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This Wlit is warranted for a period of ninety (90) days

from the date o[ pllrch~l~-,C to he free from nl8terial or

workmanship defects. Should the product r(~ i l to perform

satisfactorily return it prepaid to Sf) Systems and it

will, at our option, be repaired or replaced free of

charge, provided the unit is received during the warranty

period. This warranty is invalid if product has been

misused or modified. Warrilllty is lunited to replacement

of defective parts and and no responsibility is assumed for

damage to other equipment.

This warranty is made III lieu of ;:111 other ~v;:lrnlJ1ties

expressed or implied.
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SGCTION 1

1-0 TN l'RODUCTI ON

"j

- .•...

respectively) on the bus.

the Poly modifications to put the Si'll and P WAIT Lines (Bus pins 44 and 27

'The, EXPANOORAM™ board provides a low cost means for expanding Random Access

Memory capability for computers utilizing the S-100 bus structure.' The EXPANDORAM'l'M

will interface directly to the following computers: rtvlSAI, ALTAIR A, ALTAIR B;' ... '

SOL-8, CROMEivICO, the SEC-IOO, and Z80 CPU-13 carel. Poly-8S Computers lTlust have"

.',

1-1 GENERAL DESCRTPTtON

The EXPANOOml™ board is a hig}) performance dynamic RAM board using state-of­

the-art ~DS dynamic memory devices from f'.DSTEK CORPORATION. The EXPANOORAMTM

',<

may be configured to have a memory capacity of 8K, 16K, 24K, or 32K,bytes of

memory using the ivlK 4115/4103 (8,192xl tvDS dynanic f0\M) or 16K, 32K, 48K, or 64K '

'.' ':-

bytes of mem?ry using the f'.1K 4116 (16,384xl MOS dynamic RM1) memories. An eight
, "

position DIP Switch is provided for positioning memory on any 8K 'or' 16K boundary.
\,;--

of the EXPN~DORAMTM board include:

swi tch selectable output:; disable: ,"

Typical power dissipation of 5 \vatts.
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The board requires three DC voltages at levels of'+7V

The EXPANOORAM'fMboard 'is ~interfaced

The EXPANOORM1™ board is implemented on a single 5.25" x 10.0" x 0.65"

,p~inied,Circ~it.board.

1-2 PHYSICAL
L ...:...

".. to.:+lOV, i14V: "~6'+18.v, and -14Vto -18V DC.
t .. , :_... :.••• ~ . ". ~~:' ~' •• " ....- .. ~. ..

to"the system by';cormectoT J -1.

1-3 SPECIFICATIONS
.: ...

'"I

Table 1-1 lists the overall specifications for the I~XPi\:\JI)()mITM board.

Table 1-2 lists the pin usages of connector ,J-l for the I~X.PANOORAMTH.

~, .
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Memory Capacity

Memory Access

Memory Cycle

Interface Levels

Power (2 us memory cycle)

T/\HU: 1-1

spa; I FI CAT!ONS

Up to 32,768 bytes (8K RAM)
Up to 65,536 bytes (16K RAM)

375 ns max.

500 ns min.

TTL Compatible

+7V to +IDV @ 400 rnA (max)
+14V to +20V @ 200 rnA (max)
-14V to -20V @ 30 InA (max)

r. 0
•

Physical Dimensions

Operating Temperature

5.25" x 10.0" x .65"

o degree C to 50 degree C

".

,
"

,
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TABLE 1-2
CONNECTOR J1 PIN OUT

FOR 32K/64K EXPANDORAM™

PIN # SIGNAL NAHE DIRECTTON DESCRIPTION .,

~

~

1, 51 +8V to 10V Power
2 +14V to 20V Power ' ~

52 -l4V to -20V Power ,

24 02 Input Phase 2 clock
25 01 III r,ut Phase 1 clock
26 PHOLDi\ Inf'ul Hold acknowledge
27 P Wi\IT Input Wait
79, 80, 81, 31,

30, 29, 82,
83 AO-A7 Input Address bus bits 0-7

84, 34, 37, 87,

"
33, 85, 86,
32 A8-j\1s Input i\ddress bus bits 8-15

!~ 36, 35, 88, 89,
" 38, 39, 40,~ ;

90 DO-O to nO-7 Input Data bus in
95, 94, 41, 42,

01 , 92, 93
43 DI-O to 01 - 7 Output Data bus out

44 SMI Input Machine cycle one

;- 47 SME~1R Input Memory read

I' 66 RFSH Input Refresh (Z80 CPU card)
68 MWRT Input Memory write

I' . 72 PRDY Output Ready
d 75 RESET Input Reset
;i 76 PSYNC Input Sync,-I
: 78 PDBIN Input Data bus in

fi 100, 50 GROUND
48 HALTi\ Input Halt acknowledge



SECTION 2

2-0 FUNCTIONAJJ DESCRIPTION

The maj or fW1ctions of the lJXPi\J\[OORAIv,TH board are shO\vn in figure 2-1,

page 4. The following fW1ctions make up the m~nory interface: memory,array,

memory decode and control, address multiplexer, ffild data buffer.

Memory Array - The memory array consists of up to 32 8K or 16K dynamic rffildom

access memory elements. Each BK has an 8,192 x 1 bit capacity, while the 16K

has a 16,384 x 1 bit capacity. The 32 8K or 16K IW1S are organized into four

banks of eight RAMS each. The eight fWvlS each contribute one bit to an

addressable location. The total storage capacity of the EXPANDORAMTM is.32,768

or 65,536 bytes, ,depending on the type of memory device that is used (8K or 16K).

Memory Decode and Control - The memory decode and control section is responsible

for generating J:.he timing signals for the memory array, address mu1tiplexer, and
.... • Jo '\ ':' _,' 4 \...,

datt:l"puffer~:-')imingwithin the memory decode and control section is generated
... •., t

• ... M

by a TTL compatlble delay line.

Address ~'ILll tiplexe1' - The address multiplexer is responsible for taking the

address bits from the address bus buffers ffild multiplexing the proper 1'0\</

and column address into the mC1Tlory a lT~I)' under control u I' the memory decode

and control section.

Data Buffers - The data buffers, controlled by the memory decode and control

section, isolate the memory array from the data bus.

-3-
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SH~TION :;

3-0 CONSTRUCTION

The 32K EXPANOORAMTM board kit is intended for those persons who have had

some prior experience with kit building and digital electronics. If you

do not fall into this category, it is highly recommended that you find an

experienced person to help you assemble and check-out the board.

", f

11 .'~

t.

1. "on' •.

Appendix F shows the parts list for the EXPANDORA~TM board. Double check

all parts against the parts list.

3-1 . ASSfMJ3LY PROCEDURE

~,:t· ~'> (1) ." Install t~e~ IC:.sockets in their proper locations. NOTE: No sockets. ::. i .'

• :.' .' :--. • '.... ¢ .• • . ..... ~•••

:: '~f~r"DiR~~witches~~,U1, U2.
.. :; . ~'''' ..' ; ~

(2) Install the resistors as follows:

() Rl 150 OI-Irvf ~W (Brown, Green, Brm'l'.I1)

() R2 4.lK OHM 1/8lV 1. % ~1etal Film

() R3 6.8 OIIt-I 1/8111 5% (Blue, Grey, Reel)

() R4 33 OHM 1/4W (Orange, Orange, Black)

() RS, R6 3. 3K OI-IJ\I 1/4W (Orange, Orange, Red)

() R7 470 OHM 1/2W (Yellow, Violet, Brmm)

() R8 lK OHM 1/4W (Brown, Black, Red)

() R9 200 0I~1 1/4W (Red, Black, Brown)

() Resistor packs: RPI 3K OHM 6 pin SIP
RP2-RPS 3K OHM 10 pin SIP

N011~: Pin 1 of the SIP's is designated by a notch or ;l dot on one end of the

package.
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(3) Install Diodes CRl, and CR2 \vith the banded end as shown on the PC Board.

( ) CRI lN7Sl

( ) CR2 lN914/IN4.L48

(4) Install the capacitors C1~; f'ollmvs:

( ) CI, CIO, C13, C18, (19, <:22 10 Mr: Tantalum (Note proper polarity)

( ) C3, C7 100 pf mica

( ) C6, C14 200 pf mica

( ) C2, C4, CS, C8, C9, Cll, e12, US, C1(>, e17, C20, C2l, C23-C70
.1MP Ceramic ,,

NOTE: RIO (IK Olml) and OJ (loa pf) are present on Rev B or later.

lIowever, see optiOJlS t'able before -'i.nstalling them (Table 4-3).

(S) Install the two voltage regulators with the heat sink, using the 6-32

hardware supplies. NOTE: There are two types of voltage regulators, a +SV

and a +12V.' Be sure that the regulators are installed as shown on the
PC Board.

( ) VRI +SV 780S/I1J1 340 - 5

( ) VR2 +12V 7812/Ltv! 340-12

(6) Install the wire wrap pins. NOll.~: It is not necessary to install the

wire wrap pins if the board is to be set up for only one type of microprocessor.

The wire wrap pins are {or those that will be recon[iguriJlg the board frequently.

( ) EI-E3, EIO-E18

( ) E19-E30 Rev B or later only

(7) Install DIP switches.

~ ,

( ) VI Observe the proper positi.on of the PC Board
(The ON side should be toward the top of the bO~lrd)

( ) U2.' -

. 'i



(8) Install Transistor

() Ql 2N2222 r

(9) Double check all solJer connections for cold solder joints, wlsoldered

corulections, or shorted connections.

(1) Install the board in the computer and measure the output of the +5V

t
j.

t:

l
I
;

i
1.

;, ~
I
J

I
. :11.

BOARD CIlJ~CK-OlJT UNTIL ALL PO!Vf:R SUPPLY VOLTAGES

., (.) VR1 = 5 volts

.r (.). VR2 = "12 volts

(2): Measure- the power supply voltages in the memory array. (Any· of the
.., ........

Pin
..
1 U29 :::C) . -SV

( ) Pin 8 U29 = +12V

( ) Pin 9 U29 +SV

NOTE: 00 NOT PROCEED WITI I

and: :+:12V regulators, VRl and VR2,

3- 2 CHECK OUT PROCEDI.JRE

, -

improper voltages are appJied.

(3) Insta 11 the IC' s in their

each socket on the PC Board.

( ) U3 74LSOO

( ) U4 74LS93

( ., LIS 74LS221

( ) U6 741521

( ) U7 741S138

sockets observing the Pin 1 designation on

-7 -
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() lJ2,-~ 74157

C) lIZ3 74S373

() U24 74LS14

() U25 74LSl4

() U26 74LS14

() U27 74LSl4

() U28 74LS244

• ,j,

() U31, U35, U39, U43, U47, U51, U55, U58 (Bank 1)

() U30, U34, U38, U42, U46, usa, U54, US8 (Bank 2)

() U29, U33, U37, U4l, U45, 1)49, U53, US7 (Bank 3)

() U8 74LSOO

() U9 74LS32

() U10 74LS27

() U11 74LS93

() U12 DELAY LINE

() U13 7400

() U14 7425

() U15 74LS9::J

*() U32, U36, U40, U44, U48, U52, U56, U60 (Bank 0)

memory should be installed.

(4) Double check all IC's for proper orientation and location.

(5) Refer to UfILIZATION SECTION for proper configuration of jumper options,

*N01c: If less thml 32K is being installed on the board then refer to

Section IV W1der ADDRESSING SWITCH to detennine in which Bank·the

mld connect jumper options as required.

(6) Instal_l board into computer and turn on power.

(7) . By using front panel or monitor program, deposit data int<? a memory

location that falls within the boundaries of the EXPANOORAM'fM board. Now
..... il _, ..

• ', ;;', examine ~he-same location in which data was deposited. If the proper data is

not readba~k, power the system down .and double check the "fo1l9wing: . .'

" '. (I)' Check ADDRESSING DIP Switch and WRI1C PROmO' 'DIP switch 'for the
• ). ~ • '.:~ : '". ..... " ~ .. ~ ~:; .'(~ ," _. .:: ..' .... ',11 •

. .;. '-"'.. ." '- '. correct settings~'
'.... '~'; ~."l,;.; ,' .. :-'

(2) . Check jumper options.

'.
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If thebo~rd does
". c ,....

": .-'" "'.

and'yeadback properly, crnnplete 'check-out

loading the memory test that is shown in Appendix A.'

(8) Reinstall the board and once again try to ,,rrite and read data from the

EXPA!\J1X)RJ.Vv{TM board by the use of a front panel or monitor program. ,If some

of the data bits appear to be stuck, po\ver down the board and examine the

(9) 'If the read/write test is successful, verify that memory:on the",

EXPAND6RAMTM'~anwbeaccessedin every bank of memory that is'installed on
:t ..... ..n .;' .

memory array for bent rins, or a defective memory device.

not respond in any way to write or read data, then examine the 1TL Ie's for

.bent,pins,or .improper insertions into the socket..

, I

Execute the test and verify that all locations within the lIlemory array are

ftmctional.
I

NOTE: When executing the memory di;Jp,llostic, it is reconunendcd that the memory

board not be on an extender carel. Use of an extender card may introduce

external noise into the board.

, 1,',r
1.

..
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snCTION 4
, .

4-0 UTILIZATION

This section will explain the various options for the EXPANDORAMTM

memory card.

...:.

~ EOOO-FT~FFr (Bank-3)
COOO-DFFF '. (Bank-2)
AOOO-BFFF "(Bank-Ill
8000-9FFF (Bank-O)\\
6000-7FFF (Bank-3)
4000-SFFF . (Baili<-2J/,
2000-3FFF ' (Bank-I)­
o -lFFF (Bank-O)

111213141~~

< !J.~ I': ;/'

-

,
'j"

on

4-2 /\DDRT~SSING SWITClI

board populated with 8K ~IS.

4-1 8K or 16K DEVICE SELECTION JlH-,IPEHS

Figure 4-1 shows the switch positions for address selection of the 32K

Two types of 8K RAMS can be used with the 32K EXPANOOR/\rvt'fM, whereas one

type of 16K RAM is used for the 64K board. Table 4-2 shows the jumpers

the 64K board using the 16K IWvIS. 8K IWvlS will have a dash number (Le.

4115-41 or 4108-30). The dash mnnber indicates how the boards should be ­

strapped. Refer to Table 4-1.

l, •

I'

i I

foigurc 4-1
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Where X=4 for 4115 RAMS and X=3 for 4108 RNvLS

TABLE 4-1

E16 to E17 Connected

JUMPERS

E16 to E17

"

.; .

JlJr.:[)E1<S FOR rvlK 4115-40 or -41 SELECTION
or fvlK 4108-30 or 31

NOTE: For the 32K RArvI board using the 8K, all 1<1\1\1' s for the board must be

all -XO or -Xl. The XO's and the Xl's ~ANNOT BE _tvnxED. Therefore, if

additional RA!vlS are ordered, the same type must be ordercd, either - XO I S

or -Xl's.
!•,

j
, .



TA.BLE 4-2

,JUMPERS foOR 16K RAM 64K CONFIGURATION'

...
... t· . t <

DEVICE Jur-.1pn~S

16K fWvl El5 to E16 Connected

1316 to 1317 Open

1.:4 to 1.:5 Break etch line

E6 to E7 Break etch line·

E8 to E9 Break etch; line, ' .
,~ ,

E5 to 136 COflllected'-

.. E7 to /;8 Cormected'

1:9 to FIR COlmected

.'.
", :

:H l: : NOTE: If a 64K Board is to be reconfigured for the 8K RAi\iS, then the three
r ~ :

broken etch'lines must be reinstalled, and jumpers COflllccted as shown in Table 4-1.

"..,

,ll
I.

=--... ;



(Bank' 3)
(Bank:'2)
(Bank 1)
(Bank 0)

COOO-FFFF
8000-BFFF
4000-7FFF
o -3FFF

Set 1-4

Figure 4-2

; '.

Figure ,4-2 shows the address switch positions for the 64K board populated

Figure 4-3 shows the positions for the bank selectable write protect switch.

'.

4-3 BANK SELECl'ABLE WRITE PROTECT SWITCI{

on Used for
11 121 3 14

Loff ~
off =
on =
Bank
Bank
Bank
Bank

Figure 4-3

optional output disable

protected
unprotected
o
1
2
3

-11-
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-' f '.

..,.
Figure 4-4

(Position 5 oJ- write protect sI... itch.)

, ,"'

be cut for use with other CPU's.

4-4 CPU CARD SELJ:CTION

Figure 4-4 shows the optional jumpers for connecting ~he PHANTOM

OUTPUT disable control to J1-67 or the manual switch output disable

control.

NOTE:' The "PHANTOM OUTPUT disable and the MANUAL switch output__ "4'·... . .
di~able·c~pnot be enabled at the same time. If.the MANUAL switch

output"disable is selected; Position 5 of the WRITE PROTECT switch

will control the function with ON = DISABLE OUTPUT and OFF = ENABLE

Table 4-3 shows tIle jumpering for the selection of either an 8080

1 .. card, a Z80 CPU card, or IMSAI 8085 CPU card. Exparidoram boards

are jumpered in the P.C. etch for operation with the SBC-lOO, Z80

CPU-B and most other Z80 CPU Boards. These P.C. etch jumpers may

".. TYPE OF OUTPUT DISABLE JUMPERSIt. ~ II ,

~I pi.,
1,1 f ,._ Phantom E2 to E3 Connected, El to E2t'lH'f tl l'Jill! '

Manual S\\'1 tch [1 to E2 Connected, EZ to E3

' .. None EI to E2 to E3 Open

OUTPUT.

\.'

.'

t 4

-12-
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CPU

Z80
SBC-IOO

JUMPER

E11-E12
E20-E21
E22-E23
E26-GND

E31-E32*

RIO

.. -.

TABLE 4-3

CPU SELECTION

NOTES

Insert a Wlr~ acros~ RIO holes

ETCH JUMPERING ON REV E

x
x
x

8080 E10-Ell ~lust cut Ell-E12
E20-E2l x
E22-E23 x
E25-E26 Must cut E26-G~D

RIO Insert a wire across RIO holes

HISAI ElO-E11 Cut E1l-E12
8085 E13-E14
MPU-B E19-E20 Cut E20-E21

E22-E24 Cut E22-E23 ... .~: •"t .

E26-E27 Cut E26-GND
E28-E29 . ..... -..;.,. . .. ,.
RIO

/
Add RIO (IK OHM)

C71 Add C71 (loa pf)

* (E3l-E32) prevents depositing in front panel systems and is only necessary when operating
with a wait state based disk controller (i.e., versafloppy). If this is not wanted, cut
E3l-E32 and connect '832-E33. "' ..:'

."-, . i'..:':i';:~ --'~
--.~~
~1 ~A-~t!~~f').\-\-~~·'.i..·i;; ·i¥itg~~,,!-~



is truc:

cycles to and from other ~~emorx. bO(lnl~.

Figure 4-S shows the jumper options for enabling/di:;;:lIJling DMi\.

/;] 5 10 I: 14 t:OJlI1(~C t cd

I: J 3 to nil (~)el1

Figure 4-5

!N/\

Disab 1c'd

Enabled

that the board will not execute refresh cycles Juring a 1l1A, if the J1v1A

is enabled. If UvIA is disabled, then when a DtvlA cycle is acknowledged, the

board will execute its automatic refresh cycle to retain memory during DMA

the refreshing requirement of the dynamic memories. It is important to note

NOTE: J1v1A to and from the EXPi\.l\JLXJIWiU1 is limited to 1 ms OJ' less due to

i\ D\IA read cycle will be triggered \vhen the fo1 JOIl' ing logic;]l equation

'-OJ? 8 OR () and
·2,80 CPU CARDS

ONLy!

f\ D:'vIA write cycle wiJl he triggered \·",ith the follmvilli', clll1dition:

-13-
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! TI . I T2 I T3 I T4 I T'

I 1 I I I 1 ' I I r i'
q,1- .'-----

~21 I II i II I II I 1 I
$2~ I II' i j' I III' 1 I L
• I I I

SYNC I I! I ,! :
MEMR I! I I I I
DBIN I I I I IL-__,I_----_

I I I I

MI II II I
RAS I I I ; I

.\ READ I I I REFRESH 1-----------
. C~CLE. . CYCLE .

I I
I i I I

MU:'--------- l i I55-------, ,------=--=---=---=--=--=--=--=-======
OP CODE FETCH CYCLE (8080 CPU)

PO /301;'::86'0.0-. '..... '~28.2~"·.F··O::'b6..

·i.-: .:.. _;,.

~ SO Systems

SCALE NONE iNO 0100004
....nl'Y2

t:-:-)o.
.;:~~~.~ .....-..... ."...

OP CODE FETCH CYCLE (180 CPU)

I~...,,·,.-·

i I I I !
TI T2 I , I

01 1'------'\ I I I I T3 I I T

4 ,"----C
'2~ Ii I II I ,I I I :-
~: Ii ·1. !i I Ii I I -L

SYNC . I .----'-,-'-----~----

I ~MR~ II I' I' 1----;--1-----
KFSH ,,-----

- I II I
RAS I I I 1.-------

I !~-
MUX I I II I 1 _
CAS I I
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I I: I
(hI 1----'1 TI I I 12 I i T3 I I T4 I L
- i I
~21 j I I I I I! I I ,

I ! :
SYNC I ,__---:-' _

I I I .

MEOW ! I Ill-.-,-----

RAS I I ! I

MUX I I I
CAS ! I '-------------:--:-

; i i:----------

WR'T- I: '•• - I •

I
MEMORY WRITE CYCLE (ZaO~8080CPU'S)

PO Ekllli2'88'O.o.-a,. T.... T5rrZ2SoZ14-271.4661

TIMING. DIAGRAM FOR EXPANDORAMAPPD

'""0

1tL.$D

--------,
~ 5EJf;;. SO SysterT1s
~

~ ..{:rr, .:J I 1;sItUIZ ~ 2 I I I

.''''1';f.T';-;'~~~'~' j ~~~~~_"-.--_'.~ ••__ ~ .L~~.. , .......- ...•..'"r-...i;j.~,.......-..."......

READ CYCLE (Z80a 8080 CPU'S)

I I
Tl I ! T2 I I T3 I T4 I L'TI

01_. j I , ~ 1--__.

- i :

'Pi I I; I I: I I ,
;r~ jill' i I I I I I L
'l . i I I

SYNC _--I I 11......--_---.---._---,-' _
I I:

MEMR I I I IL--':""'-!--------
DBIN / i i l _
RAS I I I

MUX I I~I _
CAS, - .., I I

," . .':' .~~.~
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SD Systems
POBox 2BB 1 0 • Delles. Texas 752c:!8 21L1271·4S67

.,
:/

- - - -- --~-----'-

BILL OF MATIERIALS

.-"-'r"--"- ~ _, ~ .

,
Tltl.: . '..... Pl Ho. Rev,

·i'.h

E
"EXPANDORAM, 32K 01000110

R.lea.edl Ap~rov.d:
. ~ ~. .-'~;:,1 :Date

Sheet 1 r Of ) .. . ., :,",
'IS; &::--- '.i,;~;. . I:'!.

"... '
- C'».if' Qty ~·S~PIN

, .:~~<. Deter.ption o' 'I' ~:~ Unit Co.t-" Ex ten.Ion ~'. " .., ..
)

"- , .
f --.-

70jOO09
. -

lOMF,2SVolt
j;'

1 6- Min. Tant, Cl,ClO,CI3,CI8,CI9,C22 ·1
~

100PF 5% Dipped MICA, C7 '"2 2 7030004 <':3, .,
"

] 2 7030005 200PF,5% Dipped MICA C6, C14
;

4 60 7030007 • 1 MFD, C2,C4,C5,CR,C9,CII,CI2,CI5,CI6.C17,C20,
- - ._- -.---.- -"

C21, e2J-elO
-_._-,-~., ,1

5 1 7040003 IN751 5V Zeller, Cnl
-·,f

"6 1 7040001 lN914 or INld48 SlUcon Signal, eR2-----_._-
~7 2 7010160 74L500, Quad 2 Input NAND Gate, lI3, liB j

1------------._._--._-
- 8 3 7010205 741.593 4 JUt Binary Counter, lJ4, UII, lJIS ~

'~

9 1 7010259 74LS221" Dual Monostable Multiv. , U5 " ~,
.. .- .

10 I 7010175 74L521, Dual 4 Tnput NAND Gate, U6
ft----'--'-~----'-~-'------------- ,J
l

II I 7010219 741.5138, ) t.o 8 LhH~ Decoder, U7 1i:
- i

12 1 7010181 74LS32. Quad 2 Input OR Gate, U9

13 1 7010178 74LS27, Triple 3 Input NOR Gate, 1]10 •
\

14 1 7010001 7400, Quad 2 Input NANn Gate, un ,-

~--
"

15 1 7010022 7425, Dual 4 Input NOR Gate, U14 ,
\

16 2 7010228 74L8157, 2 1 U16, 1121
~'':'. - '-,' ."~

Quad to Line Selector, - ._ 1-
I~'~~f<'0}~17 2 7010093 74157, Quad 2 to 1 Line Selector, U17, U22 - .. !. I~

18 5 7010172 74LS14, Hex Schmitt Tr fg, , U19 ,U21, , U25 , IJ 2(j , IJ 27 ~!:.

19 1 7010196 74LS75, Quad 4-Bit Latch, U20 W
~ ..r20 I 7010339 748373, Octal 0 Latch, tlZ) ,

---
- ~., ~

'I:21 I 7010264 74L8244, Octal Buffer, lI28 ,.
!

:22 16 7010325 MK 4215 16K X 1 Memory, U:L9-U60 d.. .. ~
"' --r; I ,~23 1

,..
7160001 7805, 5 Volt Regulater VRI (-- ,



SD Systems
P,O. Box 28810 e Oelles. Texas 71':5228 214·271-4Sa7

BILL ~" OF MATERIALS

,"
-" .i

j Tltlel "L No. Rey. f
EXPANDORAt'1. 32K 0100000 E t

Dat. 1.I.a.ed: ApproY.d: •
Sheet 2 Of 3 ...

It::' Qty SO-PIN O'tlcrlptlon Unit Coat fxt.n.1on ~
- .,-_...

; 24 1 7160003 7812. 12 Volt Regulator~.. VR2
-~.

25 1 7020053 150 Ohm l.t;w Carboll. itl
I ".- :,t-.

26 1 7020169 4 .1K Ohm 1% 1/8\~ Metal R2 Film - "~
!

27 1 7020170 6.8K Ohm 1%, 1/8W Hetal Film RJ - .
28 1 7020037 33 Ohm !i;W Carbon, R/~

29 2 7.020085 J.3K Ohm l.t;w Carbon R5. R6
~

30 1 7020065 470 .Qll.!!!..l41Li,:gu;:!lg)L. r.~!_ ,
-...-._~---- ..._-_..._-

~,
31 I 7020073 lK Oh~ Carbon R8.. --_ ..-.._-,."_ .._- ..

.1 32 1 7020056 200 Ohm ~W Carbon R9
,~

33 1 7010344 3.3K Ohm (, SIP, RPI I ~Pin

34 4 7010345 3.3K Ohm 10 Pin SIP, RP2-RP5 -
35 1 7010346 33 Ohm 16 Pin DIP. U18

36 1 7040005 2N2222 Nl'N Silicon 01

37 I 7050001 5 Pas. DIP Switch. Ul .
38 1 7050002 8 Pas. DIP Switch.1- U2

'39 I 7010343 TTL Delay Line. DNJ !.5. U12
.~--~ ...-_..

40 1 7130003 Ilea t Sink 6106-13 -.

ld 2 7130006 6-32 X 3/8 Screw PPH

42 2 7130007 6-32 Nut

'~3 16 7~'~~~~ 14 Pin DIP Socket. I
.

44 40 7060003 16 Pin DIP Socket -
.

45 2 7060005 20 Pin DIP ~,-,,,IcAt-

46 9 7170001 Wire Wrap Pins
.,..

t~ ~:. .

!J.7 1 0100002 P. C. Board
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Approved:
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Sheet J

Unit Co.t

0' J
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I
!
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t

I

! 48 1 7020073

49 1 7030004

Resis tor, lK, ~w, 5% R10 (oPtion[~, _+_------+__---__t

Capacitor, 100PF. 5% Dipped MICA.C71(Op~.~i~o~n:=a=1~)~~----------~----------~
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