[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

23 S G allBU b (a8 lgilb Slage T gt 3l 5 wpaz sl
o 98 SO Sl 60 9 JUI

Yo \ .
LN B 6ol e
Q‘).‘{' —aUJLa)f - oLiJLe; E SV ol&isls —‘5')‘).“ saSlisls - B ewge 05).? _)lial..;.u.J -\
a.naderi@kut.ac.ir
u‘)-“ —ol.;f..il.a; - oL..,...ul.o; ‘Shv...o oKisls _LQ))"‘ aSlislo — d)“ (g 05; —A&)‘ ‘SNL...»)lS 4..._‘>5.A'|u..u|.> -y
m_ghodrati60@yahoo.com

s 5l mnlin 42335 S5 lgie 4y ()T Aglaili (sl gium 31T« FgSaboms 5Lz 3515 Job (s 2900 b TSy
b 55 Aglgil laso 51 6o ygiam 355 31 daazr sl S alio ol 53 ig o0 sloub &2 s 5T (6o ygitam 315 93
Wglgil g 1 g 357 LSl b g0l 033! ol ouis 8 pro somad 90 S S g8 9 JUIS 10 S sl a5
1,08 43 (O0F, +) S350 5 ()5 elgil Sy ouds Sleduian o] 33) ol o0l dunnalilo ply HLS L 9 (lond 90 Sy SN0 b (4,5
P &8 AL Cwond jlaz 3 JUI b ol oo b0 917 Sy pisUlgo Glacali b gl Gale 99 b oS Jold g sl yiogil
il oo yiogil B Jolao iy p Jab ol oucd aisbu +/Ynm” g +/fnm” wo/fnm” o/ Anm” (AU gla I b cui i 4
S 51 (AU iy s GialS aiilos oligS” JUIS' sla il dguee 42 JUUS 50 (oallBl 82,555 apo o0 oLl 5lwaned gl
Sl by 4 by Sl by Coms GRl3l g S Gl BRI Cge g WIS e S8 Kbl ) slaglug 9 on
9 5398 — (gl gralolae ) 5Lwsgs Jo 5l ouds Sledudey 0,138 Glaskiv (5lwaums g adlllan (gl y 03,5 o0 Sogols

Wl a0 olisiuwl Jolai pué 131 55 &b by

0l S 058 JUIS (6o 51 (RS ol e st 39 S iU (63 530, Aol g 3T pgiamg 315 1 Gl olads

VAENVYE iadlie Jlwyl go )b

YWABNYIY s allio bg pino (s oy gyl

VAR YN allie o dy g b

6o e Jghame (gouuun gi pU

Gt it 09,5 — (65 (soaSils — oliile ' aro olSitils — (e plal ol 5,5 — olitila S — ()]l 1S ghamno GOy g3 (LS

@g[oz IOWNG-7 0N -G [OA - SIOOUISUS SOTUOIOJ[H PUE [EILIOI[H JO UOHBIOOSSY UBIUBI] JO [EUINO[

ENYAY biannl = 093 8 lowd 3 b Sl =51 2! Sig 780 g B2 i (po! oo



https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html

[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

Slomas sl SO adlie ol o asiwe VY] JUIS ot
2 S sla —alBl L ()5 el (Slawe ST sla g 515
5o od &l g, el oud (Brae Sed 90 S pSUlgs 5 JUIS
2 Lead ol y LallBl Glie )5 (ooiiee ololp alie ol
JUIS amb 4o ol5 4 o8 sl Gy, 5 ool ool JUIS 22U
cdale fliw adly 10 .08 5 o Jols obsS JUK sla 51 50 sege
e 0 Shee 40 o) Sl (LAIBL a2 Slass 5 pallBL
el oy sl oS JULS gl J S 50,1581

L o2 Al s 31 gt 15 il b solgitay o138
C-) aly ksl g DSD-CNTFET) e g0 S isdl g0
e S s il 5 sl ol b el suls anylis (CNTFET
55 S Sl 5 JUIS 55 S sl allsls Uy oy S gl
g acalllas gl .ol ooy Ll (LIC-DSD-CNTFET) o
V)Lf)'L,...aj.-; J= 5l oacs olgeiny (g0,l538 Clasin (gl
T It 5 S gy 5 K9 - gl sLaolae
Ol glwand 5l Jols ol ool sus soliz! (NEGF)
L alio jo o olpaig Lslu o sois ol ,e oS aes
,9—b &« DSD-CNTFET sl 3 C-CNTFET sl
Sgrt 4 JUI jo —alBl )5 ol adly alS 6 Reis
g adlie aslol a0 SeS oligS JUIS sl il 5 Jles 4l 55 e
sl 2 Oy50 @ o BliSe sl iy

S50 §ilmdend Joo 5 gy P93 At 59 cdsiie jlan
25 525 gl Shae Sl sla s 515 aslllae (sl ool
00l (e (golgiinn o l38l LLu pow idu (o .0l anles ools
Goloand bt jleslatul b jain 515 Slasein oyloz (i .ol
oy G S S At Sl 50 5 9505 0 A o S

S ilwans wigy =Y

SN S Jolss Jgane job 4y o (S SUl Dlgol (6 5loacds

090 )b &5 5 Slsly 2SI Jwnily G B 5Les s s5luand
adolas g0 Jm ] b opl (5loamd cga [V0,VF] el Slgol
4 el ygulgy dlolrs sl alolrs .l 5L Lo g jluamds 0 S5
WSS o e By he b S8 S ln ) ke ity
I 5059] s a6l a8 cl JLal dolee pgo alolee
S5bion o o oy S st 8 9,0 (o) 39,551
oo s Sl asile zge 58, (6 yiegil o3guaze 13 ez [VF,1Y]
SO oS 0 s e 500 S ded Jlail aolee gl oo
Ol e 2,5 &l g, asle (JelS segileS Sl Jlal Joe
s an Jolw 8 0 5 Al g, 5l eolanl .ol 65 (NEGF)
D8] 555000 )5 4 wlidie 16 sloo 58] g 5luans 13 slos S
Syt (e H (Ggtleala o le S Lawgs o35l oged cnl )

doddo —)

oyt 515 ool (ol Ss8 s CMOS (5350585 w8y L
g oo sla e 5 o osuny w28 S Sl 60 (B e (opat
50 ollas g Lo o)l58) bl cobl 5 o, 5L bl )l o guuas
lye e ol 2als gl [V] el ons 2 5kas (6 yiosil sl
S SLaadslls ol ot gty sl Sl
$0 75 an pazie (SO ()98 (Rt (S sla s
Sl e Gl (sloo )15 )s oolail LB (golge Lyl 5l as” wls
JU o 5 loaadydsl jloolawl Las )5 o0l 51 (S5
Syt ) by 515 Gl 3 Shos o5 conl Gl 1 sl 3l 5
sl il 4 pgmge byt 515 5l g0z s 5 2B o
e 5 sl g 5155 [Y] 95 o (Gyma Iy (g, gl e
SPudu g g sale allg ce oun] )0 (CNTFETS) 1S alglgils
Sl gl 25l 5 slie 1 (Sois 2SSyl s
ey § G O ,0 DAl 4 g diwd Sl Jl> 0 CNTFET
[¥] wlazs 5 18

5 sladglyil sl dlgdgill (e slaygtan 515 51 (6l
Golrdas o> 15 Ll (65, g5 alold ez caslonds anslus o gy S
0l ST )5 sladlgdgil aS ) s 4 Guizen [05F] cul
ATy S o g Jsb o 5 4 sgama 45 , Lo Lol
[5,0] wigms e LesT 5 JEs) camgo 5 03,5 (6 sl Lo Lol
elgils sl golaans ,o (V- 'em/Vs) b ol YU (5 dsS 5
e Yy S Sl Ly Gals olgs b bl o) pliol 5 (S
sl (HFO2) pgeiilo auSTiss b (Z102) puisS 5 smSlss
TAY] 5800 S Sl 55U ol (0 2,

sl e 3 slagi 55 it 55 ol s
L somb S ran RIS gsll)ls as adyle 1) cols ol =S
2 i 5l s ) (SeSibe (Slacsi eSS b alie 5
Jsl €95 g5 e el 09,5 93 4 ()5 sLadlglyili Lol
45 (SB-CNTFETS) 5L o o ;51 sla gy 35
Al ysa 5l s g5 5w 1 Ll 053 5 (5 sl L]
MOS-) 8 aJglsil (olpa o (g5 0 ST Slae
AL Sud (03 5 g Pl b sl 4 S(CNTFETs
JUS” (sl 1 it,5 gyl e i sl g3 5o [T] ot
WSS B e 350 sl oS azis Lalge o St 51 e olisS
s3game ;5 Lo l58l 5, Shos 5 LS (55, olisS JUS (sl 51 )
[V +,8] 538 oo wsllasl 36 oS by sla JULS

adlgils Glame 51 sloygim 515 )0 oy cnl (205 612
Ll o i le oyl alem 51 aind @l gogom bl o a8
wlSgo o3be 5l Ko coS b (oS Algils Slawe Sl sl 515
Al sl 5 [1Y] dlags sl V] dlbacs Lsls [4]

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.15- No.2- Summer 2018

IWAY (b= g2 oy — o0 3y Jluw =l 2 g iU g 5 2 gt (502! %@


https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html

[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

8107 JOWWNG-7 0N -G TOA - STOUISUL SOIUONII[F PUL [BOLIII[H JO UOHRIOOSSY UBIUEI] JO [EWINOf

e)l}él )LOL»A —‘”

99 S SUles Sl oad sl o)1l (susd 5o ehatle o
o lan sl o 0l bt (1) UK o agly sl 5 e
Sl glls oo sloazng o33l 598 o snmline (V) S5 j0 a5

So el Dglite S pSUles Bale 90 b oS ol 5 0090 59500

Le
: Channel intrinsic n- CNT
n-CNT ONT
€S—————————> 5
Ls Lp
(alh
Lo
K=50 s> K=16
- Channel intrinsic n- CNT
LENL CNT
«— > <
Ls Lp
()
Lo ’7
K=50 <> Lo
n-CNT P J S e | n-CNT
s 2 R E—
Ls Lp
@

5L (0l 5 L (G s 5 el e (1) JSCB
euds olgily LSl (g ¢ Shouwmd 9o S Sl g0

PSS 250 Y el b Sl @l gl Szss cnd
15 Sy S0l gs i b ol Sy 2501 g0 ke bl o oy o
Jsbo a5 00 alls Ceand Sy iSUlss Colt il o 428 L5 o
il o el O
Vs L (Ve ) S35 oS alalals Sy st slgiig o138l
BT sles 5o 5 el &g =09 2SN - IAY (55500 ()l abols 5 agil
5 S5 Job oolering LSl gl S oo Joo (gl Az 0 Y1
o el oot a8 5L )5 gl Vo g =003 sl
55 31 ool ol 51 i el sl 5 &y S 01331 L

@‘ YAV liaaasls — 03 8 jlown o2 35y Jluw — )21 Sig ySU 5 (359 owlign (02 dlomo

LQO)LQ‘ e JM (D) LR (S) O™ )5 éjd.?ul.} ‘5L(bc)L¢.§‘ LY as
IS e ildy (bl Loy a5 (ud 5 1S) 095 (08 sl Lawgs
Vi o 59 Jlosl IY=11] Wlowds Gy ya3 cdigd oo Lateine 48,
2D dalgS 08 & S (08 slojl 5 85 )18 ol

o 0l e 3 myg sladbasl 5 JUd o158 s g
=35 58 e S 5 VD 16551 -055 (slam ile Sl alanly
5 9SS o il g oo 2D g Spd cps H
O 9 995 035 e Wil ge (B9 5he (551 S o JU o o
9y g9t slas xS LSS 6095 sloplyzr 5 9yl S5z
gl A 5 al> o di>

oAl 5 o a0l asseze (9,5 et e (sl 4l e
A4S 55 mss s el ol oo gl JUIS Ky (6l Sgikeala
..\_ﬂu_ﬁ Cd A > ol o cenl Setkals b 5l a3
TP 55z &5 Sl (6551 -053 lagm Slo drlons g0 al> 1o
3 ot 88 on i |y 8 Ly sla bl &y Stdly JUlS
po— ad> o Loy il —0g2 5 (Gokaln (il (35 atie
G,(E)=[(E +in )| -H-).S =Y D] M)
ol LSz 8 Coleigr cote Sl SuMF 551 E Gl 0 o8
ol dlons L 5 55500 Jo alg) gl Jsb o (U JiSjloss
(H) gl o o5 s sygmlsy alsban 31 (Ui dpir Jemiy
o (so9lyS JLREl 5 Hlyy adolas (5 5Lusgs ail> Sy &5
= 05 Jols (ol Kan a5 Jlae; b dil> ol 5 03T o0 0525
=S 00l pand gllas Jlaiae 5l il o s 2STo s
)SUW "55—:3
bz G 58 se 42,5 L5 )3 YMeEV Ygans (U Jouily

u‘)_:.o.ﬁ )l..l_ic ..\_aL.u_u’_A aalol (|U;’ld _U/new

I =%IT(E)[F(E —E ) ~F(E —E ) ME ™
Sy s ooz o8 55 B 5 Brs 109250 b q of 0 o8
33 domline 5 ala 51 & sl J 5 T(E) 5 33k

{11,13]
T(E)=trace(GT' ,G") )
cde @y 550 s 528 Ty 5 03lse (5 @G ol o o8
..\_‘;‘L_,:_A Cewd A 55 L]a.:‘) )‘ 5 .| OO0 9 )9 dLQJLa.o‘

{11,13]

FS(D):i(Z_Z) 4p)

S(D) S(D)



https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html

[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

St sl 5 JUS 4l 0 P gy callsl alls gz 00953l
a0 el PYL ;K00 Sl 90 a4 Cans ailin] 5Ly oo
JtsLo j S LIC-DSD-CNTFET L s bl oLy >
2wl C-CNTFET Lzl ¢ DSD-CNTFET
O3 Sl sl (1) St (s Lo sz alie (sl
a3 adllas 5,50 slo)lSle sl ) oy -5 55 G
olis Vs = “IAV 3 Vips = +/FV Vpg = -\ V s calisee 50,

40 , ;

35}

a0k -B-LIC-DSD-CNTFET|
-©-DSD-CNTFET

25; --C-CNTFET

LIC-DSD- (sl ,lis Lo 31 o295 duaseine 51005 :(¥) JSi
Glise 3Ly 5 C-CNTFET 3 DSD-CNTFET .CNTFET

QoI — e

-8 V0.1V
-3 V=04V |

.

10° ot
o ‘@ V=08V
g 104 -6~ V=01V |
» -G V=04V
2 . -@ Vpg=0.8V
10 e V=08V 1
e V=04V

i® - V=01V |
10 Square Symbols:LIC-DSD-CNTFET ™ 'Ds
Circle Symbols: DSD-CNTFET
10 Star Symbols: C-CNTFET
10°
0 0.2 0.4 0.6 0.8

Ves V1

3 ooagme — S Sy come 1 (259 Bl loged (YY) JS
C- 3 DSD-CNTFET {LIC-DSD-CNTFET sl»,ts Lo
0 y9m — oy iliss glajlidy ,o CNTFET
P ol & wes e ol gileand Sl Jol> bl aws o
5 ood 90 G Slge LSl balie [ ool slpriay LSl
oty sl o ol adly palS 5 Kot job 4 4L sl
s 30 ISl P 55 allsl s oz s i & s
el a2l falS ) 9 Sgels Sl g5 58 50 JUIS
kS gl Ly gl Sl esalie Cuz 4
S ose Olz b g 55 s pl Sl ¥ USS o (gels >
il sl o0 ooy Liglas byl cpl sl ity s gYU

000 ,8 slpriny alite GYlas (o S s> Ly el O o b
bt LalBU b gloisy ool S8 0,50 50 [AVIV,NY,F]
a5 3,5 o)lild 50 ul @ Blgs e @ LS )0 lahy ©j50 o
=S el by 515 sl 3 a8 sas sl s
DY ] sl oo soliiw) a3l as x565 51 00y 5 oloion
‘5_}_ 9§ 00— )‘9..:'.0 yLv u»JL::’.A B ‘;49 ‘;AJLDL @)5; J{lﬁj).- bl;v.)_‘
cSlu Bl jlas ol pallsl glal aojer 5l oolanl 5 e ol
&5 gl jo a8 el lajlisle 51 5 Jee allie oyl )3 ous 4l
sl 00l solaul 6Ja.>
L i aa P g9 (el cwd L 51 JUK sl
</¥nm™ .+/fnm” .+ /fnm” . /Anm’’ (—aSl Lo JL >

72 sk g obioe LS (00 4l o @ o5 @ 05 )50
3 000 Pl 50 (AL I sl oo 2egill B Jolee (23
5 Bl il e ol st andls Soli AAMT o oy
S5 o)l e 9 Shee & (o sl (AL Sl i slass
Gla el b oM & jgo 4y ol sut Sl oliyS JULS (Lo il

el ooty &)1 (V) Jgaz 55 golgring o158l

ol 0,381 sloyiol)ly :()) Jou

Jlada bk
SR OVe) S sl e

Fash o Ayl b
=59l - IAY sl 6)lg Alold
RolS Az Y. Lo

Syl ¥ S Sl Cwlbs

Fagli Y- e o

Fagl Ve ope 9 (o ok

Silwand s g S -¥

L 5 adelsil Gl 1 jgnasily Clogas 2o cnl )
b 5 Sy s JIS 55 S sl a5
o=l gledasie 5gb s ool 7,5 (LIC-DSD-CNTFET)
55 S ASUg0 b 0,8 syl e 31 955 L L
=S adelgil Slase 31 e 3ls o (DSD-CNTFET) ond
el 00l auslin pl bl ps 0 (C-CNTFET) 4, bsLs
Sy dmw )3 o9 —mpd W5 e (0 Ol 0908
sl 6l Vs = +JAV Vs = </#V. Vs = +/FV Gl
St 55 a5 st 59 5o Slgs L s sty
aS 0gd e alax>de (V) S8 @y axgi b el 0l ools las (Y)
Sbslo oy omud LIC-DSD-CNTFET Lslo 25,5 colaa
L cewlazilh el s C-CNTEFT sl s DSD-CNTFET

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.15- No.2- Summer 2018

WAV Gl — 93 03los — 3 3y Jlo — ol Sig i1 g § 2 (omoikied (po2! M@


https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html

[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

2 ey i i) e o 3 YL Sl L ol
Ere &S Lol S50 SV ol Sl o JUS 4t
s 5l b &S cenl Sdgae 5 ol y> CNTEET (o (L > oes
ol s 6185} 2l ol il g sy s YL 51 s Jel>
S b o el Ll st o8l glotl Gl alS el
S Gl 98l oo LBl 0l sz 5o GRS S iy e a0 581

0.5 T T T T

v
Increase in V s from0t0 0.5V

Band edge (V)

Solid lines: Conventional

Circles: DSDCNTFET

Dash-lines: LIC-DSD-CNTFET

| — . . . .

-10 -5 0 5 10
Position along the tube (nm)

i b CaS Al Job 50 Colud Hlgi ad (65 51 Ol :(8) JSb
axllo S)90 GL°°)‘}5| «5')‘! U")W‘c“ﬁf 3L’»’J3 J°

VDS:O.S \Y

lee SRl glalamdle BB 925 4 (golenta JLSle o 0l >
J sl 1y JUS o o 05250 S g ) S
2 el sl 5 send g0 S Sl LSl ead ol
Iz w3 e (L3 Vs = 210V y o5 =00 Alide slajls
ABL Al oz jpax s & ead sty JSle o 5 Sl
2 el ol Ko il g gl S JUS asb e P g
U s o I3 L el 4l s n ol S e
el il palS golgiing Sl 45 oy Culan 45 ano e

S 1l8 0ligS JUI o ST (om0 50 oten oy (S
Al r e wesie &y Gy ey (rl ol Ty W1 AL
S laee Sl e a9 b o jgm =00 5By Gl ool
05 oy 2l g ad 5o JUB sl b (sl o gl ey
oz LB p0 et G, 5 sladel> sl calple [V -]
W S Wedioe 520 Ol GRIPl 4 e g Wb MIF
3 epd Sy ahey 4 4SS 5y by LS 5 00 Ol
S5y i U JUE s, Gnpd Sl S1VY] o9t e J S
ol il ot 425l DIBL lyie 4y 5 0,10 gt 35 o Shae
PIVF] wil oo anlne LB 5 adal, 51 51

Ve o =V
DIBL =2t Ve 1y py) ®
V=V,

8107 JOWWNG-7 0N -G TOA - STOUISUL SOIUONII[F PUL [BOLIII[H JO UOHRIOOSSY UBIUEI] JO [EWINOf

@WW Obiannls = 093 8 lows — o3 53l JUw — )2l g S g (52 (pitis (ol eloo

V'Y

Joily a YL 5l ey dS by b 4 by S5, spie
Ohz deb Glie (e 4l LSl &5 el ons il
a5 Gaalpl s a4 Ko sleylsle ol 1) g )se
0I5 ol e Sl g s 3 S s 3 il
JLSls 4o 55 LIC-DSD 4 DSD jLsle g0 o ool aidly
el sals b ol jue Sl P g glaaly 5425 Jdo 4y LIC

walgs L 1) 6 i 2alS T 6 e by b 5 o3g caclae
Logm I(xE)

0.5

Energy (eV)

10 20 30 40 50 60
Position (nm)

(&l

Log, I(xE)

=10

Energy (eV)

o 10 20 30 40 50 60

Position (nm)

(&)

Ingm I(x.E)

Energy (eV)

/T

10 20 30 40 50 60
Position (nm)

@
S SV 51 r9ee by cnb g 551 lg 1L :(F) Y2
LIC- (z 3 DSD-CNTFET (o sy (<l (gl ;s Lo (51 Jomiliy
Vs =+V 3§ Vps = +/AV bl ;5 DSD-CNTFET

omles JLSLle aw o Gl 1) gLl Al 4 igels asl

Qw5 u_JjLO.: ‘Lma)l)'é‘ LSLQL)li)'.’ »® ujLa.u sdes e S
et & gl Bl 55,8 5y s 4 il e b Joilsy



https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html

[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

—VDS=0.3V
- Ds=0.2V
_____ VDS=0'1V VGS=0'5V
==V =50mV
-Q-VDS=25mV

C-CNTFET

—— VD s=0V

Electron Density [cm'1]
W

-qo -5 0 5
Positon along the channel [nm]
7. AN

\ e VDs=°'3V
sk ~-Vp=02v  DSD-CNTFET
- VDS=0.1V VGs=°-5V
al - VDS=50mV
-4-VDS=25mV

——V, S0V

Electron Density [cni1]
w

%o % 0 5 10
Positon along the channel [nm]
(@)

LIC-DSD-CNTFET

_VDs=0'3V
=== VDS=0.2V VGS=0.5V

Electron Density [cm'1]

-5 0 5
Positon along the channel [nm]
@

@i g0 sy Lu gl JUI Job jo 5b Ol s :(F) Yo
LIC-DSD-CNTFET (z DSD-CNTFET (o C-CNTFET (!
3y 9 (g oyt S Alito o3 g o (5 yk0gili Yo JULS (ol 5
VGS= +[OV wlS

ool dlgriy ,LSls ;o DIBL il og S8 bds gyp o
3 Vos = -0 1PV 3 il Jsbo ooy il g5 o3
e Oge (V) JS& 50 5585 bl 4w 2 6ln Vs = -0V
b opdoe disdle (V) S 0 a5 jebolen ool 48,5 8
Slyess gl oud olaig JLsle jo opye Wy mlsdl
b oplnly o)ls Goygm —onps Sy St b 6 5SS
S5 & iy o313 2815 1, DIBL 1 5 ige ok & soleiiy
—0nd g 50 st bas S e o 18l et 4l s (e ol
sty Sy g0 W WS e i 5o bl 5y (o5
G0, (g |y oy oS lajlidy 5l (gl S Wby aseie
S (2 gy 35 52 STl e bl Sl 4 T s,
dool58l s, iy anslie gl .o DIBL acul>e 4y g 28l
Jislo @l 5 JUS e slaJsb 4o DIBL &lpeis foges
S s ey e 5 e g0 S Sllgs L sy
el oals sy m (M)

Lot (o) 2 oL ples ;5 a5 8L ) (i oe Hloged (o n b
in DIBL sl o solnin Jols wline gladsh
@y DIBL egil Yo JUS Job ;o Jle olaie 4 0ls s S0
30 Sl Lo 1, AOOMV/V 350> 10 (5 laie oo slpian [Lsle
Alal el s s o Sopslles LSl sl oS (G)9e
NEFMVIV 5 YAAAMV/V yolia Glls wosy 4 DIBL
RS VPR AR OVSRRVESICN ISP TR B PR CSOUE SU AP VP L SRV Py
SolS byl ol o5 Ko ams o las 1) Lo l3dl
Sl Gl Eon e o5z 4 & ISie (e s
5 oS5 45 45 553 DIBL ol 3l oyl 51 Sy el olisS JULS
sl

o e Lno 381 ] 5 ot ol B U o K0 age
5 bl B o581 Bl i b ol e ax o
s Tl glaplegi Az j0 Sy a5 eSS
w3l amle BB n5 Jge b 5l alial; slaplog s o
(VY F]

SS =AV o [Alog(I ) (mV [dec)

*)
5 aliw] ;) slaglug Jlog e olisS JUIS sla il o)y )
Sl woad slpeiny ksl ol o JUI e lises sl Jobo
00 ool iules (1) S5 j0 il [LSle g cewd g0 SO Sl g0
Slppiny LSlw 00,5 o alaxdle (1) JSG [0 a5 43g8 Lo Lo
ng_..es AUL_M—‘).:) LgLQuLa’.v )‘ )5:..\.4 )L..‘>L~.o 9o Lr M_LE.A 5 ol

el )‘é)j.‘;).!

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.15- No.2- Summer 2018

WAV Gl — 93 03los — 3 3y Jlo — ol Sig i1 g § 2 (omoikied (po2! M@


https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html

[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

8107 JOWWNG-7 0N -G TOA - STOUISUL SOIUONII[F PUL [BOLIII[H JO UOHRIOOSSY UBIUEI] JO [EWINOf

70

-O-C-CNTFET
-»-DSD-CNTFET L
-#-LIC-DSD-CNTFET|

VDS= 01V

60

55

Subthreshold swing (mV/dec)

595 20 25 30 35
Channel length (nm)

&3 JUI Jab o 1 ailiwl 5 s lugi Hlogei :(3) S
-CNTFET ¢ DSD-CNTFET LIC-DSD-CNTFET s ,lis L
JUS Giliso glaJsb 50 C

» JBE it sla s b i gz Sl loge
00t iy (V0) S )0 55 il sy gl 5 Vips = <AV
wad (gilwan i Lo JUL Jobo plod jo a5 555 o0 00y .uul
oS peboles )l (e (i Sund datie eolgin LSl
Oml et g bl Bl 9 g8 50 falS ol e wl o) L8l S Ay
FB Gl ey 5 0gr mlgs e a5 ol oizs > e els
At aalys LIC-DSD-CNTFET sl oy s 5 453
Slayloe ;5 oleiiny o)l8 0 )5 sl 4z g JB (pogat
el Lz

~8-LIC-DSD-CNTFET
=8~DSD-CNTFET
=»-C-CNTFET

On/Off current ratio
)

10%
. - .
L L
10 : : ;
15 20 25 30 35

Channel length (nm)

05 L 51 JUI S omn 32 3l g 5l0g05 :(14) S
Cardg . C-CNTFET ¢ DSD-CNTFET LIC-DSD-CNTFET
29 gy Canrdy 9 Vis = +V 9 Vs= < 1AV gLy )0 (fhgels
el 0wl b3 Vs = +/AV g Vpg=+/AV sy5Ldg

G 25 dzmid =0
Uloil Slowe S sl ysima 3l gl sar JLsle S e ol )0
e ad 53 S 2SUlgs 5 JUU o S slo Bl b (oS
U 5l oud olgiogy i (63 htnds 5 oyt Sl ol 00
= S @S sy e SR9 0 - Ogley slealoles ) 5Lusgs

@‘ FAY (btuntli = 09 8 lowd — w2 3 Sl — 512! 39 iU 9 (32 owtigee (yodl oo

VO

Potential a long the tube

0.15
01 DSD-CNTFET
0.05
0 L
-0.05
-0.1 d
-10 -8 -6 -4 -2 0
0.9 T T T T f T
— LIC-DSD-CNTFET, V__=0.05V o
0.8} DS 4
~ = LIC-DSD-CNTFET, V, =0.6V
0.7¢

= DSD-CNTFET, V =0.05V
| == DSD-CNTFET, V,,(=0.6V
0.5[ = C-CNTFET, Vps=0.6V

[ === C-CNTFET, V,=0.05V

VGS=0.5V

=
w

Potential [V]
5

0.21

=30 -ZIO -1IIJ 0 1l0 2‘0 30
Positon along the tube [nm]

Sl Aelgil Job oz Junilly @399 slogai (V) S5
—-CNTFET y DSD-CNTFET LIC-DSD-CNTFET b L5l
Vgs = +[OV SVDS =+/ed ’/;V)QC

100

60

DIBL (mV/V)

50

40| —®-LIC-DSD-CNTFET
=8-DSD-CNTFET
30/ =»=C-CNTFET

2QIS Zb 2’5 3‘0 35
Channel length (nm)
s s Lo 51 JUI Jgb cans 5 DIBL Sloges :(A) JSi
C-CNTFET s DSD-CNTFET .LIC-DSD-CNTFET
VDS =+[fV 9 V])s= ‘/’fV)é



https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html

[ Downloaded from jiaeee.com on 2026-06-17 ]

[ DOR: 20.1001.1.26765810.1397.15.2.2.2 ]

[12]

[13]

(14]

[15]

[16]

(17]

Arefinia, Z., "Investigation of the performance and band-
to-band tunneling effect of a new double-halo-doping
carbon nanotube field-effect transistor", Physica E, 41,
1767-1771, 2009.

Naderi, A., Keshavarzi, P., Orouji, A.A., "LDC-
CNTFET: A carbon nanotube field effect transistor with
linear doping profile channel ", Superlattices and
Microstructures, 50, 145-156, 2011.

Naderi, A., Keshavarzi, P., Jamalabadi, Z., "sdc-cntfet:
stepwise doping channel design in carbon nanotube field
effect transistors for improving short channel effects
immunity ", International Journal of Modern Physics B,
Vol. 28,2014.

Arefinia, Z., Orouji, A.A., "Investigation of the novel
attributes of a carbon nanotube FET with high-K gate
dielectrics ", Physica E, 40, 3068-3071, 2008.

Wang, W. et al., "A computational study of the effects of
linear doping profile on the high-frequency and switching
performances of hetero-material-gate CNTFETs ",
Journal of Semiconductors, Vol. 34, No. 12, 2013.
Kordrostami, Z., Sheikhi, M. H., Zarifkar, A., "Influence
of Channel and Underlap Engineering on the High-
Frequency and Switching Performance of CNTFETSs",
IEEE transactions on nanotechnology, Vol. 11, No. 3,
2012.

L gy )

! Short Channel Effects (SCEs)

2 Self-Consistent

3 Non Equilibrium Green Function (NEGF)
* Self- Energy

> Drain-Induced Barrier Lowering (DIBL)
¢ Subthreshold Swing (SS)

05.»_34 a JL»U 5° ‘fa.]l}b d_-{)f sl 00 ool ! QQL&:
a3 e Sgate 1) oS JU sla Sl g les  les (S5 b esoleriny
LRI PR L e W s ok s RS obes &ty @L.a
sk A anl LSlo g sewd 90 S aSUles Jlslo b aslie o

A g, o> OL»”)? NG PUNEE PN | a3l u,...mLT ‘_gVS.a....:“/ W

Lol oo ond sl JLSle 3 sla(Shg 5l S cps W
Sl as 0,8 bl gz (e bigjloand mls & azy

WS S 1, oS JUIS sba sl gt 4 g e oo olgiig o138l
3l SsS JUBT Jsbo b slos )5 sl cenlie g5

&y
S ol A Joe'! (e 0 (2 e o 3le 1]
oozl alme Moa¥WT Su)S Agleil slaygiag Bl o

FAFY cpgd ojleds —pita Jlo lnl Sig S g 30 Ciies
VWA ol ol s

A sbadae 5 oy e LS LA oy sols [Y]

&¥ 9 (NBTD) aie bl 9 Vb slos yo g5lmbl

" Gyl uSaiy sbe,lidl 53 (HCD) (55500 sbdol>

ol —ea33lgs Jlw colpl S Sl g By e (ol ale

VWA 5ol olyes N1 F g

[3] Sahoo, R., Mishra, R.R., " Carbon Nanotube Field Effect
Transistor: Basic Characterization and Effect of High
Dielectric Material ", International Journal of Recent
Trends in Engineering, Vol. 2, No. 7, 2009.

[4] Arefinia, Z., Orouji, A.A., " Novel attributes in the
performance and scaling effects of carbon nanotube field-
effect transistors with halo doping ", Superlattices and
Microstructures, Vol. 45, pp. 535-546, 2009.

[5] Wang, W. et al., "Transport study of gate and channel
engineering on the surrounding-gate CNTFETs based on
NEGF quantum theory ", Springer Science J Comput
Electron, DOI 10.1007/s10825-013-0499, 2013.

[6] Peng, L. M., Zhang, Z., Wang, S., "Carbon nanotube
electronics: recent advances ", Materials Today, pp. 433-
442,2014.

[71 Naderi, A., Keshavarzi, P., "The effects of source/drain
and gate overlap on the performance of carbon nanotube
field effect transistors", Superlattices and
Microstructures, Vol. 52, pp. 962-976, 2012.

[8] Dass, D., Prasher, R., Vaid, R., "Impact of Scaling Gate
Insulator Thickness on the Performance of Carbon
Nanotube Field Effect Transistors (CNTFETs)", Journal
Of Nano And Electronic Physics, Vol. 5, No. 2, 2013.

[9] Arefinia, Z., Orouji, A.A., "Detailed simulation study of a
dual material gate carbon nanotube field-effect transistor
", PhysicaE, 41,552-557, 2009.

[10] Yousefi, R., Saghafi, K., Moravvej-Farshi, M. K.,
"Numerical Study of Lightly Doped Drain and Source
Carbon Nanotube Field Effect Transistors ", IEEE Trans.
Electron Dev, Vol. 57, pp. 765-771, 2010.

[11] Arefinia, Z., Orouji, A.A., "Impact of Single Halo
Implantation on the Carbon Nanotube Field-Effect
Transistor: A Quantum Simulation Study ", PhysicaE,
41,196-201, 2008.

\#

Journal of Iranian Association of Electrical and Electronics Engineers - Vol.15- No.2- Summer 2018

IWAY (b= g2 oy — o0 3y Jluw =l 2 g iU g 5 2 gt (502! %@


https://dor.isc.ac/dor/20.1001.1.26765810.1397.15.2.2.2
http://jiaeee.com/article-1-639-fa.html
http://www.tcpdf.org

