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REPAIR AGREEMENT

The PROM RAM I I I  Board s o l d  hereunder i s  s o l d  "as i s " ,  w ith a l l  f a u l t s  and 
w ithou t any warranty, e i t h e r  e x p r e s s e d  o r  im p l i e d ,  i n c l u d i n g  any im p l i e d  
warranty o f  f i t n e s s  f o r  in tend ed  use o r  m er ch an ta b i l i ty .  However, the above 
n o tw ith stand in g , VECTOR GRAPHIC, INC., w i l l ,  f o r  a p e r i o d  o f  n in e t y  (90) 
days f o l l o w i n g  d e l i v e r y  t o  cu s t om e r ,  r e p a i r  o r  r e p la c e  any PROM RAM I I I  
B oard  t h a t  i s  found  t o  c o n t a i n  d e f e c t s  in  m a t e r i a l s  o r  w o rkm an sh ip ,  
prov ided:

1. Such d e f e c t  in  m a te r ia l  o r  workmanship e x i s t e d  a t  th e  t im e  th e  
PROM RAM I I I  Board l e f t  the VECTOR GRAPHIC, INC., fa c t o r y ;

2. VECTOR GRAPHIC, INC., i s  g i v e n  n o t i c e  o f  th e  p r e c i s e  d e f e c t  
c la im ed  w ith in  t en  (10) days a f t e r  i t s  d i s c o v e ry ;

3. The PROM RAM I I I  Board i s  promptly re tu rn ed  t o  VECTOR GRAPHIC, 
INC., a t  c u s t om e r ' s  e x p e n s e ,  f o r  ex am in a t ion  by VECTOR GRAPHIC, INC., t o  
con f irm  the a l l e g e d  d e f e c t ,  and f o r  s u b s e q u e n t  r e p a i r  o r  r e p la c em e n t  i f  
found t o  be in  o r d e r .

R epa ir, rep la cem en t o r  c o r r e c t i o n  o f  any d e f e c t s  in  m a te r ia l o r  workmanship 
wh ich  a r e  d i s c o v e r e d  a f t e r  e x p i r a t i o n  o f  th e p e r i o d  s e t  f o r th  above w i l l  be 
per form ed by VECTOR GRAPHIC, INC., a t Buyer's ex p en se , p ro v id ed  the PROM RAM 
I I I  Board i s  re tu rn ed, a l s o  a t  Buyer's expense, t o  VECTOR GRAPHIC, INC., f o r  
su ch  r e p a i r ,  r e p la c em e n t  o r  c o r r e c t i o n .  In  p e r f o r m i n g  any r e p a i r ,  
r e p la c em e n t  o r  c o r r e c t i o n  a f t e r  e x p i r a t i o n  o f  the p e r i o d  s e t  f o r th  above. 
Buyer w i l l  be charged in  a d d i t i o n  t o  th e  c o s t  o f  p a r t s  th e  t h e n - c u r r e n t  
VECTOR GRAPHIC, INC., r e p a i r  ra te .  At the p r e s en t  time the a p p l i c a b l e  ra te  
i s  $35.00 f o r  the f i r s t  hour, and $18.00 p e r  hou r f o r  e v e r y  hour o f  work 
r e q u i r e d  t h e r e a f t e r .  P r i o r  t o  commencin g any r e p a i r ,  r e p la c em e n t  o r  
c o r r e c t i o n  o f  d e f e c t s  in  m a te r ia l  o r  workmanship d i s c o v e r e d  a f t e r  e x p i r a t i o n  
o f  th e  p e r i o d  f o r  n o - c o s t - t o - B u y e r  r e p a i r s ,  VECTOR GRAPHIC, INC., w i l l  
submit t o  Buyer a w r i t t e n  e s t im a t e  o f  t h e  e x p e c t e d  c h a r g e s ,  and VECTOR 
GRAPHIC, IN C ., w i l l  n o t  commence r e p a i r  u n t i l  su ch  t im e  a s  the w r it t en  
e s t im a te  o f  ch arges has b e e n  r e t u r n e d  by Buyer t o  VECTOR GRAPHIC, INC., 
s i g n e d  by d u ly  a u th o r i z e d  r e p r e s e n t a t iv e  a u th o r i z in g  VECTOR GRAPHIC, INC., 
t o  commence w ith  the r e p a i r  work in v o lv ed .  VECTOR GRAPHIC, INC., s h a l l  have 
no o b l i g a t i o n  t o  rep a ir ,  r e p la c e  o r  c o r r e c t  any PROM RAM I I I  Board u n t i l  the 
w r i t t e n  e s t im a te  has b e en  r e t u r n e d  w ith  a p p r o v a l  t o  p r o c e e d ,  and VECTOR 
GRAPHIC, INC. , may a t  i t s  o p t i o n  a l s o  r e q u ir e  prepayment o f  the e s t im a ted  
r e p a i r  charge s p r i o r  to  commencing work.

R e p a i r  A g r e em en t  v o i d  i f  th e  e n c l o s e d  c a r d  i s  n o t  r e t u r n e d  t o  VECTOR 
GRAPHIC, INC. w ith in  t en  (10) days o f  end consumer purchase.
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I . INTRODUCTION

1.1 SPECIFICATIONS

Bus C om p a t ib i l i t y S-100

Memory C apa c ity RAM: IK, in c lu d ed  w ith  the board 
PROM: S o ck e t s  f o r  12 PROMs.

PROM Programming Can program 2708 o r  2704 EPROMs

___ PROM Programming Program L i s t i n g  in c lu d e d  in  manual
E xecu tab le  v e r s i o n  on MDOS System D i sk e t t e s  

8.4 and l a t e r .

PROMs In c lu d ed  w ith  Board NONE

Memory Speed RAM: 300 ns.
PROM: User s e l e c t e d  (450 ns. typ)

Memory Types RAM: 2114 s t a t i c
PROM: 2708 (IK each) o r  2704 (1/2K each)

Board Address in g Two b l o c k s  (A and B) are s e p a r a t e ly  
add r e s s ed  

B lock  A has 8 PROM s o c k e t s  
B lock  B has 4 PROM s o c k e t s  and IK RAM

Addre ss in g  O p t ion s  (jumper) Base ad d r e s s  o f  th e  two 8K b lo c k s  
B lock  B PROM a t  t o p  o r  bottom o f  b lo ck  
Address o f  IK RAM w ith in  rem ain ing 4K 
D i sa b le  unused 3K, f o r  use by o th e r  boards

Standard Address in g B lock  A: d i s a b l e d
B lock B b a se  address : C000H
Block  B PROMs: COOOH - CFFFH
Block  B RAM: DC00H - DFFFH
Block  B d i s a b l e d  3K: D000H - DBFFH

Standard L o ca t ion  o f
Systems Monitor PROM

C000H

(con t inued  on back)
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Power-on/Reset Jump PRESET o r  POC ca u se s  jump t o  board

Power-on/Reset Jump Option s 
(jumper)

Use PRESET o r  POC
Jump t o  f i r s t  i n s t r u c t i o n  o f  B lock  A o r  B. 
D i s a b le  phantom g e n e r a t io n  
D i s a b l e  jump t o  on-board memory

Standard Power-on/Reset 
Jumpers

POC i s  u sed
Jump t o  b e g in n in g  o f  B lock  B
Phantom and jump t o  on-board b o th  en ab led

MWRITE Jumper o p t i o n  t o  g en e ra te  MWRITE on board 
Standard: o p t i o n  not enab led

Wait s t a t e  g e n e r a t io n Jumper o p t i o n  t o  g en e ra te  one w a it  s t a t e  
each tim e boa rd  i s  a d d r e s s ed  

Standard: o p t i o n  not enab led

Bus lo a d 1 TTL l o a d  on a l l  in p u t s

Card e x t r a c t o r s Standard

Power + 8Vdc @ 450 mA (Typ)
+18Vdc @ (depends on q u an t i ty  o f  PROM) 
-18Vdc @ (depends on qu an t i t y  o f  PROM)

1-2 Rev. 1—1—A 7/16/79
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1.2 DESCRIPTION OF THE PROM RAM I I I  BOARD

V e c t o r  G r a p h i c ' s  PROM RAM I I I  Board i s  a v e r s a t i l e ,  S-100 bus com pa t ib le ,  
h igh  d e n s i t y  memory b o a r d  c om b in in g  th e  memory t e c h n o l o g i e s  o f  e r a s a b l e  
programmable read  on ly  memories (EPROMs) and h igh  sp eed  random a c c e s s  memory 
(RAM). Of unique va lue, one o f  th e PROM s o c k e t s  on the board can be used to  
p r o g ram  a 2708 o r  2704 EPROM, e n a b l i n g  any owner t o  c r e a t e  PROM-based 
so f tw a r e  f o r  use on t h i s  board  o r  in  any o th e r  m i c r o p r o c e s s o r  d ev ic e .  IK o f  
RAM i s  p r o v id e d  on th e  board, bu t no PROMs a re  in c lu d e d  w ith pu rchase. The 
so f tw a r e  which i s  used t o  program PROMs i s  p r o v i d e d  a s  a l i s t i n g  i n  t h i s  
manual, and i s  in c lu d ed  on d isk  w ith a l l  V ec to r  Graph ic system s sh ip p ed  with 
t h i s  board.

By com bin ing th e u se o f  MSI d e c o d in g  l o g i c  and unique a d d r e s s in g  f e a tu r e s ,  a 
wide range o f  a p p l i c a t i o n s  r e q u i r em en t s  may b e  met by t h i s  memory b o a r d .  
Th e  a d d r e s s i n g  f l e x i b i l i t y  i s  a s  f o l l o w s .  The b o a r d  o f f e r s  tw o  
in d ep end en t ly  a d d r e s s a b le  8K b lo c k s  o f  memory (A and B). You use jumpers t o  
s p e c i f y  t h e  two s e p a r a t e  8K a d d r e s s i n g  s p a c e s  a s s i g n e d  t o  th e s e  b lo c k s .  
B lock  A can be used f o r  up t o  8K o f  PROM. B lock  B c o n t a in s  IK o f  o n - b o a rd  
RAM p lu s  up t o  4K o f  PROM.

For b lo c k  B, you use jumpers t o  s p e c i f y  w hether th e  PROM i s  a t  th e  t o p  o r  
th e  b o t t om  o f  t h e  8K a l l o c a t i o n ,  and then, w ith in  th e rem ain ing 4K, where 
t h e  IK o f  RAM i s  a d d r e s s e d .  Once t h i s  i s  d on e , t h e r e  a r e  a l s o  jum per 
o p t i o n s  f o r  DISABLING some o r  a l l  o f  th e rem a in in g 3K o f  a d d r e s s in g  space 
a l l o c a t e d  t o  b l o c k  B, s o  t h a t  o t h e r  b o a r d s  i n  th e  s y s t em  can  u s e  t h o s e  
ad d r e s s e s .

The a d d r e s s in g  s p a c e s  a r e  f u l l y  u t i l i z e d  i f  2708 IK PROMs a r e  used . I f  2704 
1/2K PROMs are used, then every o th e r  1/2K o f  PROM a l l o c a t i o n  w i l l  be used, 
w ith  1/2K gaps between. Other f e a tu r e s  o f f e r e d  by the b o a r d  a re :  jump on
p ow er- on  o r  r e s e t  t o  on-board memory, w ith phantom gen era ted  t o  t em p o ra r i ly  
d i s a b l e  o th e r  memory boards, and a jumper o p t i o n  t o  u s e  PRESET i n s t e a d  o f  
POC t o  c a u se  t h i s  jump; jumper o p t i o n  f o r  on-board g en e ra t ion  o f  th e  S-100 
MWRITE s i g n a l ;  and a jumper o p t i o n  t o  g en e ra te  a o n e - c y c l e  w a i t - s t a t e  ea ch  
time the boa rd  i s  addressed .

F u l l  b u f f e r i n g  o f  a l l  in p u t s  and ou tpu t s  i s  p ro v id ed  t o  m in im ize l o a d i n g  o f  
the system  S-100 bus t o  a t  most one TTL load . On-board power r e g u la t i o n  and 
f i l t e r i n g  i s  p r o v i d e d  u s i n g  IC r e g u l a t o r s  and h e a t  s i n k s  f o r  p ow e r  
d i s s i p a t i o n .  C a re fu l a t t e n t i o n  t o  good d e s i g n  p r a c t i c e  and an awareness o f  
the need f o r  f l e x i b i l i t y  has r e s u l t e d  in  a r e l i a b l e  b o a rd  u s e f u l  in  a w ide 
v a r i e t y  o f  system s and a p p l i c a t i o n s .
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IX - USERS GUIDE

T h i s  U se r s  G u id e  b e g i n s  w ith  a d e s c r i p t i o n  o f  th e  amount and k ind o f  FROM 
wh ich  can  b e  u s e d  on  t h i s  b o a r d ,  f o l l o w e d  by a d e s c r i p t i o n  o f  th e  RAM 
i n c l u d e d  w ith th e  board, th en  a d e t a i l e d  d e s c r i p t i o n  o f  th e  v a r iou s  o p t i o n s  
you have f o r  a d d r e s s in g  the PROMs and the RAM. Read i t  b e f o r e  a t tem p t in g  t o  
re- jumper th e  b oa rd  a d d r e s s in g .  F o l low in g  t h i s  s e c t i o n  are a d e s c r i p t i o n  o f  
each o f  th e jum per o p t i o n s  p o s s i b l e  on  th e  b o a r d ,  i n c l u d i n g  a d d r e s s i n g  
o p t i o n s ,  p ow er- on / re se t  jump, MWRITE input, and wait s t a t e  g en e ra t ion .  The 
d iagram s o f  jumper pads show each o f  th e  pads a s  i t  i s  p r e - ju m p e r e d  a t  th e  
f a c t o r y .  The g u i d e  e n d s  w i t h  i n s t r u c t i o n s  f o r  o p e r a t i n g  t h e  PROM 
programming s o f tw a r e  p r o v id ed  w ith  th e  b oa rd , a s  w e l l  a s  i n s t r u c t i o n s  f o r  
w r i t in g  your own i f  d e s i r e d .  The l i s t i n g  o f  th e  program i s  p ro v id ed .

2.1 FROM SELECTION AND USE

A maximum o f  12K b y t e s  (where K = 1024) o f  2708 typ e  PROMs may be i n s t a l l e d  
in  a v a i l a b l e  s o c k e t s  on the board. NO PROMS ARE INCLUDED WITH PURCHASE OF 
THE BOARD ALONE. J um p e r s  a r e  u s e d  t o  d e t e rm in e  where t h e  PROMs a r e  
a d d r e s s ed .

The f o l l o w i n g  d i s c u s s i o n  a s sum es th a t  2708 typ e  PROMs (hav ing IK o f  8 -b it  
b y t e s  each) a r e  used. I f  2704 PROMs (having 1/2K b y t e s  each) a r e  u s e d ,  th e  
i s s u e s  a r e  t h e  same; t h e  o n l y  d i f f e r e n c e  i s  th a t  wherever a 2704 PROM i s  
used, th e r e  w i l l  be 1/2K b y t e s  o f  PROM a c c e s s i b l e  by  t h e  s y s t em ,  f o l l o w e d  
imm ed ia te ly  by a 1/2K gap which w i l l  n o t c o n ta in  any memory a t  a l l .

The numbers 2708 and 2704 a r e  I n t e l  g e n e r i c  p a r t  numbers. Many o t h e r  
m a n u f a c t u r e r s  make e q u i v a l e n t s ,  w i th  2708 o r  2704 a s  p a r t  o f  t h e i r  
p r o p r i e t a r y  p a r t  number. A l l 2708 o r  2704 p i n  f o r  p in  e q u i v a l e n t s  can  b e  
used on t h i s  board.

2.2 RAM

In a d d i t i o n  t o  t h e  PROM s o c k e t s ,  t h e r e  i s  IK o f  s t a t i c  RAM on th e  board, 
which IS in c lu d e d  w ith  pu rcha se o f  t h e  b o a r d  a l o n e .  Jumpers a r e  u s e d  t o  
determ ine where t h i s  IK o f  RAM i s  add re ssed .
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2.3 BLOCK A AND BLOCK B - GENERAL

To b e g i n  s p e c i f y i n g  th e  a d d r e s s e s  f o r  th e  memory, th e r e  are two s e p a r a t e ly  
a d d r e s s a b l e  b l o c k s  o f  memory s p a c e  a v a i l a b l e  on the b o a r d ,  c a l l e d  b l o c k s  A 
and B. Jum pers  a r e  u s e d  t o  s p e c i f y  what th e  ba se  a d d r e s s  i s  f o r  ea ch  o f  
th e s e  two b l o c k s ,  w ith in  a 64X t o t a l  memory s p a c e .  A l t e r n a t e l y ,  o n e  { o r  
b o th )  b l o c k s  can b e d i s a b l e d  c om p le t e ly .  Jumper a rea  F i s  n o rm a l ly  used to  
s p e c i f y  t h e  b a s e  a d d r e s s  c f  ( o r  d i s a b l e )  b l o c k  A and jum p e r  a r e a  E i s  
n o rm a l ly  u s e d  t o  s p e c i f y  t h e  b a s e  a d d r e s s  o f  (or d i s a b le )  b l o c k  B. I f  a 
b lo c k  i s  n o t  d i s a b l e d ,  th e n  t h a t  b l o c k  w i l l  o c c u p y  e x a c t l y  8K b y t e s  o f  
memory, b e g i n n i n g  a t  i t s  b a s e  a d d r e s s .  Th is  i s  t r u e  f o r  b o th  b l o c k s ,  as 
shown in  F ig u r e  1.

Note t h a t  b o t h  b l o c k s  t o g e t h e r  o c c u p y  16K o f  memory. However, th e r e  are 
on ly  12 s o c k e t s  f o r  PROMs, and on ly  IK o f  RAM on the b o a r d ,  t o t a l l i n g  1 3K. 
What happ en s i f  th e p r o c e s s o r  a d d r e s s e s  memory in  th e  r em a in in g  3K p o r t io n ?  
T h is  memory sp a c e  i s  NOT n e c e s s a r i l y  empty. A s e t  o f  jum p e r s  i s  p r o v i d e d  
w h ich  in  e f f e c t  s p e c i f y  t h a t  th e  unused 3K, w ith in  th e 16K, i s  not on one 
PRCM RAM I I I  b oa rd  a t  a l l ,  and t h e r e f o r e  may be u sed  on o th e r  b oa rd s .

I t  must b e  emphasized  t h a t  e x c e p t  f o r  th e  3K s p e c i f i e d  a s unused by jumper, 
th e  a d d r e s s e s  a s s i g n e d  t o  the b oa rd  f o r  b l o c k s  A and 3 cannot be used by any 
o t h e r  b o a r d ,  ev en  i f  some o f  t h e  PROM s o c k e t s  a r e  l e f t  empty. However, 
remember th a t  you may ch o o se  n ot t o  use one (or both) o f  th e b l o c k s  a t  a l l ,  
by d i s a b l i n g  i t  c o m p l e t e l y  in  jumper a r ea s  E and F. I f  you do t h i s ,  then 
the c o r r e s p o n d in g  memory s p a c e  IAN b e  a s s i g n e d  t o  a n o t h e r  b o a r d ,  and no 
sp a ce  i s  wasted.
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I f  th e  jumpers in  a rea  G a r e  sw i t c h e d  from  th e  way th e  b o a r d  i s  n o rm a l ly  
s h ip p e d ,  then th e  b a se  ad d r e s s  o f  b lo c k  A w i l l  be c o n t r o l l e d  by jumper area 
E and the ba se  a d d r e s s  o f  b lo c k  B w i l l  c o n t r o l l e d  by jumper area  F, i n s t e a d  
o f  t h e  o t h e r  way a r oun d .  I f  t h i s  i s  d on e ,  th en  th e  a d d r e s s  wh ich  i s  
a c c e s s e d  f o r  power-on jump w i l l  a l s o  be sw itch ed , becom ing th e f i r s t  a d d r e s s  
in  b lo c k  A in s t e a d  o f  th e  f i r s t  a d d r e s s  in  b lo c k  B. Th is i s  th e pu rpose  f o r  
u s in g  t h i s  o p t i o n .  (See S e c t i o n  2.14) F or s i m p l i c i t y  o f  l a n g u a g e ,  th e  
Users Guide i s  w r i t t e n  assum ing th a t  jumper a rea  G i s  l e f t  a s manufactured.

2.4 BLOCK A

B lo c k  A r e f e r s  t o  t h e  8 PROM s o c k e t s  a t  th e  t o p  o f  th e  b oa rd  ( la b e l e d  0 
through 7). I n s e r t  PROMs wh ich  you want in  b l o c k  A i n t o  t h e s e  s o c k e t s .  
S o c k e t  0 c o r r e s p on d s  t o  th e IK b lo c k  b e g in n in g  a t  th e  ba se  add re ss  o f  b lo ck  
A. S ock e t 1 c o r r e s p on d s  t o  th e n ex t IK and so on, a s shown in  the f o l l o w in g  
ta b le :

Hexadecimal Address 
R e la t iv e  t o  Base Address ("A") S ock e t
___________ o f  B lock  A__________________________________

A + 1C00H 7
A + 1800H 6
A + 1400H 5
A + 1000H 4
A + CO OH 3
A + 800H 2
A + 400H 1
A 0

Jumper a r ea  F i s  normally  used t o  determ ine th e  b a se  ad d r e s s  o f  b lo c k  A, o r  
t o  d i s a b l e  b lo c k  A. When the b oa rd  i s  s o ld ,  jumper a rea  F i s  p r e - w i r e d  t o  
d i s a b l e  b l o c k  A. No p a r t i c u l a r  b a s e  a d d r e s s  i s  thus s p e c i f i e d  u n t i l  you 
i n s t a l l  th e jumpers.

2.5 BLOCK B

Block B in c lu d e s  th e  low er fou r PROM s o c k e t s  on th e  board, l a b e l e d  8 through 
11. The o th e r  4K in  b lo c k  B i s  f i l l e d  w ith the IK o f  RAM on the board, p lu s  
the 3K o f  add re ss  spa ce  which can be, a t  you d i s c r e t i o n ,  r e tu rn ed  f o r  u se by
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o th e r  b oa rd s .  The way you s p e c i f y  th e  a d d r e s s  s p a c e s  w i t h i n  b l o c k  B i s  a s  
f o l l ow s :  F i r s t ,  you s p e c i f y  th e  b a se  ad d r e s s  o f  B lock  3 u s in g  jumper area E
( o r  you s p e c i f y  i n  a r e a  E t h a t  th e  b l o c k  i s  d i s a b l e d ) .  I f  i t  i s  n o t  
d i s a b l e d ,  th en  you  u s e  jum per a r e a  J t o  s p e c i f y  w h e th e r  t h e  4K o f  PROM 
o c c u p i e s  th e t o p  o r  th e  b o t t om  4K o f  t h e  b l o c k .  Th e se  a r e  t h e  o n l y  two 
c h o i c e s .  The b oa rd  i s  p re- jumpered  so th a t  th e  PROM o c c u p i e s  th e  low er 4K. 
Then, you s p e c i f y  u s in g  jumper a rea  I which IK w ith in  th e  o t h e r  4K i s  u s ed  
f o r  t h e  o n - b o a r d  RAM. L a s t ly ,  you s p e c i f y  u s in g  jumper a rea  H whether one 
o f  more o f  t h e  l a s t  t h r e e  IK b l o c k s  i s  t o  b e  r e t u r n e d  f o r  u s e  by o t h e r  
b oa rd s .  (Normally you s p e c i f y  th a t  a l l  th r e e  o f  them are  re tu rn ed .)

Two t y p i c a l  c o n f i g u r a t i o n s  o f  B lock B a r e  shown in  f i g u r e s  2 and 3. F i g u r e  
2 i s  t h e  s tandard  - th e  one f o r  which th e  b oa rd  i s  p re-w ired . S in ce  in  th e  
p re -w ir ed  v e r s i o n ,  b l o c k  B b e g in s  a t  C000H, F igu re  2 shows th a t  th e standard 
a d d r e s s  f o r  s c r a t c h - p a d  RAM i s  DCOOH, and t h e  s t a n d a r d  a d d r e s s  f o r  th e 
System 's M on itor PROM i s  C000H. F igu re  3 show s t h e  r e s u l t  o f  p u t t i n g  th e  
PROM in  t h e  u p p e r  4K and s p e c i f y i n g  t h a t  t h e  RAM o c c u p y  t h e  s e c o n d  IK 
p o r t i o n .
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Jumper names: A13, A13, A14, A14, A15, A15 = ad d r e s s  l i n e s
BA1, BA2, BA3 = b l o c k  B add re ss  pads 
BB1, BB2, BB3 = b lo c k  A a d d r e s s  pads

NOTE: The s e c o n d  l e t t e r  in  t h e  b l o c k  B a d d r e s s  p a d s  i s  "A ", wh ile the
se con d  l e t t e r  i n  th e  b l o c k  A a d d r e s s  p a d s  i s  " B " . T h i s  o c c u r s  b e c a u s e  
h i s t o r i c a l l y ,  t h e  pad s were named b e f o r e  i t  was d e c id e d  t o  manufacture th e 
b oa rd  w ith  th e  " b lo c k  swap" jumpers in  a rea  G r e v e r s e d .

Function: Address l i n e s  A13, A14, A15 form th e  most s i g n i f i c a n t  b i t s  o f  the
a d d r e s s  from the CPU. T h e s e  t h r e e  b i t s  can  s e l e c t  any o f  8 p o s s i b l e  8K 
b l o c k s  o f  memory in  a 64K memory spa ce .  See t a b l e  1.

O p t i o n s :  T a b l e  2 t e l l s  you  what j u m p e r s  t o  c o n n e c t  t o
p a r t i c u l a r  8K b l o c k  s t a r t i n g  ad d re ss .

s p e c i f y  any

2.7__PROM/SCRATCHPAD MEMORY INVERT
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2.8 RAM MEMORY ADDRESS SELECT IN BLOCK B

Jumper areas I

Function : These jumpers a l l ow  th e  u ser t o  s e l e c t i v e l y  d e t e rm in e  where th e
RAM a d d r e s s e s  a r e  t o  b e  l o c a t e d .  With th e  b oa rd  jumpered a s manufactured, 
th e  IK o f  RAM o c c u p i e s  th e t op -m o s t  IK o f  a d d r e s s e s  o f  t h e  4K s c r a t c h p a d  
memory b lo c k .

O p t i o n s :  I f  you  w ish  t o  a l t e r  th e  f a c t o r y  s u p p l i e d  c o n n e c t i o n s ,  t h e
f o l l o w i n g  p r o c e d u r e  i s  recommended: Cut th e  jumper from 18 t o  RAC. Then, 
d e te rm in e th e  d e s i r e d  a d d r e s s  f o r  th e  IK RAM from  T a b l e  3 and c o n n e c t  a 
jum per a s  s p e c i f i e d .  The t h i r d  p a r t  o f  T a b l e  3 i s  n ot r e l e v e n t  t o  t h i s  
jumper area.

Function: These jumpers a l low  the u se r  t o  s e l e c t i v e l y  d e te rm in e wh ich  3 o f
4 IK b l o c k s  o f  memory a re  re tu rn ed  f o r  u se by o th e r  b oa rd s .  These jumpers 
a r e  s e l e c t e d  in  c o n ju n c t i o n  w ith th e RAM memory a d d r e s s  jumper in  area I, so 
t h a t  t o g e t h e r ,  a l l  4K o f  th e  non-PROM (scra tchpad) add re ss  sp a ce  in  b lo c k  B 
a r e  a ccoun ted  f o r .  The f a c t o r y  s u p p l i e d  c o n n e c t i o n s  complement th e  f a c t o r y  
s u p p l i e d  RAM add re s s  jumper, so th a t  th e b o t tom  3K o f  th e s c ra tch pad  memory 
i s  a l l o c a t e d  f o r  use by o th e r  b oards.

O p t i o n s s  I f  i t  i s  d e s i r e d  t o  a l t e r  th e f a c t o r y  s u p p l i e d  c o n n e c t i o n s ,  the 
f o l l o w in g  p r o c edu re  i s  recommended: V e r i f y  th e RAM memory a d d r e s s  s e l e c t e d
p r e v i o u s l y .  Then, r e f e r  t o  Tab le  3 t o  f in d  th e RAM add re ss  s e l e c t e d ,  and 
conn e c t  jumpers a s s p e c i f i e d  in  th e t h i r d  p a r t  o f  th e  t a b le .

H
2.9 DISABLE 3K OF ADDRESS SPACE IN BLOCK B

Jumper areas H
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2.1C POITIR—C.1/RE5ET JUMP - DESCRIPTION

A r ow e r  o n / r e s e t  jump f e a tu r e  i s  a l s o  p r o v id e d  on t h i s  boaro. When the ?0C 
o r  PRESIT (y ou r c h o i c e  o f  w h ich , by  jum p e r  s e l e c t i o n )  l i n e  i s  low , th e  
i n s t r u c t i o n  s t o r e d  in  the f i r s t  a d d r e s s  o f  b l o c k  A o r  3 (determ ined by the 
jumper in  a r ea  G, a s e x p la in e d  b e low )  w i l l  b e  e x e c u t e d  by th e  CPU, and a 
"phan tom " s i g n a l  w i l l  be i s s u e d  by th e  b oa rd  on  bus l i n e  67 which d i s a b l e s  
o th e r  sy s tem  memory boa rd s.

A f t e r  t h i s  i n i t i a l  i n s t r u c t i o n  e x e cu t io n ,  the o th e r  memory b oa rd s  w i l l  be 
r e - en a b le d .  However, i f  the i n s t r u c t i o n  i s  a jump t o  th e  n e x t  i n s t r u c t i o n  
in  th e  same b l o c k ,  th e n  c o n t r o l  w i l l  have been  e f f e c c i v e l v  t r a n s f e r e e  t o  
th a t  b l o c k  on the PRQM/RAM I I I  b o a r d .  T h e r e f o r e ,  th e  s e c o n d  i n s t r u c t i o n  
s h o u ld  b e  t h e  b e g i n n i n g  o f  a s y s t em  i n i t i a l i z a t i o n  r o u t in e  f o l l ow e d  by a 
sy s tem s e x e c u t i v e .  'This i s  a lw a y s  th e  c a s e  i n  s t a n d a r d  V e c t o r  G r a p h i c  
com puters.

Two a d d i t i o n a l  jumper a r e a s  a r e  p r o v i d e d ,  on e  t o  d i s c o n n e c t  th e  phantom  
s i g n a l  i f  i t  i s  n o t  d e s i r e d ,  and th e  o t h e r  t o  d i s c o n n e c t  the jump to  the 
o n - b o a r d  PROM i f  t h i s  i s  n o t  d e s i r e d .  T h e s e  o p t i o n s  g i v e  you maximum 
c o n t r o l  ov e r  u se o f  the board.

2.11 USE PRESET OR PCC FOR POWER-ON/RESET JUMP

Jumper area: D

Function; In th e  f a c t o r y  v e r s i o n  o f  th e board, th e ?0C s i g n a l  i s  c o n n e c t e d  
t o  t h e  pow er-or./rese t jump c i r c u i t r y  on the board. Th is i s  a p p r o p r ia t e  f o r  
s tanda rd  V e c t o r  Graph ic computers, b e cau se  in  th e s e  system s, b o th  t h e  RESET 
sw itch  on the f r o n t  pan e l and the i n i t i a l  power-on c o n d i t i o n  causa an a c t i v e  
low p u l s e  on the POC l i n e ,  v ia  c i r c u i t r y  on the 130 b o a r d . I f  the CPU beard  
u s e d  i n  y ou r  s y s t em  d o e s  n o t  have t h i s  f e a tu r e ,  th e -RESIT s i g n a l  can be 
c on n e c te d  t o  the p ow e r- cn / r e s e t  c i r c u i t r y  by chang in g the jumper area D.

O p t i o n s :  To c o n n e c t  PRESET t o  th e p ow e r- on / r e se t  c i r c u i t r y ,  cu t the t r a c e
between 27 and 13 and t i e  23 t o  29.
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2.12 PHANTOM GENERATED IF POWER-ON/RESET

Jumper area: C

i

2

c
Function : When 1 and 2 a r e  t i e d  t o g e th e r ,  th e phantom s i g n a l  i s  g e n e r a t e d  
whenever a POC o r  PRESET s i g n a l  i s  r e c e iv e d .  Phantom d i s a b l e s  o th e r  system  
memory b oa rd s .  The Z80 (and 8080) p ro c e s s o r  ch i p  im m ed ia t e ly  e x e c u t e s  th e  
i n s t r u c t i o n  a t  0000H when t h e  POC o r  PRESET s i g n a l  a p p e a r s  on th e  bus, 
assum ing th e CPU b oa rd  i s  so d e s ign ed .  With the o th e r  memory b o a r d s  i n  th e  
s y s t em  d i s a b l e d ,  t h e  PROM/RAM I I I  Board i s  f r e e  t o  su p p ly  th e  in s t r u c t i o n  
f o r  a d d r e s s  OOOOH.

O p t i o n s :  To d i s a b l e  t h e  g e n e r a t i o n  o f  th e phantom s i g n a l ,  cu t  th e  jumper
from 1 t o  2.

2.13 JUMP TO PROM/RAM I I I  BOARD IF POWER-ON/RESET ~

Jumper area: A

Function: When th e  POC o r  PRESET s i g n a l  i s  r e c e i v e d ,  a jum per in  a r e a  A
c a u s e s  th e  b o a r d  t o  r e s p o n d  t o  t h e  a d d r e s s  OOOOH from the CPU. At your 
o p t io n ,  you may d i s a b l e  t h i s  f e a tu r e ,  so  th a t  the PROM/RAM I I I  b o a r d  i s  NOT 
th e  boa rd  which r e sp on d s  t o  th e  add re ss  OOOOH.

Op t ion s: To cau se the b oa rd  NOT t o  r e s p o n d  t o  a d d r e s s  OOOOH when POC o r
IRESET i s  r e c e iv e d ,  cu t  th e  jumper from 3 t o  4 and t i e  4 t o  5.
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2.14 BLOCK SWAP

Jumper areas G

Function: With th e  boa rd  as manufactured, jumper area E i s  u sed t o  a d d r e s s
b l o c k  B, and jumper area F i s  u sed  t o  add re ss  b lo c k  A. Furthermore, i f  the 
p ow er- on / re se t  jump f e a tu r e  i s  used, th e  jump w i l l  take p l a c e  t o  th e  f i r s t  
a d d r e s s  in  b lo c k  B.

Option s: I f  you want t o  jump t o  b l o c k  A in s t e a d ,  cu t  th e jumpers from 20 t o
21 and 25 t o  26; t i e  20 t o  25 and 21 t o  26. Th is change w i l l  a l s o  r e v e r s e  
th e  use o f  a rea  E and F, so  th a t  a rea  E i s  used t o  a d d r e s s  b lo c k  A, and area 
F i s  u sed  t o  a d d r e s s  b l o c k  B.

2.15 DISABLE POWER-ON/RESET RESPONSE Z'

To d i s a b l e  th e  p ow e r- on / r e s e t  r e s p o n s e  o f  th e  PROM/RAM I I I  boa rd  e n t i r e l y ,  
d i s a b l e  b o th  th e  g e n e r a t io n  o f  phantom and the jump t o  PROM/RAM I I I  b o a r d .  
See S e c t i o n s  2.12 and 2.13.

2.16 MWRITE INPUT

Jumper area: B

B
— >

Function : I f  t h i s  b oa rd  i s  i n s t a l l e d  in  a system  w ithou t a f r o n t  p a n e l ,  o r  
o t h e r  s o u r c e  o f  MWRITE, an MWRITE s i g n a l  can be gen era ted  on board  bo th  f o r  
u se on b oa rd  and f o r  f e e d i n g  b a ck  t o  t h e  bu s  a s  a f u l l y  b u f f e r e d  S-100 
s i g n a l .  Th is i s  n o t needed in  V ector Graphic sy s tem s sh ip p ed  a f t e r  A pr i l 9, 
1979, b e cau se  the Z-80 board s  in  th e s e  system s now g en e ra te  MWRITE.

O p t i o n s :  I f  th e  boa rd  i s  i n s t a l l e d  in  a system  w ithou t a s ou r c e  o f  MWRITE,
add a jumper from 9 t o  10.

2-10 Rev. 1—1—A 7/16/79



PROM/RAM III Board Users Manual

2.17 WAIT STATE GENERATION

Jumper areas K
K

Function : The PRDY s i g n a l  may b e  jum p e r e d  t o  th e  WAIT in p u t  i n  o r d e r  t o
c r e a t e  on e  w a i t  s t a t e  each  t im e th e  b oa rd  i s  add re ssed . Th is i s  n e c e s s a r y  
when u s in g  memory s low e r  than about 300 ns. in  a 4 MHz (Z-80) sy s tem . PRDY 
i s  n o t  c o n n e c t e d  t o  WAIT on th e  PROM/RAM I I I  b oa rd  a s  manufactured, b e cau se  
th e V e c to r  Graph ic Z-80 board  u sed  in  V ec to r  Graph ic s y s t em s  g e n e r a t e s  th e  
w a i t - s t a t e .  You wou ld  want t o  g en e ra te  th e  w a i t - s t a t e  on th e  PROM/RAM I I I  
b oa rd  i f  you a r e  u s in g  memory f a s t e r  than 300 ns. on o th e r  memory b o a r d s  in  
th e  s y s t em ,  a l l o w i n g  y ou  t o  d i s a b l e  th e  wa it s t a t e  th a t  i s  b u i l t  in t o  th e 
V e c to r  Graph ic Z-80 boa rd  (and some o th e r  m a n u fa c t u r e r s '  Z-80 b o a r d s )  y e t  
c o n t i n u e  t o  u s e  a w a i t - s t a t e  f o r  t h e  s l o w e r  memory on t h e  PROM RAM/III 
board.

For some Z-80 b a sed  CPU b oa rd s  th e  WAIT ou tpu t i s  not syn ch r on iz ed  p r o p e r ly .  
I f  th e  WAIT i s  jumpered t o  th e  PRDY s i g n a l  when such a Z-80 board  i s  used, a 
p o s s i b l e  o s c i l l a t o r y  c o n d i t i o n  ca n  a r i s e  on  t h e  PRDY and WAIT l i n e s .  
T h ere fo re ,  c a u t i o n  must b e  e x e r c i s e d  in  how t h i s  jum per  i s  u t i l i z e d .  The 
V e c t o r  G r a p h ic  Z-80 b o a r d  h a s  a p r o p e r l y  sy n ch r on iz ed  WAIT, so th a t  with 
t h i s  Z-80 board, PRDY may be s a f e l y  t i e d  t o  WAIT, in s u r i n g  r e l i a b l e  memory 
o p e r a t io n  a t  h igh  sp e ed s .

Option s: To t i e  PRDY t o  WAIT, jumper 22 t o  23.
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H * Hsxicsclmal D * Decimal

TABL E  1
A15 A14 A13

SL C l .< (A o r  8; 
STARTING  ACCRESS

0 0 0 COOOH = OOOCO
0 0 1 2000H = 31523
0 1 0 4C00H = 1633AQ
3 1 1 SOOCH = 2 4 5 :5 0
1 0 HOOCH = 327530
i 0 j A000H = 409530
1 1 nvJ 1300H - 491520
1 1 1 EOQOH = 573440

x = 3lock A or 3
If any 3x1, 5x2, 3x3 is ties 
“o disable, that blocx of 
remory is disabled.

T A B L E  2
DESIRED 3K 3LOCK 
STARTING ACTRESS

3x1
".0

CDNNcC"
3x2
to:

3x3
■O:

DCOCH TTJ Al4 ___Air
20CCH A13 ait n r
AQOOH TIT A14 AlP
5000H A13 A14 HT
2000H ATI AH A15
A000H A13 AH A IS
C3C0H All A14 Ale
-2300H A13 A14 MS

TABL E  3
ADDRESS OF IK  RAM 
W ITH  : E 5 ? E C “ TO THE
s * a r t : : ; g  a d d r e s s
“HE 4K SLOCK

i
■JUMPERS FOP 
PAM A20RE33 

W I H  I,'I 4;; BLOCK j

JUMP 
3 US

E ’S  FCP
: :  s a b l e

:  o o o h
1

13 t o  RAO 15 t o  I S , 13 t o A + > 11 t o  12
3400H 13 t o  AAA 15 t o  17 , 13 t o 4 , 11 t o  12
130CH 13 t o  RA3 15 t o  17 , - J i.w 5 , 11 t o  12
OCCOH 13 t o  RAC 11 t o  14 , 13 t o 5 , 13 t o  17
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2.18 PROGRAMMING A PROM

Th is  b o a r d  i s  accompan ied by a program which a l low s  you t o  program any 2704 
o r  2708 typ e  EPROM. The l i s t i n g  o f  t h i s  program i s  found  in  S e c t i o n  2.21, 
be low . Th is same program i s  found on MDOS System D i s k e t t e s ,  v e r s i o n  8.4 and 
l a t e r ,  which accompany a l l  V e c to r  Graph ic computers th a t  a r e  e q u ip p e d  w ith  
PROM/RAM I I I  b o a r d s .  The p r o g ram  e x i s t s  on t h e  d i s k  a s  an immed ia te ly  
e x e cu ta b le  u t i l i t y .  The program i s  w r i t t e n  in  machine l a n g u a g e  and i s  n o t  
d e p e n d en t  on any o p e r a t in g  sy s tem  ( ex cep t th a t  i t  u s e s  th e  Extended Systems 
M on itor in  V e c to r  Graph ic system s f o r  c o n s o l e  I/O .)  The u t i l i t y  ( c a l l e d  
"PROM") ru n s  b e g i n n i n g  a t  a d d r e s s  2B00 Hex and tak e s  up l e s s  than IK. I f  
you  want t o  run i t  e l s e w h e r e ,  o r  want t o  r e v i s e  i t ,  r e a s s e m b l e  i t  a s  
d e s c r i b e d  in  S e c t i o n  2.20.

I f  you  u s e  an o p e r a t i n g  s y s t em  o t h e r  th an  MDOS, b u t  y ou  have t h e  MDOS 
d i s k e t t e ,  s im p ly  l o a d  th e  program under MDOS and copy  i t  t o  a d i s k  u s in g  the 
o th e r  system . To l o a d  i t ,  j u s t  typ e  PROM ( re tu rn )  f o l l o w e d  by c o n t r o l - C , 
under MDOS. I f  you  do n o t  have th e  MDOS d i s k e t t e ,  e n te r  th e  program from 
th e  l i s t i n g .  Once i t  i s  l o a d e d  in  memory, y ou  can  e x e c u t e  i t  from  any 
e x e c u t i v e ,  in c lu d in g  th e  Extended Systems Monitor e x e cu t iv e .  The f o l l o w in g  
e x p l a i n s  t h e  u s e  o f  t h i s  p r o g ram . I f  y o u  a r e  n o t  u s i n g  MDOS, t h e n  
s u b s t i t u t e  th e  MDOS commands g iv en  h e re  by th o s e  th a t  a re  r e l e v e n t  t o  you.

1. Make su re  the computer power i s  OFF. Wait a t  l e a s t  f i v e  s e c o n d s  b e f o r e  
p u l l i n g  ou t any c i r c u i t  b oa rd s .

2. Unscrew and remove the c o v e r  o f  th e  computer.

3. F in d  th e  PROM/RAM I I I  board. I f  you cannot e a s i l y  rea ch  PROM so ck e t  11 
w ith  your hand, p u l l  th e b oa rd  ou t.

4. I n s e r t  t h e  PROM y o u  w i s h  t o  p r o g r am  in  s o c k e t  11. T h is  i s  th e  
r igh t-hand  s o c k e t  in  th e se con d  row. Make su re  t o  i n s e r t  th e  PROM w ith  
i t s  notch p o in t e d  t o  th e  t o p  o f  th e  board. The PROM used  MUST have been 
e ra s e d  u s in g  u l t r a v i o l e t  e r a s i n g  t e c h n i q u e s ,  u n l e s s  i t  i s  new. The 
c om pu t e r  c a n n o t  s im p ly  w r i t e  o v e r  any p r e v i o u s l y  u sed  PROM, becau se  
programming in v o lv e s  tu rn in g  l o g i c a l  I ' s  i n t o  0 ' s ,  b u t  c a n n o t  g o  th e  
o th e r  way. E ra s in g  f i l l s  th e PROM with I ' s ,  l i k e  a new PROM.

5. Return the board  t o  a s l o t  which a l low s  you t o  rea ch  s o c k e t  11 w i t h o u t  
p u l l i n g  th e  boa rd  ou t in  th e  fu tu r e ,  i f  p o s s i b l e .

6. Turn computer power ON.

7. I f  t h e  s y s t e m  i s  n o t  i n  t h e  E x t en d e d  S y s tem s M on it o r  e x e c u t i v e  
( in d i c a t e d  by th e  Monitor prompt *) then d ep r e s s  RESET on  th e  c om pu te r  
f r o n t  pan e l.

8. Mount th e MDOS system  d i s k e t t e  in  d r iv e  0 (the r igh t-hand  d r iv e .)  Then,
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d e p r e s s  B on the keyboard. MDOS w i l l  take c o n t r o l ,  a s i n d i c a t e d  by th e  
MDOS prompt >.

9. Load the o b j e c t  cod e t o  b e  s t o r e d  on PROM i n t o  a f r e e  a r e a  o f  memory. 
A l t e r n a t e l y ,  y ou  may g e n e r a t e  t h e  d e s i r e d  c o d e  by a s s e m b l i n g  o r  
c om p i l in g  a h igh e r  l e v e l  program.

10. F o l low in g  the MDOS prompt >, type PROM (r e t u r n ). The PROM pro g ram m in g  
program w i l l  take c o n t r o l .

11. In r e s p on s e  t o  th e q u e s t i o n  " S t a r t in g  from :", type the a d d r e s s  in  Hex o f  
t h e  f i r s t  l o c a t i o n  you w ish  t o  p ro g ram , w i t h in  t h e  b l o c k  o f  memory 
a s s i g n e d  t o  PROM s o c k e t  11. Then p r e s s  t h e  RETURN k ey .  U su a l l y  t h i s  
s t a r t i n g  a d d r e s s  w i l l  b e  CC00. I f  p r o g ram m in g  l e s s  than the e n t i r e  
PROM, i t  can  b e  any a d d r e s s  b e tw e en  CC00 and CFFO. I t  must b e  an 
a d d r e s s  e n d in g  i n  0. I f  n o t ,  t h e  m ach in e w i l l  r e p o r t  "bad boundary 
a d d r e s s "  and g iv e  you another chance. L e t t e r s  must b e  in  u p p e r  c a s e .  
Do n ot ta ck  on an H o r  any o th e r  symbol.

CC00 i s  th e  s t a r t i n g  a d d r e s s  o f  PROM s o c k e t  11 i f  t h e  b o a r d  i s  l e f t  i n  
f a c t o r y - s u p p l i e d  format. I f  you en te r  an a d d r e s s  o u t s i d e  th e  range CC00 
t o  CFFO, the program w i l l  n ot a c c e p t  i t ,  and w i l l  r e p o r t  " ou t o f  r a n g e "  
and then  g iv e  you another chance. I f  th e a d d r e s s in g  jumpers d e te rm in in g  
t h e  l o c a t i o n  o f  s o c k e t  11 have b e en  m o d i f i e d ,  you must m o d i f y  t h e  
program t o  a c c e p t  o th e r  a d d r e s s e s .

12. In r ep on se  t o  the q u e s t i o n  " t e rm in a t in g  a t : " ,  typ e  th e  a d d r e s s  i n  Hex 
o f  t h e  l a s t  l o c a t i o n  you w ish  t o  p ro g ram , w ith in  th e  b lo c k  o f  memory 
a s s ig n e d  t o  PROM s o c k e t  11. Then p r e s s  t h e  RETURN key . U su a l l y  t h i s  
t e r m in a t i n g  a d d r e s s s  w i l l  b e  CFFF f o r  2708 PROMs and CDFF f o r  2704 
PROMs. I f  programming l e s s  than the e n t i r e  PROM, i t  can be any a d d r e s s  
b e tw e en  CCOF and CFFF. I t  must be an ad d re s s  end in g in  F, and must be 
g r e a t e r  than the s t a r t i n g  ad d re ss .  I f  n ot end ing in  F, th e  machine w i l l  
r e p o r t  "bad boundary a d d r e s s "  and then  g iv e  you another chance.

As w ith  th e  s t a r t i n g  add re ss ,  i f  you en te r  an a d d r e s s  o u t s i d e  th e  r a n g e  
CCOF t o  CFFF, t h e  p ro g ram  w i l l  not a c c e p t  i t ,  and w i l l  r e p o r t  "Out o f  
range" and then g iv e  you another chance. T h ere fo r e ,  i f  t h e  a d d r e s s i n g  
jum p e r s  d e t e rm in in g  t h e  l o c a t i o n  o f  s o c k e t  11 have been  m od i f ied ,  you 
must m od ify  th e PROM programming program t o  a c c e p t  o th e r  a d d r e s s e s .

A f t e r  e n t e r i n g  th e  t e r m in a t i n g  a d d r e s s ,  t h e  c om pu te r  w i l l  e i t h e r  
con t in u e w ith th e  next q u e s t io n ,  o r  i t  w i l l  r e p o r t  " s p e c i f i e d  p o r t i o n  o f  
PROM i s  n o t  e r a s e d . "  T h is  m e s s a g e  means e i t h e r  th a t  th e te rm in a t in g  
a d d r e s s  i s  l e s s  than the s t a r t i n g  addre ss , o r  th a t  th e  PROM i s  n o t  new 
and  was n o t  p r o p e r l y  e r a s e d .  T h is  m e s s a g e  i s  s t r i c t l y  a w arn in g ,  
b e cau se  in  c e r t a in  r a r e  c a s e s  you  may want t o  w r i t e  o v e r  an u n e r a s e d  
PROM. A f t e r  t h e  m e s s a g e ,  th e  s y s t em  w i l l  c o n t i n u e  w ith  th e  n e x t  
q u e s t i o n .  I f  you want t o  s t a r t  ov e r  t o  c o r r e c t  your m istake, in s t e a d  o f  
c on t in u in g ,  then d e p r e s s  th e  ESC key. Th is ta k e s  th e system  back t o  the 
Monitor. To g e t  back t o  MDOS from the M on it o r ,  d e p r e s s  J. Then b e g i n  
the program aga in  a t  s t e p  10, above.
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13. In r e s p on s e  t o  th e q u e s t i o n  "S ou rce  a d d r e s s : " ,  typ e  the s t a r t i n g  add re ss  
i n  memory o f  t h e  m a t e r i a l  you want t o  s t o r e  on PROM. Th is can be any 
a d d r e s s  in  memory. Then p r e s s  th e  RETURN key.

14. S l i d e  t h e  "p r o g r am m in g "  s w i t c h  a t  th e  upper r igh t-h and  c o rn e r  o f  th e  
PROM/RAM I I I  b oa rd  t o  th e LEFT.

15. Now, p r e s s  t h e  RETURN key aga in . Th is w i l l  b e g in  programmming o f  the 
PROM. The computer must p a s s  through th e  range o f  t a r g e t  a d d r e s s e s  256 
t im e s .  A m e s s a g e  w i l l  a p p e a r  on  t h e  s c r e e n  sh ow in g  wh ich  p a s s  th e  
machine i s  c u r r e n t ly  on.

16. When programming i s  c om p le te ,  one o f  two ev en ts  w i l l  take p la c e .  I f  th e  
computer d e t e c t s  no e r r o r s  in  comparing the programmed PROM w i th o u t  th e  
o r i g i n a l  c o d e ,  th e n  t h e  s y s t em  w i l l  r e t u r n  t o  t h e  MDOS e x e cu t iv e  o r  
whichever o th e r  e x e c u t iv e  was used t o  c a l l  the programming p ro g ram . I f  
an e r r o r  i s  d i s c o v e r e d  however, th e  s c r e en  w i l l  show the f i r s t  add re ss  
w ith in  th e PROM a t  which a v e r i f i c a t i o n  e r r o r  was f ou n d .  F or exam p le ,  
i f  you f o r g o t  t o  s l i d e  th e programming sw itch  t o  th e  l e f t ,  then, s in c e  
the PR CM w i l l  n ot have been  programmed a t  a l l ,  th e f i r s t  a d d r e s s  w i l l  be 
i n c o r r e c t ,  s o  t h a t  th e  system  w i l l  r e p o r t  an e r r o r  a t  ad d r e s s  CCOO, o r  
whatever was th e  s t a r t i n g  a d d r e s s  you had s p e c i f i e d .  A f t e r  r e p o r t i n g  
th e  e r r o r ,  th e  system  w i l l  r e tu rn  t o  th e  MDOS e x e cu t iv e ,  so th a t  you can 
s t a r t  ov e r .

17. When p ro g ram m in g  i s  c om p le te ,  immed ia te ly  s l i d e  th e  programming sw itch  
on the PROM/RAM I I I  b oa rd  t o  the RIGHT. Do not p o s tp on e  t h i s .

18. Remove th e programmed PROM from s o ck e t  11. A lt e rn a t e ly ,  you may use the 
PROM w ith ou t removing i t .  For example, y ou  may run a ch eck sum  o f  th e  
PROM u s in g  th e  Extended System M on ito r ' s  Q command. To do t h i s ,  d e p r e s s  
c on tro l-Q  o r  w h ich ev er  o t h e r  command y ou r  s y s t em  u s e s  t o  g e t  t o  th e  
M on itor e x e c u t i v e .  Then ty p e  Q CCOO CFFF. (The s p a c e s  w i l l  o c c u r  
a u tom a t i c a l ly . )  The checksum, w i l l  appear immed ia te ly . ( I f  PROM so ck e t  
11 has been r e a d d r e s s e d ,  then  u se  the a p p r o p r ia t e  a d d r e s s e s . )  To re tu rn  
t o  MDOS from the Monitor, d e p r e s s  J.
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d e p r e s s  B on the keyboard. MDOS w i l l  take c o n t r o l ,  a s in d i c a t e d  by th e  
MDOS prompt >.

9. Load the o b j e c t  cod e t o  b e  s t o r e d  on PROM i n t o  a f r e e  a r e a  o f  memory. 
A l t e r n a t e l y ,  y ou  may g e n e r a t e  t h e  d e s i r e d  c o d e  by a s s e m b l i n g  o r  
c om p i l in g  a h igh e r  l e v e l  program.

10. F o l low in g  the MDOS prompt >, typ e  PROM ( re tu rn ) . The PROM pro g ram m in g  
program w i l l  take c o n t r o l .

11. In r e sp on se  t o  the q u e s t i o n  " S t a r t in g  from :", type the ad d r e s s  in  Hex o f  
t h e  f i r s t  l o c a t i o n  you w ish  t o  p ro g ram , w i t h in  t h e  b l o c k  o f  memory 
a s s ig n e d  t o  PROM s o c k e t  11. Then p r e s s  th e  RETURN key . U su a l l y  t h i s  
s t a r t i n g  a d d r e s s  w i l l  b e  CC00. I f  p r o g ram m in g  l e s s  than the e n t i r e  
PROM, i t  can  b e  any a d d r e s s  b e tw e en  CC00 and CFFO. I t  must b e  an 
a d d r e s s  e n d in g  i n  0. I f  n o t ,  th e  m a ch in e w i l l  r e p o r t  "bad boundary 
a d d r e s s "  and g iv e  you another chance. L e t t e r s  must b e  in  u p p e r  c a s e .  
Do not ta ck  on an H o r  any o th e r  symbol.

CCOO i s  th e  s t a r t i n g  a d d r e s s  o f  PROM s o c k e t  11 i f  t h e  b o a r d  i s  l e f t  i n  
f a c t o r y - s u p p l i e d  format. I f  you en te r  an ad d re s s  o u t s i d e  th e  range CCOO 
t o  CFFO, the program w i l l  not a c c e p t  i t ,  and w i l l  r e p o r t  "ou t o f  r a n g e "  
and then g iv e  you another chance. I f  the a d d r e s s in g  jumpers d e te rm in in g  
th e  l o c a t i o n  o f  s o c k e t  11 have b e en  m o d i f i e d ,  you  must m o d i f y  t h e  
program t o  a c c e p t  o th e r  a d d r e s s e s .

12. In r ep on se  t o  the q u e s t i o n  " t e rm in a t in g  at: ", typ e  th e  a d d r e s s  in  Hex 
o f  t h e  l a s t  l o c a t i o n  you w ish  t o  p ro g ram , w ith in  th e  b lo c k  o f  memory 
a s s ig n e d  t o  PROM s o c k e t  11. Then p r e s s  t h e  RETURN key . U su a l ly  t h i s  
t e r m in a t i n g  a d d r e s s s  w i l l  b e  CFFF f o r  2708 PROMs and CDFF f o r  2704 
PROMs. I f  programming l e s s  than the e n t i r e  PROM, i t  can be any a d d r e s s  
b e tw e en  CCOF and CFFF. I t  must be an a d d r e s s  end in g in  F, and must be 
g r e a t e r  than the s t a r t i n g  add re ss .  I f  not end ing in  F, th e machine w i l l  
r e p o r t  "bad boundary a d d r e s s "  and then g iv e  you another chance.

As w ith  th e s t a r t i n g  addre ss , i f  you en te r  an a d d r e s s  o u t s i d e  th e  r a n g e  
CCOF t o  CFFF, th e  p ro g ram  w i l l  not a c c e p t  i t ,  and w i l l  r e p o r t  "Out o f  
range" and then g iv e  you another chance. T h ere fo r e ,  i f  th e  a d d r e s s i n g  
jum p e r s  d e t e rm in in g  t h e  l o c a t i o n  o f  s o c k e t  11 have been m od i f ied ,  you 
must m od ify  th e PROM programming program to  a c c e p t  o th e r  ad d r e s s e s .

A f t e r  e n t e r i n g  t h e  t e r m in a t i n g  a d d r e s s ,  t h e  c om pu te r  w i l l  e i t h e r  
con t in u e  w ith th e next q u e s t io n ,  o r  i t  w i l l  r e p o r t  " s p e c i f i e d  p o r t i o n  o f  
PROM i s  n o t  e r a s e d . "  T h is  m e s s a g e  means e i t h e r  th a t  th e t e rm in a t in g  
ad d r e s s  i s  l e s s  than the s t a r t i n g  addre ss , o r  th a t  th e  PROM i s  n o t  new 
and was n o t  p r o p e r l y  e r a s e d .  T h is  m e s s a g e  i s  s t r i c t l y  a w arn in g,  
b e cau se  in  c e r t a in  ra r e  c a s e s  you  may want t o  w r i t e  o v e r  an u n e r a s e d  
PROM. A f t e r  t h e  m e s s a g e ,  th e  s y s t em  w i l l  c o n t i n u e  w ith  t h e  n e x t  
q u e s t i o n .  I f  you want t o  s t a r t  ov e r  t o  c o r r e c t  your m istake, in s t e a d  o f  
c on t in u in g ,  then d ep r e s s  th e ESC key. Th is tak e s  the system  back t o  the 
Monitor. To g e t  back t o  MDOS from the M on it o r ,  d e p r e s s  J. Then b e g i n  
the program aga in  a t  s t e p  10, above.
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13. In r e s p on s e  t o  the q u e s t i o n  "S ou rce  a d d r e s s : " ,  typ e  th e s t a r t i n g  a dd re ss  
i n  memory o f  th e  m a t e r i a l  you want t o  s t o r e  on PROM. Th is can be any 
a d d r e s s  in  memory. Then p r e s s  th e RETURN key.

14. S l i d e  t h e  "p r o g r am m in g "  s w i t c h  a t  th e  upper r igh t-h and  co rn e r  o f  th e 
PROM/RAM I I I  b oa rd  t o  the LEFT.

15. Now, p r e s s  t h e  RETURN key  aga in . Th is w i l l  b e g in  programmming o f  the 
PROM. The computer must p a s s  through th e  range o f  t a r g e t  a d d r e s s e s  256 
t im e s .  A m e s s a g e  w i l l  a p p e a r  on t h e  s c r e e n  sh ow in g  wh ich  p a s s  th e 
machine i s  c u r r e n t ly  on.

16. When programming i s  com p le te ,  one o f  two ev en ts  w i l l  tak e p la c e .  I f  th e  
computer d e t e c t s  no e r r o r s  in  comparing the programmed PROM w i th o u t  th e  
o r i g i n a l  c o d e ,  th e n  t h e  s y s t em  w i l l  r e t u r n  t o  t h e  MDOS ex e cu t iv e  o r  
wh ichever o th e r  e x e c u t iv e  was u sed  t o  c a l l  the programming p ro g ram . I f  
an e r r o r  i s  d i s c o v e r e d  however, th e  s c r e en  w i l l  show the f i r s t  addre ss  
w ith in  th e  PROM a t  which a v e r i f i c a t i o n  e r r o r  was f o u n d .  F or exam p le ,  
i f  you f o r g o t  t o  s l i d e  the programming sw itch  t o  th e  l e f t ,  then, s in c e  
the PROM w i l l  not have been  programmed a t  a l l ,  th e f i r s t  a d d r e s s  w i l l  be 
i n c o r r e c t ,  s o  t h a t  th e  system  w i l l  r e p o r t  an e r r o r  a t  ad d r e s s  CCOO, o r  
whatever was th e s t a r t i n g  a d d r e s s  you had s p e c i f i e d .  A f t e r  r e p o r t i n g  
th e  e r r o r ,  th e  system  w i l l  r e tu rn  t o  th e  MDOS e x e cu t iv e ,  so th a t  you can 
s t a r t  ov e r .

17. When p ro g ram m in g  i s  com p le te ,  immed ia te ly  s l i d e  th e  programming sw itch  
on the PROM/RAM I I I  b oa rd  t o  the RIGHT. Do not p o s tp on e  t h i s .

18. Remove th e  programmed PROM from s o ck e t  11. A lt e rn a t e ly ,  you may use the 
PROM w ith ou t removing i t .  For example, you  may run a ch eck sum  o f  th e  
PROM u s in g  th e  Extended System M on ito r ' s  Q command. To do t h i s ,  d e p r e s s  
c on tro l-Q  o r  w h ich ev er  o t h e r  command y ou r  s y s t em  u s e s  t o  g e t  t o  th e  
M on itor e x e c u t i v e .  Then t y p e  Q CCOO CFFF. (The s p a c e s  w i l l  o c c u r  
a u tom a t i c a l ly . )  The checksum, w i l l  appear immed iate ly . ( I f  PROM so ck e t  
11 has been  r e a d d r e s s e d ,  then use the a p p r o p r ia t e  a d d r e s s e s . )  To r e tu rn  
t o  MDOS from the Monitor, d e p r e s s  J.
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2.19 WRITING A PROM PROGRAMMING PROGRAM

A lth ou gh  t h e  PROM/RAM I I I  b oa rd  i s  s u p p l i e d  w ith a program f o r  programming 
PROMs, t h i s  s e c t i o n  e x p la in s  th e  p r i n c i p l e s  b e h in d  th e  p ro g ram , f o r  t h o s e  
w ish in g  t o  w r i t e  t h e i r  own. The s u p p l i e d  program i s  l i s t e d  in  S e c t i o n  2.21, 
f o r  r e f e r e n c e .

To p ro g ram  a 2708 o r  2704 typ e  EPROM, s im p ly  w r i t e  th e  d e s i r e d  data to  th e 
l o c a t i o n s  a s s i g n e d  t o  PROM s o c k e t  11. The b o a r d  ha rdw are  a u t o m a t i c a l l y  
in t e r p r e t s  any w r i t in g  o f  data t o  PROM so ck e t  11 a s an in t e n t  t o  program i t .  
You do n ot have t o  program an e n t i r e  PROM. You may program any p a r t  o f  i t ,  
down t o  b l o c k s  a s  s h o r t  a s  16 a d j a c e n t  l o c a t i o n s .  N o rm a lly ,  you w i l l  
program a l l  IK o f  a 2708 o r  a l l  512 b y t e s  o f  a 2704. W r it e  t o  a l l  d e s i r e d  
a d d r e s s e s  i n  s e q u e n c e .  A f t e r  f i n i s h i n g  one such c y c l e ,  r e p e a t  i t ,  u s in g  
e x a c t ly  th e same data. You must r e p e a t  t h i s  c y c l e  256 t im e s .  In  o t h e r  
w ord s ,  y ou  must w r i t e  t o  e a c h  a dd re ss  256 t im e s,  w ith a s u b s t a n t ia l  d e la y  
between each tim e you w r i t e  t o  each ad d r e s s .  Th is d e la y  i s  p ro du ced  by th e  
time taken t o  c y c l e  th rough a l l  th e a d d r e s s e s ,  which i s  s u f f i c i e n t l y  l o n g  i f  
16 o r  more l o c a t i o n s  a r e  programmed.

A g o o d  p ro g ram  ha s a c om p a r i s o n  o f  th e s ou r c e  and d e s t in a t i o n  data, a f t e r  
programming th e  PROM i s  com p le te .

I f  y ou r  sy s tem  has a dynamic memory b oa rd  in  i t  (such a s a l l  V ec tor Graphic 
sy stem s sh ip p ed  s in c e  about March 1, 1979), then th e r e  MUST be a d e l a y  l o o p  
a f t e r  e a c h  b y t e  i s  w r i t t e n  t o  th e  PROM, so th a t  th e p r o c e s s o r  can r e f r e s h  
memory. The d e la y  l o o p  must e x e cu te  a t  l e a s t  128 in s t r u c t i o n s  each  t im e  i t  
i s  a c c e s s e d .  You w i l l  f in d  an example o f  t h i s  a t  th e  t o p  o f  th e fou r th  page 
i n  th e l i s t i n g  in  S e c t i o n  2.21.

B e f o r e  e x e c u t i n g  a p ro g ram m in g  p r o c e d u r e ,  you must s l i d e  th e programming 
sw itch  on the upper r igh t-hand  co rn e r  o f  th e  b oa rd  TO THE LEFT. Then, pu t  
t h e  PROM t o  b e  programmed i n t o  s o c k e t  11, which i s  th e  s o c k e t  f u r th e s t  t o  
th e  r i g h t  in  th e second row. A fte r  s u c c e s s f u l l y  programm ing i t ,  s l i d e  th e  
s w i t c h  BACK. I f  you do n o t ,  you m ight a c c i d e n t l y  e r a s e  a PROM s i t t i n g  in  
s o c k e t  11.

A PROM wh ich  you want t o  p rogram  must be e i t h e r  new o r  newly e r a se d  u s in g  
th e  standard  u l t r a v i o l e t  t e chn iqu e .
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2-20 RE-ASSEMBLING THE PROM PROGRAMMING PROGRAM

The s o u r c e  cod e  f o r  th e  program i s  l i s t e d  in  S e c t i o n  2.21 be low . Enter th e 
program u s in g  the MDOS e d i t o r  LINEEDIT. You can  a s s em b l e  i t  w h e r e v e r  you 
l i k e ,  a l t h o u g h  BC0 0 i s  n o t  s u g g e s t e d  b e ca u se  M.BASIC u s e s  th e  v e ry  t op  o f  
RAM f o r  s ta ck .  The p re -a ss em b led  v e r s i o n  on th e  d i s k e t t e  (under th e  name 
"PROM") i s  a s s e m b l e d  t o  ru n  a t  2B00, a t  t h e  b e g i n n i n g  o f  t h e  MDOS 
a p p l i c a t i o n s  a rea . The program i s  l e s s  than IK lon g .

You may m o d i f y  PROM.S b e f o r e  you  a s s em b l e  i t ,  by  u s i n g  t h e  MDOS e d i t o r  
LINEEDIT. One m o d i f i c a t i o n  which may be r e q u i r e d  a re  t h e  a d d r e s s e s  i n  th e  
l a s t  two l i n e s  o f  PROM.S. You w i l l  have t o  change th e s e  i f  you change the 
jumpers on the PROM/RAM I I I  b oa rd  which a s s i g n  the a d d r e s s  o f  t h e  o n - b o a rd  
RAM. A f t e r  e n t e r i n g  and m o d i f y in g  th e  program, SAVE i t  on d i s k e t t e  under 
th e  name PROM.S. (Type NAME "PROM.S" ( r e tu rn )  f o l l o w e d  by SAVE ( r e tu rn )  
wh ile in  LINEEDIT.

To assem b le PROM.S, u se th e ZSM a s sem b le r .  With a d i s k e t t e  hav ing b o t h  ZSM 
and PROM.S mounted in  d r iv e  0, and w ith  MDOS in  c o n t r o l ,  t y p e  ZSM "PROM.S" 
"PROM2" "E" (r e t u r n ). The a s s em b l e r  w i l l  a sk  where y ou  want t o  run th e  
p ro g ram . Enter th e  ad d re ss ,  f o r  example 2B00H, th a t  you want i t  t o  run a t.  
Note th a t  i f  th e  f i r s t  ch a r a c t e r  i s  a l e t t e r ,  i t  must b e  p r e c e d e d  by a 0 
( z e r o ) ,  and t h e  a d d r e s s  must be f o l l ow e d  by an H. The above ZSM sta tem en t 
w i l l  cau se th e program t o  b e  a ssem b led  w ith  on ly  e r r o r s  p r in t e d .  F o r  o t h e r  
o p t i o n s  p o s s i b l e  w ith  ZSM, s e e  S e c t i o n  4.5 o f  t h e  U s e r ' s  G u id e  t o  V e c t o r  
Graph ic System s U sin g MDOS.

A fte r  th e a s sem b ly  i s  c om p le te , type TYPE ''PROM2" 18 ( r e t u r n ) . T h i s  t y p e  
w i l l  a l l ow  you t o  e x e cu te  the program s im p ly  by t y p in g  PR0M2 (retu rn) w h i l e  
under MDOS.

I f  you want t o  pu t th e  PROM programming program on a PROM, in  o r d e r  t o  have 
a p e rm an en t PROM p ro g ram m in g  c a p a b i l i t y ,  f i r s t  ch oo se  th e  memory l o c a t i o n  
you want t o  g iv e  t o  t h i s  PROM, say E000, which i s  a v a i l a b l e  on the PROM/RAM 
I I I  b o a r d .  Use t h i s  a dd re ss  when asked  by th e  a s s em b le r  where you want i t  
t o  run a t.  S in c e  th e r e  i s  no RAM a t  t h i s  ad d r e s s ,  you w i l l  have t o  lo a d  the 
a s s em b l e d  c o d e  i n t o  a d i f f e r e n t  l o c a t i o n  b e f o r e  you can pu t i t  on a PROM. 
To do t h i s  change th e  type t o  0 0 ra th e r  than 18, by t y p i n g  TYPE "PROM2" 0 0 
(r e t u r n ), a f t e r  th e a ssemb ly  i s  c om p le te .  Th is w i l l  a l l ow  you t o  t y p e  LOAD 
"PROM2" 2B00 (return) a f t e r  th e MDOS prompt >, thus l o a d in g  the c o d e  a t  RAM 
addre ss  2B00, ready  t o  be saved on a PR CM.
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Aoor 31 52 33 34 3 LaOSl Cpcc Operand

2342 00 QA 00 CRLr
2344 *
2344 3A 08 LF ;aown a line
2345 20 20 30 72 OT 1 Program prc^i1
2349 i f  67 72 61
2340 60 20 70 72
2351 5 p 60
2353 20 3A 00 CRLF+MSS ;ena >t nessage
2355 it
2355 !D 43 20 STARTAORS CALL PRINT ;senc message
2353 20 20 53 74 OTH 1 Starting from : 1
235C 61 72 74 69
2360 ;e 67 20 6c
2364 '2 6r cO 20
2363 5A
2369 CD 4F 20 CALL AORS ;get start address
236C DA 55 23 JC STARTAORS ; i f  'nvalio try again
2363 CD 43 20 CALL PRINT
2372 CD 3A 00 CRLF+MS8 ;print CRLF
2374 CO 24 20 CALL RANGERR ;chec:< for error
2377 DA 55 23 JC STARTAORS ;try again i f  error
2S7A CO 96 20 CALL MOO ;checx bourdery
2370 DA 55 23 JC STARTAORS ;no good
2330 23 XCHG ;0E=s:art acrs
2331 *
2331 CO 43 20 ENOAORS CALL PRINT ;send message
2384 20 20 54 65 OTH 1 Terminating a t : 1
2383 7? 60 69 53
2ESC 61 74 69 6=
2390 67 20 61 74
2394 5A
2395 CO 47 20 CALL AORS ;get and acdress
2398 DA 31 23 JC ENOAORS ; i f  invalid try again
2398 CO 43 20 CALL PRINT
2398 20 5A 00 C3LF*MSS ;carr-'age return l inef
2SA0 CD 24 20 CALL RANGERR ;chec< for -ange arrcr
2SA3 DA 31 23 JC ENOAORS ;try again i f  er'or
23A6 23 INX H ;comcensate
2SA7 CO 96 20 CALL MOO ;chec< bouncery
2SAA DA 31 23 JC ENOAORS ;no good
23A0 44 MOV 3,H ;save end address
23A8 *.0 MOV C,L ; in r eg is te r  oair 3C
2SAf *
23AF 62 MOV H,0 ;save start address
23BG so MOV ; in -eg is ter  pa-r hl
2331 "A TF = s LOAX 0 ;get cyte f"om prom
2332 -S FF CPI 3 LANK ; is  *t clear
2ES4 C2 37 20 JNZ 8AO=ROM ;prirt ''bad prom"
2337 13 INX 0 ;chec< next Location
2338 CO F6 2C CALL TEST ;end cf area
2338 C2 31 23 JNZ TFF3 ;mcre to cone
2333 £5 RESTORE XCHG ;re s t : r e  reg is te r s
233 F *
2S3F CD 43 20 SCIRCEAORS CALL PRINT
23C2 20 20 53 6F OTH 1 Source address: 1
2SC6 ^5 72 63 65
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Aaor =1 32 S3 ID E Lace I Opcc Operand
29CA 20 61 64 64
2SCE 72 65 73 73
2902 3A
2503 CD 4F 20 CALL ADRS ; g e t  s o u r c e  add r e s s
2906 DA 3F 29 JC SCURCEADRS ; i f  net V3i id t r y  aga in2909 ★
2909 CD 43 20 CALL PRINT ;sena message
290C CO OA 00 CRLF
2906 *
2E0E 20 OA 00 LF ; format out out
2990 20 20 54 75 o r 1 Turn on the programming enao te  S', i t ch'
25E4 72 6E 20 6F
29E3 6E 20 74 66
29EC 65 20 70 72
29 F0 Or 67 72 61
29F4 50 60 69 6E
2SFS 67 20 55 6E
23FC 61 62 6C 65
2 C CO 20 73 77 69
2C04 74 63 63
2C07 CO OA 30 CRLF
2C09 20 20 43 69 OTH ' -n't r e turn to  c on t inu e? '
2 COD 74 20 72 65
2C11 74 75 72 6£
2C15 20 74 oF 20
2C19 53 6F 5E 74
2C1D 69 6£ 75 65
2C21 ; e
2C22 *
2C22 CD 03 CO STAT CALL INPUT ; check  keyboard
2C25 CA 22 2C JZ STAT ;no c h a r a c t e r
2C2S r z 00 CPI CR ; i s  i t  a r eturn
2C2A : z 22 2C JNZ STAT ;no t r y  a ga’n
2C2D it

2C20 CO 43 20 CALL PRINT
ZC30 CO OA DO CRLF
2C32 CA 08 LF2C33 20 20 50 72 DT 1 Programming in p r o g r e s s '
2C37 6 F 67 72 61
2C33 60 60 69 6E
2C3F 67 20 69 6E
2C43 20 70 72 6F
2C47 67 72 65 73
2C43 7*7
2C4C CD OA DO CRLF
2C4E 5A 08 LF+f-SS ; s t o o  s end ing w i t .i l i n e f e e d2C4F *
2C4F A F XRA A ; z e r o
2 9 SO 32 02 STA PASS ; pa s s  c oun te r
2C53 ★
2CS3 £3 SAVE PUSH H ; s ave  s o u r c e  add re s s2C54 05 PUSH 0 ;save i t
2C55 *
2C55  ̂- LOO? MOV A,* ;get Pyre from source
2 C 56“ r C-y

* 2 STAX 0 ; c r o g r sm i t  : o  c e s t i n a : * o n
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PF.3M/F- IM I~I B?ard Osers Mznua?

Acer 31 32 CD (/I 34 E Label Coed
2 C 3 7 3E 34 KVI
2 C 5 9 30 5ELAY OCR
2C5A C2 39 EC JNZ
2 C 5 0
2C 3 0 23 INX
2CSS 13 INX
2C5F CO = 6 EC CA lL
2C;2 C2 ;s EC JNZ
2C65 *
2C;3 21 02 2E LX I
2Cc3 34 IMR
2Cp9 F5 P’.SH
2CpA CS PUSH
2CsS
2C6S CD 43 20 CALL
2C6E 00 OS
2C6F 20 20 50 61 OTH
2C73 73 73 AC
2C76 72 MOV
2C77 OE :o MV I
2C79 06 FF .0IV MV I
EC’S 04 DIV INR2c': 06 OA SUI
2C7E 02 73 2C JNC
ECsl C6 3A AO I
2C53 F5 POSH
2C64 OC INR
2C33 73 MOV
2CH6 37 ORA
2CS7 C2 79 2C JNZ
2CSA FI -OUT PC P
2CS3 CO 03 CO CALL
2C2- 00 OCR
2C£ = C2 3A EC JNZ
2C92 RT
2C92 Cl POP
2C93 FI POP
2C94 01 POP
2C95 el POP
2C96 C2 33 2C JNZ
2C99 *
2C99 1A VERIFY LOAX
2C91 3E CMP
2C9? C2 rC EC JNZ
2C9i 23 INX
2C9F 13 INX
2CA0 CD ■i EC CALL
2CA3 C2 99 EC JNZ
2CA6 ♦
2CAo CD -3 20 CAuL
2CA 9 00 * 06
2CAA 20 20 4E oF OT
2CA : 20 35 72 72
2C32 6F ~2 73 20
2CS6 64 ;3 74 65
2C3A 63 *4 65 s4

4,100 ;delay for dynamic memory
A ;time uo
3ELAY ;keep s ta l l in g
H
0 ;acvance pointers
-2ST ;end of slock
LOOP ;no keep going

4,PASS ;point to pass counter
1 ;236 passes
=>sw ;save Z "lag
3 ; save enc pointer

=RINT ;send message
CR
1 Pass *

A,M ;get pass numcer
C,0 ;etear number of d i g i t s
3,-1 .•compensate for increment
3 ;increment quotient
10 ;suotracr 10 f-om dividend
01V ;can more be subtracted
10-*- * 0 1 ;adjust remainder 0 to 9 tSC
PSW ;aoo to l i s t  of remaindersc ;one more d ig i t
4,3 jprepare for next d iv is ion
A ;was quotient :ero
l OIV ;more to come
=>sw ;get a remaincer
OUT ;print it
r ;out of d i g i t s
LOUT ;no then keep printing

3 ;res tore end
PSW ;rescore Z flag
5 ;res tore start address
H ; restore HL
SAVE ;more passes to come

0 ;get byte from orom
M ; i s  it tbe same
V E R I F Y S R R ;print error
H
0 ;aavance pointers
”ST ;eno o f stock
.ERIFY ; s t i l l  more to test

PRINT
CR
1 No errors de te c ted1
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A c e r  31 32  33  34  £ _ a o e l C o e d Q o e r a n a

2 C 3 E  00  5A 00 C S L F + M S 3
2 C C 0 Tt

2 C C 0  CO 43 20 END CALL P R IN T
2 C C 3  20 20 54  75 o r ' T u r n  o f f t h e  o r o g r a n m i n g  e n a b l e
2 C C 7  72  6 c  20 6F
2 C C 3  66 66  20 74
2C C F 63 65 20 70
2 CD 3  72 : f  6 7  72
2 C 07  61 60  60  69
2 C 2 3  6E  57  20 65
2 C 0 r  6£ 51 6 2  6C
2 C £3 65 20 73 77
2 C £ 7  69  74  63  63
2C£3  00 3A 00 CRLF+M S8
2C£0 *

2C£D  2A 03  2£ LHLO STACK ; r e t r i e v e  S P
2 C " 0  F9 SPHL ; m c v e  i t  b a c k
2C F 1  F I POP PSU / r e s t o r e  r e g i s t e r s
2 C F 2  C l POP 3
2C F 3  01 POP 0
2 C F 4  £1 POP H
2 C F 5  C5 S E T ; b y e - b y e
2 C F 6 *

2 C F 6  73 T E ST MOV A , 3 ; g e t  e n d  b y t e
2 C F 7  BA CMP 0 / s a m e  a s  s t a r t
2 C F 8  CO R N I ; n o  t h e n  r e t u r n
2 C F 9  79 MOV A , C
2 C FA  SB CMP E / l a v .  h a l f  s a m e
2C.-3 C9 RET ; r e t u r n  . i t n  2 f l a g
2 C FC *

2 C F C  CO 43  20 / S R I  FT ERR CALL P R IN T
2 C : F 00 OS CS
2 0 0 0  3F 20 76 65 OTH ' ?  v e r i f i e s c i o n  e r r o r  a t  '
2 0 0 4  72 69  66 69
2 0 0 3  63 61 7 4  69
2 0 CC  6F  6£ 20 65
2 0 1 0  72  72  6F  72
2 0 1 4  20 61 74  AO
2 0 1 8  ES XCHG
2 0 1 9  CO £3 2D CALL HEX / p r i n t  h e x  a o C r e s s
2 0 1 C CO 43  20 CALL P R IN T
2 0 1 F 00 3A DO CRLF+M S3
2021  C3 CO 2C J t fP ENO
2 0 2 4 *
2 0 2 4  7C SA N G cR R MOV A ,H ; g e t  h i g h  a d d r e s s
2 0 2 5  FE CC C P I PR O M /256 / v a l i a  a d d r e s s
2 0 2 7  OA 2E 20 »r RANGEMSS ; n o  p r i n t  m e s s a g e
2 0 2 A  FE DC C P I P R O M /2 5 6 + 4 ;  v  a  I i  d  a d d r e s s
2 0 2 C  3F CMC • / c o m p e n s a t e
2 0 2 0  00 RNC ; r e t u r n  . i t h  C i n  f .
2 0 2 E  CO 43 20 SANGEME3 CALL P R IN T
20 31  3F  20 6F 75 OT ' ?  o u :  o f  * 3 n g e  '
2 0 3 5  74  20  6F  66
2 0 3 9  20 72  61 6£
2 0 3 0  6 7  65
2 0 3 F  00  JA 00 C R L F + " $ 3
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Aaor 31 82 53 84 :: Lacel Opcc Operand
2041 37 SIC ;set error flag
2042 C9 RET
2043 *

2043 53 PRINT XTHL ;save HL get SP2044 7£ LPSINT MOV A/M ;aet character
2045 CO 05 CO CALL OUT ;print it
2045 7 7 INX H ;advance pointer
2049 37 ORA A ; is  MSS set
204A :2 44 20 JP LPRINT ;keep sending
2D40 53 XTHL ;res t sr e  HL and adjusted SP
2 04c C9 RET
204? *

204? 21 00 30 AORS LX I H,0 ;zero value
2052 CO 03 CO LAORS CALL INPUT ;get character
2055 CA 52 20 JZ LAORS ; i s  it there
2053 CO 08 CO CALL OUT ;print it
2056 rr 00 CPI CR ;was it a return
2050 : s RZ ;thats it
2056 06 30 SUI 'O’ /•reduce to lex
2060 OA 78 20 JC INVAL ; invalid entry
2 063 •£ OA CPI 10 ;aloha character
2065 0A 72 20 JC SAS
2065 06 07 SUI 7 ;alpha bias
2064 OA 78 20 JC INVAL ;bad c.naracter
2060 ?c 10 CPI 16 /•number out of range
206? 02 78 20 JNC INVAL
2072 29 SA8 OAO H ;<tiultioly aodress by 16
2073 29 OAO H
2074 29 OAO H
2075 29 OAO H
2076 35 ADD L ; combine new value
2077 6? MOV U,A
2073 C3 52 20 JMP LAORS ;keep going
2073 *

2073 -  *\ -  W 43 20 INVAL CALL PRINT
2076 20 OA 00 CRLr
2080 3 f 20 69 65 OT ' ?  invali d response'
2054 ’6 61 6C 69
2053 64 20 72 65
208C 73 70 6? 65
2090 73 65
2092 : o 3A 00 C.RL7+MS5
2094 27 STC ;set error -lag
2095 C9 RET
2096 #
2096 'D MOO MOV A,L ;get low byte
2097 26 0? ANI OFH /•mask .ow nibble
2099 03 RZ ; i f  zero fine
209 a CO 43 20 CALL PRINT
2090 2 r 20 32 61 OT '? oad beundery a o c r e s s1
20A1 64 20 62 6?
20A5 •’5 6c 64 65
20A9 ■2 79 20 61
2 DAO ;4 64 72 65
2081 '3 73
2083 CO 3A 00 CRL7+MSS
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Acer "* 1 32 £3 34 £ Label Oped Ooerand
2 jS5 37 ETC ;se t error flag
2386 C9 SET
2D8 7 *
2037 CD 43 20 3ADPR0M CALL PRINT
2 DBA 3- 20 73 70 o r '? s e e d  f ’ ed portion of prc.n is not erased'
2 03E 6: 63 o9 66
20C2 69 63 6. 20
20C6 70 6F 72 74
2 DCA 65 6F 6£ 20
20CE 6F 66 20 70
2302 72 6r 60 20
2 306 69 73 20 6£
2 30A 6 r 74 20 65
23o e 72 61 73 65
2 3 £2 6t
23£3 00 3A 00 CRLF-MS8
23£S C3 3£ 23 JMP RESTORE ;continue and restore r eg is te
2 3£S *
23£8 7C HEX MOV A,H ; f i r s t  the high byte
2 3 £9 /• p> £0 23 CALL 3YTE ;print "ex byte
2 3£C 70 MOV A,L ;now the low byte
2 3 ED *
2C£0 CO FG 20 BYTE CALL NIBBLE ;orint nibble
20F0 *
20 F0 OF NIBBLE SBC ;swap nibbles
2 0 FI ur SRC
2DF2 Or RRC
20F3 OF RRC
23F4 F5 PUSH PSW ;save A
2DF5 £6 OF ANI OFH ;.task high nibble
2 0 F 7 C6 90 AOI 9 OH ;super short-cut
23r9 2? OAA ;technioue for converting
2 0 F A C£ 40 ACI 40 H ;binary to ASCII
23FC 27 OAA ;ala NB
20F0 CO 03 CO CALL OUT ;print it
2£GQ FI POP PSW ;restore A
2 £01 C9 RET
2202 *
2=02 BASS OS 1
2=03 STACK OS 1
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I I I .  THEORY OF OPERATION

3.1 ADDRESSING

Address in pu t l i n e s  AO t o  A9 are b u f f e r e d  in  l i n e  r e c e i v e r s  U13 and U14. 
The ou tp u t s  o f  U13 and U14 a r e  then conn e c ted  t o  b o th  th e  PROM and RAM 
memory add re ss  p in s .  Address inpu t l i n e s  A10 t o  A15 are b u f f e r e d  in  U12 
b e f o r e  use on the board. L ines A10 t o  A12 a re  in v e r t e d  by th e  b u f f e r s  
and u s e d  a s in pu ts  t o  d e c o d e r s  U8 and U9. These th r e e  l i n e s  enab le  one 
o f  e i g h t  ou tp u t s  on U8 o r  U9, d e p e n d in g  on  w h ich  d e c o d e r  i s  e n a b le d .  
N o t e  t h a t  s i n c e  A10 t o  A12 a r e  i n v e r t e d ,  t h e  d e c o d i n g  s e q u e n c e  i s  
r e v e r s e d .  When A10 t o  A12 a r e  a l l  "0 " ,  th e  number 7 o u t p u t  o f  th e  
e n a b l e d  d e c o d e r  i s  s e l e c t e d .  Each o f  th e  e i g h t  o u t p u t s  from  ea ch  
d e c o d e r  i s  u s e d  t o  e n a b l e  a s p e c i f i c  2708 PROM o r  t h e  IK b l o c k  o f  
on-board RAM, o r  one o f  th e  th r e e  IK segments which are n ot u sed on t h i s  
board.

A d d r e s s  in p u t  l i n e s  A13 t o  A15 a r e  u s e d  t o  e n a b l e  on e  o r  th e  o th e r  
d e cod e r .  Jumper A rea s  E and F d e t e rm in e  w h ich  s p e c i f i c  8K b l o c k  o f  
memory c o r r e s p o n d s  t o  e a ch  d e c o d e r .  The d e c od e r s  are enab led  by the 
ou tpu t o f  U18-13 and U10-6. (They a r e  enab led  when t h e i r  D in p u t  i s  a 
l o g i c  low  "0 " .)  Which d e cod er  i s  en ab led  by which l i n e  depends on the 
jumper ing in  Area G. Jumper Area G can  b e  u s e d  t o  s w i t c h  th e  memory 
b l o c k s  thu s a s s i g n e d  t o  each d ecod er.

In v e r s i o n  o f  th e o n - b o a rd  PROM and s c r a t c h p a d  memory a d d r e s s  w i t h in  
b l o c k  B may b e  a c c o m p l i s h e d  by c h a n g in g  t h e  jum per in  Area J. Th is 
jumper d e te rm in es  whether o r  n o t  t h e  A12 a d d r e s s  l i n e  i s  i n v e r t e d  by 
U11-4 b e f o r e  b e in g  u sed  by d e cod e r  U9.

S e l e c t i o n  o f  which IK segment o f  th e memory s p a c e  w i l l  b e  a s s i g n e d  t o  
the on-board RAM and which th r e e  IK segments w i l l  be re tu rn ed  f o r  use by 
o th e r  b oa rd s  i s  handled by U9 ou tp u t s  p in s  1, 2, 3, 4, g a t e  U10-12 and 
jum p e r s  i n  A rea s  I and H. Any time an in pu t t o  ga te  U10-12 go e s  low, 
t h i s  board  i s  in h i b i t e d  from p u t t in g  data on the DI b u s  by f o r c i n g  th e  
DI l i n e  d r i v e r s  t o  th e  h i g h  im p ed en c e  s t a t e .  T h e r e f o r e ,  th e  th ree  
ou tpu t s  o f  U9 which a re  conn e c ted  t o  the in p u t s  t o  U10-12 c a u s e  o u t p u t  
from  t h i s  boa rd  t o  be i n h i b i t e d  when one o f  th e c o r r e s p on d in g  a d d r e s s e s  
appear on the ad d r e s s  bus. L ikew ise, wh ichever U9 ou tput i s  t i e d  t o  the 
CE in p u t  t o  t h e  RAM w i l l  e n a b l e  th e  o n - b o a r d  RAM when t h a t  add re ss  
a p p e a r s .
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3.2 DATA INPUT/OUTPUT

The DO l i n e s  from th e  S-100 bus c o n ta in  data from th e  CPU t o  th e  memory. 
RAM i s  c on ta in ed  in  two 2114 c h i p s  (U1 and U2 ) . U1 c o n t a i n s  th e  low  
f o u r  d a ta  b i t s  in  each l o c a t i o n  and U2 the h igh  fou r b i t s .  Thus DOO t o  
D03 a r e  t i e d  t o  th e data p in s  o f  U1 and D04 t o  D07 t o  th e  d a ta  p in s  o f  
U2. T h e s e  d a ta  bus l i n e s  a r e  a l s o  t i e d  in  p a r a l l e l  t o  the e i g h t  data 
l i n e s  o f  each IK b y te  PROM ch ip .

Data o u t p u t s  from  th e  RAM and PROM a r e  c o n n e c t e d  t o  t h e  in p u t  o f  a 
t r i - s t a t e  l i n e  d r iv e r  U16 o r  U17. Th is  p a r a l l e l  b u s s in g  o f  ou tpu ts  from 
th e  memory c h i p s  i s  p o s s i b l e  s i n c e  a l l  data ou tpu ts  on the ch ip s  are 
t r i - s t a t e .

3.3 CONTROL SIGNALS

U15 b u f f e r s  t h e  d a ta  l i n e s  i n p u t t i n g  t o  t h e  b o a r d .  T h is  b u f f e r  i s  
enab led  so lon g  as U5-10 i s  low, which i s  t ru e  i f  U4-1 1 i s  h igh ,  wh ich  
i s  t ru e  i f  e i t h e r  th e on-board RAM i s  b e in g  w r i t t en  t o  o r  i f  PROM so ck e t  
11 i s  b e in g  w r i t t en  t o .  Th is l o g i c  i s  a c com p l ish ed  as f o l l o w s .  U4-6 i s  
t h e  NAND o f  MWRITE and t h e  in v e r t e d  ( a c t iv e  h igh  a t  U5-4) ch ip  s e l e c t  
f o r  PROM s o c k e t  11, s o  t h a t  U4-6 i s  low  i f  b o t h  PROM s o c k e t  11 i s  
s e l e c t e d  and MWRITE i s  a c t i v e .  U20-6 i s  t h e  NAND o f  MWRITE and the 
in v e r t e d  RAM ch ip  s e l e c t  ( a c t iv e  h igh a t  U5-13) so  th a t  U20-6 i s  low  i f  
b o t h  RAM i s  s e l e c t e d  and MWRITE i s  a c t i v e .  S in ce  U4-11 i s  th e  NAND o f  
U4-6 and U20-6, U4-11 w i l l  be h igh i f  e i t h e r  U4-6 o r  U20-6 i s  low.

W r i t in g  o f  data in t o  th e  RAM i s  c o n t r o l l e d  by MWRITE. Depending on the 
jumper in  Area B, MWRITE can be taken from the bus ( i f  a f r o n t  p a n e l  i s  
u s e d  o r  i f  t h e r e  i s  another s ou r c e  o f  MWRITE in  th e system), o r  i t  can 
b e  gen era ted  from SOUT and PWR on t h i s  board. To g en e ra te  MWRITE on the 
b o a r d ,  when SOUT and PWR are b o th  low, U18-10 i s  h igh. Th is s i g n a l  i s  
b u f f e r e d  a t  U14-9 and i s  a v a i l a b l e  b o t h  t o  t h e  bu s  and t h e  b o a r d  a s  
MWRITE. MWRITE i s  NANDED with the RAM ch ip  s e l e c t  ( in v e r ted  t o  a c t i v e  
h igh  a t  U5-13), g i v in g  th e RD/WR s i g n a l  f o r  RAM. Why i s  t h i s  n ece ssa ry , 
s i n c e  th e  s i g n a l s  a re  combined w ith in  th e  2114? I t  i s  n ot n e c e s sa ry  in  
o r d e r  t o  g en e ra te  RD/WR, bu t t o  enab le  the data bus input d r iv e r  U15, as 
e x l a i n e d  a b ov e ,  we needed e x t e r n a l  a c t i v e  low s i g n a l s  s p e c i f i c a l l y  f o r  
w r i t in g  t o  RAM and t o  PROM. Rather than p u t t in g  another in v e r t e r  on the 
b o a r d ,  th e  same s i g n a l  i s  u s e d  f o r  RD/WR t o  RAM. A low on RD/WR pu ts  
the ch ip  in  the w r i t e  mode. Data on l i n e s  DOO t o  D07 w i l l  b e  w r i t t e n
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i n t o  th e  RAMs, a s sum in g  t h e  b o a r d  ha s b e en  a d d r e s s e d  and t h e  RAM 
s e l e c t e d  by the ch ip  enab le  from Area I.

When i t  i s  d e s i r e d  t o  read data from t h i s  board, th e  U19-6 must b e  low  
a t  th e  a p p r o p r i a t e  time, e n a b l in g  th e  DI bus d r iv e r s  U16 and U17. Th is 
i s  a c c o m p l i s h e d  by g e n e r a t i n g  th e  l o g i c  NAND f u n c t i o n  o f  n um erou s  
s i g n a l s .  When e i t h e r  b l o c k  A o r  b l o c k  B i s  s e l e c t e d ,  th e ou tpu t o f  
U20-3 i s  h igh  which i s  used a s  on e  in p u t  t o  U19-6. An oth er  in p u t  t o  
U19-6 i s  g en e ra ted  by SMEMR which in d i c a t e s  th a t  a memory read i s  t o  be 
ex e cu ted .  SMEMR i s  in v e r t e d  a t  U11-2, then ga ted  through U18-1, b e f o r e  
b e i n g  c o n n e c t e d  t o  U19. To a l l o w  s e l e c t i v e  d i s a b l i n g  o f  t h i s  b oa rd ' s  
data ou tpu t s  f o r  any o f  th e  th r e e  unused IK memory b l o c k s ,  th e  c h o s e n  
c h i p  s e l e c t  l i n e s  a r e  c o n n e c t e d  t o  U10 p in s  1, 2 and 13. So lo n g  a s 
they a r e  h igh  (not a c t iv e ) ,  then U10-12 i s  low. In c om b in a t i o n  w ith  a 
low  from  U11-2 ( in v e r t e d  SMEMR), a h igh  appea rs on U18-1, which g o e s  t o  
U19-1. Another inpu t t o  U19-6 i s  from U18-4 which s en s e s  th a t bo th  SOOT 
and SINP a r e  low . The l a s t  inpu t t o  U19-6 i s  PDBIN. When t h i s  s i g n a l  
i s  h i g h  i t  i n d i c a t e s  t h a t  t h e  D I l i n e s  a r e  i n  t h e  i n p u t  m ode. 
T h ere fo re ,  when a l l  fou r  in p u t s  are h igh , i n d i c a t i n g  on boa rd  memory can 
be read, U19-6 w i l l  go low, thus e n a b l in g  th e  d a ta  o u t p u t  b u f f e r s  U16 
and U17.

The power o n / r e s e t  jump f e a tu r e  i s  i n i t i a t e d  by the POC o r  PRESET in p u t  
( jum per o p t i o n  in  Area D). D i s a b l i n g  o f  o t h e r  sy s tem  memory b oa rd s 
du r in g  the power o n / r e s e t  jump i s  a c c o m p l i s h e d  by th e  PHANTOM o u t p u t  
from  t h i s  b o a r d ,  a s s um in g  th e  o t h e r  b o a r d s  a r e  s o  w ired. The power 
o n / r e s e t  f e a tu r e  i s  p r o v id ed  by an RS f l i p - f l o p  in  U20, w ith  th e  POC o r  
PRESET l i n e  from  t h e  bu s c o n n e c t e d  t o  th e  s e t  in p u t  (U20-9) o f  the 
f l i p - f o p .  The PHANTOM s i g n a l  i s  g e n e r a t e d  by th e  U20-11 a c t i v e  low  
output, and th e  U20-8 a c t i v e  h igh  ou tpu t i s  used t o  s e t  U18-13 low, thus 
en a b l in g  U8 o r  U9, depend ing on th e  jumper in  Area G. S in ce  the a dd re ss  
on t h e  bu s w i l l  be 0000, t h i s  cau se s  th e p r o c e s s o r  t o  ex e cu te  the f i r s t  
i n s t r u c t i o n  in  th e enab led  8K b lo c k .  I f  t h i s  i n s t r u c t i o n  i s  a jump t o  
t h e  n e x t  i n s t r u c t i o n  in  th e  same b lo ck ,  then when th a t i n s t r u c t i o n  i s  
decoded  cau s in g  a low a t  U10-8 and hence a t  U20-13, th e  f l i p - f l i p  w i l l  
r e s e t  and c a n c e l  th e  PHANTOM s i g n a l .

The PRDY s i g n a l  can be t i e d  t o  th e  WAIT in pu t by jum p e r in g  Area K. I f  
s o ,  t h e  PRDY d r iv e r  i s  en ab led  whenever t h i s  boa rd  i s  a dd re ssed  and the 
p r o c e s s o r  i s  not d o in g  I/O (determ ined by U19 p i n s  9, 10, 12 and 13.)
WAIT i s  low  a t  t h i s  time, thus PRDY go e s  low, p u t t in g  the p r o c e s s o r  in  a 
w a it  s t a t e .  Th is makes WAIT go h igh, so th a t  when the next c l o c k  c y c l e  
o c c u r s ,  PRDY go e s  h igh aga in . The r e s u l t  i s  a o n e - cy c le  WAIT s t a t e  each 
time the board i s  add r e s s ed .  Note th e r e  i s  an e r r o r  in  t h i s  l o g i c :  a
wa it s t a t e  w i l l  be gen era ted  ( i f  jumpered in  Area K) so  l o n g  as any p a r t  
o f  b lo c k s  A o r  B a r e  add re ssed , INCLUDING the 3K which a re  used by o th e r  
b o a r d s .  T h i s  o t h e r  3K may b e  a f u n c t i o n  su ch  a s  v i d e o  o r  d i s k  
c o n t r o l l e r ,  which shou ld  not have a w a it  s t a t e .
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3.4 PROM PROGRAMMING

PROM s o c k e t  1 1 i s  u s e d  t o  program  an EPROM. EPROMs are programmed a s 
f o l l ow s :  With the d e s i r e d  data on the data in pu ts  t o  th e  PROM and th e
d e s i r e d  low  o r d e r  a d d r e s s  b y t e  on the ad d r e s s  l i n e s  t o  the PROM, ch ip  
s e l e c t  must b e  r a i s e d  t o  12V (ra th er  than the usua l 0 f o r  r e a d in g  and 5 
f o r  n o t - s e l e c t . )  Then a f t e r  a d e la y  o f  10 m icro- se con d s,  a 26V p u l s e  on 
the c h ip ' s  programming p in  (p in 18) must o c c u r  f o r  400 m i c r o - s e c o n d s .  
The CPU must b e  h e l d  i n  a w a i t  s t a t e  d u r in g  t h i s  time, as w e l l  as an 
a d d i t i o n a l  1/2 m icro- se cond . Th is  w i l l  program one b y t e  ONCE. P r o p e r  
p ro g ram m in g  o f  2708 EPROMs r e q u i r e  t h a t  e a ch  b y t e  be programmed 256 
t im e s,  w ith  a d e lay  a f t e r  each time. Th is i s  handled in  so f tw are,  which 
s h o u ld  p ro g ram  a l l  th e  l o c a t i o n s  on the PROM once, and then rep ea t  the 
c y c l e  256 t im es. So ftw are d oe s not have t o  send any s p e c i a l  s i g n a l  f o r  
p ro g ram m in g  a PROM, s i n c e  hardware w i l l  i n t e r p r e t  any memory w r it e  t o  
the PROM a s  an in t e n t  t o  program i t .  U n in t e n t i a l  w r i t i n g  t o  th e  PROM 
w i l l  thus cau se programming i f  th e 26V supp ly  i s  a c c i d e n t l y  l e f t  on.

U3 c o n ta in s  two on e- sh o t s  which a r e  used t o  g en e ra te  the t im in g  f o r  th e  
programming p u ls e .  Each o f  th e s e  one s h o t s  has d i f f e r e n t  R and C va lu e s  
c onn e c ted  t o  i t ,  c r e a t in g  d i f f e r e n t  l e n g th  p u l s e s .  A 10 m i c r o - s e c o n d  
a c t i v e  low p u l s e  i s  g en era ted  a t  U3-4 and a 410 m icro- se cond  a c t i v e  h igh  
p u ls e  i s  g en era ted  a t  U3-5. When th e s e  two a re  NANDED t o g e t h e r  a t  U4-3, 
t h e  r e s u l t  i s  a 400 m i c r o - s e c o n d  a c t i v e  low  p u l s e  f o l l o w i n g  a 10 
m ic ro- se c on d  d e lay , a s  d e s i r e d .  Th is p u l s e  b e g in s  when PSYNC (bus l i n e  
76) and c l o c k - 1  (bus l in e  25) are NANDED a t  U4-8 and pu t in t o  U3-1 and 
U3-9, and a t  the same time the PROM s o c k e t  11 c h i p  s e l e c t  a r r i v e s  a t  
U3-2 and U3-10. They w i l l  on ly  f i r e  i f  i t  i s  not a memory read c y c l e ,  
b e cau se  U11-2 keep s the on e- sh o t s  r e s e t  (v ia r e s e t  p in s  U3-3 and U3-11) 
i f  SMEMR i s  a c t i v e .

The low-high t r a n s i t i o n  o f  th e 410 m icro- seond  p u l s e  a t  U3-5 g e n e r a t e s  
an a c t i v e  low on XRDY (bus l i n e  3) by in v e r t in g  i t  a t  U6-2, in  o rd e r  t o  
put th e CPU in  a w a it  s t a t e .  Th is s ta y s  low f o r  1/2 m ic r o - s e c on d  a f t e r  
th e  p u l s e  i s  ov e r  b ecau se  o f  an RC d e la y  t i e d  t o  U6-2.

The 400 m ic r o - s e c on d  p u l s e  i s  c o n v e r t e d  t o  a c t i v e  op en  a t  U6-10 and 
U6-12. The p r o g r a m  p u l s e  o f  26V i s  t h e n  g e n e r a t e d  by a 2N3643 
t r a n s i s t e r ,  u s in g  a supp ly  v o l t a g e  from U7 and r e l a t e d  c i r c u i t r y .  U7 i s  
t u r n e d  on  by t h e  s l i d i n g  programming sw itch . Th is sw itch  must ONLY be 
on when programming a PROM, b ecau se  e rr on eou s w r i t in g  to  th a t  PROM w i l l  
o th e rw is e  a l t e r  i t  when not d e s i r e d .
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When th e  p u l s e  i s  o v e r  and th e  w a i t  l i n e  i s  r e l e a s e d ,  t h e  CPU i s  
r e l e a s e d  t o  in crem ent th e ad d r e s s  and program th e  next by te.

3.5 POWER SUPPLIES

Power f o r  t h i s  b o a r d  i s  o b t a in e d  from the u n regu la ted  +8V and p lu s  o r  
minus 18V s u p p l i e s  in  the system.

R e gu la t i o n  o f  th e in pu t v o l t a g e  t o  th e r e q u i r e d  -5V and -H2V i s  o b ta in ed  
by the use o f  fou r th r e e- te rm in a l r e g u la t o r s .  Dual r e g u la t o r s  a re  used 
t o  i n s u r e  ample s u p p l y  c u r r e n t .  The +5V s u p p l y  i s  r e g u la t e d  by one 
r e g u l a t o r .  B ypa s s  f i l t e r i n g  on  a l l  p ow er l i n e s  i s  a c c o m p l i s h e d  by 
m u l t i p l e  e l e c t r o l y t i c  c a p a c i t o r s  f o r  e a ch  s u p p l y  v o l t a g e .  T h is  
f i l t e r i n g  in su r e s  s t a b l e  n o i s e  f r e e  o p e r a t i o n  o f  th e board. C a p a c i t o r s  
a r e  a l s o  u s e d  on ea ch  r e g u la t o r  in pu t f o r  h igh  frequ en cy  b yp a s s in g  and 
r e g u l a t o r  s t a b i l i t y .

The +2 6V p ro g ram m in g  su pp ly  i s  p rodu ced  from th e  +12V r e g u la t e d  supp ly  
by  a TL497 s w i t c h i n g  v o l t a g e  r e g u l a t o r  i n  a l o w - p o w e r  s t e p - u p  
c o n f i g u r a t i o n ,  u s in g  a 1 mH c o i l .
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