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Abstract

In this paper, we present MOS electronic circuits for CYC (cycling) gates, NAND gate
and NI (not-inhibit) gate in the ternary logic and propose several basic ternary FF (flip-
flop) using those gates. The first group of FF is called nonselected type, and includes D
(delay)-FF, MS (master—slave)—FF»and T (trigger count)-FF. The second group is called
selected type, and includes SD (selected D)-FF, SMS (selected MS)-FF and UDT (up-
down T)-FF. The operations of those FF are verified by SPICE 2. Results of the simula-
tion are presented in this paper. Two applications are shown which are ternary sift-register

and ring-counter using SMS-FF.

Keywords‘: ternary sequential circuit, SD-FF, ‘SMS-FF, UDT-FF, T-FF.
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Fig. 2.1 A MOSFET circuit of NI gate.
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Fig. 2.2 Input-output voltage waveforms of NI gate.
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Fig. 2.4 Input-output voltage waveforms of 2 input NAND.
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Fig. 2.5 A MOSFET circuit of CYC1 gate.

. k7, AMPEHED Y o v— v v ERY Fig
2.6 1ET. ohib, CYCL ¥ — iR LB R
LTWAZ Ehbhb.

2@ED CYC BMEDOHIEYRB Ty —t%x CYC2
e iR, CYC2 ¥ — + oEKEN%Y Fig. 2.7 @R
+. F7:, CYC2 ¥ — D AHIFED Y I 2 v—Y 5
viEB% Fig. 2.8 wriT. zhib, CYC2 7 — 1
BB LEBIEY LTWBH T Ldibind.

&y — D5 — bEEIL Table 2.2 O X 5 ICED.

[vl
s 1
X °7
-5 T T >
o 1 2 3 4 [ausl
[”/\
5 d
1
X o-
-5 T T T —>
0 1 2 3 4 [usl

Fig. 2.6 Input-output voltage waveforms of CYC
1 gate.
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Fig. 2.7 A MOSFET circuit of CYC2 gate.
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Table 3.1 Function table of D-FF.

D O
Cp Q
2 D
0 Q
—0
CP Lo rl\ Q 0 =0 level
-/ 2 =2 level
Fig. 3.3 A logical circuit of D-FF. D =the level of D

Q=the level of Q
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Fig. 3.4 Input-output voltage waveforms of D-FF.
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Table 3.2 Function table of MS-FF.
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Fig. 3.6 Input-output voltage waveforms of MS-FF.
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Fig. 3.7 A logical circuit of T-FF.
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Table 3.3 Function table of T-FF.

Fig. 3.8 Input-output voltage waveforms of T-FF.
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Fig. 3.9 A logical circuit of SD-FF.

Table 3.4 Function table of SD-FF.
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Fig. 3.10: Input-output voltage waveforms of SD-FF.
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Table 3.5 Function table of SMS-FF.

Ccp Q

2 Q
1 D
1 Q
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0 Q

0 =0 level

1 =1 level

2 =2 level

Q=the level of Q
Do=the level of Do
D;=the level of D,
| =transition from 2 to 1
1 =transition from 0 to 1
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Input-output voltage waveforms of SMS-FF.
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Table 3.6 Function table of UDT-FF.
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1 C) D, 1 Q
-0, [ |
D
0 0 =0 level
P 1 =1 level

C 2 =2 level
CP o———_J Q=the level of Q
Q3=the level of CYC (CYC(Q))
Fig. 3.13 A logical circuit of UDT-FF. Q!=the level of CYC (Q)

| =transition from 2 to 1
% =transition from 0 to 1
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Fig. 3.14 Input-output waveforms of UDT-FF.
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Fig. 4.1 A sift register using SMS-FF.
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Fig. 4.2 Input-output waveforms of the sift register.
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Fig. 4.3 A ring counter using SMS-FF.
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Table A MOSFET parameter.

T &
. . N Paramet Unit | NMOS | PMOS
KBTI $57 5 EROBERERIL, BRI 7= 73 e i X
A SPICE2 %\ fe. vialb—vavoErERL VTO ‘z,%rlcglg);as threshold v 2.5 —-2.5
7= MOSFET ©-%5 # — 2% Table A w7 L channel length pgm 10 10
w channel width pm 50 50
LAMBDA | channel-length 1/V 0.02 0.02
modulation




