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EX 1 (H+,0,—,14=,0,%1,2) ARFANERZEMOANE o WERE,
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ieK i€k
FEFRE TR (DB, B F=<f;> fi AEFRM (< fi>=+H f =2
At SRi) , M={EES feB:3=1{0,1,2}, HNY f=i 0@, W f5=Ff5is HFNHf=14,35
WS, W f5 = foit+ fo5 = frij . AREHE. (2) BUER, BH F=<tf>t>00, % f>¢
WAASE. & f=a, M F=<a>=<ta> HEHANTa>tHFE, t=Vrn, &
EANR 0, a<2-tBSE, t=|Vep,BHa>t, B 2-a<t, Flla<2-t. BHIE
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for2=0%f, fro=19f faui="SF=05f fo=10F=15F (4b)

S {EEE o e B, ={0,2}, FMsEt FiE, Bllo=p, T=p="'v. FERNZLMH
REMEE y £ n BEEDH (=0,1,2 f1 ) FHRRFE f;, TREBH y HFFXMEXLI
.
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E‘}E_o<f0> l1<hA> 1 a<hd>=0<fo>l1<a>12<h>
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REEHERMEYEFR « = c(EDEH, ABEERC e = ¢ A5), HEthH A, W
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Bl BESHER (+Vop, +Vpp/2 BiH) MK (30 o) FFGERTR, &AMAET®
B n FEM r &RE (REFERENYE o BRI r £RBIF) . T2HR=EREH
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fo+tfi+fa=2 fo+th=F, hHh+f=T (6a)
aso1 = a2, asi2 = as0, aso12 = 2. (6b)
FI (6) RTEH (5) AN LW AR ERPIF MBI T:
OR < fosli<h>F | o< fi>l<fo>)r
EE 2

o<fosll <hA>Ela<h+hd>f=0<fo>|<fo+hA>F | o< fot+tfi+f>"

ﬁo<fo>H<?2>R|E:2(nmos)—(§)—§:o<fo+f1 SE |l u<fo> < fi >F

— 5
2 < fa > || < fo > |e=o(pmos) ()it0<fo+f1 SE | o< ot i DR
(5) &

0 < fo>8 | 2 < fy>F (cmos) o< fo> | 2< fa>le=1, (7)
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Ht e = 2 BT 2 PR, BIRER R EEE +Vpp; K0 ¢ = 0 RRITH 0 2T
#, HBKREEEY, MH < fo+fi + L >=<2> FFEIFX. FRET 0M 2 FRRE
B +Vpp . ERSEREET U B RBRE LT RRLEN (5§ B, &%, §
AMA (6) XA (7) K) .
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y1=a+b=0-(as2 +bs2) + 2 (asobso) +1- (as1 +--)
7R N
@ 0 < ass + bz > || < asobso > (=2 EEL <5 +bs > (| < asiz + bs12 > e=2
4) X

0 <a> [ <> |I(< *Pa> || < %%b >)®|.=s(nmos)
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2 < agobso > || < asz + bsz > |c=0 = o < asobso > || < asorbsor >F |e=o

b2

(4) 2 < 1.5 a>T< 1.5 > ”(< 0.5 a>T< 0.5 b>)RIc:0(meS)

M

(7)

o < agobso > | 2 < ag + bsz >F=0 < asia + bs12 >F | 2 < asorbsor >F

054 > || < 3 >)B | 5(< %% a>1< %5 p>)%(cmos)

A

o
UES

0 <as2 +bs2 > | 2 <asobso > |e=1
=o<a> | <™b> | (<P a>t< 8 p> |a. (8a)

“HEIE 1
= ab+cd =0 (as2bs2 + cs2ds2) + 2 - (aso + bso)(cso + dso) + 1+ (as1 +---)
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0 < as2bsz + csads2 > || < (aso + bso)(cso + dso) >F |e=2
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aso =0-as12+2-a50 =0 < as12 > |e=2 =0 < *%a > |e=2 (nmos). (8e)
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a= 0-a59+2-a51+1-as0 0 < ag2 > || < Qgo >R |5=2 = (< 15, > || < 1'5a50 >)R|e:2. (Sf)
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4% (8) NE Bk, W 1(a)-1(c) Fim. BT RRMEFHREERERBRMRIRS
FFoRF s B A e Ry EA . RA XM RAELRKEA.

3 ZHEFANHFEER AL R
WM | o < Sas > BRARE G, SROERRER B, disEEE 3 AR

QF = |L o: < Siks > |e=Qr = Zil?iSik&“f‘eRka, ke K, Vi,j€L, Fr; #z;,WSitsS;5 =0,
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B L={1,2-,1}, R =Y ;c; Skis W2 Rk Y ;e Siks =0 F R+ 2y Siks =1 . Bt
MR EE RS R, B2 RHERSHTRE, THRIBHER, #2588, Z&%
B, B Ry M Y icp ziSiks » HEERXEHTHRREIN, KETROERTERTIIL
Fh=1E B 7 e 3%

(D) FFA R #£0, HY e ziSiks 5 Qr o, WLR=MEINSAFHEE; HED R =0
BEAY Yicp ziSiks 5 Qr B, B HB={HRE SN FHEE.

(2) ZHFFH Re =0, DR Y i1 ziSus H Qe BXR EILX, MWQF 5 XX, QxR
RMAAR, "%, THEAFHER, HNFZEESHFEE. BE5LESERE
HEL R, =2(BFER) , NHAN=H SIS FHE.

B =ZEHISHBSH FERNTRE —EXR, EIRR—HEE 7B A H 8L
. ZHEMESNHETSTZ, BESNBTHSMHERN, MRL=EISME S,
URZESHBNBSMERNE TR, =E D hrBHE TREKETRE B

Q* = Qe+ Q2p, QF =Dy + Qs (9)

FAM R EEBETR LR T BEXFRYEEER, FRESR fB SR

HH =B, WS MES D MRSHMTHERBREN. MHTEER c=Q,r, BH

_§E3 —
QT = Qe+ Q27 Q: <PB>le=0

4 — = -
BEL 5>1< 050, >R | 4 <¢>1< 5 P,>F |0, (10a)
= = g3
Qy = Do+ Qy0 5<¢>|5=52
BEL o 51< 9D SR |, <p>1< 08 DR =3, (10b)

—t+ -= = - EH 3 —
Q =Qp+Qp=5 <P>|_5

Qf =Do+Qp ERE S < u > |y, (10¢)

RIE (102)-(10c) KB HFHF=MEEIA D Sk EKE, WA 1(d) ME 1(f) FIR;
1(d) AE@ITE, B (10c) XE S, WMETREITEBITE, ¥ Q. #1 D ARBEEFE
H: D=0-Ds2+2 -Dso+1-Ds1, Q2=0-Qopp+2 Qs +1 Qg , RN (0) R, HEMMLE
REEXMFE., T HSHTEBEMER Re =p+0=0. BREFSH G, Q,, DM Q,,
FTEHER (9) XN

o s s e N a— —
Q —Q¢+Qz<p+Q<p+<pﬁiaz<¢> Iz <¢e>l-a (11a)
QF =Do+ QP+ Qp T EE3 < 0> | g, <T > |ema- (11b)

BE (1) XEHEHIR=ZEHEE D MAREKE, WE 1e) Fim, FMETES
A—FZEHHE D MEF, AE. WITHREAABEARRTESER (LXFY |5
Mg,  ERVETENENEHLFE, BERATREEGR . #SEBENH
Ap+ By = Ap + By + AB . HIAER (9) XN

QT =00+Q.7+QQ,=0Q,+9+Q+Qs + o, (12a)

2P +D+Q2+ 0. (12b)
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EE: o BARRETEREAENTRENNZ, lit QT =Q,Qf =Q., TH D BAE
SHBREMRFFE, EEELTRNSAT Q Q, M D Q, MHKRESTR, REL
B =HRS D s msE, meE le) fim, Hh g3 -, W <S4 TERLX
B (5] DA LA — B R SIS MBS D AR, RUSEHEMESEBMRE
FHNTFE. B ERTBRERS ERBROER T, Bkl —ES5=E
BRFERRRSA—E. FLTR, BR=2EWENRRARENEEN, EREYE 4
HCBR. EICRONIAAT LA R DO(E B, DI SR R, ARERK TR,
Vo fE PR B e, R R O YA AR R AR L B T oy Y R R M TP S R M. MRS R
H (AFS, NENARERBNESRE, BB _ES5ZEER).
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TERNARY CIRCUITS AND THEORY OF
THREE ESSENTIAL CIRCUIT ELEMENTS

Fang Zhenxian Liu Ying
(Department of Information and Electronic Sciences, Heilongjiang University, Haerbin 150080)

Abstract Based on a quaternary algebra, this paper presents a unified theory of ternary
circuits—theory of three essential circuit elements (signal, network and load). The theory shows
that a simple transform relation exists between ternary gate stage and switch stage, between
ternary switch stage structures and between ternary dynamic and static circuits. Particularly,
various ternary dynamic and static circuits can be deduced from the same equation.

Key words Three essential circuit elements, Quaternary algebra, Ternary dynamic and static
circuits
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