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This schematic has been derived
through the reverse engineering
of a Canon 161 calculator.

This is not the manufacter’s
schematic, nor based on the
manufacturer’s schematic.
Prepared by bhilpert.




Notes

# Gate symbols and signal names are presented in accordance with:
logic 0 = 0V, GND, E
logic1 = —10V
Nbbe
4 The symol =7 denotes a physical connector pin. bb=board, c=connector, and p=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 ¥ with no label denotes —10V.

¢ The symbol A with no label denotes +10V.

# Capacitance in microfarads unless otherwise indicated.

# See the associated Theory of Operation document.
Ablue dot = in these drawings indicates the associated element is referenced by name in that document.

# Display lamps are 12V / 70mA (based on measurement).

4 These drawings based on unit with Serial No. 700369.

Revision Log

4 2000 Dec: Initial drawing / bhilpert.
4 2019 Jan:  Format revisions / bh.
4 2021 Nov: - Corrections re MJ: Timing diagram scale corrected, nK(E+S)-->K(E+S) at B Counter.
- Monostable diagrams reorganised / bh.
- Initial version of State Diagram added.
- Numeral-entry & addition procedure descriptions added.
- Corrections to F+, FG, FZ flags: JK input sources were swapped.
- Correction to gate 38A20: F+ corrected to nF+.
¢ 2021 Dec: - Flags reorganised.
- Correction to signal direction between 36A34 & 36020.
- DP alignment description added.
- Gate names corrected:
3001 => 3409
30B5 =>34B3
31V5 =>34V12
34A45::49 => 37A45::49
34A47 => 36A47

A4 => 32A11
36B6 =>35B8
37A14 => 34A30
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Signal Names

Signal names are based on the labels on the printed circuit boards.

Section Signal Description
Timing CP Master clock.
T-... Bit timing (4 bits constitutes a digit).
TD... Digit timing to count out a number cycle. Clocking of the TD counter is controlled by FM.
FL TD16 delayed one clock period.
Used in part to trigger state transitions at the end of number cycles.
Keyboard K... Keyboard signals.
W1,W2,W4,W8 Signals from the keyboard numeral encoder to the IR register.
Control CC0::CC7 The states of the state machine.
F... Flag (single-bit) registers.
F- A subtract operation is pending or active.
FS Dlrects Arithmetic to perform subtract rather than add.
FX A multiply operation is pending or active.
F+ A divide operation is pending or active.
FO Overflow / error flag.
FG - In CC4 of multiplication, indicates shift period of final digit to adjust product.

- Indicates divide pending while dividend is shifted up.
- In division, transfers termination indication in CC4.
FH - Used to catch an occurrence of AC=0 during CC1 for DP alignment.
Fz - In CC3 of multiplication, indicates to add multiplicand digits of IR to ACC.
- In CC4 of multiplication, indicates to shift multiplicand digits of IR.
- In division, records termination event from CC3.

FCO Sign from last operation-result arithmetic (out of CC3).
FCU Sign from last totalising arithmetic (out of CC86).
FM Controls clocking of the registers and TD,A,B,D & P Counters.
FA Controls clocking of the A Counter.
FB Controls clocking of the B Counter.
FD Controls clocking of the D Counter.
FP Controls clocking of the P Counter.
IR Register  IR... Indicating Register. The operand being displayed.
IR Bit stream output.
IR15D=0
IR16D=0
ACC Register ACC... Accumulator, contains the second operand.
Avrithmetic is incorporated in this register.
ACC Bit stream output.
ACC15D=0
ACC16D=0
ME Register ME... User memory controlled by the A switch and T key.
ME Bit stream output.
ME15D=0
ME16D=0
P Counter PC... Point Counter. Holds the position of the displayed decimal point.
PC=0
D Counter DC... Digit-Mark Counter. Holds the position of the multiply digit marker.
DC=0
A Counter AC... Counter to calculate the difference in DP positions between IR and ACC.
AC=0
B Counter BC... Counter to recover the DP position of a recalled operand.
BC=0

# A lowercase “n” in a signal name indicates the logical NOT operation.



TD (Time Digit)

Timing Counter Power Supply
(5 bits) < FM
( Flag
vov v !
op A ™0 —-10V +10V —10(K) -V(L)
bit tin,:in g digit timing logic supplies display supply
Keyboard KC, KCI, KCM,
KA, KT, KP, KR
o 000 000 KE, KS, KX, K+ E Fs FG FCO State FO AC=0 A Counter FA
O 000 —— Flag ™ FI A A Machine Fi - (4 bits) Flag
@) 000 U U ag ag ag ag I ag
00 CJ0 ! ! v i ........... i
Ko, Ko cco CcC7 BC=0 B Counter FB
- 4 bits FI
FX s FH || Fz FCU @ ot 29
Flag Flag Flag Flag Flag
Numeral KN Control B R
Encoder = * * * * *
AA A AA A A
ME16D=0 CA ACC16D=0 PC=0 DC=0
ME15D=0 K..., F...,CC... ACC15D=0
to all sections
4 4
ME Register J | ACC Register
(User Memory, 64 bits) \_; (Accumulator, 2nd Op, 64 bits)
NG Arithmetic 4—)
IR15D=0 (serial adder) FP FD
T A Flag Flag
. ]
\ IR Register + +
(Indicating Register, 64 bits) | o
P Counter D Counter
( \LAAA J (Point, 4 bits) (Digit, 4bits)
\_ W1,W2,W4,W8 / + + + + + + + +
S ) 1-0f-16 > 1016
\_ J Decoder/Drivers| ] Decoder/Drivers
z N ,
AV 16 Incandescent Displays o
" flow
16 1-0f-10 Decoder/Drivers > 654321 0987654321 I\_/::,n
p
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AND Gates

OR Gates

t R

0 3.9K
1 4.7K
2 5.6K

AND gate with controlled pull-up.

Used in marker decoders.

NoaN = o
@
N
~

Distributed OR gate.

OR gate with controlled pull-down.

Used in marker decoders.

Inverters

[y

Variations
C=none

C=none RL=1.8K
RL=1.8K

C=none RL=820

RL=820

C=none T=A538

C=1nF T=A538

C=none RL=1.8K T=A538
C=1nF RB=68K T=A538

N (O A W N (= O |

Notes

+ Gates are identified with a label of the form:
bbgn-t
where:
bb = board [30-40]
g = gate type (And,Or,inVerter,Buffer)
n =enumeration
t =type variation (see tables above)

+ Logic 0 =0V, GND, E
Logic 1 =-10V
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Buffers

»

Variations

R=1K

1t [Variations
10

11 {T=A538

12 | T=B222

13 {R=3K

14 {R=3K T=B222
15 (R=2K T=B222
16 {R=2K B=221
17 (R=5.6KtoE

Display

11 11 11 11

ng 8 n22 nt1
Display

a1

Nbbep @)

a2

Nbbep @)

a3

Nbbep @)

4

Nbbep @)

a5

Nbbep @)

a6

Nbbep @)

a7

Nbbep @)

a8

Nbbep @)

a9
Nbbep @)

d = digit (16 to 1) :
bb=board (30,31,32,33,34) :
¢ =connector (3,4) :
p =pin(Ato2)




i Q—
' Name
.
.
.
.
i Q>

i Type JK

iNo change if J=0 and K=0.
1Qgoes 1if J=1 and K=0 on 1-to-0 edge of C.
:Q goes 0if J=0 and K=1 on 1-to-0 edge of C.

Ler iTypes Sand R

:Q goes 1 S=1 on 1-0-0 edge of SC.
+Q goes 0 if R=1 on 1-to-0 edge of RC.

:Types nS and nR

Qgoes 1 if nS=0 on 1-to-0 edge of SC.
:Q goes 0 if nR=0 on 1-to-0 edge of RC.

' Type TETC

Toggle Q if n"TE=0 on 1-to-0 edge of TC.

Note: Logic 0 =0V, GND, E
Logic 1 =10V
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:Toggle Q if J=1 and K=1 on 1-to-0 edge of C.

Flip-Flops

>—{ME

=>—{MC

- Type MEMC

* Monostable,
: nQ normally 1,

+ (Used by SP-x shift-pulse generators.)

* nQ goes 0if ME=1 on 1-t0-0 edge of MC.

Type MC

Monostable,
Q normally 0,
Q goes 1 on 0-to-1 edge of MC.

(Used by OS.ST pulse generator.)

ME MC
SectioniName Types (Variations SectioniName Types (Variations
Timing Arithmetic
FB1 T CA D, nR
FB2 T ACC Register
FD1 TETC, S {RTE=22K CTC=680pF S1 D CD=470pF CFF=1nF RFF=12K RL=3K
FD2 T, S S2 D CD=470pF CFF=1nF RFF=12K RL=3K
FD4 T, S S3 D CD=470pF CFF=1nF RFF=12K RL=3K
FD8 T, S S4 JK CJK=470pF CFF=1nF RFF=12K RL=3K
FD16 T, S ACC11-8{D CD=470pF CFF=1nF RFF=12K RL=3K
FL D ACC5-8 (D CD=470pF CFF=1nF RFF=12K RL=3K
Keyboard ACC*-* {JK CJK=470pF CFF=1nF RFF=12K RL=3K
0S.ST MC IR Register
FK D IR16-8 D
0s nS, nR IR16-4 (D
Control IR16-2 D
FA JK IR16-1 D
F- JK IR2-8 D
FS JK IR1-8 D, S
FX JK CJK=470pF CFF=1nF T=A538 IR1-4 JK, S
F+ JK IR1-2 JK, S
FO JK IR1-1 JK, S
FM JK IR*-* JK
FG JK ME Register
FH JK ME16-8 D CD=470pF CFF=1nF RFF=12K RL=3K
FP JK ME*-* 1JK CJK=470pF CFF=1nF RFF=12K RL=3K
FZ JK Shift Pulse Generators
FCO JK CJK=470pF CFF=1nF T=A538 SP-A MEMC
FCU JK SP-M MEMC
FC1 JK, TETC{RTE=22K SP-1 MEMC
FC2 JK, TETC{RTE=22K PC Counter
FC4 JK, TETC PC1 JK, R CJK=820pF
AC Counter PC2 T, R CT=820pF
AC1 JK, R CJK=330pF T=A538 PC4 T, R CT=820pF
AC2 TETC, R PC8 T, R CT=820pF
AC4 TETC, R DC Counter
AC8 TETC, R FD JK
BC Counter DC1 JK, R CJK=820pF
FB JK CJK=470pF CFF=1nF T=A538 DC2 T, R CT=820pF
BC1 JK, R CJK=470pF CR=470pF T=B221 DC4 T, R CT=820pF
BC2 TETC, R {CR=470pF T=B221 DC8 T, R CT=820pF
BC4 TETC, R {CR=470pF T=B221
BC8 TETC, R {CR=470pF T=B221
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nFM B>

N381C  N361M

N381P  N372B

N381R  N302D

38B3 }————=>TD16
N381V  N352S

N4o2M

|:' FL

Q
N382U N331R

[————>nFL




~10V(K)
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15K
N322P
N343R
N352M
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Nag1W
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15K
N342W
Na71U
M el
‘O o—s
15K
N342X
21 N3iiM
O O—a
15K
Naz2N
N352F
N381S
T nain
O O—a
15K
N31L
Nag2W
Nag2w
A
— N372M
N4o2H
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>
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LIV I
—O 5
15K ZSVI
=t N3UT
o— S
15K
25V TR
N391X X
—>
X N311S
—O O—9 5
15K
25V TR
N343S X
N341L
N3G2Y
d N311R
—O O—9 5
15K
25V TR
N343T X
N331N
N362X
2P oty
O O—¢ 5
5.6K
2%V TR
N3G2V X
—

KE

KS

KX

K+

KP

L naoin
O

2

2 NaoiP
O

3

S naoiR
O

4

A naots
O

5

Si naoiT
O

6

S v
O

7

L oty
O

8

S Naotw
O

S Naoix
Lo

0

—1 N30IM
4—O

!

56K 25\72
56K 2532
56K 25\72
56K 2532
58K 25\72
56K 2532
56K 25\72
56K 2532
56K 25\72

56K 2532

EEEEEELD

1

o

3

IS

o

6

A

©

9 6>—f

KT
30A5 =>Wi1

N301Z  N352V

N312C N3225
KT

KR

N372W

KR

KX >

N312B  N332X

N311Z N322T

K

N332W

KCl > N342Y  N321P
3127 o e cmnK(CHOM)
w8 KCM & N37T

N322R  N343B

KC
32012
KB

£K(C+B)

KE
31032
KN KS

K(E+S)

N311V  N342U
——>

N362S
N401E
——>

N302A  N362Z

P-8

N391D
N402Y
——>

K(N+P)
KX 31052 > K(N+P+X+2) {SFABP}
N302J  N352W .
=FK K+
KIN+P) —* N302M  N331S KOwP) 3106-2 K(N+P+T) {RFABDP,FD,BC}
Fo—ns Q—@—I’—HOS K ) n
- N342B
nQ SCOS - K(E+S)
oS N351Z P 31072 £>K(E+S+X) {RFABDP}
>—RC o=
N361P
R nQ 4 KX
N382X 3108-2 K(X++)  {FB}
o K+
N391Z
Tnaotr Kp K(Pss
il ‘e 31092 (P+:)  {SFAP}
NTW
= nKX &> N322U  N341Y
ose N331T _ N361Y nKT ; =—>nK(X+T) {BC}
B> T NEY s
N392D
>
N401K



-

3804

N

AC=0 >—

niR15D=0 &
FGB
nFM e 40B1-14
nFX L
CCip

to FM Flag
—=CINT3 nFM >—
CINT4 CC5—,
OS+FL >—
K(E+S) —
nF+ >—
CC1>—]

—=CINT5

FG—"
nF+>—{ 38A22
CC1B>— .
KC

D—

KRB
CCip

3806

}

N

T8 B
D16
38A15
FX
CC4
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DC=0>—"*
nFM >—p
38A24
FX i
CC3>—] KC

3808

T-4>—°

FL>—

KT >—{ 38A25

F+>—]
CC7>—

)

M

3809

X

/

38010
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N

; nt |>_
: n2c—| 38A26 38B9 =CCo
: : [ zea NaGzB
; n4 p—| -—
: : N331P Na71W
: N342C N392B
: 3 N352H N4O1V
nec— 38A27 | 310 cei
: : [ naer
: 4 B—f
: : N302E Nas2L
: N312R N362C
: N321M N372T
: N332Y NAOIN
: : N341Z NTM
; nt >—
: 26— 38A28 | 38B11 cc2
: : [ nages NagzD
: n4 >—
: : Na21X Nag2H
: ; N332P NTN
nFLe>—TC : 15— o L
SFCH nTE : 21 38a29 || 38B12 c
J Qa1 : [ nae2s N372E
ECt 3 e Nateu Nag2M
CPe—{C : :
g : N342F N402J
K nQ—=nt : N362E NTP
: n1 B—j
: n2c— 38A30 )| 38813 =CC4
: : [vzery Nas1Y
: 4] -
: : N321U N371Z
: Na22X NageL
: 3 N33TW N4O2K
: ¢ < —
: ; N343Y NTR
3 1 ?_
; n2c>— 38A31 |{ 38B14 c
: : [ nae2e N352R
: 4r—
: : N321Z N362F
IFC2 : Nag2T NTS
nl >—
: 26— 38A32 | 38B15 =CC6
: : N3s2D  N372K
TC H 45— ]—-:—
oTE : : N3g2E
SFGC2 o ; naoas
J Q 2 ; o
EC2 ' NTT
CP>—C ' 15—
: 2c—1 38833 | 38816 cc7
K nQp—=n2 : N382T  N362J
S T
: : Na72v
: : JLEIE
RFC2 : 2|;>—|>FCZ 1o FM Flag | N392R
; 4B 4 NTU
TC :
TE
SFC4 il IR Y :
FC4 ; [
CP>—C ; :
RFC4 K nQf—=n




nIR16D=0 =—]
FG>—
36A20
nFM B—
CC1—
0s—IF T-4>—{"
J o FS
Ks Ee NGg2W Na12W niR16D=0 >—
- o FH>— 36A18
cP—C N343U "
Na71L nFM B—]
EP—K nQ nQ W CC2>—
T-4>—{"
+———>nFS
N392X_ N343V nAM16D=0 e—|
>
N371K FHE—
> 36A22 3608
N401Z Fs o]
——
nFM B—
CC2>—]
T-4 ]
=>FX
N34IN_ N322Y nME1516D=0 —]
>
N331V FHE—
— >
N351X F+ ]
N362K nFM —|
N372J CC5—]
——
N382A T-4 ]
— >
N402D nACC15D=0 —
FH
N341M Na72H e
Nag2F Fre—
Ndo1U nFM=—
-— CC5>—
CAD—]
nFCU >—
CINT5 J Q] 4082 + ]
E. KN s nFs
cPe—|C N321W nFM —
EP>—K nQ NagiM eor
oA nIR16D=0 =—]
Na71Y FKe—)
N382K KNe>— | NoB2A N3G
N392J CCi> ) N362M
= N372R
N4O1L N361Z N381T
N372N N321IN
T — N362H
N382L =
N382M
s>

=>n(FX+F+)
N402R - N342E

nFX >
40A2
nF+ >
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36A26

N364M
N4o2v

Q FG
N401M  N362N
EG o>

CP>—C N371X
o>
N382P
K nQ o>
NTH

—om—>
N402X  N331U
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CAD—

FS>—
34A3

nFM B>—

<
-
o
o

o

CC4—

CAD—

———1>FCO

nFS >—

34A4
nFM B>—

KC>—
KX
K+ >—
= [

KCl
CCOB

CC4—

3408

I

CA—]
FS>—
39A9
nFM >—
J Q
CC7 >— FCU

CP>—C

CA—
K nQ

nFS >—

N391U  N343H
FCU

39A10
nFM B>— -
KCe

CC7>—

nFCU
N392S  N343N

AC=0 >—
0S >

N351K  N362L
NTJ

N351L  N343D

N361N

KB >—
T-8>—
nDC=0 >—
AC=0 >—
FM >—
F+>—
CcC2—
nAC=0>—
PC=0>—
nFM >—p

CC3>—

CINT6

DC=0 >—
FX>—
CC4>—
DC=0 >—
IR2-2 >—
nFS >—
F+>—
CC3>—
nFA >—
KA >—
F+>—
CC3>—
nME1516D=0 >—
nFA >—

nFM >—
F+>—
CC3>—

0S>—
BC=0 >—
KR>— 40A14
nFX—j
CCO>—

T-8>—"
DC=0 >—
nMSD=0 >—{ 40A17
FX>—]
CC3>—

KR >—
F+>— 40A11
—J Q
CCO>— Fz

1 >

N364Z
N402U

CP>—C

XS (duplicate OR diode)

Fz
N402W  N322W
—— >

N364Y
N372F

>
N3g2z
—

N402T

NTF
.

N321V
N392K



KC>—

KCM e—|
N31IX N3g1Y
KB >—| 31021 o cet
K(X+R+CM+B+C)
KR —]
KX —]

K(E+S) >—]
KCl>—

FG

= |7
38A4

FC2>—

FC4>—]

CC2+5>

KT 31042 0% =
B AC=0>—
N311W N392A
K+ >— 39A12 FO>—]
N302F K(P+++E+S+T+Cl)
Kp cco CC2+5 >
OS+FL " D1
39A13
KN > KB =
KCM
N312N  N382N
KR = 31V4-0
- nK(X+R+CM)
KX CC1
nKX o>—
nKRe>— 33A5
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nK(Cl+CM) >—

CC5b

nFO>— 32A9
CC1>—

CPp—

EM
B N381D - N321L _ enable clocking of
c - N33IX T egisters & counters

N341S
K nQ o>

N352J
N361L
N3718
N391L

N352P
N362T
N392P
) N401W

N331Z N371C
nQ| 33B3-D —m—>SP-A
N391E
—

N401D
o

N322F  N301L
nQ| 32B1-D —m—>GP-|
N312F
—m—r>
N332F
———>
N342Mm
Lo

N321E  N301K




nPC=0>
KT
CCo
TDO &
nAC=0c>
CC7
OS+FLE
K(P++) B
(o] —
o

nPC=0 >—"

=SFAP

nFM >—
K(N+P+X+-) B>—
CCo>—
nBC=0 >—
FG>—
FO>—
nFM >—
CC1>—]
FG>—
F+>—
CC1>—
KP >—
F+>—
CC1>—]
FP>—]
FX >—
CC2>—
BC=0 >—
FG>—

FO>—
CC1>—
AC=0>—
KR >—

CC1>—
PC=0 >—
K(N+P+T) >—
CCO>—
BC=0 >—

KR >—
CCO>—
0S+FL>—
K(E+S+X) B>—
CC1>—]

nFH >—
FO>—

nFM >—
CC2+5 >—
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FA
N391M N321T enable AC

N39IN  N402F

nFA

0s
KIN+P+T)
F+

X

cco

F
36A52
CCt
SFi 36019

BD>—

FX—*
36A51
CC3p
D0 SFD NaGeE
N351N
nAC=0> 36A49
) Qp——FD
CC7e FD enable DC
CP>—C
—K  nQ
N351M
N364K

+ CC2+5 input to gate 34A6 labeled on board as CC5.
+ OR Diode for connection between 36A34 & 36020 is labeled and installed as AND (DA/red) rather than DO/green).

FOB—
FHe>—
CC2+5 >—
nFO >—1
nFH >—
nFM >—
CC2>—

F+>—
nFM >—
CC2>—

FH>—]
nFO >—

CC5>—

36A36

36A35

————FB
enable BC

a N351A N321R i
FP enable PC

N332N

N362U
}—on— >

NTB
N351B  N321Y
N332S
>
N341X
—— >
N343F
N392U
>




0=UP, 1=DOWN

nFP "
39A14
CC2+5

FA
39A15
FM

BRN/BCRVS |

K (X+T) ]

K(E+S)

CC1>—]

0S >

KR >
CC1>—
F+>—]
K(N+P+T) B—]
cCo—
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C=0

nAC=0

AN341K
N N364F

BC=0

39vi2 o 39v2-3 REV
NOR
J Q HnTEa Q HnTEa Q nTEa Q
AC1 —l TCa —l TCa TC a
P8—{C AC2 AC4 AC8
—nTEb —nTEb —nTEb
K nQ TC b nQ| TC b nQ| TC b nQ|
EP>—R EP>—R EP>—R EP>—R
CP>—RC CP>—RC CP>—RC CP>—RC
N392Y N351C
39A16 39V3-1 39V4-1 }—m— > A
))_—_ N352N
N361U
=
N382F
=
NTD
e
N392Z N361X
0=DOWN, 1=UP
N364H
N341D
34v2-8 p REV
J Q nTEa Q HnTEa Q nTEa Q
BC1 —l TCa —l TCa TC a
P8e—{C BC2 BC4 BC8
—nTEb —nTEb —nTEb
K nQ TC b nQ| TCb nQ| TC b nQ|
R R R R
CP>—RC CP>—RC CP>—RC CP>—RC
N341V  N361K
34A11 34va-7 34V5-7 p—I'-'——l'-I—>
N401S
=
NTE
L >
N341U  N361R

nBC=0




PC2 PC4 PC8
T T T
nQ|—— nQl——
R R R :
cPe—RC cPe=—RC cPe=—RC
0S>— ;
Fe—] ; . B R, ;
KR >— n4 ;
FG>—] ;
Feo—i § : o : - ; ¥
€01 § i i i i ¥
g : ot Y : : DP2 : : DP3
3 15— 8329 NISY () TS 8329 NIX () ; 15— 8329 N353W
: n2 e— : 26— : 26
: N ELE : T [ssa142 : T [ssA202
nd —| : n4 c>— : ne
L DP4 L Lo DP5 P e DP6
P e B329 Nagev : Te— B329 Na Pooone— B329 NgEST
; n2 e>— [ n2 e>— [ 25—
: T [ssAt02 : T [ssAts2 : T [ssm2t2
: 4B P A Pooe
: ng t—| op7 i mei— 0P8 R . op
; 1 ,>_ B329 N353 n ,>_ B329 N353R 1 ,>_ B329 N353P
; 25 n2e> n2 —
: T [ssAt12 : T [ssate2 : T [ssA202
; 4] P e P e
E B L B A -
AL g DP10 g g DP11 g g DP12
P e B329 NEN @ : Te— B329 NG Poonte— B329 NS @
; 25— [ 25— [ n2 e>—
: T [ssAt22 : T [ssA172 : T [ssAs2
! n4 c>— 4 c>— 40—
: ] : 8—| : 8 ]|
: 8 t DP13 ¢ t DP14 ¢ t DP15
3 15— 8329 NI () TS 8329 N353 ; 15— 8329 NS ()
P P2 D o]
: T [ssAt32 : T [ssate2 : T [ssm2a2
; 45— ; 45— ; 4B L]
3 85— | : 85— | : 8] L
R EEEE B A eeeeaaan B A R REEE B A
v v v
L 1358052 THOU1 L 1358262 THOU2 35A27-2 THOU3

Canon 161 Calculator
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J Ql Qf— Q|— Qf—
DCt DC2 DC4 DC8
p P-8>—C T T T
K nQ——4 nQ——4 nQ——4 nQ—
R R R R
CP>—RC CP>—RC CP>—RC CP>—RC
----------------------------------------------- . B A R &
ni n2 nd n8
V(L)
y

35A35-1

45— 35A36-1

B

4E>—35A37-1

B

n4 B>— 35A38-1

B

45— 35A30-1

B

MK4
N354V ( Q )

MK7
N354S ( @ )

MK10
N354N ( § )

MK13
N354E ( § )

35A41-1

B

35A42-1

B

35A43-1

B

35A44-1

B

N354U (MQKS)

N354R (MQKB)

MK11

N354H (@)

K14

N354D M( § )

35A46-1

35A47-1

35A48-1

B

35A49-1

FXe—]"
¥ y y 10 e
cc1 35V54))-| 35vs5))-| 368410

Canon 161 Calculator

Section: Digit Counter (DC)
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B

N342H

N361S
N402P

N351T  N402N

MK3
N354W ( g )

MK6
N354T ( §)

N354P (MQK)Q

MK12
N354F (g)

MK15
N354C ( g )

plg

DC=0

nDC=0
DC=1

DC=15



CC2+5

601 R ——
o TR )——
607 T )——

nK(Cl+CM) >—*
37A4
CCOr>
’

FO
37A5
FGr>
F+p>
CC4rs

KA >—]
FX>—]

CC6>—

8T8 Xi—]
FSe—t>FS Y 37A20

nFS|>—|f>nFS nFS |>—

XB—]
CAB— 37A21

nFS B—

SME—]
S1—

: 37A22
T-8 >
nFS —

SM —]
S2 >—

: 37A23
T-8 >—

nFS —

nX >—
Y B— 37A24
FS ]

nX >—

N3IW

37A32 H 37v7-1 37V8-1 C10-T-8
n(C10-T-8)
- N371D  NagoN
CAN [ g A

ACC

nFX CAB—
nF=+ F$ D nQ
CC6> Y
nFX Y CA
CC3r> = £>nY nCA<
FZ> CA<a
CC3> X —]
K(N+P) nY B>—
cco nCA>—
nX >—
Y B—
nCA >—
nX >—
=51 nY>—
— 52 CA—]
BSM X ,>_
4 Y
37A38 :
ety e— __/ (] CAR=
S1>—
37A35 S2 >—
S2>—
nFS B>—
FS>—
14 more
flip-flops N371A N391B
37A36 3708 D Q nS2 >— D Q D Q J Q J PR
n(C10-T-8) st ks s2 o(C10T8) 37A43 s3 sS4 ACC15-8 ACC12-1
SP-A>—C C SP-A>—C SP-A>—C SP-Ac>=—C SP-Ac>=—C
C10-T-8 >— —
S2 >—
37A37 nQ[—4 nS2 >—| nQ—e nQ|—e K nQ—e K nQ K nQ
C10-T-8 >—
oFS C10-T-8 >— nACC15-1
L——>nACC15-2
B oS nS2 $2 ns3 ns4 L nACCI54
I———>nACC15-8
/ S2 >—1
nS1 St c 22 more 18 more
10-T-8 ] flip-flops N391A N4O1B flip-flops N4O1A  Na7L
Fs D Q D Q Q
Canon 161 Calculator = ACC11-8 ACG-1 ACC5-8 ACG1-1
) i ) i SP-A>—C SP-A>—C SP-A>—C SP-A>—C
Section: Arithmetic & ACC Register + Silkscreen labels by edge connections of Board 37 for FS and
Page: 16 Rendition: 2022 Feb 6 nFS are inverted. Labels in foil are correct. nQ K nQ nQ K nQ




N342N
MSD-1
D Q— D Q—¢ D Q
IR16-8 IR16-4 IR16-4 IR16-2
SP-l=—C C IR16-2 >— C
N342S nQ nal— nQ
NaTIR IR16-2 >—
niR16-2 >—
niR16-2 >— IR16-4 <t IR16-2 <t
nIR16-2 <t—4
nlR16-1
IR16-2
nlR16-4
IR16-8
ng 8 n4 4 n22 nt1
N322V  N302L Display
? : Digit 16 (MSD)
CC4r>
2 more 14 more 14 more 14 more
flip-flops N341A  N332L flip-flops N331A  N322L flip-flops N321A  N312L flip-flops N311A N302X
J Q oo Q M\N—=o——os—{Jnr s Q M m—{Jr  Q PP Q M—o——o=—{inr Q) PR Q
IR15-8 IR15-1 33K IR14-8 IR11-1 33K IR10-8 IR7-1 33K IR6-8 B3
SP-l>>—C SP-l>—C SP-l>>—C SP-l>=—C SP-l>>=—C SP-l>>=—C SP-l>=—C SP-l>=—C
K K Na4TB NssM | K NGB NazM | K NGB NgtM | K
nlR15-1
niR15-2
nlR15-4
niR15-8
ng8 ndd4 n22 nt1 ng 8 nt 1 ng 8 nt1 ng 8 nt 1
Display Display Display Display Display Display Display
Digit 15 Digit 14 Digit 11 Digit 10 Digit 7 Digit 6 Digit 3
N302Y N402C
IR2-2 w8 S w4 S w2 S w1 S
CP SC CcpP SC CcpP SC CcpP SC N3OTA  N342P
LD Q J Q J Q J Q—s 30A11 D Q J Q J Q J Q R
IR2-8 IR2-4 IR2-2 IR2-1 1 IR1-8 IR14 IR1-2 R1-1 NSZ2Y
SP-Ie>—C SP-Ie>—C SP-Ie>—C SP-Ie>—C SP-I>—C SP-I>—C SP-I>—C SP-I>—C
N301B  N342T
nQ| K nQ K nQ K nQ nQ K nQ K nQ K nQ
ng 8 nd 4 n22 nt1 ng 8 n4 4 n22 nt1
Canon 161 Calculator Display Display
. o . Digit 2 Digit 1 (LSD)
Section: Indicating Register (IR)
Page: 17 Rendition: 2022 Feb 6




14 more
flip-flops . q
ME13-1
SP-Me>—C
K nQ
L|>nME15-1
CC2+5 >— ——>nME15-8
————>nME16-1
L nME168
14 more
N331D N322D flip-flops
Jnr - Q sl Q——
33K ME12-8 ME9-1
SP-M>—C SP-M>—C
N331C N322E
nQ K nQ —|
14 more
N321D N312D flip-flops
Jnr - Q sl Qb——
3K MES-8 ME5-1
SP-M>—C SP-M>—C
N321C N312E
nQ K nQ —|
14 more
N311D N301E flip-flops N301C N372U
Jnr - Q J ME
33K ME48 ME1-1
SP-M>—C SP-M>—C
N311C N301D
nQ K nQ

Canon 161 Calculator

Section: ME Register & Zero Gates
Page: 18 Rendition: 2022 Feb 6

niR16-2 >—
niR16-4 >—
niR16-8 >—
niR >—
niR16-1 >—
niR16-2 >—
niR16-4 >—{
niR16-8 >—
niR15-1 >—
niR15-2 >—p
niR15-4 >—p
niR15-8 >—p
nACC15-1 >—
nACC15-2 >—
nACC15-4 >
nACC15-8 >
nS4 >—

nS3 >—

nS2 >—

nS1 >—
nME16-1 >—
nME16-2 >—|
nME16-4 >—
nME16-8 >—

NME15-1 B>—
NME15-2 >—
NME15-4 >—
NME15-8 >—

37A60

33A8

N371B  N343P
nACC16D=0

A N332C  N343M

nME16D=0

=nMSD=0

=nIR16D=0

=nIR15D=0

=nACC15D=0

N343L  N361D

=nAM16D=0



2+
DV14C

vy

-19v NST lightbu 4 10 dispiay lamps
Q

POWER

NS9

115VAC
85W

2.
25B250

N332J N322J N312J

_1ov ,\ﬁ5 dark by ¥N401H ¥N391H ?NSNH ¥N371H ?NS{HH ¥N351H ?NSMH ¥N331H ¥N321H ?NSHH ;NS{HH

vi i 02 ;
.fl'l'l' Q
L 5000 : L2000
T2V H P2V
= 102 :
- small ~10V(K)
4 10 10 N2 gark bu to keyboard
18311 W Wy : @
100
? ............... T isv ;
SFiA2 s20
L 100 w ol ]
T asv
= TR2 Vi =R o v v v v v
25B221 =1K
=820 =390
s - Wi NS g ;NGEZZ ;NMZZ N332Z  RN322Z 1312 ;3022
182 |
RD6A TN B A A A
5.9V 1 L7
Board Current Draw = P imou iNagu iNSBU iNam iNaeu N351J i i iam iNaﬂJ iaou
During measurement, V-10 at N332K HN322K  HN312K  BN302V
backplane was ~ 9::9.6V due = = = =
to ammeter drop.
Display connectors not in place.
Board Cumu. mA Board mA|
30 231 231
31 453 222 ek
32 649 196 .
33 871 222 . i Loooo
34 1046 175 o i T NS . . . . . e ee ae
35 1280 234 YL 2sBoa3 +Hov - imow iNagw iNamF iNGﬂF iNGmF iN351F iNGMF iN331F iN321F iNanF iNG(HF
36 1307 27
38 1438 131 N332H MN322H MN312H
39 1565 127
40 1660 95
37 1785 125 _1:7:_
2d Yiw 100 30 Yiw
T T Tisv 15V 3T T 15V Tisv
I I Iw I I
Canon 161 Calculator I?‘;V oo I?‘;V I?‘;V T
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6090 0us 4(|)0 EXI)O 12?0 1600 2090 2490 2890 32?0 3690 4090 4490 4890 52?0 5690 6090 OHS 4(|)0
. R ; ; ; ; : : ; ; —~__logic 0
i (0V, GND, E)
cP iilugicl
I - (-10v)
T-1L....._ | I U | | | | | | | | | | I S I U
T L L | L L L L1 L L L L . L L L I O I
T8 I Ll I I I I I I L I o I L J

TDO

™1

D15

D16

FL:

Canon 161 Calculator

Section: Timing Diagram
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Notes

« Signals are shown as they would typically appear on an oscilloscope, with more-positive voltage

vertically higher on the trace. In contrast, for logic levels logic 1 is the lower level of a trace and logic 0
the higher level.

+ One cycle of FM during an operation is shown here. SP-x, TDx, and FL are only active during FM.

During some states, these signals may vary from those shown here .

« As measured, CP cycle time is 105 uS (9.6 KHz) with 0 pulse of 17 uS.

« As measured, SP-x 0 pulses are 20 uS.




NT N402
CP-IN| Z | RFC1| Z |
CP-OUT| Y | EP|Y |
T-8 X | nFG| X|
OS|W | FZ W |
E| V] SFG| V|
CC7| U | SFZ| U |
CC6| T | nFZ| T |
CC5| S | CC6| S |
CC4|R| n(FX+F:) R |
CC3| P| DC=1| P |
CC2| N | DC=15| N |
CC1| M| TD16| M |
-l L TD15| L |
FS| K] CC4| K|
FH| J | CC3| J |
FG| H | KA| H |
FZ| F | nFA| F |
BC=0| E | DC=0| E |
AC=0| D | FX| D |
FA| C| IR2-2| C |
FP| B | T-8/ B |
nFM| A | nMSD=0| A |
N401

nFS| Z |

Fel Y|

nME1516D=0| X |
nFM|W |

CCo| V|

nFX| U |

KR| T |

BC=0| S |

OS|R|

nlR15D=0| P |

CC1[N|

FG| M |

nFs| L |

OS+FL| K]

E|J|

—10V| H]|

+10V| F |

K(E+S)| E |

SP-A| D |

CP| C|

ACC6-1| B |

ACC|A |

N392 N382 N372
nAC=0 Z | FZ| Z| nACC15D=0| Z |
AC=0] Y | CCO|Y | IRLY |

nFS| X | OS| X| G-M| X |

FS|W | KT W | nKT|W |

SFO| V| T-4 V]| CC7 V|
nFP| U | FL| U | ME| U |
CC2+5| T | CC7 T | CC1| T |
nFCU| S | KR| S | CC2+5| S |
CC7|R| CC1 R| FO|R |
nFM| P | FG| P | KR| P |

CA| N pK(X+R+CM)| N | nF+| N |

CC3| M| nFO| M | KA M |
CC4| L | nF+| L | ACC| L |
nFZ| K | F+ K| CC6| K|

F+| J | CC2 J| FX| J |

CC2| H | nFM| H | nFX| H |
nFX| F | AC=0| F | FZ| F|
CC6| E | CC5| E | CC3| E |
OS+FL| D | CC6| D | TDO| D |
KN| C | CC2+5| C | T-1| C |
CCO|B | CC3| B | TD1| B |
K(P+...Cl)| A | FX[ A T-8| A |
N391 N381 N371

0S| Z| n(FX+F:)| Z] CC4| Z|
K(X+...C)| Y | CC4| Y | F+ Y |
KS| X| nFG| X | FG| X|
KC|W | T-8| W | CCo|W |
SFM| V| TD16| V | K(N+P)| V|
FCU| U | DC=0| U | KCI| U |

- T FO[ T | nK(CI+CM)| T |

-1 S KB| S | FM| S |

RFA R | TD15 R | G-I/ R |
SFA| P | TD1 P | G-Il P |
nFA| N | RFC1| N |K(C+B+CM)| N |

FA[M | IFC1| M | 9ACC| M |

FM| L | SFM| L | FS| L |

P-8| K| KC| K| nFS| K|

ElJ]| E| J| ElJ]
-10V[ H | -10V| H| -10V[ H |
+10V| F | +10V| F | +10V| F |
SP-A| E | - E] CP E|

EP| D | FM| D | CA D |

CP C| TDO| C | SP-A| C |

ACC12-1| B | CP B | nACC16D=0| B |
ACC6-1| A | P-8/A| ACC12-1 A

N362
K(N+P)
KX

K+

KT

KP

FP

nFM
K(E+S)
KR
CC2+5

> [@[olom||z|e x|~ |z[z|v|n|w|H]c|<[z]x|<|n

nZ
w
-
Y

>[=[olo|m|n |z [~ [=[z]s[n|o]+|c[<[2][x]<|n]

OS+FL
nAC=0
PC=0
nPC=0
AC=0

T-4

nDC=0
nBC=0
oS

nFH

TDO

FM

BC=0

E

-10V
+10V
nIR16D=0
nAM16D=0
nME1516D=0
nACC15D=0

N352

-2V
PC=0
nPC=0
FK

KN
nIR16D=0
SFO
TD16
CC5
nFM
AC=0
KC
CC1
K(CM+...S)
FM
CCo
KB
rD/RDF
SFP
RFP
nFO
FO

> [=[olom|nz|e x|~ |=[z[v|2|e|H]c|<[z]x|<|n

=
w
a
ey

(OFS)
CC4
FX

CP

rP

P-8
DC=15
DC=1
DC=0
nDC=0
SFD
RFD
nFH
FH

-10V
+10V
RFH
SFH
AC=0
nFP
FP

>[=[olo|m[n[z[x[-[2[z]s[n|o]~]c[<[E][x]<|n]

N342
-2V
nK(CIl+CM)
KCM

KCI

G-J
K(E+S)
niR

G-l

G-ll

IR
(MSD-1) -
SP-1
nIR16D=0
nMSD=0
T-8

DC=0
CC3
n(FX+F+)
nKR

CCo

(OFS)

KR

> [o[olom|nz|- x|~ |=[z[v|2|e|H]c|<[z]x|<|n

=
w
'
—h

CC1
nK(X+T)
nFP
CC2+5
BC=0
nBC=0
P-8

FM

RFB
SFB
FX

nFX

KX

B

E

-10V
+10V
CP
BRN
nlR15D=0
nIR15-1
IR15-1

>[=[olo|m[n[z[x[-[2[z]s[n|o]~]c[<[E][x]<|n]

N332
-2V
CC1
nKR
nKX

CC5

nFP

CC2

FP

nlR15-1
IR15-1

E

-10V
+10V

SP-I

G-M
nME16D=0
nME1516D=0

>[=|olo|m|n|zc x|~ |z[z|v[n|o]+|c]<|2]x|<|n

=
w
w
-

SP-A
CP
FM

CC4
FX
nFG
OS+FL

EP

-10V
+10V
SP-M
ME13-1
nME13-1
niR11-1
IR11-1

>[w[o[olm[n|z]c[x|r[z[z][n]o]-]c|<[=]x[<[n]

N322

-2V

FX

CC4

Fz

G-Z
nK(X+T)
nKX

nKT
K(C+B)
KC

KB
nIR11-1
IR11-1

E

-10V
+10V
SP-I
nME13-1
ME13-1

>[=[olo|m[n[z[x[-[z[z]s[n|o]~]c[<[E][x]<|n]

=
w
N
—h

CC5
nFP
CC2
F+

nFz
CC4
FA
CC2+5
FP
nK(CI+CM)
nFO
CC1
FM

CP

E

-10V
+10V
SP-M
ME9-1
nME9-1
nIR7-1
IR7-1

>[=[olo|m[n [z [x[-[2[z]s[n|o]~]c[<[E][x]<|n]

N312

-2V

FS

F+

CC3

KCI

IFC1

CC1
K(CM+...S)
nK(X+R+CM)
nIR7-1

IR7-1

E

-10V

+10V

SP-1
nME9-1
ME9-1

nKT

nKR

KCI

>[=[olo|m|n [z [x[-[=[z]s[n|o]+|c[<[z][x]<|n]

=
w
s
—h

nKX

KOR
K(X+...C)
K(P+...Cl)
K(E+S)
KE

KS

KX

K+

KR

KT

KB

KCM

KC

E

-10V
+10V
SP-M
ME5-1
nME5-1

IR3-1

>[=[olo|m|n [z [~ [=[z]o[n|o]+]c[<[z][x]<|n]

N302

—2v
IR2-2
IR3-1

CcP-OUT
E
(OST.MC2) -
T-8

T-4

T-1

cP

os

G-Z

G-J

FK

P-8
K(P+...Cl)
CCH1
D15

FO

KOR
K(N+P)

> [o[o)om|nz|e x|~ |=[z|v|2|e|H]c|<[z]x|<|n

=
w
o
purd

KN
KP
Key 9
Key 8
Key 7
Key 6
Key 5
Key 4
Key 3
Key 2
Key 1
Key 0
SP-1
SP-M
E
-10V
+10V
MES5-1
nME5-1
ME
niR
IR

>[=[olo|m[n[z-[x]-[2[z]s[n|o]~]c[<[E][x]<|n]
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+ Bold-faced expressions are signal sources.




N364 N354

SFz[ 7] DCo| 7|
Fz| Y| DC1| Y|
T8 X| pc2| X|

-w] DC3|W |
EP| V| DC4| V|
SFO| U| DC5| U |
SFP| T| DC6| T |
rP| S| DC7[S|
RFP| R | DC8| R |
rD/RDF| P | DCY| P|
SFA| N| DC10| N |
SFG|M] (M|
SFB| L | L]
RFD| K | - K]
RFH| J | 1 J]
BRN| H | DC11[H|
rB| F | DC12| F|
SFD| E| DC13| E |
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+ Bold-faced expressions are signal sources.
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+ Flip-flop transistors are labeled on the physical boards as 0 or 1.
1 is the Q transistor, 0 is the nQ transistor.
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+ Transistors marked in red are those found faulty and replaced in Unit 700369.

+ In these diagrams, flip-flop names are closest to the Q transistor.
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Notes

This CMU diagram is drawn in terms of normal CMOS positive logic levels, in contrast
to the negative levels of the 161. As such, there is an implicit logical inversion in the
connection between the calculator and the CMU.

CalcSig => nCmusSig
Connector point NTL is unused on the calculator. It may be connected to —10V to
supply the CMU, alternatively a clip-lead from the CMU may be used to connect to
-10V.
LED limiting resistors should be chosen appropriately for LEDs used.
Alternatives to stop clock after keypress is registered:.

+ CP =>U4.10, U4.14 => U4.7. Stop after 8 clock cycles.

+ OS => U4.10, U4.11 => U4.7. Stop on assertion of OS.
Improvement: Add a Clock-Enabled LED driven by U6b.6.
Bug: T-8 is derived from a ripple counter, glitches may stop the clock in the middle of
the digit, requiring two presses per digit.

Other Servicing Notes

A & B Counters may be monitored with LEDs with 2K resistors connected between
the collector of the nQ transistors and —10V.

The D Counter may be monitored by connecting 35B4 output (at 4.7K R near edge of
board 35) to —10V.

Revision Log
2001 Jan:  Version 1, original design and construction / bh.

2010 Nov:  Version 2, Digit and Interval controls added / bh.
2021 Dec:  Version 3, allow control over clocking when nFM / bh.
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Canon 161 Calculator

The Controller/Monitor Unit (CMU)

The 161 has an internal test connector which provides access to the master clock and most of the flag
registers. Presumably there was originally a service unit to plug into this connector. The CMU is a newly-
designed unit utilizing CMOS ICs. It provides monitors for the available flags along with manual control of the
master clock.

The 161 uses a direct-drive display (not multiplexed) and static memory technology, consequently the clock
can be slowed down or stopped without disrupting the display or state of the machine. The control aspect of the
CMU functions by inhibiting the normal delivery of clock pulses in the 161. Installing the CMU and flipping the
test-mode switch to the up position inserts a pulse transfer gate between the master clock of the 161 and the
rest of the calculator. The functioning of this gate is controlled by the keys of the CMU and the keys of the
calculator:

Calculator Keys: The pressing of a calculator key enables clock pulses. This enables FK to
clock and pick up the keypress from OS.ST. Clocking is disabled when OS is
asserted.

Normal Calculator Mode (C): Enables normal delivery of clock pulses.

Repeat Mode (R): Repeatedly allows one clock pulse through the gate at a rate determined by
the “Repeat Rate” control.

Stop / Clock Step (S): Takes the CMU out of normal or repeat mode (stops continuous delivery of
clock pulses) and allows one clock pulse through the gate per press.

Digit Step (D): Enables clock pulse delivery till the end of the next digit cycle. Typically this
will be 4 clock pulses, and will step the calculator thru one digit cycle.

Number Step (N): Enables clock pulse delivery till the next end of a number cycle.

The pulse transfer gate is fully synchronised to the pulses from the master clock, permitting the mode to be
changed at any time, between or during, execution of operations.

Using the CMU

1. Begin with the 161 turned off.

2. Plug the CMU edge connector into the test connector of the 161.

3. If NTL has not been connected to —10V, connect the CMU power lead to the blue (-10V) power supply
connector.

4. Connect the KOR lead to N302B.

5. Flip the test-mode toggle switch of the 161 to the up position.

6. Turn the 161 on.

7. Press the “N” key of the CMU. The 161 should function normally.

When operating in other than normal mode, a key pressed on the 161 may need to be held down until the
operation is complete. This is necessary for some operations because the calculator logic utilises the state of the
keyboard during execution. The keyboard state is not fully latched at the beginning of an operation. Once the
state machine makes it to CC2 and beyond, the key may be released, an exception being the Total key must be
held down through CC7.

The Probe leads can be used to monitor other signals in the 161. The probes may not be valid for (and
probably should not be connected to) the output of OR gates due to the +10 bias on such outputs, as this may
pull a CMOS input below Vss of the IC.



