Canon EP151
Calculator

Contents

Section Page
Title & Contents (this page) 1
Notes & Signal Names
Block Diagram 3
State Diagram 4
Timing Diagram 5
Timing 6
Keyboard 7
Keyboard Latches 8
Control - State Machine 9
Control - Flags 10
Sign Flags & Subtraction 11
Data Routing & Memory 12
Arithmetic 13
SD Register 14
Point Counter 15
Position Digit Counter 16
Print Timing & Character Encoder 17
Character Generation 18
Printer 19
Power Supply 20
IC Pinouts & Gate Construction 21
Connectors 22

Canon EP151 Calculator This schematic has been derived through
. . reverse engineering.
Section: Title and Contents This is not the manufacturer’s schematic,
Page: 1 Printed: 2021 Mar 5 nor based on the manufacturer’s schematic.




* &

*

*

*

*

*

*

Notes

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

Nbcy
The symol -:pp denotes a physical connector pin, where b=board (1 to 7), c=connector, (A or B), and pp=pin.

Solid black end is the male side of the connector. White end is the female side of the connector. Board 8 is the
backplane. See “Connectors” page.

Connection points labeled “NMpps” refer to the row of points on the main/backplane board between the PCB
connectors and the ICs. s=stagger (C,K or M) depending on whether the pin is staggered towards the
connectors, the keyboard, or in the middle.

The symbol 'Y without an explicit voltage specification denotes V+5.
Capacitance in microfarads unless otherwise indicated.

These drawings based on unit with Serial No.: 200464

Log
2002 Apr-May: Initial drawing / bhilpert.
2021 Feb: TMS3314 shift register pinout obtained, register organisation resolved.
Conversion to single pdf, format upates.
Connector pin labeling redone from alpha to ABCD.
Block, Timing, State diagrams added.
Some gates changed to negative-logic presentation.

Section: Notes
Page:

Canon EP151 Calculator

2 Printed: 2021 Mar 5

Signal Names

Most signal names are obtained from labels on the printed circuit boards. Some labels used here were created during the
reverse engineering process.
Section Signal Description
Timing a1 Clock for MOS memory.
a2 Clock for MOS memory.
CP Clock Pulse. +5V version of @7?. This is the basic bit clock.
TBO0...TB3  Time Bit. Pulses for specified bit.
TDO...TD15 Time Digit. Pulses for specified digit.
SCTO0,SCT1 State Cycle Time. Two phases of a state cycle.
Keyboard K... The keyboard and numeral encoder.
FK... Latched versions of the keyboard signals.
FU Function keypress sychronized to the state cycle.
Control CCO0...CC15 The 11 states of the state machine.
F... Assorted 1-bit Flag registers.
FOF Overflow latch.
Memory ADO A Register Data Output (bit stream).
BDO B Register Data Output.
CDO C Register Data Output.
MDO M Register Data Output.
Arithmetic AD4 Bit stream from arithmetic to the memory.
CA Carry.
PC Counter PC=0 1 when the decimal Point Counter is 0.
PC=DL 1 when the decimal Point Counter coincides with the Decimal Limit (switch setting).
PD Counter PD... Position Digit Counter. Used for two purposes:

- To count digits during number entry, indicated via neon lamps.
- During the print cycle to track and time the loading of the SD register
with the appropriate digit data to print.

CcO Comparator Output, indicates match of PD Counter with digit phase.
Character Encoding

CHRx Six bit Character code to address character ROM.
Character Generator

PS Pixel Stream to printer.

* The label for Fmit+Fdiv by U4202 is actually the inversion.
* The label for Fmit+Fdiv by U4207 is incorrect, this is nFOF.

» Renamed symbols:

nK+ nKD
FK+ FKD
FX+F+ FK(X+D)
Fmit FX

Fdiv FD
Fmit+Fdiv F(X+D)

« Created symbols, not found on PCBs:

CPp

KN1, KN2, KN4, KN8, KNUM, KNP, KCEM#, KASXD

FKENT, FKC, FKCE, FKCM, FKRM, FK#, FOF, FKaa, n(FM+FD+nKK), nFXDR, nBADENT
F=RE

FCC1SE, FCC2SE, nCSaa, CLRB, nCScc

B1DO, MDO, SDIN, SD=0, DR**, X-Y, SUM, CA10

PC3ENB, PCENB

Maa, Mbb, CHR*, @P, PXENB, PXC=6, PXTa, PXTb



Power Supply Timing

R A YYY U vy vy

V45 V=9 V=22 V+15 V410 V-120 @1 @2 CP TB0,1,23 TDO TD15 SCTO SCT1
bipolar MOS motor &  neon print Bit Digit System Cycle
supply supplies solenoid  lamps pulse phases phases phases
Keyboard [rc] [Fce]  [Fex]— & ] Control FSA
000 Q0 H |FKCE| | F= | |FKD |—>| FD | Procedure Start —»CCO Register
00 000 0o Procedure ' Sign
00 000 [][] FKCM Keyboard State ' IR FSD| Flags
C) C)O Latches Machine CCo
Jto...m FKRM|  [FkRM —»CC15 FSM
Numeral Control
Encoder Signals
)
~ N
Carry
s N C Flag D
YYVY Q,
<00 [~ B Register : 60+4 bits 500
RN ‘—>15|14 13 12|11|10|9|8|7|6|5|4|3|2|1 0 \4
SD - B0 L L .
. > L B1DO Binary
F%eglstler ﬂﬂ Adder
4 bits C BCD Sum
Correction - n
—» C Register : 60+4 bits . A Register : 4+60 bits _JADO
\‘—>15|14 B2 ] 11 10|9|8|7|6|5|4|3|2|1_0 X 14|13|12|11|10|9|8|7|6|5|4|3|2|1|0
=L W0 RN RRAL AR AR AR AL AR A0 ARNANAL AR A AR
4 bits
Lb M Register : 64 bits MDO
—>15|14 13 12|11|10|9|8|7|6|5|4|3|2|wlo - N
I AN R an i { N
Pixel
\\ /| Clock
R ) 3
_ - Position Digit] — Row Pixel Thousands Point TPDC |TENG
TIrr?ilr?lt-» g(l)gr,lr: ZTZtssr <= Counter Digit Counter Counter Counter Counter /digit  |/line
d P 5 bits Lamps 3 bits 4 bits 2 bits 4 bits puise  [puise
\ v Vv
1 Character Character )
Canon EP151 Calculator P Cocoding [ Generator — > Printer
. . pixel stream
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CAdd/sub to M Register?

0 6
Idle loop. ?
FU e KMDCR#? FU e K+— PC#DL ?
1 4
Align B to Decimal Limit: Add/subtract. ? Shift?
shift B up, increment PC.
PC=DL ?
4 A
3 7 \
? Register copy? ? Overdraft decision?
) ?
nPEND ? ?
PENDe? m PENDe?
y A
2 15
Print B register. ? Complementing for negative
Loop while printing in process. result?
A
A
9
?
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1 State Cycle, 400uS

SCTO .
12.4uS

o1 . —|_| ...... I_I ..... I_| 0.6uS

w 1 ZE |
................................ B 1/ 02 / CP frequency = 323 KHz. 5106.6
0.1u8 monostable . _____ [ .. ... ..

|_| |_| 0.6uS Number cycle = 16¢4¢CP = 198uS = 5KHz.
ek A A state cycle is 2 number cycles.

Time periods shown were measured with oscilloscope. FT . 4|—|
|| || [oes | ||
CPp .

FU .
T8O . ﬁ

o coo | [oo]ccs]oce] cco

1 Number cCycle

TDX..A
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Bit Timing
Generation

N1B6

=UEVVY-*

N1B1  N2B5

Canon EP151 Calculator
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o
N5C5
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A State Cycle Timing
4 Generation
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N o
L5 NMI9C N7C5 | NSCT N
4] M204 Jog nSFOF v
KP 2] / [% L
9 # 5.6K
M108 ° nk#
)08

N5A11  N1C9
0 —e—m—p[

KCEM#

NMoK Nsps 100 | 210K

47p

T

N4C11
4

N7A9
-

NM6K
L—oo—p

KASXD p—|
nKRM

O—¢——»FU
N5C9  N3A9

o)

= N4C9
S

= NM2M
N5C6 NM12C

Procedure
Start

nFU

9
kUM ] 10| M09 Jor—2

nENT
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NM15C N1C11

NM5K  N4C5

NM16K NeD10
° o

NM6C  N4D8
° o

nFKCE

»-FKCM

»-nFKCM

PEND
N4A5 NMA4C

N5B12
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AAA, 1
vy
47p== x-2| NM7M  N3A4
. FX
1
NMi5K NGD13 13 NM12M N3AT0
SN o KD O o] Mios TR FD
NM5C  N1C12 NM18C  N3C8
o—o—m—»-FK(X+D) o—e—m—pF(X+D)
4 N4AS
N5B6 N5A9
NGAS
O
NMOM  N3B10
Og }—m—p»-nF(X+D)
nKC 4
Fxor  WVEC g
5 " N5B9 N6B9
5 KK . M102
FD—2 KN
4 nF(X+D*nKK)
NM7C  N5B13
FX 5| M102 S—JJQ
FKENT
NAD7
: : N4AT
KNP D | M20d Jogd NFKENT
nccom—2] "% 3 : 3 1
NBADENT  freeeeeeeeeeeeeeees FKENT p—
2| 6205 Jog
FKCEm—2]
9
FKOMi— 10 6205 Jog »FKaa
P 6205 f
13 I N6A7
NM20K  N1C4 Ni1A2
o K(C4CE) N —2
o 10| 1208
N7C3 FK(X+D) —— 54
o 12 =
NM13K N4A12
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KNP i 107 Joz

F(x4D) 2]
4204

>

nFs et

K(C+CE) m—2]
13| 4113

12

NF(X+DnKK) »E M103 Jors

f D
)

nFOF»—10 4205

F(X+D) m—21 (]

2]

ccl—2
nFOF I—H 4207 Jog
PC-DL—]

nCC6 o
nCC15 ¢

o~

9
KT
cc7e—Y 4203 e

11 8

PEND >—g 4206

PEND l——] 4207

1
NFKCE p—2 x3
4 O 5
nF(XD) 5 > .
FN— x
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Section: Control - State Machine
Page: 9 Printed: 2021 Mar 5

nCC8

N4D14  NM7K
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9
x10
9
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N4A11

N3C11

4107

N2A10
¢—on—p
N6A10 )
¢+ fo pixel counter reset
N7AT1
o to motor control
cC3
»nCC4
N2D2
N3B2
o
N5B2
o
ni >—
26— 4105 Jorz cce
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5207 5

nFG—4

N4C12 N5A12

FG

' N4B5  N3D5
. ;AT 4102
3\ ' ncces»i_t\M,_Ti 8
' 22 =
1 22K FG
' A UUUUUURURRURRR N4D10_ N3B11
\\,. NsD7  N7B6 ' KP>_1?
! FU— 4206 N5B10
[/~ nsFoF2 , 2| 72
/ . . NaA13
7 . ENTe—1] N5D10
. SCT1 —o o
4] 7201
. nFN— 5 NTB10
. x=]
. K(C+CE) m—2] »1CSce
. 5| 7106 Jo——
. FT—
. FKENT 2]
. 1| 4101 Jog
! CC3m— ;
: cCam]
56K . 4] 4101 Jos
: CAr— nK(C+CE)
OVERFLOW Fx D
5.6K ' CC5p— FJ
F .
nSFOF1 N7D5 O ' & N4D13 N3B13
: . |:2 4113 Jog
: 13 . FG—
nKC NM18K N7A12 : 12 ' | Y
= ' PC=0 —
nKCE:j:>9_A__§i : N4AT_NaD14
"""""""""""" . nCCo—b 56K NEA2
' nCC7 »—=o ’
. PEND ot ncca>—e¥ .
. 5 403 - KNP—]
! b
' FKOM —7 FKRM 2] M104 Jors FN
: FT—] NMTIM ngpg
' nFN— N4B6 | NSDI2
' FUs—2 NGBS
: ke I8 :
. FJ 9 .
' NAC13 N3AT12 :
: CLRB o
: nK(C+CE)
. c nFN
N4B12 N1C13
. o
Canon EP151 Calculator . NaDI2
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FX+D) —2]
cCom—Y 5204
5 6
kw13
U2 525 o=
Fo—r e ‘
[ofef] _ Og 1
nFGe—> 0 N3C13 NoATS 4 YY) .
» 213 NS : ‘
nDRgg 0 3 5| 5205 }06 ; : 13 gz(()‘(‘:[;; T2
SCT1 B : 12| 5104 Jorg o8| 522 Jog
; . ) P =\ =
10| 5104 8_I_e L |A&Bsigns differ
NnF(X+D) m—p 2
T —9\ N5AT  NBA1 (B
coam—2] 5204 Jor : -
ncAe SCT1 12| 5108 ”—Lg
FKRM Y] . : )
: ’ : v 10/ 5108 B—|_e B & M signs differ
: ] 4
nCSce m———AM\—— FX>—2
— T CO4™—1 oo
SCT1 B scm»-i’ 5
""""""""""""""""""""""" D15 —1
Ld
FO] i\A N5C13 N2A14
coem 5206 Jor—a
scTo—2 o
ccom—2
13
ot " 1| 5102 o CC(B+9)>—§
1 LQAA SCTOR—21 5206 Jor
9
10 5102 B_l_e " |D&Msigns difer

cC(g+9) Y]
o| 5101 Jog

CC(8+9) >1—2

5206

12
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A
Register

AD4
nPC=DL—]
2 Q3.60/0 * #-ADO
cClm—] T3 3
DRBLEFT N3C12 N5C12
+Dm 47K
V=9
DRbb 1 5
enable B->C FiX+D) 13 4| 3112 3
assert DRATOB co8m— 7
SCTO
B
K‘| Register
3
»-NDRATOB 3110 c3r2 »B1D0
enable A->B 6 20K
disable A->C M _
9 disable C->AX
nG-B
10] 3106 Jog—!
3111 Jo——of L L
6
F DRBLEFT 5 y. c372
14
FKRMD—? FKRM 11 1 MDO »= 5 o105 J 7 3211 01.60015 D2 3211 Q24 5
CC3m— 9 I 4 )OG
sor1et] 3108 Jos sf:g? m 3 12| %108 JO5 1K 13K ——»BD0
EN® " ADO B2 » K= |NSCs  N2cs
o I 10 T N5AS
KAM o 12 nDRATOB t13] 3112 Jorg = A
MFXD)B—o1 3100
Ceom—5, (]
SCTO—1
TF(D) ] o i
cc7mt (I — S 3209 Jog
—
5
KAM>—4 BDO 2]
ccem— 3102 210 . >
SCTo—2) 13 i Register
KaM —] spamY] can2
ccomY 3102 cosmtd] 210 P5 10l .
sCT1 . — 3211 056000 @211 06405
— 2
1 ADO —=]
FX—il enable B->AY 4
13K 13K b »-CDO
coom—2 3102 enable C->C * nDRATOB®— o) ®
scTom—24] assert DRATOB n[gagg -2 5
nCC5m—o
FXJ nDRee " -
cc15>—f 3104
> clear C
sett swap A<->B
2]
cco = SCTH M
nFG ™| 3002 5 nDRgg ccs Register
nFN®— disable A->C KAM car2
*= disable C->AX
enable B->AY
signB —> signA D Q.64 5
3113
6 : —————
Canon EP151 Calculator El0C nai 1247 o2 Tlee wer o
ion: i 02207
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1
8 4
NDRATOB B—j

3201

nDRgg

12 2
DRdd»—E 3109 Jor—10[3108 D>

)

3109
BDO >—QDOB

FX
nFJ

1

ELL

5

10
10
13
12 o
9
cC4m—21 5107 Jog !
scTi Y sCTom? ]
FD ™15 2 5
CC(4+7)>‘—§ 3107 Jors TBO
SCTO—= e m—K
13
10
12 o
9
i
K
K
9

W

CC4
SCT1
TDO 8
TBO
FD
nFJ

5
T80 o o M4,
B2 o™ 0 SW5_5

NM1M  N3A6

KAM
F(X+D)
scTo 5
9 B1DO -
ccam—2 3107 7
scTt | F-—K]
AF(X+D) ] ceom—K] —7
/
7

5

— 2
CDOB— N3B7  N2D7

KAM 2] nG-X

10
CCoOm—
9| 3201 X Operand
SCTOm- 1 8 Select
MDO —

Binary

N3B4  N2D4

Y Operand
Select

nG-Y

SUM

X=Y

1
TB3 —
AD1 > 4| 2208 jo—!
'2209 © 6

Tens-Carry
Detect

N2C14 N5C14

CA
N2C7  N4A6
CA
N5A6
CA10

Og CA10
N2D1  NsD1

5
nAD2 >—
eyt 217

CA10>—

10
MAD2 12| 2107

8

jazeatl

o 2209
nCA10 >—

2207

6 AD1

12| 2207

BCD Sum Correction

i

9
2106 Joz—
ncatos—Y 8

Canon EP151 Calculator
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print clear

shift clock

ADo—4] 7
5| 3208
CC5m— 6

10K 1
Ps—oy 2| 2205 Jos
in
ccam- .
9
10f 2205 JOg— |
CPr-
B0Om—3)
FNe—21 5108 Jog
DRBLEFT i N\ Nac10 Nec1o
SO

. KNg -] KN 2] KNz ] KNT ]
ENT . o| 220 Jor4 5| 201 Jor4 5| 2201 3
— keyboard load
0o 1] 2004 2203 ik [ [ [
TBO»—5 6 6
X_2
CPp x 11 x4 220
83 2] TB2B—2 2206 81— T80 -
9 2203 )04 10 8 5
= Y 12 1 l_ 9
— int load
Co2e—1 soa 2203 il [
com—12] 3 3
BDO—12
N2ATT NGA14 N2AT2 NGAT3
O

i
nFPms»—MJ
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nTPDC Bt fzzx : 47p=]= 22K

N7A13 PC3ENB

N3A13

|
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©
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nCScc
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AMA—-4

N7A14 N3A14
nPC=DL

nFPC4

'y nFPC1 1]
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: - FpCa nFPea—10 05 PC=0
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22K

0~ | e
ENT—2 9| 1102 Jog4—e=nFrD1 nFPD1 ] 56K NiIAd (2
5| 1101 Jo 47p : "~y 1207 Jor
x _Le %< . nFPD2 B——
1 o >E l : |
cc2 101 Yo %m s7p== 12 : FPOtE— _5,‘\% N1A12 13
P5 p—2 3 1 13| 1102 Jor74—e=FPD1 nFPD2 ] 3

22K V+110 V+110 V+110 V+110

4 D4
Vo nFPD1 B>—{ 56K N1A11 L4
K 22K : FPD2 2] ) 6

> 1207 56K N1A3
10 5

56K 56K 56K

1102 ——IE>nFPDZ C857 C857 C857

e
A

e

47

1102 t—o>FPD2

K(C+CE) 12 o
O
Fre—t g 22K
cc2m—2 o K 22K
AAA
10 1101 8 Wy
nTPNC 10

1103 {—E-nFPD4

100K

_WV_II

rY

47p==

g

i

47

S
I
I
>

1103 Jorz +—o>FPD4

22K
hN 22K

o @ ol

9

1103 {—£-nFPD8

1103 +—o>FPD8

K 22K
22K : 1108 Jog
10 N1B3  N2B3 3 nFPD1 ;_,—5
o| 1104 Jog4—e=rnFPDI6  nFPDIGE nFPD16 : e
47p : : N6D2 : U Dt e 6 Digit-Phase
: Lo 4 Comparator
- : : N7B2 FPD2 ; : 12 o
4 : : NIC14 N6C14 ; P13 T
PT | 1o 4—-FPD16 FPDI6E w m e FPDI6 : il n
i nFp2——— 1Y . J\
22K FPD1 & ; L2y 8 D7 N2BT
_k]— : NFPD2 &> N1C8 v fy CO 1o SD Register
: nFPD4 &5 i FPD4B———— o7 ]
: L2
nFPDB 100 10s Jo NiAM Nects ; L ° —
FPD16® 3] 8 N7C14 | nFPD4E—— 9]
x : T | 1o o
: i i nDdm—]
nFPD1 | rppa L 12
nFPD2 > : C ] 107 e
: : Pl 18
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: nFPD8 1104 Jog—m——om—e-PD15B © FPD8 10
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Printer Timing

19.6::20mS

TPNC | | |

1mS

—I 0.53::0.61mS
TPDC | |

nPXENB | .
oP . L1 . L . .
Pixel Counter 7.0 1 2 3 4 5 6 7 0 1
Pixel P1 P2 P3 P4 P5 P1 P2

SD Register
load period

Character Cell Layout

Pixel Counter
o 1 2 3 4 5 6 7
14

15

d H
Row 3. .
Counter 4 ...
s H
d H
| |
8 H
9 H
Print Line Format
PD Counter: ©123456789ABC
Digit Phase: FEDCBA9876543
Print Line: nnnnnnnnnnnn
n = numeral
m = modifier character
f = function character

The SD Register load period must
be greater than the period of a
number cycle (~200uS) to ensure
that the SDR has an opportunity to
obtain new digit data after the PD
Counter has been incremented
during a print scan line.

thousands
marker

decimal
point

E
-
=
=

Q

Canon EP151 Calculator
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9

FKaa
FSB

PD15B

PD14B

10

FKCM 2]
13

FKC—2]
10

AF(+D) >—;

nF= 4
5| 6205 Jog

nFN >—g

9

nKAM ’1—2
F(X:D) 2]

nFJ—

TF(X+D) >—;

FN—
4

5

KAM —]

nFJ >1—0
F(X+D) 5]

FKCM—2]

FGe—

F(x+D) 2]

FK# m—]
4

FKRMi—2]
10

FKCE>1—§
nF=>—1

=
=3
=]

RONDDE b | VX v HFH VO mmwmwaww»—-o‘m

101110
?
?
?

SI



nPD15B
nSD=0

—
o2 128 os

N1D12 N6A5

PXC=6

Canon EP151 Calculator
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FKaa
PC=15m 5
4| 1208 Jog
: : N6B6 ~ N3D7 PEND
: N4B7
:§22K |
L= NM10C
i NeB12 N4D12
—a0———o~om
N6C8  N7D8
PCENB
3
ngi—2! 6104
-5 6
characters
AN ] )
\A pixel stream to printer N6D5 PS

20K R 2 s R S g
W 3 _ 5
9 Y 22K CE ROW1 5 - -
! Character 10K T 1e—d
10f 7108 )og_‘ Gen.ROM | A i n2e—=| i 6110 [Og
%< 6211 PomMe—|
P 3 ROW2{5——4— ; 1§
§4rp 7103 : Pixel ; :
‘ 12 n Ca72  Clock W0KZ 1, M2t 6110 Jors
CHRG Y-l 3
— NPXENB = V=9 1 gl
2K CHR5 ; 7
............. ek ; i 5
opP CHR4 ROW3z—4— e
Pixel 10K : B
Counter 22K PSS s CHR3 . 18 oL 4| 6109 for
; n1 — 6 * V=9 i 2
: ; Y-
5 L, 3 7004 - 13 CHR2 : ;
ok 4 7104 Jogq—e=nt & 4t 2| 727 1—1_4_102 CHR1 ROWAL — ; 1§
: 3 T 1K= 0y M0 6109 Jor
1 ! o 3 5 = 72— 3
: n2e—21 7203 Jog N7A3 N6C3 - g = 12 10
1 P04 4| 7205 B>——COL1 L 11
a7 nd — 2 6 R : ; x: 6104
5| 7104 Jor g1 T : s : .
H - ROWS5 "
: 1|>—2 ; 9 : 1¥ 1
- n2—= 7203 N7A4  N6C4 == - - 19 1KE i, T
‘ ‘ 7 : : T 4| 6108
22K : ! n4|>—1 2| 7205 3 L. B COL2 = nZ?—z 6
22K : 9 T
: n1>? 9 : T
: 264 7203 NZAS NGO§ -~ == === = - - ROWS — :
9 W) T o] 7205 Jog & e—cois Tz | mel
7104 —>n2 : x~ /J° | oo 4 6 T 12| 6108
10 R : NPT 8
47p : 15— 1 > a0
3 N7A6  N6C6  , ===ttt 21 : =
P8 = ——coL4 ROW7] - © 5 nFPD16
ampze B oo — I~ 0 T B ; L1 PC=0
7104 Jor—g—t2 I T
12 ] . ; o 4 s
N7C12 NeA12 ) L]
=—2lcoLs = a2
2K Nas oo T ‘
2K
5 3 NTCIS NIAS
4] 7108 Josg—em
47p '
! Thousands
pe 1 : PC=0 1; Counter
P ‘ nFPD16 7204
o 8 g4 2 7
22K 22K """""""""

N6B2

decimal
point

i 100100100 N7D3

PXTb

thousands
marker

L/



Jail PAPER

Power Supply
Board

N7D11T nee: 0K PRINTER
o /ot ASSEMBLY
: NP1,4,5 unused
i FEED
oo ol “72-1- SOLENOID
: i
> white "
ND7  NP13E yellow
§ ELECTRO-SENSITIVE
PAPER

Canon EP151 Calculator
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Y NP9: ™

=L
TV [13kg C372

A

o rdN7D6

TPD |

2.

gn N7B5
TW1

2.2
F 100

22K

10K

22K

00

ook | N7B7

NeD7

TPDC

TPDC

TPNC
N7B13 N6B13

N7B1  N1B2

N6D1

TPNC



V+110
+

Section: Power Supply

N6D8

9| 7301 Jor=x

id
vy
100 %3070\, %zeox
=1 0] 8 it
i T I T™a105|  [Tmis3st4 TMS4134
TSI I%OV %ZZOK | V—*ZO H The TMS4134 is custom-programmed.
. T ' 64-bit Shift Character | The pinout matches TMS4103, but the
H i POWER Shift Register Generator code-character mapping is not the same.
H AAA, 5 1 ;
H Wy 0 @__L Register ROM
H 56K i =
H i V415
P C1061 ; 5 [i6 4 |15
v < + to printer
; ; V=9 V=9 = V22
17 H
VAC; H 3113 3211 6111
5 ; 0 SENET) (RN () (RN (NE") (T
115VAC H SN3920 SN3925 SN3931 SN4552 SN4553 SN4554 SN4556
ow dual quad triple dual dual quad triple
H : 4-input 2-input 3-input 4-input 4-input 2-input 3-input
: ;e V5V NAND NAND NAND NAND NAND NAND NAND
| s r T T T T T 7T
H i 233 - - - - ) -
: i Tiv T 1105 1109 2206 3101 1106 1101 6105 1203
H i N2B14 = = 1110 3110 1202 1102 6202
i H 2107 1201 3102 3202 1205 1103 6203 3111
i H T 2202 1207 3104 3004 1206 1104 6205
H i N3B14 =+ PN 2004 3107 1107 6207 4105
H i 2207 2103 3108 4108 5210 1108 6208 4106
i H 2208 2106 3206 4109 1204 6209
i H N4B14 2108 3209 4201 M106 1208 5206
H A - S, 3103 2109 7101 5200
H i 3105 2201 4203 5201 2101 7103
i H NBB14 3201 2203 4206 5202 2102 7104 6104
i H 4+ 3207 2209 4207 5207 2104 7105
H -5V i L33 2210 2105 7106 7107
H i Tiov 4107 5204 6106 2205 7206
g i C1061 H NeB14 = 4202 3106 6107 7207 M104
; + H 3 4205 3203 7203 6108 3109
H i Tiov 3205 7204 6109 3112 M101
27 4 i N7B14 = 4 5203 3208 6204 3210 M102
VAC: A3 L M103
J L H Tiv T2 6101 4110 7201 4101 M105
il = i < L P 6102 4111 4102 M107
og L i o printer 6103 4112 M206 4103 M108
: = & & i 6110 4113 4104 M109
................. H I
L ';g‘ m| Y 1 6201 4204 M201
= T = NIAT = 6206 7102 M202
i 1 7202 5101 M203
H NeAt = 7208 7205 5102 M204
R 5103 M207
i N3AL = M205 5104 M208
i M209 5105
i N4AL = M210 g;gg
i NsAT = 5208
Flonem
lowm =
; 130 to printer
: w2 Unused Gates
: My ? — for MOS memory 9
: H N6C2 L33 V=9 ol
»—m%zsv for MOS character generator :E 5210 e
i i N7C2 v ! x2
; : for output bias x—2
H \*9 4 6 1—1
: : _ _ - =5 2| 6202 Joz—x
Las L, x ]
Canon EP151 Calculator ; i, Nic2 Tasv T4 Tsov . 8]
H S > for clock drivers
' : 10
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SN3920
SN4552*
SN4553

SN3925
SN4554

SN3931
SN4556

SN3900 / 4500 Series DTL
Integrated Circuits

* SN4552 information derived through reverse engineering,
others from manufacturer data sheet.

14 13 12 11 10 9 8
1 - 4 — — — —
Vee L]
+5V

i oV
] GND
J JJ L J L —J §L—J 5L

1 3 4 5 6 7

14 13 12 11 10 9 8
1 4 — — 1 [
Vee
+5V

oV
GND
J JJ L —J L —J L—J 5L

i 2 3 4 5 6 7
14 13 12 11 10 9 8
| m— | | m— | L 1 [
Vee
+5V

oV

GND

| SN R SN R SN R SN R SES R SUS— S—
1 2 3 4 5 6 7

Inputs *

Expansion

27K
Inputs

Expansion c——

Canon EP151 Calculator
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SN3920
SN3925
SN3931
SN4552*
SN4554

—]

—

Discrete Gate Construction

A few gates are constructed from discrete diodes

and resistors. The internal construction of these

gates is shown in the following diagrams. A wire—AND
construction is indicated by the input line traversing

the width of the gate.

AND Gate

i

AND Gate
with ‘wired’ input

Flip-Flops

Flip-flops are constructed from NAND gates with capacitor triggerring and
resistors biasing inputs for control. Transitions occur on the negative edge of
clock inputs.

The basic structure is that of a clocked SR flip-flop in which the SR inputs
are assert-Low. Asynchronous Set and Reset inputs may be provided via
output triggering.

AR Clocked-SR Flip-Flop with
Aynchronous Set & Reset

nS nR CLK
1 10
1 10
0 10
0 10
— no change
* undefined

=m0l B

o=l D

In a variation, the clock input to the capacitors may be separated to provide
separate clocks for the S & R inputs.

Toggle Flip-Flops

A simple toggle flip-flop is formed by wrapping the SR inputs back from the
outputs.
Another variation provides an assert-Low control input to enable toggling.

22K
Q
47p
47p: :
——>nQ
22K

D Flip-Flop

A D flip-flop is formed with an asymmetric adaptation on the capacitor
triggering. R e R s :




N1 N2 N3 N4 N5 N6 N7
GND| 1|1 |@2 GND| 1|1 |- GND| 1|1 |@2 GND| 1|1 |nFJ GND| 1|1 |FSB GND| 1|1 |FSB GND| 1|1 |[FPC3
FKaa| 2 | 2 |V-22 -l 2] 2 |AD4 AD4| 2 | 2 |V-9 nFCC1SE| 2| 2 |CCO CCO0| 2| 2 |PC=DL nFJ| 2|2 |V-9 PC=DL| 2 | 2 V-9
L1 3| 3|01 1313 @13 ]3] PC=DL| 3 | 3 |CC(8+9) | CC(8+9)| 3| 3 |CC1 -1 3] 3|P1 P1| 3 | 3 |[K(C+CE)
L2| 4 | 4 |K(C+CE) -14]4|- FX| 4 | 4 |CC5 CC5| 4 | 4 |K(C+CE) CC5 4|4 |FX - 4] 4 |P2 P2 4 | 4 InFPC2
PC=15/ 5| 5 |TDO TDO| 5| 5 |BDO TDO| 5 | 5 |BDO nF=RE| 5 | 5 |[nFKCE BDO| 5| 5 |TDO 1208.3,6.... 5 | 5 |P3 P3| 5 | 5 |[nSFOF1
nSD=0| 6 | 6 |TB1 TB1| 6 | 6 |SD4 M109-6 6 | 6 |SD4 CA| 6| 6 [ KAM CA| 6|6 |nFU - 6]6|P4 P4/ 6 | 6 |[FPC2
L6| 7|7 |TB2 TB2| 7|7 |CA nKCM| 7 | 7 [MDO nFKENT| 7 | 7 |FX MDO| 7 | 7 |nKCM FKaa| 7 | 7 |nFK# nKCM| 7 | 7 IMDO
TD15| 8 | 8 |nPD14B -1 88| TD15| 8 | 8 |F(X+D) F(X+D)| 8 | 8 |[nFOF AFOF| 8 | 8 |TD15 F(X+D)| 8 | 8 |PCENB nFOF| 8 | 8 |InFPC1
-1 919 |FT nSD=0| 9 | 9 |- FU 9|9 |CC6 KP| 9|9 |FU F(X+D)| 9 | 9 |FU FKENT| 9 | 9 |PXTa FT| 9|9 |PC=15
L5/10/10|CC2 CC2/10[10|SDIN FD|10/10/SDIN CC2/10/10/CC6 CC6/10[10|FD CC2/10/10|PXC=6 PXC=6 10/ 10|FPC1
L4/ 11]11|FKC nSD2|11]11]- KAM|11|11|/CC9 CC9 11[11|FT FT|11]11]CC9 nSD4|11|11|KAM CC2| 11| 11| paper feed
L3 12| 12|FK(X+D) nSD3|12/12|nSD1 CLRB|12|12]/ADO nK(C+CE)| 12| 12|nFH nFH| 12/ 12|ADO P5/12/12|nSD1 nKC-nKCE|12|12|P5
nP5[13]|13|nFN P5|/13|13|nSD4 PC3ENB|13|13|3208.3 nCScc|13|13|CLRB 3208.3/ 13| 13| nX-Y nSD3|13|13|PD14B PC3ENB|13]13|nP5
PD14B| 14| 14|FPD16 nX-Y|[14/14/nCA nPC=DL|14]/14|nCC5 nKC|14/14/nCC5 nCC5/14/14/nCA nSD2| 14| 14|FPD16 nPC=DL|14|14/PD14B
AC AC AC AC AC A C AC
B D B D B D B D B D B D B D
TB3| 1|1 |CP -{1]1|CA10 CC(4+7)| 1|1 |CC1 CC1/ 1| 1]|CC(4+7) | CC(4+7)| 1 |1 |CA10 PD15B| 1 | 1 |nTPNC nTPNC| 1|1 |CP
nTPNC| 2 | 2 |PD15B -l2]2|CC4 CC4/ 2| 2|CC7 CC7/ 2|2 |CcC4 CC4| 2| 2 InTD15 PXTb| 2 | 2 |[nFPD16 nFPD16| 2 | 2 |TB3
nFPD16| 3 | 3 |InTD15 nFPD16| 3 | 3 |- SCT1| 3| 3 |PC=0 SCT1| 3| 3 |PC=0 PC=0| 3 | 3 |SCT1 SCT1| 3| 3 |PC=0 PC=0| 3 | 3 |PXTb
-1 4] 4 |SCTH1 CP| 4| 4 |InG-Y nG-Y| 4 | 4 |[SCTO SCTO| 4 | 4 |nENT SCTO0| 4 | 4 |FG FG| 4 | 4 |FKRM nFPC3| 4 | 4 [LM
-|5]|5|SCTo TB3| 5| 5 |SCTO nENT| 5 | 5 |[FG FG| 5 | 5 |FKRM FKRM| 5 | 5 |[nKST FN| 5|5 |PS TPN| 5 | 5 |OF
nTB2| 6 | 6 |- - 616 |- FKRM| 6 | 6 |[FN FN| 6 | 6 |[FK(X+D) | FK(X+D)| 6 | 6 |KCE PEND| 6 | 6 |nKAM nSFOF2| 6 | 6 |TPD
nTBO| 7 | 7 |CO CO| 7|7 |nG-X nG-X| 7 | 7 |PEND PEND| 7 | 7 |FKENT nFKENT| 7 | 7 [InSFOF2 FK# 7 | 7 |TPDC TPDC| 7 | 7 |CLA
L7/ 8|8 |- -| 8] 8|CPp FK# 8 | 8 |CC15 CC15| 8 | 8 [nFKCM CPp| 8|8 |- - 8] 8|Vv-22 PXTa| 8 | 8 |PCENB
L8 9 |9 TBO TBO| 9|9 |- TBO| 9| 9 |F= F=| 9 | 9 |InF(X+D) nFXDR| 9 | 9 |nF(X+D) nF(X+D)| 9 | 9 InF= SCT1/ 9|9 |MO
-|10/10/- KN1/10/10|- nF(X+D)[{10/10/CC8 CC8/10/10|nFG nFG| 10/ 10/nCScc FKCE|[10|10/|FKCM nCScc|10/10/GND
-[11]11|ENT KN2|11]11]ENT nFG| 11| 11]ENT nFCC2SE|11|11/nCC4 K—[11]11|ENT FKX|11]11|FKC ENT|11]11]V+15
-112/12/1208.3,6. KN4|12|12|- CCO0[12|12|nFN nFN| 12| 12|nPEND nF=/12|12|FN nPEND| 12| 12|nFN nFN|12/12|SW1
-|13]13/)- KN8|13|13]- FJ|13/13|CC3 CC3|/13|13|FJ n(Fmit...K)) 13| 13| nKK TPNC| 13| 13|FKD TPNC|13/13|SW2
V+5|14|14|- V+5|14|14|- V+5|14/14|nFJ V+5/14/14/nCCO V+5/14|14|FJ V+5[14|14|FJ V+5/14/14/SW3
Boards 1to 7
bis board number - Board Primary Functions
Notes: X61-885b-02 Main  Keyboard Encoding and Latches
% As viewed from bottom of main board/backplane. Component Side 1 Timing and PD Counter
2 Arithmetic )
< Bold-faced expressions are signal sources. NbB14 NbB1 \ NbA14 NbA1 \ i L\:ﬂgrr::)orly(g?igazcﬁ%gng
Canon EP1 51 Calculator )I A j h \ 2 gl;;trfgtseFrlTE%sc)oding and Generation )
NbD14 NbD1 NbC14 NbC1 7 Character Generation, Printer Interface, Point Counter
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