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TOM TAT

Chung toi khéo st ti s6 thai gian tan xa van chuyén 1, va thai gian hoi phuc don hat 7, cla
khi dién t& tua hai chiéu (Q2DEG) trong giéng luong t& ghép mang khéng déi xing hiu han
GaAs/InGaAs/GaAs & nhiét do bat ky co xét dén hiéu Ung tuong quan — trao déi théng qua hiéu
chinh trudng cuc bé LFC véi gan ding G = 0, gan dung Hubbard Gy, va gan dung tu hop STLS
Gga. Ching toi xem xét cac tan xa bé mat nham, ap dién nham-cong hudng, tap chat tich dién
xa va tap chat tich dién nén dong nhat theo mat do dién ti va theo bé rong giéng. Trong trudng
hop nhiét d6 bang khéng va hiéu chinh trudng cuc bd Hubbard Gy, két qua chidng toi phu hop
vdi két qua clia mot s6 tinh todn khac. Tai mat dé hat tdi thap, hiéu chinh tuong quan — trao d6i
anh hudng dang ké 1én ti s8 thai gian van chuyén va thai gian héi phuc don hat. Trong khi & mat
d6 cao hiéu tng hé nhiéu hat do hiéu chinh tuong quan - trao d6i anh hudng khong déang ké 1én
tf s6 thai gian téan xa van chuyén va thai gian héi phuc don hat. Véi mién mat dé va nhiét do khao
st T=0,3Tg, nhiét d6 anh hudng khong dang ké 1én i s§ thai gian tan xa van chuyén va thai gian
héi phuc don hat cho ca bén co ché tan xa. Bén canh do, vdi su thay déi clia bé réng giéng, anh
hudng clia LFC va nhiét do 1én ti s6 7,/ 74 la khong déng ké cho tan xa ap dién nham-cong hudng,
tap chét tich dién xa va dang ké cho tan xa bé mat nham, tap chat chat tich dién nén déng nhat.
Tur khoa: Thoi gian tan xa van chuyén, thai gian hoi phuc don hat, hiéu (ng tuong quan-trao déi

GIGI THIEU

Giéng lugng tii GaAs/InGaAs/GaAs, & d6 electron dinh x1 trong mién InGaAs, da dugc nhiéu tac gia khao
sat & nhiét do khong tuyét d6i. Gan day, Quang va cic cong sy da tinh d6 linh dong ctia dién tii do hai co ché
tan xa la bé mét nham va ap dién nham-cong hudng & nhiét do khong theo mét do va bé rong giéng 1. Coché
tan xa lam gi6i han d¢ linh dong c6 thé dugc xdc dinh bing cach so sanh nhiing két qua thuc nghiém véi
nhiing tinh toan ly thuyét. Thoi gian tan xa van chuyén, thoi gian hoéi phuc don hat 1a nhiing thong s6 quan
trong dugc st dung d€ biéu thi phdm chit cta cdc trasistor ¢é d¢ linh dong cao. Theo ching t6i biét, hién
chua c6 sy tinh todn nao cho ti s6 thoi gian tén xa van chuyén va thoi gian hoi phuc don hat & nhiét do hitu
han dugc thyc hién diu ring trong thuc té cc transistor thudng hoat dong & nhiét do kha cao. Do d9, trong
bai bdo nay, chung toi tinh ti s6 thdi gian tan xa van chuyén va thai gian hoi phuc don hat ¢ nhiét d¢ bat ky
ddi v6i cc tdn xa bé mat nhdm, 4p dién nhdm-cdng hudng, tap chét tich dién xa va tap chét tich dién nén
dong nhit. Ngoai ra trong cac hé thip chiéu mat d¢ hat tai ¢6 thé c6 gid tri rit thip nén hiéu tGng tuong
quan-trao d6i la rit quan trong. Do vay trong cédc tinh todn cia minh chung toi sé xét dén hiéu ting tuong
quan - trao d6i thong qua hiéu chinh truong cuc bé.

PHUGONG PHAP

Trong khéo st nhiing tinh chat van chuyén ctia Q2DEG, ching t6i nhan ra mot sy phan biét r6 rang gitia hai
ddc trung thoi gian héi phuc. Ngoai ra, sy phu thudc cia Q2DEG dugc xdc dinh béi mét s6 yéu 6, chu yéu,
cu tric dién tl, nguén giam git doc theo huéng nudi, va nhiing nguén tén xa trong mit phing. O day,
Q2DEG la céc dién tli c6 thé chuyén dong hoan toan ty do trong mit phing (xy), nhung chuyén dong cta
chung theo phuong z bi gidi han. Khi kich thudc ctia vét rén gidm xudng vao cd nanomet thi hat tai dién tu
do trong célu tric nay sé thé hién tinh chit giéng nhu mot hat chuyén dong trong giéng thé V(z). Tai nhiét d6

Trich dan bai bao nay: Tudn TV, Khanh N Q, Tai V V. Th&i gian tan xa ctia dién ti trong giéng lugng tit
GaAs/InGaAs/GaAs & nhiét d6 hiru han cé xét dén hiéu liing tuong quan trao déi. Sci. Tech. Dev. J. -
Nat. Sci.; 3(3):180-187.
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thap, ching t6i gia st rang electron chi chiém dai con thdp nhat. Giéng luong ti ching toi xét & day la giéng
GaAs/InGaAs/GaAs v6i d6 sau hitu han, ham séng c6 dang nhu sau ':

1 1)
cos (EkL exp(kz), z<0
c\/? k 1L 0<z<L
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1
cos (EkL> exp[—k(z—L)], z>L

v6i C1a hiing s6 chudn héa dugc xac dinh tit hé thic! :

i 1
s (H— sina N +cosa) _1 )
a b

Thdi gian tan xa van chuyén 7,(E;) 1a khoang thoi gian trung binh gitta hai 14n tdn xa lién tiép khi hat di
chuyén dinh huéng duéi tic dung cta dién trudng va c6 dang>>
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Thoi gian hoi phuc don hat 74(Ey) (hay thoi gian song lugng tt) 1a thoi gian ton tai ctia mot trang thai ctia hat
tai va khong c6 khai niém tuong ty trong vét ly ¢6 dién. Thoi gian hoi phuc don hat dugc xac dinh boi biéu

thizc?:
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trong d6 7(g,T) 1a ham phén cuc tinh 6 T # 0,

ﬁ/ dy' °(q, 1)
6
cosh? = B (p, u ) ©)
v6i °(q¢)1a ham phan cuc & T = 0(trong gan dung RPA)).
gvm* 2k :
I1° (¢,Ep )=IT° I—,| 1| — | ©(g—2kg 7
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Thtta s6 dang Fc¢ (q) phu thudc vao tuong téc gitia hai dién t doc theo phuong z va dugc xac dinh qua biéu
thuc:

R =g [ d [ ale@P |¢ (@) e ®)

voi B = (kgT)™', E=n%2/(2m*), eLlahingss dién méi, kg = (47n/g,)"/%,  Ep=n2kE/ (2m*),
@ =In[—1+exp(BEr)]/B. G(q)la hiéu chinh trudng cuc b (LFC) mo6 ta hiéu ting tuong quan trao d&i° va

{|U(q)|*)1a thé ngau nhién phu thudc vao co ché tan xa® .
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D3i véi tan xa tap chét tich dién xa RI, thé tin xa c6 dang7:

) 2
<\UR1(61)|2> = Nrr (M:L Zé) Fri(q.2i)° ©

v6i Ny 1a mét do tap chdt 2D, z; 1a khoang cach ctia 16p tap chét tinh tli canh giéngtaiz=0,t=qL,a=kL, b
= kLva Fy = [12|W(z)|2e 474, dz 1a thita s6 tuong tac electron-tap cht.
Déi voi tan xa tap chiét tich dién nén d6ng nhat BI, thé tan xa dugc cho bai”:

(|Usi(q)?) )
27e?Z 1 o
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& q

v6i Fyq) = Np1Fpi(q) + Ne2Fpa(g) + Ne3Fp3(g)
trong do:

Fgi(q) = [°., [FRI (9,2 < 0)*dz
Fio(q) = Jy [FRI (9,0 <z < L]*dz (11)
Fps(q)= [~ [FRI (¢,z > L)*dzi

P3i véi tan xa bé mit nham SR, thé tén xa dugc cho bail:
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v6i A va A, tuong ting, la bién do nham va d6 dai tuong quan.
Trong trudng hgp tan xa &p dién nhdm-cong hudng PESR, thé tin xa dugc cho bai :

<\UPESR(‘1)|2>

373/ 2ee14GAE ) CPa> AN ’ 13
= Fg (1)
8ecas

X exp(fqu2 /4) sin”26

KET QUA VA THAO LUAN

Dé thyc hién tinh todn s6 ching t6i stt dung cdc tham s6 sau: m, = m* = 0,058 mq vGi myg 1a khéi lugng
electron tu do, chiéu cao rao thé Vi = 131 meV. Chung t6i tinh s6 ti s6 thoi gian tdn xa vin chuyén va thoi
gian hoi phuc don hat 7,/ 7, & nhiét d¢ bing khong va hitu han c6 xét dén hiéu ting tuong quan trao déi
trong ba gin dtng: RPA v6i G = 0, Hubbard véi Gp (g) = - 4 trong d6 g;, gy 1a do suy bién spin va

T 88 [Pk
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do suy bién valley, va STLS véi

Gealq) =
(14)

473 1,4024
N
V26442, 2 + CordP — 0P gg

Hinh 1 biéu dién ti s6 thdi gian tdn xa vin chuyén va thoi gian héi phuc don hat 7, /Ts cho tédn xa bé mit

0
nham: (a) theo mét d6 véi L = 100 A, va (b) theo bé rong giéng véi n = 10'2cm™ing véi nhiing gan diing
khac nhau cho LFC & nhiét d¢ bang khong va hitu han. Quan sat thdy rang:

» Theo mit d6: su phu thuc cua ti s6 7, /s vao LFC & mét do cao la rat yéu. O mat do thép, anh hudng
ctia LFClén 7,7, la déng ké va ti s6 7,7, nho hon 1. Va ciing thdy 7, 7, luén tang theo mat do.

« Theo bé rong giéng : ti s6 7,7, la khdc nhau d6i voi bé rong giéng khdc nhau va lu6n 16n hon 1. 7,7
dat gia tri thdp nhét d6i v6i G = 0, va sy khac biét cta 7, /Ts trong hai gan ding Gy va Gga 13 nho.

« Anh hudng ctia nhiét d6 : nhiét d6 anh hudng dang ké 1én ti s6 7, /Ts d6i v6i moi gia tri khao sat clia
bé rong giéng (Hinh 1b), va ti s6 7, /Ts theo nhiét d6 T = 0 ludn 16n hon theo nhiét do T khac khong.
Tuy nhién, nhiét d¢ anh hudng khong dang ké & viing mét d6 khao sit (Hinh 1a).

12— —— 1.1 —
[ @--- G=0.T=0 ] (b) A=5A°, A=50A" n=10"cm"
: — — G=G,,T=0
i —— G=G_,. T-0
I —-—G=G_,. T=03T, X
09T a=5A° A=50A"L=100A" e .= -
o L105F T . 1
= e .
e o L -
- G=0.T=0
- = G=G,, T=0
——G=G_,. T=0
L —-=G=G_, T=03T,
0.6 T Y S 1 : ' :
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Hinh 1: Ti s6 thdi gian tan xa van chuyén va thai gian hdi phuc don hat 7t/7; cho tan xa bé mat nham (SR)

0 0 0
v6iA=5A, A=50A Chuthich: (a) theo mat d6 véi L = 100 A, va (b) theo bé rong giéng véin = 10'2cm =2 ting véi
cac mé hinh LFC khac nhau cho nhiét dé bang khong va hitu han.

0
Trong Hinh 2 ti s6 7, / Ts cho tdn xa dp dién nhdm-cong hudng nham (PESR): (a) theo mét d6 cho L = 100 4,
va (b) theo bé rong giéng cho n = 10A!2 cm~2 (ing véi nhiing gin dung khéc nhau cho LEC & nhiét d6 bing
khong va khac khong. Két qué cho thay:
« Theo mét d9: &nh hudng ctia LFC 1a ddng ké & mat do thép. Tisé 1, /Ts nho hon 1 & mét do thip va
tang dan theo mat do, dat gi4 tri 16n hon 1 khi mat do n > 5,8 x 101 em—2
0
« Theo bé rong giéng: v6i bé rong giéng L < 45 A, ti s6 7,/7,< 1 va tang d4n theo sy ting ctia bé rong
giéng. Anh hudng ctia LFC 1a khong déng ké 1én ti s6 T,/7;.
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Hinh 2: Ti s6 thai gian tan xa van chuyén va théi gian héi phuc don hat 7, 7, cho tan xa ap dién nham-cong

0 0
huéng nham (PESR) v6i A = 5 A, A = 50 A Chd thich: (a) theo mat do; (b) theo bé rong giéng ting véi cac mod
hinh LFC khac nhau cho nhiét d6 bang khong va hitu han.

20 | ©N, 2N, =N, =10"em®, n=10"cm™

10

T/t
fi

B
- .. G=0,T=0
-~ GG_.T0
—— G=G_,,T-0
d == GG, T20.31, i —-=G=G_,T=03T, |
1 L ] L ey l 1 l
0.1 1 10 25 50 100 150 200
n(10"em™) L(A")

Hinh 3: Ti s6 thai gian tan xa van chuyén va thai gian héi phuc don hat 7,/ 7, cho tan xa tap chat tich dién
nén déng nhat (BI) véi Ng; = N, = Np3 = 10'7 cm—3. Chii thich: (a) theo mat do, (b) theo bé rdng giéng ting véi
cac mo hinh LFC khac nhau cho nhiét dé bang khong va hitu han.

184



Tap chi Phdt trién Khoa hoc va Céng nghé - Khoa hoc Tu nhién, 3(3):180- 187

« Anh hudng ctia nhiét do: nhiét dé anh hudng lén ti s6 7, /Ts 12 khong dang k€& d6i v6i moi mat do va
nho d6i véi cac gia tri khao sat ctia bé rong giéng.

Hinh 3, biéu dién ti s6 T, / Ts cho tédn xa tap chét tich dién nén dong nhét (BI): (a) theo mét do v6i L = 100 1?\,
va (b) theo bé rong giéng véi n = 10'? cm ™2 ing véi nhiing gan ding khic nhau cia G=0,G = Gy va G =
Gga cho nhiét do bang khong va khac khong.

Hinh vé cho thdy ring:

» Theo mit d¢: c6 su khac biét 16n gitia cac gid tri 7, /Ts cho cdc LFC khéac nhau & mét d¢ thip nhung su
khéc biét la khong dang ké & mat do hat cao. Tis6 7, /Ts lu6n 16n hon 1 trong mién mét d¢ khao sat.

+ Theo bé rong giéng: khi bé rong giéng thay d6i, dnh hidng ctia LFC 1én 7,7, ludn la déng ké va 7, 7,
dat gid tri thap nhat d6i v6i Gg4. D6i véi tan xa BI ti s6 7, /Ts 16n hon nhiéu so véi 1.

« Anh hudng cta nhiét d: anh hudng nhiét do la khong dang ké theo mat do (Hinh 3a). Tis6 1, /Ts
theo nhiét 46 T = 0 luén 16n hon theo nhiét 46 T khac khong ting v6i bé rong giéng dugc khao sit
(Hinh 3 b).

Hinh 4 chiratis6 Ty Ts cho tan xa tap chiét tich dién xa (RI): (a) theo mét do cho L = 10012 va (b) theo bé
rong giéng cho n = 10'? cm~2 (ing véi nhiing gin diing khac nhau cho LFC & nhiét d6 bing khong T = 0 va
khéc khong T = 0,3TF cho pha tap trong giéng (z; = L/2) va pha tap ngoai giéng (z; = -L/2). Két qua theo mat
do, bé rong giéng, va nhiét d6 nhu sau:

+ Theo mat d¢: anh hudng ctia LFC lén ti s6 7,75 & mat d cao khong dang ké cho ca hai mién pha tap
trong giéng va ngoai giéng. Ti s6 7, 75 cho pha tap ngoai giéng luén 16n hon so véi pha tap trong
giéng, nhat 1a 6 mat do cao. Ddi véi cd hai loai pha tap, ti s6 7, /Ts luén tang theo mat do.

+ Theo bé rong giéng: ti s6 7, T; d6i voi pha tap ngoai giéng 16n hon nhiéu so véi pha tap trong giéng.
Anh hudng ctia LFC ( Gy va G4 ) d6i véi tan xa nay 1a khéng dédng ké cho cac gia tri khao sat ctia bé
rong giéng.

. Anh hudng ciia nhiét d¢: nhiét 46 anh hudng khong dang ké 1én 7, /Ts cho ca hai mién pha tap ting
v6i mién mat do va bé rong giéng dugc khao sat.

— T T . . : . . . .6
@ 100 F
Y. G=0,T=0 (b) N =n. L~100A" ]
— — GG, T=0 10, ]
lob ——G=6,, 10 , | 15
—-=G=G_,, T=03T, ]
-~ 0 [ 1 ~
) N, L=100A' S 18
L7 N 17
e N 45:
" 10 ... G=0,T=0 | =
> e - = G=G_.T=0 e
1 ] ——G=G,,, T=0 :
A ] —-=G=G,,, T-03T, |
[ n " " Parara | n n 4y ‘- 1 [l 1 3
0.1 1 10 25 50 100 . 150 200
n(10"em™) LA)

Hinh 4: Ti 8 thai gian tan xa van chuyén va théi gian héi phuc don hat 7,, 7, cho tan xa tap chét tich dién xa
(RI) véi Ng; = n pha tap trong giéng va ngoai giéng.Chii thich: (a) theo mat do ; (b) theo bé rong giéng ting véi
cac mé hinh LFC khac nhau cho nhiét d6 bang khong va hitu han.
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KET LUAN

Ti s6 thoi gian tan xa van chuyén va thoi gian héi phuc don hat 7, /Ts cua khi dién ti tya hai chiéu trong giéng
lugng tit GaAs/InGaAs/GaAs dugc khao sat 6 nhiét do bang khong va nhiét d6 hitu han c6 xét dén hiéu ting
tuong quan- trao d6i thong qua hiéu chinh trudng cuc bo theo mat do hat tai va bé rong giéng cho bén co ché
tan xa khéc nhau. Khi mat d6 hat thay d6i, nhiét 46 anh huéng khong déng ké 1én ti s6 7, /Ts- O mat dé cao, ti
s6 T, /Ts khoéng phu thudc vao LFC va ting theo sy ting mét do d6i v6i ca bon co ché tan xa. Véi sy thay ddi
clia bé rong giéng, dnh hudng ctia LFC va nhiét do lén ti s6 7,7 la khong ddng ké cho tan xa PESR va RL. Ti
$6 7,5 d6i voi pha tap ngoai giéng (z; = - L/2) ludn 16n hon so v6i trudng hop pha tap trong giéng (z; = L/2).

Trong tridng hop tan xa SR va BI, anh hudng ctia LFC va nhiét d6 1én ti s6 7,7, 1a ddng ké déi voi céc gid tri
khao sit cia bé rong giéng.

DANH MUC TU VIET TAT

Q2DEG: Quasi-two-dimensional electron gas (Khi dién tii tua hai chiéu)

LFC: Random phase approximation (Gan dung pha ngiu nhién)

RPA: Local field correction (Hiéu chinh trudng cuc bo)

STLS : the self-consistent formalism of Singwi, Tosi, Land and Sjélande (Hinh thiic luin ty hgp STLS)
RI: Remote charged impurity scattering (T4n xa tap cht tich dién xa)

BI: Homogenous background impurity scattering (Tan xa tap chat tich dién nén dong nhit)

SR: Surface roughness scattering (Tan xa bé mit nhdm)

PESR : Roughness-induced piezoelectric scattering (Tan xa 4p dién nham-cong hudng)

XUNG POT LOI iCH

Céc tac gia xac nhén hoan toan khong c6 xung dét vé quyén loi.

DONG GOP CUA CACTACGIA

Truong Van Tudn: tinh todn s, giai thich va viét va gui bai ;
Vo Vin Tai: tinh gidi tich co ché tan xa RI, Bl ;

Nguyén Qudc Khanh: hiéu chinh céc gidi thich va bai viét.

LOI CAM ON

Cong trinh nay dugc tai trg boi Quy phat trién Khoa hoc va Cong nghé qudc gia (NAFOSTED) trong khudn
khé dé tai 103.01-2017.23.\
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The scattering time of electrons in a GaAs/InGaAs/GaAs quantum
well including temperature and exchange-correlation effects
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ABSTRACT

The ratio of the scattering and single-particle relaxation time of a quasi-two-dimensional electron
gas (Q2DEG) in a finite lattice-mismatched GaAs/InGaAs/GaAs quantum well was investigate at
Use your smartphone to scan this zero and finite temperatures, taking into account the exchange-correlation effects via a local-field
QR code and download this article correction with three approximations for the LFC, G =0, Gy, and Gga. We studied the dependence
of the surface roughness, roughness-induced piezoelectric, remote and homogenous background
charged impurity scattering on the carrier density and quantum well width. In the case of zero
temperature and Hubbard local-field correction our results reduced to those of different theoreti-
cal calculations. At low density, the exchange-correlation effects depend strongly on the ratio 7,/7.
While at high density many-body effects due to exchange and correlation considerably modified
the ratio of the scattering and single-particle relaxation time. We found that, for densities and tem-
peratures considered T = 0,3Tg in this study, the temperature affected weakly on the time ratio
for four scatterings. Furthermore, with the change of quantum well width, the effect of LFC and
temperatures act on the ratio 7,7 are negligible for the roughness-induced piezoelectric and re-
mote charged impurity scattering, and are notable for the surface roughness and homogenous
background charged impurity scattering.
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