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NGHIEN CU'U THOI GIAN SONG VAN CHUYEN VA THOI GIAN
SONG LUQNG TU TRONG MO HINH GIENG
LUQNG TU PHA TAP MOQT PHIiA

Ngo Thi Lan', Nguyén Thi Thao? Nguyén Vin Cin?
TOM TAT

Chiing t6i dea ra mot Iy thuyét vé anh hwéng ciia pha tap diéu bién bdt doi xirng lén
hién twong vdn chuyén ciia hat tdi trong giéng lwong tir vuéng goéc. Bang viéc sir dung
phirong phap bién phdn chiing t6i da dwa ra biéu thire gidi tich ciia hat tdi trong giéng hrong
tir pha tap mét phia. Ching t6i da tinh thoi gian song van chuyén va thoi gian séng lrong
tir cho cdc co ché tan xa khdc nhau RI, SR, va DP. Ly thuyét ciia chiing t6i c6 thé gidi thich
mét s6 két qua tinh toan gdn day vé tinh chdt van chuyén cuia hat tai, dac biét la ti sé thoi
gian song van chuyén va heong tir.

T khéa: Thoi gian song vin chuyén, thoi gian song heong tir, giéng heong tir, pha
tap mot phia.

1. DAT VAN BE

Thoi gian sdng van chuyén va lugng tir 1a hai dai lugng quan trong ddi véi mot hé
lwong tir. Trong nghién ctru tinh chét van chuyén cua cac hé thap chidu ngudi ta nhan thay
rang c6 sy khac biét rd rét gitra hai thoi gian dic trung néi trén. Thoi gian sdng van chuyén
7, 1a thoi gian chuyén dong ty do trung binh ciia hat tai chuyén dong theo phuong riéng biét
(vi du cua truong ngoai) khi tdn tai cac tan xa. Thoi gian séng van chuyén duoc rut ra khi
do d6 linh dong Hall véi tir truong yéu. Thoi gian song khac 13 thoi gian sdng luong tir T,

1a thoi gian trung binh ma hat tn tai trén mot trang thai lugng tu khi tdn tai cac tan xa. Thoi
gian sdng luong tr duoc xac dinh tir ham bao ciia dao dong Shubnikov-de Haas.

Thoi gian sdng van chuyén va thoi gian song luong tir 1a hai tham s6 quan trong
thuong dugce st dung dé dac trung cho hi¢u suét ctia cac cAu trtic ban dan co d6 linh dong
cao. bé nang cao hi¢u suét cua cac linh kién dién tir can phai nghién ctru va xac dinh dugc
cac co ché tan xa gay bt loi cho d6 linh dong [7,8,10,12]. Cac nghién ctru gan day chi ra
rﬁng, mot trong cac cach hi¢u qua nhét dé xac dinh cac co ché tan xa chu dao la nghién
ctru thoi gian sdng van chuyén va luong tir cling nhu 14 ti s ctia chung (Dingle ratio) [2,9].
Thoi gian séng luong tir con lién quan dén su mé rong cia cac mirc Landau cua cac dién
tir trong tlr trudng ngoai va voi ning lugng riéng cua hat. Viée luu trir va truyén thong tin
bang céac hién twong lugng tir 1a linh vuc nghién ciru néng bong cua cic nha khoa hoc trén
toan thé gidi. Bé lam diéu d6 ngudi ta phai tim cach kéo dai thoi gian séng luong tir ciia
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dién tr. Gan dy cac nha Vat 1y da sir dung tir truong cuc manh va nang thoi gian séng
lwong tir ciia dién tir 1én hon 50 1an [9], didu nay gitp cho viéc xay dung may tinh luong
tir tién gan hon dén hién thyc. C6 thé noi rang thoi gian séng (van chuyén va lugng tir) 1a
dai luong vira mang dén cho ching ta nhing thong tin quan trong vé hé luong tir vira la
dai lugng c6 tinh quyét dinh cho viéc ting dung cac hé doé trong céc thiét b lugng tir. Voi
nhiing y nghia d0, viéc nghién ctru thoi gian séng cua hé hat tai trong cac giéng luong tir
pha tap mot phia 1 van d& nghién ciru c6 tinh khoa hoc va cap thiét.

Trong bai bdo niy chung t6i nghién ciru thoi gian séng van chuyén va luong tir ctia
hat tai trong mo hinh giéng luong tir pha tap mot phia. Cac tinh toan nay gop phan hoan
thién thém Iy thuyét van chuyén tuyén tinh va giai thich rd hon vé mat Vat 1y dai luong thoi
gian sdng ctia hat tai cling nhu ti s cta thoi gian sdng van chuyén va thoi gian sdng luong tir.

2. NOI DUNG
2.1. Ly thuyét tinh thoi gian song van chuyén va thoi gian song lwong tir

Theo Iy thuyét van chuyén tuyén tinh, d6 linh d6ng ¢ nhiét d6 thap dwoc xac dinh boi
u=er/m" voi m* 1a khéi lwong hiéu dung trong mit phang ciia kénh dan. Thoi gian séng

ctia hat tai (van chuyén va luong tir) duoc biéu dién qua ham ty twong quan:

1 1 2kp 27 qz <|U(q)|2>
T (2n)hE, !dql TS T v

& day, ¢ =(q,¢) 1a xung luong truyén hai chiéu cho béi cac co ché tan xa trong mit

phang x,y: ¢ = |q| = 2k, sin($/2) v6i & 1a goc tan xa.
Nang luong Fermi dugc xac dinh: E, = 7%k, /2m" v6i k, = \/E 14 s song Fermi.
Ham tu twong quan trong phuong trinh (1) ¢6 <|U (q)|2 > duoc dinh nghia la trung binh
théng ké céc bién d6i Fourier hai chiéu cta cac thé tan xa phu thudc vao ham séng bao.
Ulg)= [ dz|¢ (=) Ulg.2) @)
Ham dién moi £(g) dinh luong cho hiéu g chin ciia thé tan xa cua hat tai hai chiéu.
Ap dung gan ding trudng ngiu nhién ta co: g(q)=1+ %FS (gD)[1-G(q)].

Trong d6, ¢, =2m'e’ / &,h* 1a nghich d4o chiéu dai chin hai chiéu Thomas-Fermi.

Hiéu chinh trudong cuc bo do tuong tac trao doi gitta cac hat véi nhau dugc cho boi:

q A < AN L
G(q) =—=—=—=". Thua s0 dang chéan phu thudc vao tuong tac cua hat doc theo phuong
2{q +k;
nudi, duge xac dinh béi: F (g) = I_w dzf A2’ () (2e 3)
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Str dung ham song mé ta sy phan b cua hat tai trong giéng lugng tir pha tap mot phia
c6 dang [3]:

4

£ B\/ﬂ/Lcos(ﬂz/L)eﬂ/L khi |z|£L/2
z) =
0 Khi || >L/2,

trong do, B la hﬁng sb xé4c dinh tir diéu kién chuén hoa, ¢ 1a tham sd bién phan.
Thay biéu thirc ham song & phuong trinh (4) vao phuong trinh (2), két hop vé6i cac ham
don gian y,(x) va @,(x) cho boi (5), ta sé thu dugc biéu thirc cho ham ty twong quan U(g),

két hop véi phuong trinh (1) ta s& thu duoc dai lwong thoi gian séng cho timg co ché tan xa.

Lnxz}sinhx, @, (x) {

(-D)"zx

y,(x)= |:l+ 5 }sinhx ®)]

x X +n'rm x> +n'z
v6i n=0,1,2,... 1a s6 nguyén.
O nhiét do thép, cac hat tai co thé co cac co ché tan xa sau: Tap xa (RI), d0 nham bé
mat (SR), thé bién dang khop sai (DP). Thoi gian song tong cong dugc xac dinh boi quy tac
Matthiessen:

1 1 1 1
= —, ©6)

Ttot TSR Z-DP TR[

O day 7,,7,p, 7, l1an luot 12 thoi gian séng giy bai cac co ché tan xa do dd nham bé
mit (SR), thé bién dang khép sai (DP), tap xa (RI).

Tir phuong trinh (1), ta thdy gia tri cta thoi gian séng van chuyén duoc biéu dién qua
ham ty tuong quan cho mdi co ché tan xa. Mt khac, theo [1, 4, 6] ham ty tuong quan cua
hé hai chiéu chira dung hau nhu toan bd dic trung cua h¢, cho phép tinh toan cac tinh chét
dién nhu: do linh dong cua dién tur va sy mo rdng cac mic Landau. Vi vay, dé tinh toan céc
dic trung quan trong ctia mot hé lugng tir, ta phai xac dinh biéu thirc ham ty twong quan tng
v6i ting co ché tan xa trong hé.

2.2. Céac co ché tan xa co ban trong giéng lwong tir pha tap mét phia

2.2.1. Tan xa gdy béi dg nham bé mat (SR)

Ta biét ring d6 16n cua thé tan xa trong khong gian vécto song duoc xac dinh boi gia
tri cuc bo ciia ham song tai cac vi tri bién ¢, = ¢ (z=mL/2), gia tri cua thé trong khong
gian véc to song dbi véi cac tan xa tir bé mat nham phia dinh c6 dang:

USRm (q) = I/0 é/m

¢ day, A, labién doi Fourier hai chi€u cua cau hinh bé mat.

A 7

q

Vi chiéu cao thé rao V, dulénta cod thé thay thé ham song trong (7) bang dao ham sau:

2 i

2m

z

2

Volss

- ®)
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Tién hanh tinh tich phan phurong trinh Schrodinger 1 chiéu véi ham séng bao cho boi
(4) tlr z =00 t&i z = z, (z,>—L/2). Ta duoc:

7[36234 —c
Vols | =[E(e) -V, (2,)1s*(0) ¢2—’”S{z2 © T\ (2e,5)

& (02 + 7[2)

—(MJFI - —[r (£2¢,+£8)-T,(+2¢,£5)]+ ©)

C

i%[QZ(J_rZC, + 5)+ 20, (+2¢, + 5)]}

o day F (c) 1a nang lugng tong cong ctia hat & trang thai co ban [10].

2.2.2. Tdn xa gdy bdi thé bién dang khép sai (DP)

Tiép theo, nhu da chig minh trong [5], 6 nhdm bé mit tao ra thing giang cua bién
dang trong giéng lugng tir c6 sy chénh 1éch hing s6 mang. Chinh su chénh 1éch nay dan toi
su thay ddi cua dang bién, lam xuét hién cac co ché tan xa méi. Thé tan xa méi nay phu
thudc vao dang ddi xUng cua tinh thé va loai hat tai.

Str dung ham song tir phuong trinh (4) chung t6i xac dinh duoc biéu thirc cho ham tu
twrong quan cho thé bién dang khdp sai cho dién tir c6 dang phuong trinh (10) tring véi két
qua da dan ra trong cong trinh [4]:

a € AAB?
4L

Uy (q:2) :{ JF o (0%

5 12 (10)
X i[bv (K + l)]2 (1+sin* @ +cos*p) + .G (1+sin’ pcos’p)
2" 4c,,
trong d6, thira s6 dang F,,(¢) =t’e” [7/1 (ctt/ 2)]2 F, ().

2.2.3. Tan xa gay boi Tap xa (RI)

Cudi cung, ham ty tuong quan cho tan xa tir sy phan bd ngﬁu nhién cua tap dugc xac
dinh boi tich phén trén toan mién pha tap [8]:

Wu@l')= (iﬂej [ dN, P2, 2) (11)

Trong do, N,(z,) 1a su phan b clia tap va F,(q,z;) la thtra s6 dang dbi voi 1a tap &

vitri z = z,, duwgc xac dinh boi:

Fi(g.2) = [ dzlg(z)f e (12)
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Tinh toan phuong trinh (9), (10) véi ham song cho bdi phuong trinh (4) ta dugc ham
tu twong quan cho tap c6 dang [6]:

(lvw@l) {28”2 j N;L Fu(qL) (13)

& day thira s6 dang chén c6 dang:

R2 (t) e*ZXl _672dt
2 P(t+t)

Fp ()= (14)

véoid=z /L vas=z /L vat =qlL.

Nhu vay, voi viéc st dung ham song bao ¢ phuong trinh (4), ching ta da xac dinh dugc
ham tu twong quan cho tt ca cac co ché tan xa cuia giéng luong tir pha tap diéu bién dbi ximg
& dudi dang giai tich. Cac ham ty twong quan trong khong gian véc to song 14 thanh phan quan
trong dong gop vao viéc xac dinh thoi gian sdng cua hat tai theo phuong trinh (1). Cu thé, xac
dinh dugc cac ham twong quan cho mdi co ché tan xa ta s& xac dinh dugc thoi gian séng cua
hat tai twong tg voi timg co ché tan xa, tir d6 thoi gian sdng tong cong dugc xac dinh boi
quy tac Mathiessen cho boi phwong trinh (6).

2.3. Két qua va thao luin
Téc gia ciing tién hanh so sanh ti s6 giita thoi gian sdng van chuyén va thoi gian song
luong tor @ = ;—’ (hinh 1) do cac co ché tan xa khac nhau (hinh 1) anh huéng dén qua trinh
q
van chuyén ciia hat tai trong giéng lugng tir pha tap mot phia Sio3Geo7/Ge/ Sio3Geo7 v6i sd
liéu thyc nghiém trong [7]: p, = 10%cm™;n=4; g, =15.2; vitri bién dang pha tap c6 gia tri
L,= 1004, L = 1504, cic tham s6 nham bé mat A=5A, A=40A.

103 . T r r

102f =

PR
10 ’o —

-t lg
<

10° 1 L 1

L L

Hinh 1. Ti s giira thoi gian sdng van chuyén va thoi gian song hrong tir giy ra boi tat ca
cac co ché tan xa khac nhau trong giéng lwong tir pha tap 1 phia phu thudc vao
bé rong giéng lwong tir L
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Hinh 2. Ti s giira thoi gian séng vin chuyén va thoi gian song lwong tir tong cong
phu thudc vio bé rong giéng lwong tir L

Puong dut nét (dash line) 1a ti s thoi gian sdng van chuyén va thoi gian séng luong
tir v& cho trudng hop giéng luong tir khong pha tap (flat-band). Puong lién nét 1a ti sé thoi
gian séng van chuyén va thoi gian séng luong tir vé cho truong hop giéng lugng tir pha tap
mat phia.

Hinh 2 1 ti s gitta thoi gian song van chuyén va thoi gian song luong tir tong cong
dugc xac dinh theo quy tic Mathiessen cho ca hai trudng hop: Flat-band (duong dirt nét) va

pha tap mot phia (duong 1ién nét). Ta nhan thdy: o = N , tan xa xdy ra dang huéng, dong

S

T‘I

thoi cling chi 16 cac thé tuong tic tim gan nhu: khong trat ty hop ban dan (DP) va 6 nham

bé mit (SR) 13 nhiing co ché tan xa co ban. Khi a = ;—’ >1, tan xa xay ra cha yéu vé phia
q

trudce, trong d6 cac thé twong tac tim xa nhu: tap nén va tap Coulomb xa (RI) 1a nhiing co

ché tan xa co ban.

Hon ntra, hinh 1 cho théy anh huong cua cac co ché tan xa SR, DP, RI 14 khac nhau
1én qua trinh van chuyén ctia hat tai trong giéng. Tan xa do d6 nham bé mit 12 ngudn tan xa
chu dao, con RI khong dong vai trd 1a ngudn giy ra tan xa. Két qua nay ciing dugc din ra
trong cong trinh [11] khi nghién ctru cac co ché tan xa co ban trong mé hinh giéng lugng tir
pha tap mot phia.

Hinh 2 cho thdy, ti s6 thoi gian séng van chuyén va lugng tir trong trudng hop pha tap
mdt phia khong ting don diéu nhu trong trudng hop flat-band ma c6 ton tai mot cuc dai ciia
ti s6 phu thudc vao bé rong giéng lwong tir, didu ny cho thiy anh hudng cua hiéu tmg udn
cong ving ning luong do pha tap mot phia da lam thay d6i dang diéu cia ti sé nay so véi
trudng hop khong pha tap (flat-band). Pay ciing 12 co s¢ dé ching ta c6 thé nghién ctru sau
vé anh huong ctia hidu ing udn cong ving ning lugng 1én tinh chit dién cua hat tai trong
md hinh giéng luong tir c6 pha tap.
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3. KET LUAN

Chiing t6i d4 nghién ctru ti s6 thoi gian sdng van chuyén va thoi gian sdng luong tir
trong mo hinh giéng lugng tir pha tap mot phia. Két qua ciia chung t6i thu duoc bao gdm dong
gop cua tat ca cac co ché tan xa khac nhau SR, DP, RI Ién qua trinh van chuyén cua hat tai
trong giéng. Ti s niy ciing cho phép ching ta két luan vé co ché tan xa nao 1 co ban, ciing
nhu dy doan duge chidu hudng ciia cac tan xa. Theo d6, khi ti s nay xap xi bang 1, tan xa gy
boi khong trat ty hop ban dan (DP) va d6 nham bé mit (SR) 13 nhimng co ché tan xa co ban.
Khi ti s6 nay 16n hon nhidu so v&i mot tan xa gy boi tap nén va tap Coulomb xa (RI) 1a nhirng
co ché tan xa co ban. Nhimg két qua tinh toan trén day déng gop mot phan quan trong vao
viée xac dinh co ché tan xa chu dao trong mé hinh giéng luong tir pha tap mot phia, gitip hoan
thién thém 1y thuyét vé qua trinh van chuyén ctia hat tai trong cau tric giéng lugng tir.
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A STUDY OF TRANSPORT AND QUANTUM TIME IN ONE-SIDE
DOPED SQUARE QUANTUM WELLS

Ngo Thi Lan, Nguyen Thi Thao, Nguyen Van Can
ABSTRACT

We present a theoretical study of the effects from asymmetric modulation of the
envelop wave function on quantum transport in square quantum wells (QWs). Within the
variational approach we obtain analytic expressions for the carrier distribution and their
scattering in asymmetric one-side doped square QWs. We calculated tranport and quantum
time ratio for RI, SR and DP scattering mechanisims. Our theory can explain some recent
caculations about the transport properties of interest, namely, the ratio of the transport to
quantum lifetimes.

Keywords: Transport lifetimes, quantum lifetimes, quantum wells, one-side doped.
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