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Abstract:

Differential Cascode Voltage Switch (DCVS) is one of the most well-known logic styles, which forms
a robust structure. In addition, two complementary outputs are produced in this logic style at the same
time. It has several unique attributes and different applications. This paper presents three comparable
methods to design some ternary half adders, whose efficiencies are superior especially when they are
put one after another in a cascading scenario. These cells are essential for the realization of larger
arithmetic circuits. In the third proposed method, instead of ternary inverters, which consume
considerable static power, built-in low-power binary boosters are exploited to reinforce driving power
of the DCVS circuits. Simulation results by HSPICE and 32 nm Carbon Nanotube Field Effect
Transistor (CNFET) technology demonstrate that the new adder cell with binary boosters operates
21.8% faster and consume 6.7% less power than the cell with ternary inverters in a real test bed.
Furthermore, the final design is compared with three other ternary half adders. The new design is
faster than all of them, and also consumes less power and energy than the previous DCVS half adder.
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Figure (1): MOSFET-like carbon nanotube field-effect transistor
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Table (1): Positive, negative, and standard ternary inverter
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a a+ a- a
0 2 2 2
1 2 0 1
2 0 0 0
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Table (2): Truth table of ternary half adder
Sl Mie duw 0USS g0y ol Somo Jour (V) Jgux

a b Carry Sum

0 0 0 0

0 1 0 1

0 2 0 2

1 0 0 1

1 1 0 2

1 2 1 0

2 0 0 2

2 1 1 0

2 2 1 1

Table (3): Mid-controlling signals of ternary half adder
Gl duw 0S50 (Sl (7S S JUSmw 3l :(Y) Jgur
a b Carry X Carry Y I Sum X Sum Y
0 0 0 2 2 o § o 2 2 0
0 1 0 2 2 o | 1 2 1 2
0 2 0 2 2 o | 2 0 0 2
1 0 0 2 2 o | 1 2 1 2
1 1 0 2 2 o | 2 0 0 2
1 2 1 2 1 2 B o 2 2 0
2 0 0 2 2 o | 2 0 0 2
2 1 1 2 1 2 0 2 2 0
2 2 1 2 1 2 1 2 1 2
Jol hgy V=Y

DCVS sl N sla g 515 b wigd oyl J5iS oo e 5 cal BU5 ca o0ls zrmdgs Yo i o asil 3ol
Carry) (i -5, 5 SUM) gz Jol> slaizs > sln 1) Y 9 X la JuSew puolie (7) ooz ijle Jlad aBge 2,
S i (Jlo slp ol Bl (255 039 o L jho 4 byis o JUSew (nl (05 2) (ol JUad oS (oo (ol
(F) ldlyy a5l oS b yio iy ATy 5 CAMTY sla s 5 o5 40 45 g oo JUsb Gl &5 o8, 40 by ¥ 5 X
55 sl e (V) Jgom 5l Lasls, ol s o aseion | ol Jlad 15 550 JUiSws sl o a8 ilate &lle (Vo) b
((#) atasly 10) @2 (Lo 51,0 08 o Lasein o1 (TTUR) (o9 s yd sl 1) ] Jladie pite 2 (YL o8, «¥olao 0y
odls ey False [lase «jgo ol ;e )0 098 oo 00l CuiS p TrUE Hlade calil dhaie g0 plpa ITaS conl Lo oy

Ll @ i (09 SO b yho 4y byie &yl o TrUe aS (M) alal, jo) cenl @ Koo Jlie 050 o0

STl ilooly (6l w2999 GlaiSems @8ls 10 Y 5 X (58 sl UK s ol 55 iy o5 jshailes
Y0 5 X0 ¥oline el iy peiS oo ooliial VL 5 ool sloaSid b gole dass 318 aST oSl (late i (gl
2 g3l Gz (SsSa akies YL aSS (ot saies (Las Y2 o X2 S¥oles 5 nimly a5l aien Sy
28 )5 oo Cynd OYolro (ol Jagy lasl

S ()
YCarryO =a’+b’ +a'b" o
YCa,,yZ =a'?p? +a’p'? 5
Xeum” =a"b’ +a°b’+a'b' )
Xeum 2 :a0|1b0 +a0b0|1 +a1|2b2 +a2b1|2 "

(t%)



FA-OFNYAR sl /90 9 Joz osleds /o205l Jlo /5,0 Caiio 10 dieign sl g, 4yl

YSumO:aObO +a'b’+a’b" Q)]
e, =a b0 +a’b' +a'" +a’b’ ()

o=l d(F) Jgaz) cl oais oolaiwl [Yo] az o 0 oals &3l )l S Jgaz 51 ooVl 5 iyl sloasioss ol g

sl 00 Slpin [VF] gz o p0 a5 " Lilate G 5l ST o 51 ilaie SO L pite (sl (ansedd (gly a5 glas
S =l 69959 e 45 el Jd Sl fadd LaF e ) G aiilen (V) JS3) )'Lw)l.i;ﬂ Sae (g, 00,5 oo ool
S5 5l S5l Il jgias 35 90 slsas (F) Jso yo ze{ab.e,...} 2 g5lwosly sl oonlplo ol s
205 o0 Joho Slom e Jsb ol Sl g9050 Gl 398 o0 ool

2y M 45 3 20 sl il B0 ol sl wam e ol 1y pyiesl b ML) 8 eSSl SisSe (F) pir
g oy g, cilaie 98 g yho o L a5 4 b Cansl o ooliol WU i s b ola st 5 51 pommly 455 0
e e ool aled )0 igd o Shgals g by (e 9 e SlroaiiS pugSs Loy Wi 515 55 0 lge (B 50
101 el 5 55 VY ol e ) il o0 a8l Lt (F) US4 (golgidins (6 yadke 4w DCVS 60isS par
)10 Vb gt 515 olass JoSe (sla 29,5 w5 s 4 Ygens DCVS

L sgma il JUB 4 (o0,5 sladlgd 9l jla3 oot 515 LS )0 oad aidgd sue cslive sla St plo 9 (F) US55 50
=0 gL VFAY 5 VA8 ¢ IVAY Cgliin phad a5l LS solpiinn slojlow dan 1o 000 o olid 1) s oo JoSiS
&l alinl 5Ly 050 5 co ey /YA 5 o /YAY - /OF wlbiw] slasldy 4 e i 3 s b jlad ol ol ous ool
(High-V7) YU aibwl 5tdg b Lo g 5515 den sl 5 «cdg < /YAR Ll (LOW-VT) ol ailiw] 5Ldg b be g 3515 don
ol o b F L5 s +JOFA s

b Admat (6lo gt 5 JUIS ol od 08lo endss [VO] g e o 4zl 3abs oY) S (slocunglio (g 3luosly (sl
o=l S 5 e (Pitch = 4nm) [ 6 Lz alolB b 0,8 adg) 65l g0 slasy oo oo plosl 1) 5Ly s IS
b5t 15 Sle (sl 5 PItCH jlade it (20)S alg) 5iUa Gl (Son b gt 515 ol 310 S92 g oy g 3l 5
e [18] 1 yo yo o ] by, 2 Balate (solgiinn odiiS gz m el yia gl Yo il

P9 09, -V-Y

53 odt Al (g late d 0aiiS ugSiae 9 (yily CeblE il jelareay a5 Sglis (ul b sl gl (g arlie p90 (o)
o=l Lol oo o il 38l 1) Sz e Jobo olel slooaicS josSae ax 31050 so adlol jlaw sleasl 4 [YA] 2> 5o
Solodie 4w DCVS oaiiSaaz o e (090 39 dlss oo sl puitus azlse S5 la)b b aS Sloj b,
2,00 g 315 A7 jlae cplicwl oals ools ylid () USG50 (golgainy

Z— Low-
V+ —

z1 z1

z High- z— Low-
Vi Vi

[Vf] i S )’L..a,ls..i)T (Y) S
Figure (3): Logic one detector [14]
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Table (4): Mapping table for pull-down & pull-up networks (combination of [30] and logic one detector of [14])
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Table (5): Mapping table by considering built-in binary boosters
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Table (8): Simulation results (two cascaded half adders)
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