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SU TAI CHUAN HOA KHOI LUQNG HIEU DUNG HAT TAI SPIN-TROI
TRONG HE GIA HAI CHIEU
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TOM TAT: Sy tdi chudn héa khéi lwong hiéu dung hat — spin tréi cua hé gia hai chiéu
da dwoc nghién citu trong gan ding chdn déng hoc bdc nhit. Chuing toi da xét dén hiéu ung
thé dnh va hiéu vmg bé day I6p vao trong tinh téan. Céc két qua sé ching t6 rang sw tdi chudn
héa khéi lwong hiéu dung da bi anh hieong ding ké boi hiéu vmg thé anh ciing nhir hiéu irng bé
day lop.

Tir khoa: spin troi, sy tdi chudn héa, hé 2D.

1. LY THUYET VE KHOI LUQNG HIEU DUNG PHAN CUC SPIN TRONG HE 2D
1.1 MB& hinh 1y thuyét:

Bai toan xuét phat tir mét yéu cau thuc té: sir dung bac tr do spin vao dé tao ra cac thiét bj
may tinh luong tur. Vi vay, 6 day chung t6i da khao sat khoi lugng hi€u dung phu thudc spin
trong cau tric ban dan voi hé dién tir phan cyc spin tuong tac.

Khdi luwong hiéu dung cuia gia hat ky hi€u boi m*(rs) phu thudc vao tham s6 mat do hat r, ,
trong d6 r, 12 ban kinh Wigner-Seitz. Theo don vi ban kinh Bohr: r, oc n”"* hay (n™"?) trong
h¢ 2D (hay 3D), voi n la mat dg hat tuong tmg trong 2D hay 3D. Nhin chung, khéi lwong hiéu
dung tang khi tang r,, ngoai trir khi 7, rat nho (tirc mat d¢ cao), va két qua nay phu hop véi
thuc nghiém trong hé 2D.

Tuy nhién, Das Sarma [18] da khao sat mot khia canh méi vé khoi luong hiéu dung, do la
su phu thudc cua khdi lugng hiéu dung cua gia hat 1én do phan cyc spin ¢ voi

:‘”V’%‘

¢

trong d6 n=n, +n; va n,, n; lamatdo hatco hinh chiéu spin 1én va xuéng.

n

Trong ph?m nay, dau tién chung t6i tinh sy phu thudc cta khéi luong hi¢u dung vao su
phan cyc spin trong hé 2D, m " (r,, ¢ ) (trinh bay lai két qua cia Das Sarma [18]), nhu mot ham
ctia 7, va ¢ . Sau d6, ching t6i m¢ rong bai toan cho hé Q2D dé khao sat thém anh hudong cua
bé day 16p va hi€u img thé anh. Cubi cung, chung t6i xét thém anh hudng cia hi€u (mg tuong
quan 1én khoi lugng hi€u dung trong hai gan dung Hubbard va géan diing STLS ( Singwi, Tosi,
Land va Sjolander).

Khdi luong hiéu dung gia hat m’(r, £ ) trong hé 2D dugc tinh trong gan dang chin dong
bac nhat. Luc d6 ham niang luong riéng trong tuong tac chan dong Coulomb c6 dang:

_ _V(q) (1)

e(q,m0)

v6i V(g) 1a thé twong tac Coulomb tran, va £(¢g,®) 1a ham dién moi dong cho boi:

S
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2rwe

Vig) = (2)

0d

o S k) = fi(k+ q)
e(q,m) =1 V(q);(a)+i5 —e,(k+q)+e, (k)

(3)

V6i § >0.0 day ek) la ham tan sic nang lugng va j 1a chi s6 spin 1én va spin
xuong:

e, (k)= n(k* —kZ')/(2m) (4)
va rg la ban kinh Wigner-Seitz
-1
rsz(ﬂn)A/aB (5)
Xung lugng Fermi k;(i) phu thudc spin tmg véi spin 1én va spin xudng trong hé 2D

biéu dien qua d9 phan cuc nhu sau

k., =ky.J1+¢ k., =kyJ1-¢ (6)
Ta nhéc lai rang d6 phén cuc spin { dugc dinh nghia boi
ny. —n
§ =1t (7)

O T =0 ham nang luong riéng trong pham vi gan dung chian dong bac nhat c6 dang [19]:

S (ko) =i STV (.06 k- g0 -0 (®)

0 (e, (k)) N O(—e,;(k))
—e (k)+i6 o-—e, (k)—id

_ Ham nang luong riéng co thé tach ra lam 2 sfS hang [19] gdm sb hang khong phu  thudc
tan so (Hartree-Fock) va so hang twong quan. SO hang Hartree-Fock dugc cho boi:

0
Gk o) =

(9)

d’q
(k) =~ Via)f,(k—q) (10)
1;1' ‘[ (27)? !
Trong gan diing SPPA (SPPA- Single phase pole approximation), s hang twong quan cho
boi:

SPZP‘:‘ (k,a)):_“ 4 V( )a’pm{ T + Oce, (k- 9)

cormgtd (27[)2 .l @—e; (k—q)—a)q,j +io w-e, (k—q)+ @, +i0

(1)

Trong do:
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q , _ng
b ( ;) O (12)

mq
x=V(g)
T
Trong gan dang RPA (RPA- Random Phase Approximation), s6 hang tuong quan cho boi:

D (ko)=Y (k,o)+ Y (ko)

corr, j line, j res,j

w-e(k—q)
0 7 [w e, (k- q)] +0"”

[ (q.i0)-1]  (13)

Z (k@)= (2 )

[ Ho—e,(k—g)-O¢,(k—q)) | " (q.e,(k—q)- )1 ] (14)

res. /
Sau khi ta dd nhan duoc phan thuc ctia ham ning luong riéng Re Z s (k, ), khéi luong

hiéu dung cua hat tai spin trdi- (Majority spin)-trong gan dung gia hat bac nhat dugc xac dinh
bdi cong thirc

"o 2L ReY (ko = e, (0)|k = k] (15)

1.2 Két qua va thao luan:

O day, chiing toi nhan lai két qua cua Das Sarma cho khéi lugng hiéu dung cia hé 2D nhu
la ham ctia phan cyc spin { tai cac gia tri 7, khac nhau. Hinh 1 bi€u dién khoi wong hi¢u dung
2D ting véi spin trdi (majority) khi phan cuc hoan toan va khéng phan cuc.

1.8

1.6

m*/m

1.4 A

0.8

Hinh 1. Khéi luong hiéu dung phu thudc spin nhu ham cua 1, trong gan dung RPA

Tir hinh 1 ta 6 nhdn xét 1a khéi lugng hiéu dung phu thude vao spin yéu trong ving mat
do cao (tac 7o nho) va trong vung mat do thap khoi lugng hiéu dung khac nhau nhiéu hon gitra
cac truong hop phan cuc va khong phan cuc. Diéu d6 chimg to rang khéi luong hiéu dung phu
thudc vao spin nhiéu trong viing mat do thap (ttc 7, 16n).
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Nhén xét: Khdi lugng hidu dung trong gan dung SPPA khi (=0 va (=1 c6 su khac biét so
v6i gan dung RPA:
+ Trong ving mat d§ cao (tirc ry nho) thi khdi lugng hiéu dung bi giam nhiéu
hon trong gan ding RPA.
+ Trong ving mat do thap:
= (=0 thi my,,/mg,, ~2.0

* (=1 thi mp,,/mgp, ~1.3

2. KHOI LUQNG HIEU DUNG PHAN CUC SPIN TRONG HE GIA HAI CHIEU-
Q2D:

2.1 M& hinh Iy thuyét:

Khi khao sat hé bang mé hinh 2D ta dd bo qua mot sb hiéu ing quan trong anh huong
manh 18n tinh chét ctia hé nhu hiéu tng bé day 16p, hiéu tng thé anh ... . Trong thuc té nhiéu
cong trinh dd cho thay hiéu ing thé anh da anh huong dang ké 1én hé khi dién tir [11, 14-17].
Dudi day ta s€ nghién ctru cac hi¢u ung do.

Xeét mo hinh khi dién tir gia hai chiéu, trong d6 cac dién tir bi giam nhét trong mot 16p
phing bé day d c6 phap tuyén huong theo truc z boi rao thé cao v6 han nhung c6 the chuyén
dong hau nhu ty do trong mat phang xy. HE dién tir dugc xac dinh bdi mot thong s6 1a mat do

dién tir hai chiéu # lién hé v6i tham s6 khong thir nguyén r, boi hé thirc n = > trong
Tr a,
do6 az 1a ban kinh Bohr.
Luc d6 thé Coulomb gia 2 chiu ¢ dang:
2re’
V(q)= - f(a) (16)

voi f(g) 1a thira s6 cau tric .
Ta dad ky hiéu hang s0 di€n moi nén trong mat phang 1a & va moi truong hai bén cé cac
hang s6 dién moi lan lugt 1a &, va ¢, . Luc nay thira s6 cau truc co dang:
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f(q)zi 3d°q’ +8x° 4’

£ qd(q2d2+47r2)+ qd(q2d2+47r2) a7

4_eqd (2 +8r1 + 8r2)_e_qd(2_8r] _ng)
eqd (1 + 8;’1 + 8r2 + 8r18r2) - e_qd (1 - gr] - 8r2 + 8r18r2)

, & g — & te&,
trong do: E,=—, E,=— g =

& &, 2

(18)

Néu cac hang s6 dién moi ca 3 16p déu bang nhau: e =& = ¢, thita van c6 hiéu tmg bé

day 16p. Hiéu tmg bé day 16p ciing anh hudng 1én cdc tinh chat ciia h¢ dién tir [17]. Luc nay
thira s0 cau trac f{g) c6 dang:

8 3 7 Art  1-e "
f(q) (qd)2 +47%|8 1 qd (qa’)2 (qa’)2 + 47 ( )

Sau khi c6 ham thé gia hai chiéu V(g), ta ciing thuc hién cac budc tinh tdan twong ty véi
nhu trong trudng hop hai chiéu, chi can thay ham thé cua hai chiéu thanh ham thé cua gia hai
chiéu thi ta cling thu dugc két qua cia khoi lwong hiéu dung cho hé gia hai chiéu.

2.2 Két qua va thao luin:

Chuing t6i thuc hién tinh s6 khdi lugng hiéu dung trong GaAs cua hé Q2D cho cac truong
hop:
- Hiéu Gmg bé day 16p: £ = £ =&,

- Hiéu tng thé anh:

£ =82=11.6;s=13.6
. 81=11.6; €y =];e=13.6
=1;e=13.6

S I

Hinh 2 biéu dién sy anh huéng cua bé day 16p 1én khdi lwong hiéu dung khi d=1, d=2,
d=3 trong h¢ Q2D. Chuing t6i so sanh két qua n6 véi truong hop hé hai chiéu thuan tiy. Tir d6
thi ta nhan thiy rang hiéu tng bé day 16p lam giam khdi luong hiéu dung. Cu thé 1a bé day 16p
cang tang thi khdi luong hiéu dung cang giam.
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1.4

1.3

RPA-Q2D 2D

m*/m

Hinh2 . Khéi lugng hiéu dung phu thudc vao bé day 16p
Hinh 3 biéu dién anh hudéng cta hiéu tng thé anh 1én khéi luong hiéu dung: khi khéi luong
hiéu dung 14 ham theo 7, ing véi truong hop phan cyc hoan toan £ =1. Tir d0 thi ta thdy hi¢u
g thé anh anh hudng nhiéu 1én khdi lugng hi¢u dung nhét 1a khi hai bén 1a chan khong con
bén trong la chat ban dan: &= 82:1 va ¢=13.6[11].

enter text here

Hinh 3. Khéi lwong hiéu dung phy thudc vao thé anh
Ngoai ra, chung t6i ciing xem xét su thay ddi cua khéi lwong hiéu dung theo d6 phan cuc
spin tirc 1a xem m*/m 1a mot ham theo ¢ khi r, lai 1a mdt thong s6 cd dinh. Cuy thé ching toi
cho ¢ bién d6i tir 0 dén 1 ung véi r,=1 va dwoc khao sat trong hé hai chiéu va gia hai chiéu,
trong d6 c6 xét dén hiéu tng thé anh. Piéu ndy dugc mo ta & hinh 9.
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Hinh 4. Khdi lwong hiéu dung phy thudc dd phan cyc spin trong 2D va Q2D

3. KET LUAN

Két qua tinh toan ma chung toi nhan duoc trong gan ding SPPA cho két qua sai khac so
v6i gan dung RPA. DPong thoi, hiéu tng thé anh anh hudng manh 18n cac tinh chit cua hé dién
ttr nhu: khéi lugng hiéu dung, dao dong plasma, ham tuong quan cap [14], [16]...

Chung td1 hy vong rang cac két ‘qua cua chung toi s& giap ich cho viée nghlen cuu ly
thuyét va thyc nghiém 1én céc tinh chét cia vat 1y trong hé Q2D trong tuong lai.

Tam quan trong cua hiéu ung thé anh di duoc dé cap trong nhidu cc cong trinh trudc
day. Trong cong trinh nay thong qua viéc tinh toan bd chinh truong dinh x va kh01 luong
hiéu dung chung tdi chi ra rang trong truong hop c6 sy khac nhau l6n gitta hang s dién moi
cua cac 16p tlep xtc ( ching han cu tric chin khong - ban dan - chan khong [11]) thi hiéu
g thé anh 1a rat 16n .

Ta cling blet rang trong cdu trac hai chiéu mat d6 hat tai duoc thay doi tuy y nén hiéu ang
tuong quan 1a rat quan trong. Nguoi ta cling chi ra sy khac biét 16n gitra gan dung RPA quen
thudc va gan dung c6 xét dén tuong ‘quan nhu gan dung STLS. Viéc xét dong thoi ca hai hiéu
g thé anh va tuong quan ciing 1a can thiét khi so sanh v6i thuc nghiém.

Chung t6i hy vong s& mé rong két qua ciia chung t6i khi c6 xét dén anh hudng cua tir
truong, co6 su pha tap va tinh toan trong trudong hop nhiét do khac khong.
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THE MAJORITY —-SPIN CARRIER EFFECTIVE MASS
RENORMALIZATION OF THE Q2D SYSTEM

Nguyen Thi Huyen Nga”, Cao Huy Thien®, Nguyen Quoc Khanh®
(1) University of Sciences, VNU-HCM
(2) Institute of physics — HCM city

Abstract: The majority-spin carrier effective mass renormalization of the Q2D system is
studied within the leading-order dynamical screening approximation. Our treatment takes the
image charge effect as well as the effect of layer thickness into account. The numerical results
show that the majority-spin carrier effective mass renormalization is considerably influenced
by the the effects of image charge and layer thickness.

Keywords: spin carrier, renormalization, Q2D system.
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