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Notes
# Gate symbols and signal names are presented in accordance with:

logic 0 = 0V, GND
logic1 = —12V

Nbb,
4 The symbol w’ denotes a physical connector pin. bb=board, pp=pin. Solid black end
is the male side of the connector. White end is the female side of the connector.

¢ — >— Arrows indicate direction of signal or energy flow.

# The symbol Y with no label denotes —12V.

# The symbol A with no label denotes +4.5V.

4 These drawings are based on three sources:
- Redrawing and interpretation to logic of the reverse-engineered

discrete-component schematic produced by K. Krause in 1986-7.

- Photos and examination of Unit 1.8400903 by J.Ongena.
- Board photos of a unit, from DoPecc.

Revision Log

4 2025 Sep:  Initial drawing / bhilpert.
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Decoder o} y
2-0f-8 to1-of-16 1-of-4 Decoder _»| FSM2| j |FPWORK| | FSHLF |
16
Digit-Line Y
Drivers Transfer /
ey JTTHLHTEL ] ¢ [ ]
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Reg-Bit [—=] =4 :ense Gate k2 . 4 Matrix y
Pivers e AKD AKX ] Multiply Secondary || FBXLD
| FPML
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KCoob)—toRe
11 dupli ! OACOUNTER
e Nosk npou | e
FPWORKE> tA_START~ ' K DIvioe
MN23L Master clock
MPPAEE> N6L
SHIFTE>— 24.9Nd Jo [Nzac oA10
FPWORK B———— 24A-2.2
N24.K | N25H N25.S N18.D
O —CQ SE~ - Q ——m—>0A
== 10n
FOA
T25.6 T
7
N29.S  N25.J N25V  N18H
a——m—RE~ -m Q~—4
N23.T N30.Y
N25M | N17.V
Q Q 0D

FOC1 FOC2

T~ -m T25.11

10
N25.W N&.M

Q~ Q~ * ' 0D~

N24.Ly N9.M
N10.M
N11.M

25.15PH N25B  N2.J

ON~ >
oce=0 N25.C  N13.J

N25.D N13.K

0CC=2

N25.E  N8.F

*@M capacitors:
K87: Both 200p.
#903, DOPH: T25.4.C=1n, T25.5.C=2n
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FPQ2 - ~
a1 g UP~_(PQC2)
FPQ1~

DOWN~ (PQC=2)~

—QTG~-g9 —Q TG~ -g9 TG~ -gg

Q Tk~ Q TK~ Q TK~
oDe—CjRE~ - Q~ Negl

ON~> FOD1 F@D2 FoD4 FoD8
17A-2 T~-g TI74 T17.3 T17.5 7.7
oD 2 4 6 8
N30.K
-

>

28 NI7B N13:16C P T NIZK  N13B
; ; 17A-6 y—a———>0Dd : 4 : 17A-6 O m—>0DD
28 NI7.C N13:16D P T Ni7J  Ni4B
| e A e one e o rm 0DC
s NIZD N13:16E . NIZH  Ni5B
| e i e omb L me G R QDB
P NIZE Ni3:16F . NIZF  Ni6B
; ; 17A-6 y—a———>0Da : . : 17A-6 O m—> (DA

200 25.1Nd SE~ X Q NSL N.‘:&'J—>®N
N20.L
>

5000 = FON
= T25.2 N21K

N17.M N18.C

| 1720 D15
N22.K

Major-minor Decoding

2 & (1-of-4)

a b c d

Alo 12 3

Bl4 5 6 7

cCl 8 91011

D 112 13 14 15
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(2]

NK.11

N21.A

3

37

y

+5

]

keyboard daughter board

cr 5 %22}(
5 ; KCT~
oM, s
0 o—m—o KCM~
L Py
=5 e EoK NKZ9 NZTK o
—O = * -
1 5,,% ; 2 Lekro1~
il?) ;79 %”K NKAT NGOA
+ S | N26.U
HT
S |65 %ZZK “ NK25NOL
e 5#% H I L ko~ N31.L
= ; v
"&E g EK NKd2 NZBX
o b 14 " $D.D
= 5p% H §GSK L
M, 8 %”K NK44 N27M
0o = Kt~ ;
= : 100K :
RM, i %ZZK NK43 N278
O—eq—mn KRM~ ;
= 100K% : :
1 Y $DK |
S 6 ?22}( SON__ i
O O T KR~ e :
i %T RSEL K~>—b g
..................... : Y—o—f 0-p-d 5980 Y0—6-2C = RAD_CLR-

+$D:  MOD2025.12

Modification to clear RA for division and exponentiation (KNn(K).

« 68K R: MOD2026.01

Adjust KNn~ pulse margins.
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" A KA0 D0 245 wp seTSUB-

“ o KA0 D0 15, mp serADD-
O

O 22K

o) %22K

36 NK.36  N21.J
m—>KOPME~

) 35 NK.35 N22.F
m——>KOPDE~

2 NK.20 N24.M
m—>KOPAS~

(b

NK.21 N24.S

—>KOP~

N19.B  N27.D
KCLR_RK~

* KCLR_RK~ is a 0-pulse of ~ 28mS.

« Keyboard daughter board appears to be a
modification to the initial design.

With the daughter board these diodes are
inactive:

KME~ x X 20
KDE~ 21

pulser K7



NK.6  N30.T
O——W—>KP~

KNML~

]

|_—0RK rO—'P—°d L FPWORK
L H RK = 0 -
: RB = 1
' RA =2 N3OF
: RM =3 N19.J | N1.14
; 19A-0
i Ave—[SC~ _J
! >K~ M~E>—QJSC~
; : : FRS2
! FSM3>—|_26PLc Jo————d 26A-0 )0 : ; T19.§
Bl ¢ 7 KF§~>J : ;
O O—=,——o — 47 NK39 N19T :B~ K~e=—QRC~ Q~
= | O MATO_H R S
i KDE~E> 'W 4700 : B~e—QRC~
: T : :
RALON | g :
; NK 31 S
) : KME~ B> A MeB—QSC-
: KToT~—d KPLT 1) : : FRST
: o 1on : ‘ T194
] RSEL_K~D> 10K : : 5
RMgwh | oo %22K = NK4O N1V y K~E—O[RC~ o~ _J
O O—=m——o o——m—{> M~ U e
= : : A~E—Q{RC~
“““““““““ |
\ NI9M  N1.16
19A0 £RSEL_ M
N19F NK45 8 (0
19.9Nd Jo—0 5 5 (L
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Sequencing Matrix
Qf—FSM1 417e—d 26PLc Jo-d 26A-0 )0 QTM~ Qf—>FSM4 8.1TH ™~ Q—+=FSMs
FSM1 41GE 7 FSM4 8.1GE FSM8
T26.1 T26.7 T275
2 8 8.2TE 6
Q
KMUL~E> . 7 N27'J Q~[0—>FSM1~ Q~fo—&>FSM4~ 8.2GL Q~fo—t>FSM8~
KTOT~E> 1.3Te—q| 27PLc Jo-d 27A-0 )0 ’ 8.3TH
0O
KR~E> 1.3GE
N26.F N27.F
KNn~E> 84TE FSM2>——————————1>FSM2
KIM~E> 2.1Te—d] 26PL-d Jo-d 26A-0 )o———TM~ QF—FSM2 5.1Te—d_26PL-c Jo-d 26A-0 )O——OTM~ Q—t>FsMs 84GE
i .
FSM2 51G FSM5
KRM~E> 263 i 269 8.5TE
RSELkore 22780 2PLe o-d 26A09 4 5216 26 o-q Z5A0)9 10 asar
| 5 i .
RSEL A~t 2.2GE Q~[0—t>FSM2~ 52GE Q~o—>FSMs5~ 86T FSMBES NTH NBH o rows
RSEL_B~E> 2.3Te—q] 26PLc Jo-O[ 26A-0 JO 5.3T6—d_26PLc -] 26A-0 YO
- Q (@)
NEG~E> 2.3GE 53GE
N26.Z N27.Z
FSM1 > 3.1Tes—q] 26PL-c Jo-0 26A-0 Yo————TM~ Qf—+=FSM3 6.1Te—d 26PLc —-ESM—Spc-—oTM~ Q 9.4Te—0] 27PLe Jo-d 27A0 Yo——— TV~ Ql—Fsmo
®) ) ~
FoMr 3.1GE Tobe 6.1GE Fouis 9.6 9 FSM9
Fowo  32Ti—d ZPLd - ZA0 ] 8 67— Z5PLd - 260 >0 2 e
Q (@)
FSM4t 3.2GE Q~0—>FSM3~ 6.2GE Q~o—>FSM6~ Q-b—=FsMo-~
Fowse  3TE— 26PLd -0 2500 )0
FSM8E= $10.3Te>—0] 26PL-c Jo—-d 26A-0 30
(@)
FSMoE> $10.3G6;
FSM10E HATE—q] 26PLc |- 2640 )0 W 7T 27PLc o] 27A000 qM~ Q 10.1Te—d 27PLc Jo-o 27A0 Yo———J M~ Q—e=FsMi0
HAGE 22K$ 7.1GE FSM7 101GE ? X FSM10
= 1213 i T27.9
. - - f
oo 2P o~ 26A0 Yo e 102170 2rpie -0 27800 °
HoGH Q QZK% Q~o—=FSM7~ 10.2GE Q~o—>FSM10~
Sequences Actions Sequencing Matrix Connections
Initiator Triggered Pulsers Mono Period Action Description Destination Pulsers
KMUL: 33 51 84 (22 FSM1: 24mS  RK<=>RA Enable transfer RK & RA Source ! 2 3 5 6 |7 8 9 10 H
Outputs 12 3/12 312 3[1]12 3|1 2|1]1 2 3 45 6|1[1 2 3|12
KTOT(NEG): 8.1 1.3 2.1 71 FSM2:  5mS 0=>RA Clear decade RAD KMUL~ G T G G
KTOT~ G G|T
KR(A): 8.6 H1 1.2 21 3.1 FSM3: 5mS 0=>RB Clear decades RBD & RBX KR Gle T G
KR(B): 8.6 H1 5.3 2.3 3.1 Select RK if KR Pulse KRK if KR ~
KNn~ T G G G T G
KNn (K): 3.2 5.2 41 8.3 H2 6.2 FSM4: 24mS RA <=>RB Enable transfer RA & RB KIM~ G TIG
KNn (A): 8.5 H2 1.1 2.1 6.1 KRM~ TG
FSM5:  24mS RK <=> RB Enable transfer RK & RB
KIM(K): 9.1 101 82 RSEL_K~ G G G G
FSM6: 5mS Trigger Multiply Pulse KME RSEL_A~ G G G
KRM(K): 10.2 RSEL_B~ G
KRM(K): 8via 10.2 $10.3 FSM7: 18mS Trigger Subtract Pulse KSUB
NEG~ G
Suppress RM Incr.
FSM1 T
- $10.3: MOD2026.02 FSM8: 5mS 0=>RK Clear decades RKD & RKX FSM2 T T T
Modification to clear RK for Recall-Memory. ESM3 T T
FSM9: 5mS 0=>RM Clear decade RMD S| T
«#903: Pulser 2.2 is absent. RA is not pre-cleared. FSM4
FSM10: 24mS  RK<=>RM Enable transfer RK & RM FSM5 T T T
+K87: PL91 & 102 are both type e. FSM8 T T TIT T
DOPH: PL 91 is type ¢ while PL 102 is type e. FSM9 T
FSM10 T
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FPWORKE>
FPMLE> KNMLE—Q{ SK~ FPDV2~e—(0SC~ 'B22
KOP~E>—QJSE~ -f Q JSE~ -m Q FPWORK
FPWORKE> EPSYNG FPWORK N24W  N2OH
FDK1520 T244 . 1248 N23.J
= N24V  N1BW
FPDV2 RE~-m Q- RG~-m  Q~ FPWORK~
N20B N24T N19.H
FPQ2E> o o
FPQ1~E>
KOPASE=—C[SE~ -m Q
FPAS
To47
8
FPWORK RE~ -m ~
FPQ2E> =0 a-p
FPML~E>
FPR-———q 904 =7 KOPME~>—|SE~ +* Q FPML
FPDV2~E> KC~(29) —t>R~ ; EPML N21.D  N20.J
FPORK PL COUNTER i 218
FPL1.248 i N29K N2tH  PLEND~
> K~ DIV16 >—m0————( Q~ FPML~
Ton PLING~  Tessermmmosssseeesooooooees ’ Mt N21V  N20.C
1 KC~—0
FDK152~E>—SG~ -m
___________________________ FPWORK~E—0| SK~ al— FPMLE>
KC~(28) —&=R~ 1 FPDV1 FPDV2 >
: D1 COUNTER ! 227
: FD11,248 : 8 FPQ2~ >
N22B  N28.L : o | N28K | N22.D " PQC=0,1
55 DIVI6 i DICEND RE~ -m Q~O-|
E SE~ -m Q FPDV2
FPDV2
229
. 10
22,
RE~ 7%  Q~
KC~>—QRC~ *B29
FDA15R~E>
RBX_INC~
FPMLE—]
FPWORK>— —JSG~ p
FPQ2~>—{ 20468 NS NgRu ~ Jsk
pPac=o ! MSCEND~  feeee-
FPQ1~>— £=0/SG~ -p
ONE—] ————————————QSK~ Q = FPQ1
FPDV2e—] FPQ1
ONB—QTK~  T21.1
FDA15R~E>— 21A-3.3
ONe— _“ FPQ1~

*FPSYNC - SG~: Additional 47K to V—.
*FPWORK - B22: Diode for this Set input is on board 22.
*FPML - SE~: Additional 22K to V—.

*FPDV2 - B29: Diode for this Reset input is on board 29.
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N21.C  N17.U

N21.E  N17.T
N20.D
NK.18

FPQ2

~ FPQ2~
N21.F  N2OM

N21.W  N24.E

> SHIFT



N6H .., 1K
xm—
N24.H N6.M
FPML~> 2422 ) KX G 220 £ RKD_PLD~
_ N6.F
pacey T SHIFT K £RKD_WEN
FPQ1 24A-2.2 }H 24.14Ne Kb NgiB
N21B  N24.D ’ i
FPMLES . 0 oDpE t>RKD_CLR~
PQC=02 FPQI~E> SHOBK FSM8~ MN6.S
, KCLR_RK~E>
24722 Bx NP
-2, KCT~E>
SHIFTB KC~=
BD  N24C
24A-2.2 } 24.13Nv NzM - IK
M £ RKX_PLD~
SHIFT B> il <:| 7.1Nd } > RKX_WEN
FPWORK > 2422 FSHLE
' oDpE> t>RKX_CLR~
FSMg~E> BN7.S
race2 KCLR_RK~E>
KCT~E>
KC~>
N4H 1K
o
N4.M
W >RBD_PLD~
N4.F
FPMLE=—]20A-3.3 RBD_WEN
ON>—(
FPQ2B—Q obpe> > RBD_CLR~
FSM3~E MN4.S
FDK15Za~E>
N5.H >
000 & 1K KC K.
5,
s W2 £>RBX_PLD~
. £ RBX_WEN
QDpE> t>RBX_CLR~
BN5.S
— FDK15Za~E>
SHI? @
FPQ1~ ]
gy
N3H . 1K
xm—
N3M ) 220
Wy RAD_PLD~
= N3.F
O £>RAD_WEN
QDpE> =RAD_CLR~
FSM2~E> Nog.p BN3S
KC~E>
N2H . 1K
xm—
N2.M
o .'.'.'220 > RMD_PLD~
xCH > RMD_WEN
oDpE> t>RMD_CLR~
FSMo~E> Naz.v BN2S
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SG~ -m
SK~ FNEGH
T18.11
10

Q

FSUB~B—(
D155
0 a—
OAE 3K3 FNEG
at T18.8
7
RAD_ROLL 18.158F } RK~ ~
RO 8 o Q-

( 18A-3.3)0—0ORG~ -n

FPDV2~—0RC~
KR~e—0|RC~

KDE~E>

FPQI~B

FPDV2~E>

*FDK15Z - B28: Diode for this Set input is on board 28.

*FDK15Z - SE~: Board layed out for SE~, but in DOPH:
Ck=2n, 4K7 to GND, 22K to V-

SG~ -m
SK~ FOVF
T185
6
RC~ Q~0

N18.B | N27.C

RBX_ROLLE—Q

Il superfluous double
application of FPQ2

FPQ2-E—0
FPQ2~—QR

FPMLE—Q]
BXLD~=—QR

SE~ -m Q

FMBXR
T20.3
2

RE~ -m Q~

FPMLE~-(Q
20A-6.8 YO—Q 20.1Nv }—=MPPAE
R EXD)

KOPDE~B>—Q

NK.24 N23.E
o o—O

SE~ -m Q L FSUB FSUB~E—]
N23X NIBF |
FSUB - FCYIN~>—
239 :
10 i
RE~m Q- i FSUB~ FSUBE—]
N23A NIBK |
- FCYIN~E—]
oA
G- m Q : FSUBE—]
RKD_ROLL—Q[SK~  FRKR FCYINE—
28 : oDoE—|
A_START~>—ORE~ -m Q~ :
A_START~E>—Q[SE~ -m Q S FCYIN
FOYIN N Nigx ]
1235 i FCOYINES
OMOB—ORE~ -m  Qup——————— EFCYIN~ ON~2>
o005
FPWORK~E—C|SE~ -m Q
FNING
T182
3
a-p
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|—O RE~ -m

OAa~>—(Q
RAD_ROLLE—(Q

FCYIN>—Q
FPWORKe—Q
ON~>—Q

MF_GT 72
N18.T NK.32
MFN 70

N23.Z NK34 GT

N

OAa~>—QSG~ -m

RMD_ROLLE—QSK~

FRMCY
T23.4

FCYINS—QRE~ -m Q~

FPWORKe>—QRC~

ON~>—QRC~

SG~ -u Q
Sk~ FDA15R
T22.2
3
N22.T N21.M
RE~ -m ~p———m—=—>FDAI5R~
N22.U  N20.A
SE~ -* Q FDK15Z
FDK15Z Nagw
T22.6
5
RE~ -f Q~ = FDK15Z~
RC~ "B28 N22.A  N26.K
22A-0 = = o> FDK15Za~
I double-diode
: BRA_INC~
B RM_INC~



N6.W

= Pe- oge> N6K  N23.W 6A-15 - 6R-0 ) N6.B
N6.V : ] ] ] . |
£> P4~ : c—>RKD_ROLL RKD_WEN >— =
b 2 REGISTERK o4 1 NS ok e
Y N6.T Tm DECADE COUNTER : 6A-15 - 6R0 ) N6C | N1.29 -
KDIV~ KA-0 NK26 | Nidg i =K : FRKD1.248 ] N29.C
26 QN TFR RK~ RKD_PLD~E>—1=PLD~ 24, Q2c oat N6D
RK_S8 @A10B>—~INC~ i LR o Vi
ght7 RKD_CLR~E—£>CLR~ Qi . o RK W4
: ] 6A-15 6R0 ) NOE N1.25
e ||| ‘
o N7.W e @ i N29.B
£ >
N7.V ! ! 7A-15 7R0 ) N7.B
RK_S4 £ Pd~ : RKX_WENE>—4 [Ro D
gNi5 N7.U : i _N11D
P2~ Q4 TS NC 121 ©RK_W2
N7.T : ! 7A45 H TR0 ) N7 :
' Pi~ REGISTERK : -
9 H EXTENSION ! N28.C
RKX_PLD~c>—=&=PLD~  DECADE LATCH Q2r> N7.D
RK_S2 H 2 7A-15 7R-0
- IE KN8~B>—- 58~ FRKX1,2,4,8 ! NILE
KNd~ B>t 54~ Qi = = RK_W1
d 1.mL | : 7 7A15 N7.E N1.17
" KN2~ g2 ! i N28.B
KN~ Bt S1~ : -
RK_St1 H !
ON1.1 RKX_CLR~E—t>CLR~ !
' NAW / i
0 £>Pg~ Q8>
N4V ! T[Nk 4A-15 4R-0 ) N4.B N10.B
P4~ : RBD_WEN >— RB_W8
“““““““““““ A N4.U 1 a ] N1.30
P2~ REGISTER B 40
7 T . ) MC
N4.T - DECADE COUNTER i 4A-15 4R-0 :10.0 =~RB W4
: ! 1.26
% % % %15K RBD_PLD~b>—t>PLD~  FRBD1248 Q>
1|11 |T N4L ¢ ! 4A-15 4R-0 ) N4D N10.D
1777 x —> INC~ 2 122 =RB_W2
RBD_CLR~E—>CLR~ Qi [—°—'>
FSMd~r> N26.A  N145 T¢99 : : i 4A15 4R0 ) M4E NIOE
O N o—t&>TFR_RB~ ' - 4 RB_W1
FSM5~e—0) oB. st \is i Ns.W e i [ Nse
-t | s
y RB : N5.V T T T N5K  N20T sa15 R0y N5B
RB_S4~E> N1.6 TRANSFER > £> P4~ : c—>RBX_ROLL RBX_WEN>—¢ =
RB Sout Ni4 GATE H N5.U b REGISTER B a M
ot . I P2~ EXTENSION -
: N5.T ! ! 5A-15 5R-0 ) N&.C
RB_S1~p> N1.2 S O ':~ &>P1i~ DECADE COUNTER 2 =
RBX_PLD~c—t>PLD~  FRBX1,248 Q2
: ! 5A-15 5R-0 y N5.D
RBX_INC~E—+>INC~ i :
B>t CLR~ s
0 g REX.CLR H CLR ““““““““““““““ (3 1 i 5A-15 5R-0 ) NSE
RA_S8~E N1.36 NG : P8~ Qai
. ; e
B A Na.V T T ek N 3a15 - 3R0 ) NaB N9B
RA_S4~r> N1.38 TRéﬁEEH > P4~ ] p—om—>RAD_ROLL RAD_WEN>—¢ Nia1 RA_W8
Na.U : ] onar
RA_S2~B> N1.40 &> P2~ REGISTER A Q4>
N3.T : : N22.M 3A-15 3R0 ) N3C N9.C
RA_S1~H.>. ....... l\! 1"4.2. ........ o E lrP1,., DECADE COUNTER 2 p—— N127 — RA7W4
RAD_PLD~b—¢=PLD~ ~ FRAD1248 Q2 [—°—'>
H 1 N23.U 3A15 3R-0 ) N3D N9.D
RAD_INC~E>—£>INC~ i —a—> o £>RA_W2
RAD_CLR~E>—t=CLR~ Qi L°—‘>
N2ZW  N1.43 OO0 : : ] 3A15 3R0 ) N3E NOE
FSM10~—] 27A-0 Yo—u o—t&TFR_RM~ P oo : 1o RA_W1
: N2.W i J .
RM_S8~E N1.35 > £>Pg~ Q8>
el RM ; N2.V T 1 N2.K  N23.v 2A-15 2R0 ) N2B N8B
RM_S4~E> N1.37 TRé’X?EER - = > P4~ ] RMD_ROLL RMD_WENE>— i3 RM_w8
: 2. : ! ;
RS2~ N9 = N2.T e Al i 215 H 2rA-0 ) N2C N8.C
AMLST-tr N4 o ) fopy. DECADECOUNTER - '28 RM_W4
RMD_PLD~—t>PLD~  FRMD1.2438 Q2t- L°—‘>
! ] 2A-15 2R-0 ) N2D N8D
RMD_INC~E>—£=INC~ : RM_W2
IME 84 Calculator : f N124
RMD_CLR~E>—£>CLR~ Qi s T NeE o
Section: Register Decades et : " - : = RM_W1
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DD ODC @DB @DA
¥V ¥

0Dd @Dc ODb @Da
Y VYV Y

N16W
MD +5 +6 +7 +8 N16.X
20M 0 TiIeS5 T16.6 TI67 T16.8 oy
obm b0 1 T169 T16.10 T16.11 T16.12 e
. 2 T16.13 T16.14 T16.15 T16.16
P 3  T16.17 T16.18 T16.19 T16.20 NS W
4 T155 T156 T157 T15.8 N15.X
5 T159 TI510 TI5.11 T15.12 N15.Y
6 T15.13 T15.14 TI15.15 T15.16 N152
7 T15.17 T15.18 T15.19 T15.20 NI
8 T145 T146 T147 T14.8
core N14.X
bA-0 dutine |9 T149  T1410 T1411 T14.12
N14.Y
ORpe—| 10 T14.13 T14.14 T14.15 T14.16
11 T14.17 T14.18 T14.19 T14.20 MEYS
12 T13.5 T13.6 T13.7 T138 NBw
13 T13.9 T13.10 T13.11 Ti3.12 N13.X
14 T13.13 T13.14 T13.15 T13.16 N13.Y
“““““““““““““““““““““““““““““““““ 15 T13.17 T13.18 T13.19 T13.20 NI3Z
: roreeeeeeeeeey NI1L S e [N N N A A A AR A N A M A I
MR RKWiD—  MRKI — ——S—=RK S~ NI1T
H frrccccrrsrrnne TONITK
@~ : RKW2e—  MRke — ——Ao——t=RK 82~ NILU
H P PN
i RK Wab—  MRK4  —S—S=RKS4~ Ni1V
register-bit sense froerereeeceeees ;,—n—>N11'H RK_S8
Ste 0K 6K8 RKW8D—  MRKS | 58~ NILW
jrrrrereeeeeeey N10L
RBWit—  MRB1 —®—>RB S~ N10T

sefFrenemmemeneneanansanaanas

Section: Register Core Matrix, Drivers & Sense Amps
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core register-bit line
K2 TI1.5 Ti11.6 Ti1.7 TI1.8 © o i
K4 TI1.9 TI1.10 T1.11 Ti1.12 : :
K8 T11.13 T11.14 T11.15 T11.16 ! :
B1 TI0. T102 T103 T10.4 ! T sense
B2 T10.5 T10.6 T107 T10.8 j :
B4 T10.9 T10.10 T10.11 T10.12 '
B8 T10.13 T10.14 T10.15 T10.16 ! :
Al T9.1  T9.2 T93  T9.4 ! :
A2 T9.5 T9.6 T9.7  T9.8 j Unit 1.8400903
A4 T9.9  T9.10 TO.1  T9.12 : Modified sense
A8 T9.13 T9.14 T9.15 T9.16 : amplifier :
M1 T81 182 T83 T84 : = core register-bitlne
M2 T85 T8.6 T87 T8 | TTTTTTITIIImemmimesssecscecscessceo ¢
M4 T89 T8I0 T8I T8.I2
M8 T8.13 T8.14 T8.15 T8.16
IME 84 Calculator

bermrmrmsrnnes {N10d

RB_Wa—i MRB4 —ao—>RB_S4~
AN T NioH

RB.WSE—  MRBE RB S6-

RM_WiD—  MRM1
feeeeecrnnnes i NBK

AM W2>—§ MRM2 :—l:l—>HM So~
fereeecrnnneas i NaJ

RM_W4D—  MRM4 [ S—t=RM.S4~

--1 N8H

N10.U

N10.V

N10.W

N8.T

N8.U

N8.v

——a0—>RM_S8~ N8.W
—_—




Pi~ P2~ P4~ P8~
A Joroeeons e e

H 1.5K%
PLD~E ’ H
: Lse~ W 8G~ w Lgfse~ w Lgfsa~ w

: SK~ Q Sk Q L—qsk~ Q L—gsk~ Q

i Fr1 Fr2 Fr4 dse~ 4 F8 H
INC~B———QT~ & Th.2 T~ -k Th.4 ——(qT~ &k Th.6 — Th.8 H
: 1 3 5 L—gRE~d 7 i

H 1—0 RC~ oo RC~ a-p 1—c RC~ Q- I—o RC~ a~jo-
CLR~E>
e e N -onnonennnsnee e s R -

at @ Q4 08

REGISTER
DECADE COUNTER
IODULE

St~ Pi~
T R . A A
H 1,5K%
PLD~E> ’
H La SG~ -m
i Q Q
H C~ Fr Fr
P9 Th2 To
: ! 5 REGISTER
: g g DECADE LATCH
: 1—0 RC~ a-p a MODULE
CLR~E
e Yoo Vpoooenene s
Qi Q2
Q Q dse~ p Q % DIV10
H Fm1 Fm2 Fm4 Fm8 :
K-t A0 )—QT~-m  Tb2 To4 I—c T-p Tbé Tb.8 :
: 1 3 5 7 :
: i DIV10 COUNTER
; 100% e o a-p s o L gre-p  0-p ibwIOCC
R~ b -ORR~ H
Q a Q aQ——=nwv16
: Fm1 Fm2 Fmd4 Fm8 :
Knto—————QfT~ -m  Tb.10 T~ Thi2 T~ Thid T~p Thi6 :
: 11 18 15 i
i DIV16 COUNTER
1—c RR~ Q- l—o RR~ a-p EMODULE

-
B R

B

o]

1

o ©

T

O

]

]

1

o

T

O

IME 84 Calculator
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RSEL_Kp>———4

RSEL_A

RSEL_MB>

RSEL_Br>-

RSEL_K~B>-




i Na2m

NS2L

: ; : 212
¢ N32K

:Ng2.J

| N32F

| N32E

{ N32.D

| N32.C

| N32B

IME 84 Calculator
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NN.10

NN.6

NN.2

NN.7

NN.16

NNAS § NN.14 |

NN.9

NN.11

NN.12

NN.13

V+A

47K

su
1K5 T 1oV

V+100

e e

5
12V

N16.M i N16.U | N16.V

T16.3
@DA

@Dc

T162 ¢ T16.1 !
QDA © QDA !
@b ;| ODa !




N30.Z: MOD2025.11

Q Q Q Q
FDPK1 FDPK2 FDPK4 FDPK8
KNML~E> T~-g T305 ———-OT~-n T30.7 ———-QT~-n T309 ———OQT~ -n T30.11
6 8 10 12
RB Q~ RB Q~| 1— RB Q~| |— RB Q~
KP~>
\ \
FDPK1 FDPK2 FDPK4 FDPK8
KCLR_RK~>
KMUL~ E>——t
KDIV~E>
KR~B>
KC~E>
P~
O SC~ Q —| 31A-2.2 )
FDPRD
T31.2
3
d N30.J N31J DOWN~
O—mi—i RC~ o-p-{31A22
ronspo B o SELED
RB
TG~ -hg L—QTG~ -hg TG~ -hg
Q TK~ Q TK~ Q T~ Q
FDPRI FDPR2 FDPR4 FDPR8
T~-g T314 T31.6 T31.8 T31.10
5 7 9 "
RB o~ TK~ a~ TK~ Q- T~ o~
TG~ -h ——QTG~ -h ——Q TG~ -h
RB 1— RB |— RB
q31.1F‘H+
\ \ \
FDPRI FDPR2 FDPR4 FDPR8

Modification to allow the DP to be set & fixed
for the duration of a summation.

IME 84 Calculator
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;
i
:
b 45 u o NP3 Na2.S
: N L 100y 12
: T ooV
560 g L
: -
bu Loy
1 : 7!'100V bu NP5
46 N13:16.T, N30.5
:
i V4100
:
: 82
10w
4 b NP4 iy ¥N2:132.N ¥NK.38 $N1.33
RETTERE L 300u
12V 12V
TP4.4 T L
GP297/1 b----
! POWER ! 10n-|::
H iONP78 E
oo™ ]
220VAC PoogA 2o
50Hz H 2 L
: i NP1415 9 = black g NP.1213
= f Il ! ol T i b
A J = | = VT Fisk = = N2:32.P NK.37 N1.34
W14
I3
ONS55 S
4.4Q 555
W 15) | 2gbu
L 500
7'?vu 680 3grd
Tsooy
14 1251 TV i NP4 445V
T
rd 14 iNZ::SZR iNK
power supply V-4.5
boards
1118 114 J NP2 FNa:ns.s
10 L 100y
T J—
= ToBwx %
NP6 26V k !
wn O i
I 7116
= core
L board
o1
x
b NP BN
412 NTEMP ’%D
IME 84 Calculator
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S[LFLER

—
155

sense
strobe]

decade
clear

G AR UL 2s,
JUUUUULT 1] 1] 1"

core
clear
(read)

core
| write

oaeaa:
—
—
—
—
—
—

nixie i [
trigger E
[PRVEY S R S . . R L N S S A ) N (O
QA —I
""""" A 0123456 7 8°
QA10: |_||_||_||_||_||_||_|“|_I
FCYIN ! ‘| ‘| ‘|
D0
obn 0 0 2 oo 14 15 0 0 1 2 3
ON;
FPWORK :
Inter- Normal Arithmetic (extended)
number Digit Cycle Digit Cycle
hase 200uS 650uS
P e e < = >
<} Normal Number Cycle [ ] Arithmetic Number Cycle [

3.4mS

IME 84 Calculator
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11.05mS

* The diagram shows the transition from a normal number cycle to an arithmetic number
cycle such as occurs when FPWORK asserts for an ADD or SUBTRACT procedure.

| Pulser-generated pulse (RC)

e Unit 1.8400903: @M = 18.9 KHz



e0

KOP~

FPSYNC

KOPDE~

FPWORK

AN T A N

ﬂe10
I

SYNC- "

FDK15Z

FPDVA |

R S E——

FPDV2 |

D1C§ |

PLC% 0 0 0 eoe 0 0 1

PQC

e6

e’

e8

e9

FSUB |

{oshit ¢ shit ¢ shit ¢ shift ¢ inc. ¢ inc.
sync ¢ RKup ¢ RKup ¢ RKup : RKup { PLC :{ PLC

Stage 1a

IME 84 Calculator
Section: Timing Graph - Division
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P —— Stage 1o ————P> &

inc. :
PLC ! RA—=RK

RA—=RK

: 2
: «f—secondary-loop—p»:

iterations

(- 3 arithmetic »

number cycles

4— 1 primary-loop iteration —>

RA+=RK

shit ¢ shift

{ RKdown | RBup

RA—=RK

etc.

* Division example with a 4-digit divisor, and
for which the first digit of the quotient will be 1.

Stage 2




AND-Form
Gates

+logic AND

OR-Form
Gates

+logic OR

Wired Inputs
(AND-form example)

Distributed Gates
(OR-form example)

Distributed Gate
Separated on Pages
(—logic OR example)

—logic OR

This gate has 6 inputs in total.

The black tab symbol indicates this circuit electrically has
multiple sources.

R=1t+1000 N R=1-1000

s L Th rpendicular output line on te symbol
If t=0, no resistor is present. If t=0, no resistor is present. e perpendicular output line on a gate symbo

indicates this is part of a distributed gate.

One of the contributors provides the load R while

AND-Form with pull-up as input: the others are (typically) type-0 (no load R).

Gate Identification
Gates are identified with a label of the form:

bb gg-t
or bb.tt gg-t

where:

bb =board [1::34]

tt = transistor number in PCB foil
gg = gate type

t = optional type variation

gg = A AND

R OR
Nv NOT
Nd NOT with diode & Rh
Ne NOT with delay cap on base
BF buffer
PL pulse 0 on 0-edge

+ Logic 0, F =0V, GND PH pulse 1 on 0-edge

Logic1, T=-12V PH+ like PH but swings down to + for FF-RB inputs

IME 84 Calculator

Section: Modules - Gates
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Pulsers Buffers

O

G
C op SR ; .
o LeA——"71
: =Ry D oget
G———
t Cp Rg Rb bb.tt RE
a 10n 6K8 - 18.1 220
c 10n 22K - 18.15 337330
d 10n 22K 47K
e 10n 22K 22K
f 10n 10K -
g 10n 47K -
p 5n  4K7 -
r 5n 10K -
s 5n 15K -
v 5n - 6K8
w 5n - 10K
y 10n - 4K7

If the gate input is not present
on a symbol instance, Rg is
grounded (always enabled).

bb.tt Rb Cp RL bb.tt Re
30.2 33K 10n 2K2 22.12  3K3
31.1 33K 10n 1KS

[y =

Inverters

Register Transfer Gate
Circuit

3K3 : T T LT
& _ Rr_Sb~ = :
10K% GKS% 4
L = : 5K 101 101 B
= ¥ -H —— %15K n S15K n = 15K :
N TN J :
Eother@bits :
,,,,,,,,,,,,,, Sense Amplifir : olvegster ... & TransferGate |

15K

TRANSFER BUS

bit b of
other registers
IME 84 Calculator

Section: Modules - Pulsers, Buffers & Inverters
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bb.tt Rh Ri Rb RL Ci
2.9 - 4K7 15K 4K7 n
3.9 - 4K7 15K 4K7 n
4.9 - 4K7 15K 4K7 n
5.9 - 4K7 15K 4K7 n
6.9 - 4K7 15K 4K7 n
7.1 6K8 4K7 15K 3K3 n
7.2 - 4K7 15K  3K3 n
17.9 6K8 4K7 15K 2K2 -
18.4 - 4K7 15K 2K2 500p
18.9 - 6K8 15K 2K2 n
18.12 - 4K7 15K  2K2 500p
18.13  2K2 3K3 10K - -
18.14 2K2 3K3 10K - -
19.9 2K2  3K3 10K - -
19.10 2K2 3K3 10K - -
19.11  2K2 3K3 10K - -
19.12  2K2 3K3 10K - -
20.1 - 4K7 15K 2K2 5n
20.4 - 4K7 15K  2K2 500p
20.5 - 4K7 15K  2K2 500p
20.8 - 4K7 15K 2K2 10n
20.9 - 4K7 15K  2K2 500p
21.7 - 4K7 15K  2K2 500p
21.8 - 4K7 15K 2K2 500p
221 - 4K7 15K 2K2 -
22.4 - 6K8 15K 2Kz 500p
22.11 - 4K7 15K 2K2 500p
24.9 6K8 4K7 15K 2K2 470p
2412 6K8 4K7 15K 2K2 470p
24.13 - 4K7 15K 2K2 470p
24.14 - 4K7 15K 2K2 -
25.1 6K8 4K7 15K 2K2 500p
25.13  2K2 15K 15K 2K2 -
30.13 - 22K 15K 2K2 -

Ci bb.ttNe

Ne Special:
22.4: 2n capacitor base-GND
24.14: 1n capacitor base-GND

Monostable Flip-flops

—

TM~

Q

Name
Thb.q|
a~

=

MONO Cm Rm_ mS
#903:

FSM1 470n 68K 24
FSM2 100n 68K 5
FSM3 100n 68K

FSM4 470n 68K

FSM5 470n 68K

FSM6 100n 68K

FSM7 220n 100K 18
FSM8 100n 68K 5
FSM9 100n 68K
FSM10 470n 68K

DOPH:

FSM6 " 33K

FSM7 470n 47K

FSM7: MOD196X.A

Stabilise FSM7 by changing
RC values per DOPH above.



S—{in Q= . . .
in are input options.

[ g & g~ are transistor
numbers in PCB foil.

Input Options
Level-Set

Input Options
Edge-Triggered

Q Q~

gTypes SC~ and RC~

éCoIIector Set & Reset.

éQ goes 1if SC~=0.
_Qgoes 0if RC~=0.

Type RR~

Similar to RC~.

Q goes 0 if RR~=0.

Type RB

Reset by raising bias R.
Must be driven by a source T~
that swings + and —.

. ,O VVVVVVVVVVVVVVVVV QN,
Q goes 0 when RB is —. =
: 10K :
: At T ct cz:l_ Rt :
: 4 additional :
toggle gates

TG~

IME 84 Calculator

Section: Modules - Flip-Flops
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Flip-Flops

Types SE~ and RE~
Edge-triggered Set & Reset.

Q goes 1 on 1-to-0 edge of SE~.
Q goes 0 on 1-to-0 edge of RE~.

Types SG~ and RG~

Gated Edge-triggered Set & Reset.

EQ goes 1 if SG~=0 on 1-to-0 edge of SK~.
:Q goes 0 if RG~=0 on 1-to-0 edge of RK~.

Type TG
Gated Toggle.

Toggle Q if TG~=0 on 1-to-0 edge of TK~.

Base
Component Values
Flip-Flop RL Rf Cf Rb Flip-Flop RL Rf cf Rb
Timing Control
FOA 1K 6K8 500p 22K FPSYNC 2K2  6K8 7?7 22K
FOA1,2,4,8 2K2 10K 500p 22K FPWORK 2K2 6K8 500p 22K
F@C1,2 680 6K8 500p 22K FPAS 2K2  6K8 - 22K
F@D1,2,4,8 2K2  4.7K Tn 15K FPML 2K2 6K8 500p 22K
FON 2K2 4.7K 500p 22K FPDV1 2K2 6K8 500p 22K
Registers FPDV2 2K2 6K8 500p 22K
FRS1,2 2K2  6K8 5n 22K FPQ1 2K2  6K8 5n 22K
FRKD1,2,4,8 2K2 10K 470p 22K FPQ2 2K2 6K8 500p 22K
FRKX1,2,4,8 2K2 10K 470p 22K FSHLF 2K2  6K8 5n 22K
FRBD1,2,4,8 2K2 10K 470p 22K FNEG 2K2 6K8 500p 22K
FRBX1,2,4,8 2K2 10K 470p 22K FNEGH 2K2  6K8 * 22K
FRAD1,2,4,8 2K2 10K 470p 22K FOVF 2K2 6K8 500p 22K
FRMD1,2,4,8 2K2 10K 470p 22K Control Counters
FBXLD 2K2 6K8 500p 22K FPL1,2,4,8 2K2 10K 500p 22K
Arithmetic FMS1,2,4,8 2K2 10K 500p 22K
FSUB 2K2  6K8 - 22K FD11,2,4,8 2K2 10K 500p 22K
FCYIN 2K2 6K8 500p 22K DP Counters
FRKR 2K2 6K8 500p 22K FDPK1,2,4,8 2K2 10K 500p 22K
FRACY 2K2 6K8 500p 22K FDPR1,2,4,8 2K2 10K 500p 22K
FRMCY 2K2 6K8 500p 22K FDPKE 2K2 22K 500p 22K
FNINC 2K2 6K8 500p 22K FDPRD 2K2 10K - 22K
FMBXR 2K2 6K8 500p 22K
FDK15Z 2K2  6K8 - 22K
FDA15R 2K2 6K8 500p 22K
*FNEGH: In DOPH,
Cf(Q.C)=500p
Cf(Q~.C)=5n
Input
Component Value Codes
SG,RG: -cRC cRC — Ck,Rg
SE,RE : -cRC cRC — Ck,Rg
T : -cRC cRC — Ct,Rt
TG - gcRC tcRC gcRC —> Ck,Rg; tcRC —> Ct,Rt
cRC R [
a 3K3  470p
d 15K 470p
u 10K 220p
k 3K3 1n
m 4K7 1n
n 6K8 1n
p 10K 1n
s 22K 1n
f 4K7  5n
g 6K8 5n
h 15K 5n
w 4K7 2n
X 6K8 2n
y 10K 2n




Nx[zl<[cHfo[z[o[z ] [x[< [z [n[m[o]o[a[> 5

=
=y
N

obDd
@Dc
QDb
@Da
ODA
oDB
oDC
oDD
QD0
oD15
V-12
GND
V+4.5
DA15RE
FPQ2
FPQ1~
oD
ON~

CORE

N16 N15

LAl LAl

| B |ODA | B |@DB

| C |@bd | C |@bd

| D |@Dc | D |@Dc

| E |@Db | E |@Db

| F |@Da | F |@Da

| H lowp | H |owp

| J |ORp | J |@Rp

| K |@X | K|@X

| L |INXA3 | L |INXA7
| M |NXA2 | M |NXA6
N |V-12 N |V-12

| P |GND | P |GND

| R [V+4.5 |R|V+4.5
| S |V-4.5 | S |v-45
| T [V+100 | T |[V+100
| U [NXA1 | U INXA5

| V |NXAO | V INXA4
| W |MDO | W |MD4

| X |MD1 | X |MD5
LY |[MD2 LY |MD6

| Z |MD3 | Z |MD7
N11 N10

LAl LAl

| B |[RK_W8 | B |[RB_W8
| C |IRK_W4 | C |[RB_W4
| D |[RK_W2 | D |[RB_W2
| E |RK_Wi1 | E |[RB_Wi1
| F lowp | F lowp

| H |[RK_S8~ | H | RB_S8~
| J |RK_S4~ | J |RB_S4~
| K |RK_S2~ | K|RB_S2~
| L |[RK_S1~ | L |RB_S1~
| M |@D~ | M |@D~
N |V-12 N |V-12

| P |GND | P |GND

| R |V+4.5 | R|V+4.5
| S |V-4.5 | S |v-4.5
| T IMRK1 | T IMRB1
| U |MRK2 | U [MRB2
| V |MRK4 | V IMRB4
| W|MRK8 | W|MRB8
| X |(v—c) | x]-

LY (MTEMP) Y |-

1z 1z]-

z
-—h
=Y

n<Ixzl<[cloREEFEnob>]E N<[<[z<c[Hle ][z x]z[nm[o[o[= ]

@bC
obd
@Dc
@Db
ODa
OWp
ORp
16).4
NXA11
NXA10
V-12
GND
V+4.5
V-4.5
V+100
NXA9
NXA8
MD8
MD9
MD10
MD11

RA_W8
RA_W4
RA_W2
RA_W1
@Wp
RA_S8~
RA_S4~
RA_S2~
RA_S1~
@D~
V-12
GND
V+4.5
V-4.5
MRA1
MRA2
MRA4
MRAS8

=
—
w

@DD
obd
@Dc
@Db
ODa
OWp
ORp
16).4
NXA15
NXA14
V-12
GND
V+4.5
V-4.5
V+100
NXA13
NXA12
MD12
MD13
MD14
MD15

RM_w8
RM_W4
RM_W2
RM_Wi1
@Wp
RM_S8~
RM_S4~
RM_S2~
RM_S1~
@D~
V-12
GND
V+4.5
V-4.5
MRM1
MRM2
MRM4
MRM8

n<Ixzl<[cloREEFEnob>]E N<[x<[z<c[Hle ][z x] [ m[oo[= ]

4
S
5]

N<x[gl<[cllefzlvziz]r x| [z [n[m]o[ol=[>]

RK_Ws8
RK_W4
RK_W2
RK_W1
@Dp

KN8~

KN4~
KN2~
KN1~
RKD_PLD1~
V-12

GND

V+4.5
RKX_CLR~
RK_S1~
RK_S2~
RK_S4~
RK_S8~

P
(=]
(<2

RK_Wws8
RK_W4
RK_W2
RK_W1
RKD_WEN
RKD_PLD1~
@Dp
RKD_ROLL
JA10
RKD_PLD2~
V-12

GND

V+4.5
RKD_CLR~
RK_S1~
RK_S2~
RK_S4~
RK_S8~

N<x[gl<[cllefzlvziz]r[x]c [z [n[m]o[ol=[>]

P
(=]
(5]

N<x[gl<[cllefzlvziz]r [x]c [z [n[m]o[ol=[>]

RB_W8
RB_W4
RB_W2
RB_W1
RBX_WEN
RBX_PLD1~
@Dp
RBX_ROLL
RBX_INC~
RBX_PLD2~
V-12

GND

V+4.5
RBX_CLR~
RB_S1~
RB_S2~
RB_S4~
RB_S8~

P
(=]
5

N<x[gl<[cllefzlvziz]r[x]c [z [n[m]o[ol=[>]

RB_W8
RB_W4
RB_W2
RB_Wi1
RBD_WEN
RBD_PLD1~
@Dp
{RBD_ROLL}
{RBD_INC~}
RBD_PLD2~
V-12

GND

V+4.5
RBD_CLR~
RB_S1~
RB_S2~
RB_S4~
RB_S8~

N<x[gl<[cllefzlvziz]r [x]c [z [n[m]o[ol=[>]

P
o
w

RA_W8
RA_W4
RA_W2
RA_W1
RAD_WEN
RAD_PLD1~
@Dp
RAD_ROLL
RA_INC~
RAD_PLD2~
V-12

GND

V+4.5
RAD_CLR~
RA_S1~
RA_S2~
RA_S4~
RA_S8~

P
o
N

N<x[gl<[cllefzlvziz]r x| [z [n[m]o[ol=[>]

RM_W8
RM_W4
RM_W2
RM_W1
RMD_WEN
RMD_PLD1~
@Dp
RMD_ROLL
RM_INC~
RMD_PLD2~
V-12

GND

V+4.5
RMD_CLR~
RM_S1~
RM_S2~
RM_S4~
RM_S8~

NO1
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+ Bold-faced expressions are signal sources.




EMPTY EMPTY

P4
W
N

NXKO
NXK1
NXK2
NXK3
NXK4
NXK5
NXK6
NXK7
NXK8
NXK9
V-12
GND
V+4.5
V-100
DD1
DD2
DD4
DD8

N<x[gl<[cl3fe[z[v[z/z]r [x]c [z [n[m[o[ol=[>]

=
W
-

N<x[gl<[cl3lefz[v[z/z]r [x]c [z [n[m[o[o]=[>]

DDP8
DDP4
DDP2
DDP1
RSEL_K~
DPINC~
DPRDR~
ON
KDIV~
KC~
V-12
GND
V+4.5

DD1
DD2
DD4
DD8

P4
[
o

N<x[gl<[c3lefzlv[z/z]r [x]c [z [n[m[o[o]=]>]

KMUL~
DDP8
DDP4
DDP2
DDP1
RSEL_K
DPINC~
DPRDR~
ON
KDIV~
KC~
V-12
GND
V+4.5
V+100
KP~
KNML~
KR~
NXADP

@D

<
N
©

N<x[gl<[cl3lefzlo[ziz]r [x]e[z[n[m]o[ol=[>]

RK_W4
RK_W8

RKWZ~

PLEND~
PLINC~
DA15RE
V-12
GND
V+4.5
FOA8
KC~
OA10

FPDV2

{KC~(29)}

<
N
(-]

N<x[gl<[c3lefzloz/z]r [x]e[z[n[m]o[ol=[>]

RK_W1
RK_W2

RKWZ~

D1CEND~
D1CINC~
V-12

GND
V+4.5
MSCEND~
KC~
MSCINC~

FDK15Z

{KC~(28)}

<
N
N

N<x[gl<[clefz[o[ziz]r[x]c [z [n[m[o[o]=]>]

N<x[gl<[cl3lefzloziz]r [x]c [z [n[m]o[ol=[>]

<
o
N

FDK15Za~
D1CINC~
PLEND~
D1CEND~
FPWORK~
KOPDE~
FPDV2
RKWZ~
oD15

ON
RAD_ROLL
V-12

GND
V+4.5
DA15RE
FDA15R~
FDK15Z
FPDV2~
PLINC~

KRM~
NEG~
KCLR_RK~
TFR_RK~
FSM2
FSM8
FSM1p~
KTOT~
FSM8p~
KIM~

V-12

GND
V+4.5
RKX_CLR~
RSEL_K~
RKD_CLR~
RMD_CLR~
TFR_RM~
FSM7a~
KME~
FSMép~

<
N
-

N<x[gl<[cfefz[v[zz]r [x]c [z [n[m[o[ol=]>]

N<x[gl<[clzlefzlvziz]r [x]c [z [n[m]o[ol=]>]

<
N
»

KC~
SHOB1K
FPQ1~
FPML
FPQ2
FPQ2~
PLEND~
KOPME~
ON
FPDV2
FDA15R~
V-12

GND
V+4.5
RBX_INC~
MSCINC~
MSCEND~
FPML~
SHIFTa

TFR_RB~
RBD_CLR~
TFR_RA~
RAD_CLR~
TFR_RK~
FSM2
FSM8
FSM1p~
FDK15Za~
FSM8p~
RBX_CLR~
V-12

GND
V+4.5
RSEL_A~
RSEL_K~
KMUL~
KR~
RSEL_B~
KNn~
KRK~
FSM6p~

<
N
o

N<x[gl<[clzle[z[v[z/z]r[x]c [z [n[m[o[ol=]>]

N<x[gl<[cllefzlv[z/z]r [x]c[z[n[m]o[ol=[>]

<
N
(3]

FDK15Z
SYNC~
FPML~
FPQ2
FPDV2~
FPDV2
FPWORK
FPML
FPQ1~
ON

FPQ2~
V-12

GND
V+4.5
RA_INC~
RBX_ROLL
A_START~
MSCINC~
RBX_PLD2~
oDo

#33
PLINC~

@Dp
9Rp
oX
OWp
oDo
A_START~
FOA8
OA10
ON
oD
V-12
GND
V+4.5
oA

ON~
A~
@D~

=
=y
©

N<x[gl<[cslefzloz/z]r [x ][z [n[m[o[o]=]>]

N<x[gl<[cllefzlvziz]r [x]c [z [n[m[o[ol=[>]

<
N
5

KASD~
KCLR_RK~
RSEL_K~
RSEL_B~
RSEL_A~
RSEL_M~
FPWORK~
RSEL_K
RSEL_B
RSEL_A
RSEL_M
V-12

GND
V+4.5
KRK~
KRB~
KRA~
KRM~
FPDV2~
FPQ1~
#33
RBX_CLR~

RKDW,XR~
RBDW,XR~
SHOB1K
SHIFTa
RBXW,DR~
RKDR~
#33
A_START~
oD~
KOPAS~
V-12

GND
V+4.5
KOP~
SYNC~
KN~
FPWORK~
FPWORK
KNML~

KC~

=
=y
(-]

N<[x[gl<[cfe[z[v[zz]r [x]c [z [n[m[o[o]w]>]

N<x[gl<[clslefzlv[z/z]r[x]c [z [n[m]o[ol=]>]

<
N
[7X]

OVF~
NEG~
oD15

oA
FPDV2~
FSUB
OA~

ON
FSUB~
KR~
RAD_ROLL
V-12

GND
V+4.5
RM_INC~
MF_N
RM_INCa~
FSM7a~
FPWORK~
FCYIN
oDo

ON~

FSUB~
@Do

OA10
A_SETADD~
A_SETSUB~
RA_INC~
RM_INCa~
FPWORK
ON~
A_START~
FCYIN
V-12

GND

V+4.5

OA~
RAD_ROLL
RMD_ROLL
RKD_ROLL
FSUB
MF_FCT
MF_GT
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Board Types & Contents

Board Type Content Transistors  Diodes
1 64 transfer gates, display select 0 64
2 66 RM decade counter 9 32
3 66 RA decade counter 9 32
4 66 RB decade counter 9 32
5 66 RBX decade counter 9 32
6 66 RK decade counter 9 32
7 68 RKX decade latch 10 27
8 70 RM core drive & sense 16 16
9 70 RA core drive & sense 16 16
10 70 RB core drive & sense 16 16
11 70 RK core drive & sense 16 16
12 core array 0 0
13 72 digits 0::3 core drive & nixie anode drive 20 44
14 72 digits 4::7 core drive & nixie anode drive 20 44
15 72 digits 8::11 core drive & nixie anode drive 20 44
16 72 digits 12::15 core drive & nixie anode drive 20 44
17 74 timing: digit counter @DC 9 40
18 76 ctl: FOVF, FNEG, FNEGH, FNINC 15 29
19 78 current-register latch: FRS1,2 12 30

20 80 ctl: FBXLD, FMBXR 9 29
21 82 ctl: FPML, FPQ1,2 8 30
22 84 ctl: FPDV2, FPDV1, FDK15Z, FDAT5R 12 21
23 86 arithmetic: FSUB, FCYIN, FRKR, FRACY, FRMCY 10 38
24 88 ctl: FPST, FPWORK, FPAS, FSHLF 14 31
25 90 timing: master clock @M, F@A, FBC1,2 15 20
26 92 ctl: sequencer FSM1::5 10 33
27 94 ctl: sequencer FSM6::10 10 15
28 96 double counter: MSC DIV10, D1C DIV16 16 22
29 96 double counter: @AC DIV10, PLC DIV16 16 22
30 98 DPK counter 13 31
31 100 DPR counter 11 39
32 102 nixie numeral decoder & cathode drivers 18 44
K 108 keyboard conditioning 0 48
KD  2-56-0030 keyboard daughter board 3 21
N 120 nixie display 0 0
P1 111 power supply 3 4
P4 114 power supply 4 3
chassis - power supply 1 4
Total: 408 1045

N1 NK NN NP
| 1 |RK_S1~ | 1 |KN1~ | 1 |NXADP V-12| 1
| 2 |RB_S1~ | 2 |KN2~ | 2 INXK6 V-45 2| 9 IMTEMP
| 3 |RK_S2~ | 3 |KN4~ | 3 |NEG~ V-100| 3 | 10 -
| 4 |RB_S2~ | 4 |KN8~ | 4 |V-12 V+4.5 4 | 11 |-
| 5 |RK_S4~ | 5 |KN~ | 5 |NXK5 V+100| 5 | 12 |GND
| 6 |RB_S4~ | 6 |KP~ | 6 |NXK7 V-2.6/ 6 | 13 |GND
| 7 |RK_S8~ | 7 |RMD_CLR~ | 7 |INXK4 LINE1| 7 | 14 |LINE2
| 8 |RB_S8~ | 8 |RBD_CLR~ | 8 INXK8 LINE1| 8 | 15 |LINE2
| 9 |DD8 | 9 |RBX_CLR~ | 9 |NXK3
110|DD4 |10/ RAD_CLR~ | 10|NXK9
111|DD2 |11|KC~ 111|NXK2
112|DD1 |12|RKD_CLR~ | 12|NXK1
|13|RSEL_B |13|RKX_CLR~ | 13|NXKO
|14|RSEL_K | 14| KRK~ | 14|NXAQ
|15|RSEL_A |15|A_SETADD~ 115 |NXA1
|16 |RSEL_M 116|FPQ1~ 116|NXA2
117 |RK_W1 |17 |FPDV2~ 117|NXA3
118|RB_W1 118|FPQ2 |18 |NXA4
[ 19|RA_W1 |19|FSM7a~ | 19|NXA5
120|RM_W1 |20 KOPAS~ |20|NXA6
|21|RK_W2 |21 |KOP~ 21 |NXA7
|22|RB_W2 |22| KASD~ |22|NXA8
|23|RA_W2 |23 | KR~ |23|NXA9
|24|RM_W2 |24|A_SETSUB~ |24|NXA10
|25|RK_W4 |25|KDIV~ |25|NXA11
|26|RB_W4 |26 | TFR_RK~ |26|NXA12
|27|RA_W4 |27 | TFR_RA~ |27 |NXA13
| 28| RM_W4 |28|RSEL_A~ |28|NXA14
|29|RK_W8 |29 | KTOT~ |29 |NXA15
|30|RB_W8 |30 | RSEL_K~ |30 | OVF~
|31|RA_WS8 |31 KRA~ 131|v-12
|32|RM_W8 |32|MF_N
133|V—12 |33 MF_FCT
|34 |GND |34 |MF_GT
|35 |RM_S8~ |35 | KOPDE~
|36 | RA_S8~ |36 [ KOPME~
|37 |RM_S4~ |37|GND
|38 |RA_S4~ |38 |V—12
|39|RM_S2~ |39 KRB~
|40|RA_S2~ |40 KRM~
|41|RM_S1~ |41 | KMUL~
|42|RA_S1~ |42 KNn~
|43| TFR_RM~ 143 KRM~
|44 | TFR_RA~ |44 | KIM~
|45 TFR_RB~ 45| RSEL_M~
|46 TFR_RK~ |46|RSEL_B~
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Section Signal Description

Timing oM Master clock.
OWp Core Write pulse.
ORp Core Read pulse.
[6).4 Nixie ON period.
OA A period of arithmetic counting within an extended digit period.
JA10 Sequence of 10 pulses of @M during DA, for arithmetic counting.
@D Digit clock.

ODAB,C,D 1-of-4 Major decoding of the @D Counter.
@Da,b,c,d 1-of-4 minor decoding of the @D Counter.

Do LSD digit period.
D15 MSD digit period.
ON A digit cycle in-between number cycles.
Keyboard K... Keyboard signals.
KN1,2,4,8 BCD-encoded numeral keys.
KOP...
RSEL_r Currently-selected register (per keyboard).
Control FSM1..10 Sequencer State Machine outputs.
FPSYNC Processing Sync.
FPWORK Processing at work.
FPAS Performing Addition/Subtraction.
FPML Performing Multiplication.
FPDV1 Performing Division, stage 1.
FPDV2 Performing Division, stage 2.
FPL1,2,4,8 Primary Loop counter for Multiplication & Division.
FPQ1,2 Primary Loop Sequence Counter.
FSHLF Shifting Leap-Frog toggle.
FBXLD Special enable for core load into RBX.
FMS1,2,4,8 MS Counter. During Multiplication, count additions of the multiplier to the product.
FMBXR During Multiplication, decade RBX Rolled over.
FD11,2,4,8 D1 Counter. During Division, count stage 1 progress.
FDK15Z During Division, RK digit 15 is Zero.
FDA15R During Division, digit 15 of RA Rolled over.
SHIFT Enable logic for a register shift.
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Section

Registers

Arithmetic

Decimal Point

Signal

RK...
RB...
RA...
RM...

RMD...
RrX...
Rrd_CLR
Rrd_INC
Rrd_PLD
Rrd_WEN
Rrd_ROLL

TFR_Rr~

A_START~
A_SETADD~
A_SETSUB~
FSUB

FCYIN

FRKR
FRACY
FRMCY

FNEG
FNEGH
FOVF
MPPAE

FDPK1,2,4,8
FDPR1,2,4,8
FDPKE
FDPRD

Description

Keyboard entry register.

Register for multiplier and quotient.
Accumulator register.

User memory register.

Decade counter for register.

Secondary decade for registers RK and RB.

Clear register r decade.

Increment register decade counter.

Enable loading of register decade during core read (enable receipt of sense pulses).
Enable write to core from register decade.

Roll-over indication from register decade.

Enable register onto transfer bus.

The —edge of this signal extends the current digit period for an arithmetic cycle.

Select addition for following arithmetic cycles.

Select subtraction for following arithmetic cycles.

Flag indicating subtract rather than add.

A brief period at the beginning of a digit period during which the register counter may

be incremented for carry from the prior digit, before increments from add/subract of the digit.
Roll-over flag for RK.

Carry flag for RA..

Carry flag for RM.

Negative sign flag.

Negative Hold flag.

Overflow flag.

Multiplication Partial Product Add Enable.

Decimal point position counter for entered number (K Register).
DP counter for other registers.

Enable FDPK counting.

Count-up/down selector for FDPR counter.



