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1.0 Warrantee

The Central Data 64K RAM Board is fully warranteed for a
period of one year following the date of shipment. A&ll
units returned to Central Cata Corporation postpaid during
this period will be repaired and returned without charee.

This warrantee does not apply to boards which have been
damaged, abused, or modified., Central Data reserves the
right to change the design of the RAM Board without having
to change any previously manufactured units,

2.0 Qescription

The Central Data 64K RAM Roard is a random access read/write
memory module designed to expand the memory capacity of
S-100 computers. The Board is configured as four sections
of 16K x 8 hits. The sections are seperately addressable.

The memory integrated circuits used on the 64K RAM board are
4116=-25 16K (or equivalent) dynamic RAMs for 2MHz bhoards,
4116-20 RAMs for U4MHz boards. These RAM's use considerably
less power than statiec RAM a2s well as using less PC board
space.

The circuitry has been desiened to be independent of the
processor type. This manual shows how to set up the board
to be accessed by S=100 systems using the 8080, Z80, or 2650
microprocessors. It will work with other types of bus
masters as long as they simulate the memory access Liming of
the processor for which the board is stranped.

3.0 Processor Selection

First, there are two straps numbered 14 and 15 scldered on
the board which determine which S=100 line is used for reset
in your system. Strap 14 selects pin 75 as the reset
source, and strap 15 selects pin 99 as the reset source.
Normally, the board will work as strapped at the factory
(for pin 75), but if you find that your board will not hold
data during reset operations, you can change the strap to
fix the problem. The strap locations can be found on the
parts placement diagram at the end of this manual.

Two 16 pin DIP headers are used to program the RAM Board for
use with various processors., Wires must he soldered in
place connecting across these headers. The correct
connections are shown in figure 1,



8080 PROCESSOR:

IC16 IC15
o o o o ) o 0o o0 o
o o o o o 0 oo o

Z-80 PROCESSOR:

IC1s IC15
o o o o 0 © 00 0o Q
o o ) o o © 00 0 0O o
2650 PROCESSOR:
I1Cle IC15
o ) ) o 0 o o o o
© ) ) o o ) o o 0

Figure 1

Two alternates for the Z-80 processor would be: on IC1T5,
take out the wire between pins 8 and 9 and add a wire
between pins 7 and 10. Then also add a wire hetween either
pins 6 and 11 or pins 5 and 12, depending on which alternate
you try. This changes the clock used in the refresh
circuit.

4,0 Address Selection

When the RAM Board is used in an R0OB0 or Z80 system it will
be addressable on 16K boundries., When strapped for use in a
2650 system, it will be addressable on 8K boundries. Twe
sets of address selection insftructions are given below.
Follow the instructions that correspond to the processor
type being used.

4,1 Address Selection Instructions for 8080 or ZBO Systems

When strapped for 8080 or Z80 bus masters, the 54K RAM Board
consists of up to four seperate 16K sections. Each section
can be addressed independently and can occupy any 16K block
of memory address space.



For each 16K section there will be one blue "minijump™
connector bridging the address selection area (16K boards
will use one address strap minijump, 32K boards will use
two, etc.). Refer to Figure 2 for the location of this ares
on the board. The exact placement of the minjumps will vary
depending on whether you have a bhoard with 16K or 32K of
memory or one with Y¥8K or 64K of memory. The detail on how
to address the board is presented below in two sections,
depending on the size of board that vou have.

4.1,1 Addressing 16K/32K Boards with 8080 or Z80 Systems

For a 18K or 32K board, you will need to place one or two
minijumps (depending on the board size) in the address
selection strap area. The minijump for the top row of chips
should be placed in the top row of the address selection
strap area (see Figure 2). The minijump should be placed
over the set of pins marked ¢, 1, 2, or 2 to address the top
row of RAMs to start at 0, HL4000, HBO0O, or HCO0O. For a
32K board the second row of RAMs can be addressed in the
same way, but with the minijump placed in the bottom row of
the address selection strap area. Figure 2 shows the
addressing for a 32K board whose top row of RAM's is
addressed to start at H8000, and its second row of RAMs is
addressed to start at HCO00. The deselection straps shown
in the figure have no effect on the basic addressing of the
board and are explained in section 5,

—— ADDRESS SELECTION STRAPS
— DESELECT BLOCK

—2K DESELECT STRAPS
Top rRow 4| 21°° A
R ojo 0000000000
BoTTOM Row 4[ o ° o|o|o A \°|o|°| o]
Figure 2

4.1.2 Addressing for U8K/6UK Boards on P080 or Z80 Systens

For a 48K or 64K board, vou will have to place three or four
minjumps (depending on the board size) in the address
selection strap area. One minijump will be used for each
16k block that you address. To address the first 32K of the:
board (the top two rows of RAMs), you will place two
minijumps on the top row of the address selection strap area
(see Figure 3). Fach minijump should be placed to select



where a corresponding 16K block of memory should be
addressed. A minijump is placed in column 0, 1, 2, or 3 to.
start addressing for the 16K section at address 0, H4000,
H8000, or HC000. There is one restriction: the two
minijumps must be adjacent. This means that the allowable
combinations for addressing the first 32K of your board are:

(address 0 to HTFFF)

(address HU4000 to HBFFF)
(address HB000 to HFFFF)
(address HCOOO to H3FFF)

WD) - D
O N =

At this point, the remaining memory on the board can be
addressed. To address the last 16K of a 48K hoard, a single
minijump is placed in the correct column of the bhottom row
of the address selection strap area. For a 6#4K board, two
minijumps are placed on the bottom row, addressing the
bottom 32K of memory on the board. HNote that these two
minijumps must be adjacent as in selecting the top 32K of
memory. Figure 3 shows a 48K board addressed from 0 to
HBFFF.

¢elo
O|0|o]|ololo]|o|a]lojolo]|o]o
cle olololofo]o alo]o|e]|e]o
clo +]
Figure 3

With regard to 48K boards only, the last 16K of memory
corresponds to the eight memory chips located either in the
third or fourth row of the socketed memory area. If you are
addressing this 16K segment to begin on an even 32K boundary
(to start at address 0 or HB000) then the row of memory
chips must be in the fourth (bottom) row of the memory area
on the beoard. If you are addressing this 16K segment to
begin at either HU00O0 or HCO0O then the memory devices must
be placed in the third row of sockets in the memory area

(ad jacent to the top 32K of memory). When the boards are

" shipped from Central Data they contain the memory on the
bottom row of the board.

4.2 Addressing Instructions for 2650 Processors

To address a 16K board to be used in a 2650 system, put a
minijump in positions 1 and 2 of the top row of the address
selection strap area (see Figure 4). This addresses the
hoard to have a continuous 16K of memory starting at address
H2000.



Figure 4

To address a 32K board for a 2650 system, you will have to
deselect the portions of page zero which are used by the CPU
board. The straps should be set up as shown in Figure 5 for
this configuration.

E : o
o

o ©

7

Fisgure 5

5.0 Address Deselect 3traps

In order to have the RAM Board fit around ROM monitors or
other dedicated areas of memory, from one to eight 2K
segments of any 16F address space canh be deselected. The
instructions for setting these straps are given for all
non=-2650 systems. Any 2650 users which need this feature
should consult the factory.

Use 2 minijump to select the 16K area in which the gap will
oceur, Place the minjump in the column of the "Deselect
Block" area that corresponds to this bloek of memory. MNow
place a2 minijump in each column of the "Deselect Strap" area
that you wish to have deselected.

Example:

You have a SDL-2C computer and wish to use the AL.S-8 proaram
‘"which regurires 12K of memory from HDOOGO to HFFFF. A full
16K' of RAM (HCOOO to HFFFF) woh't work because the monitor
(SOL0S) occupies 2K of memory space between HCOOO and HCTFF.
Also, the SOL-20 has 2K of RAM between HC800 and HCFFF.

& Central Data RAM BRoard can he used for this purpose by
deselecting the occupied areas. Put a minijump in the
address selection area to address the 16K of the board from
HCO000 to HFFFF (see section #.1). Since the area to be
deselected is in the top 16K put a minijump in column 3 of



the "Deselect Rlock." HNow put a minjump in both column O
and column 1 of the "Deselect Strap" section of the board to
deselect the lowest 4K of this 16K. The board is now
strapped to occupy the 12K from HDOOO to HFFFF. Figure 2
shows a RAM Board addressed thils way.

DESELECT 2K SEGMENTS # 0 AND 1

SET DESELECT BLDCK STRAP FOR TOP 16K

I———-SET ADDRESS SELECT STRAP FOR TOP 16K

LI - HFFFF

12K ALS-8

2K yom—z| Hpooo
oK S0L0S HC 800
~ HCOO0O
-~ o~
4." HO000
Fipgure b6

6.0 Installation

Before plugging the RAM Board into an 5<100 card slot, make
certain that the power has been off long enough to allow the
power supply capacitors to discharge. Whenever any 5-100
board i3 plugged in or removed, care should be taken to make
sure that the edge connector lines up with the printed
cirecuit board fingers.

Keeping these precautions in mind, put the board into the
S-100 mainframe. Make sure the hoard faces the right
direction. The power may now be applied. The RAM Board is
ready for use.

7.0 Increasing your Memory Size

To increase the memory capacity of your board, you can
purchase a set of memory ICs and capacitors from Central
Data. The memory circuits should be carefully plugged into
the next available row of sockets from the top of the hoard.
The only exception to this is when you are upgrading to a
48K board where you may need to skip the third row in order
to address the board correctly {(see section #.1.2 for



information concerning this).

The capacitors should be soldered in according to the parts
placement diagram making sure of the polarity on the
tantalum capacitors. The capacitors in the memory area of
the parts placement diagram are numberd to indicate whieh
ones are to be put in for the different sizes of boards.
Capacitors with the number '1' should all be in for 16K
boards, while 32K board should have capaeitors for both
numbers '1' and '2', ete.

Finally, if you upgraded a 16K or 32K board to a 48K or 64K
board, you will have to change two jumper straps on the
board. These are the straps numbered 1, 2, 3, and 4 on the
parts placement diagram, and they should be wired a2s follows
for the different sizes of hoards:

0 o oo
s S o 0
9 0 oo
oo c O
16K, 32K 48K, 649K

B.0 Specifications

Storage Capacity 16K, 32K, U8, or AIUK
Addressing 16K boundaries
Buffering On all 1/™ lines
Access Time - 2MHz Rd,. 4nons{max)
UMHz Rd. 250ns(max)
Cyvcle Time B&0Ons(mayx)
Refresh Period 15us(max}
Wait States Generated Mone
DMA Rate TMHz Mayx
Power Consumption (16K, typ.):
+16 150ma
+8 300ma
=16 20ma
Power Consumption (each add'l 16K, typ.):
+16V. 20ma
+8V, Oma
-16V. 3ma



g.0 B0BO Memory Test Program

The memory test program listed below can be used to test a
16K memory segment addressed for Block 1 (H4CQO-HT7FFF).
When an error is found the program stores information about
the error and then halts. The error information is stored
as follows:

Address Information

HO003 High byte of address
HooeZ2 Low byte of address

BEO001 Data written to byte
HOO00 Data read from byte

A 32K memory segmenit can be tested by addressing the board
for blocks 1 and 2 and changing the values at locations H16
and H2C to HCO.

This memory test program occupies memory starting at HOOO0O
s0 a working RAM board must be at this part of memory.



ADDRESS

END ADDR

0004
o007
coo8
0co9
00oC
co0D
000E
200F
0010
C013

0014
0015
0017

CCTA
co18
CO1TE
CCIF
GCCze
0023
oc2y
0025
0028
0029
Q024
002E
co2Db
DO2E
Co31
0032

0035
0G36
0037
0038

31
AF
T
21
48
71
23
GcC
c2
GcC

7C
FE
cz

78
21
5E
BB
ce
23
3C
ce
3C
4F
7C
FE
79
c2
0y

€3

ES
57
D5
76

04

0o

80
0D

00

35

29

&0

1E

09

00

40

00

00

40

00

00

00
e

BEG

END

START

OVER

WRITE

SKIP

*

READ

NLINC

*
¥
*

ERROR

EQU 4000
EQU 80
ORG y

LXI SP, 4
XRA A

MOV B,A
LXI H, BEG
MOV c,B
MOV M, C
INX !

IHR C

INZ SK1P
INR c

MOV ALH
cPl END
INZ WRITE

READ BACK LOGP

MOV AR
LXI H,KEG
MOV E,N
CMP L

INZ ERROR
INX H

THR A

JNZ NDINC
INR A

MOV C,A
MOV ALH
CPi END
MOV 4,C
INZ READ
INR B

JMP OVER

FRROP ROUTIMNEL

PUSH H
MOV D, A
PUSH D
HLT

HEX STARTING

TOP BYTE OF

CLEAR A,B
STARTING ALDR

STORE DALA
BUMP ADLRESE
BUMP DATA

OFFSET PATT:ERN



10.0 2650 Memoryv Test Program

A memory test program for the 2650 is listed here. The
program loads into display memory at H1510 and occupies
about HAO bytes. To set the address range to test, simply
set the two bytes labeled STARTT and ENPT to the high bytes
of the starting and ending addresses, For example, if you
wanted to test memory between H2000 and HSFFF, you would
change STARTT to H20 and ENDT to H60. Then just execute at
1510, and the test will begin. Since the progran occupiles
display RAM, the screen will be broken up when it is being
executed. The program terminates when a key is pressed.
Errors are displayed on the screen in the following format:

S r e, ———————— e > Address of the error
! et e e ————————— Data that was written there
! ! fmmmmcmcmwmna——n—— Data that was read back
! 1 1
XXX XX XX

10



eeet
¢oe?
2ees
2024
2eer
PE06
eee?
eees
¢899
Pe10
ge11
@e12
213
eR14
¢e15
2216
2917
¢e18
219
2220
e@21
222
ee23
@824
gg2e
2226
¢eon
geze
2825
2030
ge31
032
ege3
0834
e@zs
226
2037
¢e38

23S
2C40
eea1
2042
€e43
2044
¢e45
2046
24
Pe48
2249
eese
ee51
ces2
ees3

reoe
goee
geee
pece
pace
eeee
geed
geee
Beeg
beee
geoe
peee
AQed
2oeY
geee
eeee
2eed
eaed
peed
peed
aead
gaed
Reee
1510
1¢1@
1512
1513
1514
1716
1517
1514
151F
11T
151F

5Z1
1822
1525
1526
1528
1E82R
152D

152F

1531
1533
1534
1537
183¢
1538
153D
1540
1542
1544
1£46

@82

A
e

7t
29
28
F¥
81

ge
Fe
21
gz
21
75

2o
oF
@1
33
15

4%
€2
g2

24

48

83

13

STARTT
ENDT
START

STRT

WhkT

WSTL
WRTLEF

WTSKP

FRNT

MEMORY TEST

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
QU
FQU

CRG
BCTR, UN
RES

RES
LODI,RE
LPSL
BSTA OUN
FORZ .Re
LODR, R1
STRR.R1
STRR.RO?
LODI,R1
ATTLI,R1
LODZ.R1
LODI.R2
STRA,RZ
ALDY.E@
BCFR.EQ
ADDI,Re
BIRF,RZ2
RELD.RZ
BCFA,LT
LODR, R2
ALCDI,R2
STRR.RZ
COMA,R2
BCFR, EC
LODR.R?2
STRR.R2
ECTR, UN

NP SWWNoF S

RAEA
@az4a
€396
geg3

151¢
START
1

1

4

LFCR

STARTT
RAMPTR
RAMPTR+1
FF

1

@

*RAMITR,I

1
WISKE

1
WRTLP

RETU
RAMPTR
1
RAMPTER
ENDT
WSTL
STARTT
RAVPTR
RD

11

POSSIBLE CONDITIONS

REGISTER DEFINITIONS

BRANCH CVER PCINTERS
HIGH BYTE OF START ADDRESS
HIGH BYTE OF END ADDR¥SS+1

SETUP PSL
DO LINEFEED AT BEGINNING
GET RFEADY TO CLEAR LOW BYTE OF
GET HIGH BYTE CF START ADDRFSS-
STORY INTC POINTER
ZERO LOW BYTE OF POINTER
SETUP STARTING DATA
ADD 1 TO STARTING DATA
PUT IT IN R@ TOR USE
SETUP INDEX REGISTER
STORE NEXT BYTE
INCRFMENT LATA
IF ZFRO DONT BRANCH
DONT LET ZERQ RE STORED
DC 256 TIMES
REAL THF KEYBOARD
RFTURN IF KEY IS PRESSED
INCREMENT POINTER

SEE IF FND OF TEST AREA
I¥ NCT, BRANCE
SETUP FOR START OF TEST ARFA

START REATL LOOF



epr4
pebo
ee56

ees7
£e58
gRr9
2269
geel
2REZ
@PES
gec4
gOES
gece
2ee7
gees
PRES
geve
2271
gg72
ee?3
gev4
@875
eeve
gerv
e@vs
gevs
geeo
geel
gegz
eess
goe4
goer
pess
eeg7
geges
2OED
20Se
£es1
20%2
gace
2854
Zeg95
geee
aec7
298
geLs
21e9
21¢1
gi1ez
€12
e1e4
21€5
z¢ilee
2107
€108
giee

1548
1548
1548
1548
1544

1E44
1544
1544
154E
1E84C
154E
1551
1582
1554
1556
15E8
15FA
155C
155D
1560
1562
1564
1566
1€€9
15638
156k
15%7¢
1573
1573
1573
1573
1577
1577

1577

1577
1576
157E
157D
157F
1881
1584
1586
15886
1588
158K
159¢
1893
1595
1588
15GA
1€€D
15A€2
15A2
1544
15A6
15A8

ee

21
gz

26

E2
B&
87
98
a7
LA
72
123
2A
86
CA
EF
g8
E
CA
1F

0e

c8
Cce
CA
CB
2a
3F

@A

27
3F
2A
oF
27

@A
3F

<

28
ec
)

17

ge

20

> F5

23
21
g2

72

ge
66
21
62
15
€1
15
58
1%

ee

7A
75
78
77
47
28
6F

2@
D3
66
a2
29
3
58
29
2o

51

5e
4F
4E

48

83

13

12

e

A

. €A

o6
6A
g6

EA
24

AMFTR

OO Hig ¥ %

RSTL
RDLP

RDSKF

# ¥ x5 ¥ B N
=
o
=

FRROR

RES

L0ODZ,R1
STRZ,R3
LODI,R2
LODA.R2
COMZ, R3
BSFR, EQ
ADLI.R3
BCFR.EQ
ADDI,R3
BIRR,R2
REDD. R2
BCFA,LT
LODR, R2
ADDI,R2
STRR, R2
COMA, R2
BCFR,EQ
LODA,R2
STRR, R2
BCTA,UN

RES

STRR, Re
STRR, R1
STRR,RZ2
STRR.R3
LODR, R2
BSTA, UN
LODR.R2
BSTA, UN
LODI,R3
BSTA,UN
LODR. R2
BSTA, UN
LODI,R3
BSTA.UN
LODR.R2
BSTA,UN
BSTA,UN
LODR.R@
LODE, Rl
LODR. k2
LOLR,R3
RETC, UN

12

?

*RAMPTR .1

FREOR
1
RDSKP
1
RLLP

RETU
RAMPTR
1
RAMPTR
ENDT
RSTL
STARTT
RAMPTR
WRT

T™™P@
TMP@+1
TMP@+2
T™™PE2+3
RAMPTR
HXOT
TMP@+2
HXOT
d's
WCHR
TMP2+3
HXOT
20
WCHR
TMPE
HXOT
L¥CR
T™MPZ
TMPZ+1
TMPR+2
T™MP2+3

LOAD THE STARTING DATA VALUE

SAVE IT IN R3
SETUP INDEX REGISTER
GET NEXT DATA EBYTF

COMPARE TO WHAT IT SHOULD BE
GOTC ERROR

IF NCT THE SAME,
INCREMFNT DATA
DONT ALLOW ZERO AGAIN
DO THIS LCOP 256 TIMES
READ XEYBOARD

RETURN IF KEY IS PRESSED
INCREMENT RAM POINTER

SEE IF END OF TEST AREA
IF NCT, BRANCH
REDO THE WHOLE THING AGAIN

SAVE THE REGISTERS

LOAD THF HIGH BYTF
WRITE IT

WRITE THF LOW BYTE
WRITE A SPACE

¥RITE THE DATA WRITTEN
WRITE A SPACK

WRITE THE DATA READ

RESTORF THE REGISTERS

RETURN
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