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Recently, many articles concerning with the ternary algebra and the circuits realizing

the functions are reported in the literatures.

been published.

This paper presents a method of synthesizing these functions.

But, the generalized method has not yet

The circuit elements

used here are quite same as those for the conventional binary logic, but the p-n-p and
n-p-n transistors are used symmetrically so that they may correspond to the positive and

negative logic of binary switching, respectively.

In this care a simple associative circuit

is needed to compose the ternary system. These fundamental operations and thier circuits
are comparatively simple, and any ternary function desired is easily constructed.
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Table.] Decimal to Signed Ternary Digit

Conversion.

F az @1 Qo —F | a: a1 o
0 0 0 0 0 0 0 0
1 0 0 1 —1 0 -1
2 0 1 -1 -2 0 -1 1
3 0 1 —3 0 -1

4 0 1 —4 0 -1 -1
5 1 -1 -1 -5 -1 1 1
6 1 -1 -6 —1 1 0
7 i -1 -7 -1 1 -1
8 1 0 -1 -8 | —1 0 1
9 1 0 -9 -1 0 0
10 1 0 —-10 | —1 0 -1
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Table.I Monadic Operations

A Z A+ A° A-

-1 1 0 0 1
0 0 1 0
-1 1 0 0
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Table.I Module-3-Sum

A®B B
—1 0 1
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A -1 0
1 0 1 —
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Fig. 1 :Amplifier.
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Fig. 2 NOT circuit and graphic representation.
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Fig. 3 At and A- circuits and graphic
representations.
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Fig. 4 :A° and A° circuits and graphic
representations.



290 Bulletin of Nagoya Institute of Technology Vol. 20 (1968)
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Fig. 5 A- and A* circuits and graphic
representations.
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6) AND, OR, Med (Fig.6)
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Fig. 6 AND, OR and Med circuits and
graphic representations.
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Fig. 7 a) Ternary threshold circuit.

b) Waveforms of a).
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Fig. 8 Tristable circuit.




HFHEBELTEREEZR £ 2 %5 Q968) 291

- R:Rx
Ve BReRi(Ri 2R B &

Ry<(hrg—1)F: {1
2T, HMAOVEREL THLDITIE, hreDKER
P YV RRZEANC, REER R X TEBREAX
SUTho, BF%HiT Rk # k&< L, R; k%
<T5,

—HlE U<, E=8V, hrg>20, Rpz=30K, Rx=
15K, Ri1=1K, R,=2K :35&, V=4.8V %18
720

ZOERRCBT D U WEBEIIHOWETITH

{10)

6. & B
Table.[f 0 BES % 3 5,

Table.y Examples.

A B | n foo | fs fi
-1 -1 —1 -1 -1 1
-1 0 0 0 | -1
-1 0 1 0 0
0 -1 | -1 0 0 | -1
0 0 0 0 0
0 1 0 0 1
1 - 0 1 0 0
1 0 0 0 1
1 1 1 —1 1 -1
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Fig. 9 :Block diagram of f;.
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Fig. 10 Block diagram of f,.
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Fig. 11 Block diagram of f;.
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Fig. 12 Block diagram of fj.
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6—1 Full Adder-Subtractor

AP & A e s Dy, D: &40 TUHEE
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Table.V Truth Table of FullAdder-Sabtractor.

A B Cii|A®B D1 Ds f@*%)ﬁ; ci |
o = = 4 =i 0 0 -1
B =g =] =d 0 -1 1 =1
1 ~1 =1 @ 0 0 -1 0
-1 0 -1]-1 g =1 §,
6 0 -1| 0 0 0 -1 0
1 0 -1| 1 0 0 00
-1 1 G} @ 0 0 —1 0
1 =df i 0 0 0 0
1 4 =i|<=i i =1 1 0
=i =4 @ 4 =4 0 |
6 =1 -3 0 0 -1 0
1 -1 0| o0 0 0 0 0
-1 0 o0l|-1 0 0 -1 0
0 0 0| 0 0 0 0 0
1 0 o 1 0 0 1 0
-1 1 ol o 0 0 0 0
0o 1 o0 1 0 0 1 0
1 1 0| -1 1 0 -1 1
=1 =1 1| 1 =1 1 -1 o0
-1 1] -1 0 0 00
1 -1 1] o0 0 0 1 0
-1 o if=3 0 0 0 0
o 0o 1| o 0 0 1 0
1 0o 1| 1 0 i =1 1
- 1 1 0 0 0 00
1 1 4 0 1 -1 i
1 1| -1 1 0 0 1i
7. i
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B3R ERRT A2 kS, GEic X B 3 E
HEFE T, BEMELETLOTHY, ZhizFig.7
OESHEARIT, $5247 blas 5T 5 HIEE &
BLbOERET D,

LRI L Tk, Noise Mardin 2% LT, 4o
Flf§IC %7, bias #5252 EXNEELY, il d
Dk LT, diode % back-to-back =% Lizb o 1,
TDO—WTh%,

A B

r—

sl|loHOHOK™
o= N »
o @ Ci-1

l |
Ci ADBEC
Fig. 13 Block diagram of Full Adder-Subtractor.

Fig. 14 Waveforms of Fig.13.
a) A. b) B. c) Ci,
d) A®B. e) Di. f) Da.
g) ADBDCi-1. h) Ci.

(10v/div. 0. 3msec/div.)
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LB O BLICEE$ 5, Bi—MiFEORE, 8
B switching fME:, 3 fEHFEMEIEK D hazard FHi >
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