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TOM TAT : Chiing t6i dwa ra mé hinh CNTFET dong truc, ding ong Nano Cacbon (CNT) dang
don twong lam kénh dan. CNTFET ¢é cong hinh tru bao quanh ong CNT. Dé mé phong vé dic tinh
dong-thé ciia CNTFET, chiing t6i ding thudt todn ham Green (NEGF). Chicong trinh sir dung giao dién
GUI trong Matlab la phiong tién dé tinh toan va trinh bay két qua. Thém vao dé, nhing anh hwong ciia
cdc théng sé lién quan dén ddc trung dong thé nhuw: dwong kinh, chiéu dai CNT, dé day céng Oxit,
nhitng logi vt liéu lam nguon-mang, thé cong Vo, nhiét do, ciing dwoc mé phong. Ddc tuyén dong-thé
ciing dwoc trinh bay bang biéu thirc gidi tich.

Keywords: o”hg Nano Cacbon, transistor

1. MG DAU dong vai tro gi trong cidc hé thong dién tir

twong lai, nhung nhiing linh kién nay tao diéu
Transistor  trung  ong  Nano  Cacbon kién dic biét dé phat trién cong nghé va hidu su
(Carbon nanotube field effect transistor,
CNTFET) 1 tng cir vién ddy hira hen dé thay

thé MOSFET trong twong lai gan. Linh kién ba

vén chuyén, tiép xtc, giao dién 13 hét sirc quan
trong cho dién tir CNT ndi chung.

. . o, Trong cong trinh nay ching t6i bat dau
chan nady bao gom mdt ong Nano ban dan noi . y
) . bang tom lwgc nhiing tién b trong cong nghé
hai ti€p xtGc nguon va mang hoat dong nhu , ,
. CNTFET. Chung t6i m6 td ngan gon ti€p can
kénh mang phan to tdi dién dugc doéng mo . .

. i . mo6 phong linh kién. Mot m6 hinh CNTFET
bang tinh di¢n nho tiép xuc thi ba la cuc cong. R . , .
. dong truc dugc hién thyc. O diy, ching toi
Hién nay c6 nhiéu nhom nghién ciru dang theo .
. ) . tong quan cdc kha niang cua bd md phong.
duoi viéc ché tao nhiing linh kién nhu the theo » X
) . Nhitng m6 phong dién hinh vé dac trung dong
cac ki€u khac nhau nham nang cao céac gidi han , .
. the cuia CNTFET cling nhu nhitng thay d6i cta
ve déc tinh cua linh kién va cling gdp nhiing ‘L . .
i | dac trung nay theo thé thién ap, loai vat liéu va
khé khan thuong cé nhu doi véi bat ky mot ) \
nhiét d¢ duoc trinh bay. P& m6 phong dac tinh
cong nghé non tré nao. , )
dong-thé cia CNTFET, ching t6i dung thuat
Van dé che tao s€ dong vai tréo quyét dinh toan ham Green khong can bing (non-

cuoi ciing trong cong ngh¢ dién tir CNT tuong equilibrium Green function, NEGF). Chuong

lai. Hién nay, kho c6 thé noi truéc CNTFET s&
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trinh st dung giao dién GUI trong Matlab la
phuong tién dé tinh toan va trinh bay két qua.
2. MO HINH VA MO PHONG CNTFET

2.1. Tinh chét ciia 6ng nano cacbon

CNT c¢6 cu tao nhu mot 14 graphen cudn

tron lai dudng kinh chi vao c¢& vai nanomet, dai

o0

dén vai micromet, gom hai loai don tuong va
da tuong [1]. Mat ngoai, co ban 1a cac nguyén
tir Cacbon lién két voi nhau rét chit bang lién
két ddng hoa tri. Mdi nguyén tir Cacbon c6 ba
mdi lién két ndi v6i ba nguyén tir Cacbon khéc,

tir d6 tao ra cac hinh luc giac.

S
(n,n,1=(4,1)

Hinh 1. Cu trac hinh hoc ciia CNT. Céc gid tri
n;, n, twong dwong v4i sO nguyén m, n & cong

thire (1) [2] -

Ngoai ra, con co lién két 7, trén va dudi
mat phé‘ing tao thanh mot cAu tric qui dao 16n,
xuyén subt chidu dai day phan tir. N6 cho phép
cac dién tu linh dong di chuyén, cho nén din
dién duoc.

V& cAu triic hinh hoc, CNT dugc mo ta boi

vecto Chi (hinh 1). Ta c6:
C =na, + ma, (1

voi 51952 la cac vec to chi phuong
0, cdu triic CNT la dang zic

zic (ban dan). Khi m = n, cu trac CNT la

huéng. Khim =

dang ghé banh (kim loai). Khi m # n, cdu tric
CNT Ia hinh chiéc ghé. Cong thirc vé ban kinh
ciia CNT duogc cho bing:

R, = ‘6“/(27!)= Ace \/S(n2 +m’ +mn)/ 2w @

véi a,, = 1.42.107'" m 1a khoang cach ciia

hai nguyén tir cacbon k& nhau. Ham phén bd
mat do trang thai (DOS) 1D trong CNT kim

loai 14 hang s6 va dugc cho bang

D(E) = _8 = const 3
3ra,|t ‘

voi M =3¢l la nang lugng lién két cua

c4c nguyén tir cacbon. Ham phan b mat do
trang thai (DOS) 1D trong CNT ban dan duoc
cho bang
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D(E) = 2x2xlzz SE-E'(Ak,)]=D,

VoL @(x) :{

Nang luong E, dugc tinh bang

7amt

=1 khi x>0
=0 khi x<0

72a

L] 0.8er

¢ 2R,

2.2. M6 hinh CNTFET ddng truc

d d

D, =

®)

E, /2)

g

8

- 37racc‘t‘

M6 hinh CNTFET déng truc dugc trinh

bay trén hinh 2 [2]. V& vat liéu, nguén-mémg

lam bfmg kim loai nhu Au, Pd hodc Pt. Nguoi

ta thuong cho chidu dai cdng oxit cach dién

la hang s6

L@)(\E\ -E,/2) 4

bang v6i chiéu dai kénh dan (& day 1a chidu dai

CNT). Mot 16p dién méi oxit s& duoc phu

quanh CNT, nguoi ta thuong chon vét li¢u nhu
ALOs, ZrO,, HfO,, TiO,, StTiO;. S liéu vé
CNTFET di duoc cong bd theo tai lidu [3]

duoc liét ké trong bang 1.

Hinh 2. M6 hinh CNTFET kénh n v&i dng CNT don tudng, dang zic zic va ddng tryc [2].

Bang 1. S6 liéu ciia cdc tac gia vé mé hinh CNTFET [3].

Téc gia Vit liéu (K) t d C, Sm Vds gwd
(nm) | (nm) | (pF/cm) | (uS) | (V) (uS/um)
Bachtotch ALO;(5) 2-5 1 0,7-1,0 0,3 -1,3 300
Appenzeller HfO, (11) 20 1-2 L1 0,6 -1,5 300-600
This work SrTiO3(175) 20 1,0 3,4 8,9 -0,8 8900
Javey Zr0, (25) 8 2 23 12 -1,2 6000
Nihey TiO, (40-90) | 2-3 L5 3,0 8,7 -1 5800
Javey HfO, (20) 8 2,3 1,7 20 -0,5 10000
V6i: K - hang s6 dién méi tiwong doi ciia cong oxit, t - dd day cong oxit, d - dieong kinh CNT, C,
—ty céng oxit,, g, -do dén, Vy, - thé ngué‘n- mang, g,/d-dé dén tinh trén don vi um
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Nhu véy, dién dung cong oxit cta

CNTFET s& dugc tinh bang

c = 2rnke, L  2rmke L 6)

.= -
n(C oy 14 fory
r r

v6i L 1a d6 dai ciia dng CNT, twong duong
voi do dai céng oxit, &, =$, 854.10" Flem
(hing s6 dién moi trong chan khong), k 1a hing
6 dién moi tuong dbi cua vat liéu cach dién.
Bén kinh ngoai ctia ban tu s& bang (. + r). Ban
kinh trong cuia ban tu 1a ban kinh » cia CNT.

Céng thirc (6) dugc tinh gan dung bang

2mke,L

- _ZEL 4
£ In(2t,, /1) @

Dé mé ta tinh chit luong tir cia CNT khi
cho tiép xtic v6i ngudn va mang, ngudi ta da
dua ra mé hinh rao thé. Anh huéng cua rao thé
s& lién quan dén xé4c sudt cua dién tir qua rio.
Rao thé xuat hién & cac 16p tiép xic giita vét
liu kim loai ding lam ngudn - mang va CNT
1a rao Schottky. Vén dé tiép xuc giita kim loai-
ban dan (goi 1 tiép xuc rao Schottky) thuong
thdy trén chét ban dan loai n. Do d6, ta chi y

xét CNTFET loai nay (bang 2).

Bang 2. B§ cao rao thé Schottky gitra vat liéu (Au, Pd, Pt) va CNT [4]

Kim loai Khoang cich (A°) | Ning lugng lién Kkét (eV) Rao Schottky (eV)
Au(l11) 2,91 0,61 0.23
Au(100) 2,40 0,74 0.42
Pd(111) 2,12 2,00 0.26
Pd(100) 2,04 2,70 0.15
Pt(111) 2,12 1,69 0.35
Pt(100) 2,10 2,30 0.29

2.3. Thuit toan ham Green khong cin bing
C6 nhiéu phwong phap dé giai phuong
trinh Schrodinger- Poisson. Mgt phuong phap
méi, rit hitu hiéu bao ham viéc giai
Schrodinger- Poisson, v6i viée két hop tim thé

cho CNT. Sau do, tim mbi lién quan dén xéc

source

suat truyén va tinh dugc dong qua ngudn-
méng. Do 1a thudt todn ham Green khong can
bing NEGF (non-equilibrium Green function).
Thuét toan nay thuong dugc ap dung cho viée

mo6 phong cac linh kién dién t&r ¢ kich thudce

Nano.

Hinh 3. M6 hinh NEGF cho Transistor
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MO0 hinh thuat toan dugc trinh bay trong
hinh 3. Hai vén dé trong yéu cua thuat toan la:
thtr nhit, dua ra khai niém, dé xdc dinh mot
ngdn ngit riéng cho chuyén doi cia cac dién tir
hodc 1a dang dan dao, hodc 1a dang tan xa, Gng
v6i mdi chuyén doi 1a cac phuong trinh toan
hoc riéng. Thir hai thuit toan véi nhitng cong
thirc xdy dung dang ma tran. Cac théng sb dwa
vao theo thuc nghiém 1a céc thong sb gian
doan, nhung viéc vé& ra cac dap tuyén doi hoi

phai lién tuc. Vi vay, viéc xdy dung cac

phuong trinh dé ma héa tir rdi rac sang lién tuc,
g dung coéng cu Matlab dé tinh toan 1a co s&
hd trg quan trong cho thuat toan nay [6].

Tuy nhién, tuy linh kién dién tr, chon kénh
dan khéac nhau nhu: phén tir, CNT, khi mo
phong sé& c6 thay ddi vé thong s6. Van dé quan
trong 1a xay dung toan tit Hamilton (H) cho
pht hop. Toéan tir H suy ra tir phuong trinh

Schrodinger, cho bai toan mot chiéu:

H=—h/2m)N  (8)

Hinh 4. Mbi quan hé giita cac thong sé va phurong
trinh Possion

Khi cac tiép xtc duoc két ndi, s& xuét hién
thé U(r). Diéu nay, giup ta tinh cic mirc ning
luong tiép xuc & ngudn-méang (hinh 4).
Y, (r)1a ham song tinh tir phuong trinh
Schrodinger. Ta co:

[H +U]Y,(r)=¢Y¥,(r) ©

Ham phan bb Fermi duogc xdy dung:

So(E = )= (1+exp[(E — @)/ k,T])" (10)

M tuong duong véi mic nang luong
Fermi & ngudn va mang 1a 4, A, .

C6 hai thuyét chuyén doi dién tir trong

CNT: dan dao va tan xa. V& y nghia vat i, dién

tir chuyén doi dan dao nghia 1a di chuyén véi
duong di vong cung, it va cham véi cac nut
mang hay cac dién tir khac, dong nang cia dién
tr gan nhu dwoc bao toan sudt qua trinh di
chuyén.

Ham Green G(E) trong thuyét dan dao
dugc tinh bang [6]:

[GE)=[(E+i0)-H,T" (a1
O hai mirc Fermi khac nhau:
G(E)=[(E+i0)-H-%,-%,]" (12)

Téan xa v& mit vat li, cac dién tir tuong tac
v6i nhau, trao ddi cho nhau mot nang luong

nao d6. Cac dién tir chuyén doi khong lién tyc,
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chiing va cham nhau tai cac cuc ngudn, méng
(bao gdbm va cham dan hdi va khong dan hdi)
[6]. Ham Green dugc mo ta cho tan xa nhu sau:
GE)=[(E+i0")I-H-%, -%,-2.1" (13)

Chung t6i chon thuyét chuyén doi dan dao
dé mo phong (d6 dai CNT tir 20 nm dén 300
nm) nghia 14 cho X5 = 0.

Tinh toan cac théng s6 mé phong

- Buwéc 1: Tinh ma tran toan tir Hamilton.

Ma trén biéu dién dang n x n.

(o, B
ﬂz az ﬂl
H: ﬁZ a3 :Bz (14)
2+ a4 :Bz
B e

O day o mo ta két nbi giira vong Cacbon
thanh phan, p; mé ta két ndi cac vong Cacbon
k& nhau. o; 12 ma tran duong chéo chinh, phu

thudc thé thanh phén U, trén CNT.

Ta co: a=UxI, B =tx]
va

VALY, (15)

1
v6i I 1a ma tran don vi va |t|=3eV 1
nang luong lién két.
- Bwdc 2: Tinh ma tran Z 1 Z , » duoc

xem la diéu kién bién cua phuong trinh
Schrodinger-Poisson. Ma tran cho cdc muc

nang luong ¢ nguon-mang nhu sau:

Z“ 0 - 0
0 0o ... 0
D2
0 0o ... 0
Vo’ri:Z:11 12 ma tran con, tuong tu cho Z D

Ta viét lai ham Green:
G=[(E+i0")-H-Y -> 1"

Tiép theo, tinh ham Gamma mé ta mirc

ning luong tuong tac & ngudn hodc méang:

Lsi) = i(Z 1&)‘2 1+<2>)

- Bwée 3: Ham truyén T(E) s& duoc tinh:

T(E)=Trace(IGI',G") ; (cic ma
tran Z 1+(2) ,G" 1a ma tran chuyén vi)

- Bwée 4: Tir ham truyén, két hop vé6i hai
ham Fermi cho ngu(‘A)n va mang, ta co biéu thirc
dong gitta ngudn va mang, Iy . Cong thirc tinh

dong nay con duogc goi la cong thuc Landauer

[6].
]ZZITC[J T(E) fs(E)~ f,(E)dE  (10)

O day, h 12 hing s6 Plank.

2.4. Mé phéng dic trung dong thé cia
CNTFET dbdng truc

Bing cong cu GUI cua Matlab, két hop véi
thuat toan NEGF, ching t6i d@ mo phong dac
trung I4-V4 ciia CNTFET.

Hinh 5 trinh bay anh hudong cua vat liéu
lam nguén mang téi dac trung I4-V4 cua

CNTFET dbng truc.
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} ENTTTTs =5
MO PHONG MOT SO PAC TINH CUA TRANSISTOR
DUNG ONG NANO CACBON (CNTFET)
LU A CHON—
Vs ligu Ngwdn-Mdmg %1 0‘5 Bic tuydn ld-Vde cia CNTFET
i 4 ' i
Vs liju efng O |
M2 K20 J 0.8 Pd
Endirang kinfs cio CNTinm) | Pt
1 [ |
Chldu dil cia CNT(um) || 0.6 /
0 % I|| — Au
Niigi 35 K} o i
Boat
300 = |
g day |
iy it fum) 0.2
Miu 44 thi 0 i J
e 7 0 02 0.4 08 08 ————
The V¥) > [ vetdve |
T Thi VgV Thi Vd(V) =
Lhodt 05 02 Xeadbthi | [ veld-ves

Hinh 5. Pac trung [-V4 voi vat liéu ngu(“)n —mang la Au, Pt va Pd Thé

cdng V,= 0,5 V, nhiét d¢ 12 300 K

Vit liéu 1am ngudn-méng thuong ding 1a
kim loai. Trong mé hinh, ching t6i st dung ba
kim loai chinh d6 1a: Au, Pd va Pt. Do cao rao
thé Schottky theo thir tw Au > Pt > Pd, c6 thé
doan dugc sb dién tir vuot rao dbi véi nguyén
liéu Pd > Pt > Au.

Tt hinh 5, & rang rang dong I, cia nguyén
lidu Au 1a thap nhét khoang 0,48 pA, cia Pt la
gan khoang 0,7 pA, va ctia Pd 1a khoang 8,2
LA,

So sanh 3 két qua nay, két hop véi bang 1,
cho 3 loai vat liéu Au (1 0 0), Pt (1 0 0), Pd (1
0 0) vdi 3 mirc rao 1an luot 12 0,42 eV, 0,29 eV
va 0,15 eV tuong Gmg. Ta nhén thay két qua
kha phu hop.

Dong Iy hoat dong cia CNTFET ¢ murc
micro Ampe (10° A). Thé chuyén cua
CNTFET la khoang 0,18 V-02 V. Tr 0,2 V
tro di, CNTFET & trang thai dan 6n dinh, dan
dén bdo hoa. Chinh xé4c suét truyén T(E) anh
huéng dén sy thay déi dot ngot vé dong. Ban
dau, khi thé ap vao nho, thi d¢ chénh léch mirc
nang lwong gitra ngudn - CNT hay CNT - mang
1a it nén dong ting dan. Dén khi thé V, ting
gﬁn 0,18V thi d0 chénh 1éch hai mirc Fermi
giam dén va di dén can bang, khi d6 dong I s&
bdo hoa & thé ngudng khoang 0,2 V. Nguon
nuéi & mic tir 0,8 V dén 1V 1a da && CNTFET
hoat dong.
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} CHTTETs.

MG PHONG MOT SO PAC TINH CUA TRANSISTOR
DUNG ONG NANO CACBON (CNTFET)
L1fA CHON——
Vit lifu Nguin-Ming w107  Dacluydnd-Vds cia CNTFET
1.2 . . 3
Pd | — SrTi03K=175
Vad liu eding O i 0 -_— ZrOZ;K:ZS
AIZOAKS - | — 41,0, K5
Ehidrag ik ciia CNT(nm)
2 .08
Chifu dal cia CNT{ am) ||
w0 o8
Wizt d3( K) =
5
300 = 0.4
B diy
edng Osit fum
g O xit (mem) 0.2
Mibw 36 1 o i i J
s J 2 o The \Ekﬁj > 28 2 [ veldvas |
[ Thod | ThE VarV) Thé VdV) - ————
et o5 02 T [ verave |

Hinh 6. Pic trung I;-V4 véi vat lidu cdng oxit thay ddi ALOy(K = 5);
ZrO,(K = 25); TiSrO5(K =175)

Hinh 6 trinh bay su phu thudc cua dac
trung 14-V4 vao vat li¢u oxit céng. Vat liéu lam
céng oxit dugc chon sao cho khi dit thé céng
V, vao sé tao ra do dan cao cho kénh dan. Mot
sO chat thuong chon 1a Si0,, HfO, AlL,O;. Tur
hinh 6 ta thdy ring hiang s dién moi cang cao
thi dong cang tang, phu hop véi cong thirc (7).
Do day cdng oxit dugc chon cho phu hop véi

vat liéu cta chit lam cuc céng. CNTFET c6 thé

ha d6 day cong oxit gan 2 nm. Po day oxit co
thé bién thién tir 2 nm — 20 nm. Tir hinh 7, ta
thdy khi do day cong oxit ting thi dong giam
va nguoc lai.

Khi ché tao, nguoi ta ¢b ging ha thép do
day oxit cong dén murc t6i wu. Tuy nhién, do
day oxit qua nho thi tu dién cong s& bi danh
thing, khi d6 ta chii y van d& dong ro. Nguoi ta

thuong chon ZrO, lam véat liéu céng oxit.
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) CNTFETs

LUA CHOM

MO PHONG MOT SO PAC TINH CUA TRANSISTOR
DUNG ONG NANO CACBON (CNTFET)

Vit ligu Nguiu-Mdug w107 Pac tuydn 1d-vds cia CNTFET
5 - .
A . tox =2nm
Vit lifu cimg €hxif —— tox =8nm
ZrO2:K=25 —
- A g e—mt—————————— tox=20nm
Eniirng kink cita CNT{mm )
- A
Chidu Gol el CHTC A < 8 T T
-
10 §
Nhigt di( K) Ed
=
300 a
B day
iy Chdd farmn )
20
Mau &8 thi i
¥ = 0 0.2 0.4 0.6 0.8
ot —J The Vd[V) —= | verava |
[f Thi Vg(V) ThE VAV} 3
DEat ] Y3 a2 |_ Xeia 4 thi 2 J Vi Id-Vas |

Hinh 7. Djc trung I-Vy v6i nguén —méng 1a Au, cong Oxit Zr0y(K =25),
d6 day cong oxit thay doi lan lugt 1a t,,= 2 nm, t,,= 8 nm va t,,= 20 nm

Hinh 8 trinh bay sy phu thudc cua dac
trung dong thé CNTFET vao loai duong kinh
CNT. Chiing t6i khao sat dng nano don tudng

¢6 duong kinh trong khoang tir 1 nm dén 3 nm
dua trén s6 liéu thuc nghiém chinh 1a CNT ban

dan loai zigzag.

-} ONTFERs r-_ &I
MO PHONG MOT 80 PAC TINH CU7A TRANSISTOR
DUNG ONG NANO CACBON (CNTFET)
LUACHON
Vi ligw Ngudn-Méng X 10‘6 B luydn 1d-Vis cia CNTFET
Pd 5
Vi lifw cimg Oxit d=3nm
HAGLK-20 d=2.5nm
Endirmg kink cia N T{mm) ]
3 d=2nm
A
Chidn dbi cla CNT{mm) |* d=1.6nm
1 = 1 d=1.3mn
1= —
Nt di K] _; d=1mn
5
k] B
Bi day 05
g Ot {un )
M di ihi 0
Gheii : 0 0.2 0.4 08 EHak (r———
L 1 The Va(v) > [_ve 1d-vds
; Thi Vgi¥) THE Va(v) )
Thodl 06 T Xeaddthi | | veravgs |

Hinh 8. Ho dudng cong I4-Vy, thé cong V,=0,5 V, nhiét d6 300°K,
duong kinh bién thién 1 nm — 3 nm.

Puong kinh anh huéng dén niang luong
E,, duong kinh li twuéng 1 nm twong mg véi

ning lugng ving cdm E, = 0.8 eV. Khi duong

kinh ting thi E, s€ giam va ngugc lai (cong
thirc (5)). Khi viing cAm hep, luc ndy CNT hoat

dong nhu 14 day dan kim loai. Mot s6 két qua
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thuc nghiém cho thdy ring CNT da tudng hoat

dong nhu 1a mot day kim loai, con CNT don

tuong doi khi 14 ban dan va d6i khi 1a kim loai.

) ENTFETs [ealist i)
MO PHONG MQT SO PAC TINH CUA TRANSISTOR
DUNG ONG NANO CACBON (CNTFET)
——LUA CHON——
Vit liu Ngnéu-Mang w107  Pac ydnld-vds cia CNTFET
3.5
Aw H
3 B cimg O " L=200mm
et F 3 ; — L-80nm
il 1 — L=35mm
Enermg kink erio CNTmm) 25 K
2 " f : ___L=10mn
"hidw ddl olo OCNT{am) | : — L=8nm
Chidu dai ONTY ) g o :
# ] ;
Nhift 35 K) =15 :
s :
A0 1=
B day 1
cifmg O (i)
- 05
M 4 1] 0 i i i
z 0] 0.2 0.4 0.8 0.8 —
S k| The V() > [ velava |
—_— Thi VeiV) Thi Vd(V)
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Hinh 9. Ho dudng cong I4-Vy, v6i V= 0,3 V, duong kinh CNT béng 2
nm va chiéu dai bién thién tir 8 nm - 200 nm.

Do do6, duong kinh ting thi E, gidm, nghia
la viing cam s& giam di, nén dién tir di chuyén
tir ving hoéa tri sang ving dan s& nhidu hon,
mét d6 dong s& 16n hon. Dy doan cho rang khi
duong kinh tang thi dong I s€ tang va nguogc
lai. Chung t6i cho duong kinh bién thién tir 1
nm dén 3 nm. Két qua mo phong nhu hinh 8§,
duong kinh tang thi dong I4 tang, phu hop véi
dy doan. Ching t6i da thir nghiém dén dudng
kinh 3 nm, trong khi mdt b bao cdo chi khao
sat duong kinh CNT khoang 2 nm.

Hinh 9 trinh bay sy phu thudc dac trung
dong thé vao do dai CNT. Theo cong thirc (3)
khi L tang, dién dung cong C, tdng. Do do, thé

thanh phan tao ra: U = Cisé giam. Thé U
g

nay, tinh nhu thé tr phwong trinh Poisson, c6

anh huong cia thé tinh trong CNT, tac dung

nguoc lai v6i thé cong V, khi 4p vao. U giam
thi hiéu thé Vg - U s@ tang, tdc dong dén dong
dién Iy qua ngudn-mang.

Khi thé U giam dan dén dong I, ting.
Nghia 1a chiéu dai ting thi dong ting va nguoc
lai. Chiéu dai CNT thuong chon trong pham vi
tor 20 nm — 250 nm.

Hinh 10 biéu din sy phy thudc cua dic
trung CNTFET vao nhiét d6. Nhiét d¢ anh
huéng dén ham Fermi & ngudn-méng tir biéu
thirc co hing s6 Boltzmann: KgT.

Khi thay d6i nhiét do thi thé ngudng s&
thay ddi. Nhiét do tang, bd sung thém nang
lwong nhiét cho dién tir va lam dich chuyén cac
mirc Fermi trong kénh dan cta CNT lén cao
hon, cac di¢n tir tr¢ nén linh dong hon, di
chuyén véi tde do cao hon. Vi vay, ddc trung sé

tang (hinh 10).
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Hinh 10. Ho duong cong [4-V4 v6i nhiét do bién thién tir 200 K — 450 K

P
MO PHONG PAC TRUNG DONG-THE CUA
TRANSISTOR DUNG ONG NANO CACBON(CNTFET)
LUA CHON— .
Viir lign Ngudu- Mg L% 10 Béc tuyén Id-Vds cla CNTFETs
IM j a — Vg=0.8V
Cilmg it {man )

ZrO02K=125 |
Endirmg Binf CNT () VW g=0.TV

1
Chidu dai CNT{ mm) : Vg0V
m——
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350 i _ Vg=0.4v
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Hinh 11. Ho duong cong 1;-Vy4 vé6i V, bién thién tir 0.1 V- 0.8V

Hinh 11 trinh bay su phu thudc cua dac
trung dong thé 14-V, cia CNTFET véo thé V.
Khi V, tang tir 0,1 V d#n 08V, dong I, tang.
2.6. Biéu thirc giai tich

Két qua mo phong & trén tinh theo thuat
toan NEGF, theo xac suit truyén, dong ngudn-

mang tinh tir biéu thire Landauer, chi mang tinh

chit gan ding.

Vi dic tuyén cua CNTFET giéng nhu ho
FET thong thudng [7], duya vao tinh chat nay,
chung t6i suy ludn cho ca hai vung bao hoa,
khéng bdo hoa. Ching toi d& xuét biéu thirc
giai tich chung cho CNTFET kénh n nhu bang
3.
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Bang 3. Biéu thuc giai tich dong thé 1;-Vy cho CNTFET kénh n

Vi tri thé V

Dong 1,

Dé din

- Diém chuyén bio hoa:

de (Sat) = (Vgs - VTN)

- Dong mang Iy doi vai
thién ap vung khong bdo
hoa V, <V, (sat)

Id :Kn[z(Vgs

- VTN) Vds - Vd,zv )] w

=2 uC,, v
gm L ox" ds

- Do 4 61 véi 2
Dong méang 1y doi véi I, = Kn(Vgs V)
thién ap viung bdo hoa:
Véirg W u Cor
V2V, (sat) "L 2

w
gm(sat) = TIUCOX (Vgs - VTN)

3. KET LUAN

V6i cong cu GUI ciia Matlab, két hop thuat
toan mai 1a NEGF, chiing t6i d& m6 phong linh
kién CNTFET. Nho st dung GUI cua Matlab,
két qua mé phong 1a kha tryc quan. Voi mét
chuong trinh da dang, cho phép khao sat, thay
thé voi nhiéu thong s va vat liéu khac nhau

mdt cach don gian. M6 phong ciing 1a phuong

tién rat hiiu ich dé lam giam chi phi ciia nhimng
thi nghiém dién tir nano dit tién va c6 duoc
nhitng d& xuit thuc nghiém tap trung va tét
nhét. Nhiing thi nghiém dwa trén mé phong
khong nhitng gitp ta kha nang dinh hudng,
nghién ctru chi tiét CNTFET ma con cho phép
ta tién doan nhiing dic trung hép dan cua

CNTFET.

SIMULATING CHARACTERISTICS OF CARBON NANOTUBE FIELD- EFFECT
TRANSISTOR (CNTFET)

Dinh Sy Hien ®, Thi Tran Anh Tuan (2), Nguyen Thi Luong ©
(1) University of Natural Sciences, VNU-HCM
(2) Tra Vinh University.
(3) University of Technical Education, HCM city

ABSTRACT: We provide a model of coaxial CNTFET, using single wall nanotube. These

devices would exhibit wrap-around gates that maximize capacitive coupling between the gate electrode

and the nanotube channel. The results of simulations of I-V characteristics for CNTFETs are presented.

Here we use non-equilibrium Green’s function (NEGF) to perform simulation for CNTFET. This
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simulator also includes a graphic user interface (GUI) of Matlab that enables parameter entry,

calculation control, display of calculation results. In this work, we review the capabilities of the

simulator,

summarize the

theoretical approach and experimental results.

Current-voltage

characteristics are a function of the variables such as: diameter of CNT, the length of CNT, the gate

oxide thickness, gate voltage of V,, types of materials of Source-Drain, Gate, and temperature. The

obtained I-V characteristics of the CNTFET are also presented by analytical equations.

[1].

(2].

[3].

[4].

Keywords: coaxial CNTFET, nanotube, transistor
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