
·· I~ia:cch 12, 1975 

LD12: :Conversion from 16 word to 1K memory and/or 4K memory • 

. C~nversiori from 16 word to · 1 K · 

· 1 ~ · · Installatidn of sockets· for memory chips: . · ·· . . .· 
· · Instali 12 16 pin, wirewrap sockets inloca.tions· 
D5 to D16. · · J.!'or ·the sockets in D6 to D15 incl11si ve; pr•oceed as 
follows: : · ·· " · 

· After ins~rting sockets, cut off.all pins.exceptnum'Qers 
11 .and.12.·'-,Solder the 14 cut off pins to t:he.'Pusses· in the 

'back panel:;, · ' 1 • • •. • • · · · •· • 

. For socket D16: • ·· ' · · · . · · 

. After inserting' socket, cut off pins'9, 10, 13,.14, 1.5 . 
' and 16. solder all pins except numbers 11 and 12 to the busses 

provided ';Ln the·. back panel. ··'·' 
·, .. · 

F6r"Sqckdt D5: . 
Afte'r inserting socket, cut off all 'pins. except 11, 12~ 
13,. 14, 15, and. 16. · .. Solder all pins except 11 ?-nd 12 

· to .the busses provided in the, back panel. ..· ·. . . . 
· · ·· Great care must be taken to prevent solder from···· 

· bridging between busses • · ·It is recommended that this . 
soldering b·e done with fine gage (28 - 30) solder, and that 
a cool•iron be used. Either do the soldering under a· 
microscope,. or examine the job careful'ly under a micr6scope ~ 

<when. ,completed. . . . ·. · · · · · · . 

. , . 2. ·' :Ins4all /socket for single shots: ,. . 
, · · · .Install a 16 pin, wire.wrap socket in location B-17 • 

. ·.Solder pin 8 (ground) to the plane of the back panel. 
Solder pin 16. (.Vee) to .the plane· of the back panel. This. 
socket is for the Dual Retriggerable Monostable Multivibrator 

· ·· , .CFai,rchild 9602) ~ ; ' ' · 
•• • f 

3~· Locate 'stake pins: . 
· · · .. · .· 23 stake pins will havEl been .installed on the. back panel. 

!12 of the stake pins are immediately to the left of the three 
16 piri socket positions above the portion of Row B which . 

,is bussed for memory. The socket installed in accordance 
with paragraph 2 should be in the lower of these three-positions. 
Two rows of pads labeled 9 and 10 as shown in Figure 1 (viewed 
from the back ·of the panel) are next. to the socket. Stake· : 

':eins _with the pins pr~jecting toward the back of the panel 
(as do the socket pins) will be found j.n the holes in pads 
H, R, P and T·. · .'Note that the letters appear in Figure 1 

. only and not on the back panel. · ' 

·.~ · 4. Install RG timing combinations: . , . , 
.• 1 · Install t:Q.e two 270 pf capacitors from the front of the 

/ · :panel. Insert one in the holes in pads G and .Q, ·and ,the other 
in the holes in pads 0 and s. Solder in place' and cut off the 
excess leads~.: Install two 18K resistors from_ the front of the 
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panel through the hole in pad B and hole Y ;:, the Vee bus, 
·and through the hole in pad J and hole Z of :~he Vee bus. 
Solder in place and cut off the excess leads .. Install·two 
1800 ohm resistors from the front of the panel in.the two 
holes in pads C and F, and in the two holes in pads K and N. 
Solder in place and cut off the excess leads. · The smaller 
resistors are .the trimmer resistors and will give a pulse 
of from 1.5 to 2~0 microseconds. The Intel 2102 memory 

.requires about .1 microsecond to read or write. The trimmer 
resistors may be changed if it is desired to change pulse 
length. . It has be.en found that a .001 mfd capacii;or and 
a single 4.700 ohm resistor will give reasonable results •.. 
(See page ?~15 .of F~irchild TTL Data Book, 1972~) . · ... ·· · . 

. ~ I 

. · .5 •. i Wire. ·t·he singl~ shot (Fairchild. 9602) socket: · · · ··. 
· The Fairchild TTL Data Book contains pin assignments 

if this information is desired. In the following instructions 
pins are referreO. to by column, row and pin number. . The 

.. 9602 is located at B17; thus its pins are designatE;)d' B17-1 
· to . B17-16 'inclusive. Wirewrap (or unwrap), as follows : . · : 

· · · Connect F12-9 .to B17-4. · · · · ·· ·. · · ... · ' · · 
· •. Remove wire between G4-11 and E1~-2. ·· 

·· Connect GL~-11 to B17-11. . .. 
Connect.B17-5 to B17-3. 
Connect B17-3 to B17-13. , · . 
Connect· B1·7:...13 to B17-16(Vcc). 

, Connect B17-12 to B17-8(Gnd) • I 

. Connect :B17-14 to the stake pin in pad P. 
·· .... Connect cB17-15 . to the stake . pin in pad T. 

Connect B17-2 to the stake pin in pad H.· 
·. Conn,ect B17-1 . to the stake pin in pad R. 

: . . .. ' 

ConnectAnd-Or-Invert gate (SN7451) as a NOR gate·to 
outputs ()f the single shot: · · 

The SN7451··. is. already on the backboard. at location K17. · 
.. Connect B17-6 to K17-1 • 

Connect K17-1 to K17-13. 
· Connect B17-10 to K17-10. 

Connect K1·7-10 to K17-9. 

7.· Connect a WRITE signal to the proper memory bus: 
The low side of one of the single shot outputs is used 

· for this purpos.e. 
,Connect B17-9. to D16-3 

8. Rewire D-type flip flop controlling CYCOMP: 
The original wiring is shown in figure 2. Note that 

the .write signal caused the D type flip flop to go high. 
7489 memory is so fast that this simple system would work, 
and 1.n1hen the WRITE signal went down, Q became CYCOMP(Hi). 
However, the 2102 memory is comparatively E?low, requiring 
about 1 microsecond to accomplish a read or a write.· An 
LD12 lias .. O.perate~· properly at clock speeds .hCJ..ving a cycle 
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time of less than 1 microsecond. The O"l. · of the sys"'cem 
' used in this instance for this type of m.. is shown in 

Figure 3. It will be seen. that the WRI 1T ;nal to the 
single shot now causes . the D type ,flip :f ,;o go dovm and 
to stay down until the single shot timir. ' ~le has been 
completed.·. At. this time the output of' tf, . ._. c;OR gate goes high 
and the flip flop goes high. This situation requires that the 
leads to pins 5 and 6 on the D type fli.12, flop be.interchanged, 
because Q is now CYCOMP(Hi) instead of Q.. :-: · · · · .. · ··. 

· · . . Remove wi+>e ·between E14-1 and E14~13. . 
Connect K17""":8 to E14-2. 

· .. · , ·Connect E~4-2 to E14-1.. . . 
To', exchange· the wires on E14-5 and E14-6: . . . 

. . "The. wire. on: E14-:5 extends across the board. to M4-4. 
·. It m.ay be •p.ossible to disconnect .this wire from E14-5 

.·. and connect' it to E14-6 without, using a.::new wire. If not, 
·.·,Disconnect· E14-5. , d • · ' • 

· :Disponnect E14~6. · ·. .. ... · .. ·. 
·Disconnect M4-4 and remove wire •.. : · .· ···, 

:' · ... ' . 

Connect 'M4~4:to··:E14-6. · · ·. ··• · .. ·· .. ' ·· 
The· wire which has been disconnectedfrom.E14--6was 
daisy chained E14-6 to F14-3 to F15-3 to F16-3 to J7-3. 

,J7-3 is not the end of the daisy chain,·but allwires 
noted should be removed up to this pointbecause F14, F15 
and F16 are the sockets containing the 16 word memory, 

.. \ ... 
v1hich. will no longe·r be used. After the 4 wires are . 
removed, connect J7-3 to E14-5. ··I , ...... , .· 

· •· 9. Connect the ten low order bits of the Memory Address 
·· Register 1 to the 10 memory address bits: · 

.· >' 

· · · ·: The correspondence is: 
·. 2102 Memory . · . . .. MA Register Bit . 

< ; !~ . ' . ' ·. : ~~ .·· 
. ·.··.:.A2 J .·; .. MA4 
· .·<' A3 ... MA5 . '·;.: 

1.'. 

i ·, 

A4 ,. MA6 
· i ·A5· MA7 

·A6 :..... .MAS 

.··~ M~ 

:·:·: 

. . . ' ~ . 

:·~ M~O 

A9 MA11 
Ifit' is desired to use thethree 16 pin sockets occupied 
by the SN7489 •·s for some purpose, the wires may be removed 
from'these'sockets (See paragraph 13), ·If these three 
sockets ·are to· be. cleared of all ·vviring, it should be done 
at this point •.. The following instructions may be carried 
out whether or not those in paragraph 13 have been completed. 
Connect up Memory Address as ·follows: 

· Connect F13-7 to D16-8. 
Connect F13-10 to D16-4. 
Connect F13-12 to D16-5. 
Connect F13-15 to D16-6. 
Connect.F12-2 to D16-7. 
Connect F12-5 to D16-2. 
Connect F12-7. to D16-1. 

-·:. : 
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Connect li'12-'10 to D5-'16. 
Connect F12-'12 to D5-'15. 
Connect F'12~'15 to D5-'1~p 

In order to keep memory enabcled, chip en, 
Connect D5-'13 to E5-?. 

must be grounded. 

'10. Connect Memory Buffer.Register to Dat. ~n: · 
Connect F6-2 to D-16-'11. 
Connect F6-5 to D15-11. 
Connect F6-7 to D'14-11 .. 
Connect F6-10 to D13-1'1. 
Corinect.F6-12 to D12-1'1. 

·Connect F6-15 to D'11-'1'1., · 
Connect F5-2 to ;D"J0-1 1. 
Connect F5-~ to D9-11 • 
. Connect ]'5-7 to D8-'11. 
Connect F5-10 to D7-11. 
Connect F5,-12 to D6-1'1. 
Connect F5-15 to D5-'11. 

11. Connect Data Out lines to· Muxes: · 
· Connect D46-12 to H12-13. 

Connect D15-12 to H11-13. 
Connect D14-12 to H10-"13. 
Connect D13-12 to H9-13. 
Connect D12-12 to HS-13. 
Connect D11-12 to H7-13. 
Connect D10-12 to H6-13 • 
. connect D9-12 to H5-13. 
Connect.D8-12to H4-13. · 

·Connect D7-12 · to H3-13. · 
Connect D6-12 to H2-13. 
Connect D5~12 to H1-13. 

12. Insert 2102 6hips in the twelve memory sockets~ 

13. It.is desirable, if one expects 
~emory and to interface peripherals, 
on the sockets at F14, F15 and ]'16. 
remove the. following connections: 

F12-15 to F14-1 
.F'14-1 to . F15-1 

· F15-1 to F16-'1 
}!'14-2 t 0 ]'14-8 
1!'7-·12 to F·14-4 

' H4-13 to F14-5 
· F7-13 to. F14-6 
H3-13 to·F14-7 

.H2-13 to F14-9 
F7-14 to F14-'10 
Wl-13 to F14-11 
F7-1'5 to F14-12 
J1'12-7 to F14-13 
F14-13 ·to F15-13 
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F-15-13 to F16-'13 
F-16-13 to E16-12 
F12-10 to F'14-'1L~ 
F-14-14 to F'15-'14 
F15-14 to F-16-14 
F-12-12 to F14-15 
F14-15 to F'15-'15 
F15-15 to F'16-'15 
F'15...;2.to F'1'5-8 
.B17-6 to F15-4 
HS-'13 to :&115-5 
F7-7 '<to F15-6 

. H7-'13 to F15-5 
H6-13 to F15-9 
F7-'10 to F15-'10 
H5-'13 to.F'15-'11 
F7-11 .to F'15-'12 
:B''16::-2 to F16-8 

· F7-2 to F16-4 
Wl2-13 to F16-5 
1!,7-3 to 1!'16-6 
H1'1-13 to F'16-7 
H'10-13to F16-9 
F7-4 to ]''16-10 
H9-13 to F-16-11 
F7-5 to F'16-12 

Make the following connection: 
F1~-7 to E'16-12. 

To install an additional 3K of memory 

14. Install sockets in A5 to A16, B5 to B16, and 05 to 016. 
Follow the procedure contained in paragraph 1 for each 
individual column. That is to ·say, whenever 11 D11 appears 
in paragraph 1, \referring to. sockets, interpret it as 11 Aa, 
11 B11 or 11 0 11 depending upon which column of sockets is to 
be installed. 

Connections for SN7442:. · 
Ground unused inputs: 
Connect H14-13 to H14-'12 • 

. Connect H'1'+-12 to H'14-8. 
, Connect 2 l1igl1 order bits J..n the, memory ·address: 

Connect K'16-'1'1 to H14-'14. 
Connect K16-13 to H14-15. 
Connect Chip Enable to the proper column: 
Disconnect D5-13 from E7-5. 
Connect H'14-'1 to D5-'13. 
Connect H14-2 to 05-'13. 
Connect H'14-3 to B5-'13. 
Connect H'14-4 to A5-13. 
Insert SN7442 in Socket H14. 
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16. Daisy chain remaind: of address signals: 
Connect D16-8 to C1~-8 to B16-8 to A16-8 • 

. Connect D16-7 to C16-7 to B16-7 to.A16-7~ 
· Connect D16-6 .to C16-6 to B16-6 to A16-6 .• · 

Connect D16-5 to C16-5 to B16-5 to A16-5. 
Connect 'D16-L~ to C16-4 to B16-4. to A16-4. 

~connect'D16-2 to C16-2 to B16-2 to .A16-2 •. ~, 
· :. ' Connect D16-1 to . C16-1 ·to B16-1 to A16-1 .... '\ 

' i_ .··Connect D5-16 to C5-16 to B5-16 to A5 ... 16. · 
Connect D5-15 to 05-15 to B5-15 . to A5-15. ·. · 
Conne~t D·5!""14 to 05-14 to B5-14 to A5-14~. · ·· 

Daisyi; ch~in. memory WRITE. signal:. · 
. ·Connect p16-3 tp :C16-3 to B16-3 to 

. , .. ,.· 

. .; ·,:; 

18:.' · Da:isy .chain :Oata In: ···. · !- ', .... 
. ,.. ·Conn·ect.-.D1·6.-11. ·to 016-11 to B16-11 ''to·. A16~11 • . ·<·:_:·.: 

.. , Connect .D15-11 to C15-11 to B15-11 to . A15-11 • . 
Conn·ect. D1·4-11. to C1LJ--11 to B14-11 to A14-11 :.· 

,,:<connect D13-11 to 013-11 to B13-1'1 ·to' A13-11., 
Connect D12-11 to C12-11 to B12-11.to A12-11. 

:Connect.D-11....:11 to C11-11 tb B11-11':to A11-11. 
Connect .. D10-1.1 to C10-11•. to B10-11-. to A10-1.1. 

·.····.Connect D9-11 to C9-11 to B9-11 to A9-1'1• .· 
Connect .D8 ... 11 to C8-11 to B8-11.to.A8-11 • 

. Conne6t D7-11 t~ C7~11 to B7-11 to A7-11.' 
··Connect D6..;11-to C6-11 to B6-11 to1A6-11. 
· .···Connect D5-11 to C5-11 to B5-11.' to A5-11. · 

: ,·,;.··. .,'" . ·, .. 1 

19., Daisy chain Data Out: 
;.. Connect· D16-12 to 046-12 to B16-12 to A16-12. / · 
· ... Connect D15-12 to C15-12 to B15-12 to A15-12. 

·, Connec.t D14-12 to C14-12 to B14-12 to 'A14-12 • 
. Connect D13-12 to C13-12 to B13-12 t~ A13-12. 
··Connect -D12~12 to C12-12 to B12-12 to A12-12. · ·' 

Connect ,D11l.12 to C11-12·.to B11-12 to A11-12. 
ConnectD10-12 to C10-12 to B10-12 to A10-12. 

· .. Connect· D9"':"12 to 09-12 to B9-12 to A9-12. 
! ... .·.·Connect· D8-12 to C8-12 to B8-12 to A8.:.12. 

Connect D7-12 to 07-12 to B7-12 to A7-12~ 
, .. · .. Connect D6-12 to C6-12 to B6-12 to A6-12. 

'Connect D5..;12_to C5-12 to B5-12 to A5-12. 
·.. · .. ·. ! 

20. Insert 21·02 chips in the 36 memory 'sockets. 
. . 

21. · Material required: 
.To convert 16 words to 1K: 
2 270 pf capacitors; 
2 .· 18K, %watt resistors; 
2 · 1800 ohm, ;r.watt resistors; .. . 

. 12 Intel 210·2 memory chips, or equivalent; . 
o; · 1 Fa,irchi1d, 9602 Dual Retriggerable Resettabl€)· 

._. ,· ·.· , · .Monostable Multivibrator; ':·· 
13 . 16 pin iWirewrap sockets. · ·· ;' · ·, · · 

·, i,; 
' .. ): 

., <.,''·' 
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add an additional 3K of memory: 
'16 pin \'lire wrap sockets 
SN 7442, 4 line to '10'line Decoder, BCD 
I'ntel 2'102 memory chips, or equivalent~ 

.: '; 

·' 
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probe. 
•pu:'.se:::: 

.;; 10525-600~5 pulse men:o:cy box 
'i 1' 

;9_Il.~CI~ .. ~924,:·;·Ne~cl_lc I r~ose plic_rs 

: :S'HTl:5904· Dlagqnal Cutters 

; QHT459Lr6>Very.)ong raose pl:Lers 
' ,'.,~-I i'<:; ">: ' : --i ~' ' 

;iA2J1:~ rl : .. ;i: r 
Hr.c:hir:(~ ~:nd,Tool Co.~ Bro~:1x~ N.Y. 

.· .lM'·0Q3R ' . • Um.;rran tool 2L,-32 r.rz., LH. 
.. . ( . i.. ' ') b Sl , 

/strip tool 
.R9pla7ement blade · 

and a bit 

tool (catalog.p IVA-9) 

• (see address below) · 

solder tip plug 

Sherman Way, Bldg B, N. Hollywood, CA 91605 

about 
about 
about 

about 

$13~75 

90(;00 
90 .. CO 
20.00 

5.97 
6.37 
5.97 

4o 
~25 
~.75 

~-~·00 

2.96 
2L48 

ga.· white, 500 ft. ::~pools 1000 ft.: 7.15 

' black 
same for any spooling (500 1 , 200 1 , etc) •. 

catalog, so I would suggest calling them 

are about half the p~ice of most places). 

Hill. Av., Costa Mesa, CA 9.2626 

.DIP s.o.cke;tj 3 'Y.ire wra,p, gold plate .. 
(71!,.) .540,,r5L;.90 

mflyb.e. (:40 

:ead of ~old is okay; 

:·l ::,. 1: ::, .' . :·,··, ,~: ,.: _,_ v:... :;olci is \.Jo-rth it w 

~~ • L:-0 

!l '50 

check current price to see 
To order t~n pl3te 1 c~2n;e 
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