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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 Data 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 Deseription

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 bits. 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 boards,
4116=-20 RAMs for UMHz boards. These RAM's use considerably
less power than static RAM as 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 1% and 15 soldered 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 Beoard 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:
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Z-80 PROCESSOR:

ICls IC15
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2650 PROCESSOR:

1C16 IC15
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Figure 1

Two alternates for the Z-80 processor would be: on IC15,
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 ROB0 or Z80 system it will
be addressahle on 16K boundries. When strapped for use in a
2650 system, it will be addressable on 8K boundries. Two
sets of address selection insftructions are given below,
Follow the instructions that correspond to the processgor
type being used.

4,1 Address Selection Instructions for 8080 or 780 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, ete.). Refer to Figure 2 for the location of this area
on the board. The exact placement of the minjumps will vary
depending on whether you have a hoard with 16K or 32K of
memory or one with 48K 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 ZB80 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 sheuld be placed
over the set of pins marked ¢, 1, 2, or 2 to address the top
row of RAMs to start at 0, H4000, HB000, or HCO00. 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 fop 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 row J|{°A° x
RO ojc Oooooooooo
BOTTOM Row | o[ |2 o|o|o A"\ °|°|°
Figure 2

4,1.2 Addressing for U8K/6UK Boards on PO0B0 or ZB0 Systens

For a 48K or 64K board, you will have to place three or four
minjumps (depending on the beard 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 HCOOC. There is cne restriction: the two p—
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 HS000 to HFFFF)
{address HCOO0O to H3IFFF)

WD) - O
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 bottom row
of the address selection strap area. For a #U4K board, two
minijumps are placed on the bottom row, addressing the
bottom 32K of memory on the board. Note that these two
minijumps must be adjacent as in selecting the top 32K of
memory. Fipgure 3 shows a 48K board addressed from 0 to
HBFFF.

¢elo
Ol0|elo|lolo|lo|o]lololo]|o]o
olo olololojo]o olo]olo|o]o
o|lo o
Figure 3

With regard to 48K hoards 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 HBO00) then the row of memory
chips must be in the fourth (bottom) row of the memory area
on the board. If you are addressing this 16K segment to
begin at either HU4000 or HCOOO 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 bhoard.

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
board to have a continuous 16X 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 shculd be set up as shown in Figure 5 for
this configuration.

E : o
o

o ©
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Figure 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 fto eipht 2K
segments of any 16¥ address space can 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 c¢corresponds to this bleck of memory. Mow
place a minijump in each column of the "Deselect Strap" area
that you wish to have deselected.

Example:

You have a SOL-2C computer and wish toc use the AL.S-8 proaram
"whieh regurires 12K of memory from HDOOO to HFFFF. A full
16K' of RAM (HCO0O0 to HFFFF) won't work because the monitor
(SOL0OS) occupies 2K of memory space between HCCO00O and HCTFF,
Also, the SOL-20 has 2K of RAM between HC800C and HCFFF.

A Central Data RAM Board can be 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
HCOO00 to HFFFF (see section 4.1). Since the area to be
deselected is in the top 16K put a minijump in column 3 of



the "Deselect Rlock." Now 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 this way.

DESELECT 2K SEGMENTS #0 AND 1

SET DESELECT BLOCK STRAP FOR TOP 16K

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

- rd - HFFFF
12K ALS-8
Yy

2K YDM-1 HDOOO
2x SOLOS HC 800
-~ HCOOO

o A

e — q-‘
HOO000

Figure 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 3=100
board is plugged in or removed, care should be taken to make
sure that the edge connector lines up with the printed
circuit board fingers.

Keeping these precautions in mind, put the becard into the
S-100 mainframe. Make sure the board 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 bhoard.
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 4.1.2 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 16X
boards, while 32K board should have capacitors for both
numbers *'1' and '2', etec.

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 as follows
for the different sizes of hoards:

o 0 [+ g
o0 o o
(4] <] o0
oo O o
16K, 32K 48K, 649K

B.0 Specifications

Storage Capacity 16K, 32K, UBK, or AUK
Addressing 16K boundaries
Buffering On all 1/™ lines
Access Time - 2MHz R4, hrnons(max)
4MHz Bd. 250ns(max)
Cycle Time B&Ons(max)
Refresh Period 15us (max )
Wait States Generated Mone
DMA Rate TMHz Max
Power Consumption (16X, 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 (HU4CQO-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

HOOO3 High byte of address
H0O02 Low byte of address

R0O001 Data written to byte
HOQ00 Data read from byte

A 32K memory segment can be tested by addressing the board
for blocks 1 and 2 and changing the values at leccations Hte
and H2C to HCO.

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

—



ADDRESS

END ADDR

0004
0007
coos
0Gc9
goac
oooD
0COE
200F
0010
0013

0co14
0015
0c17

0014
0018
001E
COTF
GGZ0
0023
co24
0025
coze
0029
0024
002E
C02D
OQ2E
0031
0032

0035
0036
0037
0038

31
AF
T
21
48
71
23
ac
c2
0C

7C
FE
cz

78
21
5E
BB
ce
23
3C
cz2
3C
UF
TC
FE
79
ce
oy

€3

ES
57
D5
T6

o

0o

80
oD

00

35

29

&0

TE

09

00

40

00

00

40

00

00

00

C0

BEG

END

START

OVER

WRITE

SKIP

*

READ

NLINC

*
¥
*

ERROR

EQU 4000
EQU 80
ORG )

LXI sp, 4
XKA A

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

THR c

INZ SK1P
INR C

MOV A,H
CP1 END
INZ WRITE

READ BACK LOGP

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

INZ ERROR
INX H

INR A

INZ NDINC
IKR A

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

JMP OVER

EXROP ROUTIMNE

PUSH H
MOV D, A
PUSH D
HLT

HEX STARTING

TOP BYTE OF

CLEAR A,B
STAKTING ADDR

STORE DAlA
BUMP ADLRESE
BUMP DATA

QFFSET PATTHERN



10.0 2650 Memoryvy Test Program

A memory test program for the 2650 is listed here. The
program loads into display memory at H1510 and occupies
about HAQ 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 program occupies
display RAM, the screen will be broken up when it is being
executed., The program terminates when a key 1is pressed.
Errors are displayed on the screen in the following format:

4rmee e e — e — s a e Address of the error
et e m e ———————— Data that was written there
----------------- Data that was read back

- A
-y
+

! LA
XXXX XX XX

10

()
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geel
Laee
gees
2oC4
geer
PRe6
eeen
gees
2eeas
pere
¢e1l
gel1z
2213
ga2i4
€215
gele
2a17
218
£€19
PEZY
@21
eQ22e
2e23
Pe24
ge2t
gere
ge2
geze
gezs
2050
2esl

9032

ger3
P34
ee2s
enzo
237
gea8
gaze

- ge4e

ee41
ge42
c243
2044
045
2046
eg4?
Pr48
¢e4s
eese
ee51
£es2
eesa

goyal
guee
geee
poee
Boee
eooe
peog
geee
pece
geee
gaoe
peee
AQED
peee
geee
Qeee
geeo
poee
pece
peoe
aeae
200
geee
151¢
1718
1512
1513
1514
1£16
1517
151A
151F
11T
151F
1521
1822
1525
1526
1528
1E52R
152D

152F

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

1B

ge
g4
9a
3F
2¢
/3%
¢o
c8

BF
21

CE
84

84
TA

72
QL

8€
CA
EE

A
Ca
1B

@z

ne
]

7E
29
28
F¥
21

ge
FZ
21
g2
21
75

2o
Q¥
a1
33
15
64
4F
€2

24

48

83

13

STARTT
ENDT
START

STRT

WkT

WSTL
WRTLE

WTSKP

PRNT

MEMORY TEST

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
¥QU
FQU

ORG
BCTR, UN
RES

RES
LODI,RD
LPSL
BSTA UN
EORZ .RZ
LODR,R1
STRR.R1
STRR.RO
LODI,L,R1
ADLI,R1
LODZ.R1
I0DI.R2
STRA,RZ2
ADDY.E@
BCFR.EQ
ADDI,Re
BIRF,RZ
RELD.R2
BCFA,LT
LODE,R2
ALCDI,R2
STRR.R2
COMA, R2
BCFR, EC
LODR,RZ2
STRR.R2
ECTR, UN

ANPFPSSUHUNF, =

BGEA
Pe24
2396
geas3

151¢
START
1

1

4

L¥CR

STARTT
RAMPTR
RAMPTR+1
FF

i

4

*RAMITR,I

1
WTSKE

1
WRTLP

RETU
RAMPTR
1
FAMPTR
ENDT
¥STL
STARTT
RAVPTR
RD

11

POSSIBLE CONDITIONS

REGISTER LDEFINITIONS

ERANCH CVER PCINTERS
HIGH BYTE OF START ADLRESS
HIGH BYTE OF END ADDRESS+1

SETUP PSL
DG LINEFEED AT EBEGINNING
GET RFEADY TO CLEAR LOW BYTE OF
GET HIGH BYTE OF START ADDRFSS:
STORE INTC POINTER
ZERC LOW BYTE OF POINTER
SETUP STARTING DATA
ADD 1 TC STARTING DATA
PUT IT IN R@ TOF USE
SFTUP INDEX REGISTER
STORE NEXT BYTE
INCRFMENT TATA
IF¥ ZFRO DONT BRANCH
DONT LET ZEROC RE STORED
DC 226 TIMES
REAL THF KEYROARD
RETURN IF KEY IS5 PRESSED
INCREMENT POINTER

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

START REAL LOOF



epr4
peb5
ees6

ees7
£es8
garo
Q260
geel
2REZ
eRES
PeE4
goEeS
448
2ee7
gees
2RES
ee7d
ea71
gg72
ge?s
ge74
vB75
2876
egev?
ee78
gevo
2eeo
geel
gpaz
eees
gee4
goer
nese
Qe
geas
ROES
poce
gecl
2852
goce
2054
ge95
gece
eec
©Eo8
goacs
2129
2121
2102
g1ea
2124
P1€5
gieeé
giev
€108
gleg

1548
1548
1548

1548
1544

1244
1544
1544
1548
1£4C
154F
1551
18E2
1554
1556
15E¢
1S54
155C
158D
1568
1862
1564
1566
1€€9
15638
156K
157¢
1573
1573
15%3
1573
1877
1577

1577

1577
1576
1578
157D
157F
1881
1584
1586
1586
1588
158E
15808
1893
1585
1598
156A
156D
15A¢
15A2
1544
1546
1548

ee

21
c2

26

EZ
BE
87
98
a7
LA
72
SE
PA
86
CA
EE

GF
CA
1F

4%

c8

CA
CB

SF
@A
oF
27
3F
@A
oF
B7

A
SF

o

es
Zc
BA

17

€e

20

> FO

23
21
vz

72

ge
66
21
62
15
€1
15
58
18

0o

TA
75
78
77

2o
6F

29
Q3
66
a0
20
23
59
e
%

51

5¢
4F
4E

48

83

13
12

A

. €A

S6
64
96

64
c4

AMFTR

i - R

RSTL
RDLP

RDSKP

# W I #H %
=
o
=

FRROR

RES

LODZ,R1
STRZ,R3
LODI,R2
LODA.R2
COMZ, B3
BSFR, FQ
ADTI,R3
BCFR.EQ
ADDI ,R3
RIRR,RZ
REDD. RZ
BCFA,LT
LODR, R2
ADDI,R2
STRR,R2
COMA,R2
BCFR, EQ
LODA.R2
STRR,R2
BCTA,UN

RES

STRR, RE
STRR, R1
STRR,RZ
STRR.R3
LODR, R2
BSTA, UN
LODR.R2
BSTA,UN
LODI,R3
BSTA,UN
LODR.RZ
BSTA, UN
LODI, R3
BSTA.UN
LODR.R2
BSTA,UN
BSTA,UN
LODR.RE
LODE, Rl
LODR, k2
LODR.R3
RETC,UN

12

&

*RAMPTR .1

EREOR
1
RDSKP
1
RCLP

RETU
RAMPTR
1
RAMPTR
ENDT
RSTL
STARTT
RAMPTR
WRT

TMP@
T™PP+1
TMP@+2
T™MP@+3
RAMPTR
HXOT
TMP2+2
HXOT
V'
WCHER
T™MP3+3
HXOT
20
WCHER
TMPE
HXOT
L¥CR
TP
TMPEZ+1
TPO+2
T™PQ+3

LOAD THE STARTING DATA VALUE
SAVE IT IN R3

SETUP INDEX REGISTER

GET NEXT DATA BYTF

COMPARE TO WHAT IT SHOULD BE
IF NCT THE SAME, GOTC ERROR
INCREMENT DATA

DONT ALLOW ZERO AGAIN

DO THIS LCOP £56 TIMES
READ KEYBOARD

RETURN IF XEY IS PRESSED
INCREMENT RAM POINTER

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

SAVE THE REGISTERS

LOAD THE HIGH BYTE
WRITE IT

WRITE THF LOW BYTE
WRITE A SPACE

¥RITE THE DATA WRITTEN
WRITE A SPACE

WRITE THE DATA READ

RESTOREF THE REGISTERS

~

RETURN

el
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