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TOM TAT

Anh hwong ciua nhiér dg va mdt d lén nang lwong riéng cia dién tir trong ong ban dan
carbon nano dwoc nghién ciu bang cach ap dung ham Green Matsubara. Si dung nhitng két qua
s6 dé chimg minh mize dg dnh huong lon cia nhiét dé va mdt dé dién tir 1én dg réng khe ddi va
khoi leong hiéu dung trong éng ban dan carbon nano. Chlng t6i nhdn thdy rang nhiét dg cang
tang thi dé réng khe ddi cang gidm doi véi tat ca mdt dg, su tang cuwong cua khoi hwong hiéu dung
khi tang mdt do dwoc quan sat.

Tir khéa: cAu tric nano, ban dan.
ABSTRACT

Effect of temperature on electron effective mass
and band-gap in semiconductor carbon nanotubes

The effect of temperature on the self-energy of electron in semiconductor carbon nanotubes
are studied by Matsubara Green function approach. Numerical results show a large influence of
the temperature and electron density on the band-gap and electron effective mass in semiconductor
carbon nanotubes. We find that the temperature increasing then the band gap is decreasing for all
densities, a sharp increase of the effective mass with increasing electron density has been observed.

Keywords: Nanostructures, semiconductors.

1.  Médau

Nam 1991, 1an dau tién Iijima [1] d& phét hién ra dng carbon nano. Ong nay duoc
lam tir cac tAm graphite hai chiéu (2D) cudn tron lai. Cac trang thai dién tir ctia n6 thay d6i
tir kim loai sang ban din phy thudc vao vector hinh éng. Cho dén nay, ning luong riéng
cua dién tir trong hé ban dan CN van 14 bai toan thu hit sy quan tm ciia nhiéu nha khoa
hoc. Cac dic trung vat li cia hé nhu ning luong, d6 rong khe dai, va khéi luong hiéu
dung. .. duoc tinh toan 1an dau tién trong md hinh lién két chit cho céu trac dai dién tir cua
nhom N. Hamada va J. W. Mintmire [2, 3]. Cac dic trung nay cling dugc thuc hién thanh
céng bang phuong phap K.p [4-10]. Thong thuong, ngudi ta tinh ning luong riéng bang
gan dang Hatree-Fock (HF) [4, 5], va gan dung chin dong RPA [4-10]. Céc tac gia [4-10]
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cho thiy rang, ning lugng, d6 rong khe dai va khdi luong tai chuan hoa... da ting 1én déng
ké do anh huong ciia thong sd twong tic Coulomb. Trong cic phép tinh nay, biéu thirc ham
dién moi, nang luong riéng chi tinh cho nhiét d¢ bang 0, dong thdi khong xem xét sy phu
thudc ciia nong do hat tai. Tuy nhién, trong thyc nghiém do dac phd ning luong cua hé
thuong duge do tai nhiét do khac 0. Dic biét, cac thi nghiém [11-14] cho thiy, khi nhiét d6
caa hé cang lon thi phd ning lugng ciia hé cang ting, diéu do chimg to anh hudng cua
nhiét d6 18n hé kha 16n. Vi vay, dé ting tinh hodn chinh cua li thuyét theo cac do dac cua
thuc nghiém [11-14], trong bai bao nay, chlng toi tién hanh tinh do rong khe dai va khi
luong hiéu dung cho dng ban din CN bang cach st dung ca 2 gan dung RPA va HF trong
su phu thudc cua nhiét d6 va ndng do hat tai.
2. Lithuyét

Chlng ta bat dau tir phuong phap xap xi gan ding khdi lugng hiéu dung, thé twong
tac Coulomb giira hai dién tir trong khéng gian hinh try bang Ii thuyét k.p duoc cho bai [2-

5]:
_2¢* [ Lal Ljal
Vi m(q) T I\n m[ o0 an—m [Ej (1)

O day, L d6 dai 6ng nano, I.(t) va K, (t) 1a ham Bessel bac n tha nhat va tha 2. Su
phan cuc cua cédp dién tu-dién tir dugc cho boi héng s6 dién « .

Chlng ta tinh ning lwong riéng cua dién tir tai diém K trong gan ding xap xi chan
dong duoc cho bai [4-5]:

X (k, @ ———Z P oW, (k=K' z—2")GX (k' 2") )

mk'z'
O day, F/$ 5., ham bao thay doi cham duoc cho bdi [4], kg la hing sé Boltzmann

va T la nhiét d6 tuyeét doi .
e 1 s, [k, (M)k, (M) +k(k+0)]

whpwa =t «/lg(n) ki, (m)? +(k+q)°

V6i G=K, K’ va § 1a hing sé duong vo cling bé.

(3)

Trong phuong trinh (2), ching t6i sir dung ham chian dong W, (g,@) cia thé

twong tac Coulomb trong gan dung pha ngau nhién dugc cho boi:

Wn—m(q’a))zl . Vn—m(q'a)) (4)

Vo (0,0)P, (0, 0)
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Va G (k,w) la ham Green khong twong tac dugc cho boi:
1
G*(k,0)= ——— 5
: (ko) eX +i8 ©)

Vi a(or f)=+m xung quanh diém K, nang lugng dai &%, dugc cho boi [4]:

Eper = STk, (M) +K? — 1y,

6
=2 (n-2] ©

nsk

3

O day, n la sé nguyén, k vecto song doc theo truc, va chi s6 dai s (s = +1 tinh cho
viing dan va s = -1 cho viing hda tri). Béi véi phuong trinh cho diém K’, ching toi tinh 1y
dbi xing bang cach thay spin o, trong diém K bang - o, khi diém K 1a v thi K’ la -v
trong c&c h¢ phuong trinh trén.

Trong phuong trinh (4), ham phan héi P, (q,®) duoc tinh tai mot mat d¢, va nhiét
d6 xac dinh. N6 duoc tinh bang cach sir dung biéu thic ham Green Matsubara ap dung cho
hé khong twong tac mat do - mat do, ching toi dugc két qua nhu sau:

| (e (i) = fr (50)) Pt

P (q a))—_ Z Zzé‘n m,n'-m’ a)—é‘m-(kl)"'gr?(‘k‘—i_q) (7)

GKK k' n\m'

Véi f.(x)=1/[exp(x/kgT )+1] Ia ham phan b fermion.

Bang céch ap dung phuong phép tich phan theo tan s6 phiac o' cia ham Green
Matsubara [15] chling ta c6 thé tach (2) ra thanh

2 (ko) =g (k)" +XE (ko) ®)
Trong do, X% (k)X khong chin 1a ning luong riéng Hatree - Fock

:__ZFotlf( m'_ k+q n-m )f (8m k+q) (9)
Va XX (k,a)) 14 ning luong twong quan giita c4c hat, ta phan ra [am 2 thanh phan:
Z: (k,a))c _ Z: (k’w)res —{-ZZ (k’w)line (10)
Véi

1 v, (@) K K
e =) YK n-m xf (el )xf.(ek, —w
Az akh k+q n—m (qi‘g;,k+q _a)) F( ﬂ'k) ° ( ples )

N Vo ()
+ZZF¢1|§/3 k+q n_m(q,w_5;'k+q) X(l_ 1:F (8;k))x 1:B (a)—g;km)

(12)
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| ine ZLTcda)' 1- fF(g;;k) n fF(é‘;k) vK Vn—m(q) (13)
27A S oro'-gsk+0)+id  o+o'—el (k+q)-i5 | ““ e (00)

Cha y rang, trong md hinh Das Sarma [16] cho chat long ¢ mét tinh chat

fo (Erq = @) + Tr (6.) = Ta(Eg — @) (1- ¢ (gk+q))_ fo(@—&.q) Tr (61sq) (14)

Néu ching ta thay m'=n" tai (6), (9), (12), va (13) thi ching ta c6 dugc biéu thuc
ning luong riéng ciia ching tdi & trén hoan toan gidng hét md hinh chat long Fermi [16].

O day f,(x)=1/[exp(x/k,T)—1] la ham Bose.

Thé héa u,, phu thuoc vao nhiét do va ndng do hat tai N duoc gidi théng qua

phuong trinh ndng d6 hat tai nhu sau:

N=Y f(e,.) (15)

k,n,a

Do rong khe dai, va khdi lugng hiéu dung duoc cho bai [4, 5]:

A, =EX (0)-EX (0) (16)
1 10X

== m 17
m< h? % |, (17

K
na !

Trong phuong trinh (17) ching tathay E , véi o =+ bdi ham:

Erx (K)=¢n + 25 (ko) (18)

3. K&ét qua tinh toan s va thao luan

Chang t6i tinh toan sé d6 rong khe dai, va khdi lugng hiéu dung tai chuan hoa caa
dién tur trong dng ban dan CN voi cac tham s d4 st dung: hang s mang a=2,67A°,
ching t6i chon ti s6 gitra nang lugng hiéu dung e?/x va dong ning 27y trong thé

Coulomb la (eZ/ZKL)/(Zﬂj//L)=O.2 trong toan bai b4o nay. O day, y:@ VO

¥, =3eV la thong sb tich phan chuyén doi giita hai phan tir ké can trong mo hinh lién két

chat [1, 2], d6 dai caa bng carbon nano L = 100nm.
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Hinh 1. D¢ rong khe dai cia dién tir nhu la mgt ham cua mdt do
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Hinh 2. D¢ rong khe ddi cua dién tir nhur la mgt ham cua nhiét do
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Hinh 4. Khoi lugng hiéu dung cua dién tir nhu la mét ham cua nhiét do
Trong Hinh 1, ching t6i vé d6 rong khe dai (BG) nhu la mot ham cua mat do trong
gan dung Xap xi chidn dong RPA (duong chdm gach, va dudng gach twong tng v4i nhiét do
tai 50K va 300K) va HF (dudng nét chim, va duong lién tuong tmg véi nhiét do tai 50K va
300K). Hinh 1, tai nhiét d6 50K va 300K ching toi nhan thiy rang gia tri BG giam khi
nhiét 6 tang. Va gia tri BG khi tinh trong gan dung HF (dwong nét chdm, va duong lién
tuong (g tai mat do tai chuan hoa NL = 1 va NL = 5) Ié6n hon so v&i RPA (dudng chdm
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gach, va duong gach twong Ung tai mat do tai chuan héa NL = 1 va NL = 5) trong cling
mot mat do va nhiét do Hinh 2; diéu nay, c6 thé giai thich nguyén nhan 1a do sy thay d6i
ning lugng riéng tuong tac chin Coulomb va chin dong anh hudng truc tiép dén hé khi co
nhiét d6 va mat d6 cao. Pidu d6 dan dén sy tach mirc ning lwong twong dbi 1on khi hé tinh
c6 chan dong RPA va khdng chin HF khac nhau nhu két qua cua hinh trén 1a khéc nhau
kha lon.

Hinh 3 chiing tdi vé& sy phy thudc cia khdi lrgng hiéu dung nhu 12 mot ham cua mat
do6 trong gan dung Xap xi chin dong RPA (duong cham gach tai nhiét d6 150K va dudng
gach tai nhiét d6 300K) va HF (duong nét cham tai 150K va duong lién tai 300K), va Hinh
3 cho thay khi nhiét mat do cang cao va nhiét d6 cang lon thi gia tri cia khéi luong hiéu
dung cang Ién. Hinh 3 chlng thiy duoc khdi lugng hiéu dung trong gan dung HF nho hon
S0 v&i RPA. Hinh 4 chiing t6i v& khéi lugng hiéu dung nhu 1 mdt ham cua nhiét d6 trong
gan dung HF (dudng nét cham NL = 10, va duong lién tai NL = 5) 16n hon so vdi RPA
(duong chim gach NL = 10, va dudng gach NL = 5) tang tir ddy ciia mat do khong thir
nguyén NL. Day 1a ving trao d6i ning lugng chiém wu thé, va nd co thé dé dang chi ra
rang viéc trao doi tu ning luong tao ra hiéu Gmg dic biét ndy trén phu thuoc NL, m™ (NL)
tai cac gia tri T c6 dinh thip. Va sau d6 khdi luong hiéu dyung giam khi nhiét do ting. Dang
diéu ndy c6 mit & tat ca cac mat do. Xu hudng khong don diéu 1a cho ca hé, va gia tri
cia m*(T) tang 1én cung véi sy doc m*(T) 1a gan nhu doc 1ap v6i NL cho NL nho, nhung
tang voi NL cho NL gia tri 16n hon. Khdi lugng dugc tinh trong gin dung HF va RPA Ia
6 su khac biét kha 16n khi nhiét do ting dén mot gia tri nao do trong gan diing HF gan
nhu khong thay d6i con trong gan diing RPA thi lai ting theo nhiét ¢6 nhu vdy anh hudng
dén hé khi c6 nhiét d6 va mat do co sy khac biét kha 16n so voi khi nhiét d6 0 va khong co
mat do cua két qua [4, 5].

T6m lai, chiing t6i tinh do rong khe dai va khdi lugng hiéu dung trong dng ban din
CN cho 2 gan dung khac nhau HF va RPA. Két qua ching to rang d6 rong khe dai cang
giam khi nhiét d6 cang ting d6i voi tat ca cac mat do, va khdi luong hiéu dung trong dng
ban din CN ting cudng manh mé& véi nhiét d6 thap. Didu ndy cho thay riang co ché 1a co so
dé nang cao khoi luong hiéu dung lién quan dén mat do, nhiét do.

. Tuyén b6 vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.
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