 20s ARE THE HARDw ARE/SOFTw ARE PROGRAMM ING JuvpERs sET

THE w AY YOU RFALLY W ANT THEM 'J Of the U A R T w hen you type a character on your term lnal

If not - trace back and see w he re It s be lng Io st
6 AR E Yo tl s u nE Yo u A REN T TY IN G  rw o  o q M O R E o F TH E

PROGRAMMING ou-rpu'rs TOGETHER'I 3 Verlfy that the status bIt DAV (pln 1 9 of the UART) goes

7 - ARE THE INFERRUPT JUM PERS SET TO THF PROPER INTERRUPT hloh Zfter Strlklng a Charac ter from  the te rm lnal If lt do es

UINE oq ARE THEV co v ptm -œ uv REv o veo $F7 No T BEING no t and data ts g ettîng to the U A R T you m ay have a bad
usEoez LIA R T

8 IF t/s lN G  C U RR EN T Lo o p A RE TH E PR O G RA M M IN G uIN Es sET
PRO PERLY FO R USING E'THER THE O NBO ARD CURRENT 4 V e rlfy that yo ur Co m p uter IS ge ttlng the Status Of the

souqcF on THE EXTERNAL souqcE'l (sEE FIGURES A ANn a) board by runnlng a slm ple program  Ilke the one be low

9 IF IJSING R5232 ARE THE PROGRAMMING LINES SET PRO LO O P IN STATUS (your status port)
pEquy FoR MASTER oq suAv: MO DE? (sEE FIGURE c ANo D) JM P LO O P

Sc ARE THE o p-rso N Juv pEns sET T8e  w Av vo u w ANJ''I V e r
lfy that the Ilne SW E (A or B) pulses Iow w hlle thls

'YES to a1l of the above - you are OFOQO I'B IS runnlno (@lnS 1 and 1 9 of the status gate U 1 1If you have answ ered
or U 1 9) and that the data Is gettlng onto the buss from  theready to proceed
buss drlver U 3O as pIn 1 and 1 9 pulse Iow  and hlghIt s now  tlm e to pow er up your board W lth the pow er on

, respectlve lyverlfy that the vo ltages speclhed earller are stlll at the lr

proper Ievels and that no chlps are g ettlng excesslve ly hot 5 V
erlfy that the program m lng Iatches (U 1 2, 1 4 1 5, 1 7) and(U 1 

, U2, U5, 06 and U 1 0 should be w arm ) lf everythlng Is O K the UARTS are recelvlng thelr control strobes w hen the
up to lhls po lnt, enter the l/O  b oard testlng ro utlne v1a e lther f

o llow lng pro gram  Is runfront pane l sw ltches o r ed ltor/assem b ler

If the l/O board Is w orklng, characters typed on the ter- LO O P O UT C O NTRO L (your control port)
m lnal w lll be echoed back JM P LO O P

l/o BO A R D T EST IN G RO UT IN E The Ilne cs (A or B) should strobe Iow whlle thls program
Is runnlng (check pIn 9 of U1 2 and U 1 5 or U1 4 and

TH IS PRO G RAM  IN PUTS C H ARAC TERS FRO M  A U 1 Zldependlng on w hlch channel you are currently strob-

T ER M IN A L D EV IC E A N D EC H O ES T H EM  B A C K Ing

0000 0000 *
x t)o oo,c . 6 V erlfy that data ls reachlng the U A R T S from  the host com -

oooo oo20 * pute r by runnlng the fo llo w lng prog ram  and ob servlng p In

aloo ooao * 34 of the UARTS (DS, A or B) strobes Iow note only gar-
0000 0040 * bage w lll be transm ltted
0000 0050 C O N TRO L EQ U 0 1 H C O N TRO L PO BT ADD RESS

0X 0 0060 STATUS EQU 01 H STATUS PORT ADDRESS Lo o p O UT DATA (your data port)
X 0O 0070 DATA EQU 00H DATA PORT ADDRESS JM P LO O P
0000 0080 *

0000 0090 *

otloo oloo oRG 00o0H 7 V erlfy that data IS reachlng the Com puter from  the U A R T S
0000 01 10 * by runnjng the fo llow lng program  and Observlng that R D E
0000 3E 00 01 20 START MVI A 00H IN4TIALIZE THE (A or B) strobes Iow (plns 4 and 18 of the UARTS) and that
X 02 (73 0 1 0 1 30 O UT C O N TRO L C O N TRO L PO R T

ooo4 oe o, ollo BEGIN IN srATus INpuT syAyus ANn p lns 1 and 19 of U 26 strobe Iow  and hlgh respectlve ly
0006 E6 02 0 1 50 AN I 02H M ASK FO R D AV

0008 cA 04 oo ol6o Jz seGlN IF NOTHING/CHECK AGAIN LO O P IN DATA (your data port)
(OOB DB oo ol zo IN :ATA 1F ()Av 1 INPtJT OATA ANo JM P LO O P
A D 47 0 18o M o v f! A M o vE To  REG IS TER E$

tx)oE DB o! ol x  uooe IN s'rArus INeu'r sn Tus ANo 8 v e rlfy that se rlal data Is e xltlng fro m  U A R T p ln 25 and that
oo lo E6 o ! 0 2oo A N 1 o l e M A SK Fo R 'rB M T
tx), 2 cA oE oo o21o Jz uoop IF NoT READY cplEcK AGAIN lt IS p ro p lg ated to the o utput c onnecto r p 1n thro ugh the

œ 1 s 78 o22o Mov A B IF TBMT 1 MovE DAI'A INTO Output Ievel translators (test thls w hlle runnlng the I/O
0016 Da oo o23o ouT OATA REOISTER A TeEN otr pu'r board testlng routlne)
0018 C 3 04 00 0240 JM P 8EG IN JUM P FO R N EXT C H ARA C TER

9 If yo u don t se em  to be gettlng any of the abo ve m en-

TRO U B L E SH O O T IN G  tloned control strobes check that elther pIn 1 of U22 ls
strob lng hlg h o r p In 1 5 Is stro b lng Iow  w hen runnlng anyA

ssum lng that your board ls havlng prob lem s and the test- of the above prog ram s lf not elther the address Is set

Ing program  Is not runnlng - D O N  T /M N /C //! A Iog lcal ap - here ls a defectlve sw ltch IC or board ln the I/Ow rong or t

proach to troub leshootlng w lll show  you that an I/O  board ls A jso p 1n 2 and 1 4 of U 22address decodlng c lrcultry

nothlng to be frlghtened of T o tro ub lesho o t thls board yo u j to 
ynd lcate e lthe r a PD B IN or P W Rsho uld be strob lng o w

w III elthe r need a sc ope o r a Io g lc p ro be A frequency

counter Is handy too
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CI RCU IT D ESC R IPT IO N HA R DW A R E/SO FTW A R E PRO G RA M M IN G LO G IC IN T E

The heart of th is serial 1/ O board is a The Hardw are /sof tw are Programm ing Loglt

MOS/LSI UART sf m f 1ar to the TR 1602-B or the consists of U12 , :15, J7, and J9 f or Channel à atd
TR 1 8 6 3 by W es te rn D igi t a1. Thes e KART s and t114 , U17 > J8 and J 10 f or Channel B aloc! (u2d
perf orm the com plete parallel-to -serial and w ith one AND gate ( :12 1) and tw o inverter. ena

sertal-to-parallel conversion, error detection (:24 ) f or the res et logic. On pow er-up an1 h t g
and se rial f orm at m o d if i c a t i on n e c e s s a ry f o r r e s e t , a 11 s i x t e en o f th e qu a d 'D ' la t chel a ltd

reliable and f lexible serial co= unication. ( 74L5175- 1J12 , U14 , 1J15 , IJ1 7 ) are cleared % Axo
This I/0 board can be rough ly divided e i t her p ow e r on c le ar ( P0C * ) or reset snv

into seven ma Jor sections; I/O Port Select (pM sET*). Thïs establïshes def ïned levels og (pA
Logtc , Bus D river Logic, H ardw are ysof tw are one side of each of the lum per sock ets (J7j sig

P rogram m ing L ogic , Bau d Rat e Select Logic , .18 , J9 and J 10 ) wh ich can be w ired to each of asP
I n te r ru p t L o g ic y S e ria l L in e L e v el C on v e rs ion t h e f ou r s i g n a l s o n th e o p p o s i t e s i d e o f th. h i j

Logic, and the UM c s. ju mper sock et. Since the latch es bring out ou t
b0th Q and Q* ou tputs, each of the 8 contrûl d r :

I/O PO RT SELECT LO G IC lines per Channel has its ow n control bit an1 ack
e a ch b it is b r ou gh t ou t b o th in v e r ted an d non- f r c

A d d r e s s l i n e s A 7 - A 1 e a ch f e e d in t o o n e i n v e r t e d a t th e s a m e t i m e . T h i s a l l o w s ea cï r e t

input of the 25L52521 octal com parators (U19, Of the control bits to be set eith er high cr to
U 20 ) w i th th e oth er inpu t conn ec ted to one 1OW f or th e part icu 1ar sy s tem con f igu rat ion

n e e d e d on p ow e r - u p. B y ou tp u t t i n g a ' 1, t:sw i tch p osition of th
e port select D T.P sw itch . sE b

T h e ou tpu t of th e co m p a ra to r is ga ted w ith th e 8 flX 0 f t h e c o n t r o l b i t s > th e p a r t i c u 1a r

I/0 detect logic cons is t ing of X-NOR gate Control line 's level w i 11 be inverted. This
(U23) on SINP and SOtJT. When an I/O operation OCCU rs when the clock lnpu ts of the con trol t v
ls decoded, and the selected address is on the latches a re toggled by the I/0 decoder (P22) co

bus , the control line decoder (tQ 2) is enabled Catls ing the cu rrent da ta bu s da ta to be co
and the proper control signal ls output to the latched. Th is new data causes the lu m per w (
D A R T s d e p e n d e n t o n t h e 2 s e 1 e c t in p u t s , S o ck e t s l e v e l s to ch a n g e a n d th e c o n t r o l b it s i

a d d res s A0 , an d SOU T , an d w h en e i th e r PD B IN o r t O c h a n g e a l o n g w  i th t h e m . 0 n e n o t e of b r

P W R A o c cu r s . A t th e s a m e t i m e , b o a r d e n a b le C a tlt i o n : N E V E R n e v e r w i r e a n y ou tp u t of a u s

is decoded and the input buf f er ( 725) is latch to another latch output or leave both
ena bled or dlsabled w ïth SINP . Pro# ram m in g shu nts unb rok en as th is cou ld lead ar

t o h e a t i n g a n d p o s s i b l e d a m a g e t o t h e y:

74L S 175s . t1

B U S D R IV E R L O G IC -

l d
In th is section , th ere w ill be ref erence B A U D  R A T E S E L EC T LO G IC I p

to 2 d i f f e r e n t b u s e s , th e S - 10 0 b u s a n d th e l
in te rn a l b i-d i re c t ion a l boa rd bu s . T h e B au d R a t e S e l e c t L o g i c is b y f a r th e ! c

The s- 1O0 Data Out line (DO0-DO7) are sim plest section of the board. The com plete j sl
bu f f e re d th rou gh o c ta l bu f f e r U 2 5 to d r ive th e C ircu it ry con s is ts of th e bau d ra te g en e ra tcr ' 4y

internal board bu s, w h ich presen ts the s- 1O0 (8R 294 I-L or BR 194 I-L , U 1O ), a 5.0688 Mllz V
bus lnformation to the rzRTs and the Hardware/ crystal (X1), DIP sw itch S1, and the resistor/ c
Software Program mlng Logic to be latched when Zener m inus 5 volt regu lator (R 12 and D3). a!
th e p r o c e s s o r is n o t p e r f o r m t n z an in o u t T h e b a u d ra t e g e n e r a t o r c o n t a i n s a c ry s tal -

s

op e ra tlon . - - o s c i l l a t o r a n d tw o p r o g ra m  m a b l e d i v i d e r s t: x

The s- 1OO Data In lines (DI0-DI7) are Obtaln the tw o ïndependant baud clocks for the Ws

d riven by the 74L s24 1 octal bus driver (U26) UARTS (CLKA and CLKB ). The baud rate is set y
f ro m th e in te rn a l boa rd bu s. The boa rd bu s is i n a b i n a ry f a sh i o n on D IP sw  i t ch S 1 w ith -f

driven by the DARTs for data and the 81L595/97 Positions 1 - 4 for Channel A and positions 5 *j

s ta tu s con t r o l bu f f e rs . T h is bu s is a T R I- - 8 fO r C h a n n e l B . R es i s t o r R 12 an d z en er

ST A TE b u s , a n d th e r e f o r e o n ly o n e d e v i c e d i o d e D 3 p r o v i d e th e - 5 v o l t su b s t r a t e b ia: (

(either the UART S or the status bu ffers ) f0r the BR294 1-L (not needed for the BR 1941- 6

controls the bus at any one time. L ). N OTE : H o les f or S IP R 1 1 ha ve b een f
p r o v i d e d i n th e e v e n t th a t a b a u d r a t e 4

g e n e r a t o r w i t h o u t i n t e r n a l p u l l u p s ig i

p r o v i d e d . R 1 1 w  i 1 1 o n l y b e p r o v i d e d l.f (

n ee d ed . a
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: INT ER R U PT LO G IC

'O:1C The interrupt logic consists of four AND T ransm it data ''A'' (TxDA) is inverted (:29),
e1 â tes (u16) and f our open collector inverters f ed throu gh the ju mper sock et J4 to the TTLga

ong (lJ29). when a particu 1ar interrupt has been out line, and drives the L&  of opto-isolator
e r s b le d by b r in g tn g th e n e c e s s a ry e n a b le b i t U 4 . T h e ou t p u t o f :14 i s b u f f e r e d b yena

and high ei th e r by pow er-up p rog ra m m in g or tranststor Q1 (w ith dlode D1 to clip negative
th e s ltering th e m a sk und er sof tw a re con trol

, the spikes ) and f ed to J4 where it user either thea
i by àsD gates can pass their status on to the internal current source (R 1) or an external
s e t in v e r t e r s

.  w h e n e i th e r th e D a t a A v a i l a b l e sou rce an d d r ive s th e 4.OE T an d - OIJT lin es .

' 0n (Dàv) or Transmitter Buf f er Empty (TBMT )
J 7 > 

stgn a l s g o h l g h f r o m  th e E A R T , t h i s l e v e l i s
 O f assed by th e A N D ga tes to th e in ve rte rs

.  
The U A R T Sp

th e htgh l e v e l o n th e t n v e r t e r i n p u t p u l ls th e

0ut cutput ou t of the high imoedance state and The EART S (1711 , E 18) tak e the data f rom
r O l 1 r t v e 's t h e b u s l o w  

.  

-  

T h e o r o c e s s o r th e tn te rn al b oa rd bu s , th e se ria l p a ra m e te rs

and acknowledges this interrupt bv eitker readine f rom the Hardware/sof tware Programming Logic,
kon - fron o r w r t t t n g d a ta t o t -h e U A R T

.  

w h i c Wh Th e b au d c l o ck f r o m  th e B au d R a t e S e l e c t

ach returns tlae inverter output and the 'bus line Logic and the control signals f rom the I/O
O r to the h l gh im pe dan ce s ta -te

.  
P o r t s e l e c t L o g i c a n d ou t p u t s s e r i a z d a ta to

on th e se ria l L in e L eve l c on ve rs ion L og t c .

t o T h e tlM c s a lso tak e se r ial da ta f rom  th e
SER IA L L IN E L EV E L C O N V E R S IO N LO G IC

.'â r C o n v e r s i o n L og i c a n d w i th th e p r e v i o u s ly

i s m e n t i o n e d s e c t i o n s y i e l d d a t a a n d s t a t u s t oT h
e L e v e l c on v e r s t o n L og i c c o n s i s t s o f

7O1 th e in t e rn a l b oa rd bu s f o r d r iv in g th e S- 10 0
tw o m a tn p a r ts; th e R 5232 - T TL le ve l:2) b

u s. I n su m m a ry , a s s ta t e d a t th e b e g tn n in g
conve rte rs an d th e cu rren t loop an d TT L le ve lb

e o f th i s s e c t i o n , th e Ilu 'f s a r e th e h e a r t o f
con ve r te r s. s in ce b 0 th ch ann e ls a re th e sa m e ,

e r th is b o a r d .
w e w i l l o n ly d i s cu s s c h a n n e l A . A l l th el

t
signals f rom the Channel A connector (J1) are

 f b
rough t ou t to ju mper sockets J3 and J4 f or

a
user p ro g ram m in g .

 h- A 11 R 52 3 2 l
eve l sign a ls are tak en f ro m J 3

ld
and a re e i th e r f e d f r o m  o r f e d t o th e t w o

ïe level converters U1 and U2 (1488 - 1489). The

1488 conve rts TTL le vel signa ls to the + 12 and
- 12 v o l t le v e l s o f a n R 5 2 3 2 l i n e . H o l e s f or

disc capa c ito rs (C 7- C 9 and C 14- C 16) a re
pro v i d e d on th e ou tp u t s o f th e s e d r i v e r s t o

lim it slew rate to less than 3OV /USEC forh
e c o m p a t i b i l i t y w i t h t h e E I A  R S - 2 3 2 - 6

! t e
specif ica t ion s. F or ve ry sh o rt ca b le len g th s y

:o r y ou m i gh t w a n t to in s t a l l d i s c ca p s w i th a
:H z

va lu e n o g r e a t e r th a n 4 0 0 p f . F o r v e ry l o n g
r/ bles , w e advise that no caps be fns talledca)
. lym styn gdue to th e ca b le capa c i ta n ce a l rea dy

a 1 1ew ra te
.  The 14 8 9 c on ve r ts th e R 5 2 32 le ve lss

t o ba ck to T TL l e v e l s f o r th e P A R T S a n d th e

h e b t ts
.  H oles a re p ro v i de d on th e boa rdstatu s

e t f o r a d d :t n g th e r e s p o n s e c o n t r o 1 c a p a c i t o r s

t h (c10-C13 and C 17- C20) f or increased noise
5 immu n i ty

.

e r T h e cu r r e n t l o o p a n d T T L sl g n a l s a 1 l
 s

en ter a n d e x it th r ou gh J 4 . T h e + IN a nd - IN
1- slgn a ls are de sign e d to f ee d op to

- i s o la to r U 3
Tl h b o a r d c u r r e n t s o u r c ee i th e r th r ou gh t e o n

 e (R2 ) or di rect ly f rom an ext e rnal cu rrent
L s

sou r c e . T h e o u tp u t o f th e o p to - i s o l a t o r i s
L f b in e d w ith th e TTL IN sign a l

, inverted (lJ9)com
and Ar ed (t121) w ith the level converted R5232
da t a and f e d t o th e U AR T ( P 1 1 ) v; a S IA .
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ts I*:tar

U pon rece ipt of your kit, check yo ur parts against the Iist

be io w

EEI 1 - C ircuit board

INTEG RATED C IRC U ITS (NO TE: the follow ing parts
m ay have letter suffixes & prefixes along w ith the key

num bers glven below .)

E1 2 - TR1 602-8 or AY-5-1 01 3 UARTS (U1 1 , U 18)
EZ) 1 - 8R2941 -.L or BR1941 -.L Baud rate generator (U10)
IZ) 2 - 1 488/75488 TTL to R5232 converter (U 1 , U5)
(Z1 2 - 1 489/75489 R5232 to TTL converter (U2, U6)
IZ  1 - 74L5241 octal buss driver (U26)
IZ 1 - 81 L595 octal buss drlver (U25)
(Z 2 - 81 L595/97 octal buss driver (U2 ,7 U28)
EZl 4 - 74LS1 75 quad ''D'' latches (U1 2, U1 4, U1 ,5 U1 7)
IZ) 1 - 74L5266 quad X-NO R w ith o.c outputs (U23)
(Z1 1 - 741-505 hex o c lnverter (U29)
IZ  2 - 74L504 hex Inverters (U9, U24)
!Z1 1 - 74LS1 55 decoder (U22)

(Z1 2 - 25L52521 octal comparators (U1 ,9 U20) j
IZ1 2 - 74L574 dual ''D '' fllp flop (U1 ,3 U 16)
E3 1 - 74L508 quad 2 inDut AND (U21 )
C) 4 - M C T-2 or slm llar opto-lsolator (U3, U4, UT, U8)
E) 1 - 7805 posltlve 5% regulator (U30)
ED 1 - 781 2 posltlve 1 2V regulator (U32)
(EJ 1 - 791 2 negatfve 1 2V regulator (U31 )

O T H ER ELE C T R O N IC  C O M P O N E N T S

E1 2 - NPN translstors (Q 1 ,Q 2)**
E1 2 - Slgnal dlodes, 1 N91 4, 809-36 or slm llar (D 1 ,D2)**
IZ) 1 - 5V zener dlode, 1 N 751 A or slm llar (0 3)**
EZ 4 - S lngle Inllne reslstor packs (R 1 1?* R 1 

.

,
.

5 R16, R 16)**
CEl 4 - 560 ohm V4 w att reslstors (R 1 , R2, R3, R4)**
(Zl 2 - 470 ohm  V4 w att reslstors (R 

. 15 R8)**
E1 2 - 4 7K ohm IA w att reslstors (R7qR 10)**
C1 5 - 2 7K ohm '/4 w att reslstors (R 1 2. R 1 3, R 14, R6, R9)**
ED 1 - 5 0688 M Hz crystal (Z1 )

t E1 2 - 39uF 1 0V tantalum capacltors (C ,1 C2)
t (Tl 4 - 1 8uF 3svtantalum capacftors (C3f C4, C5, C6)

El 31 - ceram lc dlsc bypass capacltors**

M EC H A N IC A L C O M P O N EN T S

ED 36- low proflle sockets**
ID  3 - 8 pole DlP sw ltches**
El 1 - heat slnk for U30
(D  3 - sets of 6-32 hardw are
D  2 - 26 pIn I/O  connectors
E3 5 - 16 p1n D IP platform s
(71 4 - ! 6 p,n AM P dIp shunts
E) 1 - Instructlon booklet (

*N ote R 1 1 m ay not be snstalled or needed on som e boards

*ws upp lled already so ldered to the board

t NOTE : L i ne changes
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A B O U T T H E IN T E R FA C E R 11 T E C H N IC A L O V E R V IE W

C o ng ratulatlons on your declslon to purchase the T he serlal sectlon of lnterfacer 11 lncorporates a reliable

IN TER FA C ER I1, a triple parallel/ slngle channel R 5 -232 serlal LS I technology U A RT chlp to perform  the baslc serial-tn-

I/O board designed speclflcally for full electrical and parallel and parallel-to-serlal conversions necessary fœ 1/r ()
m echanical com patlblllty w lth the IE E E 696/5 100 standard . serlal com m unlcatlon . B y uslng the U A R T , the C P U is freed ef

The S -100 bus Is the professlonal Ievel cholce for com m er- the tlm e consum lng drudgery of perform lng serlal l/O  opera.

cial, Industrial and sclentiflc appllcatlo ns. W e belleve that this tlo ns by softw are technlq ues. B ecause of thls, I/O  operations
sing

board w lth the rest of the S -100 portlon of the C om pup ro are far m ore rellable and easler to Im plem ent. In a

fam lly, ls one of the best boards avallable for that bus. re m d
ln add ltlon to the U A R T , several other features are In.

luded to m ake thls board extrem ely flexlble and easy to use tW O
Features, such as full R 5 232 handshaking, crystal con- ()T hese features lnclud e an on board crystal controlled baut the I

trolled baud rate generator, a reliable hard w are U A R T , three d res
full d uplex parallel I/O  ports w ith handshaking and Interrupts rate generator for rellable B aud rates Independent of your
and a selectable rate interrupt clock allow for maxlmum flex- CPU clock speed, converslon to TTL, current loop and RS- 1 t
Iblllty at a reasonable price. 232 Ievels for Interfaclng to almost every klnd of serlal devlce, l p

and hardw are/softw are program m ablllty for pow er-on opera- ;

T hank you for chooslng a C om pup ro prod uct....w elco m e tlo n and easy param eter m od lflcatio n.

to the club . T h
e parallel sectlo n of the IN T E R FA C E R 11 conslsts ef

three full duplex latched parallel ports for l/O  data and one l

po rt for status and interrupt control. T he use of T T L Iatches

rather than a M O S parallel lnterface chlp negates the need for

m ode selection and inltlallzatlon, and allow s each port to

have stro be, attentlo n and enable blts, an lnp ut interrupt ant:

16 true d ata llnes fo r a three port total of 48 true d ata Ilnes

O ther features stand ard to alI C om p up ro boards include E

thoroug h bypassing of all supply lines to suppress translents, porï
on board reg ulato rs, and Iow  pow er S chottky TT L and M O s sw lt

technology lntegrated clrcults for reliably cool operatlon. All the
thls and sockets for aII 1C s go o nto a d ouble-sided , solder po rl

m asked prlnted clrcuit board w 1th a co m plete com ponent ad d

Iayout legend .

B A

s e rl

bo tl

,.. p.s neI
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ShOWn above IS a typlcal lllsta//aflofl &Slflg (2) OptlOna/ Interfacer caô/o assem blles These caô/es COnSlMt Of an E
A nsley 609-255 25-p ln 'D ' O rlrlocfor an d arl A nsley 609-260 1M  26-p ln lem ale translstlon connector r SW II

W O t

Indlvldual Oab/o p artS O?' assom ô/od CRbles ll1 18 alld 30 111Ch Ieng ths arO R vBllable ffom  G Odb O&l Electronlcs SW II

W O t
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'e lia ble

rial-to-

'ry fe' I/0 A D D R E S S A S S IG N M E N T U A R T P R O G R A M M IN G  k
'reed Qf -

opera- The serlal C hannel on thls board ls add ressable as a O n pow er-up the control Iatches are all resetto a deflned '1
kratio n: llngle 2 port block anyw here thro ug h the 256 po rt l/O  space state as show n below . If the U A R T param eters for your

Ih addltlon, thls C hannel can be d lsabled and electrlcally system  co nflg uratlo n are set properly for the reset state, no

removed from the I/O space. DIP swltch S3 addressrs the Software lnltlallzatlon is necessary f0r proper Operation of thls $
are ln- twe port block. T he G hannel w lll have the data port reslding at board. To set the pow er-up param eters, the proper Iogic Ievel i

to use. the port ad d ress
, 

and the status port resldlng at the port ad - fOr the program m lng header should be chosen from  the table :
d b aud lress +  1. T he C hannel Is ad d ressed as fo llow s. and the co rrespo nd ing head e r trace sho uld be Ieft intact

f youf w hlle the trace w lth the opposite Ievel should be cut (an X- $
d RS- .SW ITC H ACTO knlfe w orks great). For exam ple, if odd parlty ls
devlcq , ,PO S ITIO N FU N C T IO N deslred

, 
the table show s that EPS should be a Iogic 0 and the 1

opera- header dlagram  Indlcates that the trace betw een pins 3 and

1 A D D R ES S A 1 14 sho uld rem aln w hlle the trace betw een pins 4 and 13

2 A D D R ES S A 2 should be cut.& O F&  never Ieave b0th traces to a signal Il'ne l
lsts ef 3 A D D R ES S A 3 QO N ' = t0' unbroken as thls could Iead to heating and p osôfble dam age t

nd one 4 A D D R ES S A 4 fO the 74LS 1 F5 %
.

atches 5 A D D R ES S A 5 'O FF'= '1' t

eed fQr 6 A D D R ES S A 6 The state of thls board m ay be altered at any tim e by

o rt te 7 A D D R E S S A 7 Outputtlng a new  control w ord to the C ontrol Port. To change l

pt, and j ,8 C H A N N E L D IS 'O N ' = D IS A B LE D  the m ask under softw are control, slm ply o utput a 1 to the 1
: llnes. 'o F F'= EN A B LED proper data bIt of the C ontrol Port correspondlng to the

slgnal that yo u d eslre to change. T his w lll flip the Iog ic Ievel of

nclude ExAM p t
.E: To address the serlal channel at the flrst I/O the partlcular slgnal to the opposlte state (l.e. Odd parity w lll '

'sients, p rt address pajr 00H and OIH , posltlons 1 through 7 of becom e even parlty). O utputtlng a '0' to a b)t w ill return it to
d M O S o jtch s3 w ould be O N and posltlon 8 w ould be O FF so that the pow er

-
up settlng. :

O n . AlI the channel Is enabled
.  T h ls conflg uratlo n places the d ata

Solde  p rt at OcH (even address) and the status port at 01H (odd
ponent ltdress).

U A R T P R M RA M M tN G

IAU D R A T E S E LE C T IO N
1 1 6 :0

DIp swltch S1 Is esed to select the Baud rate for the NBl '''ICEZV  z ls 1 I777. B'T F
l rla! C hannel. Sw ltch poslbons 1 - 4 set the B aud rate for . .- ..- .-  a 14 'c
t0th the recelver and transm ltter sectlons of tbe serlal C han- a n EPS ----- 4 ja .1 .*

.

'

.

'

.

'

.

'

.

'

.*m  B1T 6

lel as show n be low . v v s , z m
Np ''-e'-e  (7227. Bl'r 5---

- -  6 1 1 1
S W ITC H P O S IT IO N B A U D R A T E ,. - . - . - -  7 10 0

1 2 3 4 TSB ---.- . (777 BIT 48 9 1

0 0 0 0 50 B A U D
1 () Q Q 75 B A U D  1 16 2CA 

'

.::CC  a 1 s .j l777 BIT30 1 0 0 1 10 BAUD
1 1 0 0 134 .5 B A U D  o ----- 3 14 $0C 

- -

- .-
.  4 la ,1 117% BIT20 0 1 0 150 BAUD J10

oN = 'c' 1 0 1 0 300 BAUD mxlx.rE c:t 5 12 O ajy :>
0 1 1 0 600 B A U D  6 1 1 1

0FF = '1' 7 jc .o1 1 1 0 1200 B A U D R
xltk'rE ---- j77:z Bs c0 0 0 1 1800 B A U D ''--- 8 9 '1

1 O 0 1 2000 B A U D

0 1 0 1 24 00 B A U D

1 1 0 1 3600 BA U D SIG N A L '0' .1'

0 0 1 1 4800 B A U D

1 0 1 1 7200 B A U D E
Ps o D D  PA R IT Y  E V E N PA R IT Y

() 1 1 1 9600 B A U D N B1 7 BITS 8 B ITS

1 1 1 1 19200 B A U D  v o p aj-r 2 sv o p B j'rs7'sa 1 s

7 EXAM PLE T0 set the serlal C hannel to 9600 baud , D IP N P PA R ITY N O PA R ITY
h 52 w ould have posltlo n 1 O N and posltlons 2, 3, and 4 TXIN T E D 6SA BLED EN A BLED

m ltc n XIN T E D ISA B L E D EN A B LE D

wotllt be O FF. T o set the serlal C ha nnel to 1 10 baud , D lP ,, px c jx s z, ,,M A n x jx G ''CA S

> ltch 52 w ould have posltlo ns 1 , 3 , and 4 O N  and posltlo n 2 co ''spA c lN G '' 'ZM A R K IN G ''

yoeld be O FF.
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V E C T O R E D  IN T E R R U P T S current source For exam ple, a teletype requlres that the or ,
board current so urce be used , so the serlal m o d e Jum peo 1

W hen enabled and jum pered to the approprlate In- (J5 and J6) should be set Ilke the exam ple show n on the
terrupt pln o n the s -loo b us, the serlal c hannel has b oth a foliow lng p ag e in R 5 -232 m od e , these Jum pers m ay be set .

transm lt and recelve Interrupt Ilne 'rhe recelve lnterrupt llne s0 that thls board o perates In a 'm aster m od e w here It

(RxINT) Is drlven Iow w hen data Is avallable from  the UA RT behaves as the Data Term lnal Equlpm ent (DTE), or It m ay be
and the R X IN T E llne has been enabled as descrlbed In the Set SO that the board operates In a 'slave m ode w here lt C

UA RT PRO G RA M M IN G sectlon Thls Ilne resets to a hlgh 1m - behav6s as the Data C om m unlcatlon Equlpm ent (DC E) Slnce
pedance state after the data has been fetched from  the alm ost aII C R T term lnals and serlal Interface prlnters operate

UA RT. The transm lt Interrupt llne (TxINT) Is drlven Iow w hen aS the 'm aster' or as the Data Term lnal Equlpm ent, then the
the U A R T Is ready to accept a character from  the C P U and IN T E R FA C E R 11 board m ust operate as the 'slave or D ata

the TX IN T E Ilne has been enabled as descrlbed In the U A R T C om m unlcatlon Eq ulpm ent Fo r exam ple, to connect the

P R O G R A M M IN G  sectlo n T hls llne resets to a hlg h Im - 'N T E R FA C E R 11 to a term lnai llke an A D M  3A or a H azeltlne

pedance state w hen the UA RT transm ltter buffer Is full and It the serlal m ode Jum pers (J5 and J6) should be set ln 'slave
can not acce pt another character. N ote that 'SIN T A ', S -100 m od e as show n o n the fo llow lng pag e T o co n nect the IN T ER.

bus pIn 96, Is not m onltored by thls board and ls not needed FA C E R 11 to a m odem  Is a d lfferent set-up because m odem s

to Im plem ent a useful Interrupt schem e are set to o perate as 'slaves' W hen connected to a M odem

the IN T E R FA C E R 11 sho uld be set ln the 'm aster m ode as

s-loc Bus plNs J7 show n o n the fo llow lng page

v Io 4 -  1 16 -  lN T J1

v I1 5 -  2 1 s -  lN T J2

v,2 e - a 14 - 1NT aa R 5 -232C  C O N T R O L LIN E S
v I3 7 -  4 1 3 -  N C

vI4 8 -  5 1 2 -  TM RI The R 5 -232 control and data Ilnes are deflned as show n

vj5 9 -  6 1 1 -  NC below

v I6 1 0 -  7 10 -  R XIN T
a 9 -  rxlxz P 1N # C IR C U IT D 1R D E S C R IPT IO NVI 7 1 1 

- -

T o e nab le an Interrupt w hlch Is Inltlally d lsab led o r d ls- 1 AA PR O TEC TIV E G RO U N D
a b le an Interrupt that Is In ltlally e nab led by the U A R T 2 BA TO D C E TRA N S M ITTED D A TA

3 BB TO DTE RECEIVED DATAprogram m lng dlp shunt (see UA RT Program m lng)
, a Iog lcal 4 c x J.o o c E n Eo u Esy 'ro S EN D

'1' should be outp ut to the lnterrupt E nable B It of the C ontrol 5 c a To D TE C LEA R To SEN D

P o rt. 6 c c To o TE DA TA s ET R EA DY

7 AB SIGNAL GROUNDS T A T U S P O R T B IT A S S IG N M E N T 
8 c y T o  D T E n Ec o LIN E S IG N A U o ET 

-

inputs from  the status po rt to the C PU are deflned as 20 C D TO DC E D ATA TERM IN AL R EA DY

fo llow s
Fo u r ha rd w lred R 5 -23 2 ha nd sha klng slg na ls are

D A TA B IT N A M E S IG N A L
D / provld ed for lnterfaclng to eq ulp m ent need yng these Ilnes as

Do TBM T Transm ltter buffer em pty show n below  T hese Ilnes m ay be set to pow e r-up elther
D 1 o Av D ata avallable kjng o r spaclng

, a nd thelr state m ay be altered bym ar(
)2 O PT O ptlonal status Ilne
D 3 PE Parlty error Softw are co m m and s as d escrlbed In the U A R T P R O G R A M M -

D 4 O R O ver run IN G  S ectlo n

D 5 FE Fram lng erro r

D6 CC R5232 CC Input O U T P U T L IN E S9
7 C B 8 5232 C B lnput

D A TA  B IT R 5 -232 LIN E D B 25 P IN C O N N E C T IO N

C O N T R O L P O R T B IT A S S IG N M E N T
D 2 C D 20 O R 6 *

O utputs to the control po rt from  the C PU  are deflned as :3 CA 4 O R 5 *

fo llo w s

OATA BIT NAVE sloxAu IN P U T L IN E S
D A

D0 RXIN T E Recelver Interrupt enable D A T A B IT R 5 -232 LIN E D B 25 P IN C O N N EC T IO N
D 1 T XIN T E T ransm ltte r Inte rrup t enab le

(72 C D 95 232 C D output o zto p'r j c F 8*
D 3 C A R 5 232 C A output o 6 c c 6 o R 2c *

(74 TS B N um ber of stop blts 0 7 c B 5 O R 4 *

D 5 N P N o parlty

D 6 EPS Even parlty select N O TE N on-starred p/n num bers lndlcate tbe D B 25 pln

9 7 N B i N um ber of b lts/character num ber w hen the s er/a/ M ode Jum p ers are set /or m aster

m o de The sta rre d p lr? n u m b ers ln dlcate the D 8 25 p /n

number when the Serlal Mode Jumpers are set tor slaveS E R IA L M O D E JU M P E R S 
m o d e

The IN T ER FA C ER 11 board w lth lts unlque serlal O ne Optlonal Input Ilne (C F Or Bec d Llne S lgnal D etect)
prog ram m lng jum pe rs, allow s the use r to ad apt hIs bo ard to Is p rovld ed at Iocatlo ns J 13 If po lnt 'B Is Jum pered to po lnt

aII standa rd R 5 -232 p In co nflg uratlo ns a nd to no n-stand ard A . thls Ilne w lll ap pea r O n S tatus B It 0 2 B y Jum pe rlng po lnt

current loop conflguratlons ln current loop m ode, thls board B to polnt 'C , the 'E nd of C haracter oulpti' FO C ) from  the

m ay be set to use the o n board curre nt so urce o r an external U A R T w lll ap pear o n S tatus B lt 0 2
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I
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-
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J5 J6 J5 J6

1 1 1 1

w n 

:

Thls conhguratlon ydelds Thls conhguratlon ylelds

Even parlty O dd parlty
8 data blts Jg J jc 7 uata bjts 29 J 10

2 stop b lts 1 stop b1t

N o parsty N o parlty
Interrupts dlsabled Interrupts dlsabled

RS - 232C  - M aster m ode EXA M PLE M odem  RS - 23 2C  - S lave m ode EM M PLE C RT Term lnal, prlnter

5re

a S 1 1 1 1

he r

b y

v -

Thls conflguratlon ylelds Th
ls conflguratlon ylelds

C A ''spaclng'' on p,n 4''m arklng'' on pIn 20 05 06 C A ''spaclng'' on pln 5 J5 26
c D
BA (Tx data) on p1n 2 CD ''spaclng'' on pm 6
Be (nx data) on pln 3 BA (Tk data) on pIn 3
cB status to 1/O board on pIn 5 BB (Rx data) on pm  2
c c s tatus to l/o  board on pIn 6 C B S tatus to IzO  board on pIn 4

cF (Recelved Ilne slgnal detector on pIn 8) CC Status to 1/O board on pIn 20

1 1 1 1

Thls conflguratlon ylelds Thls conflguratlon ylelds

O dd parlty O dd panty

ct) .t data byts J9 Jjo8 data blts J9 J10
' Ot 1 stop bit 2 stop bIt

'r't N o parlty N O parltY
he Tx Inte enabled Interrupt: d lsabled

R x lnte d lsabled
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P A R A K KE L I E @ T I/ N

I/O  A D D R E S S A S S IG N M E N T P A R A L L E L V E C T O R E D  IN I

IN T E R R U P T SThe parallel Channels on the INTERFACER 11 b
oard are

um

ad d ressed as any slng le fo ur port block anyw here thro ug h 
w hen enabled and Jum pered to the app rop rlate In

.  

d zti

jtats

tho 256 90 rt l/O  space and can be d lsabled and electrlcally 
terrupt pln on the S -100 bus, the parallel block has thrlrem oved from  the l/O  space D lp sw ltch S 4 addresses the 

tjjat occur w hen data Is strobed Into eachseparate Interruptsblock w 1th C hannel 0 (J 1) at the sw ltch address
, C hannel 1 f th

e three Inp ut C hannels T he lnterrupt Ilnes
, 

INTJI, INQ Z, b6Oo(J2) at the sw ltch address + 1 
, C hannel 2 (J3) at the sw ltch d lNyJa 

a re d rçven low  w he n J 1
, J2, and 23 respectsveja0 ,address + 2, and the Status/lnterrupt Gontrol Port at the 

data. T hese llnes are reset to a hlg h lm- theare strobed w 1th lnputsw ltch add ress + 3 A dd resslng Is as show n below

p edance state as soon as the data ls taken from  the ap
. oA(proprlate C hannel

desdS W ITC H

theP O S IT IO N FU N C T IO N A
s w lth the se rla l sectlo n of thls boa rd

, the p arallel In. and
terru pts are asso H ardw are/ S oftw are p rog ram m ab le w lth a 

d até1 N O T U S E D  user d eflnab l
e pow er o n settlng Ju m per so cket 28 Is used t0 

stro2 A D D R E S S A 2 set the pow er
- up or reset param eters by prog ram m lng the3 A D D R ES S A 3 

o N = ..0 ,, D 1P shunt from  the flgure below  O n pow er-up or reset
, the4 A D D R ES S A 4 

i j , Ioglc Ievels show n o n the Ieft slde of the jum per socket afe 
c a n

O FF = 15 A D D R ESS A 5 
avallable for elther enabllng or d lsabllng the Interrupts S lnce 

the6 A D D R ES S A 6 a loglc '1' enables th
e pa rtlcular In put Inte rrupt and a log lc 'û' tj

aat7 A D D R ES S A 7 d lsables the Int
errupt, jum perlng the approprtate level across latcl8 B LO C K D IS A B LE 

-  O N  = D IS A B LE D  the socket w lll m ake the bo ard ass
um e a know n state after w jllO FF

= E N A B LE D pow er-up or reset T he pro per w ay to prog ram  th
ls settlng 13 the :t

o p unch o ut the not w a nted trace of the shunt w lth an X
- golrlEX A M P LE To address the block startlng at C 8H

, 
sw ltch A C T O  O r slm llar knlfe and Ieave the trace lntact that has the w

lt/o sltlo ns 3
,6 ,7 & 8 w o uld be O FF a nd 2

,4 & 5 w ould be O N In Pro per level I
atc l

p

thls conflguratlon, C hannel Q (J1J w ould be at port G 8H
, fullyC hannel 1 (J2) w ould be at port C 9H

, C hannel 2 (J3) w ould be TO a'ter the program m ed settlng under softw are contrcl
, avalat C A H and the S tatus/lnterrupt C ontro l Po rt w o uld be at the user sho uld outp ut a Iog lc '1' to th

e p ro per b It of the m o cc B H l
nterrupt/ C o ntro l Po rt show n In the flg ure or the blt asslgn

- soclm e nt ta ble T hls w lll d lsab le an e
nab led lnterrupt and enable ! left

a dlsabled Interrupt Outputtlng a Ioglc '0' to the sam e blt WII1 1S TA T U S P O R T B IT A S S IG N M E N T 
return It to the users pow er-up or reset conflguratlon

lnp uts to tbe processo r fro m  the S tatus P o rt are d eflned

J 8as fo llow s

o -  1 16 lx z
xjl W Ioc v''-- 'N

xX
N N- 2 15 MW FKABLED A T A  B IT N A M E S IG N A L 1 

- -

o -  a 14 lx razo
l ..:

. .
.

. .
.
. .

.

. . 

77 rsAsunD0 DAVO DATA AVAILABLECHANNELO ! 
-  

4 ja s yD 1 T KNO D ATA TA K EN G H A N N EL O
. . . .

. -  O -  5 1 2 x
x .

w  
INTJaD 2 D A V I D A TA A V A ILA B LE C H A N N E L 1 02 

-  

- -- EXABUE1 - 6 1 1D 3 T K N I D A TA  TA K E N C H A N N E L 1

D 4 D A V 2 D A TA  A V A ILA B LE C H A N N E L 2 POW ER UP 7 10

STATE X NCD5 TKN2 DATA TAKEN CHA NNEL 2 8 9 D J
D 6 N O T U S E D

D 7 N O T U S E D  DATA BIT PO RT 
C O N N EC TO R

D o o J1 

usD1 1 J2IN T E R R U P T C O N T R O L P O R T B IT 
0 2 2 23

A S S IG N M E N T  
O L

S 1 00 BUS PINS J7O utp uts from  the p rocesso r to the lnterrup t C o ntro l P o
rt

V îo 4 -  1 1 6 
-  

lNT J1 t)éare deflned as follow s
# 11 5 -  2 1 5 

-  

INT :2D A TA  B IT N A M E S IG N A L V12 6 
-  3 14 -  IN T J3 -

V l3 7 -  4 1 3 
-  NC o tIN TEJI ,N TER R U PT EN A B LE C H

A N N E L o Vl4 8 -  5 'r -  TM R ID 0 

- -V I5 9 -  6 1 1 
-  

NCD 1 IN T EJZ IN T E R R U P T E N A B LE C H A N N E L I

V 16 1 O -  7 1 0 
-  R XIN T

D 2 IN T EJ3 IN T E R R U P T E N A B LE C H A N N E L Z

V )7 1 1 -  8 9 
-  T XIN T

D 3 T M R IE T IM E R IN T E R R U P T E N A B LE

D 4-D 7 N O T U S E D
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P @ R T  @ @ N T R @ K klN K l

IN P U T S T R O B E L IN E dlagram s below for a vlsual representatlon of the Input data
and the stro be relatdo nshlp s

T he strobe llne o n each lnput C hannel Is used to Iatch
tata from  an external devlce lnto the Input reglster w hen a N O TE In the dlagram s below , the strobe Is provlded by the

ln- l d e vtce and the tn co m ln g d ata ls sh o w n as w ha t ls '
742.5 374 o r 74L5 373 latch Is used T hls llne also sets the exte rna j

TeO lab le to th e p rocessor ln rela tlon to th e strob e p ulse
status flag (DA Vx) so that the processor can tell If data has aval

ach 

!

 

deen entered -
J2,

/ely 

i'

lf a 74 L5 374 ls used as the lnput reg lster, a transltlon on,m - jx p u v s x A u p u s s '
the stro be Ilne Iatches the d ata and sets the status flag

aP- (DAvx) The strobe polarçty select sw ftch should be set as
descrlbed below  so that the perlpheral's d ata Is val'd d urlng S om e exam ples of typlcal appllcatlo ns m lg ht lnclude

the strobe 's transltdon W 1th the select sw ltch (s 1-2, S 1-4, connectlng a A SC II keyboard or a set of sense sw ltches to1n- O N  a Iow  to h lg h transltlo n o n stro b e w lll Iatch the o ne of the ln p ut C hanne ls of the IN T E R FA C E R 11 A  keyboard i

and s 1-6) ,l3 a data W 1th the select sw ltch O F F, a hlg h to Iow  tra nsltlo n o n usually has a stro be llne to Ind lcate that It has cu rre nt valld 1

 to trobe w lll Iatch the d ata d ata o n Its d ata o utputs th e refo re , uslng one of the 74L5 374 ''

s
the Iatches w o uld be best T he keyboa rd d ata Ilnes w o uld be co n-

the lf a 74 1
-

s 373 ls used as the Inp ut reglster, the stro be llne nected acco rd lngly to Input data Ilnes of the parallel C hannel

are 7an assum e tw o d lffe rent m o d es T he flrst m o d e Is slm llar to and the keyb oard stro be llne w o uld be con nected to the
nCe the latched m ode of the 74L5 374 descrlbed above except C hannel S T R O B E Inp ut T he S tro be S elect sw ltch w o uld be i

 '0' h t durlng the stro be pulse the data 's transparent thro ug h O N for a posltlve keyboard stro be and O FF for a negatlve '
t a ,

,

OSS latch to the processo r A t the end of the strobe pulse tbe data keyboard strobe lf connecllng som e sense sw ltches to the In- '

fte r 11 be Iatched a nd stab le fo r the p rocesso r to access W lth p ut Ilnes, a 74 1-5 373 w o uld be the best cho lce beca use there '
 w lV IS the strobe select sw ltch (S 1-2, S 1-4, and S 1-6) O N , a posltlve are usually no strobe llnes assoclated w lth sw ltches The l
 X - b e ulse w lll latch th e d ata at the end of the p ulse sw ltches sho uld be co nnected to the lnp ut Isnes so that they '

golng stro p
the w1th the select sw ltch O FF, a negatlve golng strobe pulse w lll ground the Inputs tno pullup reslstors are needed slnce they

Iatch the data at the end of the pulse The second m ode Is the are supplled On the board) and the STRO B E LIN E should be
fully transparent m ode w here the data ls never Iatched but ls left floatlng w sth the S tro be S edect sw ltch O N Thls allow s the

tro l, avallable fo r lnp uttlng at any tlm e by the p rocesso r T hls processo r to Inp ut the d ata fro m  the sw ltches at a ny tlm e

the mode Is useful w he never the d ata has no stro be b It as- A nother exam p ie of a n In p ut slg na l that usually d oes not h e

i9 n- soo ated w lth lt T hls m ode ls entered w hen the stro be llne ls a strobe assoclated w lth lt w o uld be the B usy llne and r

lb le Ieft open w lth the stro be select sw ltch O N S ee the tlm lng status b lts fro m  a p rlnte r o r other d evlce.

w lll

W ITH T H E S T R O B E S E L E C T S W IT C H 'O N ': W IT H T H E S T R O B E S E LE C T S W IT C H CO FF':

I j 1 6 j '

STRO B E FR O M  P E R IP H E R A L S T R O B E FR O  M  P E R IP H E R A L

I g I l g #

-  - -  -  -  -  -  '1' Ij'

DAVX S TA T U S T O  P R O C ES S O R D A v x S TA TU S TO  P R O C ES S O R

i g I < g j

USIN G A 74L5 374 U S IN G  A  74L5 374

; s Zj'1

QLD DATA N Ew  D ATA (FO R PRO C ESSO R) O LD DA TA N EW  DA TA (FO R PRO C ESSO R)
N . , N , ,0 o

USIN G  A  74L5 373 U S IN G  A  74L5 373

4j, 1j'
LA TC H E D o Lo D A T A T R A N S P A R E N T LA T C H E D

OLD D ATA TRA N S PA R EN T O ATAY  D A TA 
. , 

N . .
-  

c ()
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O U T P U T E N A B L E LIN E O U T P U T D A T A  T IM IN G  P R O .

T he O U T P U T E N A B LE LIN E o n each C hannel Is used to

Trl-state the output reglster and enable the Q and Q * Output EXA M PLE (1) TI
flags as descrfbed below  8 y Trl-s tating the o utput reg lster, j m ab le

the user m ay b us the o utp ut d ata fro m  several d lfferent Q tim er t

sou rces o nto the sa m e 8 d ata Ilnes In thls m o d e , the T K N X c terru pl

tatus bIt w lll stay hlg h untll the o uput reg lster goes actlve, at r8te tI1s

w hlch polnt the T K N X status bIt w lll go I0w . If the output 1 POSItIC

reglster Is actlve at aII tim es, (m ost appllcatlons w lll be thls Q* reduct
I stay low at aII tlm es. 0 as de6way) the TKNX status blt w II

1

w hen the Polarlty select Sw ltch (S 1-3, S 1-5, and S 1-7) Is OUTPUT ENABLE LINE AcyjvE s :
O N the O U T P U T E N A B LE LIN E m ust be Iow  to enable the DATA TRI-STATED z

, 0

output reg lster. W lth the S elect S w ltch O FF, the O U T P U T

E N A B LE LIN E m ust be hlg h O r Ieft o pen to ena b le the o utp ut OATA ynl
- s T A z E o 1

reg lster EN A BLED
0

1

A T T E N T IO N  L IN E TKNX sTv us To cpU
o

T he A T T E N T IO N LIN E ls used to lnfo rm  an exte rnal
Iable for lt Thls llne m ay be EXA M PLE (2)devlce that new data Is now aval

lum pered (J14, J15, and J16) to provlde any one of four dlf- 1
ferent outputs. W 1th the C o m m o n jum pered to elther Q  or Q *, DATA TRANS NEW  DATA (741-5373)

J ()
and the O U T P U T E N A B LE LIN E set so that the o utput of the

reglster Is T rl-s tated , then the A T T E N T IO N LIN E w lll go hlg h

* h n data ls strobed Into the output reglster 1(Q ) or Iow (Q ) w e 
ov A x Ew  OATA (z4Lsaz4)

and the T K N X status b 1t w lll go hlg h. W hen the O U T P U T z 0

E N A B LE LIN E level Is chang ed to ena b le the d ata , then the

ATTENTION LINE wlll return to Its orlglnal Ievel and the TKNX EXA M PLE (3)
status b It w lll g o Iow . In thls m od e, the O U T P U T E N A B LE LIN E

's used to tra nsfe r the d ata o ut of the reg lste r a nd reset the at- 1
Ltentlon flag S lnce the Ievel of the A T T E N T IO N LIN E m ay be NEG ATIVE put

- s E

m pled by the processor through the status port (TKNx), a 0sa

hlg h speed hand shaklng d ata transfer ca n occu r. -1
1

W Ith the C o m m o n tled to elthe r the dL' o r the fR ', the A T - R PO SITIV E PU LS E o r 8 l

TENTIO N LIN E becom es a posltlve (R) or negatlve (L) golng 0 Solde
stro be p ulse w lth a w ld th of the syste m  P W R * stro be Co m nTK N

X STATUS(betw een 150 and 1000ns ) In thls m ode
, the the O U T P U T

N A B L E LIN E sho uld be set so that the d ata Is actlve at aIl 0 E KE

tlm es, rend erlng the T K N X status b It Iow  at alI tlm es. T hls SW 1tCI1

m od e Is best used w he n the exte rnal d evlce need s the d ata OATA N Ew  VA LIo OATA W o u lf

stro bed lnto It. S ee the d lag ram s below  fo r the o utp ut d ata ? c

tlm lng uslng elther a 74 1-5 373 o r a 74 L5 374 as an o utp ut E X

reg lster Sw ltcl

w o u lt
NO TE' Exam ple (1) below show s the Q and Q * output Ilnes

(one of w hlch w lll be tled to fC ' for drlvlng the ATTENTIO N

LINE), the O UTPUT ENABLE LINE w lth both polarltles show n o u T p llT  s y A M p j
.  p n

(the user m ust select the proper level to Trl-state and actlvate - - - - - n - *e*œ - * Y' 1
the data as descrlbed above and show n In the flgure), the Som e exam ples of typlcal appllcatlons m lght lnclutd
T K N X status Ilne as read by the p rocesso r, and the state of the co nnectlng a parallel p rlnte r o r so m e L E D 'S to the output

output data (elther Trl-stated or enabled) Ilnes A parallel prlnter m lght requlre that 7, 8. or m ore datl
he output data In llnes be connected In addltlon to a strobe llne. In m any cases,Exam ple (2) show s the state of t

5373 0r 74L5374 In rela- tbe Strobe (L or R) connected to the A TTENTIO N LIN E w lll blthe output reglster uslng elther a 74L
a) NO TE 'rhe tran- Sufflclently Iong for the prlnter and can be connected dlrectlytlon to the strobes In Exam ples (1) and (

5 373 co ntalns new  valld d ata slnce W Ith the p ro pe r po larlty fo r co rrect p rlnte r o pe ratlo n S omgsparent tlm e o n the 74 L

hjs tlm e P rlnters m lg ht req u lre a Io nge r stro be than the syste m  PW R'the S
- 100 b us sup p lles valld d ata d urlng t

p ulse w ldth, therefo re a Io nger stro be ca n be m ade by

Exam ple (3) show s both the 'L' and 'R' output pulses sw ltchlng a data bIt from  one of the other parallel output
(one of w hlch ls tled to the 'C ' or C om m on llne for generatlng channels on and off vla softw are to act as a strobe lf only7
a pulse on the A TTENTIO N LIN E), the state of the new output data Ilnes are requlred for the prlnter, then the elghth daQ
data (elther new or oId data), and the TKNX status Ilne w hlch llne from  the sam e channel m ay be used w lth the softw are be.
Is Iow to the proccessor at aII tlm es (assum lng that the data Is Ing tallored to provlde a strobe pulse Of alm ost any Iength
held actlve at aII tlm es w lth the O UTPUT ENA B LE LIN E)

17 0
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PRO G R A M M A B L E T IM E R IN T E R R U P T

The IN T E R FA C E R 11 Is eq ulpped w lth a slm ple program - E X A M P LE : To set the Interrupt rate to 25 IN T /S EC
. , (50

mable/flxed rate lnterrupt source fo r tim lng . B y enabling the IN T /S EC
. dlvided by 2) DIP sw itch 52 would have posltlons 4-t

lmer through the Interrupt Control Port and Jum pering the In- 8 O N and a jum per installed betw een com m on and 'B' of J12
terrupt to the appro prlate vecto red interrupt line on the bus

, a as d escrlbed a bove .
rate tlm er Is esta bllshed . T he baslc lnterrupt rate is set by

posltlons 5 - 8 of D Ip sw ltch 5 2 as show n below . Further y j
le tjm er co ntro l bIt Is Initially d lsabled after pow er-upreluctlons In the baslc rate a

re obtalned by re-jum perlng J12 t and m ust be Inltlallzed to be m ade operatlonal
. T hlso r resezs descrlbed below

. 

d ,Is a cc o m p lis h e d b y o utp u tting a lo g lc 1 to the

Interrupt/c ontrol P ort bIt D 3. T he tim er can be d isabled by

sw IT c H P O S IT IO N IN T E R R U P T R A T E Outputtlng a '0' to the control bit ln the sam e fashion that It
5 6 7 8 w as enabled .

o o () () so IN T/s Ec . T he proper response to a tlm er lnterrupt is to disable the
tlm er as d escrlbed a bove and then Im m ed lately re-enab le it

.1 0 0 0 75 IN T/S EC .
c 1 jc jx y/s Ec . T hIS rem oves the Interrupt from  the bus In preparation for the0 1 0

next tlm er Inte rrupt.1 1 0 0 134
.5 IN T/S EC .

0 0 1 0 150 IN T/S EC .

1 () 1 () acc lx y/s Ec . s
. j oc sus pjNs Jz0 1 1 0 600 IN T/S EC

.

1 1 1 0 1200 IN T/S EC . W 0 4 -  1 1 6 -  INT J1

vl1 5 -  2 1 s -  INT .,20 0 0 1 1800 IN T /S EC
. Vl2 6 -  3 1 4 -  INT J31 0 0 1 2000 IN T/S EC

. vl3 7 -  4 1 3 -  NC0 1 0 1 2400 IN T/S EC

. vI4 8 -  5 1 2 -  TM RI1 1 0 1 3600 IN T/S EC

. V15 9 -  6 1 1 -  NC0 0 1 1 4800 IN T/S EC

. vI6 10 -  7 1 0 -  RXINT1 0 1 1 7200 IN T/S EC

. vI7 1 1 -  8 9 -  TXINT0 1 1 1 9600 IN T/S EC

.

1 1 1 1 19200 IN T/S EC .

O N = '0' O FF = '1'

I/O  C O N N E C T O R P IN O U T S
The above baslc rate ca n be red uced by a facto r of 2, 4 ,

or 2 by cuttlng the trace at J 12 fro m  'A ' to co m m o n o n the
qolder slde of the board , and Installlng a jum per betw een A  Sm all am ount of current Is availab le fo r pow e ring exter-

o m m on and 'B ', 'c ', or 'D ' for a red uctlon of 2, 4, or 8. nal devices such as a keyboard or A to D converter at each

po rt connecto r. T he total current avallab le is show n be low :

EXA M P LE ' T o set the Interrupt rate to 9600 IN T /S EC ., D IP

a ltch s2 w ould have posltlon 5 O N and posltions 6, 7, and 8 +  5 vo lts @  200 m a TO TA L FO R

Aould be O FF +  1 2 volts @  50 m a A LL 3 PA R A LLEL
- 1 2 volts @  50 m a C O N N EC TO R S

EXA M P LE . To set the lnterrupt rate to 1 10 IN T /S EC ., D IP

Swltch 52 w ould have posltlons 5, 7, and 8 O N and positio n 6

would be O FF

C @ N N E / T / R  P IN @ U T - P A R A L K E K I/O  P O R T

clude

utp ut DB 25 PlN NUMBER AND SIGNAL NAM E

 d ata 1 - -1 2 volts 9 
-  D(x  1 7 - o ls

a s e sj 2 D I0 1 0 - DO 2 18 - D l7

41 be 3 - D 12 1 1 - DO 4 1 9 - GROUND$
4 - D 14 1 2 - DO6 20 - GROUNDirectly 
5 - o I6 , a - +  1 2 volts 2 1 - EN A B LE

S o m e 6 - STROBE 14 - GRO UND 22 - DO 1
* 7 - + 5 Volts 1 5 - D I 1 23 - DO3PW R

8 - ATTENTION 16 - DI3 24 - DO5le by 
zs - o o 7

utptd
I 7 YOP V'EWn y

 d ata oNo o1: pla oIs olz oNo oNo ex oo, oo3 oos Doz oND

e be- 1 ** @ @ * . * 20@ * * . * * *2:

1 2 alo D12 D14 Dle sr +s AT Doo ooa oo* ooe +1 zngth.
1 * . * @. . . 1* . @ . . @ * 1 3

1; 1
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D0g 36 ST +5 AT +5 Eh ST +5
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x  1 35
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I l
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B O A R D  P @ W E R -U P  A N D  T E S T IN Q

C H E C K IN G -O U T  Y / U R  B O A R D  S E R IA L l#@  T E S T IN G  R @ U T IN E  6. W
i k

00*  0050 CONTROL EQU 01 H CONTROL PORT ADDX SS @ il

N Ow  f0r the fun part B EFO R E you Install the board oooo 0060 STATUS EQU 01 H STATUS PORT ADDRESS bl
tem  take the tlm e to check these few  thlngs over 0000 0070 DATA EQU 00H DATA PORT ADDRESSIn your SyS 

, 0000 0080 *

000 0 00 90 *

0000 0100 ORG 0000HZ  1 ARE ALL THE JUM PERS AND DIP SHUNTS PRO PERLY INSERTED ? 
.0000 01 1 0 7

.  V 60000 3E 00 0: 20 START MVI A 00H INITIAUZE THE
(Z 2 ARE THE BAUD RATE SW ITCHES SET TO THE PROPER BAUD RATE nou coNrRou pon'r b !0002 D3 01 01 30 OUT CONT

FO R YO UR TERM INALQ s Axo st0004 DB 01 01 40 BEGIN IN STATUS INPUT STATU

0006 E6 02 01 50 ANI 02H MASK FOR OAVZ  3 ARE THE PO RTS YO U W ANT TO USE PRO PERLY ADDRESSED AND 
o gz a Eo ls lfz x o N /c H Ec x A O A IN 

W
()00B C A O E 01 6E N A B LED T 

jjr o A v 1 Iu puy D A TA &00OB D B 00 0 1 70 IN D A T A

O00D 47 01 80 MOk B A MOVE TO REGISTER BC ) 4 IF YO U DO N T W ANT TO USE A PO RT IS IT DISABLED ; 
yu s x pu r s 'rv u s A N DO* E D B 0 1 0 1 90 LO O P IN S T A

001 0 E6 01 0200 ANI 01 H MASK FOR TBMTC ) 5 ARE THE HARDW ARE/SO FTW ARE PRO G RAM M ING JUM PERS SET 
Jz uo o p IF N o T R EA D Y C H EC K A G AIN00 1 2 C A OE 0 21 0

THE W AY YOU REALLY W ANT THEM ; ovE DATA xro 8 . V001 5 78 0222 MOV A B IF TBMT
- ! M

001 6 (73 00 0230 OUT DATA REGISTER A THEN OUTPUT ;C ) 6 ARE YO U SURE YO U AREN T TYING TW O O R M O RE O F THE 
u ca 04 0240 Jup BEGIN Juvp FoR NEXT CHARACTER p001PRO G RAM V ING O UTPUTS TO G ETHERT

b

Z  7 ARE THE INTERRUPT JUM PERS SET TO THE PRO PER INTERRUPT
UINE oR AnE THEY coMpuETEuv RcvovEov P A R A L L E K l#@  T E S T IN G  R O U T IN E

EE1 8 IF USING CURRENT LO O P ARE THE PRO GRAM M ING LINES SET so zus Eou OFaH STATUS PORT ADDRESS0000 0000
PRO PER LY FO R U S IN G  EIT H ER O N -BO A R D C UR R EN T S O U R C E O R po nyo Eo u oFoH po n'r o 

-  c o hm  Jj0000 00 10
TH E E XT ER NA L S O UR C E T po qy , 

.  c o ss Ja0000 K 20 PO RT I EQ U 0F1 H

00oo 0030 PORT2 EQU 0F2H PORT 2 CONN J3Z  9 IF USING 95232 ARE THE PRO GRAM M ING LINES SET PRO PERLY 
.0000 0040FO R M A S TE R O R S LA VE M O D E 7 
.000 0 00 50

0000 0060 ORG 0000HZ  1 0 ARE THE O PTIO N JUV PERS SET TH6 W AY YO U W ANT?
0 00 0 00 70

0000 3E 0o 0080 START MVI A 00H CLEAR THEC ) 1 1 ARE THE PARALLEL INTERRUPT M ASK JUM PERS SET THE W AY YO U 
o uT s'rv u s IN T ER RU PT M AS K000 2 D 3 F3 OOK

W A N T ; puy. syv us As D M ASK* 04 DB F3 01 00 BEG IN IN STATUS IN

0006 E6 01 01 1 0 AN1 01 H FOR PORT 0 DATA AVLC ) 1 2 ARE THE PO LARITY SELECT SW ITCHES SET PRO PERLY; 
V A O A IN0008 C A 04 00 0 1 20 JZ B EG IN IF N O N E / T R

0o0B D e Fo 0 1 30 IN PO R T O  IN PU T D A T A A N D

If yotl have answ ered yes to aII of the above , you are ready oooo 4z o! 4o Mov B A STORE Is REG a

to Install the board ln yo ur system  E nter the serlal testlng O00EDBF3 0150LOOP IN STATUS INPUT STATUSANDMASK
tlne VIa e lther the front pane l sw ltches, ed ltor assem b ler, 000EE602 0160 ANl 01H FORDATA ACCEPTEDrou

0o 1 2 C 2 O E 00 0 1 70 JN Z LO O P R EC H EC K IF N O T A C C EPTED
O r any m e ans ava llab le ya w E IIATAAXD001 5 78 01 80 MOV A B RE

00 1 6 D 3 F0 0 1 90 O U T PO R TO  O U TPU T TO  PO R T 0

00 1 8 C 3 04 00 0 200 JM P BE G IN S TA R T A G A IN

IF  Y 0 U  E X P E R IE N C E
A  M A L F U N C T I@ N

S E R IA K S E C T I@ N  T E S T IN G

1 Verlfy that the Baud rate you want Is belng dellvered to 4 Verlfy that your computer Is gettlng the status Of the l
the U A R T W Ith a scope or frequency counter, m easure board by runnlng a slm p le program  Ilke the one be low  $

fthe frequency at plns 40 and 1 7 of the U A R T R em em ber LO O P IN S T A T U S 
(your status port)that the UART needs a 16x clock

, so the frequency w lll be kJM P LO O P
1 6 tlm es the B aud rate

Verify that the llne SWE pulses Iow whlle thls program Is kEXAMPLE 1 200 Baud x 1 6 = 1 9 2KHz j 
and 9 of the status gate U24) and that the rrunnlng (plnsfor people w 1th scopes 

d ja js gettjng on to the buss from  the buss drlver U 33 as 'aF
requency (Hz) = 1 pIn 1 and 1 9 pulse Iow and hlgh

, respe ctlve ly
cycle perlod (seconds)

5 Verlfy that the program m lng Iatches (U35, U36) and the j2 V
e rlfy w lth scope or Iog lc probe that data reaches p In 20 U A R T are rece lvlng the lr contro l strobes w hen the fo llow

-

of the UART when you type a character on your ter- 1ng program Is run l
rm lnal If not - trace back and see w here It's be lng lost

LO O P O UT C O NTBO L (your control port)
3 Verlfy that the status blt DAV (pln 1 9 of the UART) goes JV P LO O P

hlgh after strlklng a character from  the term lnal If It does T he Ilne c s should strobe Iow  w hlle thls program  ls run
-  1not

, and data ls gettlng to the UART, you m ay have a bad ning (check pIn 9 of U35 and U36)
U A R T .

17 6
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I

6 Verify that data ls reaching the U A R T 'S from  the host com - 9 If you don't seem  to be gettlng any of the above m en-

te r by running the fo llow lng prog ram  and observing that tloned contro l strobes, check p In 4 of U 19 fo r a lowpu

34 of the UART (DS) strobes Iow  NO TE' O nly gar- Strobe w hen running any of the above program s If not,ss pIn
1 bage w lll be transm itted e lther the address is set w rong o r there Is a defective i

sw itch, l C  or board in the I/O  address decodlng circui-
LO O P O UT DATA (your data port) try A lso pin 5 of U 1 9 should be strobe Iow to Indlcate

JMP LOOP either a PSBIN or pWR

? Verify that data ls reachlng the com puter from  the U A R T

by running the follow ing program s and observlng that RDE p a a a k k s k S E C T IO N  T E S T IN G
strobes low (pins 4 and 1 8 of the UART) and that plns 1
and 1 9 of U 33 strobe Iow  and high, respectlve ly hjgjj w hen

1 V erlfy that p in 1 1 of the input 74L5 3 74 pulses

Lo o p IN DATA (your data port) the input is strobed
JM P LO O P

2 V erlfy that p lns 1 5 , 1 3 , 1 1 and 9 of U 1 7 strobe low  w hen

GAIN verify that serlal data is Ieaving the U A R T pln 25 and is YO U lnitlt from  ports 0 , 1 , 2, and 3 respective lyi
IN T O

auT propagated to the output connecto r p in thro ugh the out- hen
3 V erlfy that p lns 1 4 , 1 2, 1 0 and 7 of U 1 7 strobe Iow  w

DTER put Ievel translators T est thls w hlle running the I/O  j
you output from  ports 0 , 1 , 2, and 3 respectlve yb

oard testsng routlne .

4 If you haven't been gettlng the strobes ln the tw o prevlous
step ,s check for po rt enab le strob lng Iow  on p In 4 and

heck for pW R and PD B IN strob lng Iow  on pln 5 Of U 1 7c

K

K

T E D

the

PW

m  IS

k the

3 as

the

O W -

ru n -
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@ IR @ U IT  P E * @ R IP T I@ N

T H ET H E S E R IA L S E C T IO N INTERRU PT LO G IC

T
The heart of the Serlal Sectlon of thls board ls a M O S LSl The Interrupt Loglc conslsts of tw o A N D gates (U21) ant the Ij

UA RT. The UA RT perform s the com plete parallel to serlal and tw o o pe n co I I ecto r I n verters ( U 26) . W  h en the uogic.
serlal to parallel co nverslo n, erro r d etectlo n, a nd serlal fo r- H ardw are/s oftw a re p ro g ram m lng log lc is set so that the In- Im e rT

m at m o d lflcatlo n necessary fo r rellab le and flexlble se rlal terrupts are enab led , a hlg h level o n elther D A V  o r T B M T w 1II

co m m u nlcatlo n T he S e rlal S ectlo n ca n be d lvld ed Into seve n g enerate a D A T A  A V A ILA B LE o r T R A N S M ITT E R B U FFER

subsectlo ns. I/O  P ort S elect Log lc, B us D rlver Log lc, E M PTY Interrupt throug h the open collector inverters. W hen

H ardw are/softw are Program m lng Loglc, Baud R ate Select the Interrupt ls processed and elther the data read or w rltten, 1/o  I
Loglc, Interrupt Log lc, S erlal Llne Level C onverslo n Log lc, the Interrupt Is rem oved from  the bus.

and the U A R T .

25L5

I/O PO RT SELECT LO G IC SERIAL LINE LEVEL CO NVERSIO N LOd IC nectt
of th'

A d d ress Ilne A 1 thru A 7 each feed lnto o ne ln p ut of the T he S erlal Llne Level C o nve rslo n Log lc co nslsts of tw e in th

25L52521 octal com parator (U 28) w lth the other Input con- m aln parts: the R5-232 - TTL Ievel converters and the current the I
nected to a posltlon on the C hannel select dIp sw itch (S3). Ioop and TTL Ievel converters. A 1l the slgnals from  the chan- VLIIS'
T he lnp ut of the co m parato r ls gated by the I/O  d etect Iog lc neI co nnecto r 04 are b ro ug ht o ut to Jum per sockets Js and J6 m 2S

conslstlng of an X-O R gate (U8) w 1th SINP and SO UT as Its in- for user program m lng. A II R5-232 Ievel slgnals are taken SO U
p uts. W hen the I/O  o peratlo n Is d eco ded and the selected ad - fro m  05 and are fed to and fro m  level co nverters U 13 and U 14

dress Is on the bus, the control line decoder (U 19) Is enabled. (1489 and 1488). The 1488 (the industry standard EIA RS-
The proper strobe Ilnes are decoded by U 19 w 1th address A 0 232-C llne drlver) converts the TTL Ievel slgnals to the + 12 sT ;
and SO UT, and are strobed to the UA RT durlng PW R * or and -12 volt slgnals to drlve the transm ltted data (TxD ) and
P D B IN tw o R 5 -232 hand shaklng slg nals C A  and C D . H o les fo r d lsc

capacltors (C7-C9) are provlded on the output of these bus
drlvers to llm lt slew  rate to Iess than 3OV /US EC for com - decB U S D R IV E R LO G IC  
atjblllty w ith the R S -232-C  speciflcatlons. Fo r very short stal9

ca bles, ca paclto rs w 1th values up to 400 P F m ay b e Installed. res
D ata fro m  the S -100 b us Is b uffe red o nto the Internal bI- Fo r very lo ng ca b les

, no ca paclta nce sho uld be ad d ed d ue te ha6
d lrectlo nal data bus by octal b uffer U 32 w henever SIN P ls not the capacltance o f the cab les alread y llm ltlng the slew  rate

. byhlg h D ata fro m  the lnte rnal b l
- dlrectlonal bus is buffered The 1489 (Industry standard EIA RS-232-C Ilne recelver) con- b1t

o nto the S -100 b us by U 33 w he never a valld boa rd e nab le ve rts the +  12 a nd -12 vo lt Ievels back to T T L Ievels fo r the 1
evand a P D B IN stro be both occur

. UA RT and the 3 handshaklng Ilnes C B, C C , and C F (O PT.). da
H o les are provld ed o n the board fo r ad d lng the respo nse na

control capacltors (C 10-C 13) for increased nolse Im m unlty. be
H A R D W A R E /S O FT W A R E P R O G R A M M IN G  LO G IC

re 4
T he cu rrent Ioo p and T T L Ievel slg nals aII ente r and exlt he

T he H ardw are/s oftw are P rog ram m lng Iog lc co nslsts Of thru J6
. T he + IN and -lN slg nals are deslg ned to feed o pto- th4

U35, U36, J9, and J10 Q uad 'D' type Iatches (U35, U36, Isolator U 14 elther through the on-board current source
74L5175) are reset by elther PO C or PRESET to a know n (R 10), or dlrectly from  an external current source. The output
state T hls estab llshes d eflned Ievels o n o ne sld e of the of the o pto -lso lato r ls co m blned w lth the T T L IN slg nal

, In -

Jum per sockets (J9, J10) w hlch can be w lred to each of the verted (U27), A N Ded (U30) w lth the data from  the R5232 Ievel 1:
four slgnal Ilnes on the opposlte slde Of the Jum per socket. converted data, and fed to the UA RT (U 34) serlal Input Ilne
Slnce the Iatches brlng out both Q and Q * outputs, each of the (SI). Transm lt data (TxD) ls Inverted (U27), fed to J6 for TTL
elg ht co ntrol Ilnes ca n be tled e lthe r hlg h o r Iow  fo r any d ata a nd d rlves the L E D  of o pto-lso lato r U 15

.  T he o utput of tk
pow er-on or reset param eter settlng T he control strobe out- U 15 ls buffered by Q 1-D 2-R 11 and fed to J6 w here Is uses

put of U 19 allow s w rltlng Into these Iatches for software ejther the on-board current source (R9) or an external current
'1' to the so urce to d rlve the + O U T and -O U T llnes

.  

' 9m od lflcatlo n Of the elg ht pa ra m eters by o utp uttlng a
tlb

lt correspondlng to the parameter to be changed. Output- ) (4t
lng a '0' to the bIt w III return It to ItS lnltlal settlng ! b

U A R T f a

CB A U D R A T E S E L E C T LO G IC  
from  the 1n- fThe UA RT (U34) takes the parallel lnput data

ternal bus, serlal parameters from the programmlng Ioglc, j (The Baud Rate Select Loglc Is the slmplest sectlon of the
the baud clockv and o utp uts se rlal d ata fo r the Ievel co nver- l (b

oard and conslsts of the baud rate generator (23), a 5 0688 slon Ioglc
.  It also takes the serlal lnput data from  the Ievel l lM H

z crystal (X 1), one half of dIp sw ltch S2, and the m lnus 5 converters
, the baud clock, and the serlal param eters, to I 4volt regulator (R6 and D1) The baud rate Is set In a blnary

yleld parallel converted data for the Internal bus as well as ) 'fashlon on posltlons 1
- 4 of 5 2 for both the transm lt and tstatus throug h status buffer U 24 and lnterrupts for use by the

recelve sectlo ns of the U A R T . P osltlo ns 5-8 of S 2 select host p rocesso r
.

the base Interru pt rate fo r the Interrupt tlm er

17 8
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TH E P A R A LLE L S E C T IO N  PO RT LATC H ES

The parallel sectlon conslsts of flve m ajor subsectlons: The port Iatches (U2, U3, U5, U6, U9, and U 19) accept

d the I/O  P o rt s elect Log lc
, 

the S tatus P o rt. lnte rrupt data elther fro m  the Internal bus or from  an external devlce. 1
e Loglc/lnterrupt M ask P ort, the P ort Latches, and the Interrupt 'D ' fllp flops U 1, U 7. and U 11 act as the status fllp flops for the 1

)- Tlmer. above latches. When the lnput strobe passes thru the polarity r
'

1 Select X -O R gates, the selected transition w lll Iatch the lncom - '

r .

-  

ing data into the 74L5 373 or L3 374 and set the status fllp flop. E

-

' ' 

W hen thls d ata is read by the processor, the enabse stro be !

-'' I/O  P O R T S E L E C T LO G IC  gates the data onto the internal bus and clears the status flag. I
w hen the processor o utputs data to an outp ut reglster, the

A d d ress Ilne A 2 thru A 7 each feed one Input of the clock inputs of the Iatch and the attentlon fllp flop are strobed ,

25Ls2521 octal com parator (U31) wlth the other Input con- the output strobes are generated and the attentlon Ilne Is set
nected to a sectlon of the port select DIP sw ltch S4. The input (lf the output Is not enabled), and the data ls latched The at-
of the com parator Is gated by the I/O  detect logic desçribed tentlon fllp flop Is cleared w hen the output enable Ilne enables

 

In the serlal sectio n. T he o utput of the com parato r enables the output reg lster. T he output strobes are as long as the
o  4

the port decoder (u 17), w hich generates the proper strobe pW R* strobe In the com puter system .
tt ,

pulses for the slx Iatches, the status port and the lnterrupt .
-

6 mask port dependlng on the three select inputs (A0, A1. and !
O UT) and w hen elther a pW R * or PD BIN occurs. IN T E R R U PT T IM E R

n  s l

4 T he Interrupt T im er co nslsts of o ne half of the baud rate
-  

x o  gate E
generator (U20), a dual 4 bit counter (U29), an A

2 STAT U S PO RT u22) and an open collector Inverter (U29). The output of the(
d baud rate generator is divided by 16 by one half of the
C T he s tatus P o rt gates Its Inform atio n onto the internal ter and the o utput is fed to the other half for furthercoun

e bus w lth Hex Trl-state buffer (U 18) w hen pin 9 of the port djvjdjng and clearing. After pow er-up or reset, the second
- decoder (U 17) strobes Iow . Data bits D0, D2, a0d D4 carry the counter Is held cleared until a :1' ls w rltten Into the lnterrupt
t tatus jnform atlon from  the input port on J1, J2, and J3 jster blt D 3

.  
W hen enabled , the counter w lll Incre-s m ask reg

1. respectlvely
.  A hlgh Ievel on these Ilnes Indicates that data t and w hen the jum pered output goes hlgh (J 12), an In-m en

O has been strobed lnto the lnp ut buffer and has not been read terrupt Is generated
. 
W hen recog nized , the e na b le co u nter

'. by the processor. Data blts D 1, D3, and D5 carry the attention jyoujd be cleared (rem ovlng the Interrupt from  the bus) bys
- bIt status from  channels J1, J2, and J3 respectlvely. A  hig h tp utting a .0, and then a '1' to the lnterrupt m ask bIt D 3. T hlsou

e Ievel on these Ilnes ind lcates that the processor has output tjon resets the counter and readys lt for another lnterrupt.ac

)' data to the ports that has not yet been accepted by the exter-
6 naI devlce . A  Iow  on this input ind icates that the d ata has
'

'  bben accepted. T hls bIt has no sjgnificance w hen the output

reglster Is enabled at aII tlm es since the attentlon flag Is being
't held clear

. 

T he status port alw ays resldes as the last port In

'- the block of fo ur parallel chan ne ls.
e

It

tI IN TE R R U P T LO G IC /IN T E R R U P T M A S K P O R T

e

î The Interrupt Loglc consists a quad .D' type Iatch (U23),
'f three 'D' type fllp flops (U 16 and U22a), four 2 input A ND
S gates (U22), and four open collector inverters (U26). The
't d latch ls cleared on pow er-up or reset to a know n stateqtla

that can be jum pered across J8 to the inputs of the A N D gates
to act as enables for the Interrupts. T he latch can also be W rit-

ten Into fro m  the Internal bus w hen stro bed by decoder U 17,

allow lng the alteratlon of the Interrupt m ask under softw are

control D ata bdts D 0, D 1, and D 2 control the Interrupt enables
1- fQr the channels on J 1, J2, and J3 respectlvely. D ata blt D 3

7, controls the startlng and stop plng of the tim er and w lll be d is-
'

-  cussed ln a follow lng sectlon. A  strobe b1t fro m  any of the In-

:1 put channeqs w lll set the a p p ro p riate 'D ' fllp flo p , and lf

o enabled w lll p rovld e a hlg h Ievel to the O .C . Inverte r w hich

s drlves the Interrupt Ilnes. W hen the Input data Is read from

e the latch, the 'D ' fllp flo p ls cleared and the lnterrupt ls

rem oved from  the S -100 bus.

1F 9



Listarts

E1 (1) C lrcult board

INTEG RATED C IRC U ITS (Note: the follow lng parts m ay have
Ietter sufflxes and preflxes alo ng w 1th key num bers

glven below ).

E(l (2) 74L504 hex Inverter U 16, U 27

(ZI (1) 74L505 hex o.c. Inverter U26
IZ  (3) 74L508 quad A N D gate U21, U 22, U30
E1 (3) 741-574 dual ;D ' flop U 1, U7, U 11
IZ  (2) 74L5 138 3-8 decoder U 17, U 19
Lll (3) 74L5 175 quad dD' Iatch U 23, U35, U 36

EZ (1 ) 74L5241 octal bus driver U 33

IZ  (1) 74L5367 hex bus driver U 18
IZI (3) 74L5373 octal latch U 2, U5, U9
U1 (3) 74L3 374 octal 'D' Iatch U3. U6, U 10

Z  (2) 74L5386 quad X-O R gate U4, U8
Z  (1) 74L5393 dual 4 blt counter U29
EEI (2) 81L595/97 octal bus drlver U24, U25
E1 (1) 81L595 octal bus drlver U32
L1 (2) 25L52521 octal com parator U28, U31

EEI (1) 1602/1863 UA RT U34
Z1 (1) 2941 baud rate generator U 20

(Z (1) 1488 R5232 driver U 12
Z  (1) 1489 R5232 recelver U 13
E1 (2) M CT-2 opto Isolator U 14, U 15
Z  (1 ) 7805 + 5V regulator U39

Z  (1) 7812 + 12V regulator U38
IZI (1) 7912 - 12V regulator U37

O T H E R E LE C T R IC A L C O M P O N E N T S

Z  (1) NPN transistor - 2N3904 Q 1*
L(1 (1) 1N914/806-36 slgnal diode D2*
(Zl (1) 1 N751A 5V Zener dlode D 1*
Z  (6) SIPS reslstor pack R 1, R2, R3, R5, R 13, R 14*
Z  (1) 470 ohm  resistor R8*
(7) (2) 560 ohm  reslstor R9, R 10*
(Zl (3) 2.7K reslstor R6, R7, R 12*

IZI (1) 4.7K reslstor R 1 1*

(Zl (1) 5 0688 M Hz crystal X1
EEI (4) 1.8 uF 35V tantalum  cap C 1, G 2, C4, C 5

Z  (2) 39 UF 10V tantalum  cap C3, G6
(Z1 (27) dlsc caps*

M E C H A N IC A L C O M P O N E N T S

Z  (40) Iow proflle sockets*
L1 (4) dIp sw ltches 8-pIn S 1, 54

IZ  (1 ) heat slnk for U 39

(Z1 (3) sets 6-32 hardw are

IZ  (4) 26-pIn l/O connector J1 - J4
IZ  (3) 16-pIn dIp platform  J5 - J7
EZI (3) 16-pIn dIp shunt J8 - J10
ET (1) lnstructlon book

18 0
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A B O U T SP EC T R U M  T EC H N IC A L O V E R V IE W  M EM C

C o n g r a t u l a t i o n s o n y o u r p u r ch a s e o f T h i s b o a r d in c o r p o r a t e s p r ov en s t a tic

S PE C TR UM  - a co lo r g raph ic s b o a rd d e s ign e d m em ory techn ology for th e 8K x 8 screen m em ory CK b l

spe c ifica l ly fo r fu l l el ec trical an d m ech an ica l o f tb e 6 8 4 7 c o l o r g r a p h i c s g e n e r a t o r . W ith :ho w n

com p a t ib il ity w i th th e IEEE S - 100 b u s s tan d a rd . t h e 6 8 4 7 , th e u s e r c a n s e l e c t 10 d i f f e r ent

Th e S - 10 0 b u s is th e pr o fe ss ion a l Jev el ch o ic e c o 1 o r m  o d e s o f o p e r a t i o n - f r o m  f u ll

f o r c o m m e r c i a l , in d u s t r i a l a n d s c i e n t i f i c alp h an um er ics v i th sem i g r aph ics to h igh d en sit,

a p p l i c a t i o n s . Th i s b u s p r ov id e s fo r r e a d y g raph ic s .

ex p an s ion and m od ifica tlon as the s ta te o f th e Up on po w er-u p , th e SPE CTR UM b oa rd b eh aves

com pu ting ar t im pr ov es . W e b el iev e th a t th is as a stand a rd h igh sp eed 8K sta tic RAM  b oard -

b oa rd w ith th e re st o f th e S - 10 0 p o r t ion o f th e cap ab le of run n in g at 4M h z w i th a 7 - 80 an d 5M hT

C o m p u p r o f a m i l y i s on e o f th e b e s t b o a r d s w  i t h a n 8 0 8 5 o r 8 0 8 8 . W h e n g r a p h i c s a re

av a ilab le for tb at b us . re qu i r ed
, th e u se r al te r s th e b o a rd pr o g ra m m ing

F e a t u r e s , su c h a s 8K  o f f a s t , 1 o w  p o w e r t h r o u g h th e G r a p h i c s C o n t r o l P o r t . T h i s p ort

s t a t ic R A M , 24 b it a d d r e s s in g , a fu l l d u p le x n o t on ly co n t r o l s th e b o a r d 's op e r a t io n a s a

p a r a l lel po r t an d a 75 oh m , R S - 1 70 v id eo ou tp u t R A M  b o a r d o r a g r a p h i c s b o a r d
, b u t g r a p h ics

a l lo w  f or m ax im u m  f lex ab il ity at a re a s on ab le d e n s i t y , color set and alphanum erics /sem f-
p r ic e . g raph ic s m ode .

T h a n k y o u f o r c h o o s i n g a C o m p u p r o A  75 oh m  v id e o ou tp u t is pr ov id ed th rough

Produ ctu .. w elcom e to the club . an RcA type jack for dïrect connection to a

co l or m on i to r , o r th r ou gh a fo u r p in con n e ctor

th a t c a n d i r e c t l y m a t e t o an y F .C .C . a p p r ov ei

m  o d u l a t o r . A  p r o g r a m a b l e w a i t s t a t e is

p r ov i d ed in co l or gr ah ics m ode to com p en sate

fo r th e re s tr ic ted tim in g re qu i re m en t s w h en the

6 8 4 7 i s in o p e r a t i on . 24 b i t a d d r e s s in g is

p r o v id e d so th a t th e g r a p h i c s R A M  c a n be

r e m ov e d f r o m  b a s e p a g e m e m o r y , a n d f i n a l l y , a

fu l l dup lex pa ra l le l po r t w i th fu l l h an d sh ak inz

ï s p r ov i d e d f o r in t e r f a c in g t o k e y b o a rd s ,

Joysticks, LED's or anything requiring parallel
d a ta .

O th e r f e a t u r e s s t a n d a r d to a 1 1 C o m p u p ro
Th eb

oa rd s in clu de th o ro u gh b y p a s s ing o f a 11 su pply
e 1 el i

n e s t o s u p p r e s s t r a n s i e n t s , o n b o a rd
p 1 a

r eg u l a t o r s , a n d 1o w  p o w e r S c b o t tk y a n d M 0S
n o r

t e ch n o l o g y in t e g r a t e d c i r c u i t s fo r r e l i ab ly
0F Fco ol o p e ra t ion . A 11 th is and sock e ts f or a11

IC 's g o on t o a d o u b l e s id e d , so l d e r m a sk ed

p r in ted c i rc u it b o a rd w ith a com p le te com p on ent

l ay o u t legend . nW

P 'r t

th (

c  a l

n O l

PH

P :

s ;

1 6

d d

b d

S .

1 8 8
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MEM O R Y  A D D R ESS A SS IG N M EN T W A IT STA T E SW IT C H

i c Th i s b o a r d i s a d d r e s s ab l e a s o n e s in g l e sw i t c h  p o s i t i o n s 3- 8 i s u s e d to d i s ab l e

3r y 8K b l o c k , p o s i t i o n a b l e o n an y 8 K b o u n d a r y a s th e w a it s ta te c irc u it w h en r un n ing in g rap h ic s
tb sho v n b e l o w . m o d e . In 2M h z s y s t e m s , tb i s b o a r d i s f a s t :

n t e n o u g h t o r u n w i th n o w a i t s t a t e s - ev e n i n '

1 1 raph ic s m od e . llo w ev er , in sy s te m s run n in g at '
g

fty SW IT C H FUNC T ION 4 a n d 5 M h z , a w a i t s t a t e i s r e q u i r e d i n l

PO S IT ION g r aph i c s m od e to in su r e re l iab le da t a tr an s f e T .
r'

e S T h e re fo re , 2M h z sy s tem s sho u ld r un w i th 5 3 -8 in

 - S3-1 ADDRESS A 15 th e ON position (w ait state disab led ls and d
1

th z s 3-2 A DDR E SS A 14 4M h z and up sy s tem s shou ld h av e 5 3-8 tu rn ed 0FF
S

,r e s 3- 3 ADDR E S S A 13 a n d th e p r o p e r c l o ck ph a s e se lec ted w i th S 3- 7.

 AB LE In a 11 sy s tem s r unn ing at 5M h z and b elo w , th isn g 5 3-4 M EM OR Y D IS
r t 5 3-5 WR IT E ENA BL E b o a r d w i l l run w i th ze r o v a i t s t a t e s in 2 A M  C

; a s 3-6 PHAN TOM  ENAB LE mode . jl

3- 7 PHA SE 2 CLOC K SEL ECT u i th th e w a ft sta te en ab led , 5 3- 7 sh ou ld '
. c s s
i - 5 3- 8 WA IT ST/ TE D ISAB L E b e set to p rov ide the p rop er clock ph a se to th e d

w a i t s t a t e g e n e r a t o r . Ty p i c a l l y , 5 3- 7 s h o u l d
23b b e in th e 0 F F p o s i t i on w h en u s ed w i th m o s t 1

:
h a STA RT ING SW ITCH D SIT ION S- 100 s tand ard C PU b oard s , ho w ev er , so m e of th e

O r A D D R E SS S 3- 1 S 3- 2 5 3 - 3 o l d e r p r o c e s s o r s m  i g h t r e q u ï r e f t fn t h e 0 N
e d o s i t i o n . If y o u a r e g e t t in g r e l i ab l e d a t a lP

i s 0000H  ON ON ON t r an s f e r s a t g re a t er th a n 3 M h z , S 3 -7 i s

ate 200011 ON ON 0 FF pr ob ab ly in th e righ t po sition . '

th e 400011 ON OF F 0N

i s 6 O 0 0H ON 0 %  O FF
b e 80:0H oF F ON ON 5 3- 7 CLOCK PRA SE

, a A 000H OFF ON O FF 0N NORM AL PHA SE 2 C LOC K

n g c 000H 0F F OF F ON 0FF TN VERTED PHA SE 2 C LOC K

s , E 000H OFF O FF 0 FF

e 1
N O T E : I f sh ip p e d w i th th e h i g h sp e e d o p t i o n a l

Fr o 5M 00 308 or sim ilar RAM  ch ips , th is b oa rd w ill

1 Th e RA M  on th i s b o a r d c an b e d i s ab l e d an d run up to 8 M h z w ith ou t w a ït sta tes in b0 th RAM
p y ele c t r i c a l l y r e m ov e d f r o m  m e m o r y s p a c e b y and G M PH IC S m od es .
t r d

?la c i n g sw i t ch  S 3 - 4 i n th e 0N  p o s i t i o n . F o rI O S

norm a l o p e r a t i on , s w i t ch S 3 - 4 sh o u l d r e m a i n
) l y

0FF .R1 1

Le d

ln t

W R IT E E N A B L E SW IT C H

Sw i tch po s i t ion 5 3- 5 can b e u s ed to w r i te

rote c t th e 8K b lock o f m em ory . W ith S 3- 5 inP

th e 0 F F p o s i t i o n , th e c o n t e n t s o f th e m e m o r y

can b e r e a d , b u t c a n n o t b e w r i t t e n i n t o . F o r

norm al op e ra t ion , th is sw i tch sh o u ld rem a in 0N .

PH A N T O M  SW IT C H

S w  ï t c h p o s ï t ï o n S 3 - 6 c a n b e u s e d t o

PIIANTOM  th e m em ory on th is b oard o u t of m em ory

sp a c e . W i th 5 3 - 6 in th e 0 N p o s i t i o n , a 1 o w

level on the PHANTOM W line (p in 67) w ill
dïs ab l e th e 8 K b l o c k . F o r o p e r a t i o n o f th i s

bo a r d in a m o d e w h e r e P H A N T O M A h a s n o e f f e c t .

53- 6 sh o u ld b e kep t OF F .
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E X T E N D E D  24 B lT A D D R ESS IN G

This board imp lem ents the proposed IEEE S- 100 EXA M PLE : If th e po rts are se t fo r F 0H (1-4 and

ex tended address lines A 16 thru A 23. W ith 8 OFF, 5-7 0N ), then the Status/control port THE I
tb i s f e lt u r e , th e u s e r c an p l a c e th e P A M  o n w i l l b e a t p o r t F OH , a n d th e D a t a p o r t w i l l be

t h i s b o a r d in a l o c a t i o n o t h e r th a n b a s e p a g e . a t p o rt F IH .

A s s h i p p e d , t h i s b o a r d i s s e t t o u s e t h e 8 in

e x t e n d e d a d d r e s s l i n e s w h e n d e c o d in g th e

board's locat ion in the m em ory m ap . To STA T U S/CO NT RO L PO RT BlT A SSIG N M ENT by tt
d i s a b le th i s f e a t u r e > a 1 u m p e r m u s t b e p r o (
in sta lled at loca tion 32 (in b etw een U 26 and Tjje llj

.
t a s s i g n m e n t f o r th e S t a tu s and r e B :

U 2 7 in th e l o w e r 1 e f t c o r n e r o f th e b o a r d . c o n t r o l p o r t s a r e a s sh o w n b e l o w
.  

In d ep th EI i B 1

W h en d i s a b l e d , w e s u g g e s t th a t y o u r e m ov e U 2 8 d e s c r i p t i o n s o f th e s e b i t s w  i 1 1 b e c ov e r e d fc th rc

(2 5L S 252 1 ) and place a11 8 sw itch es of S 1 in fur th er sections
.  

tb e l

th e 0 F F p o s i t i on . A d d r e s s i n g i s a s sh o w n

b el ow .
c a p

DA TA  STA T U S CO N TR OL t as
SW IT C H F UN C T IO N  u ca o W OR D 

c y xB IT
P O S IT ION

s t I

D 0 DA V GM 0 r e f
S 1- 1 ADDR E S S A 23 (- 1D 1 D Krr 

b e 1s 1
- 2 A DDR E SS A 22 a Im p s yn 

.  o f gD
S 1- 3 ADDR E S S A 2 1 ''ON '' = ''0 '' D 3 U ND EF

.  A*/G
s 1-4 A D DR E SS A 20 c s s0 4 gN D E F

. jx ptS 1
- 5 ADDRESS A 19 R w/cD 5 UNDEF

.

S 1- 6 A D DR E SS A 18 ''O F F '' = ''1''
D 6 H S * U N DE F .s 1

- 7 A DDR E S S A 17 A ux s sy 
.D 7 F S t o

S 1- 8 A DD R E SS A 16

t h d

e n  1

a r 1PO R T A D D R ESS S E L EC T IO N

P o

th z
'l'he SPECTRPM board contains two I /0 ports gse

to in c r e a s e i t s f l ex ab i l i ty t o th e u s e r . A

af u 11 dup 1ex parallel po rt (8 lin es in and 8
w  il i

nes out) is prov lded to interf ace to any type ti
u

o f p a r a 1 1 e 1 d e v i c e . I n a d d i t i o n , a

P oStatus/control port ïs prov fded to observe the
s t

s t a t u s o f th e p a r a 1 1 e 1 p o r t an d th e g r a p h i c s f 1

c h ip > a n d c o n t r o l th e m o d e s o f th e g r a p h i c s

d isp l ay .

S w i t c h S 2 i s u s e d to s e l e c t th e ad d r e s s O t

of th e tw o p or ts y w ith th e p a ir ad d r e s sab le a t

any locat ion in th e I /0 m ap on any tw o po r t
boundary. Tbe Status/control port resides at d ï
th e s e l e c t e d a d d r e s s o n S 2 , a n d th e D a t a p o r t l

e
re s i d es at th e se lec ted ad d re s s +  1. h

a

e rSW IT C H F U N C T ION

D S IT IO N EC

p I

l zS 2
- 1 A DDR E S S A 7 Iîox lf = 'ltllf E>

5 2 - 2 A D DR E SS A 6
r :S 2

- 3 ADDR E S S A 5 4î ,
1 f' ,, c è0 F F = 15 2

- 4 A DD R E SS A 4
ol5 2

- 5 A DDR E S S A 3
S!5 2

- 6 A D D B E SS A 2
C dS 2- 7 A D DR E S S A 1

'' 'f = D I SAB L ED Y 1S 2
- 8 PO RT D I SAB L E ON W

A d

e

19 0
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T H E PA R A L L E L PO R T

n d h
r t TH E D A T A  LIN ES Xe# is tef is en ab led , th e ATT ENT ION LINE b ecom es )

b e a s t r o b e l i n e , a n d w h e n T R I - S T A T E D , t h e

Th e pa ra l lel po r t on th is b o a rd prov fd e s A T T EN T IO N L IN E b e com es a lev el se l e c tab le flag

8 in p u t l in e s a n d 8 o u t p u t l i n e s f o r th e u s e r . b it .

Th e 8 bnpu t lfn es (D I 0-D I 7) allow a fu ll
b y te o f T T L l ev e l d a ta to b e s am p l ed b y th e A TT EN T IO N  LIN E

pr o c e s so r w h e n ï t is s t r o b ed in to th e in p u t

n d reg ister U 18 (74L5 374) b y an ex tern al strob e yu e wvzEx v ycx : it is used to in fo rm an E

th sig n a l . z 1 1 8 l in e s a r e p u l l e d to 5 v o l t s 1 d ev ice th a t d ata is av a ilab le . Th is Iex te rn a

in through the pullup resitors in S1P R 13, and are yit operates in one of two modes in conjunction
th e r e fo re re ad as a 'fl'' if le f t d isc on n e c ted . : d o p e r a t ï on ,w i th th e E N AB L E L I N E

.  In s t r o e

The 8 output lines (D0 0-D0 7) are not only th e ATTENT ION L INE b ecom es an activ e h igh
capab le of sink fng 24 M a ., b ut can be tr i- s trobe b ït w h en Q is jum p ered to C, and th e Q *
sta te d th r o u gh th e u s e o f th e O U T PP T EN A B L E t o C t r a c e is cu t . Th e w i d th o f th i s p u l s e is

L IN E a s d e s c r ib e d b e l o w . W h e n n e w  d a t a i s th e w id th o f th e s y s t e m  w r i te s t r ob e , P W R W

strob ed in to th e ou tpu t reg is ter , i t is (typ ically betw een 200 and 500 nanoseconds).
ref l ec ted on th e A T T EN T ION L IN E al so d e s cr ib ed I n h a n d s h a k e o p e r a t i o n , t h e d a t a o u t p u t

b el ow . r e g i s t e r i s n o r m  a l l y T R I - S T A T E D a n d t h e

A T T E N T IO N L I N E c h a n g e s l ev e l t o i n f o r m  th e

e x t e r n a l d ev i c e to p e r fo r m  a d a t a t r a n s f e r b y

IN PU T ST R O B E LIN E e n a b l in g th e o u t p u t r e g i s t e r . In a d d i t i o n ,

th e D N T s t a t u s b i t g o e s h i g h to in f o r m  th e

Th e stt ob e lin e on th e in pu t po r t is u s e d p ro c e s sor th a t th e AT T EN T ION b it h as b e en set .

to l a t ch n e w  d a t a in t o th e in p u t r e g i s t e r . Th e A T T EN T IO N L IN E r e se ts to th e or ig in a l lev e l

V is lin e al so se ts th e DA V s ta tu s flag so th at w h en th e ou tp u t reg is ter ch ang es from  TRI -STA T E

th e p r o c e s s o r c a n t e l l i f d a t a h a s b e e n t o en ab l ed , an d th e D N T s t a tu s b i t is c l e a r ed .

en t e r e d . S i n c e th e l a t ch an d th e s t a t u s f l a g A s sh ip p ed , th e A T T E N T IO N  L IN E i s s e t t o b e

ar e s e t on a l ev e l t r a n s i t i on , t h e s t r o b e n e g a t ïv e t r u e . T o ch a n g e th f s t o a p o s f t fv e

polar ity selec t sw itch (S 4) sh ould b e set so true l ev el , cut th e trace Y etw een C and Q * at

that your data is v alid at this tfm e. W fth the J5 and jum per C and Q together.#

select sw itch (S4) set in the center position ,
a 1o w  to h fg h t r a n s f t ï o n o n th e s t r o b e l in e

w i l l l a t ch th e d a ta an d se t th e f l a g . W i th j/o  CO N N ECTO R PIN O U TS

the s e le ct s w f tch s e t ïn the le f t or r ïg h t e dg e

p o s i t i o n , a h i g h t o 1 o w  t r a n s i t i o n  o n th e In  ad d i t i o n to th e 16 d a t a l in e s a n d 3

s t r o b e l in e w f l l l a t c h th e d a ta a n d s e t th e con trol l ïn es p rov fd ed a t the p o rt con n e c tor , a

flag . sm al l am oun t of cu r r en t is av a il ab le a t th e + 5 ,

+ 1 2 , a n d - 12 v o l t p i n s f o r p o v e r in g ex t e r n a l

dev ic e s su ch a s a k eyb o a rd or A  to D c onv er te r .

O UTPU T EN A B LE LIN E T he to tal cu rren t is sho w n b e lo w s and care m u st

b e tak e n n o t to ex c e e d th e s e ra t in g an d ov e r -

T h e O U T P U T EN A B L E L IN B p e r f o r m s tw o h e a t th e r eg u la tors .

d i f f e r e n t f u n c t i on s d ep e n d in g on th e in p u t

lev el and th e lev el select sw i tch (S 5). Tn + 5 volts @ 150 ma .
handshak ing opera tions , it is used not only to + 12 v olts @ 40 ma .

enab le the outpu t reg ister U 19 (74L S 374), Y u t -12 volts @ 40 ma .

to reset the attention bit (DNT) and inform the
p r o c e s s o r th a t d a t a b a s b e e n t a k e n f r o m  th e pB - 25 p IN x gM : ER A xo s lcxA t N AM E

la t ch . In s t r o b e d o p e r a t i o n s , th e 0 U T P U T

ENA BLE L INE is used to en ab le th e ou tpu t of th e 1- - 12 VOLT S 9- DA TA OUT 0 17- DA TA  IN 5

reg ister at a 11 tim es , and the / TT ENT ION L IN E 2- DA TA r: 0 10- DA TA opr 2 18- DA TA r: 7

chang es m od e as d esc rib ed b elow . Th e po larity 3- DA TA  IN 2 11- DA TA  OUT 4 19- GR OUND

of th is l ine is se lec tab le v fa the lev el selec t 4- DA TA IN 4 12- DA TA o pT 6 20- cRo ux p

switch (S 5). When th e select sw itch is in the 5- nATA Ix 6 13- + 12 VOLTS 21- ENABLE
cen t e r p o s f t i on , a 1o w  lev e l s fg n a l on th e 6- STR OBE 14- GRO UND 22- DA TA O B% 1

ENA B L E L IN E w i l l en ab l e th e ou tp u t r e g i s t e r . 7- +5 VOLT S 15- DA TA  IN 1 23- DA TA 0UT 3

W i th 5 5 in e i th e r th e le f t o r r ig h t e dg e 8- A TT EN T ION 16- DA TA IN 3 24 - DA TA OUT 5

position , a h igh lev el on th e ENA B LE L IN E w il l 25- DA TA  0UT 7

en a b le th e o u ep u t r e g i s te r . W h en th e o u t p u t

1# 1



CO LO R G R A PH IC S M O D ES A LPH A N u M ER lcs C H A R A CT ER SET SEM IG I

Th e SPE C TR U M  b o ard in i tla l ly p o w e r s-u p as H E X A SC II H E X A SC II HE X A SC II HE X A SCII -- - - -

an 8K RAM board, and consequently must be told DATA CNAR DATA CHAR DATA CHAR DATA CR/ 1 L3 1
to enter the color graph ics m ode. To 1 1
accomplish this, a logic 9'1'' must be sent to 00H @ 10H P 20H (SP) 30H 0 I I
data bit 5 of the CONTROL port. To exit from 01H A 11H Q 21H ! 31H 1 l L 1 l
g r a p h i c s m o d e b a c k t o R A M  m o d e , a l o g i c 190 '' 02H B 12H R 22H '' 3 2H 2 - - - - -

sh o u ld b e sen t to da ta b i t 5 of th e CON TR OL 03H C 13H S 23H 11 33H 3

port or the reset sw itch on your com puter m ay 04H D 14R T 24H $ 34H 4
b e pr essed wh icb clears th e CONTR OL p o rt to th e 05H E 15H U 25H 5 35H 5 coLo:

po w er- up sta te . 06H F 16H V 26H & 36H 6 c 2 c l

O n c e in g r a p h i c s m o d e , th e C O N T R O L p o r t 0 7H G 1 7H W  2 7: ' 3 7: 7

m ay be altered to en ter in to any of the n ine 08H H 18H X 28H ( 38H 8 x )
available m odes of operation describ ed below . 09H I 19H Y 29H ) 39: 9 0 (

0A H J 1A H z Z:H * 3A H : 0 (

DATA B IT M ODE 0BH K 1BH ( 2BH + 3BH ; 0

55 D4 53 D2 D1 D0 OCH L 1CH ï 2CH , K H < 0
0 X X X X X RAM M ODE 0DH M 1DH ) 2DH - 3DH = 1

1 X 0 X X X ALPRA /SEMIGRAPHICS 0EH N 1EH G 2EH . 3EH > 1 1
1 0 X X X X COLOR SET A 0FH O 1FH <- 2FH / 3FH ? 1
1 1 X X X X COLOR SET B 1

1 X 1 0 0 0 64 X 64 CO LOR GRA PH IC S N O T E : T o d i sp l a y A SC I I d a ta in A L PH A m o d e oc

1 X 1 0 0 1 128 X 64 GR A PH IC S y o u r S P E C T R U M  b o a r d , a 4 0 H b i a s m  u s t b,

1 X 1 0 1 0 128 X 64 CO LOR GRA PH IC S s u b t r a c t e d fr o m  A SC I I c o d e s 40H th r u 7F R tc

1 X 1 0 1 1 128 X 96 GRA PH IC S fo rm th e com p ac te d 6 b it co de for th e 6847% CO LO I

1 X 1 1 0 0 128 X 96 COLOR GRA PH IC S in tern al ch arac te r gen era to r.

1 X 1 1 0 1 12 8 X  192 GR A PH IC S

1 X 1 1 1 0 128 X 192 CO LOR GRA PH IC S m o d e l

1 X 1 1 1 1 256 X 192 GR A PH IC S tb e s

f' f' = d on e t Ca re W Y? ? tK

A LPHA /SEM IG RA PH ICS D A TA FO R M A T of tb
of t:

Th e al ph an u m er ic da ta sh o w n ab ov e sh o uld low e ;

b e con f ig u r ed a s sh o w n b e lo w  in th e sam p le d ata

w ord. To display a standard video character, PI1A LPH A /SEM IG R A PH ICS M O D E 
f, ,, iuv s r tej. d a ta b i t 6 sh o u ld b e a 0 . F o r an

ch a r a c te r , d a ta b i t 6 s h o u l d b e a ''1':. To -- -Th
e 6 8 4 7 co n ta in s an in t e r n a l ch a r a c te r d i

splay alphanum eric characters, data bit 7 IE3 I
g e n e r a to r c a p a b l e o f d f s p l a y f n g 6 4 A S C I I

sh o u l d b e a 110 :6 an d to en te r SEM  IGR A PH IC S ô - -
ch a r a c te r s , v h i ch m ay b e d isp lay ed in n o rm al or '

m o d e , d a ta b i t 7 s h o u ld b e a î'1''.i
n v e r t e d v id e o o n a ch a r a c t e r b y c h a r a c t e r

b a sis . A l so , th e 6 84 7 is capab le of en ter in g
h ics m ode ca ll ed sEM lcRA pH lcs 4 , DA TA ALPHA SEM lGR à pn lc s

a co u r se g rap
in w h ich a re c tan g le of e ig h t b y tw e lv e do ts is B IT F ORM A T F ORM A T

c ld i
v i d e d in to fo u r p a r t s . T ile l u m ïn a n c e o f

0 - L 3) and the color D 0 DATA 0 L 0each of the four parts (L 
,

f the rectang le (c 0 - C 2) is con tro lled a s D 1 DATA 1 L 1 0
o

5 2 DA TA  2 1,2 0
sh o w n b e lo w .

5 3 DA TA  3 L 3 1

5 4 DA TA 4 c o 1

D 5 D A TA  5 c 1

5 6 IN U R T c 2 B o

D 7 O 1

G R A

w i 1

s c r

m aP
o f

1 9 2



1

SEM IG R A PH IC S FO R M A T of the T-v. p icture - across then dow n - to the
l o w e r r i g h t c o r n e r o f th e p i c t u r e . In th i s

cz I ----- - - - - -- - - -- - - - - - - -- - - - - - - - - - m ode , ea ch d a ta b it m ap s d ir ec tly in to a p ix e l '

pAR as shown. 'I 1,3 I 1,2 I ID7 ID6 ID5 ID4 ID3 ID2 ID 1 ID0 I

l I ( 1-- 1-- 1-- 1-- 1-- 1-- !-- 1-- 1
o I I I 11 Icz lcllco lca lcz 1c1 Ico l Pzxzc/zsvExslzv Mz.p

2 H 11 uo 'l = c o L oR  c FF - - - -- - - -- - -- - - -- -- - -- - - '.--- -- --- L =

3 ',t,,' = ,,1., . cotoR ox IL 7 IL6 lL5 IL4 IL 3lL2 IL 1 IL0 l INTENSITY BIT
$ I -- I -  I -  I -- I -  I -- l -- I -  I '
5 o to: Bl'rs Ix-rExsl'rv cocoR ID ? ID6 lD5 ID4 ID 3ID2 ID 1 lD0 l DATA BIT '
5 C2 C 1 C 0 L X SEL EC T ED - - - -- - - - - - - -- --- - - -- -- - l

! I

5 0 B L AC K  C s s - ''0 ,' cs s - ,,1 ,, ix x X

' 0 0 0 1 GR E EN L X C O L OR L X C O L OR

! 0 0 1 1 Y EL L OW
: 0 1 0 1 B LU E 0 B M C K 0 B LA C K

: 0 1 1 1 RED 1 GREEN 1 BUFF (GM Y )

' 1 O 0 1 BUFF (GRAY )
' 1 0 1 1 CYAN BORDBR = GREEN BORDER = BW F (GEA Y )
' 1 1 0 1 M A GE N T A

1 1 1 1 O R AN G E

' On c o Lo R G R A PH IC S M O D E D ESC R IPT IO N  SU M M A R Y
b e

t o H o R Iz
.  VERT. BITs/PIxEL MAX/RAM cM2 cM 1 cMo

p7's X LO R G R A PH IC S B lT M A PP IN G

64 X 64 2 IK B YTE 0 0 0

M o d e s d e s c r ib ed ab ov e a s CO L O R GR A PH IC S 128 X 64 2 2K B YT E S 0 1 0

mod es w i ll h av e th e ir d a ta b i t s m a p p ed o u t o n 128 X 96 2 3K B YTES 1 0 0

the screen as de sc rib ed below . Th e pix el s are 128 X 192 2 6K B XT E S 1 1 0

mapp ed a c ro ss the s cr een , s ta r t ing w i th b y te 0

of th e gr aph ic s RAM , fr o m  th e up p e r le f t co rn e r

of th e T .v . p ic tu r e - a c ro ss th en do w n - to th e

L1d lower right corn er of the picture. G  R A PH IC S M O  D E D ESC R IPT IO N S U M M A R Y

2 t a

!ry PIXEL NUMB ER COLOR MAP RORIZ. VERT. BITS/PIXEL MAX/RAM G82 GM 1 GM 0
e d

T o ----------- ----.--- -------.--- -.-- 128 X 64 1 IK B YTE 0 0 1

7 IE3 IE2 IE1lE0 I l E3 l E2 I E1 I E0 I 128 X 96 1 1.5K BYTES 0 1 1
4 ------- ---- ------- -- ..-.----..--.. 128 x 192 1 3K B yT Es 1 0 1

Ic1Ic0 Ic1Ic0 Ic1IC0 Ic1IC0 I 256 X 192 1 6K BYTES 1 1 1

(2 E; 6; ar ''() '' (; E; E; =r '' 1 ''
U S IN G  T H E 6847 ST A T U S B IT SC 1 C 0 COLOR C 1 CO COLOR

Th e 684 7 p rov id es tw o sta tus lin es to0 0 GREEN 0 0 BUFF (GRAY )
in fo rm  th e u s er th a t it is c u rr en tly s cann ing a0 1 YE L L OW  0 

o 1 CYA N : t i v
e p o r t i o n o f th e d i s p l a y . T h i sn oM  c1 0 B L UE 1 0 MA G EN TA

p r ov i d e s a c o nv i en i e n t w a y f o r th e u s e r t o1 1 R ED 1 1 OR A N G E

u p d a t e t h e d i s p l a y w i t h o u t c a u s i n g a n y

n o t i c a b l e f l ic k e r o r t e a r i n g o f th e p i c t u r e .BOR D ER 
= GREEN BORDER = BUFF IGRAY I wTo accom plish this

, th e u s e r m us t te s t th e H S

a n d th e F S * s i g n a l s f r o m  th e s t a t u s p o r t .

Ca r e m u s t b e tak e n to te s t th e se b i ts pr ope r ly ,

as they are actïv e 1ow signals .GRA PH IC S B IT M A PPIN G

NAM E M EA N IN G A N D DE SCR IPT IO N DA TA  PPL S EM
o d e s d e s c r ib e d ab ov e as GRA PH IC S m od e s

B IT W IDT Hw i ll h av
e th e i r d a ta b i t s m a p p e d o u t o n th e

sc r e e n a s d e s c r ib e d b e l o w . Th e p ix e l s a r e wHS 
HOR IZ ON TA L S YK  PER IOD D 6 4.9usmapp ed acro ss the screen

, s ta r t ing w ith b y te 0 F S * VER T
IC A L SYN C M R IO D D 7 1.6m sof th e graph ic s RNM

, fr o m th e up p e r le f t co rn e r
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IN IT IA L A D JU ST M E N T S

A s sh i p p e d , th e S PE C T R U M  b o a r d sh o u l d 2 . .14 - F O tlR PIN M ALE CON NE C T OR

require no initial adlustm ents. How ever, as The four pin connector at J4 is providf
c o m p o n e n t s a g e an d ch a n g e v a l u e s , th e f n f t i a l f o r in t e r f a c fn g to F .C .C a p p r o v ed R .F . ty?

adjustm ent of variable capacitor C 15 may need m od u la t o rs . Th e p in c onn e c t i on s on th
to b e a l te r ed in o r d e r to p r ov id e th e p r o p e r SPBCTR UM b oard are listed bel ow , an d w i l l m att

c o l o r s d e s c r ib e d in a p r ev io u s s e c t i o n . A t d i r e c t1 y w i th s o m e c o m m e r c i a l l y av a i l ablt

th i s p o in t , th e u s e r sh o u l d f i 1 1 th e sc r e e n D od ula to rs .

w i th s o m e l a r g e a r e a s o f s o l id c o l o r . F o r

ex am ple . in SEM IGR A N IC S m od e , f il l tw o lin es Iq x xtTM B a  SIGNA L

w  f t h e a c h c o l o r s o t h a t a 1 1 8 c o l o r s a r e

v isib le y and ad j ust C 15 so th a t the prope r l GROlm D
colo rs appe ar in the p ro p er loca tions . c 75 ohm  VIDE O

I f th e o p t i o n a l 1 0K  o h m  r e s i s t o r R 5 h a s 3 x o C O N N EC T ION

b een ins talled , it m ay be adj us ted w ith an 4 + 12 votz'rs
osc f l loscope un t f 1 th e clock sf g na l (p in 8,
1125) is a square w av e. If an o sc illo scop e is

un av aïlab le , adJ us t ït un til A LPHA NPM ER IC
h ar a c te rs a re as c le ar as p o s s ib le . A t th is N O T E : A l w a y s in s u r e th a t i f u s in g an R.3.c

int no other adjustm ents need to be m ade on m M tllator, that you use an F.C.C. approv ed tygpo ,
h e b o a r d . W f t h an ï s o l a t f o n s w f t c h . If n o t u s in g at

iso la t ion sw i tch , m a ke su re th at y ou com p le tel

r em ov e yo u r an te n n a lead ïn f r o m  th e te rm inal

on y o ur te l ev i s ion .

PIC T U R E A D JU ST M E N T S

F o r th e b e s t p o s s ib l e p i c t u r e , m  in o r

adlustm en ts w f 11 probably need to be m ade eo
th e co l o r m on i to r or te l ev is ion .

M onitors w ill m ost likely require adjust-
m e n t o f th e V i d e o L ev e l c o n t r o l a n d th e V i d e o

O f f set con trol (if prov ided) f or the sharpes t
p ic tur e. Th e Tin t con trol shou ld be adJ us ted
ïf C 15 d id n ot p rov id e eno u gh r an ge , an d th e FO R B EST R ES U LT S . . . .

Color con trol should be adJ usted f or the m ost
a ttr a c tiv e c ol or sa tu ra t ion and p ic tu re qu a l ity I f n o t u s i n g a c o m p u t e r g r a d e c olû

p o s s ib l e . B r i g h tn e s s an d C o n t r a s t sh o u l d b e m o n i t o r f o r d i s p la y i n g th e o u t p u t o f ycu

adj usted to prov ide the clearest characters and SPECTRUM board, a good quality telev ision ïs
m o s t p le a s in g di sp lay . m u st. Th e o 1d cl un k er th a t n ob ody w an ted ak

Color telev isions w f th R.F. m odulators the $1 49 w onder at the df scount store probabl
sh o u ld f o l lo w  th e s a m e in s t u c t i o n s a s a b ov e , w o n 't g iv e y o u th e q u a l i ty p i c t u r e th a t y0ç

ex cept that the Video Lev el adJ ustm en t w ill w an t to see. So , if your going to buy
p rob ab ly b e on th e R .F . m od u la tor un it . te l ev is ion , ne w  or u s ed , g et a g o od qu a l ity 0n2

th a t is 100 1 so l id sta te , h a s go od h igh v oltap

regu la tion , h as a tran sf o rm er (f or saf ety's
sake !) , and has D.C. resto red v id eo . Look f0!
one thae has a sharpne ss control and a contrclV ID EO  O U T PU T C O N N EC T O R S 

yled s lack Lev el (th is is a good in d ïcatln:c a

th a t th e se t h as D .C. v id eo re storation)1
.  J 1 - R CA JAC K Z

e n i th , R C A , a n d SO N Y D a k e ex c e l l en t sm allR C A 
c on n e c to r J 1 p r ov id e s 7 5 oh m  v ld e o y

or te lev i s ion s th a t a re a g r ea t add i t ion tco
o u t p u t f o r c o n n e c t f o n t o a v f d e o m o n i t o r o r

an y h o m e wh en no t u sed fo r co lo r g raph ic s.t
e l e v i s i o n th a t r e q u i r e s a c o m p o s i t e v id e o

s i g n a l . C a r e sh o u ld b e ta k en t o i n s u r e a

c l e an si g n a l b y u s in g co ax ia l cab l e f o r th e

in te rconn ec tion . The sign al p rov id ed b y th is

ou tp u t is ap p r ox im ate ly 1.5 v o l ts pe ak to pe ak ,

w i th s y n c t ip s a t 0 v o l ts , b l a c k a t 0.7 v o l t s

a n d w h 1. t e a t 1.5 v o l t s . K e e p ïn m ln d th a t

t h e s e v a l u e s a r e o n l y a p p r ox im a t e , a n d th a t

c om po n en t v ar ia tion s w il l cau se th e se lev el s to

sh i f t a sm a ll a m o un t .
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G R A

C IR C U IT D ESC R IPT IO N

t h e
'l'h e h e a r t o f tb e SPE C TR UM  b o a rd con s i s t s IN T E R N A L A D D R ESS B U S

a  v  a

o f a M 0 S L S I c o l o r v i d e o d i s p 1a y g e n e r a t o r . r oP

T h i s d isp lay g en e ra to r pe r fo rm s th e sc an n in g of T h e IN T ER N A L A D D R E S S B U S i s a d u a l bus i
n

t h e r e f r e sh d i s p 1a y R A M  a n d p r o c e s s e s th e tb a t c a n b e c o n t r o l l e d b y th e 6 8 4 7 G R A PH II!
v e cfe tch ed da ta in to NT SC c

om pa tab le color v ideo CENERA TOR o r by th e S-100 bus . In norm al (13
s ign als f or d isp lay on s tan d a rd te lev i s ion s an d O p e ra t ion , tb e 6 84 7 h a s con tr ol o f th e a ddress

t i a
m o n i t o r s . F o r a n u n d e r s t a n d i n g o f t h e l in e s s in c e i t i s c o n s t a n t l y s c a n n in g thê

e n c
op era tïon of S PFC TR U M , it can be ro ug h ly b ro k en m em ory f o r d fsp lay in f o rm a tf on , and tbe S -1ûû i

n td 
o w n in t o f 1 v e s e p a r a t e s u b s e c t i o n s : t h e ad d r e s s d riv er s , IC 36 an d IC 37, ar e TR I -STA TEC. b

u fTN T ER NA L DA TA B U S
, 

the M EM OR Y D EC O DE LO G IC , th e W h en th e M M  is a c c e s s ed b y th e h o st com p u ter,
o u tI N T E R N A L A D D R E S S B P S 

, the PA.IIALLEL T /0 PORTS the 6 84 7 address bus is TR I -STATED and the S-
p r eA N D L O G IC , and th e CPA PH IC S GEN ER A T OR A c  V ID E O 1 0 0 a d d r e s s d r i v e r s a r e g i v e n c o n t r o 1 to b
u fC IR C UTTB Y

.  p e r f o r m  a m e m o r y r e a d o r w r i t e . A s so o n az
a 7

t h i s a c t i o n i s c o m p l e t e d , th e 6 8 4 7 r e g a ïnz
m o n

con trol of th e ad d ress bus . (N OT E : s in ce tbe
IN T E R N A L D A TA  B U S 6 8 4 7 d e p e n d s o n a c o n s t a n t s t r e a m  o f p i c turt

d a t a f r o m  th e R A M  , a c c e s s in g th e d i s p l a y RM

T h e IN T E R N A L IN P U T D A T A B U S c o n s i s t s o f d u r i n g a c t i v e d i s p 1 a y t i m e w  i 1 1 c a u st

o c t a l f n p u t b u f f e r I C 2 1 , w h ï c h p r o v i d e s d fsr up t io n o f th e d ïs p lay a s in c o r re c t d a ta it

buf f ered data to the RAM , the PAM LLEL I /0 D RT f Orced on to th e da ta b us. It is bes t tc
a n d tb e C R A P H IC S C O N T R O L P O R T . T h i s b u s i s a c ce ss th e R AM  d u r in g in a c t iv e d isp lay t im e a$

ac tiv e at a1 1 tim es : and da ta is la tch ed f rom no P f cture dïsrup tfon w ill occur.)

it only when the RA.M or 1/0 ports are selected.
Th e IN T ER NA L ouT puT DA TA B Us i s d ir e c tly

d to th e s - 10 0 D I b u s . an d i s d r iv en PA B A LLEL I/O PO R TS A N D D ECO D E LO G ICc o n n e c t e

b y th r e e s e p a r a te o u t p u t b u f f e r s . Th e R A M
is driven through octal buffer Ic20, the The I /0 ports are enabled w ben octaloutput

r a l l e l d a t a i s d r iv e n th r o u g h o c t a l l a t c h c om pa r a to r 1c 3 3 de c od e s th e pr ope r ad d r e ss onp a

Ic 1 8 a n d th e b o a r d s t a tu s th ro u g h h ex b u f f e r th e S - 100 b u s and d e cod er IC 31 d e te rm in e s that

c 32. A11 turee of these buf fers rem ain s in an I/0 read or w rite is occuring. Th e fourI
th e TR I - STA T E con d i t ion un t il s e lec t ed . and a 11 d e cod ed s ign als s e lect w h e th er a d a ta or s tatus

a r e cap ab le of 24 m a . d r iv e cur r en t. ' r e a d o r a d a t a o r c o n t r o l w r i t e i s t o o c cur.

zn t h e r e a d c a s e , t h i s s i g n a l i s u s e d t o g a te

th e d a t a o n to th e s - l o o b u s , a n d s
. n th e w r i te

EM o s v  o Ec o o E Lo o lc c a se , t b i s s i g n a l i s u s e d t o l a t ch th e d a taM

in to th e ap p r o pr fa te reg is te r .

The M EM 0RY DECODE LOGIC consists of Tbe ex ternal data input reg lster, IC 1%
c f rc u i try th a t de eec ts a b o a rd s e le ct , and c ir- is a p o s i tïv e e dge tr l gg er ed o c tal la tch f ed by

cui try tba t decod es v al id RAM s trob e sign als. th e X-OR gate (IC 22) ac ting as a pr ogram m ab le
Th e b o a rd s e le ct log ic con s i sts p r im ar ily i n v e r t e r . A s d a t a i s l a t c h e d i n t o th e

of 1C 34 and IC 24, which decode A 13-A 15 for the reg fste r by a tran si tïon on the STROB E L INL

R A M a d d re ss , s IN P an d so U T f o r m e m or y the DA V flag b it is se t (IC 23) to in form the
r e fe r en c e , A DDR E S S E XT EN D fo r 2 4 b i t ad d re s s in g P r o ce s so r th a t n e w  d a ta ha s b e en en te r ed . n e

and PHA NT A for PHA N TO M  d e c ode . Tb is sign al i s f l a g i s c l e a r e d a n d d a t a g a t e d o n to t h e b us

further gated w ith pWR * , PDB IN , and R* /G to When an T/0 data read occurs.

decode a Valid Board Select (VBS) signal when The external data output register, IC1%
in GR A PH IC S m od e . In RA M  m od e , P W R * an d PDB IN i s a P o s i t iv e ed g e tr i g g e r e d o c t a l l a t c h tb at

are ignored when generating VBS. accepts data w h en an I /O data w rite occurs.
A t tb e sa m e tïm e , th e A TT EN T IO N f lag is se t toV

a l id RA M  str ob e sign a l s ar e g en e r a ted b y i
n fo rm  an ex te rn a l d ev ice th a t th a t n e w  d a ta is

g a t i n g V B S w i th P D B I N a n d S M E M B f o r R A M  D a ta
a v a i l ab l e . Th e O U T PU T E N A B L E l in e i s fe1O

u tput En ab le (RAM D0EN *) an d PW R A an d M W RT
througb an X-OR (IC 22) actïng as a programm ablefor W R ITE EhlAB LE (W E *)

.  T h e s e a r e u s e d t o i
n v e r t e r to en ab l e th e o u t p u t d a ta an d r e set

e n ab l e th e R à M d a t a ou t p u t b u f f e r an d w r i t e
th e A T T EN T ION f l ag .d

a ta in to tb e RA M  res p e c tïv ely .
Th e gr aph i c s con tr o l da ta ia la tc h ed in toV B S i

s also used w ith R* /G and IC 26 to h
ex latch (IC 30) by a tran sition on the I/ûgenerate a w ait state when in CRAGHICS m ode and

control write line (CNRL WR*) and the status lsdfrec tly w fth IC 37 to en ab le the ch fp se lec t
g a t e d o n to th e d a t a b u s th ro u g h IC 3 2 w i th thel

ogic for tbe RkM . I/0 status read signal (STAT RD*)
.
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QRA PH ICS G ENE RA TO R A N D V ID EO C IRC U IT R Y M Z M O R Y  T E I T IN G  R @ U T IN E  '

'I'he 6847 graphics generator (Ic 29), scans elgur. :. -
th e a d d r e s s b u s a n d f e t c h e s th e d a t a m a d e

8V a i l a b l e o n t h e d a t a b u s . T h e o u t p u t s 3::: 2 1 eZ Ae eê 1: STRT LX 1 H 'A@:@H

ided include several status/tim ing signals 3**3 'Z A0 O0PO E*D KVJ A'êA'Hprov q
u s ae e s 3 2 6 E 3: : : 3: se A  F lN

in ad d i t i o n to th e c o m p o s i t e v id e o an d c o l o r aeze aE 1: ezAe Mv I x. l:H '.
 c S

ve c to r v o l t a g e s u s e d b y ch r o m a en c o d e r 16 1 3ê'A B* ::5: ADD H r
1a1 aezs *p. ..6. x:v c.A(1372)

.  'Ih e ch rom a en c od er pr ov id e s th e m ain azzc 16 @e ga .?e svI o,z '
s s tim in g c l o c k f o r th e g ra p h i c s g en e r a to r a n d a:ee Ie FF @ee: MvI E ' Z F FH .
h  e e

ncodes the com posite v ideo and color vectb rs 3: lB 22 65 3: ee9: DONE SHLD STAD .l00
in to a N T S C c o l o r e n c o d e d s ïg n a l th a t :t s a3' 1 3 A F ê 1 ZZ X M  A'ED . g l* 4, e l le e v s,A 1

 

bu f f e r e d to p r ov id e a 1 o w  im p e d en c e v ld e o ae ls 7s e l 2: scw o MQ1' A.e :
e r .

o u tp u t . C r y s t a 1 X  l f o r m  s tb e b a s i s f o r a 3: 1 6 5* @ l 3: MQV E 'D !
s - rec ise 3.5 7954 5 M h z o sc i1 1 ato r an d Q 1 and Q 2 3: 1: 5: @ tAê Z0V D'AP
t o az 18 74 g ls z Mô v A . c

buf f er tbe v id eo o u tpu t of th e 13 72 to p r ov ide az 14 u  es az : l 6. n up sexo ,
a s a 7 5 oh m  o u t p u t i m p e d e n c e f o r c o n n e c t i o n to a 3: IC 12 : l 7: FILL M0 V M œD

n s a, jp z a , j: ; Ix x s
m on i tor or an F .C .C a p p rov e d R .F . m o d u l a to r . s sc : jpg c>p sth

e  3 : l

r e  
3: 1 F 6 2 lc 3: : 2 : : J N : F IL L

3e22 2A 65 3: :2 1: LHLD STAD )
M 3: 25 7 3 : 2 2: N ex T M û V M .E

J s e :: 2 6 A s e z a: M ô v A a: 1

is 3: 2 ? BE 8 2*: CN P *
3 : 2: 6 2 6 1 3: * 25 : JN : F A IL

t o 3: 2 8  79 : 2 6 : M : v  A aC
a s z@ 2c : : @ : ,: lu x H !

3: 2D 9 * : 2: : sU B H
3 e 2E 6 2 A D 3: : 2# : J N Z M D ON

3: 3 1 B8 : 3: : cM P B

3: 3 2 * * g z lg M û v  B .s

3: 3 3 cA  15 3: : 3 2: J ' S CN D

3: 3 6 3A  6 6 3: : 3 2 5 L D A  STA D * I

3: 39 % % : 3 3: M A RK N Q R

t a l ag aw :: zaa l u;p
o n  3 : 3 8 : : : 3 3 2 N 9 P

h a t 3: 36 3A 6: 3: e3Ae LDA F1N
3: 3 F B9 : 35 : cM P c

0 U r 3 : * e cA  e e 3: : 3 6 : J : ST R T
A u s 3e * 3 19 : 31: M Q v A .C

3 , * 4 6 7 : 3: e M Q v H . A
! t.l r . 3 :* 5 21 n @ : 39 : M v I t ,@

a  t e zg w , c l Ig g w g g w o j I:s

i t e 3:*9 A F :A l: Mo v c 'A
a t a 3@ * A  C 3 1: 3: : * 2: J N P D O N E

3e A D 2 2 6 1 3: e * 3ê N D/ N SH L : N X A D
3 : 5 : 'A  : 4 * : L : P B M û v  A > :

1 8 3:5 1 BE :*5: LQPA 6hP M
3 : 5 2 c 2 6 F 3e e * : z J N t FA IL

b x alss ac :*1: zN s L

i l e adse c2 s l ae z*8e uN z LnPA
:h  e 3:59 19 @*9 e M0V A ,C

3: 5 A  2* : 5 : : 1N R H
N E , 3: 58 B c es le cM B H

Eh e aesc c2 5: 3: @s2: JN : LQRB
Th e 3:5 F 24 61 3: :5 3: LHLD NXAD
i u s 3:62 C3 25 3: :5*: JM P NEX T

3: 6 5 : 5 5 : ST A D o s 2

3 e 6 7 :5 4 : N X A D D : 2

:19s 3, 69 :51: FDt DS 2
b a t 3168 :55: FH L DS 2

3 : 6 5 : 59 : FO U T D s 1

ïr s . ay 6 s . 6 . . y Is p s j

t o a @ 6 F 2 2 6 B 3: : 6 1: FA IL SH L D FH L

i s 3e 7 2 32 6D 3: : 6 21 STA FOU T
3: 7 5 ; E : 6 3: M Q v  A œM

f e d g6 az us az .6h. sTA F:N3:
lb l e adAg EB ges: x cH G
s e t 3 : 7* 2 2 69 3: : 6 6: SH L D F DZ

3 e ; D  6 3 i n 3: : 6 7: SH L T J M F SH L T

3: 8 : : 68 : *
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A B O U T M E M O R Y  M A N A Q E R  T E C H N IC A K O V E R V IE W

C ongratulatlons on your declslon to purchase the M em o - 'rhjs board conslsts of a slng le latched parallel output

ry M anager, a dual m ode S -1 00 addresslng e x- port (dlpsw ltch selectable to any 1/O  port) w hose 8 blts caq
pander S -100 systG ns are professlonal level m achlnes operate In one of tw o dlstlnct m odes The flrst m ode 0f
use d In c o m m e rc la l lnd ustrla l a nd sc le n tlflc ap p llc a - op e ratlo n use s these 8 llne s to drlve the p ro p ose d IEEE

tlo ns B e cause of b us o rlented arc hlte cture , S -1 0 0 s -1 00 address llnes A 16 thru A 23 T he second m ode use!

m achlnes provlde superlo r perform ance w lthout the bullt In the three Ieast slgnlflcant b lts to drlve a three llne to elght

obso lescence of other system s T he M em o ry M anager Is Ilne deco der w hlch drlve the e lght G odbout Econoram

fully com patlble w lth the IEEE S -100 bus standard Thank o uallfler llnes T hese m o des w lll extend addresslng
you for chooslng a C om pup ro Product capabllltles of S -100 system s from  64K to 1 6 m egabytes

and 5 1 2K I/O  bytes respectlvely O ther features standard
to all C om pup ro boards lnclude thorough by -passlng of all

supp fy Ilnes to suppress translents, on board regulators ant

Iow  pow er S chottky T T L Integrated c lrcusts for re llab ly C0d

operatlon A 1I thls and sockets fo r aII IC 's go on to a dou-

b le-slded so lde r-m asked prlnted c lrcult board w 1th a com-

p lete co m p onent Iayo ut Ie gend

D U A L M O D E M E M O R Y /M A N A G E M E N T

1/0  P @ R T  A D D R E S S  A S S IG N M E N T  U S IN G  M O D E  11 W IT H  E C O N O R A M  M E M O R Y

T he slng le o utput p ort on thls board can be addressed to Econo ram s IIA , V II, X , X II, X III, and E cono rom  2708 m em c-

any slngle po rt b lo ck In the 256 I/O  port address ry boards can alI be used In M ode 11 to extend addressable

space D lpsw ltch S -1 Is used to select the port address as m em ory up to 512K bytes B y slm pty lum perlng the quasify-

show n below lng flne (Q O-Q 7 plns 59-66) to the quaqlfler Input pad (see
your partlcular board m anual), you have extended thù
am ount of m em o ry your m achlne can address

S W IT C H
PO S IT IO N FU N C T IO N

1 A D D R ES S A 0
2 AD D RESS A 1 C IR C U IT  D E S C R IP T IO N

3 A D D R ES S A 2 O N = ''0 '
4 A D D R ES S A 3 T he m em ory m anage r conslsts of three baslc sectlons,

5 A D D R ES S A 4 O FF = ''1 '' the port decode r, the data Iatch and the buss drlvers W hep

6 A D O R ES S / 5 the prope r I/O  address ls presented to octal com parator U6

7 A D D R ES S A 6 and PW R and S O U T Indlcate and I/O  w rlte EO U T strobes low

8 A D D R ES S A 7 and the data on the data b uss Is latched at the end ol

PW R Q uad latches w lth com pllm entary outputs (U7 ant
EXAM PLE To address thls board at port 40H , sw ltch U8) feed the output drlve U2 and decoder U4 The contents

posltlons 1 -6 , and 8 should be orl, and posltlon 7 should be o f the se latc he s a re c Ie are d w 1th e lthe r P O C nr

off PR ES ET T he 8 Q  outputs of U 7 and U 8 feed the lnvertlnç
buss drlve r 5 2 for M O D E l operatlon N O T E A ddress llnet

% PO C  o r PR ES ET For M ode 11A 1 6 thru A 23 are trlstated on

operatlon the Q  outputs from  D O 0 thru D O 2 are fed to the

M O D E  S E L E C T IO N  three llne to elght Ilne decoder U4, w hlch feeds the Invertlnû
buss drlver U 3 A 1l quallfler outputs go low  on PO C or

T hls board Is deslgned to operate In tw o dlfferent PR ES ET

m odes M ode I operatlon uses the 8 b It output po rt to drlve

the proposed IEEE S -1 00 extended addresslng llnes A 1 6

thru A 23 fo r fu ll 24 b !t add re sstng In thls m o de , the

74L5 240 should be Installed In posltlon U 2 w 1th U 3

em pty A fu11 16 m egabytes can be accessed ln thls
m ode E conoram s XA and X IV , are exam p les of R A M S w lth

full 24 bIt IEEE addresslng M ode iI operatlon uses the

three Ieast slgnlflcant data blts (D0, D 1 and D 2) of the output
po rt to drlve a 3 Ilne to 8 Ilne deco der and 74 L5 240 ln posl-

tlon U 3 to drlve hlgh one of the 8 quallfler Ilnes T hese elght
quallfle r Ilnes co rrespo nd to 8 quallfle r Inp uts on E co no ram s

llA , V$I (1 6 and 24K ), X!II and Econorom  2708 NO TE U 2
sho u ld be em p ty In thfs m o de

2 0 4
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f

0 R D E R O F A S S E M B LY Read these lnstruction s carefu lly before b eginn ing PA R T S L IS T

construction, take your tlme and do not rush; after about 3% hours you wI11
end up with a hzgh quallty Motherboard . When completed. the Motherboard makes (Those ztems marked wlth an asterzsk (*) are
an id ea l stand -alon e un zt to form th e nu cleu s of a cu stom computer system , or , znc luded wlth the 18 s lot ver slon a bu t not wztà

ds to an exzsting Machane. the 10 slot verszon) 'use kt to add more perypheral car

(1) Check parts agaznst the parts 11st for completeness and accuracy. RESISTORS

R1 10x trim pot
(2) Thxs board uses a solder mask that vxrtually makes sotder brldges a R2 jsox reszstor (brown/green/yellow)
thlng of the past. However , solder masked boards requlre a specific style of R3 Rs s60 ohm (green/blue/brown)
solderlng, so read the Sectlon On solderlng technlques before proceedlng. R4 R8 IK resxstor (brown/black/red)

R6, R7 910 ohm reslstor (whzte/brown/broe )(3) B
end the leads of reslstors R9 through R55. then mount an place as Rg-Rjnz 27o ohm reszstor (red/vzolet/brou )

y

shown on the component layout dlagram . Flzp the board ov er as shown und er R1o5 :104 1
. 8: resastor (brown/gray/red)ld

eTln g techn iqu es y th en so lder a11 leads and cllp off excess lead lengths .s0

CAPAC ITORS
(4) Bend leads and mount reslstors R56-R102 ln a manner simllar to the pre- C1

, 5 , 4 , 5 ,v tou s step ; th en f lip the board ov er
, so ld er a11 lead s , and cllp o ff a1l ex- 6

, 7 , 10. 13,cess lead lengths
. w w16 # 20 , 23 39 uF tan ta lum capac ztor

C2 0 47 tantalum capacltor(5) Mount and solder a11 other resistors except the 10K trlmpot ân a manner
-  c g , 9 , l 1,

slm ilar to th e prev lous 2 steps . 12
, 14 , 15 ,

17, 18, 19*,(6) There are 7 Jumpers on the 10 slot board and 10 Jumpers on the 18 slot
2 1* 22*board

. Locate these Jumpers , then Insta ll and sold er Jumper w lres . Use #22 ' #24*
, 25* 20 uF a lum znum electro lyt zcor heav ier gau ge w lre

.

SEMICONDUCTORS(7) Install a11 capacytors on the board
, car efu lly ob serv ln g po lar ity . T he

positlve end of each capacltor Is marked wlth a (+) on the parta which corres- Q1 PNP transistor F137 (2N2907A)
ponds to the (+) mark screened on the board at each capacitor location . Q2 NPN translstor 3560-2/PT134 (2N3904)
Please note that on the 10 slot board, the posltive end of C18 faces towards Q3 NPN power transystor (GE red)
the Inside of the board; on the 18 slot verszon . C18 's posztive end faces away Q4 PNP power translstor :41D1
from the board. We recommend mountzng the capacitors so that the values face 1C1 Three termlnal regulator (G309H)
upwards and are easily readable. 1C2 Mlcropower op amp (64250H)

(8) There are 10 edge connectors supplzed with the 10 slot board and 18 con- MECHANICAL PARTS
nectors supplled wlth the 18 slot board. Mount and solder the edge connectors (2) 1:x 6070 heat sxnks
In place, notlng that wlth the 10 slot boatd. there are 11 yossible places to (1) czrcuzt board
mount the edge connectors. The 11th position as for Jumpering over to an (10) s-100 edge connectors (note: 18 edge
exzstzng computer motherboard xf so deszred . connectors supp lzed wxth 18 sl

ot kzo(4) 
Solder lugs(9) St

razghten the leads of the 10K trzmpot, then mount and solder in place. (6) Nuts and bolts

(1) Data booklet(10) I
nstall 1C 1, the three termznal regulator . Solder carefully in th is and

the n ext step to prev ent posslble heat damage to the 1Cs .

(11) Spread the leads of IC2 In accordance with figure 59 note that the lead FIGDRE 1
associated w ith th e f lan ge wou ld b e pIn 8 of a m zn i dip package . When viewed
from the top , the lead to the immediate left of th e flange Inserts ln to the
h ole m arked 'f1'' on the citcu it board .

91 92FIGURE 2
(12) Install and solder translstors Q1 and Q2 , orienting the leads as shown
zn f Igures 1 and 2 . PLEASE NW E ' Transistors Q1-Q4 must be oriented cor-
rectly for proper operatlon of your kit . Also , solder quickly and carefu lly

Cas sem lconductor s may b e daa aged by excesszve heat 
.  E

E

(13) Referring to f Igure 3, mount Q3 and Its assoczated heat sink on the c BB
board . 'Ihe heat slnk goes between Q3 and the circuxt board as shown . Before
screwlng the transistor/heat sink combznatzon into place with the hardware
provided. fzrst bend the leads of 93 so that they f zt Into the holes marked
E , B , and C . Next , bolt Into place and then solder Q3' s leads on the f oil
sld e of the board .

93 94 *
(14) Referring to flgure 4, mount Q4 in place In a manner slmilar to the
last step .

Il(15) 
Att ach th e 4 so lder lug s prov lded , u sin g th e remazn ing hardware

, to the j 11 1
14 pow er connectlons located near th e low er rzght h and corner of the board

.  l 11 11 1
I .1 lj 1(16) Examzne your work carefully (magnxfyzng glasses are a bIg help 

zn check- I jl à E E k I eIng over solder conneetlons) When you are satisfxed that a1l Is well
, p ro-

ceed to the callbratlon procedure step. œR l 2 i 1pi -
c B c F zcua E 4

CA LIBRAT ION AND BRING-UP To brzn g up the board
, remove any peripheral cards F IGURE 3 B

and at tach e zther +8V fzlter ed bu t unr egu lat ed or +5V regu lated to th e pow er

supply 1ug marked +5 (lug 2). If you are uslng a regulated +5V supply
, leav e1

C 1 out of th e circu At an d sh ort ats I and 0 pads togeth er so that R103 con
-

n ects dir ect ly to th e +5V regu lat ed supp ly
. Then , m easure the vo ltage acro ss

C5 with a Vo ltm eter or DC readlng oscilloscop e
, set trlmpot R1 so that your f y

a n g emeter reads 2 .6V The aetzve term wn ator circu xtry xs now proper ly calxbrated

. zc2 V

Read the remainder of thls booklet to acqualnt yourself wlth the theory behlnd *-hO Ze Z f tangeyour motherboard and the avazlable optzons to accomodate specifzc system
s. 1 <

E R R AT UM
Ic 2

2 1; on some boards, c5 (lower left hand corner of theb
oard) may be m arked c3 FIGURE 5



1

le 11j zpcE cosxEcTox (ep:IoxAL) ol JUXPER To ExzsTlsc ccxpgrs. horHsRsoARn 114
w i th

+ ç1

@  o a co- czo. @
ow)

C 17 +

rown) a>mu

own)
'DGE CONNECTQR

+  C1é

@  :=  co- cro. @

C15

EX E C ONN E CTOK

C14 +

904)
@  mxa c- cro. @

+  C13

JUK PEA

EDGE CONNECTOK

d e +  C12
e g .
kat) mpeu

1: ExE co-zr- 1$

- . .  c)j +

EDGE CONNECTOR

+  C Y

41j socs cowxscvo. 414

+  C9

ED GE C ONN ECT OR

C@ +

r Jw a f .@

> + cz

R +
+  R 4 œ  * R +  ' .

. z c R * c o z + c (4) +, so sz x z.4 
ç . -  +  * e j c ; : ' 'U

c 

C
a 

O  3 

: 

*  
.G c é

5 lm
c . R +  a 1C 

a @@  4 a
Gr e  ax a* R1 * M Q3 SMSI 0Ir

G  + 5 + 12 - 12

(.) (.) @  e

QlnA/n C LATOFr 1 1 3 4

2 11



SOLDERING TECHNIQUES In case you are not fam xlzar w zth aolder masked ACTIVE TERM INATION TREORY The standard TTL termina-
boards chey are slm zlar to standard PC b oard s bu t are screened w lth a tlon is a 2 6V referen ce , com prls tn g a 360 ohm and a
so lder r eststan t coa ttng on the fo tl std e Th xs m a sk ts screened over 390 ohm  re ststor tn ser tes across the pow er supp ly , th
the en tire boar d ex cep r wh ere ther e are so lder conn ection s to be m ad e TTL lin e term zn ates a t th e J un c tton of ch ese tw o rests.
Thus, solder does not run dovm  a trace but adheres to the junction of tors Tbis type of passtve termznation allow s for
exp osed b oar d an d exp osed kead Beeau se of th œ s . so lder tn g r equ œr e s a pr op er sou rcxn g an d sxnk zn g of th e IIL lin e , an d keep

b zt of care , try zn g to for ce lo ts of so lder on to th zs type of J oln t th e imp edan ce of the lin e to a m ln zmum  to m zn ym xze
w zll m ak e tt b a ll up aroun d the lead On th e o th er hand , sin c e so lder p ickup of n o xse an d cr ossta lk Ea ch on e o f these ten -
does n o t com for tab ly h o ld to or flow  ov er th e res xst , th e ch an ces o f In a tzon s , how ev er a lso draw s abou t 6 7 m A from  th e
gettzn g a b ridge b etw een tigh t , adlacen t tra ces are decided ly m tn xm zzed pow er supp ly So , term zn attn g 94 llne s ln th is m anner

kl en so lder zn g w xth a so lder m a sk ed b oard w e recom m end k eep in g th e m ean s a stan dby cu rren t drain throu gh tbe term inatora
com pon en t lea ds stra zgb t up a t a1 l ttm es , no t b en t ov er as w zth o th er of w e ll ov er ha lf an am p l The se pas stv e term in ation:

types of boards (see fzgure 6) To prevent components from fallxng out don 't Just put a straxn on your power supply , they
w hen you fttp th e bo ard ov er to so kder , fttp the b oard ov er on to a w aste en er gy an d create h eat xn sxde your com pu ter 's
tab le , book or oth er f lat sur face wh zch pu shes tb e p ar ts aga zn st th e cab in et I don 't th tnk w e hav e to go m u ch fur ther to
com pon en t szde of th e board rea lzze tb a t pa ssiv e term in a tzon zs n o t su ch a good wa!

T o so lder , b r zng th e xron tzp tn a t an an g le , aga xn st th e b oar d p ad to do th kn g s , al th ough  xt 's b etter th an no term lnattœ
an d comp on en t lea d then feed zn a tzn y b 1t of so lder a t oppo szte en d s at a 11
of the lead (see fxgure 7) Thls makes for a good Joint wzth no excess ;be active termination In the Codbout motherboard
so lder U se of any typ e o f so lder oth er th an ro sin cor e so lder xnv a li- tak es adv an tag e of th e fa ct tha t th er e is an equ xvalect
da ees the wa rvan ty ac tiv e s tru c ture , based aroun d a vo ltag e sour ce and

tso a t xn : re sistor , tha t can accom p llsh the sam e re-

sults (see figure 8) Current can eitber source or
s znk througb the 270 ohm  reszstor , ezther dum p in g intc
or dr aw xn g fr om  th e v o ltag e sou r ce I er m in a tin g m ored

o n ot b en d lxn es szmp ly m ean s a ddxn g m or e 270 ohm  re szstor s be-
leads ov er tw een the line and v o ttage sou rce A s a re su lt

, thel
ea d stan db y cu r r en t xs sla sh e d to th e s tan db y cu rr en t of

F igu re 7 th e v o ltag e sour ce czr cu itry ---abou t 15 or 20 m A whtch

ts qu i te a sav zn g s zn en erg y
The cu r ren t requ ir em en t g o es u p a s lin e s r equ xre

m ore sou rc ln g or stn k in g , bu t h ere w e are som ewh at fer-

. 

N  tun a te A t any giv en m om en t , on 94 Ixn es th er e w ill h
a fair ly ran dom  m Ix o f ls an d Os from  zn s tan t to in -

f lat sur face reszstor lea d stan t---th ese ten d to can ce l ou t an d th u s redu ce the
(such as book curren t drzve requ xremen ts of the voltage source
or table) iron tIp Nonetheless, although thxs keeps average current con-

sump tzon dow n , there are zn stan ces w hen you m igh : have
F kgur e 6 an ex tr em e m om en tary n ee d for cu r r en t A s a r e su lt .

th e vo ltage sou rce h as en ou gh capac xty bu l lt -tn to tak,
care of th e m o st adv er se case s

feed tn so l- The stru c ture of th e vo ltage sour ce xs fair ly simpl,
der w h er e na uuutu (see schematxc), ICl sets up a stable voltage referenctPc oug
xn d ica ted in d ep en den t o f m a ster su pp ty v ar ia t ion s IC 2 , a o icrp.

w itb arrow s p ow er op am p , h ook s up a s a szm p le v o ltag e dlv ider wtth

QI-QA set up as current boostxng devzces to cover any
larg e curren t dem an ds R l th e trlm po t , adlu s ts the
ou tpu t vo ltag e of th e op am p ---h en ce th e term zn a tor

M ODNT INC HOLE S Th ere are sev eral m oun tin g ho les tow ar ds th e ou tslde voltage---to 2 6V Sin ce the op am p is forced to run
v er txcal b order s of th e m oth erb oar d W kth th e 10 slo t m o th erb oard , from  + 5V w h en th e m oth erbo ar d xs pow er ed from a regu-
th ese are spaced tn su ch a m ann er th at tbe board m ay bo lt d ir ectly in to lated + 5V supply , you m zgh t expect som e prob lem s since
an IM SA I sxze fram e , an d som e of th e V ector -pak en c losure s a lso th at 1ow  a supp ly vo ltage ran ge ts m argin al for m ost :?

am p typ es How ev er , th e 4250 m icrop ow er op am p cbose:
SEN SE HOLES M any pow er supp lie s Incorpora te sen se lin es th a t prov lde for th xs app lzca tzon can w ork satisfac tor ily dow n to

yvo lta ge re ference feedback to the powe r supp ly How ev er , In sy stem s + 3v so it 's w ork in g w e ll w z th ln spec
w xth heavy curr en t dem an ds , th er e can b e a v o ltag e drop b etw een tb e ou t-
pu t of th e supp ly an d the p er xph era ls conn ected to th e m o therboar d , j
th er efor e th e sen se kn form arlon does n ot tak e In to a ccoun t th e afor e- l
m en tton ed v o ltag e dr op On th e board , th ere are sen se p otn ts for bo th l
+ 5V an d ground If you w an t you r pow er supp ly to read th e vo ltage pr e -
sen t at th e m o th erboard , conn ect sen se lln es up to th ese p oin ts TTL ltn e

POW ER SUPPLY TRA CE S Wh en man y cu rren t -hun gry cards are loaded yn to a zzL lxn e

motherboard the current stratn on the powet supply traces (espectally
the + l2 and -l2 Volt lines) becomes qutte large To overeome this un -
b a tan c ed cu r r en t dem an d th e G odb ou t m o th er b o ar d u se s ex tr a w i de tr ac e s v o lt ag e

' 2 6V
that run off to the szde of the edge connectors , then connect over to source I
th e bu ss pow er lxn e s th rou gh w œre J ump er s Th xs con tr tbu tes to a m ore !
relzab le desmgn A lso , note th at a11 p ow er supp ly lines , as w ell as th e F i

gure 8
ac tzv e term tna tton ou tpu t , ar e lib er a lly bypas sed w ith bypas s cap ac itor s

Bu s s lxn e s
M OTH ER B OA R D SCH EM A T IC

av ------- In the 10 s to t v er sion the fob+ '
low in g b yp a ss cap ac t tor s tie

acro ss tbe f o llow zng supp ly
tin e s

+ 5 c 7 , c lO , c 13 , C16
R 5 + 12 C9 . C 12 , C1 5 , C18

- 12 c8 , c ll , c 14 , c 17
I . 0IC

.
t R103 R/4 Q1 R9 R1()2

Q3 zn che 18 slot version , the fol-
G l

ow ln g b y pa s s cap a c ztor s tie
R 6 h e fo l low zn g su p p lya c r o s s t

-  yzu e s
I C 2+  R 1 

+ + 5 C 7 
, 

Cl0 , C l3 , C 16 , C20 , c23
11.7 11.8 + 12 (:9 , Cl2 , C15 , Cl9 . C22 , C25

C1 + + + + + - 12 c8 , cll , cl4 , c17 , Cl8 , c21,Qi 
24C

R l 04 g
()2 Q C 3 C?# C 5 C6

11.2 *

R3 o

BltL UT ELEC TRO N IC S
Gr ou n d )4Bt:h  2355 G KIA N D A IRPO RT CA  W é
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T hank yo u fo r choo s ing a Com pup ro P rod uc t. W e are su re you
w ill find th is to be a v e ry h igh q ua lity p rod uct th at w ill g iv e

yo u years and years of dependable serv ice.

T he term inat ion c ircuitry has evolv ed over the last few  years

and is a tr ied and p ro v en m e thod o f red u c ing no ise in yo ur

system. As shipped the term ination circuitry is adjusted to
m aintain a voltage of +2.7 VDC on a1l bus pins (other than power
d istribution). This should be checked by measuring between any
b us p in and g ro und w ith no bo a rd s in th e m o th e rb o a rd and

readjusted if needed w ith trinpot R6. This is the only
c a l ib ration necessary .

T h e co nn ec to r on th e le ft edg e o f th e bo a rd is co nn ec ted to

g ro und and b us p in 75. T h is c an b e u s ed fo r c on n ec t ing a R ES ET

p ush b ut to n to a sy s tem w h ich ha s no o th e r m ean s o f g en e ra t ing

R ES ET : T h e po w er so ck et m ak es fo r a co nv en ient m eth od o f

d istr lb ut ing th e sy s te m po w e r to th e m o th e rb o a rd , an d is ra ted

fo r m o re than 30 A M PS on th e + 8 v o l t l in e. T h e re a re fo u r p in s

fo r g ro u n d , fo u r p in s fo r + 8 vo l ts , an d on e ea c h fo r th e + 15 a nd

-

15 volta  T he connector is key ed to p reven t connec ting erro rs :

and Ehe pow er w ires are color coded as follow s:

T OP V IEW

COLCR l VOLTAGE
l 

. .  

I l I l l
BLACK l GROUND l GND I GND I +8 I +8 I -15 I
IV D 1 +8 v I I I I I I
GREY l +l5 V Pl I l l l l l
R JRPLE I -15 V I œ D I œ D I +8 l +8 I +15 I

I I I I I I 
. 

I
l l l ' l l l

N O T E : O n a 11 b ut th e 6 s lo t m o th e rb o a rd th e re a re p ro v is io n s

for us ing a fast-tab connecto r bo d istr ibute the +8 vol ts to the

b us w ith v e ry l it t l e lo s s d u e to b o a rd t rac e r e s is t an e e . T h e se

fast- tabs shou ld be conn ec ted to one o f the +8 vo lt d ist r ib ut ion

w ires com ing from the pow er supp ly .

2 1 4



l

A CT IV E T ER M INA T ION  T HE ORY

The stand a rd T ;L te rm in a tion is a 2.7V refe renc e , co m p ris ing a

360 ohm  and a 390 ohm  res is to r in se r ies ac ross the po w er s upply ;

the TCL line term inates at the junction of these two resistors.
T h is type of pass ive term ina t ion a llo w s fo r p roper so u rc ing and

s in k ing of the T CL l in e , and keeps th e im p edanc e o f the line bo a

m in im um  to m in im ize p ickup o f no ise and c ross ta lk. Each one o f

th e s e te rm in a t io n s , h o w ev e r , a l s o d ra w s a b o u t 6 .7 m A  f ro m the

po w e r s u p p ly . S o , t e rm in a t ing 9 4 l in e s in th is m an n e r m e an s a

stand by cu rren t d ra in th ro ugh the te rm in a to rs o f w ell ov er ha lf

an ampl These passive term inations donît just put a strain on
you r pow er supp ly , they w aste en e rg y and c rea te heat ins ide you r

com p u ter's cab in e t. W e don lt have to go m uch fu rth er to real ize

th a t pa s s iv e te rm in a t io n is n o t s u c h a g o od w ay to d o th in g s ,

although it's bet ter th an no term ina t ion at all.

Th e ac t iv e te rm in a t io n in th e C o m p up ro M o th e rb o a rd ta k es

ad v an tag e o f the fa ct th at th e re is an eq u iv a lent A C T IV E

struc tu re , based around a vo ltag e sou rc e and iso la ting res isto r,

that can accomplish the same results (see figure below ). Current
can either source or sink th rough the 280 ohm resistance (tw o 560
ohm resisto rs in parallel), either dum ping into or draw ing from
the vo ltag e sou rc e. T erm in at ing m o re lin es sim p ly m ean s add ing

m o re 28 0 ohm  res is to rs be tw e en the l ine and vo ltage so u rce. A s a

result , the stand by cu rren t is slash ed bo the standby cu rren t o f

the vo ltage so u rce c irc u itry--- abo ut 15 o r 20 m A , W h ich is q u ite

a sav ing s in energy .

The cu rren t req u irem en t go es up as l in es requ ire m o re so u rc ing

o r s in k ing , b u t h e re w e a l so a re so m e w h a t fo r t un a te . A t an y

g iv en m o m en t , on 94 l in es th e re w ill be a fa ir ly rand o m m ix of

1 's and 0 1s f ro m in s tan t to in s t an t- - - th e s e t e nd to c a n c e l o u t

an d th us red u c e th e c u r r en t d r iv e req u i re m en ts o f th e vo l ta g e

so u rce. N o n e th e les s , a lth o ugh th is k e eps a v e rag e c u r ren t

c o n s u m p t io n d o w n , th e re a re in s t an c e s w h en y o u m ig h t h a v e an

ex t r e m e m o m en ta ry n e ed fo r c u r ren t. A s a re s u l t , th e v o l t ag e

so u rc e h a s en o ug h c ap a c ity b u il t- in to ta k e c a re o f th e m o st

ad v e rse c a s e s .

The struc ture o f th e vo ltag e source is fa irly s im p le (see
schem atic); IC-I sets up a stable voltage reference independent
o f m aste r supp ly va r ia tio ns. IC -2 , a m ic ro pow er op am p , hoo ks up

as a sim p le voltage d iv ider w ith Q1-Q4 set up as current boosting

d ev ic e s to co v e r an y la rg e c u r ren t d e m an d s . R 6 , th e tr im p o t :

adjusts the output voltage of the op amp---hence the term inator
vo l tag e-- - to 2 .7V . S in c e th e op a m p is fo rc ed to run fro m +5V

w hen th e m o th e rboa rd is pow ered from a reg u la ted + 5V  s upp ly , you

m igh t exp ec t so m e p rob lem s s inc e th at 1ow  a supp ly vo ltag e rang e

is m a rg in al fo r m o st op am p typea  H ow ev er, th e 4250 m ic ropo w er

o p a m p ch o s en fo r th is a p p l ic a t io n c an w o rk q u i te w e l l d o w n to

+ 3: , so it's w o rk ing w ell w ith in sp ec .
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M EC HAN ICAL PART S
* 39 uF tan ta lum capac ito r

ws-loo edge eonnectors (6 ,12 , or 20) C1,C2,C4,C5,C8,c11,C25,C26 (all)
ANylon nuts and screws Cl9 ,c22 (on 20 slot onlv) R1
* 1 c . socket 8 pin C14 (on 12 & 20 slot oenly) R0

. c a R3
w Moun ting ha rdw are fo r tran s is to rs - .
xylon w wer conneetor and plug C6 ,C7,C9 ,C10,Cl2 (al1) Rol

wneset connector and pluq C13 ,Cl5-C17 (on 12 & 20 slot onlv) GRW9
ircuit board C18 ,c20,c21,c23,c24 (on 20 onlyl' Rl

c

c l
. 0 .4 7 uy- tan talum  capac ito r c2

REs zs-rons * 20 uF el ec tro ly tic c,

* slp R es isto rs s6o olun R 15-R 34 (1'
s> lcoNoucq'ons tli

l0x trim m t R6 Q

* 150K olun res isto r R lo k.
* s6o ohm resistor R1-R4 ,R9 , * PNP transisto r 2N3906 Q l

R11 ,R35-R38 * N>  transisto r 2N 3904 Q2 p
* 1x otxn resistor R7 , 'R12 * NPN m wer transistor D44c Q3 U

* 91o otvn resistor R13 ,R14 * PNP w wer transistor D45c :4 (

* 1 .8K ohm resistor R5 ,R8 * +5 Volt regulator 78L05 U 1 (

M ieropower op anp 4250 u2 (

* m ean s Pa rts are wav e so ld ered to m o the rbo a rd .
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h t l OPDER OF ASSEMBLY RFAD THESE INSTRUCTIONS CAREFULLY AND TAKE YOUR TIME1 t
tl 1.111117 lj (â) csucw Auu eARzs AGAIXST TsE eARTs LlsT (a) TFls BOARD JsEs A soLoeR MASK THAT VJRTUALLY

' I M A K E S S O L D E R B R ID G E S A T H IN G G F T H E P A S T H O W E V E R I S O L D E R M A S K E D B O A R D S R E Q U IR E A S P E C IF IC

S T Y L E O F S O L D E R I N G : S O F L IP T H I S S H E E T O V E P A N D R E A D T H E S E C T IO N O F S O L D E R IN G T E C H N I Q U E S B E F D R E

P Q O C E E D I N G (3 ) M O U N T R E S J S T O R S R 1 1 - R 5 7 . F L I P T H E B O A R D O V E R A S S H O W N U N D C R S O L D E R IN G T F C H N IQ U E S ,

T H E N S O L D E N A L L L E A D S A N D C L IP Q F F E X C E S S L E A D L F N G T H (A ) M O U N T R C S IS T O R S R 5 8 R 1O 4 % F L IP T H E

D O A R D D V E R T H E N S O L D E R A L L L E A D S A N D C L IP E X C E S S L F N G T H A S I N P R E V I Q U S S T E P ( 5 ) M O U N T A N D

S O L D F R A L L O T H E R Q F S I S T O R S E X C E P T T H E T N IM P O T IN A M A N N E R S I M JL A R T O T H f L A G T T W O S T S P S

(6 ) IN S T A L L T H E C A P A C IT O R S O N T H E B O A R D . C A R E F U L L Y O B S E R V IN G P O L A R IT Y H E R E C O M M E N D M O U N T IN G T H E

C A P A C IT O R S s o T H A T T H E IR V A L U E S F A C E U P W A R D A N D A R E E A S IL Y R E A D A B L E A F T E R C H E C K IN G P O L A R IT Y ,

S O L D E R IN P L A C F (7 ) P O U N T A N D S O L D S R T H E T R IM P O T , P 1 . JN P C A C S (8 ) IN U E R T U 1 , T H S V S L 0 5 (S E E

F IGURE 3 F IGURE 1). THREE TENMINAL REGULATOR TO PREVENT POSSIBLE HEAT DAMAGE , SOLDCR IT QUICKLY AND
C A R E F U L L : (9 ) IN S T A L L T H Q 8- P 1N M IN ID IP S O C K E T F O R U 2 , S O L D E R M A K E S JR E P 1N 1 IS C O R R E C T L Y

ID E N T IF IE D A N D T H e IC C / R R C U TL Y D R JE N TE D . IN S F R F IC 2 (S 6 F F JG J R F 2 ) t 1O ) IN S TA L L A * D S O L D E R
TK AN s Is To R s , Q 1 AN D Q 2 , O R IE N T IN G TH E L E A D S A S S HO WN IN F IGU R E = ( 1 1 ) IN S T AL L AN D SD LD EQ Q 3 A N D

) 1 :4 IN euAc/ As ssowx Ix EIGORE A
i 2 puEAsE NOTL IRlxslsyoqs ::-Q: MusT sE eRoecRuv oqlsxTeo FoR vooR KIT To woRK PRCPERLY

1 2 ) F IN A L L Y E X A M IN E Y O U R W O R K C A R E B U L L Y X H L N Y O U A R E C O M P L E T E L Y S A T i S F IE D T H A T A L L IS W E L L

T U R N T O T H E Q T H E R S ID E O F T H I S S H E E X F O R C O R R E C T C A L IF R A T IO N P R C F D U R E

e

F IGURE 2 F IGURE 4

Ic2
PARTS LIST - ACT IVE TERH INATOR BOARD

) - - dot
q 1 T r 7 m p o t p ) n l * o O  ! 

a

2 t

c  l C.v ah s Wjy qe rb b
R2 l$0K resqstor (brn/gr/yel) qD' and bolt
q3, R5 560 ohm reslstor (gr/blu/brn) ;
q4, R8 IK reslstor (brn/blk/red) + slstorpower tran
q6s R7 9l0 ohm reslstor (wh/brn/brn)

n1y) 49 R10 l.8K reslstor (brn/gry/red)5 j
 y ) p11-R1O4 2?O ohm reslstor (red/vlol/brn) NOTE Insert and solder socket l

before y ou lnsert the 1C . l
. 

(

C1 2 7 8 39 UF tantalum capacltor '
' > # 

)

f2 0 .47 UF tantalum capacltor I

64 ,5 ,6 0 1 UF dlsc capacltor

jl FNF translstor (2N3906)
k2 N8N trans7stor (2N3904) 1
03 NPN translstor (D44:X) //6-32 screw
$4 PNP translstcr (D45Cï)

U1 3 termlnal regulator (78L05)
02 mlcropower op amp (LH4250CN) .TM j p . j

(l) ûlrcult board fronl

(2) 6-32 nuts, bolts & lockwashers E LEC T R (lx jc s

(l) 8-p1n socket c 19 80
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+8 volts

TM j p 0: Oj aus ljnes1/51 r f
l x n  *  @  *

e LEc T R o N Ic s

R5 R 11
- R 104560 

o hm
270 ohm

91R4 IK 9
3R9 1

. 8 K R6U 1
I 0 v+ 910C1 + 78:05

- ohU2 426
R1

39 uF j t + v
-  

27Tr m po 
:)cC8 + C2 + 
ohm a R8 C + C C C C7 +

R IK
39 uF R10 4, ur k2 3 uF .01 UF 3 UF

1 8K ' ' - R3. Rz 
. 0 1 uF .0 1 uFb60

l50 K ohm

G r O u n d SOLDERING TECHNICUES Solder masked boards are slmllar to standard PC boards but are screened w1th
a solder reslstant coatlng on the foll slde Th ls mask ls screened over the entlre board

, except
where there are solder connectlons to be made Thus

, solder does not run down a trace but adheres
to the Junctlon of the exposed board and exposed lead 8ecause of èhTs

, solderlng requlres a b1t of50/100 c
are , try lng to force lots of so ldec on to thls type of Jolnt w 111 ma ke lt ball up around the lead

0n the other hand . slnce solder uoes n0t com fortably ho ld to or flow over the respst
s the chance: nf

gettlng a brldge between tlght , adlacent traces are decldedly m lnlm lzed
Hhen solderlng w lth a solder masked board

, we recommend keeplng the component leads straljht up
at a11 tlmes, not bent over as wlth other types of boards (see Flgure 1) To prevent compopents frœFIGU RE 1 
fa lllnq out when you fllp the board over to solder

. fllp the board over on to a table , book , or other
flat surface , whlch pushes the parts agalnst the component sqde of the boardD0 no t bend

Mhen solder lng , brlng the lron t1p ln at ap angle
, agalnst the board pad and component leads1 ea d 1 ead S over th

en feed ln a tlny blt of solder at opposlte ends of the lead (see Flgure 2) Thls makes for a
good zolnt w lth no excess solder Use of any type of solder other than rosln core solder lnvalldates
the wa rran ty

CAL IBRAT ION To brlng up the board, remove any perlpherdl cacds and attach elther +8V flltered but
.m ltlqn unrejulated or +5V regulated to the posltlve supply term lnal of the actlve term lnator board If youk

x  x x x are uslng a regulated +5V supply s leave U1 out of the clrcult and short the lnput and output pads

lfj a t su r fac e together s0 that R9 connects dlrectly to the +5V regulated supply Then measure the voltage across 
!:3 of C7 * 1th a voltmeter of DC readlng scope

. set trlmpot R1 so that your meter reads 2 'V The 1(S uc h aS book actlve t
ermlpator clrcuptry ls now properly callbrated0 r ta bl e )

o  e ACT IVE TERH INAT ION THEORY The standard TTL term lnatlon ls e 2 ?V reference
. com posed of a 360 :nd1 

/ h 390 ohm reslstor ln serles across the power suppiy
, the TTL llne termlnates at the Junctlon of these)q t

wo reslstors Thls ty pe of pa ss lve term lnat lon allows for proper sourclng and slnklng of the TTL+

llne, and keeps the pmpedance of the llne to a mpnlmum to mlnlmlze plckup Of nolse and crosstalkF IGU RE 2 
Each one of these passlve term lnatpons

, however , also draws about 6 FmA from the power supply So
,term lnatlng 94 llne s pn thls manner means a standby current dra ln through the term lnators of well

.
, oveç half an Amp l These passlve term lnatlons don t Just put a stra ln on your power supply

. they' 
) ead Wdste energy and create heat lns:de your computer's cablnet Re don't have to go much further to

reallze that passlve te rm lnatqon ls not the best way to do thlngs
, although lt ls better than noFEED IN SOLDER t

erm pnutqon at al1

ZHERE IND ICATED The actlve termlpator takes advantage of the fact that there ls an equlvalent actlve structure
,lron t1P based around a voltaje source and lsolatpng reslstor

. that can accompllsh the same results (see$1 TH A RRORS
a:r Flgure 3) Current can elther source or sqnk through the 2F0 ohm reslstor

. elther dum plng lnto ord
raw lng from the voltaje source Term lnatlng more llnes slm ply m eans add lng more 270 ohm reslstors

#;#* Pc b
etwee n the llne and voltage source A s a result

, the standby current ls Slashed to the standby
'fd oug hnu ti' Current Of the voltage source clrcultry -about 15 or 20mA , whlch ps qulte d Savlng Of energy

The curçent requlrement goes up as the llnes requlre mo re sourclng or spnklng
. but here we are

somewhat fo rtunate At any g lven moment , on 94 l7nes there w 11l be a fa lrly random m 1x of ls and
0 s from moment to m oment- these tend to cance l out and thus reduce the current drlve requlrem ents

of the voltage source Nonetheless
, a lthough th ls keeps ave rage current consum ptpon down

, there are
to o the r lîne sl lnstances when you mlght have an extreme momentary need for current As a result

, the voltage source
j hds enough cdpaclty bullt- ln to take care of the most adverse cases

FIGU RE 3 The strgcture of the voltage source ls falrly sunple (see schematpc)
. U 1 sets up a stable vol-1 

tage reference lndependent o f m aster supply varlatlons U2
, a m lcropowe r op am p . hooks up as a

slmple voltage regulator wpth $1 $4 set up as current boostlng devlces to cover any large current
TT L 1 in e demands R 1, the trlmpot, adgusts the output voltage of the op amp---hence the term lnator voltage

- - -

to î 7V Slnce the op amp ls forced to run from a +? 54 supply when the actlve term lnator board ls
powered from a regulated +bV supply

, you m qght expect some problenls slnce that low a supply voltageTT L 1
1 ne range ls ma rg pna l fok most op amps ty pes However

, tbe 4250 chosen :or thls appllcatlon can work
satlsfacto rply down to + 1 5V so lt qs a lway s worklng we ll w lthln spec

vo ltage 2 6V

s o u rc e

Rev. 91n*
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H o w  To G ET Y o u n cpu 8085/88 To  R U N D ip sw itch 2 is loca ted betw een u2s and

IN UN D ER s M IN UTES U26 and is used to set the power-on-jum?
L addresa If you donlt need power-on-jump, youW ITHO UT REA D IN G TH E M A N UA

sh o u ld ha v e se t D ip S w itch 1 , po s it io n 8 to

OFF , and you can sk ip th is sec tion. C P U

T h is s ec t io n is fo r th o se o f y ou w ho a re des j

so an x io us to se e if y o u r n e w CP U b o a rd w o rks p sw lvcu 2 m ecD I

th a t y o u c an 't w a it lo ng en o ugh to re ad th e b u s

m anual. Th is sec tion w ill tell you ho w to set sw zTcH POS IT ION r
,ARELzD H ow  To sET IT p ro

the s w itches up so that the CPU 8085/88 w ill - --------------------------------------------. indy
look m ost l ike you r old er CPU board . 1 Aouq 8 ox to m atch addr

. b u s

y: KTPnMaLY pErry- EMn IHKT Ycu nr A y ANo bjt g, mod
R E A D  T H E M A N U A L I! I f , af te r re ad ing and 2 AonR 9 ox to m a tch addr

. W e 1
follo w ing the d irect ions in th is section , your b it 9

. the
s y s t e m  d o e sn 't w o rk : D ON 'T CA L L II! R EA D T H E 3 ADD R lc ox  to m a tch addr

. a v a

M ANUA L F IR ST H ! b it 1â
.

4 A DD R 11 O N  to m a tch addr.

b lt 11.
-  

5 aoo R 1z o x to m a tch addr.

b it l2.8085 O N  LY

6 ADDR 13 ON to m a tch addr.
s P fb it 13

,If your CPU 8085/88 was factory assembled, s-)7 ADDR 14 ON t
o m atch addr. so r y o u a r e us ing a v e rs io n th a t co n ta in s b 0 th m

b it 14.Cpu
s , do n 't re ad th is s ec t io n. S k ip to the c o

8 A DD R 15 ON  to m a tch addr. so jn ex t s
ec tion . This sec tion is fo r tho se o f you b it 15

,who pu rchased an 8085 only vers ion , UNK IT .

Y o u w il l ne ed to in s ta ll tw o Ju m p e rs , J 3 In i

and J 4 . (If y ou fo llo w ed the a s sem b ly thD ip s
w itch 3 is used to set the I/0 portinstructions carefully, you should have already p rth

at is used by the M em o ry M an ag er and sw app ingi
nstalled them z J 3 is located above and to f , js port CO1process

o rs. T h e C o m p up ro s tan d a rdth
e righ t of U17 and J 4 is located abov e and to I p e )

add ress FD hex , and here s ho w to se t it  jth
e r ig h t o f U 2 3. en

U se a p iec e o f co m p o n en t lead fo r th e a n

jumpers and leave about a 1/4 inch loop above coI
th e b o a rd so th a t th ey m a y b e ea s ily c u t w h en

you w ant to add an 8088 . o jp sw lTcH a t h

c o l

l eSW IT CH POS IT ION LAB ELED  HOW  19  SET IT

fa

FF t h1 ADD R 0 O

2 ADDR l ON SOSW IT C H S ET T IN G S 
t3 ADD R 2 OF F O

6 and U7. 4 ADDR 3 OFFD ip sw itch 1 is located be tw een U
5 ADD R 4 OFF e fIt i

s used to selec t va rio us op erat ional m od es
6 ADDR 5 0FF fc

of the CPU 8085/88. 7 ADDR 6 0FF rt

8 ADDR 7 0FF M :D IP SW IT CH 1

r k

S :
SW ITCH P OS IT ION LA R E L ED H OW  T O SET IT

S w itc h 4 is lo c a ted in th e up p e r r ight P I

h a nd c o rn e r o f th e b o a rd a nd is t h e l a rg e s h1 xA 3 o e F

. js w itc h w ith th e red pa dd le . It is us ed to t2 XAC OFF

.

s e l ec t e ith e r 2 o r 5 M h z o p e ra t lo n fo r the3 IOW  O F F
.

8085 . w4 5R5 O N
.

T U R N T H IS S W IT C H S O T HA T T H E P A D D L E IS IH5 8 R5 ON
.  P

T HE LEFT- M OST POS IT ION . T h is W ill selec t 2 M hz s 46 J oR ON
.

operat ion , wh ich ls a good place to sta rt. r,7 M W  OF F if you have

a fro n t pan el , Ir
If you h ave a IM SAI- LyPe front pan el , p 1œ  a :ON 

o therw ise.
th e c ab l e in to J 2 . J 2 is a 16 p in so c ke t8 PGJ ON if 

you n eed wl
o c a ted in the up p e r r ig h t h a nd co rn e r o f the t

power-on-jump, jyjon y Cb
o a rd . Y o u w il l a lso w an t to tu rn po sOF F o th erw ise

.

of D ip Sw itch 1 (MW ), OFF.

2 2 0



I

a n d
A BO UT TH E CPU 8085/88 jlump

yo u -
) to i

c o ng ra tu la t lo n s on y o u r p u rc h a s e o f th e F ea tu res such as 5 M hz operation , 24 b its

cPu 8085/88 - an advanced processor board of extende  addressiœ , m wer-on jump, ard the
des ign e  spec if ically f o r f u ll elec t r ic al and ab ility to have 16 b it m w er in an S-100 system

mechan zcal com patib ll ity w ith the IEEE S-100 at a reasonable p rice, m ake the CN  8085/88
b u s s t a n d a rd . T h e s - 1 0 0 b u s i s t h e ano the r p ro ud m em ber of the Cu np m ro fam ily .

p ro f e ss io n a l le v e l ch o ic e fo r co m m e rc ia l , T h a n k y o u f o r c h o o s ing a C o m p u p r o
- - - -  ind ustrial and sc ien t z f ic a p p l ic a t io n s. T h is p rod uct . . . . w elcom e to the club l '

dd r. b u s p r o v i d e s f o r r e a d y e x p a n s i o n a n d k

8 . nod if ica tion as the sta te of the a rt lm p roves.

dd r. W e b e l ie v e th a t th is b o a rd , w ith th e re s t o f

9 . the c o m p u p ro fam ily
, is one of the best Y a rds

dd r. ava ilab le fo r that bus 
.

1 0 .

dd r. T E C H N IC A L O V E R V IE W

l 1 .

dd r. '

12* 8:85/88 o ual P rocessor board was use a f as ter p rocessor w h en they becom eThe cpu 
IO r. i n ed to m a k e it e a s y f o r the av a ilab l e

.  C u rren t s ta te o f th e a r t in U M T 'Ssp ec if ic a l ly d e s g

13* to get into the wo rld of 16 bit (used in serial I/0 boards) is barely able tos
- l 00 B us u s e rO

r- ic ro s , w h i le at th e sa m e tim e p res e rv ing co p e w ith th is 5 M h z b us ra te , so a sw itch ism

14. at ibl i ty w i th ex i st ing ha rd w are and prov ided on the CPU 8085/88 to add one waitc o m p
M r- ftw a re

.  state to every 1/O cycle.SO
lS* we accomplished % is qoal by choosing G e Power-on-jump circuitry is provided % at

Intel 8088 16 bit CPU, (an 8 bit bus version of allow s the CPU to beg in it's ex ecut ion at any

the 8086), and th e 8085A 8 b it CPU . The 8085 256 by te bound a ry (w ith in the low er 64K ). A
O rt b o t h h a r d w a r e a n d s o f t w a r e sw itch is p rov id ed to d isable th is feature. Ap r o v id e s

Q n9 ib il ity w ith th e c u rren t c ro p o f S- 100 sw itch is also prov ided to allow the pow er-on-
co m p a t

Ort 88 provides for greatly jump circuitry to be active at power-on onlyyperipherals, and the 80
enhanced so ftw are capab il ity wh ile m a in ta in ing o r to w o rk a t po w e r-o n an d ev e ry t im e a RES ET

8 b it ex ternal bus for ha rd w are occurs (jump-on-reset).an
compa tib il ity . The 8085 can d irec tly add ress 64K bytes o f

The user m ay sw itch back and fo rth betw een m em o ry
, 

b ut our bu ilt- in M em o ry M anag er schem e
the t w o p ro c e s so rs w ith a s im p le so ftw a re a l l o w s ac c e s s to th e fu l l 1 6 m e g a b y t e s

com m and . Fo r exam p le , th is a llo w s the œ e r O  a v a il a b le p e r th e IE E E S - 1 0 0 s ta n d a rd . T h e

1et the 8085 run h is curren tly ava ilable (and 8088 can d irec tly add ress 1 m egabyte , but our
fam iliar) d isk operating system while letting M em o ry M anag er is sm art enough to know w h ich

8 8 run th e m o re ad v a nc ed a pp l ic a t io n s ro c e s so r is in co n t ro l
.  T h us th e 80 8 8 us esth e 8 0 

.  .  p
ou ld then ''call'' the its of the M em o ry M anag erso ftw are

.  œ e proc esso r w o nly the upper four b
th er to h and le the task m o st su ite  to it. so it to o c an ac c e ss th e 1 6 m eg ab y te ad d re%o

T h i s en v i ro n m e n t is a l s o ex t r e m e l y s p ace
.  T h is w ill b e d e sc r ib ed in g re a te r

f fec t ive w hen try iY  to d evelop new so f tw are d e ta il later
.e

for the 8088. œ e may use tools avallable that rrlae cpu 8085/88 rig idly adheres to the
d er the 80 85 (s uch as C P/ M and IESE s-loo s tanda rd to insure com patib ilityrun un

Microsof t's 8086/88 Macro Cross-Assembler that with future S-100 comm nents, ixlt should also
der cP/M) to w rite the new code and then wo rk qui te w ell w i th m ost w ell designed pre-runs un

s im p ly s w itc h o v e r to th e 80 8 8 to try it o u t. ISSE ha rd w are
.  F'or exam p le , p rov is ion is m ad e

ht P R O M ' s n e ed n o t b e b u rn ed a n d e r a s ed a n d to u se th e IM SA I f ro n t p an el ev en th o ug h i t

t e m s p u ll ed a p a r t to t r an s f e r th e c o d e to do esn 't ex ac tly f it in to th e ne w  s tand a rd
.rg e sy s

to the 8088 sy s tem . M a n y lo ng h o u rs o f t h o ug h t and r ev is io n

2h 6 th p ro c esso rs cu rren t ly ru n a t 5 M h z W en t in to th is p ro d uc t and w e a t C om p up ro a reB o

b us th ro ug h p u t. A s w itch is c o n f id en t th a t it w il l p ro v id e y e a rs o f so l idw h ich m ax im ize s

IN ided to slow the 8085 down to 2 Mhz for Service. We sincerely hope that you will enjoyprov
%h Z f tw a re d ep e nd en t t im ing lo o p s th a t w an t to it .s

o

at th a t sp eed and ar e no t e a s ily ch ang ed.run

In tel says tha t an 8 M h z 8088 and fa ster 80 85 's

ILN  th e w ay
, 

an d th ls b o a rd w a s d e s ig n eda r e o n

QO E i th the f a s t e r ch ip s in m ind . 3y m e r e lyw
Lb O hang ing a c rys ta l you m ay upg rad e tlle Y a rd toc

n 7
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SW IT C H S ET T IN G S A N D  O PT IO N S E L EC T IO N

8085 O nly O P E R A T IO N  l/O W A IT STA T E SELECT IO N C ir

e x e

f ou pu rchased the 8085-only ve rs ion o f S w i tc h po s i t io n 5 3 l s lab e l ed I0 W  and ls tb eI y

t h i s b o a rd y o u w i l 1 n e ed to in s t a 1 1 t w o us ed to co n t ro l w h e th e l o r n o t a w a it s tate On-

jumD rs. If you have the assembled and tested will ix  inserted into every I/O cycle. On*
in s ta l l ed Th is is par ticula rly use f ul w h en run n lnq Eb Eo r C SC v e rs io n s

, these jumpers are
for you already. a t 5 M hz and bey ond . Old er des ign I/O boards W O

One is labeled J 3 and is loca ted abov e and m ay h a v e t ro u b le run n lng a t 5 M h z , es p ec l ally

s l ig h t ly to th e r ig h t o f U 17 . T h e o th e r i s tho se w i th UA RT S . To d e a l w l th th l s p ro b lem

l i htly to the CPU 8085/88 allows automatlc insertion of tlselabeled J4 and is located above and s g j
u nth e r ig h t o f U2 3

.  one wait state to each I/0 cycle. des
U s e a s m a l l p ie c e o f w i re , s u c h a s th a t T o a llow  w a it s ta te g en e ra t ion tu rn s w itch

d i tio n 3 
.

% .. To inhlbit automatic wait state Etlt1ef t over f rom a component lead. Be sure an pos
that generation turn switch & si tion 3 OFF. lt12leave enough of a loop (about 1/4 inch) so

it m ay be ea s ily c ut w h en upg rad ing to th e W 6

8088. Solder the jumpers on the solder side of
the bo a rd and trim o f f the excess lead s.

I f yo u a re p ro v id ing yo u r o w n 80 8 8 and pno cEsso R IN IT IA LIZA T IO N A FT ER SW A P O PT IO NS

8284 , do no t install J 3 and J 4 !

The CN  8085/88 conta ins c i rcui try that
sw lT c H S 1 hand les ord erly chang e-overs be tw een the 8085 u s E

a nd t h e 8 0 8 8 . P a r t o f t h l s c i r c u l t ry g en

ed  b e tw een 176 and U 7 and d e te rm ln es w ha t sta te th e respec t iv e p roc essorSw itch S l is loca t

d w ill i)e in w hen it com es ''on l ine''. sh ais u s ed to s e l ect th e v a r io us o p t io n s an

ional modes of the CN  8085/88. One mode of operation w i 11 cause a RESET syEom rat
to b e i ss ued to th e p ro c esso r as i t com es on p ar
l ine. This w ill cause the 8085 to go th ro ugh a g en

m wer-on-jump sequence ( lf enable ) or to begin disEXTENDED ADDRESS OPTIONS
ex ec u t io n a t add ress 0 00 0 h ex . T h e 80 88 w i11 g en

b eg in ex ec ut ion at FFFF O h ex . M W F
T h e f i rs t tw o po s it io n s o f S 1 a re us ed to o tjje rw ise

, w h en e a c h p ro c e s so r co m e s on
control how the upper 8 add ress b its (A 16-23) ljne it w ill beg in it's execution at the place w ar
resm nd to certa in system op erations. w jje re it w en t o f f l in e

.  In o th e r w o rd s , it you

just picks up where it lef t of f . i t,S
w i tch p o s i t io n 1 i s lab e led X A 3 a nd is 0F E

u s ed to co n t ro l w h e th e r o r no t A 16 - 2 3 w ill b e If y o u d e s i re th e 8 0 8 5 to al w ay s b e rese t 
g entri

- s ta ted w h en AD SBL* is asse rte  on the S- 100 jje
.n jt com es on l ine then turn sw ltch pos ition y o uw

B u s . M S B L * is u s ed to t r i- s t a te th e sy s t e m  4 
.z . (labeled 5Rs for 8085-Reset-On-Swap) . Ef war

add ress bus , usually during a DM A . you w ant the 8085 to resum e opera t ions in place

N ew er Dm  dev ic es tha t m eet the IEEE S- l00 when co m ing on line
, th en tu rn sw ltch m s ition w i!

s p e c s a re r eq u i r ed to p ro v id e th e f u l 1 2 4 b i t 4 O F F
. ané

add re ss to th e b us d u r ing a D M A , b u t m o s t o f q er

th e o ld e r d ev ic es do no t. I f y o u d e s i re th e 8 0 8 8 to a l w a y s b e re se t

I f y ou h a v e a d ev ic e th a t p ro v id e s a 1 l 24 w hen it com es on l ine th en turn sw l tch pos itlon

ad d re s s b i t s t h en t u rn s w i tch p o s i t io n 1 
.

(
.?J.. 5 

.z . (labele  8RS for 8088-Reset-0n-Swap) . IfOth
e rw ise turn sw itch m s it ion 1 OFF. ou w ant the 8088 to resum e opera t ions in p lace

when com lng on l ine , then tu rn sw itch m s i tlon
s w i tch p o s i t io n 2 is l a b e l ed X A C a nd is 5 o y F

. u s (
u s ed to co n t ro l w h e th e r o r no t th e ex ten d ed f 

e ë
add ress b i ts (A 16-23) are cleared w hen RESET* xoTE : w hen b0 th processo rs com e on l ine
is asse rted on tlle S-100 Bus . tjae f j rs t t l m e t h ey bq i 11 g o t h ro u g h th e lr f

e ëT he ex tend e  add ress reg ister w ill alw ays 
no rm a l po w e r- up seq u en c e reg a rd les s o f the If

b e cl ea red on a m w e r- up , bu t a f te r yo ur se tt ings of these tw o sw ltches
.  be

p rog ram se ts it 's v alue y ou m ay no t w an t it to

be cleared (set to 0) each tlm e a RESET X curs. tu
I f y o u d e s i re th e b i ts to b e c le a red on ex

R ES ET A then tu rn sw itch m s i t ion 2 
.

(
.
?.Y.. If you mo

w a n t to le a v e th e r eg i s t e r u n c h a n g ed a f t e r a

RESETA then turn switch position 2 #;:.
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JUM P-O N -R ESET D IP SW IT C H  2

BO W E R -O N Q U M P A D D R ESS

The cpu 8085/88 contains a ''power-on-jump,
1 c irc u it th a t allo w s th e 80 85 to beg in it 's D iP s w itch 2 is loc a ted be tw een U 2 5 and

exec u t ion a t any 256 b y te p ag e b ound a ry. In U26 and lt is used to se t the add res s th a t the

Ehe strictest sense of the definition, a power- CPU 8085 /88 w ill jump to on po wer-on ifi
s

on-jump circuit should only be active at power enabled.
a t e

on. But sometimes it is convenient to perform The CPU 8085/88 can jump to any 256 byte
the jump each time a RESET* occurs. We have Paie boundary in the lower 64K of address

lng prov id ed th is opt ion fo r you
.  apace. Switch 2 is set to correspond to the

rd s b zt pa tte rn o f A 8- 15 o f th e pag e y ou w an t to
ly

sw itch position 6 is labeled JoR and is jump to. When a switch is #E it represents a
em . . d co nv e rsly w h en a sw itc h is o FF itused to d ete rm ine whethe r or no t the 8085 w ill On e an

of . .jump on reset or only on power on
.  I f y o u represents a ze ro .

desire a jump sequence to occur for resets thentch
turn sw itch position 6 p# . If you want thete sw lmcu 2
jump to occur at power on only then turn switch
position 6 OFF. S

w itch Position Add ress B it

i @***@*@@@+@@@@@@*@**@**@@X

M W R IT E EN A B LE 2 .........................M

3a t s w itc h m s i t io n 7 is lab e l ed M W  and is 4 . ... . . ... . .. . ... . ... . .. . .A l1

85 used to determ ine if the c PU 8085/88 w ill 5 ... . . . . . .. . .. . . .. . . .. . .. .Al2
ry generate th e s- l00 s ignal MW R ITE. 6 . . . .. . . . .. . . . . . . . . . . .. .. .M 3 0FF = *0 *

Bo r The IEEE s-100 stand a rd sta tes that M W R IT E 7 .. . . . . . . . . . . . . . . . . . . . . . . .A 14

hall i:e  g ene ra ted only in on e plac e in a g iven 8 . . . . . . . . . . . . . . . . . . . . . . . . .M 5
s

ET system . Som e system s, notably tho se w ith front

on panels (ie :IM SA I 8080), have circuitry that
3 a generate MWRITL This circuitry is not easily For exampler if you want to jump to E000
in disab led . Som e sys te m s d o no t ha v e an M W R ITE you W ould turn sw ltch positions 1 th rough 5 0FF

ll generator, so it is up to the CPU to provid e and switch positions 6 through 8 J:.
MW RIT E to th e bus .

o n The im po rtan t po in t he re is tha t you only

ce want on e M W R IT E g en e ra to r in y o u r sy st em . If

it your cu rren t system has an M W R IT E gene rato r in

it, you w ill w an t to t u rn s w itch p o s i t ion 7 D IP SW IT C H 3

OFF . If y o u r c u r ren t sy s te m ha s no M W R IT E

;et generator in it (or if you are about to rem ove
ion your o1d cPU card that g enerated it) you w ill M EM O RV M AxAs En/pRocEsso n sw A p PO RT A DDRESS

If want to turn switch position 7 jE.
ace To sumarize, turning switch position 7 éE
ion will allow the CPU 8085/88 to qenerate MWRITE j sw itch 3 is located betw een U33 andD p

r d turning sw itch position 7 OFF w ill îahibit ra4 and is used to set the add ress of the I/O
generation of MWRITE by the CPU 8085/88. rt that is used to control the memory managerm

Bet (output) and to swap processors back and forth
ion jnput).(
If BOw ER.O NU UM P EN A BLE o n e p o r t a d d r e s s is us ed by th e C P U

dCe 8085/88 and it is determ ined by setting the
ion s w itch p o s it ion 8 is lab e led P O J and is sitions of d ip sw itch 3 to correspond O  them

used to enable or disable the power-on-jump lower 8 address bits (A0-7) of the desired port
feature of the CPU 8085/88. address .

ine If you desire to have the po wer-on-jump when a switch is turned f: it represents a
lr feature active then turn switch position 8 fE. Alzero'l and conversly when a sw itch is turned
he If you don't want the power-on-jump feature O  oFF it represents a ''oned'. Note that this is

>  act ive then turn sw itch position 8 OFF. the opposite of sw itch 2
.

If the po w er-on-jump feature is no t
ut i l i s ed t h e n t h e 8 0 8 5 W i l l b e g in i t 's

ex ec ut io n at 0 0 00 h ex , w h ic h is it ls no rm a l

mode o f opera t ion .
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sw lTcH 3 U S IN G  T H E M EM O R Y  M A N A G E R

Sw itch N sition M d ress B it The com pup ro M emo ry M anager scheme w orks
con t

as follow s :
1@*@**@@*****@*@*.**..***.*A0 1USt
2..........................M  A standard 8 bit m icroprocessor (such as Over
3..........................A2 (E  = *0> the 8085) can only directly address 64K bytes back
4 A 3 o f m e m o ry. T ha t take s a 16 b it ad d re ss bus. Sim p

@ @ @ @ @ @ @ * * * @ @ @ * * * * * @ * * * @ @ @ *

5 ..........................A4 But the new IEEE s-100 standard prov ides for 24 SW aP

6 ..........................M  oFF = Nl* b its of add ress bus wh ich allow s add ressing of

7 ..........................A6 16 m eq aby te s . The p ro b lem is ho * to a llo w a m an a
8 ..........................A7 p roc e sso r w ith o n ly 16 b its o f ad d re ss to add r

appea r to have 24 b its. d ip

W h a t w e h a v e d o n e is to ta ke an e ig h t b it Out p

Th e ''stand ard' po rt add ress is FD hex. outp ut po rt and la tch any d a ta by te that is inp u

Any software that is provided My Compupro w ill W ritten to it. This latched information is hex.
assum e that this sw itch is set for port PD . To th en b uf ferred and p lac ed on the upper 8 Manu

set the switch for port FD turn sw itch position add ress lines on the s-100 bus (A l6-23). Now

2 IE and all other switch positions QFF. an 8 bit processor has access to 16 megabytes
instead of it's usual 64K bytes. ti m d

T ho se t h a t a re fam il ia r w îth b an k s e lect in it

s che m e s w ill app rec ia te th a t th is is qu ite beg il

s im il a r , b u t in s t e ad o f h a v in g t h e p o rt if y

2 O R 5 M H z O PE R A T IO N duplicated on every m emory board , it appears in Afte

on ly one p lace in the sy stem . T he b ig gest are
sw lTcH 4 ad v an ta g e th a t th is h a s o v e r b an k se lect ther

schem es is tbat the physical m em ory boards are
s w i tch 4 is us ed to s elec t w h e th er th e s ta n d a rd i z ed b e c a us e o f th e IDE E d e fin ed RES E

8085 w ill run at 2 Mh z or 5 M hz. In som e o ld er add ress l in e s. ex ec
s y s te m s , w ith s lo w e r m em o ry , i t m a y b e Y a i

necessary to run at 2 Mhz. Som e older So when using the 8085 one just writes an
g en era tion h ard w are w ill no t operate correctly 8 b it w o rd o ut to th e o utp ut po rt th at is 'k le d

or reliably at 5 Mhz (such as the IM SA I front selected by the setting of D ip Sw itch 3 and it F
panel). A lso som e so ftw are has tim ing loops then by the beg in ing of the next cycle that hap:

that depend on a 2 Mh z p rocesso r. If poss ib le add ress w ill appear on A 16-23.
th e se loo ps s ho u ld b e m od i f ied , b ut som e a re But th ings are a b it d ifferent w hen us iœ  appl

un d ocu m en ted m ak in g tb em  ha rd to find and th e 8088 . Th e 80 88 h a s 20 add res s b its so it deve

th e re fo re c h ang e. If th is is the ca se , yo u can d irectly add ress 1 m egabyte of m em o ry. The be F

w ill probably  w an t to run at 2 Mh z. M em ory M an ager is sm art enough to know if the

s w itch 4 is lo c a ted a t the up p er r ig h t 808 8 is in co n t ro l o f th e b us. I f th e 8 088 is
h and co rn e r o f tb e bo ard an d is th e la rg e in con tro l , o n ly th e upp er fou r b it s o f the the

padd le sw itch w ith th e red handle. m em o ry m anager port are used and the low er four seq t
P u t t in g th e s w i tc h in th e l e ft - m o s t eom e d irect from  the 8088. In o ther term s , A0- do f

po s t ion w ill c a u se the 80 85 to run a t 2 M h z . 19 com e from the 8088 and A 20-23 com e from the is I

P ut ting s w itc h 4 in th e righ t-m os t pos it ion M em o ry M an ag er latch .
w ill cause the 8085 to run at 5 M h z. A s w ith th e 808 5 , th e 80 88 w ill w r ite a do il

Th is sw itch is no t designed %  be chang ed fu l l by te to th e p o rt , b u t o n ly th e up p er four havi

wh ile runn ing. It m ay wo rk w h ile runn ing , but b its w il l ev e r se e th e b us . T he fu ll by te is lint

y o u r p ro g r a m m a y a l s o b o m  b . W  e m a k e n o la tch ed , h o w ev e r , and a1 l e igh t b its w ill

g uaran tees l app e a r on th e b us w h en th e 80 85 co m es b ac k on
l ine . 80 8

Note that th is sw itch affec ts the 8085 ppt :
only. The 8088 alw ays runs at 5 Mhz. A11 eight b its w ill alw ays be cleared (set Sw i

to 0) on po w er up. s ee the Opt ion s election O  1

s e c t io n o f th i s m an u a l fo r m o r e o p t io n s

concern ing the M emo qy M anager. (D ip Sw itch 1,
positions 1 and 2, and D ip Sw itch 3.) the

808!

it 4
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SW A PPIN G  PR O C ESSO R S

On po w er- up , th e 80 85 w ill alw ays b e in since Nhe comm and to sw ap processors is an $
S

control of the bus and the 8088 w ill be asleep , IN ins truc t ion , and the p u rpo se is no t re ally

just as if it was never turned on. To change to read any information from the input port, FF
s over to the 8088 , and to s ubseq uen tly chang e hex w ill b e return ed in the A reg is ter. This i
s back and fo rth , a l1 th a t n eed b e do ne is a m eans that any prev ious conten ts w ill be lost. E

;. sim p le IN P UT in s t ruc t ion f rom  th e P ro c e s so r s o i f t h e c o n t e n t s o f t h e A  r eg i s t e r a r e 1

4 Swap Po rt. im po rtan t to you , be sure to sto re it som ew he re ;

f Th is po rt is sh a red w ith th e m em o ry first ( a PUSH instruction w ould be the m ost :
a nanager port in that they share the sam e likely).
o ladd res s spa c e . Hen c e th ey a r e b0 th s e t w ith :

dip sw itch 3. Th e m em o ry m an ag er uses the
t outp ut s id e , and the sw ap func tion uses the The follow ing is an exam p le o f a typ ical ë

s lnput s ide. Th e ''s tand a rd'' po rt add ress is FD P rog ram flow us ing b0 th p roc esso rs , assum e .
s hex. See the Option selec tion sec tion of th is Sleep m od e for both : i

8 zanual to find out how to set th is add ress.

'w  
er- puter Po w ers Up  )

ts When the 8088 comes on line fo zr the first 8085 dnos a power-on-jump E
tim e , it w i 1 l g o t h ro u g h it Gs n o rm a l Program  beg inm to execute

lt initialization sequence, wh ich is that it w ill T im e to sw ap  procoRunrs :

e tegin to execute code at address FFFFD (0eFFF: LOad in object -naule for 8088 l
t if you take the Memory Manager into account). Set up jump to 8088 nnde at FFFFO hex 7

.

n After tha t f irst t im e it co m es on l ine th ere W MA  A reg âster i
t are tw o op t io na l w ays fo r it to co m e on l in e D 0 an IN from  part 'D  hoz :

t thereafter. (on board hardware puts 8085 to sleep

'e One is just like the first, in that a AnH Wakes Mk 8088)
d ZESET w ill be is s u ed to th e 8 08 8 b e fo re an y 8088 now  on l in e

exec ut io n can en s ue . Th is w ill ca us e it to 8088 beq lnm exon e ion  at FFFF Q hex

ëain begin to execute code at FFFFO. Jump to dbject module
 The other mode is one where the 8088 just Perform tnnk
s 'bleeps'' in place unt il it is reaw aken ed , w hen TiR e to sw ap  prnnoAnnrs

: (ler n--= somethlng from dlsk) it pîcks up where it left off as if nothlnq had
 Lappenne . Put in fo u ) %  in 1M

Either mode can be useful depending on the tie z task info z drfve num ber, sector
ë application. The REs/r mode may be useful in a etc .)

t levelopement atmosphere, but the sleep mode may pœ<h A reqlster
e àe more practical in a real-time environment. Do an IN froœ POrt #D hex

8085 h ank on l xne
a

s The 8085 can work in just the same way as 1*  A ro ister
, the 8088. It w ill eîther do a no rm al m w er-on D rform  :* sk

7 sequence (where it executes at 0000) or it can @tM  A ro ister

-  
do a m wer-on-jump if enable , when the system IM  œ  IN from m rt m  hov

a ts m w ered tp . K 88 I> 'k on l -m e

A te r th e 8: 88 g a in s eon tro l , by th e 80 85 etc .

a lo ing an IN to th e p ro c e s so r s w ap p o r t , yo u
: M ve the % m e options fo r when it co m es back on The last obv io us cons ideration is that one

5 line as you do w ith the 8088 . p roc esso r sh o uld g en e ral ly not m od if y th e

( ex e c u t io n o r s t a c k a r e a s o f th e o th e r
1 Y ou m ay h av e th e 8088 in o ne m od e and th e P roc esso r. T h is req u ires c a re f ul p lann lng o n

8085 in the o th e r o r b0 th th e sa m e. s ee the the D rt of the prog ram m er.

% tion selection sect ion of th is m anual (D ip T h e com p le te so f tw a re p ic t ure w o uld
Sw itch 1 , locations 4 and 5) to determ ine ho w require an en ti re book in itself and m aybe

L o  select the m odes you des ire . som eone out th ere w ould l ike to w rite one , but
1 th is m an u al w ill no t a t tem p t to d e lv e in to it
1

X O tO th a t i f yOu el ec t th e RESET m od e f o r M Y f tlrth e r .
r

the 8085 alz  the Power-on-jump iS enabz.e  , the
8005 Wili do a D Wer-on-jtm p Sequence each time
it COm eS On l ine.

2 2 5
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C IR C U IT D ESC R IPT IO N

The C PU 8085/ 88 conta ins four bas ic panels to fo rce data in to the CPU over the li
in cable (J 2) so the DI buffer should be Itsections of circuitry

.  They are : The P rocesso r P h
avand B us In te rfaee C irc u itry

, the P rocesso r Sw ap tu rn ed o ff. A  pull- up res isto r is p rov id e  en

C ircu itry , the M em o ry M anag er C irc u itry and th e the RUN lin e so th at system s no t ut il is ing 1 is
> 1''Po w er

- on-l um p C i rcu i try. W e w ill d iscuss each l 1ne w ill s t i 11 w o rk. N o te th a t R UN is no
i ss ec t ion ind iv idua lly

.  longer a specif ied signal on the S-100 Btls.& f l 
oM th the 8085 ard  the 8088 P ut the low er 8

d S- 10 0 Bus in te r f ac e add re ss b it s o n th e d a ta b us d u r ing th e f irst SFS IT he p ro c e s so r an

i n a1 f rom  both O f 1c i rc u i t ry p e r fo rn s th e n ec e s s a ry p r im it iv e P a rt o f th e c y c le
.  T h e A L E s g

iork VX Pf tm c tions such as prov id ing cloc ks to the Cx s
, 

P ro c e s so rs is us ed to la tc h th is in f o rm a t

signal bu f f er iY  ard  tim iœ  conversion to f it Bo th A LE s ig n a ls a re OR ed by a sec t io n o f U23
to g en e ra te th e SY SA LE s ig n a l . W e no W h ave a fl0th e S

- 10 0 IE E E s t a n d a rd . So m e s ig n a l s a re
'' the s i zed'' f o r the S - l00 b us s inc e n e i the r com mon A LE signal for the w hole card that w ill W h isyn

t th e 80 8 5 A L,E W h en it is in co n trol tb eCPU g enerates those signals d irec tly
.  rep re sen l

o wT h e 8 08 5 h a s a b u il t- in e lo c k g en e ra to r aré  the 8088 A LE w h en it is in con trol.

siglwhich the CW J 8085/88 takes advantage of when The data bus is tied to the înputs of of

rtm n iœ  at 5 M h z. A c rystal that is tw o tim es U 35 , a 7 4L5 37 3 t ran s p a ren t la tc h. T h e la tch
1 is h oo ked to th e SY SA LE s ig n al . This i Sth e d es i r ed f r eq uen cy is hoo ked ac ro s s th e co n t ro

in fo rm a t ion f rom  the data f ir1app rop ria te P in s
.  In th is ca se the c ry s tal is la tch es the ad d ress

X 3 and is 10 M h z W h ic h g iv e s us th e d e s i red 5 b us . A le outputs of U35 becom e A 0-A 7 on the S-

M hz opera t iY  f req uency. l00 B uS.
in-betw een th e c rystal and th e 8085 is A 8 - 1 5 f ro m b o th p ro c e s s o r s a r e t iel thaBut

a SPDT sW i tch, S4. S4 allo w s e i ther th e together (one is alw ays tri-stated) and are COn
C ry s ta l to b e hoo ked up d i r ec t ly to th e C PU o r b u f f e red by U 36 and g o o u t o n to th e S- 100 bus. i en'

80th U35 and U36 m ay ie  tri-state  by the ADSB: ClO'allow s insertion of a 4 M hz clock signal (more

about that signal later). This causes the CPU S i:nal .

to run a t 2 M h z. T h e 80 8 5 h a s th re e l in e s ; S0 , S1 : * 1
theThe 8088 requ i res a co m pletely d if f erent Io/M* f r

om w h ich al1 o f the m ss ible states of i s
clock c i rcui t. It requ ires a clock f requency operation (status) m ay be decod ed . The 8088

i red operating f rO uency K d has th ree s im ilar l ines; SSO
, 

I0/M* and W /Râ. 100three times the des

it must have a 67/33 % duty cycle. For this We Tlw code on the two sets of lines is completely 101OCk generato r di ffe ren t. A 1 l th e l in es f rom th e 8 08 8 are -Z Eu s e th e In t e l 8 2 8 4 IC , a  c

designe  speci f ically for the 8088/86. The 15 tr i-stated during a HOLD , but S0 and S1 f rom :
o rM h z e rys ta l 

, X 2 is hoo ke  up to the 828 4 wh ich tlae 8 0 8 5 a re no t
.  T w o s ec t ion s o f U40 a llow jn t

jth en p rov id e s th e n ec e s s a ry d iv is io n by th re e tjje se tw o s ig n a ls to b e tr i
- s ta ted , b e ing

and th e p ro p e r d uty cy c l e . N o p ro v is io n has con tolle  by the HLDA  s ign al f rom  the 8085
.  

9O *

b een m ade , o ther than by chang irN  the c rystal , T h e tw o se ts o f th r ee l in e s m ay no w be

to alte r the 80881s operat ing f rm uency . t ied tog e th e r
.  

T h e s e a re f ed in to a b ip o lar ZW

T h e S - 10 0 b u s re q u i r e s a 2 M h z c lo c k PR OM
, 

u 30 , tha t deeod es th e signals in to the S- ZS

l on p in 4 9 req a rd le s s o f th e o p e ra t ing 10 0 s ta t us s ig n a l s
.  

B u t t h e c o d e s o n t h e tw e O n is l g n a

f req ue n cy o f th e p ro c e s so r. T h is is p ro v id ed l in e s a re d i f f e r en t
.  

The CN  8085/88 has a M  
f:

d

by an oscillator comprised of three sections of signal call ed 8/5* that is high when the 8085 :93 -
h e 4 X h Z O u tp u t i s in co n t ro l an d 1o w  wh en th e 80 8 5 is in -t1Z 'U 8 and X 1 , a 4 M h z c ry s tal. T

f the o sc illa to r is used abov e to run th e 8085 co n t ro l
.  

T h is s ign al is usV  to selec t betw een ZW 'o

a t 2 M h z. T h e 4 M h z s ig n a l is a l so d iv id ed by tw o se ts o f d a ta in s id e th e PR O M so th a t the

ysa f 1 ip - f 1o p to 2 M h z , is b u f f e red an d g o es o u t th ree l ines are d ecod ed d i f f e ren t ly d e p e nd ing t1SG

th e b us . on wh ich proe esso r is d riv ing th e l ines
.  

-to

(J a tThe status signals are buf fere  W  U39 ard
80t.h proc esso rs have a b i-d irec tional data th en g o o u t to the S - 10 0 b u s. T h e o u tp ut s of CM 1

S igb u s
.  80 th a re tied tog eth e r (one is al w ays U39 may be tri-stated by the SDSB* signal.

t r i - s t a t e d ) . T he r e s u l t a n t d a t a b u s i s
bu f f e red by U 37 a nd th en g o e s o ut o n to th e D O T he p rocesso r con trol s ign als on the S-10û

* B us PSYN C and the like are the m o st d if f icult V a l.b us
.  U 37 can b e tr i- s ta ted by th e X D S B , r

i n a l o n t h e S - 1 0 0 B u s . T h e D I b u s is to sy n th e s ize , so w e w l1 l d is c us s e a ch s ig nal a R'S CJ
' t u t s a r e t i ed to SeN rate ly . W Vib uf f e red by U 38 and U 38 s o u p

t h e i n t e rn a l d a ta b u s . T h o s e o u t p u t s a r e T h e s ig n a l P SY N C is us ed to s ig n i f y the
e n a b l ed by th e D B IN s i g n a l , b u t w i l 1 b e b eg in ing o f e a ch m ach in e cy c le. T he SY SA LE tO 9

* i n a l o r the R UN l in e o n s iq n a l oc c u rs a t th e b eg in ing o f ea c h m a ch ine S i9d i sa b l ed b y th e PX  s g

the S-100 bus. IU N is used by IM M l-type f ron t cy c le so i t m ak e s s en se to u se th a t f o r P SY NC. th e

tha t

o f 1

o f
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1 6
b e It canno t be used d irec tly honause it does no t T he 80 85 and 80 8 8 g ua r an te e d a ta to b e

have the proper relations nh zp to the bus clock
.  

V a l id a ft e r th e t ra il ing ed g e , b ut no t b e fo reon

:is , SY SA LE se ts a fl ip - f lo p bv c loc k inc in a tbe lead ing edge. Therefo re w e m ust delay the
1 ..1'. a s it r is e s. T h e o u tp u t o -f th e f l i Xp

- flop leading edje of PWRW. Delaying pWR* until theno
1 is connec ted to th e D in put o f ano ther fl ip- next positlve clock edge w ill m eet the tim ing

8 flop. The second f lip-f lop is clocked by the ro uirements nicely, Szl we do just that.r
System clock so that after the next rising Y je Th e W r i t e st r o b e i s p r e s e n t e drst

th of the clock it's output will go higlu This zs Simultaneously to one input of an OR qate and)
the psw c signal. ' the D in put o f a fl im f lop. The clock ln put to7ru

r2 3 W h en th e in v e r t inq o utp u t o f th e second the f l ip- f 1op is the sy s tem clo ck w h ich ha s

) a i flop goes low it clears the f irst f lip-f loD been clocking in a high from the inactive w rite
11 ,' wh ich m a k es th e D in p ut to f lop 2 c o l -o w

.  dn Strobe, a7 the output of the flop will be high.' t 
the next rising edge of the sy Jtem-clock this The output of the f 1op is connected to theol

1 1ow  w ill b e c l oc k ed ou t en d in c th e nsYN c O ther inp ut of the œ  ga te .
f ' sign al . * K- so w h en th e w r ite st ro b e is in ac t iv eo

l The first flim flop is neede  lw oause ALE (hiih) , h lt.h inputs to the œ  gate w ill >  highch I
is is no t g ua ran te ed to b e s tab le d u r ina th a t m ak ing the outw t h igh . W hen the w rite st rob e

ta first ris ing e q e of th e clock
.  

*  

M o e s lo w , o n e in p u t to th e OR g a te w il l g o 1o w

s- b ut th e o u tput w ill rem a in h igh . A ft e r the

'm e s ign al p sw A Lw g o es 1o w to s iu n ifv n ext ris iœ  Y ge of the clock the output of the

d that tlae address and status bus are stab fe Wand fliD f 1op will go low making the other input toa
re con ta in v a l id in fo rm a t io n. T h is s ig n al i s the OR g a te lo w . T he tw o lo w s w ill ca u se th e

s. generated by NM Ding IsY c with inverted system OutN t of the œ  gate to go 1ow making our > R*
5* clock . sign al. W hen the w rite strobe returns h igh , so

w il l th e o u tp u t o f th e OR g a te end ing PW R W a t

Th e s ig n a l PD B IN is us ed to s ig n ify th a t tbe r ight t im e.
ad th

e c PU w an t s to read da ta on th e D I b us. I tof
is th e re ad st ro b e fo r th e s- l00 bus

.  The s- The P HLDA  s ig n a l is us ed to s ig n ify th a t38

w  100 bus spec ificat ion states that PDB IN should th e p roc esso r h a s r e 1 in q u s h ed t h e b u s tot 
.

go h iq h d u r in g a m e m o ry r e a d 
, input or another tem/ rary master, usually a DMA device.ly i

nterrupt acknow ledg e cycle. T h e g en e ra t lo n o f th is s ig n a l w il l b e c ov e redre

The RD * signals fro m the (M ;s w ill go lo w  und er the l- tion conc ern ing th e proc esso r sw ap
lm for a m emo ry or I/o cycle

, 
b ut n o t fo r an c ircuitry .7W  

i terrupt ackno w ledg e cycle
.  The D TM  signaln39 

low fo r in terrup t acknow ledg e cycles
.  A 11 o f th e s e s ig n a ls a r e b u f f e red by U 2 7goes

So to syn th e s ize th e PD B IN s ig n a l th e a n d g o o ut to th e s - 1 00 B u s
.  U 27 m ay b e tr i-Ae

INTM  s ign als f rom * :11 cK s are tie  tx e ther
, stated W  assertion of the O SB* signal.hr

as are the K * signals. (As with the data buss-
only one is ever active). The composite R171Io
and INTA * s ig n a ls g o in to th e in p ut s o f a NA ND T he tW O RDY s ig n a ls on the S - 100 B us a rea

ga te w h ic h p r o v id e s in v e r s io n a n d an o R u s ed to ex ten d th e c u rren t b us c y cl e fo r s lo w$ 8

fun c t io n a t th e sa m e t im e
.  so either RD* ym  m em o ry , s ing le stepp ing etc. They are AND edLn

INTA* can cause PDBIN. together along with the on-board I/O woit statezn
T he o utput o f th is g a te is th e DBIN signal % e n e r a to r . T h e r e s u l t a n t o u t p u t i s t h e nle

used on-bo a rd , but occurs too ea rly to m eet the Co n n ec ted d ir ec t ly to th e 80 8 5 RD Y in p u t , but1: 

fo rS-10 0 B us sp ec . T h e re fo re th e D B IN s ia n a l ts iS Synch ron ized to the clock by a flip -flop

ga ted b y th e inv e rs io n o f p sy Nc so th a Wt PD B IN th e 8 088 . The o utpu t o f th e fl ip - f lo p g o es to
Ad
f canno t sta rt until psyNc is low . The resultan t th e re ad y in p u t o f th e 8 28 4 and th en to th e)

signal is inverted and b ecom es PDB IN
.  

8 0 8 8 it s e l f . T h e f l ip - f l o p is n e c e s s a r y

b ecause o f a t im ing id iosy nc racy in the 8284.

T h e s ig n a l pW R * is us ed to s ig n ify th a t T he O n -b o a rd w a it sta te g en e ra to r is a)0

val id d a ta is on th e D o b u s to b e w r it ten in to fl ip - flop w ho se D inp ut is an ex te nd ed A LELt

a memory or I/o device. It is the generalized derived from the PSYNC generator. This is,1
write strobe fo r the s-loo bus

.  
Clocked in and o ut by the system clock , caus ing

80 th W R * l in e s f ro m th e cpu s are tied One Wa it state to be g enerated . The CLR inputl e

E together (one is al ways tri-stated). Th e to the flip-flop is tied to the IOZM line from I
sig n a l d irec t io n is oK fo r th e s- 1 00 b us

, 

b ut b o th P ro c e s so rs w h ic h is lo w d u r ing m e m o ry

x  the t im ing is no t. T he s - l oo B us s p ec s ta tes CY CIO S. T h is w ill c a use the fl ip- flo p to be
-* in ac t iv e d u r ing m e m o ry cy cl es so th a t w a it+ at data m ust be val id b

efore the leading el e
of the write strobe and after the trailina eane States w ill only be generated during I/O
of the w r ite strob e. -= -= Cycles .
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T h e o u t p u t o f t h e f l i p - f 1 o p i s At w w e r- o n , th e s ig n a l 85 HO LD from the

connected/disconnecte  f rom the K Y circuits by output of f lip-f lop Ul0 w ill be low , and the CPU
a d ip sw itch . s ig n a l 88 HO LD f ro m  th e o utp u t o f f ilp - f lo p U9 U 4 a

w ill b e h ig h . T h is m e an s th a t th e 80 85 w ill HOI.(

The in te rrup t l in es , NM I* and P IN T A are com e tm  runn ing and the 8088 w ill t)e held . M %  is i

inverte  arf  then gate  by some M D gates that a signal nam e  8/5* w ill be low signify iœ  that go il
are turned on and of f by the 8/5* line and it's the 8085 is in control. This signal originates 8121
in v e rs io n. T h is log ic is u sed to s teer th e f rom  f liD flop U5. w h id

interrupt inputs to the processor currently on The I/O m rt is decoded by the 251.52521 requ
l ine . e igh t b it com p a ra to r, : 34. T h e o utp u t o f U31

is inv erted and appl ied to on e input o f tJ3, a be in
'I'he MW Rrr signal is the m em o ry w rite strobe th re e inp ut NM D g a te. T h e o th e r tw o inp uts So i

fo r the S- 10 0 b us and is g en e ra ted by N tm ing a re tied to PD B IN and S IN P . W h en a1l th ree w h el
PW R * and th e st a tus l in e SOUT . M W RT m ay b e s ig n a ls a re h ig h th e o u tp u t o f U 3 w il l g o low. This

d isco nn ec ted f rom th e b us by a d ip s w itch . This is inverted and ased to clock a flip-flop? bus

MWRT is buf fered by a section of lJ31. u2. The f lip-f lop's D input is tied h igh
m ak ing th e no n- inve rting outw t of the flop go % en

T h e p o w e r- o n- c le a r c irc u it ry is us ed to h ig h . T h e n o n - in v e r t ing o u t p u t is t ied ? th e

in it ial ize on M ard lœ ic a nd also to generate th ro ugh tw o in v e rte rs fo r d e lay , to th e c lear retu

th e P< * s ig n al fo r the s - l 00 B us. T r i- s ta te inp u t o f the f lop. So a f ter tw o g a te d s

buf fers are enable  W  the W r * signal to also the flip-f 1op will cleare . This produces a
d r iv e R ES ET* and S LV C LR * lo w at Po w e r-o n , p e r sho rt p u lse a t it o u tp ut s. T h is s ig n al is ho ld

the s-l00 bus spec . c all ed POR T POLS E W , an d is th e sw ap co m m and P ro d

A simple 1<2 time constant is forme  W  R15 Pulse we nee . f liI
and C9 w h ich is b u f f e red by a s ec t ion o f U 40
act ing as a schm itt trigg er. % en D RTPULSE* œ curs , it set.s the outm t to E

o f U lo a to a o n e. A s s u m  ing th e re is no D MA CO m

Th is com pletes the desc ription o f the request f rom the bus PHOLD (an in tern al board no r:
Processor and K m  Interface Circuitry. Next we inversion of the bus pHOLD*) w ill be low . This th rc
w ill descri-  how the P rocessor Sw ap C ircuitry al lo w s th e h igh f rom  U 10a to pa s s th roug h the o f

op era tes . OR g a te : 2 3, p re sen t ing a h igh to th e D in put occt
o f lJ10b. On th e n e xt po s it ive tran s it io n of W h i

the 8085 clock , the output of Ulob (85H0LD) the
w ill go h igh  Th is causes a hold rm uest to be U2b

P R O C ESSO R SW A P C IR C U IT R Y i
ssued to th e 8085 .

I t i s t h e j o b o f t h e p r o c e s s o r s w a p 
.  -  .  .  -

W  h
-

e
.  

n
- X ,% .8 0,8.5 .js, ,d o-n-j -w- i zt h./-t hnev Jxu j j e-nat s e c

c irc u it ry to h and le th e o rd e rly c h a ng e- ov e r = y = i V tJK = y = *= H I L w ii 't LG *o= i u o n ta m  a.iH =' jjj:
SH LDA . Th is ind ic a te s th a t th e 80 85 ou tputs Tb

etween the two œ lls on the ca  8085/88. rod
ic thx ry îs thisg One processor is are tri-stated and internal operations have PThe bas

> ut to s leep '' by p u ll in g it s HO LD l in e h igh . been SusW nd e . Wh en 5Hr,DA rises it w ill clock PrevP

is l ine is no rm ally use  for DM A . W e are told a lOW Out Of f liD flop U9m  Th is 1ow w ill m ssTh

b the CPU that it has gone to slee through OR qate U23 and appear at the D inputY / to U9b
.  A f ter the next risiœ  edge of the 8088 Syst(rel inquished the bus by tr i

- s ta t ing it s fy ij
internal operations) Clockz the output of U9b (88HOLD ) w ill go low.outputs and susm nding al1

h is w ill allow the 8088 to b O in oD rat ions. fro ni
s ac tive h igh . Tby the H:m  l ine that

W hat the proc esso r sw ap c ircuitry does is 0n th e n ex t oc c u ren c e o f POR T PU L SE * the

whole process will be reverse . W  tt
o a l te rn a t iv e ly m a ke the H O LD l in e to e ach out l

processor high and low to con trol wh ich one is w jl l 
also c loc k IJ4b wh ich is 0nePOR TPULS E w

on l ine. s ince the HOLD l ine is alx  no rm ally j o ut j
set up as a d iv ide by tw o tœ g le. U4b s outputus ed fo r D M A

, so m e log ic m us t b e p ro v id ed to
w ill be low a t m w e r- o n . T h is o utp ut is tied ano l

steer the PHOI.DA l ine f rom the S-100 bus to the
to the D in p u t of tJ5a . T h e o utp ut o f D5a the

processo r on line , and to arb itrate betw een a (8/5*) w ill als
o be 1ow at m w er-on . The clockh

old f rom  the bus ard  an in ternal hold . aca j
''com m and'' signal tha t input of U5a w ill be cloc ke  by e ither 5Hrm  orTh

ere m ust also be a 8HLD A  
go ing low , s ign ify ing a processo r com ing the

tells the c ircuitry to ch ange p rocesso rs. T h is
o n l in e . conris d

one by decod ing an I/O & rt and m aking a
is d o n e . SO when K RTPULSE* X cu rs U4b w ill change SK t

c o m m and p u lse e ach t im e an ac c e s s
states, and w hen a processo r com es on line theTh is p

ort add ress is shared w ith tY e M em o ry f
s ta te o f IJ4 b w îll b e cloc k ed th ro ugh U 5a, reM a

nager circuitry (describe  later). w js lets turr
changiœ  the state of the 8/5 line. Th
the on-board c ircu itry kno w wh ich proc esso r is the

in con t ro l .
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f
th e ) The siqnal that clocks U5a (sign ify ing a The last sec tion of the processo r sw ap
the CPU com ing out o f a hold sta te) also clocks C ircuitry concerns the R eset-on-sw ap option.
) U9 p4a . U4 a th en p ro d u c e s a p u ls e c a l l ed This C ircuit allow s a pFm rr to be issued to the

'

ill HOLDOVER*. The signal that clocks U5a and U4a Processor that is just com ing on line.
û so is inverted (which means ît now signifies a CPU U7 is a 74L5221 dual one-shot. A one-shot
+ at lgoing in to the hold state) and used to clock P rod uces a p ul se of a fix ed du rat ion in
Rtes W 12b . The D input o f U12b is the PBOLD signal response to an edg e-tr igg ered input. The

wh ich w ill b e l o w if th ere is no b us D M A d u ra t io n o f th e p u lse is se t by a re s is to r and

!52 1 request . capac ito r .
U 34 The o utp ut o f Ul2b is BHLDA , w h ich a fte r The resisto rs and capac ito rs in th is case
3, a % iœ  buffered becom es PHLDK on the S-100 Bus. are R 3 and 4 , and C 5 and C6. T he ir values w ill

Auts %  if there is no bus hold request (PHOLD low), Produce a pulse of about two m icroseconds.

lr ee vhen u12b is clock ed , BHLDA w ill rem a in low . The tr igg er inp uts are the HLDA s ign als

Low . 1 is is exactly what w e w ant- w e don't wan t the fro m th e cpu s . The tr iqg er inputs o f U7 are

lop , dus to see the in ternal hold operations. set up to trigg er on the n ega tiv e go ing edge.
jigh But if PHOLD is h igh , BHLDA w ill go high. so , for exam pley wh en SHLDA falls (sign ify ing

) go % en the HOLDOVERW pulse occurs, at the end of that the 8085 is about to com e on ltne) a 2

.

ed , the D MA , U 12b w ill be rese t caus ing BH LDA to m ic rosecond pulse w ill be issued from ;7. This
ea r return low . ulse goes to the 8085 reset input wh ich causes
z .:' 

P
O s th e processor to reset.
' - Y

e s a S o m  e a r b i t r a t i o n i s n e e d e d t o h o l d o f f a v j: e o u t p u t s o f IJ 7 m  a y b e

ë i s hold request f rom the S-100 Bus dur ing a conncv te /djsconnecte  f rom operation by means
jand Proc esso r sw ap . Th is is ac co m p l ish ed w ith : a d ip sw itch

.o

flfp-f 1op U2b ard  a Nœ  gate U14.

The PHOLD * signal f rom the S-l00 Bus goes T l, t s co m p l e te s th e se c t i o n o n th e

tput to one inp ut o f the N 0R ga te. T h e o th er inp ut processor sw ap c ircuitry. N ext we w ill explain

D M A  com es f ro m th e o u tp ut o f lJ2b . Th is o u tp ut is tyje M em ory M anager.

o a rd no rm a lly lo w : al lo w ing the PHOLD * s ig n al

'm is through the gate (w ith inversion). The output
 th e ûf th e g a te b ec om es PH OLD . W h en POR T PU LS EA

put uccurs, a hijh will appear at the output of tQ b
 of Whieh will lnhibit PHOLDA f rom go inj throughOLD ) the NOR gate. The HOLDOV ER W pulse w l1l clear M EM O BY M A N A G ER CIR CU IT R Y

o be ë2b allow ing PHOLD* th rough the ga te aga in .

ren t PH O LD is a llo w ed to r ipp le th ro ugh th e The funct ion o f the m em o ry m anager is m o re C

in e , Sec t ion s o f : 9 and U 10 b ec a u se o f OR g a te U 2 3 . C l ea rly d e fin ed in th e se c t io n en t it led U S ING

p u ts This a l lo w s th e ho ld req ue st to g e t to the TH E M EM ORY M A NAG ER. P lea s e re fer to th a t

av e pro c e s s o rs u n l e s s it is h e ld o f f b y th e section fo r an explanation of what Ehe m em ory '
( #. ,). ,). .lock prev tously d lscussed circuitry. m an ag e r s func t ion s are. H ere w e w il on y

pass explain how the circuitry works.
n put W h en th e p rocesso r ch anq es , so m ust th e As expla ined in the prev ious section , the :

8088 sys tem  cloc k . Th is is acco m p l ish ed w ith a m em ory m an ager's port add ress decoder is shared

lo w . flip- flop , U12a # and so m e tri- sta te b u ffers W ith the P ro cesso r s w ap po rt. T he p roce sso r '

s . 

irom :24. s w a p po rt use s th e 'in p ut ' s id e w h ile the!

th e The fl ip -flop is constan tly b einq clocked m em o ry m anager uses the 'output' s lde.
by the current system clock. The non-oznvert ing The o utput is d ec od ed by th e s igna l from 1

%  k
autpu t îs hoo k ed to th e tr i-s ta te con tro l o f U 34 , SOUT and th e inv ers io n o f pW R . T h e se

rh is Qne section of U24 (U24b) and the inverting three signals are connected to Ehe inputs of a
tput Qutput is hoo ked to th e tr i-sta te co n tro l o f th ree înp ut NAND ga te, U3. T he o utp ut of U 3
t ied ano th er s ec t ion o f :24 , : 24 a. T he D inp ut to W il l g o 1o w w h en al l th re e in p uts a re h igh , (

U 5a i e flop is hooked O  Ehe 8/5* line. Signify ing an output O  the selected port. The '

lock The input to :24b is the clock from the Output will return hijh at the end of the 'E
à o r 8085 and th e in put to : 24a is th e cloc k from Output cycle , but data w zll still be valid.

m ing the 8088. s ince the tr i- sta te ino uts are This positive go ing edq e is used to latch

connected to opposite outputs of u12aJ onlv one data from the data bus into :28, a 74L5273 .
ange section of u24 will be turned on at a tim J. OCta2 latch. The upper four outputs of the h
 the When 8/5* changes, tbe chance w i1& be latch go to U33 , a 74L5373 octal transparent

usa, reflected in the outputs of u12a Qhich will latch. The lower four outputs of 028 go to :
lets turn on the appropriate section of u24 allow ino ha lf the inp uts of :29 : a 74L5 157 q uad tk o 7

is tbe correct clock to become the system clock. = input m ultiplexer. '
r !

E

2 2 9

l



T he co n t ro l in p u t to th e m u l t ip lex e r is e in a l ly , a t th e n ex t add re s s
, :5 w ill

the 8/5* line. w hen 8/5* is low , sign ify ing clock itls non- inverting output low , c a us lw
tha t th e 80 85 is in co n tro l , th e fo u r o u tp u ts U2 6 to b e tr i-s ta ted and th e no rm a l D I buffer

o f ; 28 pa ss th ro ug h th e m u l t ip l ex e r to th e to b e re-en ab led. Th is allo w s the n ex t byte =

other fou r inputs o f U33. But when Ehe 8088 is b e read fro m th e b us , and no rm a l ex ec ution

in control (8/5* high), the four outputs of the ensues.
m ultiplexer no longer represent Ehe outputs of The outp ut of u16 (PaJ*)# can be d isabled
: 28 , b u t in s tead rep res en t A 16 - 19 f rom th e by a d ip sw itch , wh ich w ill cause the pow er- -

8088. jump circuitry to be inactive.
SYSALE is used to latch the outputs from The Power-on-jump circuitry will activate

u 28 and U 29 in to U 3 3. T he o u tp u ts o f ; 33 a f t e r a P O C * , a n d i f d e s i r ed , a f t e r each
b ecom e the s-100 extended add ress b its A 16-23. RES ET * . Th is op t ion is a lso se t w ith a dip

sw itch .SY SA L E is n e ed ed bec a us e th e 80 8 8 o n ly p u ts

ad d re s s in fo on th e A 16 - 19 l in e s d u r ing th e
first pa rt o f the cycle (as it d oes w ith the This Com pletes the circuit description of

data/address lines). It also ensures that the the CPU 8085/88.

add ress on the bus chang es at the first part o f

the n ext cycle , instead o f the last pa rt o f the

current cycle. Pa r t $ kl*gt
u 28 w il l b e c l ea red a t po w e r- o n . It m a y o (l) czrcuzt aoard

a lso b e c le a red by e a ch s uc c e s iv e b us R ESE T W

d epend ing on the m s ition o f a d ip sw itch. INTEGM TED clRcul'rs (NcTE. the followzng
P a rts m ay h av e le t te r s u f f lxe s and p re f zx e s

The outp uts of 033 w ill lx  tri-s ta te  by a azonq wltia the key ne ers qzven below
.

POC * , RESET * or ADSB*. ADSB * can be ig no red by Q (
2) 74L500 quad 2 znput NAND (U11,l6)the m en o ry m anag e r by sett iY  a d ip

- sw itch . o (l) 74. 02 gaad z lnput m R (ul4)

5  (4) 74L504 hex znverter (:8 ,13:15 ,32)

: e o (l) 74 :505 hex lnverter 0.c. (u25)T h i s co m p le te a th e d e sc r ipt io n o f t 
a) p4usaa quad a znput w ) (u1 ,6 ,17)o  (

m em o ry m anag er c i rc u it. N ext w e w ill d iscuss o (z) m usza trzpze a znput m xo (t?a)

the operation of the m wer-on-jump circuit. :3 (lJ 74M 32 quY 2 lnput (:1R (tl23)o (9) 74 Ls74 d
ual D flzp-flop (:2 ,4 ,5 ,9 ,10

12 ,18 ,21 ,22)
o  (2) 74L5 125 quad trl-state drlver (:24 ,31)

O N -JU M P C I B C U IT R Y  C1 (l) 74M 157 quad 2 znput Mux (ù29)PO W E R -
o  (1) 74L5221 dual one shot (:7)
p  (l) 74L5 240 octal lnv . kus drzver (u26)

The Power-on-jump ci rcui try used in the E7 (4) 74M 244 octal bt.ks drzver (:36-39)I:a (l) 74u 273 
octal latch (u2a)cN  8085/88 i s des igned to allow the 8085 to o (2) 74:

.sa67 hex bus drzver (:27,4a)

b eg in ex ec u t io n o f a p rog ra m a t so m e ad d ress t:l (2) 74M 373 octal trnsprnt latch (U33,35)
U (l) 25L52521 oetal comparator (u34)o th e r th a n 0 0 00

.  I t do es th is b y f o rc ing a o (z) cl6s a2
x8 bzm zar pro  ttraoljump op

- cod e (c 3 hex , follow ed by a byte of (:) (1) 8o8sA-2 s Mhz mzcroprocessor (u4z)
e ro e s a n d t h e n a n ig lat b i t v a l u e t h a t C1 t2h 7805 5 volt requlator (u42,43)z

co n ta in s th e s ta r t ing ad d ress o f th e pag e y ou cc'nm  ssEcw zcxu co poxsxas

want to jump to.
-  =  o (l) crystal , 4 % z (xl)A t 

po w e r- o n , .. l ip - f lo p U 5b is c l ea reu , o (l) crystaz
, la x az (xa)

tt ing i t ' s no n - i n v e r t ing o utp ut h ig h. T h i s (:l (5) 39mfd 1ov n ntalum capacztor (c1-4 ,9)se
D (2) .00lmJd dlsc capacz tor (c5 6)o utput i s connec ted to one input of NAND gate 
(a (z) .ozmfd dlse capx ztor (J7)U16

.  T h e o th e r in p u t to tJl 6 i s co n n ec ted to o (36) byx ss dzsc cam cztor
(z) 27o o:l resistor (Rl3)DBIN

.  W h en b o th s ig n a ls a re h igh , th e o u t p ut D
? (2) 390 ohm reslstor (R5,6)(paJ*) w ill go low

.  T h is w il1 en ab le th e oc tal o (a) lx opvn reszstor (n8
- :4)

bu f f e r 026 and d i sa bl e th e no rm al D I d r iv er , Cl (3) 4.7K ol'gn reslstor (R1,à 4)
n  (7) SIP reszstor networks (R2,7 ,9-12

, 15)U38 
.

A t add re s s 0 , a C 3 h ex w i 11 b e p re sen ted Milci- lcN- cœ n ils'r.i

to th e in p ut s o f 172 6 and th us to th e 80 85 . C 3 4z) l
ov prorzle socketsr2 (i 

s the 'jump' op-code. At add ress 1, a byte of Ea (3) 8 m sztzon ozp swltches (s1-3)
zero es w ill be p resen te  to the inp uts of U 26 . D (1) m ddle s'wltch (s4)

? (2) heat sznksA t 
add ress 2 , th e setting of d ip sw itch 2 w ill c (2) x ts 6-a2 hardware

be p resen te  to the inp uts of U26. The sett iY  (Z1 (2) card electors
D (1) set userfs manualso f d ip sw itch 2 should co rrespond to the upper

by te of the des ired m em o ry add ress. M DITIY U  cœ x xsgm  Fm  aaaa ow zœ

?  (l) 8088 5 Mhz 16 blt MPU (u2o)
o  (1) 8284 clock generator (ul9)
o  (l) erystal , 15 Mhz (x2)

D  (1) 10 pfd d zsc capac ltor (c8)
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M0Ds To cpu 8085/88 Fok HMA OPRRATION

If y ou h av e a CPU 8085/88 ''BH

rev ision (16 13 ) and are u sin g
DM A in y ou r sy stem you sh ould CJUM PSR K-U * PIK  #  

-

m ak e th e f o l lo w in g m o d s to y ou r w w x o  o  '... .
. .  < 42 #  1# o

o V9'4 l z' o oxboard: * j o y : < tu ,oz v) . A ! 
. , o j j. jo j i ) . ). wo , oso é 14 AH :tp > j t : 

t , o . o1 . U s i n g a n X a c t o k  n i f e . o o I o 
j . ) ; o j j j o j . p j ro. y u xo

c a r e f M 1 1y c u t th e t w  o t r a c e s 
z. j j A t . f * j ' * I l lj Ro * t tlj f * jj t i<o t

th a t c onne c t t o U 2 , p in 1 3 : on j lj 1(* ( l ''. l l ' ' . .z î .
,; l ) tk apMptR . I ., .the solder side (back) of the l N Z j j 

o! j r-qqx .: 1 ljb o a r d . T a k e c a r e n o t t o d a m a g e 
o .) o ( . 

.  

o
x  

t
x
o  .  o  ) ! . . s . t o'

-  

*  *  

.he b oard. q w' j o 1 a. * * I * l v.oz g y v l)o oany other traces on t e î . l wo j o 4 , T I9o ,g o,- 4 -: ) o*t :
<, to I.t , :.t 1,,.:j: t o) 1. o l . o o ,:2. Using wire-wrap or similar 
, jj jo o j) y)y o! o o jt *) f j j o j (0 o .e. oinsulated wire

y connect a lumper j' l --l 
'kkt l ' - ' '*f rom U2 , p in 13, to U4 p in 1, on ) tj' t j toxo j j j j j y p

h e ) ( l ( ( ' l ( t oz # 'rzp . . . uthe solder side (back) of t . t l )b 
o a r d . A 1 s o c o n n e c t a j u m p e r t l 

. 

o

o  t j oo o o J ,j j y y a o
o  

k 

y 

o

o  o y j p om oo x oo ofrom the feed-through closest to à t)o o j
. o  o 

.t 
:- y j . t 

.: t oo oo : ool 1, ptn 13. Be oljt . o ,?x o i.. . .g2, pin 9, to u ; l 
o o ) w p xo, , ou vo o ocaref ul not to creat e shor ts l jo l

x  

*  *

b etw een an y o th er tra ce s : an d b e o q o o o @1 
o

sure to u se on ly h igh grade l : o tj 
, 

x
. y  p  yj o

r o s in  c o r e so ld e r . I 
v oot v o o o eX : my  o 

q 
o
y s  l

j: f. o . l . o o . * o 1sEE ILLUSTRATION

ADDED opTloN .- > S Fok 'Y '' REVISION CPU 8085/88

W e have added tw o Iloption jumpersê' to the ''D'' rev ision of the CPU 8085/88. The
f i r s t con c e rn s th e u se o f IM SA I typ e f ron t p a n e l s an d th e se c on d d e ter m in es b ow  th e

80 88 resp ond s to a R E S E T .

JBK PE K  J 6 .n l l nœ  J 7

J 6 i s l o c a t e d a t th e l o w e r l e f t h a n d J 7 i s l o c a t e d b e t w e en U 16 an d U 1 7 a n d h a s

corner of th e circuit board, just b elow th ree p ad s lab e led A , B an d C . J 7
: 3 1. d e ter m in e s w h e th er th e 8 088 is res e t on ly

a t p o w e r -o n o r a t b 0 th p o w e r- on an d ev ery

1. If you are usin g and IM SA I or sim ilar tim e th e sy stem is reset (usu ally by
1 f r on t p an e l , y ou w ill p rob ab ly w an t to pushing the RESET button).

in s ta ll J6.

1. I f y ou w an t th e 8 0 8 8 to r e s e t on ly a t

p o w e r - o n , th e n y o u n e e d d o n o th i n g w i th

0NE WORD 01 CAUTION: In older S-100 J7, (we have connected pads C and B for! systems, Bus pin 53 was used for a signal you).
1 called SSWDSB (sense sw itch disable). The
new IEEE S-100 standard has redefined pin 2. If you want the 8088 to always be1

53 as GND. If you install J6 (which reset along with the 8085. then you should1 b
rings p in 53 in to th e b oard) and a n ew carefullv cut the trace connecting pads c

b o a r d h a p p en s t o g r o u n d p in  5 3 , y o u r c PU a n d B . U s e a n X a c t o k n i f e a n d b e c a r e fu l

w ill cease to fun ction (alon g w ith your not to dam age any oth er traces. Th ea
fron t p anel). solder in a jumper betw een pads A and B.

1

2 37



14 1
eeW. ; 1/.1 4 1:

2 Fq s 12 pq 9o n
U 19 ta sAuE t;za tlaza u zzb1
8284 Mcc 3 3 11 a 818 

zs z svs : tx
.R:8: A L E C17 

- -  vr n 1
A' h'u 8 19 ..

.y-0 R: SY> I-E la:2 cuK CLK J4 R9 *
r'.- n lg 21 j N

. .

.

.

jj 24 21 s MH REX T RESET 
az 1 U j6 3 (IBIN

CRYSTA! 1 s :2 RnX2 
REA DY R EA DY . vc 8 12 

pF s IN J'A s R n

R2 1:? 
AEN 2 aa w a 29 12 9

3 MN/W  QAEy 1 
2a . s w R *13 

c 'rEs'r 4 tjajbF/
R:Y2 2 p sys g 1 1: ..

,r 28 . cuRcsyNc 
* . 10/6. o. 8 IO/M ()

9 RESET ' ' OT/R ,' nrzRv U 21c la
GND RDYI U2g X'0  24 SS0*

as 3 5 614 
nann A 1 9 8A 19 sys : r.l o 1 L w  R 2

5 Roy m  4 h'K'''u A 18 B A 18 -#*-'* ' - 1 ..3
1 2 1 1

wz 1 T -  11 2 pa 5 A 17 a 8A 17 z Uj7 WAIT1 a U17 D () A 16 8: 16 IZ0 WAIT
R 11

3 U18c A IS XRW  3PR D Y 72 88? C LR A 14 @
.)

1 A 13

A 12
A  1 1

. A 1ê

8 RESET A 9! A 8Ja
3: unx x o g :68 H U DA H

1A D 1 
j4 R ls31 

H o un Ao 288 H o uD 1 3

An 3 1 2
A n 4 A n 7

A D 5 j
* 1 2 ! , ! g Ao s Ao sa

z's j N y RR 11 
ja U6 xz717

IN T * 7a 9 8 N M I N GN o AD 5

1U 13 a 1 2:
. 2 U 6 Ao 48 zs 

A n .z

!: A o 6 AD 3
azs* 8 =  A n s

Rlg 9 U6 An t x) a
. 9 8 A o aNM 1 ,2

s AD 2 AD 1U 13 6 
A n 1. 4 U68 zs 

kg Ao : Ao :

lg TR vcc A n g 12I N 
1A D 1 
jR 1, raAp A n 2

. 6 A n a 1H o u n 7t 

4U14 AD4 
7pH oun A: s 1

, n 6 j:
1: , n 7

:2 pq a 9 U 41D 
28

P O R T jl 8085A-2 A 15 27
.  jj ptlt-sE cun U 2b A ltv $ 7 

A ja13
* D OVE R* A 12v l 6 lz H o t

- A 1 f 2a

I s* 9 A 1:9 
A 9

. 8 1v l t 
8 aq A

oun Hcu.n 1, , 24 
.8 s H

v l a* 7 INTA 5 INTA U3;a6 13
R 1: s R ES ET* R ESET IN a . S H LDA 7 a 

vvl 2* 6 5 6 X  5RD slss o 58 SXTRQ
R1B U:)2 SRESETOUT 3 RESET X T WX 31 5WR* * 5288 08 W NC. 4 a, 1 u  M 1: 1 ! 

s aa 63 z s
R1: U 32 5 RnY 35 Rny ALE SALE 825123 4 : /

. j. 1 1 7v l p 4 A 5 06 4 
SM EM R

J5 U 32 1 Rsr 7 s 
.  

= 13 5 6 U 39 14 m 7%8 
8z5 A t 0 5 46 SIN P

R S T 6 5 7tL S24t e 6 .9 
4 8 12RST 5 5 o4 45 SO UT

8 I o z M* %j a j 1 9 . * 5 :q 3437 10/ A3 03 97 
se85 z cux la J'n 

. A:)4:tW 2, Ut3 29 :4 DT/R 2 ja 7
S g ja a: :2 0 2 *  SINTA4 M H

z  j

1 IN a.rr +5?oLTs s St 2 aa 12 1 15 5 AD3
a  8 O t-'rs s 1 - ,. A lnro s 48 SHLTA

51 * * 2MHz 1 U tD 'a * *'*- K 21Sso ls 1 19
c2,4 c 1: a sw lrcH R jl

=L o tput ADII5: j 2 jj u nA 38 2 3 s j.j uo A g Jy y y 1 y p ) r 4 j ,GND sjo j1zz 
r  .l. ...- U 4: 6 ls o: s) Aog'

=' X3 I zgprz 2: = U8 snsB*2zpF
4- seMi!z v v STATUS BU S Aue.

T M j : 0: 01r 
fro m

E t E c T n o N lc s

2a: à.$



p Ho uo
eoRTRt?L.sE* U 23 1:

x t-s a6rA t 12 -
!1 12

12 11 z6 psgNc p Hc u
.

n 2 5 1 D Q BS H0 LD

U32 Q u lgb
' 4 S 25 Psw AL* U10? 11

!! ! U11 :s:sys g a . c
!e 1, U 27 q ,suna c s ya R! -

lg 7, noajs8 1 ! v - G < A K -
9 t.)16 , uj k 2 .2 3 w  we  3 7s REsEr j

U15 p U ! ! .
 

CI-EA R . po c

UD  aiduoA 6 1 2: pHupA 2 5 -

9 B R11 tlgo 4 , u sy : -
ï 15 w  co su' (h 88 Ho t.o

a
q 7 6 s t a 2 $ FRONT PA N EL 4 a s HUDA ctR F'Ha..n U9b

DATA SOC KET U1 5 1 ... 11
1: 4 

'K''' CL R

z! /  8 12 jz j:,s : z s . la
. -  v -  v -  9: p o 7 D Q D (1 6/S

6 14 4g no6 U ;b U 5l

t 16 poqveut-sE* 11 ö B 3 5 6 q>s
a9 nc s R s

2 U W  18 . 13 138 no t 
CLEA R t

74u s2u  s1 : 9 s gt-oh 6 k eR
89 Do 3 t)l: o8HLOA (J4u

la 7 D c a:8
lg 3 'ö' 6

15 5 as n c j Iu t
.

s w  CLR
() BPLOA j

:7 3 *a6 Do : U 13 1
U 1.3 tjlp

.

b 6 5 111 1 R1 1 3 11 U 11 12 *.

s 4
23 a IO SB L* la .U 15 HOLDOVEA

9 1 1
kn 7 43 D I 7 18 19 3 2

7 1 3 (X ) ? D Q D Q 6* A 23

AD 6 9 a D l 6 17 16 4 5 sa , zz
s ls 0 0 6 0 (1 D ()

An 5 92 Dl S ,4 t):8 js 7 U33 6
a U 28 17 D0 5 () Q z 4 82 A 2 1

AD 4 w u  91 D I t 74L.5273 74G 373
7tL 13 1 2 8 9 s$ g a

2 : D0 4 D a D Q
1<n 3 t: D l 3 3 z 2 t !s jq

o o a D Q A 1 Y 1 D t) 59 A :9

!4 6 4, n j aAn 2 4 s 14 $z w  j:
Do 2 D Q M  Yt D Q 15 A 18

16 t :4 n j !&n 1 7 6 7 lt 15 jr A j.?
$: 2 DO 1 D 9 M  Y2 D Q

AD : :5 b$ g : 9 jj q ja jz
U 15 D0 : D cuR Q 3 Y3 D CLRQ 16 A 16

! 19 tJ15!! (* dR !! 1 1 1 a 11 1R AA 1: B 1 12 R 2 X A3
1 12 jIRI: j SYSAL,E jj S1-1 .
U 1i : Ilo 21 (S3) M  18 Bt t)16 22 ADS:

k'o F%J* 9 J6 :A r 6 Ba U 29 j :
1 7 3 32 A ls @  sa x t-qls'z 7s RcsE-r.

1g1 2 ö SW DSB) BA16 83 R2 S1-2
:6 A 1t p.  77 ........u .. : 

9

la 7 U 13 U 3 :/s* 1 15 U 1 fz .85 A1a 5 =  PO C

U 26 SG JT 4.5 3
1 ' 9 33 A 12 1 

X A C

7i1 Q7:4. gpls lN 7 12
2 'B %7 AM U 3 4

13 2 !:.
slNp 4, z s

# 16 a7 A 1: D () PORTPG .SE

s 3 tJ2a
6 R  a4 Aq 12 z u 1: 3 'u pofc a t qs *

32 cl..a 6 1
: 12 

U
. -  

a  A: j ()s13
1 19 R'' UM  11 12

B 9 22 Ans Bt
-  

x us zsz! R 12 lg
U15 s q 4 t.3l,'.'y U25 74% 05

8 9 *'-' 9 8 S 2 R?
Ea -rrs 7 : ,1 :

: : 4 7K 7 D 1 u 1 Ba A 7 . a ..-xe- > D 7

7 6 
O A6 B fh ' 

-  

s 6 1 U Z U  ao :
82 A6 ' 7 x k.s2K  r.

<)6 /. s sA s Bs 6 ,1 , 6 A D 5
4K s 29 As z a !'?' :'

U 35 At B4 s 5 : jz 1Di

3 2
Ant az : 4 j jz 4 t g n a

74k5373 1 xa a a 6 ufa 12 4 a A n a
Ana 31 A a j a jt ja j /. !s

14 ls A2 8 2 a 2 AD 1

K 2 B1 A 2 js $6 
2 1

9 1 g ! , 2 AD@

1 16 g  * 2

AD, B@ Af j,/ .  (jj/. j j 1:
=1: 19 Aë ElN B B ! S1-8

tB : 7: A g s 92
! 6 .

11 1 'r !: Is js (.316 P0J

@t.E 2 a 1 a pq 4 pcgD

U 5b Po- r-Y -lu-  Erubl*
* 11 '; 8 Jump-on-ru e Enoble

5 RD

i 

la - Jo R

12 11 '*' POC- qzU 1 1 6 5
5 RESET oUT

C  P Y R I H T  1980 s'.s :8 aap



14 1
e*#. : 1/.1

: U 14 u al M*@
pW R 77 a z a S1-7 M w R jyc E ux B

uz1
ouT ts 9 , 68 M w a'r

'T

c 7

()1 p F 1: U4Z
R 5 A gn . 9 6 39:%  12 P R (: 4 q

() () @ -' 4: cucc KRB 
47g1 3 2 

11 * : 8 1 ! 8 =.!) cua (
.ylatlU8 U8 U8x l 

,a

4 M H z C RYSTA L t 
N H z

U 31
R 14 5 6

q 13 4 5t SLAVE CLR *
q 15 zyg

.
x  jK v

+  9 9 &O C
c: U 4@ $ j U 4g

asp, I = j ual PnC tx bxrdl
=  

m  
j 2 j j .75 R ESET

=  fa

U 24 R1:U 1 2c
85g 5 6 U 24

* 2 G  s 4 : :./5 
() z4 #2 3 1:

:8:
1 U 24 1 =so  z

s Y s e

. 1poc

R 4 R a
t 7 K  t 7 x

ls 7

C6 cs
3'1p F 14 74u s221 001pF '-<  C L E A R *

U 7 sl -< R2 8 *2 
B! 11 4 1: U1? SRESET

1 82 sR s C P A 
.

: Y c
s Ht-o: A: R2 J7s

sl-s tjg  6 .8 HunA 9 n  :2 12 4 8 REsE'r
cun, cu92

3 ,1 8 R s

U 27l 
,4 ,a l

l l
I 1 a I

I1 = l
U 8L  

-  -  -  u

Unused G ctes

2 4 Q

I



1

x  

'R

G

6

-, 

.  

$,. 

,, 

-  

j 

-''

.-- . 1( ..j *
-j rt

k?

r . ?' '*.

J' v

*

# x

* 
.x . 1 .

s . *
e :>'# .p. k >. A

.,
f = e 

.s
<  

x x .w v 
-

'> < za

,t &. %' * xv 4 1 g< y â i.ox . . y, .r x. 
x

+

4

G  * v %  vw

IEEE $.1eQ

A .: z C

w ith onboard RA M /RO M  & interrupt tontrol

p 0o- jz. 216o om  upro f
ro m

m ac j 0/80

2 4 1



A B O U T C P U -Z T EC H N IC A L O V E R V IEW  U S II

C ong ratu lations on your dec is lon to pu rchase Ih e C PU Z w as sp ec if ic a lly d e s ig n ed to g ive T

th e C P U Z bo a rd , sp ec if ic a l ly de s ig n ed for the use r on e of the bes t Z80 Cpu boa rds fo r G e R es

electrical and m ech a n ic a l co m p a t ib il ity w ith s- 10 0 b us. T h e bo a rd fea tu re s on - bo a rd P ROM c a k

the IEEE S-l00 bus standard. The S-100 bus is sockets, a power-on-jump circuit to any 256 eiç
the professional level choice for oommercial, Myte boundary, a M emory M anager to extend the ins
indus tria l , and sc ien tif ic app lications. Th is add ress ing range of the sy stem fro m 64K-by tes

b u s p r o v i d e s f o r r e a d y e x p a n s i o n a n d to a m ax im um o f l6M -by tes of system RAM , fully

m od ifica tion as th e state o f th e com put ing art m askable vecto red inte rrup ts to sp eed up system

im p ro v es. W e b e l ie ve th is bo a rd , a long w ith th roughput by elim ina t ing po l l ing loop s , and

th e res t o f th e S- 100 po rt ion o f th e C o m p up ro w ait state gene ration c ircu itry fo r a1l m ach ine

fam ily , is one of the best boards ava ilab le fo r cyc les .

th a t b us . O th e r fe a tu re s s tan d a rd to a 1 1 C o m pup ro

A s a m a te u r ra d io op e ra to rs have con tributed boa rds include tho rough bypass ing of a 11 supply

g reatly to com m un icat ion techno log y , so too the l in e s to s u p p r e s s t r a n s ie n t s , o n b o a rd

c o m p u t e r h o b b y i s t h a s p r o v i d e d t h e regu la to rs , and 1o w po w er S cho ttky T m  and M os

m icrocom puter indus try w ith m any s ign ifican t tech no log y in teg ra ted c irc u its fo r rel iab le ,
develop m en ts. In recogn it ion of th is fac t , w e co o l op e ra t ion . A 1 l th is and so c k e ts fo r a 11 )

also m ake th is board ava ilab le in *UN K IT * form  IC 's g o in to a do u b l e s id ed , so ld e r m a s k e  rot

for those who enjoy the challenge of assembling printed circuit board w ith a complete component Th(
and testing a fine com puter boa rd. legend . th 4

A s th e f irs t co m p an y to na t io n a l ly o f fer to

m e m o ry k its to co m p u t e r h o b by is t s , w e ag a in o n -

thank you fo r ch oos ing a C o m p up ro C P U z is

board..owelcome to the club ! (Nc
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th t
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U S IN G T H E V EC T O R E D  IN T ER R U PT S

e T he CPU ch ip recog n iz es 8 in s t ru c t ion s as c o r re s p o n d s to a re s t a r t 7 . T h i s is th e

.e R estarto - R estart7. T h e se in s t ru c t io ns w il l in s t ru c t ion th at w il l b e read f ro m a m e m o ry

M cause the program counter to jump to one of location for which there is no system memory.
,6 e igh t lo ca t io n s d e p e n d ing o n t h e R e s t a r t Lo ca t ion 38 is th e m o s t co m m on laun ch in g pad

e instruct ion . fo r CPU flights in to neve r-never land.

!i5

.Y RESTM T Prœ ram Counter (HE'
hln 0 0

kd IN 8 U S IN G  T H E N O N M A S K A B L E IN T E R R U PT

ke 2 10

3 18 The S-100 BUS has a N M IW pin (bus pin 12)
o 4 20 w h ich is im p le m en ted o n the CPU ca rd fo r any

.y 5 28 fu nc t io n th a t th e us e r de s i res . N M I* is

d 6 30 p rim a rily used fo r a c a ta s t r o p h ic s y s te m

S  7 38 fa ilu re , such a s lo ss o f p r im a ry po w e r. Th is

% in te rrup t ena b l es th e p ro c esso r to ex ec ute a
1 A t these locat ions

, jumps to interrupt driver short program to save current system parameters
Z  rou t ines can be p laced into e ithe r RAM or PRO K  on e ith e r a d isc o r so m e o th e r n o n vo la t ile

kt Then when one of the V I0 - V I7 lines goes low , m em o ry befo re to ta l pow er is lo st (w h ich

th e sp ec if ic ro u t in e c a n in s tan t ly be s ta rt ed usua lly takes m illiseconds, lots of tim e fo r a

to service the interrupting device. upon Power- computer). The N MI* causes the CPU to jump to
on-clear or reset (RESET*) the in terrup t m ask add ress 66 (H), w h ich shou ld be in it ialized
is c lea red , enab l ing a ll eig ht in te rrupt lines w ith a routine to contro l the inte rrup t.

(NOTE : Th is does NOT m ean that the Z80 has
interrupts enabled.). Then (w ith the V1 sw itch
(sW 3-8) tu rned oN) w hen any of the V I inputs
go es 1o w the R es ta rt w ill be g en e ra ted if th e EX T E N D ED  A D D R ESS IN G

cP U h a s p re v io u s l y re c e iv e d an E n a b l e

Interrupts (FB (H)) com m and. To d isable an Add ress lines A16-A23 are driven th rough
individual interrupt line, or a group of lines, output port FD (H) and can be changed w ith a
th e m a sk m us t be s e t up by an ou tp ut to P o rt sim ple output instruct ion. Upon Pow er-on-c lear

FE (H ) w i th th e d e s i r ed m a s k i n the or reset (RESET*) the extended address lines
Acc u m u la to r. A ''1'' in th e m a s k w ill d is ab le w il l b e res e t to 0 , b r ing in g th e sy s te m  up in

th e in te r rup t l in e , and a '.0'' w ill en ab le the base page. To access m em o ry in other than base

interrupt line. page requîres an output to Port FD (H) w ith the
If it is des ired to use th is c P U Z boa rd w ith d e s ired p ag e ad d re ss in th e A cc u m u la to r in

the z80 m ode 2 inte rrup ts , the on-board vector o rd e r to se t th e ex ten d ed add re s s l in es A 16-

g en e ra t io n c irc u it ry m us t b e d is ab led . T o do A 23. T h es e ad d re ss l in es a re p in nu m b e rs l6 ,

tb is sw itch sW 3-8 sh ould be tu rn ed OFF , and a1l 17 ,15 , 5 9 , 6 l , 62 , 6 3 , & 64 , fo r add res s l in es

1's shou ld be output to the in terrup t m ask port A16-A 23 resp ectiv e ly .

(Port FE(H)). This w ill prevent the CPU Z from
respond ing to the v .I. lines , but it w ill still Exam ple show n below :

respond to the bus interrupt signal (bus p in

73).

A CC U M U LA T OR  D A TA  T O A C C E SS P AG E

ZXAMPLE (HEX) (BINARY) (HEX ) (BINARY) (HE&
to disable VI5-VI7 07 (00000111) 40 01000000 40
to disable VI2 20 (00100000) 2 00000010 2
to disable al1 FF (11111111) F0 11110000 F0

N o te tha t the V I lines a re all open co llec to r O f course , to take advan tage of th ls ex tended

an d m o re th an on e d e v ic e c an b e co n n ec ted to add ress ing fea tu re req u ires n em o ry boards w h ich

each V I line by us ing open co llecto r gates. respond to extended add ress lines. If a board

do es n o t n o n ito r th e S- 100 e x ten d ed ad d ress

I t is re co m m en d ed to pu t a ''D EAD M E M ORY '' l in e s , th en on ly th e no rm a l 16 a dd res s l in es

error recovery rout ine at locat ion 38 (H), w ill be decoded.

since this location w ill be jumped to in case
the CPU encounters an FF (H) instruction, which

2 4 3



W A IT ST A T ES F

A single wai t state may be added to any Then the last thing the PROM W ill do is jump to
ro c es so r cy c le b y c lo s ing th e c o r re sp o nd ing th e R A M a d d r e s s w h e r e th e in it ia l iz a t ion aP

d ip sw itch on SW I. A  w a it m ay i)e add ed to: ro u t in e w as lo ad ed . T h e f i rst th îng that l

prog ram w ill do is an output to po rt FD IH) of p
any th ing exc ep t 0. T h is w ill set the extended t

W CLE SW ITCH POSIT IY  P ai e add res s to th e p a g e th a t w as in the t

A ccum u lato r, and the sockets w ill lx  d isabled. s

pRoM  1 IG M w h ich w as ove rlapp ed w ith the PRO M can now el

I/o 2 be used and a complete memory m ap is avai lable s!
M EM ORY 3 to th e us e r. SW 3 pos it ion s 1- 4 a re us ed f or

IN STK W Iœ  4 ad d res s l in es A 15-A 12 . T h e s oc k e t c lo s e s t to

th e Z8 0 ch ip is th e 1o w add res s h a l f P RO M and

th e right sock et th e h igh half .

D ue to c r it ic a l t im in g req u ire m en ts o f the
Example :Z80 du ring an instruction f etch (M 1) , e x t r a

tim e m ay ix  req u ired for m arg ina lly slo w memo ry

ch ips. W hen runn ing at 4 MHZ som e RAM ch ips sw z'rcu s3 DESIRD  STM T M DRESS (HEX)
m ay a ls o n e e d m o re t i m e f o r e a c h m e m o ry

op e ra t io n th an is no rm a lly a llo w ed . T h e o n 1 z 3 4 2716 2132

b o a rd P R O M s o c k e t s m a y b e u s e d f o r m a n y

d if f e ren t sp e ed P R O M CS , and w h en ru n n ing a t 4 c c : (1 CCBC-BFFF CQK -IFFF

M H Z a w a i t s ta t e m ay be n e ed ed f o r a f e tch 1 0 2 1 IIBO.IFFF

there also. The I/O W a it should rarely be : c 1 1 2qqq.2FFF 21pë3FFF

needed because of the fact that f ew I/O O ards 1 1 1 1 3ccc4FFF
run s lo w an d th e Z8 0 a u to m a t ic a l ly g en e ra te s : : : . : : : 1

one I/O w ait state , but the p rov is ion is m ade : : : . . : . : 6
to th e u s e r . 1 1 1 1 AIII.A FFF AOOI BFFF I

: : : d

1 1 1 1 FOII-FFFF

0 N = ''2 '' 0 F F = '' 1 ''O N
- B O A R D -M EM O R Y  SO C K ET S

T he M E M ORY soc k ets on th is bo a rd a re se t up
tak e IN T E L 27 16 , T .I. 25 16 2Kx8 EP RO M S , o r T O d isable ROM Com p letely, tu rn ON SW 3-5to

any o f th e n e w 2K x 8 M M ch ip s w h ich a re p in

compatible (H itachi HM6116 or equivalent) . By
cutting J2 (A-B) on the solder side above U17 ,
,74 on th e so ld e r s îde to th e le f t o f U 29 , an c uo c K

J5 (A-C) on the solder side beside U29 and

installing jumpers u72 (A-C) and J5(A-B) the 'm e clock for this system can Le x t to allow
soc k e ts ca n no w be us ed f o r 27 32 411x 8 EP RO M S. tjw  c p u to r un at e ithe r 2M H Z o r 4M H Z

.  SW l-5
(NX E: Extreme care m ust t:e used when soldering is used to select between these two speed s

.

in the jumpers so as not to damage the Y ard or when sW l-5 is ON the CPU w ill run at 2MHZ and
any of the traces. A soldering iron of no more bus pin 24 (;) will have a 2MHZ square wave on
than 25 w atts should be usede) W ith 27 32,s jt

.  w he n sW 1- 5 is O FF , the sy s tem  w ill r un at
sW 3-4 is no longer used to add ress the sockets. 4M H z and b us p in 24 w il l have a 4M H Z sq ua re

The on-boa rd sock ets w ill ke  tota lly d isab led ve on it
.  W ith a 24M H Z cry s tal use  fo r X 1w a

w h en sw itch SW 3- 5 is ON . W ith S W 3-6 ON , th e th e sp e ed sw itch SW 1-5 w il l se lec t be t w een

sockets are addressable anywhere in % se page rocessor speed s of 6M HZ ( w hen ON ) and 3M HZP
(A 16-A23 are al1 0) on a 4K boundry (8K f or the ( when oFF) 

.  Bus p in 49 (CLK ) w ill alw ays have
2732's) . Th is f eatu re allow s the user to have zMuz signal on it

.a
MEM OW  in > se page only. W ith SW 3-6 OFF , tlle

soc k e t s ig n o re s add re s s l in e s A 16 - A 2 3 and

occup ies every p age of m em o ry. A  p rim e exam p le

o f how to use the sockets in th is ''shadow '' m ode

w o u ld b e to u s e th e n w ith S W 3- 6 tu rn ed ON and

the Power-on-jump set to the start of the PRœ
ad d re s s , th en w h en th e sy s te m is in it ia l ly

tu rn ed on th e p rog ra m in th e P RO M w il l s ta rt
and e ith er in itia lize the system by Y oting in

a disk p rog ram , or som e othe r typ e of routine.
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PO W ER-O N .JU M P/JU M P.O N .R ESET IM SA I FRO N T PA N EL USA G E

7 P ro v is io n s h a v e b e en m ad e on th is bo a rd to A lth o u qh w e w ill so o n b e m an u fac tu r in g a

4 allow the processor to jump to any memory front panel that will be fully compatible with
 lo ca t ion on a 25 6 by te bo u nd a ry on e ith e r a th e IEEE standa rd , if y ou ha ve an IM SA I ty pe

 pow er-on only , or every reset also. To enable f ro n t p a n e l th is C P U w ill req u ire m in o r

 th is feature, JMP ENABLE (SW 1-8) should be modifications to work properly. The problems
, turned ON and the jump address should be set on arise from the fact that the IMSAI front panel

sw itch 52 acco rd ing to the tab le below . Tb (w h ich does no t conform to the IEEE standard )

enable the jump on every reset also, SW 3-7 requires some signals that are not on the S-100
should also je turned 0N. bus. Jumper pads are provided to allow these

l in e s to b e u s e d . J 6 , a n d J 8 s h o u ld b e

in s ta lled to co nn e c t bus p ins 5 3 , an d 71

SW IT CH FUNCTION respectively to control the CPU from the front

POSITION pan e l . W hen th e sy s te m is set to ru n at 4 M H Z ,

1 ............ '' A15 th e f ro n t pan el w ill fo rce th e C PU to run a t

2 ............ '' Al4 zMHz when the RUN/STOP signal is in the STOP
3 ............ '' A13 mode

.  T h is w ill allow  for p roper front panel
4 ............ * A 12 CN = 1'1* op e ra t io n w h ich is sp eed d ep end en t

.  s o c k e t J3
5 . . . . . . . . .. . . > M l 0%  = ''0'' in th e upp e r rig h t co rn e r is fo r the f ront

6 . . . . . . . . . . .. * M 0 a nel connecto r. 'Phe CPU M W R ITE circu itry w ill

7 ........ .... '' 19 a lso ha v e to be d isab led if th e f ro n t p an e l is

8 . . . . . . . . . . .. '' A8 oing to generate MWRITE (bus pin 68) . Jumper
J9 c an b e ins ta ll ed t o h ave th e C PIJ d rive b us

p in 27 (w h ich w as the WA IT line) , but th is is

EXAMPLE: To jump to E900 for a North Star not necessary for proper system operation.
f lop py d isc sy s te m , 5 2 p o s it io n s 1- 3 ,5 , and 8

sh o u ld b e ON  an d 5 2 p os it io n s 4 ,6 yan d 7 sh o u ld

: be OFF. J M P ENABLE (SW 1-8) should be ON to
enable th is f ea tu re.

NX E: Since the jump circuitry disables the
inp ut b u f f e r , it is unn ec e ssa ry to use th e

ph an to m lin e (S- 10 0 p in 67) f o r p rop e r
ope rat ion .

M W R IT E G EN E R A T IO N

T h e C P U Z h a s c i rc u i t ry o n b o a rd f o r

generating the MWRITE signal (bus pin 68) and a
po s it iv e g o in g s t rob e w ill b e g en e ra ted for
ea ch m e m o ry w r ite o p e ra t ion . T h is c irc u it ry

loo k s a t th e b us an d w h en e v e r th e SO UT s ign al

is lo w , and th e PW R * s ign a l s t ro b e s lo w : a

M W RITE stroY  w ill ix  gene rate . T h is s ignal

m u s t be g ene rated at on ly on e sou rce in each

sys te m . I f th e re is a f ro n t pan el in y ou r

sy s te m  it a ls o m ay b e g en e ra t in g th e M W R IT E

s ig n a l , an d th e s ig n a l f ro m  th e C PU  Z m u s t b e

d is ab led . T h e re a re tw o w ay s to d is ab le th is

signal: A) Cut jumper J7 on the solder side
below U36 and R26; or B) Remove pin 9 of U36
f ro m  its s o c k e t an d 1e t th e p in h ang o u t , th is

m akes it eas ie r to reconnect the p in should you

ev e r w a n t M W R ITE to b e g en e ra t ed f ro m th e C P U

Z Y a rd in th e futu re. If M W R ITE is generated

in mo re th an one p lace, m em o ry Y ards that rely

on M W R IT E as th e i r w rit e st rob e m ay no t w o rk

p roperly .
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C IR C U IT D ESC B IPT IO N

V ECTO R ED INT ER R U PTS A N D M A SK C PU ST A T U S L IN ES

Upon reset (RESET*) U23 is cleared, and will The S-100 bus has eigh t status signals that
output a11 low s to the O r-gates (U33 & U34). al1 bus m asters m ust prov ide , these signals
Th e V I0 - V I7 in p u ts no rm a lly s it at a h igh co m e fro m U4 5 . D u ring e ith e r a re ad cy cle o r a

level , and henc e all inp uts on U22 are h igh. w rite cycle these status signals are latched on
Th is res t ing s ta te m ak es th e G S o u tp ut h ig h . th e b us . A sho rt t im e a fte r th e read o r w rite

Upon rece iving a vectored in terrupt when one of s ignal goes aw ay the status signals are allow ed

the V I0 - V1 7 inputs goes low , U22 w ill output to togg le. The S-l00 status signals are shown

a value co rrespond ing to the h ighest p rio rity below , along w ith their associated bus pins. (A

interrupt on the lines. This value w ill go to * suffix means active 1ow signalo)
U 4 4 a n d w h e n th e C P U a c k n o w l e d g e s th e

in te rrup t, th e p roper R esta rt com m and w ill go S IGNAL BUS P IN

to the CPU . W hen a 1 has been w ritten in to Ehe

mask yort FE(H)# U23 will output a high to the sWO* 97
assoc lated O r-gate (033 & U34). Then w hen an SMEMR 47
in te r rup t p u l ls th e inp u t lo w , U 22 w ill s t il l SINTA  96

h a v e a h ig h in p u t an d w il l n e v e r d e t e c t sM 1 44

interrupts that are being m asked out. SINP 46

SOUT 45

SHLTA 48
EX T E N D ED  A D D R ESSIN G w aEXTRQ 5

W hen an OUT FD IH) instruct ion is executed ,
th e d a ta b its in th e A ccu m u la to r a re la tch ed vhese status b its are decoded from G e seven

in to U 2 4 an d ou tp u t on b u s l in e s A 16 -A 2 3. co n t ro l s ig n a ls co m ing f ro m th e Z 8 0 a s sh o w n

Thes e ad d ress l ines w ill be t ri- sta ted along below :

w ith the other 16 add ress lines w hen ADD R-DRARL

(Bus p in 22) is driven low by an external
dev ice requesting contro l of the bus.

ST A T U S S IG N A LS

CONTRO L SIG NA L sW 0* * EM B SINTA * 1 SINP :O UT :H LTA

(a) or (b)

R FSH* 1 X X X X X X X

M n û * 0 X 0 X X X X X

R B * 1 X 0 X X 0 X X

W 8 * X 0 X X X X 0 X

I0 R Q* X X X 0 X 0 0 X

M 1* X X X 0 0 X X X

HA LT* X X X X X X X 0

(A* stlfflx m eans active Iew sijrlal)
A n X m eans a den't care cnnditien.

'File SX T B Q * signal 1$ perm anently hijh since

this is an 1 bit pracesser.
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C IR C U IT D ESC R IPT IO N
.  .  .  

. .  .  .  
. . . 

œ

SY ST EM  C LO C K W A IT  ST A T ES

The system clock circuitry consists mainly of The cpu wait line (Z80 pin 24) is driven My
U 1, D 3, and D 4. The 16 M HZ sq uare w ave is fed th ree m a in sou rce s , c au s ing th e p ro c e ss o r to
into D 4 w h ich d iv id es it do w n to the de sired g ive m o re t im e fo r c e rta in dev ices o r sys tem

sys tem c loc k speed . The m ul tip lexe r U 3 w ill states
.  The three sources are; a) The RDY (pin

feed either 16 M HZ or 8 M HZ to the PSYNC and 72) bus s igna l, w h ich w ill be d riven by an
p grvAL* generation circuic y and 2M HZ or 4M HZ ex te rn al dev ic e w h ich m ust have m o re tim e to
to th e Z80 and b u s fo r th e sy s te m  c lo c k . Th e res p on d to th e C P U

, b) The XRDY (p in 3) bus
z80 clock has inverters from U 30 along w ith signal w h ich is d riven by the front panel (if

som e d isc re te dev ices fo r prov id ing the the system has one), and c) On board selector

required clock rise and fall time. If jumper to generate a wait state for four different
J8 is used , then when the RUN LINE (bus pin 71) states. The on-board wait state w ill come from
is low the input to U5 w ill be low and cause the settings of SW 1 pos itions 1-4. M 1 (SW 1-4)
th e sy s te m  to run at 2 M H Z. Th is is the sam e w il l g e n e ra t e a w a i t s t a t e fo r ev e ry

c ircuiu y that sw itch 5W1-5 uses bo determ ine jnst ruc t ion cy c l e
.  T he M RQ (SW 1- 3) w ill

the sy stem sp eed . The 2M HZ cloc k fo r bus p in g en e ra te a w a it s ta te fo r eve ry m e m o ry fetch
49 is g e ne ra ted w ith cry sta l X 2 , inv e rte rs in cy c le

.  The IORQ (sW 1-2) w ill generate a w ait
U27, and a flip-flop in U2 which is then fed state during every I/O operation. Finallyz Ehe
through a buffer bo bus pin 49. RoM sw itdh (sW 1-1) w ill generate a wait state

fo r e v e ry a c c e ss o f th e on - b o a rd M E M O RY . U8

will remain in the clear mode with q* high
PO W ER-O N -JU M PIPO JI/JU M P-O N 'R ESET IJO R ) unless one of these sw itches (SWI positlons 1-

4) is turned 0N. Then when one of the selected

The jump circuitry consists of octal inverter inputs go low , 08 w ill be set and cause the
U21 (81LS96L  DIP sw itch SW2, SIP resistor R23, w ait input (on the CPU) to go low . These w ait
hex o.c. inverter U32 (74LS05), a ''D'' flip flop states can only start when PSYNC is high. W hen
:2 the POJ enab le sw itch SW l-8 , and J oR enab le psYNc goes low  U8 w ill be clocked lo w  w ith Ehe

s w itch sW 3- 7 . W ith th e P OJ en a b le sw itch ON , next negative edge o f the sys tem  clock.

iv ing a p o w e r- on - c lea r , th e MD '' f l ipup o n rec e

flop is c le a red w h ich d is ab le s in p u t b u f fe r

U43, and enables jump buffer U21. This action

starts a three byte sequence which will cause )
the CPu to jump to the proper starting

is reset to address 0, and llocation. The CPU
from the jump buffer a jump (C3H) instruction ji
s p u t o n th e d a ta b u s . A t add res s 1 th e 1o w

o rd e r add ress o f ze ro is th en p ut on th e d ata

bu s , th en a t add re ss 2 th e h igh o rd e r ad d ress
'  

h setting is placedcomlng from the jump switc
bus. When address 2 is in the $on the data

address buffer the ''D'' flip flop will then be j
clocked to the set state and disable the junp

ile enabling the data input buffer. lbuffer wh
The ''D'' flip flop will not get cleared again jun t il th e n e x t P OC . T h is co m p le te s eq u en c e

also occu rs fo r eve ry RES'T * if sw itch SW 3-7r

is tu rn ed ON . T h is o p t ion w l1l a llo w  th e C P U

to come up with a known jump on Mower-on and
then later when a reset is recognlzed the CPU j
can either start again at 0(H) or jump to the l
address in switch SW2. $

l
1
1
1
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SW IT C H SU M M A R Y

S 1

P O S IT ION FP N CT ION

1 WAIT STATE F0R R0MW
Lo 2 WAIT STATE F0R I/0

jm  
3 WA IT STA TE F0R M EM O RY FETCH

in 4 WAIT STATS F0R INSTRP CrION FETCH '

an  
5 SPEED SWITCH (OFF = 4 MRZ.)
6 N0T USED

20 7 NOT U SED
JS
Lf 8 POWER- ON -JUM P ENABLE

7r 52
lt P O S IT IQN FP N CT ION

)111

1)
.y 1 Ju M p ADD RE SS BIT A 15

& 2 JUM P AnD RE ss BIT A 14

h 3 JUM P ADDRESS BIT A 13 ON = 191'1

t 4 JBMP AnDRE ss BIT A 12 0FF - '10'1

te  
5 JU M P ADDRE SS BIT A 11

6 JUMP AoD RE ss BIT A 10
;(,

n  
7 JU M P ADDRE SS BIT A 9

j 8 JUMP AnDREss BIT A8
- s3

P O S IT ION F UN W ION
e

t 1 SO CKET ADD RE SS BIT A 15

n 2 SO CK ET ADD R ESS 3 IT A 14 0N  z. 230 32

e j j j j3 SO CKET ADD RE SS BIT A 13 OFF - 1

4 SOCKET zD DRE ss BIT A 12

5 SOCKET DISABLE (WHEN ON)
6 SOCKET BASE PZGE ONLY (WHEN QN)
7 JPM P- ON- RE SET ENA BLE

8 INTERRP P T ENA BL E F0R V ECTORED IN TERRK P TS

JU M PE R SU M M A R Y

J 2 - U sed w ith J4 , J5 , to con ve rt memo ry sock ets

for 27 32 u se

J 3 - F ron t pan e l da ta sock et

J4 - S e e J 2

J5 - See J2

J 6 - SSD SBL for IMSA I ty p e sy s tems

J7 - M W R ITE b rou gh t to Bus p in 68

J8 - Run or sin gle step for IMSA I ty p e sy stem s

J9 - WA IT b rou gh t to B us pin 2 7

2 51



l

1

l
rn  .  ?-  

. j% 
*G' 

.  p .- p 1- p . . .
ru  to . a x a 1 J . j& G' 

. .  . '-- .

œ - tp : p p a . jko . . p p : o m.
- p l . . - . . m. . .r- qo . , ,-> m . ., .g m  a  .  8  . w  . . m  . rn

j jg ob * : : x:p ::4 ::Q &- -
w  w w w :wwwwww ww wxwxwo s j=

Y I

l*
(n 5*u  u
o  . , .  c  

, 

1O :
4 .u ) * . . . @ . . . 

u o jr 0 .-> < > > < > u u
o

. ... w  u  . . . . . . 
.  . ., o =j u gtl . g g, u u u u u u u o g 
m
u  

. 

m.s o j jw .2 c1 < . u k4 ru o  o  u  sj yu'-o  u  m  a l u  m  w  uj K; w  (n o  
o  o  

.

x .z fy jL) j, u m w o o o o u u w) . .4 w u Q c: y g) rdot) %g œ o p 42 p w) o (n m eu sj o 
..j r K4 gjtl j o œ w (n m m m u .e ..4 c.j z m o sj o j- w x zu g 4n .e ..q ..g ..j 4, o o o mj mj gg g ,.g a

. . g k . g j g j j . g oxa om y 
.g g y mjo m x y g wu ayf: r

a g j, m j w w :4 w xj sy zx 
. m j
m  zo  . 

pq mu mo g mcg j j1 ' * O * 'C
u . Lz , .! S .! .! 

.

j So So  ra k'
u  

*  
oo oo . j- o qol j ,.: jx * E-.a w j j o o o o x z 

a , (xM  >  * 23  
o  X  w O o o o o O aN t

.m ; bl œ cq (n = jY y g g rnxj oo g rxrx Ko
m j 

m
m  uq ojx mj . u . qo.j j j j sj . y j j j . j j

I aaaaoao
a aa aaa : agaaa -- 1z aaa-

wwww @ j
l

>, >, - Q  g* 
qo
m j g a g j

m  o  =  

. % ju g & . o G' G' ol 4. a a (c asu & rx w m w & 
rn .. ro (x ro xg x x jj, ea ko .- = = ea > x o m zo m zo mg o = = =

< > g - . x x x x x x j.e .. .0 x . Q gm g xag ogo ox m a s oF y o- - -mm og- ao - o am g/ p
m a m m w e m m w o.- o a o o o o a m o o a m o m a a m o o o o o m m

oomo jyo: www wwwwwwwww wwwwwwwwwwwwwwwe-le-q 
eO . j. o w =o 

. o.  o  a . w  =  o
o

-  
o  I x o . 1 rz eo . . .... . g s

, . ,
0  z

o  .  
1X  :g 

. e
x  

x
o  o  - 1 u = i g oz w. xr g, :). u o 0. u.o uo 

w a
o  

.  I.V  
.  .  t'J = w = = w & 8. w .) u 

.  

D '
-4 ,p $ n k'o k. ' -< (n * * ' ,- > = f5 ora = r > o o r z c: :a r  e, w  ,-I =  u  =k' 4o *  >  *  n  c: a ' re  =o

. a, o. w u x . -x . ,, P. a. o, ., o 'g j j qu oq g . c g = . ,- wo r 
.  (n(n-  8 < c: = = c t: c: c: ,. o o 

,., s c: ., ,u &, rn o u g' or M r .r# gru q) o .e m rn .a .e .mj p wj < u o r w oeg m m u u oa uy u-  w w  < > > w  
a  o  o  , u  o  n  ,-j o  ,.g .o n  s ,:.  , m rx rx c: z (x m m w  r (x ru . 

.o  rx rx u  u  sa
.8 (n = = ' - ' 'd ,u ''do

. '-4 ,.g a'c: = = ,.j ,y vj ,k . j . j rg ak vj .o rt rg ,.J vlo = le  o .-. m m x x m . ,. . e j . ,g g j 
z  m  uj wo  u  o  x

o  
w
o  

w
u  

w
u  

o
o  

>  zx j4o ; x . r r a, * r = = yœ  .- sx u- :* u' u, 
.c  =  u . w  w  =  (x) u . cr =  cr o . w  co  o  o . o  

,
a  o  o  o  sa kn  a .>  cp o

0
w. M Wl 

.

j''d m 
o  l*- >d W

U  O  
. u  o  rx w  ko  (s  o  .-  .s o  rx rn  w  knkn  Xw  *

qo  'è wkn xg koko rwrn r-qo rp qo Qto 
qo  lm o o n o o o .- ., rx fo fn m >

. .4 .w mj .4 ew (x cx (x ro ro m m o- @ ct . -> 5 r4 59 0.c 59 5j sj 50 5j rj jj 5j rj rj zj rj rj rj rj sj rj ca , ga g .
.  

m
.  l1ro %<w wwwwxwwwwwww

w w x x w w w a a m o zQ J r > > > > > > > > > > > > > > > > o > > >
aoomxam ju *m:- n

x oQ R >
m  

&
w  

&
-  

7
.  

Q
-  

&
w  

J
w  

Q
.  

Q
w  

Q
-  

&
-  

Q
-  

&
-  . .

Q  
.

Q  
. .

Q  
. .

Q  
-

Q  
.

4* 
. .

Q  
.

&  
.

&  
.

4  
-q g .Q g g j-= <

252 $

1

I



a09ka?lS Z.NRNOdwO Q %2lNQMD :3R lno oqpp  Y t èH.5Iu*4O
Q T.'--M  ztfl 9#f1

o $ Q; 4/ 
4 5Q 
,- r

A q Nzzzrgmo yzo c- r'o yto cr.cn 4.

o y g c! m o J ï
uzu- : # : l: . > .- .

7
= a.a -  6ka-  z

-  
1

% u * '' r'* I
N  s .

w pkn g cs -n a n tynilvM

; 
.  - j -  m r.....o  ; ,5o 6o )

Xgxxe. - 9H-  -0kH- sm  -:;u- n nœ
: $ z :

g : j s j7. j jo g 
.  g - .

f.'--n sn Mo4 :kn -zkH- OEn i- 1 tvn
w g T
m u ; l ; -# 

, d >.- r .-
w  

- o;q- y : .qz:-. nyrj o#â-%n
w œ I; >

t- '-n  HDIH 2ln D 5 3
g r # e

< - N ac-- z-yzu-oto .sgksnpz
- zn 1  -> < o m

7 g Z

r d r
ccs nu -qn  f.- - ?-l : tn  

.f-n -sùu.î f'rr''n :tn 4 .
z * z : -l tâ m : <
: .' w :
'- X RN -ytu-j 

o  

$ @
T- -7 çn skn l D z ztn 4 cm

w  N z; : : m w

m 5 m x ze' o gd g d q v .-
s . .. .  ,

.  orr -l vn #(n vzn ztu -n 9:n4 q

; ï ; m
d r ï : d
- ) s. -T- - n tn t- - n  tkn &zn G - n stn
: g C ;
y u m ;5
d r r #

f--7-) .su-;- C---3 zkn C- --3 czn f'U - n #tn
; C p 1 N5 J
m g 5 g xr g 

g a .
,- ,- œ c j

c---ozn jn .4 c---n rzn l t-rr'''n ctn
m  2 4 go n > /
+ m 44 B z 5 I 4

N d = c
- ru-  : - #u-  N y
- - kH-- 5 --EH-- m-jzd--
c--n r -:4 ko- --:zu --

92 Nç;#1 Q#n <0:2 ;#n l
+  +  +  +

--1:,-----.1, -jjr:----:,jj---l:,---':.,-. dll:kk
--

i:jp--'---':,l,,-. :::::1:::2::::::::::1111,,,G 
u *

o  o  Q

2 53



l

10 7 8 0

J

zgea 1t h
z? o c''.A z tv

zs s Q
w  . ;) + wsofo avm .tj.1 J

. ,i @ - U 2. Lè zzos V  . :p 4 : ;
.t U35 : -5 e o zlu s 8t

ni .s . z lz n ssa: .s zboa z
.
ms t/p.85 

.tg 741-52.14 z 1 J..l u sôa zs,j .'3s 
.y e s o vg. . z.s z(, .1 x js

jt o o IB œb eaa ï. Jl b
cuR zu

1 .15 1.

**1. A Sî5 t
/.5 z S #1s

6 gxzp )J
5 1, * a  .la

, z tl vo - . - 
, 

at

,.
a tl 2.: jl

.
: * J.:

7111-521111 1.5 4o &.ft)

/1 * .15 .59 #? !IA uv xs
:2.6

. v+ 1

A>  uzl, 1 zv  œp+ j
A  A  A  A  A

.tt a z 4 .+ t4 > ls 
qsl, # u

xs .11, . s . xs ns

z z8 L) .t.5: &lg ,/. a4 44 J. % . 1
, xs31 

'

.A 761.52%  1.5 1.5 8h.1.L595 M sz xâ1 
6 . js 9 . a z ,1 )

lt zt, xy 1
l fq

* 

a a a *T* j8 
.5:/.o

(j J. é' :/ J.o otp j48 * 4 8 @ 4 t! os
, ta'l.t s o us 2, s , o4

1 4 ,p &*s z'ë ',l 2 8 1 uh q s ç , z ra l#.e oo
z 6 @ zs J.s @ .1u  .ls o .t

** ' :.
.: 14 + t! o/ jS#2

,fo

. a 
.f .tq (oenoq*ub V+ s V* jtsxek- .tz 1t)

-  

R t e lS
,. as zo jor k

, p. z us
*  

.3 a e *9 l2. ULi as: 
. zt s j

. s
.1 81LSQ.5 J.s s tt j1. .fw . 6. m x

.o
ze  4 q

-  - - -  - - - - a  
, 

w
s  g oz vso.q g . 1c

I U32. 14, q.v :95 

sma jl I s2 z
9 4 s

, , ., . . I 1EA 
xo ,.1 Ie. L) 2.1. Nz :

.
t U.L6  . z4

.  jal d# .%, 81
.1-5 96 .66

+ * s

Jl.i 1
.
f.0 kt <.!- t

1 1jz j.t .6
' 9 qL& O6 'u - - - - - - - - u ,SR''A' q

+  1
P.s w

ts Rc& J- z 1@* Rpbl JN ujs .t.5 J>

&Ml j(11980

02& = j4.5:5-8 
.  

-  z - ja u. za7RUKl (J s Mz+ 
. m

4q:6 z h/ j?* z s
.3'6 + u% ,

s u t jq+ pk aa .R U
+

*

5 :4 6 ) s tI 
-

rsa bs s ?- (a g o<  o 'rp sro l tb a p(x) s tsg nu s.v , j, . gj z a: aj
u  r from la/ac - l

EtEcvsoxlcs j

l

254 1
1



10 7 8 0

1X)& ' F1

(JI2.

< .tt
J.r- 1tR

L5 .5 :p o  1402 
tm o  s ,U12

. A Af'K r 1 U?
.3 16

5  u s  /p t5 4

3 79/..521 P'

(w. !/ ïp
: V
tll.: (7

q+ 42
.2,

V+
e  q *R4 U

U K w v .
a  I.K

R3 q ,#m'ih7  6 p.t * ui ta
:zo x. RG  

w.(lS +V a + .#z IAT  e U

= . s o p vxç
Rcaev b tpa ss 4

A S3G  7*

R 2.8

# 6 zè q+
RM àI o  () t *

IJS  4 a  . *
OY *

>IRQ t9 1 P-Le  
.fs

aMAA'R @4. > p

1. a %  l

k3  Ei .f.5 e t LI#G

zatv r w  # v  +4.
z k '*M &

J. g...g aqau
:t  5

iyx r.E .5 lp t)#b u  .jo g:o :4 otq
S bse* * * *

0&ê4, . e z

lcqq ED S/
.B  t,4 tld

': ï. tpc.p $*

9 8 +te  >& -

'ik-é :7. a #

t U 6
g.ur B  fo

nt uj
U1O

tx  Ub e+.

wnlr' 2,1 4U -

q+ M . lz  G

ze a  w  N  N1 
L>1 8 /x

q tlh usazvux .t ta a. nzb 'MML
9

lt

#+ qoM * W -.t V+
f v+ 09

. at-z + . sI()4Q w

.
5 qy IJ1.1 :1 43 z f-* 

,&f s o a:1 RQ ?# ZE t)27. t)ssO  
veù

,t* ...'kf-'è ? plssvça tp - 7:/Ls7.&à
.6 B$ qd.u

.

4. .:5 G

*

2 5 5

k



107 8 0

J

0M  V+

V RfV *8: q* 
as-Oa A

o--4zs/m * +8= 
s t ' lO  

E'I Ll''' 614 8 'tla
.s xn o .uI cç a,r q. cz w r v.

t IA A pe s :78osu
. U22. Ut/q = , ..m b ,

zz tzaa  1* 1: .4 1 = ' *-- a e i
txl 

:a uqsl s s êgo
*  

.5 141.51:8 EI-C'I œ * 4,L)a4 =
ls x

4 ?+

:3 #
.$ b * 2 .U y y #z

o

tM y
=

q. .
,t5 t 

vtl
.
:.4 1 

.p2 1

, tl j.4
U38 * R LSIG

7: LSI6I-

c G p

Rt Rz y 4k4
: x.t : t-  v.

xztl t jj a .t =. o . =
L-I U 2. '* ayg.:#

w ,ts j
. 

1e, :4 ss .#.  ç o ta pD 
>qls Rtj

ce 
.t w .l 6

1.1.6  * O
.C'I.Q  -

z .s &,

U 3 t;
S 7:1.,5151.
tt ZK

4. 2/4'MB*
4+

?+6 

9-W  s gy
.  

RQ u C.
tJ.5 ql w1

+ .

@>/ sl-s u 4

#. .p & <xo Q t=  
vg sz-a

:t Atpl-s'4jQ 
p o a. R1t )13 
ehlA. g, < y z4 jR1f

%pz :s t J-u- q. J2,J 4 # J'G >.zxa D
'ro te  zM z b

'*  
.# k,t)6 tlt $# e *:M

. #
egz.o U13

t? 'E 
.
ts # lzM

tt tx 3 J.sO12 a
.txp œA.œ

J.s & 5- s
z Al  K
zas J13 :

1u t, 

o  
e

st I # jzxts to aa i. 
.

t tlzq I:' 
F'M  ' & < v

. e  

M
0 4 1 j,4 v. , ,zasy

-  
t. zi sqm  E M  ,

q+ z z :5 U z9 1 b: 1 1.o  
z xm s v  l

x .sga :* s s tyj
.

s l tlj...yq zxts z
. a 5 - 1s 

: t,& 1
.

f. a * VL'? w  =- 2
.41.6 1 ?.%I Q '

R : h v. = r
.o sô

cm zilz <#T  # pE9 a.
=. v'.

z% 4 +
=  s y.to 

.0  sgjjqt) a
: Rlt C *

-  .3z  a c # +
1 e- t?lo

lo t).t.O

)
1256


