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DESIGN OF TERNARY LOGIC ARITHMATIC CIRCUITS USING CARBON NANO-TUEE FIELD
EFFECT TRANSITORS

Tailoge Stplen Oudinan . Ty Viunde Mebinte

ABSTRACT

This paper presents 4 design of Trming anillmetic crewits incuding balladder, (Wll-sdder and 1-Lit
companator wing Carbon Nawo-Tube [ild elfect Dandsistors (CNTFET). The CNIFET fas wmique
daractnidtion of bbanior according To s avangment of aloms. Threskold voltage of CNTFETs can vary
by danging s Liametr and alro one ntrmedicte date between o wormal dable ON and OFF states
hoductd fjor mulli-valued Logic compudation. Mortover Trnmany logic s 4 promising allownative 1o e
comventional binary logic design Teckmique, vimee i1 ia porsible To produce Unee states (TRUE, FALSE &
UNKNOWN), and alsa reduces the mumber of interconmects and cbip arta and incrtares dfficiency. Novel
il design of ball-adden ind comparator based on Trmary logic CNTFELs 4 propoud in Hin paper,
whernt inertared wumdber of tates i CNTFETs will ewertually inertase the mumben of b2 bandling capacity
Keywords:-  Conbor Nano-Tule Field Effect Transiotor (CNTFET), Multi Valued Logic (MUL), Hall-Adden,
Full-Adder, Comparaton.

INTRODUCTION

TMM«Z@, WWWM@W%W&VM Zag((,, Le, W ane only
I/Wa(»o/w([;&vm 0 o 1, JWWMMMWMW)WWWW.
Maltiple-salicd Logic (MVL) repluces the dussical Boolean chansctonigation of vanialbles
WM%WMWWVMMMW%,WMth
«L (2016) MWW, AMM%Ade 201). Twéagk«'xzﬂ%u-ww
WWMMWMMWM%%WWWWMW
Logic for Aevigring Aigtal systema. Antomion it al (2016) provided an Llustration whick
dhowed Ut 1 ia possible for Trmary logic To acbirve simplicly and wmngy dffcincy in
Furthermonrt, srial and srial-panallel smithmetic oprations can e canied et [psten &
Yhe rany logic s enploged
MMAWWoMa&MWWWMMMOMWMJM(MOQ
Kchmology, rametly Yo coent-mode MUL circwits and He voltage mode MUL circwits.
VM—MMVLM&MWWMWWWWHM
Oxide Semiconductor (CMOS) design, a1 proven by Yauda e 4l (2018). However,
Appergeller 2019) apined that Coanlion NamoTule Field Effect Tramsistor (ONTFET) could
provide 4 duwalle ltevative 1o e bl slicon Dhansidtor fjor Low-power and figh-
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performance design due 1o s ballistic Dansport and Low OFF-cument propertics. A mulli
Hnerhold CMOS devign relies on body dlfects wiing Aifferent bias voltages 1o He base or e
bull Brminal of Hhe Dansistors. In 4 CNTFET, Hhe Yneskold vollage of e Darsistor s
detomined by We Liamdder of Hhe CNT. Therefore, 4 madli Unedbold Aerigp can e
accomplisked by emploing CNTs with Aifferent diameters (and, Yerdfore, dlinality) in e
CNTFETa.

Ve derigr of Trmary arithmetic cncits web ar ball) adder, (Wl sdder,
comparator ant deaigpd in Win pagper by waing bavie Tmary Logie gaten. Thin 2o becanae The
Trminy logic gitts provide 4 good platform [or decoding cineuit Ulocks simet 1 requines
ler sumler of Logic gptes wlile birsny logic gts provide 4 good platform for fast
compulation as obwwed by Ptk et &l (2017).

REVIEW OF TERNARY LOGIC

Ternany Logic functions are delfimed as Hhos fpnctions baving vigrificance of 4 Hird value
hoduatd T Hhe bivary Logic. In Hhis paper, 0, 1, and 2 denote e Trmany vailues 1o
nepresent [alae, wndefimed, and D, reapectively. Py w variable (X, . . ., X} trnary
W&(X)adema%chMfo,7,2}«7£of0,7,2},wmx=
0‘1,...,Xﬁ}.TK&WWoéWWMW&W,WMIO
Haslempowr et sl (2018), by Equation (1), where X, X; = {0, 1, 2}:

X+ X; = marfX,X; }

X o X = mintX. X} ()
Yizz_xi
where = dewotes e arithmitic wbhraction, We opprations +, @, and bar ane refered To an
#e OR, AND, and NOT in terminy Logic, respectivelyy. The fundamerntal gter in the derign
of Aigtal systems ane U merten, e NOR ¢ate, and the NAND gate. The assumed Logic
wymbols are down in Table 1. The Trmany gates are devigped sccording to Hhe corvertion
defined in Equation (1).

Table 1: Logic Symbols
Voltage Lvel  Lagic Valie
0 0
YoV 1
Vu 2
A. TMAy lwerter

A greral Taniny wertn o an opraton (gate) Wil ome impud %, and e outputs
(/M\Méyyop 77,44«472)%4#41
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40 =C0()= 2,{2=0
0,4==0
A=) = X=2-x 2)
42 =C22) =2, {2=2
0,4==2
Therdfore, e implemeriation of Trrary mvertn mguine Yhaw werterns, whick ane 4
wegative Tmany werter (NT), 4 standard Trnary et (STI), and 4 positive Trmany
wertn (PT”, M%WVO, 77,M72WWWMMWWW (2),
Raycbowdluny et al (2018). The Duth 1able of We Mnte Yrmmsny iwertens Lo shown in Table
2.
Talle 2: Tt/ Table of Tervany lverters

Infct X st pTl Nl
0 2 2 2
1 1 2 0
2 0 0 0

B. Termary NOR and NAND Gates

The Brmany NAND snd NOR sre two mulliple entry oprators wsed in Trmary logic. The
[pnctions of Hhe two-entry Termary NAND and NOR gates are defined, a1 postilated by Lin
a 4l (201) by Equations (3) and (4), respectivelyy.

Yoo = min{X,, X,} (3)

Vo= max{X, X,} (@

The 200t 1able of Ternary NAND and NOR gates Lo shown in Talle 3.

Tuble 3: Trotl Table of NAND and NOR gutes

gt X pud X Yoo Vi
0 0 2 2
1 0 2 1
2 0 2 0
0 1 2 1
1 1 1 1
2 1 1 0
0 2 2 0
1 2 1 0
2 2 0 0
CAREON NANOTVRE FET
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CNTFETs wtilige semiconducting single-wall CNTs To avsemble dectromic devices. A single-
wall ONT (SWCNT) consists a& one c@¢e£¢u461 04JQ;, and e 444h¢f£ 4»44~u{4410444~g process
of Hin device mates i1 very promiding for dllernative 1o Today's MOSFET. An SWCNT car
4l a1 Cler 4 conductor or 4 wmiconduclon, ¢(¢¢¢4~4(44~$ on e ¢b¢~g£¢ vaf e atom

amdmgement along e ule. Tlis Lo referied o as te cbinality vector and s represnted by
WWW(MM) A simple method 1o detomine i 4 CNT i metallic on
wmiconducing i T consider I indests (,m): e vanotube 11 nitallic Y = m or 1

—m =3 WM~44M~‘4‘1£$M OWW,WWWWM% Ffwm\/mww/d
al's work (2018), 1 was Aiscovertd Hhat He Aiameten of Hhe CNT can be calewlated based on

E;74n461&411~ (S).
ﬁaOW
D, =———~n°+m?+nm (S)
T

where 40 (= 0942 1m) 1 Hhe Udratonic didtance betwen tack. carlon atom and b
weitblowr, 2hang et 4l (2019) came wp will & acbematic disgpan of CNTFET showsn in
Figue 1. Similar 1o e Maditional silicon dwice, the CNTFET abse bas oun Terminals. Aa
dhown in Figure 1, wndopd unicorducling ranotules are plactd wnder e e s
charid negion, while beavily doped CNT segments ane placed betwesn e ot and e
sowrce/ drsin 1o low [jor 4 Low sries nesistamce in te ON-state. Ao e gite potential
nentases, e device i decrodtatically tumd on or off via Hhe gate.

Seurce Contact Gate Drain Contact

[ Substrate

(a)

| Drain
Imvirinsie UMD

regiomnms r G ‘;l-j H.Eﬂ'\]l‘i
(under the gate) e doped UNT

seginenis For
| Source

source/drain
(b)

Figure 1: Basic structine of CNTFET

The 1-V daractiristion of the CNTFET ane similir 1o those of MOSFET. The Yneskold voltage

b defined sn e vollage requined 1o T ON hansiotor. The tneshold voliage of e
ninaic CNT darael can be approtimated To Yo [irit orden s We bl bard gap Yot Lo
btn werst [nction of We diameter, according 1o Lim it al (2018), <.e.
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Eg \/§ aVﬂ'

~N—_———
~ =

"2 3 eD,,
where 4= 249 A s Hhe carbon Ta carbion atom distance, Voo =3.033 &V is #he carbion -0
bond energy in e 1gft bonding model, ¢ Lo We winil ddectron changt, and DCNT 40 2he CNT
diameter. As DCNT of 4 (19, 0) CNT i 1.U8) 1o, the Yneshold voliage of 4 CNTFET waing
(19, 0) CNTs in the charmel 2 0293 V fprom Equation (€). Simulation results lave
confomed e conectness of Wi nerhold voltage. Ao We birality vector changes, e
Yenerhold vollage of e CNTFET will also change. Avsme Ul m in e cbinality vector s
dwigs yre, Yen He ratio of e Unibold voltages of e CNTFETs with Afferent

©)

dinality vectors will le
Vin _ Doy _ 12
Vch Dcntl nl
)

WO)M4WWWVM4ACMFH%WW

proportional 1o We chirality vector of Hhe CNI. For example, Hhe Yneshold vollage of 4
CNTFET wring (13, 0) CNTe &2 0.U28 V, compartd 10 4 (19, 0) CNTFET with 4 #nesbold

vollage of 0.293 V.

ARITHMETIC CIRCUITS BASED ON CNTFET
A. 1-B Conparaten
A7—MWMWMW0WWWMWWWWMWMW
outputs based on e compariron between Here two Unee valued it signals and e
outputs are: A > B, A =B, and A < B in the companator cinewits. Based on the relation
betwen o inputs (A and B), conesponding outpud becomes bigh and otlers remain Low.
Ve 2t 1able of e Terrany logic 1-4it companator 1o dbown in Table 4. The Logic block
disgpam and Ye input/ owtput waveform of & Trmary companaton obtaimd in the Matlal
wmmmﬁmezwzw@

Table 4: Trutl Table of Ternary 1-4it Companaton
A B A A=B A>B

S

SIS SIN S |NN
NSO SIOINIag o TSN
SINN S OISO

NININ D NSO
NI SOSIN TN
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|A 1B
[ Decoder | [ Decoder |

A2 A1 Ao Bz Bi1 Bo

Fas.wu 2: vawu/ 1-6it Companraton

FW;MMM%TW’]-M&W

B. Hall) Adder

A Trmany ball adder adds e Termary inputs and Gues outpud a1 Trmary s bits and

camy b, The 1l 1able of 4 Brmary ball adder is shown in Table S. The Logic fumction

[or s and carry b2 can be derived [pom Equation (8), as sated by Pradi et 4L (201]).
Sum = A:Bo + AB +AB. +12 (AR + AB, + AR

CAM =1 AB +AB +AR) 2
Teble S: Tt Teble of Tersany Hall-Adder
A E SUM CARRY
0 0 0 0
0 1 1 0
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DN SIN S|V (N
SN || 9| o

NININ NS
N laolNalN

qu(@,A&M&WWWWWWWWM%W
WAMEMM%FWQ.T&MWa{aWMMM
dhown in Figure § wlich comvints of T-Decoder, two impud TAND gates, thnee input T-OR

ot o Bl

F.gw 4 IW Hall-Adder

C. Full Adder

A 162 Termary (Wl sdder adds Wo Trmany rumbrs and previowly calodated carny
whik lere devoted as Co. This crenid products 4 268 outpud som represented by he
vignals Cos arnd SUM. A ersiny [ull sdder can be implemerted by cascading e Trmany
bl adder crcwits. Figure S shows We Ymany (Wbl sdder Uock Aiagpam wiing twe
Tvmany Lol adders Ulock. Hene He (irst bkl adder adds 2 inpat s A 4nd B.

TERNARY
TWO INPUT CARRY

A HALF ADDER CARRY  og
A N
HALF
ADDER HALF
ADDER
B SUM
T

HALF
ADDER

cARRy IN SUM

FULL ADDER

FW S: T"”"W Full-Adden
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The following ball sdder sdds W sum outpud of A and B inpuds with past carry (C.) and
grerates sum b and one cany b in o outpud. The [inal canry b2 (C.) o grerated by
e OR operation between e e carry bits grrated [pom the twe sages ([rat balf adden
and Ut second bal) adder). Table € shows Hhe Tl 1able of He Termary [Ul-sdder sand
Figure € sbows Me waveforms of Hhe desigied Termany (Wl sdder creni.

Table €: Truth Table of Termany Full-Adder
A B C. SuM C..

S

NININININNINININ D (NN NN NN N E || 0|0 oc)oc|o
NININ IR TC(T(TSIN(N NN g|g|gnNNN Nl o o
N RSN R ol aolN g laonaalx|lala|aolna|o
SN QAN DRSNSV RS2 TOIN [ OIN(QA R TSIN(TSINR (N

D AR R e e RN e B R = 1l Bl BN A N R I BN RS IR S I N N R I N S I N S IR S Y K= S

SIMULATION RESULTS
Figures S, €, and ) sbow Hhe similation results of propesed trmary Pritbmetic crcnits of

W7-WWW,WW—AMAMWW—MMM. From the sinudated
nealts, A could be seen eanly Wt We propond Trmary mithmetic devigra work, basd
MWNM-TWFWWTWMM,@MWWM

afpropriate outfuts.
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CONCLUSION

Tlis paper presented e derign of Trmany logic amithmetic crenits based on Carbon Nane-
Tube Field Effect Transistor (CNTFET). This s Ue fplune Bechmology To He predominant
Complemudary Maal-Ovide Semiconductor (CMOS) Technology. The major drawback of
aditional CMOS techmology s scaling of s 4ige, which e propesed work Takes cart of.
Furthermore, less power divsipation war obuwed in He CNTFET-based Brnary Logic
cncwits Wan He CMOS Technology. The Uneshold voliage of CNTFET i1 deperds on s
diameten, Hhe resbold vollage could be controlled carily and betir Yarn in CMOS. Witk
Yeere geat Techmological advartages A could be seen Hat, CNTFET-baned Termary cirenil
derign s 4 promiving crenil dement in Mulli-valiad Logic (MUL) crcuits in Hhe nean
[eture.
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