TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 35.2017

NGHIEN CUU CAC CO CHE TAN XA CHU PAO ANH HUONG
PEN PO LINH PONG CUA HAT TAI TRONG GIENG
LUQNG TU PHA TAP HAI PHiA

Lé Vin Hiéu', Trin Thi Hai?
TOM TAT

Chiing t6i nghién citu anh hudng ciia pha tap hai phia lén qud trinh vin chuyén lrong
tik trong giéng lwong tir vudng goc. Bang viéc sir dung phirong phdp bién phan, chiing t6i da
dua ra dwoc biéu thirc gidi tich vé sw phdan bo ciia hat tdi va cdc ham tw twong quan cho cdc
co ché tan xa. Chiing t6i nhdn thdy phirong phdp pha tap 2 phia cé thé lam ting dé linh
dong cua hat tdai so véi pha tap mot phia. T do, chung toi dwa ra sy phu thugc cua hé s6
ndng cao dp linh déng vao dé rong kénh dan va nong dé hat tai. Ly thuyét cia ching t6i da
thanh céng trong viéc gidi thich cdc thi nghiém gan ddy vé tinh chdt van chuyén, phdi ké
dén la su phu thuoc cua hé 56 nang cao do linh dong vao do rong kénh dan.

Tir khéa: Pha tap hai phia, phirong phdp bién phdn, hé sé nang cao d¢ linh déng,
giéng lrong tir.

1. DAT VAN BE

Céc kénh dan véi d6 linh dong cao 1a mot trong nhitng van dé thach thic cua vat 1y
ban dan va c6 tdm quan trong 16n ddi vai viée tng dung céac thiét bi. Pé nang cao phdm
chét ciia cac linh kién, khong nhitng phai ting mat d6 hat tai ma con phai ting d6 linh dong
ctia hat tai. Do linh dong 16n cho phép ché tao nhitng linh kién c¢6 kha ning diéu khién
dong cao va toc do dong ngat (chuyén) mach nhanh. Nhu chiing ta d4 biét, &é nang cao d6
linh d6ng cua hat tai hai chiéu trong gleng lugng tir nguoi ta thuong sir dung phuong phap
diéu bién cac nhén tb quyet dinh nhu: ciu trac dién tir, cac co ché tan xa va cac nguon
giam ham hat tai [1,2,3].

Gan déy, ching t6i da chi ra rang, viéc diéu bién bt ddi xtng ham séng do pha tap
mot bén s€ lam tang tan xa do do nham gay nén, vi du nhu thé nham bé mit va thé bién dang
khop sai... 1am cho do linh dong giam manh [7]. Vi vy, chung téi cho rang c6 thé nang cao
d6 linh dong bang cach diéu bién ddi ximg ham song do pha tap hai bén. Céc thuc nghiém
gin day ciing da nghién ciru tinh chat van chuyén cia cac giéng luong tir pha tap ddi xtng
hai bén [4,5,8,10] tuy nhién van chua c6 1y thuyét ndo giai thich thoa dang.

Vi vdy, muc tiéu cta bai bao nay 1a dua ra Iy thuyét, nghién ctru hién tugng van
chuyén & nhiét 6 thap cta hat tai trong giéng luong tir pha tap hai phia. Ly thuyét bao gom
tat ca cac co ché tan xa chu dao, dic biét 1a thé bién dang khop sai.

! Gido vién Truong Trung hoc phé théng Lé Lai, huyén Tho Xudn, Thanh Héa
2 Giang vién khoa Khoa hoc Ty nhién, Truong Pai hoc Hong Dic
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Trong phan 2.1 chiing ti dua ra 1y thuyét van chuyén ctia hat tai & nhiét d6 thip. Phan
2.2, 1a ham ty twong quan cho cac co ché tan xa chi dao. Phan 2.3 1a hé sb nang cao do linh
d6ng ctia hai mé hinh pha tap hai phia va pha tap mot phia. Phin 2.4 1a két qua tinh s va so
sanh véi thuc nghiém. Phan 3 14 phéan tong két.

2. NOI DUNG NGHIEN CUU
2.1. Ly thuyét van chuyén tuyén tinh

Theo 1y thuyét van chuyén tuyén tinh, d6 linh dong & nhiét d6 thap duoc xac dinh boi
s =er/m" v6im"1a khdi lwong hi¢u dung trong mit phang ctia kénh dan. Thoi gian séng

van chuyén dugc biéu dién qua ham ty twong quan:

1 1 2y 2z q2 <|U(q)|2>
;_m -([ dq.!‘ d({) (4]{; _q2)1/2 gz(q) (1)

o day, g =(q,¢) la xung lugng truyén hai chiéu cho boi cac co ché tan xa trong mit
phang x,y: ¢ = |q| =2k, sin($/2)voi $1a goc tan xa.

Ning lugng Fermi duoc xéc dinh: E ,=h’k, / 2m’véi k, = |27 p, 1a s song Fermi.

Ham tu twong quan trong phuong trinh (1) c6 <|U (q)|2> duoc dinh nghia Ia trung binh

thong ké céac bién doi Fourier hai chi€u cta cac thé tan xa phy thudc vao ham séng bao.

U(g)=]" dz|¢(2)f U(g,2). #)
Ham dién moi £(g) dinh lugng cho hiéu tng chén cua thé tan xa cua hat tai hai chiéu.
Ap dung gan dung trudng ngiu nhién ta co:
Trong d6, q, =2m’e’ / £, 1’ 1a nghich dao chiéu dai chan hai chiéu Thomas-Fermi.

Hiéu chinh truong cuc bo do tuong tac trao doi gitra cac hat voi nhau duogc cho béi:

q
Gq)=—F——=
2q* + k;
Thira sb dang chin phu thudc vao tuong tac cua hat doc theo phuong nuoi, dugc xéac
dinh béi:

Fq)=] d[ dZ¢* ()¢ (e (3)

Nhu ta di biét, ham séng mo ta sy phan bd cua hat tai trong giéng luong tir pha tap
d6i xtng hai phia c6 dang [9]:

2B \/E COS(E) cosh(c—Z) khi |z| < L
(=g VBt ; @

0 khi |2)> 2,
2
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Thay biéu thirc ham séng & phuong trinh (4) vao phuong trinh (1), két hop vdi cac
cho baéi (12) va (13),

7, (x) =[l+f_1—)2x2} sinh x, )
X

ham don gian y (x) va

o ,(x)

X +n'r
Va:

,(x) = {%} sinh x 6)
nmw

véi n=0,1,2,...1a s6 nguyén.
Ta thu duoc:
7B
F@)=
1) 2
t—2c t+2c
+ 2 2 + 2
(t=2c) +47° (t+2c) +4r1
8t

_© B 112
+t2+4ﬂ;[72(c)+271(c) vo(c)+e Tyt 2)+1/2]+

{% [71(2o)+1] 42 [27,(c)—e " x(t/2)+1]+
t —4c t

J[}/Z (20)+27,(2¢) =7, (20) +1]+

167zct 8
[(t—2c) +47°|[(t +2c) +47°]

(7)

—t/2
eC

+
(t—20)[(t—2¢)* +47°]
L) 4717

+ 2 2 + 2 2

(t+20)(t+2c) +4x°] " +4rn]

O nhiét do thép, cac hat tai c6 thé c6 cac co ché tan xa sau: Tap xa (RI), d6 nham bé

mit (SR), thé bién dang khdp sai (DP). Thoi gian song tong cong duge xac dinh bai quy tic

2 2 2

1
Matthiessen: — =—+—+—, (8)

Tot Tri Tse Tpp

x[a,(2¢)+2w(20)] —87°[

1 (c+t/2)+y(c=1/2)} |,

& déy, hé s6 2 xuét hién do c6 hai 16p pha tap va hai mit nham.
2.2. Ham ty twong quan cho cac co ché tan xa chi dao
2.2.1. Tan xq gay boi Tap xa

Ttr phuong trinh (1), ta thiy gi tri cua thoi gian sdng van chuyén duoc biéu dién qua
ham tu twong quan cho mdi co ché tan xa. Pau tién, ham tu twong quan cho tan xa tu sy
phan bb ngiu nhién cia tap dugc xac dinh bai tich phan trén toan mién pha tap [6]:

<|UR,(q>|2>=[Zij [ &N, )P 2. )

Trong d6, N,(z,)1a sy phan b cua tap va F,(g,z,) 1a thira s6 dang dbi véi 14 tap &

vitri z = z,, dugc xac dinh bai:
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+00 2 obn
Fo(g,z) = [ dz|g(z)f e 7. (10)
Tinh toan phuong trinh (10) v6i ham song cho béi phuong trinh (4) ta dugc:
eqzi
Fr(q,z;) = R(qL) > (11)
trong do, t=qL va
R(t)=7r32[7/1(C+t/2)+}/1(c—t/2)+27/1(t/2)] (12)

v6i y,(c) 1a ham duoc xac dinh boi phuong trinh (12).

Nhu vy, ham tu twong quan xac dinh bai cac phuong trinh tir (9) dén (12).

Tir m6 hinh trén, ta tién hanh xtr Iy nhiét trong qua trinh nudi epitaxy chim phén ti.
O nhiét d6 cao, trong quan gitta cac ion yéu hon so voi trudng tap ngau nhién ciia nd, nén
ham ty twong quan c6 dang don gian nhu sau:

2 2
(Wa@f) =@l )Feta), (13)
O day, chi s6...) biéu thi trung binh théng ké sy phan bé ciia tap. Hé sb twong quan

27 NP
ngBTE)

tap nho hon 1 don vi: F.(q) = , tham s6 twong quan cho béi: ¢, = ,

N}® = N,L, 1a mat do la tap hai chiéu, 7, 1a nhiét d lam lanh d6i v6i sy khuéch tan
ctia tap, k14 hiang s6 Boltzmann.
Twr do ta tim dugc ham ty twrong quan cho tap c6 dang:

, 276> 2 3
(Vutaf) :( e ] M g, (14)

L

O day thira s6 dang chin c6 dang:

R2(1) e o2
FR] (t) = ( )

2 P(t+t)

void=z /L vas=z/Lvat =qlL.

2.2.2. Tdn xa gdy boi dg nham bé mat

Tiép theo chung t6i dua ra ham tu twong quan cho tan xa do do nham bé mit giy nén.
Nhu ching ta da biét, gia tri ciia thé trong khong gian véc to song ddi v6i cac tan xa tir bé
mat nham phia dinh c6 dang [6]:

Use(@)=V,|s | A, (15)

O day, A , 1a bién doi Fourier hai chiéu cua cau hinh bé mat.
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8V (z)

Vols [ =[E(@)~Vy(z)]6* (z)+ j dzg* (2)—L= (16)

v6i zp1a cyec tri cia ham song (z, > —L / 2). Trong truong hgp don gian, chon zo=0, két
hop véi cac thé tan xa trong [9], chiing t6i dua ra biéu thirc giai tich cta thé tan xa c6 dang:

3¢*B* 1 2¢% + 712
pf{ (16,20 + 26 )+

Vols || =[E(e) -V, (z,)16%(0) + =

2¢, c+n’
+510,000+260,0)-0,20)+20,(0))- 21, 06) 20,00 - 2 (17)
V3
X[O'Q(C)+2O'1(c)]—2cz;3”[ 5,(0) + 20, (O)] + 2[ae(c) 60(0)]}
4 oc

2.2.3. Tdn xa gdy boi thé bién dang khép sai

Cudi cung chiing t6i chirg minh rang, d6 nham bé mit tao ra thing giang cia bién
dang trong giéng luong tr c6 su chénh léch héng s6 mang. Chinh sy chénh léch nay dan t&i
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 xurng cua tinh thé va loai hat tai.

Du6i day, ching t6i dua ra bién d6i Fourier hai chiéu ctia thé bién dang khop sai dbi véi
tinh thé 1ap phuong. Thé tan xa ¢ phia bé mit nham cua dinh giéng cho boi, dbi véi dién tir:

. ae 2 (K+1) s
L(sz(%z) S , que s (18)
va doi voi 15 tréng:

P 1/2
U (g,2) :?que-qW” x{%[bs (K+D)] (1+sin* p+cos'p) +(jfj (1+sin® (wosz(o)} (19)

44
& bén trong giéng (|z| <L/ 2) va bang 0 trong cic khoang con lai. Véi =, la thanh

phan bién dang thé tich t6 hop cuia thé bién dang cho ving dan.
Str dung ham séng tir phurong trinh (1) chiing toi xac dinh dugc biéu thirc cho ham ty
tuong quan cho thé bién dang khép sai cho dién tir co dang:

o\ [#ae E(K+DAABY
<‘UDP (q,z)‘ > = , (20)

4L

va cho 10 trong:

7%a e, 2 AAB? Y
k(22

4L
(2D

2
x {%[bS(K + D] (1+sin* ¢+ cos’p) + ( ZSGj (1+sin’ wcoszw)},

Cyy
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Trong d6, thira s6 dang:

F(t)=te" [}/l(c+t/2)+ y(c—t/2)+2y,/(t/ 2)]2 Fi(2).

Nhu vay, véi viée st dung ham song bao ¢ phuong trinh (4), chung ta da xac dinh
dugc ham tu tuong quan cho tat ca cac co ché tan xa cua giéng luong tir pha tap diéu bién
dbi xtmg ¢ dudi dang giai tich. Cac ham ty twong quan nay déu phu thudc vao tham sé bién
phan ¢, vi viy chiing ta phai tinh &én anh hudng ciia hiéu tng udn cong ving niang lugng.

2.3. Hé s6 nang cao do linh dong

Cubi cung, dé nghién ciru tinh wu viét ciia phuong phap pha tap hai phia so voi pha
tap mat phia, chung t6i da dua ra mdt dai luwong goi 1a h¢ s6 nang cao do linh dong Q: 1a ti
s6 do linh dong giita truong hop pha tap hai phia z”” va pha tap mot phia "™ véi cung
ndng do hat tai va dang bé mat.

oo (L> D3 AA)
Mo (L P A A)

Gian udc thanh phan bién d6 nham trong (22), ti s6 chi con phu thudc vao bé rong

giéng luong tir, mat do hat tai va do dai tuong quan.

o = (22)

2.4. Két qua va thao luin
Chung t6i tién hanh tinh sé d6 linh dong cta hat tai trong mé hinh giéng lugng tir pha

tap hai phia.

20

2 2
PS=1.3*10 (cm )
15

p (10°cm’IVs)
>

(3]

80

L (A)

Hinh 1. P} linh ddng cia hat tii trong giéng lrong tir pha tap dbi xirng hai phia phu thudc
vao bé rong giéng lwgng tir L, so sanh véi thure nghiém [10]
Do linh dong tong cong cua khi 2DEG trong giéng luong tir GaSb/GaAs/GaSb
pha tap diéu bién d6i xing, phu thudc vao bé rong giéng lugng tir L v&i cac tham sé:
bé rong giéng (tinh bang don vi A) va ndng d6 hat tai (tinh theo don vi 10'" cm™) nhu

58



TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 35.2017

sau: (L, ps) = (41.1, 0.9), (53.6, 1.2), (62.3, 1.6), (72.7, 1.5). Trong mo hinh nay, do do
1éch mang 1a nho € =0.006 nén tin xa do d§ nham bé mit van dong vai tro cha dao [10],

m,=m"=0.023me, A=3.2A, A=15A. Cac diém tron den twong tng 13 cac gia tri thuc
nghiém do dugc trong cong trinh [10], dudng lién nét 1a d6 linh dong tong cong gay ra boi
tat ca cac co ché tan xa tinh theo 1y thuyét ctia chiing toi.

Quan sat hinh 1 ta c6 thé thay, Iy thuyét ma tac gia xay dung da giai thich thanh cong
céc két qua thuc nghiém vé sy phu thudc ctia d6 linh dong vao bé rong kénh dan trong giéng
lwong tir pha tap ddi xtmg hai bén.

Tiép tuc chung t61 xét hé sd nang cao do linh dong Q phu thudc vao bé rong cua giéng
luong tir trong hinh 2. Cac s6 liéu thuc nghiém duoc 13y trong cong trinh [7,11]. Tai gia tri
bé rong giéng lwong tir L = 200 A, néng do hat tai p, = 0,9.10%cm™, Ls = 100 A, d0 linh
dong xac dinh theo thuc nghiém trong [7] d6i v6i mo hinh pha tap 1 phia 1a
,u;fp ~4.10°cm’ / Vs . Trong khi d6 voi cing tham sb, do linh dong xac dinh theo thuc
nghiém trong mo hinh giéng luong tir pha tap hai phia [11] 1a ,uezxi ~10*cm® / Vs . T d6 ta
ey _ Mo (L DA A)

Hio (L, D AA)
1y thuyét ctia nhém chiing ti. Tai vi tri chdm tron den 13 két qua tinh toan ti s d6 linh dong
giita hai mo hinh pha tap ddi xing hai phia va pha tap 1 phia.

Két qua tinh toan cho thdy: pha tap d6i ximg hai phia c6 thé nang cao d6 linh dong

¢6 két qua thuc nghiém Q ~2,43. Trén hinh 2 1a két qua tinh toan

cua hat tai 1én gip khoang hai l4n so v&i pha tap 1 phia. Tai gia tri L =2004° thi O ~2.43.
Két qua nay phut hop kha tot voi thuc nghiém.

6 ; ' . : .
4 2 &
DF-
= g
.......... Q (L)~2.43; L=200 A’ 5
E : 11 =

0 =00 200 300 400 500

L (A)

Hinh 2. P9 linh d§ng ctia m6 hinh pha tap 1 phia (dwong dirt nét), d¢ linh dong
trong mé hinh pha tap 2 phia (dwong lién nét, mau xanh Green)
va ti s6 giira chiing (dwong mau xanh Blue)
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3. KET LUAN

Chung t6i da tim ra dugc biéu thirc giai tich vé sy phan bd cia hat tai trong giéng

lugng tir pha tap 2 bén bang viéc dua vao cac ham phu. Ching t6i ciing chi ra anh hudng
ctia didu bién dbi xtng do pha tap 2 bén 1én sy phan bd ciia hat tai phy thudc vao ham lugng
pha tap va d6 rong kénh dan. Chung t6i ciing so sanh tinh toan 1y thuyét ctia minh véi thyuc
nghiém [7,11], két qua cho thay tinh toan Iy thuyét ctia ching t6i cho két qua kha phu hop
v&i thuc nghiém.
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KEY SCATTERING MECHANISMS AFFECTING MOBILITY
OF CARRIERS IN THE DOUBLE-SIDE DOPED
SQUARE QUANTUM WELLS

Le Van Hieu, Tran Thi Hai

ABSTRACT

We study of the effects from two-side (2S) doing on low-temperature transport in
square quantum wells (QWs). We used variational approach to obtain analytic expressions
for the carrier distribution, and autocorrelation functions for various scattering
mechanisms. We find that the QW mobility may be enhanced by 2S doping. We examine
the dependence of the enhancement factor on the channel width and density carrier. Our
theory is able to well reproduce the recent experimental data on transport in 2S-doped
square QWs, e.g., the mobility dependence on the enhancement factor, which have not
been explained so far.

Keywords: Two-side (2S) doing, variational approach, enhancement factor, quantum
wells.

61



