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TOM TAT

Chung t6i khdo sat do linh déng cua khi
dién tr gid hai chiéu trong giéng luong tor
AIP ¢6 dé suy bién valley g, =1 tng véi bé
rong L < Lc = 45.7A va do suy bién valley
g, =2 (ng véi bé rong L > Lc = 45.7A. Voi
nhiét do thép, chang téi tinh d6 linh déng
nhw mét ham theo méat dé dién tir cho tan xa

bé mat nham va tap chét véi hiéu chinh
trirong cuc bé Hubbard. Chlng t6i khao sat
dién tré theo nhiét dd hiru han va tue trurong
song song. Ching téi cing tinh hé sé
Seebeck cho tirng co ché tan xa va co ché
téng theo mat dé dién tir, bé réng giéng
lwong te.

Tw khéa: giéng luong tir AIP; d6 linh déng; dién tré suét; hé sé Seebeck

MO PAU

Trong nhiéu thap nién gan day do yéu cau
cua cdng nghé dién tir, viéc tim kiém cac vt liéu
ban dan, dic biét 1a ban dan cau tric 16p co do
linh dong cao, nhan duoc sy quan tdm cua nhiéu
nha nghién ctu [1-7]. Biét rang d6 linh dong
dugc quyét dinh bai cac co ché tan xa cua hat tai
nhu tan xa tap chat ion héa, bé mat nham, méat
trat tu hop kim, phonon vv...[8-11]. Tuy thudc
vao vat liéu, ciu tric, nhiét do, d6 pha tap... ma
tam quan trong cua timg co ché tan xa c6 thé thay
ddi. Pé xac dinh co ché tan xa anh huong chu
yéu dén d6 linh dong ngudi ta da thyc hién céc
thi nghiém & cac diéu kién khac nhau. Gan day,
nguoi ta con sir dung tir truong dé nghién ctu cac
co ché tan xa. Su ¢6 mat cua tir trudng ciing gay
nén cac hiéu ung vat ly mai va cho ching ta céc
kha nang tng dung trong twong lai [12-15].

Trong bai bao nay, ching tbi tap trung
nghién ctu céc tinh chat van chuyén (do linh
dong va dién tré) va hé s6 Seebeck cua hé dién tu
trong giéng luong tor GaP/AIP/GaP (khao sat bé
mit cia AIP theo hudng (001)) [16]. Vi cuc tiéu
ning lwong nam tai diém X cua vung Brillouin
nén ning luong ¢ do suy bién boi ba. Do su bién
dang hai truc (st) nam trong 16p AIP, nén xuat
hién sy tach ning luong cuc tiéu thanh mot mirc
boi hai va moét muc don. Muc boi hai c6 nang
luong thap hon muc don. Sy bién dang nay dan
dén tach nang lugng, AE =40meV , thanh hai
vling, mot ving véi g, =2 (g, la do suy bién
valley), va mot vang véi g, =1. Hai ving dugc
dat trung qua cac khdi lwong hiéu dung khéc
nhau, khdi lugng cua hat din m, (khdi luong
giam giit) theo huéng z, va khdi lugng m™ (khdi
lugng van chuyén) theo huéng (Xy).
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PHUONG PHAP
Mo hinh giéng hrong tir

Chuing tdi xét hé cac dién tir c6 thé chuyén
dong hoan toan tu do trong mat phang (xy),
nhung chuyén dong cua ching theo phuong z bi
gidi han. Hé nhu thé tao thanh hé dién tx gia hai
chiéu. Khi kich thuéc cua vat ran giam xudng
vao ¢& nanomet thi hat tai dién ty do trong cu
trdc nay sé thé hién tinh chét gidng nhu mot hat
chuyén dong trong giéng thé V (z). Bé don gian,
c6 thé gia sir V(2) ¢6 dang giéng thé sau vé han
(Hinh 1):

0, 0<z<L

V(z)=
(z) {oo, z<0vz>L

Gaf
77777

Hinh 1. Giéng lugng tir GaP/AIP/GaP
Céc dién tir ty do chuyén dong trong giéng
luong tir (0<z <L) c6 ham song va nang lugng
tuong ung la:

2 . (nwz
‘//nz(z): \/Esm(—l_ j 0<z<L (n,=123..)

0, z<0vz>L

2 242
g =T (0, 2123.)

©oom, L2

Khéi luong doc m; = 0,9m, va khéi luong
ngang m, = 0,3m, trong AIP da dugc xac dinh
trong thuc nghiém [17]. Diéu nay c6 nghia rang,
v6i vat lidu phat trién theo huéng (001) va bé
rong giéng lugng tir L <L, thi khdi lugng van
chuyén m* = 0,3m, trong khi d6 khdi lugng
theo huéng z la m, = 0,9m,. i véi céc giéng
lugng tir c6 bé rong L>L,, thi s& c6 m* =
0,52m, = /mym, va m, = 0,3m, [17]. Véi cac
thong sb nay, do dai téi han dugce xac dinh qua
L. = \/[(ml —m,)/@2mm,)](w?h?/AE,) = 45,7A.

Hién nay, su phét trién céc giéng luong tur cd bé
rong trong khoang 20A <L <150A véi mat do
dién tr N <10%cm™ am chi rang céc giéng
luong tir véi L<L, va L> L, co thé dugc khao
sét bang thuc nghiém.
Ly thuyét
Thoi gian hoi phuc

Str dung gan dtng nhiéu loan cap mét, ¢ thé

nhan dwgc cdng thic sau cho thoi gian van
chuyén [18-20],

1_1 T<U(q)|2> g’dg M

T ) 2mhE, 0 [e(q)]z \/4k§ —q2

voi B =#kg /(2m").

Trong gan ding pha ngiu nhién (RPA), ham
dién moéi duoc dan ra nhu sau:

Tai T =0:
e(q)=1+V (q)[1-G(q)]r1°(q) @)
Tai T#0:
& (a)=1+V(a)[1-G(a)] 7 (aT) )

Trong gan ding Hubbard (chi tinh dén tuong tac
trao doi) doi voi hé co xét dén phéan cuc spin,

1 q

Gy (q)=—— 3
+(9) 959y \Jg? +k2

voi g, va g, lahé s6 phén cuc spin va suy bién
valley [21-22]. V(q)(lé anh Fourier cua cdc

tuong tac dién tir — dién tir):

2
V(q): 27ec 1

—Fc (Q)
Thira sb ciu tric F (q) phu thudc vao tuong tac

€ q

gitia hai digan tir doc theo phuong z, duoc xac
dinh qua biéu thtc

Fe(a)

1 q+ﬁ_327r4 1-¢t
47% + ¢ Lg  L%¢® 47° + ¢

<|U (q)|2> md ta thé tuong tac phu thudc vio

ting co ché tan xa. Xét 2 co ché tan xa sau: tan
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xa 1én bé mat nham Vva tan xa tap chét ion hoa
pha tap xa.

Tan xa 16n bé mgt nham

Co ché tan xa thir nhit ma ching ta khao sat
ld tin xa bé mat nham (interface roughness
scattering-IRS) theo y tudng cua Prange va Nee
[23]. P6 nham tai bién cua giéng thé lugng tir
dugc ddc trung boi chidu cao A va chiéu dai A
clia cac thiang giang twa Gauss. Chlng toi gia
thiét rang do nham tai z=0 va z=L c6 thé
duge ddc trung boi cing cac thong sé va khong
c6 giao thoa giira hai mat phan cach. Vi vay, thé
ngau nhién dugc dién dat nhu sau:

*\2 4
<UIRS(q)2>:2(?J[$ZJ [Fﬁa] (spAN)? A
4

Pha tap xa

Tan xa tap chat xa (remote impurity
scattering-RIS) (pha tap c6 chu y): dé hé dan dién
ta phai pha tap nham cung cip dién tir cho hg,
phan tap chét cach khi dién tr mot khoang dém.
Gia sur rang, mat do cua Iop chit cho (donor) hai
chiéu N; dwoc phan bd trén mat phang tai z; so
VvGi bién cua giéng lugng tir. Thé ngau nhién
Uris (q) theo s6 séng q c6 dang nhu sau:

(Ums (@)=, [Z”ez 1J2 Fa(a.2)’ (5)

ST
trong do Fy duoc goi la thira s6 céu trac cho 16p
tap chét hai chidu tai mat phing z = z;
Ll
Ee“ (1—9 Lq), 7 <0

8r' 1 Low Lo, Loy

Fr(0,7)=————11
R(q |) Lq 47r2+L2q2 2 2 272

Hé sé Seebeck

Hé s Seebeck cho khi dién tir suy bién dugc
dan ra qua cong thirc Mott [24]

21,2
g0 __ZKeT [ilna(E)} 6)
3 [dE E_E
-

trong d6 € 1a d 16n ctia dién tich, kg 1a hang s6
Boltzmann. o(E) la do dan dién tai ning lugng
E va dugc dan ra nhu sau

_ N(E)e?z(E)

o(E) (7

Gia st thoi gian hdi phuc phu thudc vao ning

luong 7(E) oc EP [25] v6i tham sb tan xa

E dz(E
7(Ee)JL dE E=Ee
thi phuong trinh (6) dugc viét lai nhu sau
21,2
kgT
gd "R (541 9
3eEg (p+1) )

KET QUA VA THAO LUAN

Cac hang sb st dung: v6i L<L. thi g, =
1, m* = 0,3m,; m, = 0,3m,, va véi L> L. thi
g, =2; m*=0,52m,; m, = 0,3m,, hing s6
dién moi €;,= 9,8.

Hinh 2 trinh bay d¢ linh dong theo mat do
dién tir cho co ché tan xa RIS va IRS. Ching toi
dua bd chinh truong dinh x&r va nhiét do vao
trong tinh toan. Trong Hinh 2A, tai mat do thap
thi gz /N voi N, =N, voi mat d¢ cao
F2oce™" va do linh dong phu thuoc vao bé
rong cua giéng thé. Vi g, oc €/ N, chling ta
thdy rang nhan t5 e*‘ lam ting do linh dong va
chiédm wu thé hon so véi 1/N. Tai
N=g,/(27L°), sys dat gid trj cuc tiéu. Trong
Hinh 2B, tai mat do thip e oc1/ N, Vi mat do
a0 45 o« N¥2. Nhan thdy anh huong cua bd
chinh truong dinh xir 1én d6 linh dong & mat do
thip, nén khong thé bo qua tuong quan tdm ngin
gitra céc hat.
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Hinh 2. Do linh dong # theo mat d¢ dién tir N cho (A) RIS va (B) IRS.
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Hinh 3. Ti s6 dién trg (T )/ p(0) theo nhiét do trong gin dung RPA va Hubbard cho (A) RIS va (B) IRS.

Trong Hinh 3, chling t6i thao luan ti s6 dién
tro pO(T)/p(O) theo nhiet do wGng Vi

L=30A<L, V& L=60A>L,. Ti s6 p(T)/p(0)
I6n khi mat do thap va bé rong giéng luong tir

I6n. Trong Hinh 3, luc dau ti s6 ting theo nhiét
d6 sau do giam khi nhiét d¢ tang va no di qua
mot cuc dai tai nhiét d6 phu thuéc vao mat do,
tecla dp/dT thay ddi dau tai cuc dai.
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Hinh 4. Pién tré p( al) theo tir truomg song song trong gan ding RPA va Hubbard cho (A) RIS va (B) IRS.

Trong Hinh 4, ching toi tinh dién tré p(ql)
theo tir trurong song song vGi mat phan cach ang
v6i mat do, bé rong giéng luong tir va nhiét do
khéc nhau trong gan ding RPA (G=0). Trong
Hinh 4A tinh cho co ché tan xa RIS, ching toi
nhan thay rang khi B, ting thi di¢n tro ting va
khi By ~ B thi dién tro (xét trong nhiét do thap)
gan nhu khong thay doi. Véi bé rong giéng lugng
ta hep thi dién tro phu thuoc vao mat do dién tir
I6n hon so vai bé rong giéng luong tir 16n. Trong
Hinh 4B tinh cho co ché tan xa IRS, ching toi

2

AIP. L =45.7(A) e
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nhan thiy rang tai B ~B; thi dién tr¢ ting
nhanh do khi hé phan cuc hoan toan thi thoi gian
tan xa giam, dan dén d6 linh dong giam vi vay
dién tro tang.

Trong Hinh 5A va 5B véi bé rong giéng
luong tr L=30(A) va N <10™cm™2 thi tan xa
téng c6 su dong gdp cua ca hai co ché tan Xa.
Nhung véi Hinh 5C va 5D tng véi bé rong giéng
lwong tr L =60(A) , co ché tan xa RIS chiém vu
thé, phu hop voi cac tinh toan d6 linh dong trong
bai béo [16].
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Hinh 5. Tham s6 tan xa p vahé $6 hé s6 Seebeck khong phu thudc vao nhiét do SY/T tinh theo mat d§ dién tir
v6i ghn diing Hubbard. (A, B) L =30(A) va(c, D) L=60(A).
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Hinh 6. Tham s6 tan xa P va hé s6 hé sé Seebeck khong phu thude vao nhiét do S /T tinh theo bé rong giéng

luong tir v6i gin déng Hubbard va N =10'cm™.
(A/B) L<L,va(C,D) L>L;.

Trong Hinh 6A, tham sb tan xa p duogc chira
nhu mdt ham theo bé rong giéng L < L. tai
N =10"cm™ va chung t6i nhan thdy rang véi
L <30(A) thi IRS chiém wu thé hon so vai RIS,
nhung véi L >30(A) thi RIS chiém wu thé hon
so v6i IRS. Hinh 6B tinh cho h¢ sé Seebeck
khong phy thuc nhiét do S® /T theo L<L,.
Trong Hinh 6C, tham s6 tan xa p theo L > L, va
téng cua ca hai co ché tring véi RIS.
KET LUAN

Chung t6i da khao sat do linh dong va dién
tro cia khi dién tor gia hai chiéu trong giéng
lwong tir GaP/AIP/GaP do cac co ché tan xa bé

mat gb ghé va tap chat ion héa. Ching t6i nghién
ctu su phu thudc cua dién tré vao nhiét do va tir
truong song song. Ching toi thiy rang bd chinh
truong dinh xt trong gan dung Hubbard mo ta do
linh dong va dién tro cua khi dién tir gia hai chiéu
& mat do hat tai thap t6t hon gan ding RPA.
Chung t6i ciing khao sat hé sb Seebeck va nhan
thdy ring véi bé rong giéng luong tor L > 30(A)
thi co ché tan xa tap chét (RIS) chiém wu thé hon
S0 Vi tan xa bé mat nham (IRS).

Loi cam on: Cong trinh ndy duoc tai tro' boi
Qui phat trien Khoa hoc va Cong nghé quoc gia
(NAFOSTED) trong khuén khé dé tai 103.01-
2014.01.
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Transport properties and seebeck
coefficient of the quasi-two-
dimensional electron gas in ALP

guantum wells

e Vo Van Tai

College of Technology and Industrial Management

e Nguyen Quoc Khanh
University of Science VNU-HCM

ABSTRACT

We consider the mobility of a quasi-two-
dimensional electron gas in a GaP/AIP/GaP
quantum well with a valley degeneracy
g, =1 for quantum well width L < Lc = 45.7
A and a valley degeneracy of g, =2 for
quantum well width L > Lc = 45.7 A. We
calculate the mobilty as a function of
electron density for interface-roughness and
impurity scattering with using different

approximations for the local-field correction.
In the case of zero temperature and Hubbard
local-field correction our results reduce to
those of [16]. We also study the dependence
of resistivity on temperature and parallel
magnetic field. The Seebeck coefficient as a
function of electron concentration and
guantum well width are also calculated.

Key words: quantum wells AIP; mobility; resistivity; Seebeck coefficient.
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