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TOM TAT: Sy tdi chua:n héa khoi lwgng hiéu dung hat — spin troi cua h¢ gia hai chiéu
da dwoc ngh:en cuu trong gan diing chan déng hoc bdc nhat Chung toi da xét dén hiéu ung
thé anh va hiéu img bé day I6p vao trong tinh téan. Cac két qua sé chitng to rang suw tdi chuan
héa khoi leong hiéu dung da bi anh huong déng ké boi hiéu g thé anh ciing nhu hiéu 1mg bé
day lop.

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

1. LY THUYET VE KHOI LUQNG HIEU DUNG PHAN CUC SPIN TRONG HE 2D
1.1 M4 hinh 1y thuyét:

Bai todn xuét phat tir mgt yéu cau thuc té: sir dung bic tu do spin vao dé tao ra cac thiét bi
may tinh luong tir. Vi vy, ¢ ddy chung t6i da khao sat khoi Iuvgng hiéu dung phu thudc spin
trong cau triac ban dan véi hé dién tir phan cuc spin tuong tac.

Khdi lugng hiéu dung cuia gia hat ky hi¢u béi m'(ry) phu thudc vao tham sb mat do hat r, ,
trong d6 7, 12 ban kinh Wigner-Seitz. Theo don vi ban kinh Bohr: r, oc n7" hay (n™*) trong
hé 2D (hay 3D), v6i n 1a mat d§ hat twong tmg trong 2D hay 3D. Nhin chung, khdi lwong hiéu
dung tang khi ting r,, ngoai trir khi r, rat nho (tirc mét d cao), va két qua nay phu hgp véi
thuc nghiém trong hé 2D.

Tuy nhién, Das Sarma [18] da khao sat mét khia canh méi vé khéi lwong hiéu dung, d6 la
su phu thuge cta khéi lugng hidu dung cta gia hat 1én do phan cyc spin ¢ véi

)

trong doé n= ny +hy va n,, n 1a matdd hat co hinh chiéu spin lén va xuéng.

n

Trong phén nay, diu tién ching téi tinh sy phu thuéc cua khéi lugng hiéu dung vao su
phén cyc spin trong hé 2D, m'(r,, ¢ ) (trinh bay lai két qua ctia Das Sarma [18]), nhu mét ham
clia 7, va £ . Sau d6, chung t6i mé rong bai téan cho hé Q2D dé khao sat thém anh hudng cla
he dav Irm va hleu 1rng the anh. ("um cun;r chuno to1 xét thém anh hur'mp cnia hiéu lmo hrrm;r

quan len kh01 luong hlf_:u dung trong hai gan ding Hubbard va gan dung STLS ( Smgw1 T051
Land va Sjolander).

Khéi lwong hiéu dung gia hat m"(r, £ ) trong hé 2D ducrc tinh trong gan dung chén dong
bac nhét. Liuc ¢6 ham ning lugng riéng trong tuong tac chin dong Coulomb c6 dang;

V(q)
Ve = —22— 1
e(q,w) (L

véi V(g) la thé twong tac Coulomb tran, va &£(q,®) 1a ham dién méi dong cho bai:
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2re’
Vig) =

(2)

&o4

£ Fk) = 1,k +¢)
e(g,w) =1 V(q)§w+i5 —e;(k+g)+e,;(k)

(3)

Véi § >0. O diy e(k) la ham tan sic ning lugng va j la chi sb spin 1én va spin
xudng:

e, (k) =n(k* - k') / (2m) (4)
va rla ban kinh Wigner-Seitz
= (zn) "/ a, (5)

Xung lugng Fermi k;m phu thudc spin Ung véi spin 1én va spin xudng trong hé 2D

biéu dién qua d6 phan cyc nhu sau

koo = ko T+ C £y =kpafl-2 (6)
Ta nhic lai ring d6 phan cuc spin { dugc dinh nghia boi
Ry — N
L . ¥ (7)
n |
G T =0 ham nang lugng riéng trong pham vi gin ding chin dong béc nhat c6 dang [19]:
d’gdw’ . \
Z (k, w)—z'[(;}—)VS(q,w)G?(k~q,m—w) (8)
J‘_‘

Ole, (k) . f(-e,;(k))
w—e,(k)+id ar =@ ;{k)~=id

Ham néng luong riéng c6 thé tach ra lam 2 so hang [19] gdm s6 hang khéng phu  thude
tin s6 (Hartree-Fock) va so hang twong quan. S6 hang Hartree-Fock dugc cho boi:

Gl(k,w) =

(9)

(k)= (10)
;;; (2 )
Trong gan dung SPPA (SPPA- Single phase pole approximation), s6 hang twong quan cho
boi:
Rl d’q : 1-8(-e (k- (e (k-
3 (o= [LLyig 2 s Cefk=a) Oek-9)
eorr,j=t 4 co—ej(k—q)—a)q.jﬂé w—ej(k—q)+a) +id

(11)
Trong do:
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q ’ '
@y ( —J @y = V( ) a2)
2
2=Vip™2
/4
Trong gin ding RPA (RPA- Random Phase Approximation), sé hang twong quan cho bai:
2 (ko)=Y (ko)+ ), (ko)

| d? q ”dw' w-e (k-q) ot ' _ ;
ARy == 4 i) -1 13
ko= I(zﬂ)zV(q)[e(w—e,-(k—q))—e(ﬂe,-(k-q))]_*[a"(q,e,(k-q)—w)-q 14

Sau khi ta da nhan dwoc phin thuc ctia ham ning luong riéng Rez L (k, ), khdi lugng

hiéu dung cua hat tai spin troi- (Majority spin)-trong gan dung gia hat bac nhat duoc xéac dinh
bdi cong thire

d _
" —1+F£Re , (k.o =e,(k))|k =k} (15)
1.2 Két qua va thao lun:

O ddy, chung t0i nhan lai két qua cua Das Sarma cho khoi lugng hiéu dung ciia h¢ 2D nhu
14 ham ctia phén cuc spin ¢ tai cdc gia tri 7, khac nhau. Hinh 1 biéu dién khéi lwong hiéu dung
2D 1tng véi spin tréi (majority) khi phan cuc hoan téan va khong phén cyec.

t=0..

m*/m

Hinh 1. Khéi lugng higu dung phy thugc spin nhr ham cta r, trong gan ding RPA

Tir hinh 1 ta cé nhan xét 12 khéi luong h1¢u dung phy thudc vao spin yéu trong vung mat
d6 cao (tirc »; nh6) va trong ving mat do thép khéi lugng hiéu dung khéc nhau nhiéu hon gitra

céc truong hqp phan cuc va khong phan cye. Diéu d6 chimg t6 ring khéi lvgng hidu dung phu
thudc vao spin nhiéu trong vung mét dg thap (tic 7, 16n).
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151 18- =0 RPA
14 14+
13- RPA 134
1.2 124 i
£ 11 . £ 11
E 10 E 104
09 as-
.70 8-
07 a7-
08 as-
1 2 'r- 3 4 s S 2 'r'i 4 5
IKhoi Liong hieu dung trong gan dung RPA wa SPPA khi £ Klosd Iy kirn, demg trowg o dumg HPA va ITA BRI O

Nhin xét: Khéi lugng hiéu dung trong gan diing SPPA khi (=0 va (=1 c6 sy khac bit so
véi gan ding RPA:

+ Trong ving mét dd cao (tirc ry nho) thi khéi lugng hiéu dung bi giam nhiéu
hon trong gan diing RPA.

+ Trong vung mét d¢ thap:

o (=0 thi my,, /Mg, ~2.0

o (=1 thi Mg,/ Mgy, ~ 1.3

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

2.1 Mb hinh Iy thuyét:

Khi khao sat hé bang mo hinh 2D ta dd bo qua mdt sd hiéu (g quan trong anh huong
manh 1én tinh chét ctia hé nhu hiéu ing bé day 16p, hiéu (g thé anh ... . Trong thuc té nhiéu
cong trinh da cho théy hiéu (ng thé anh da anh huéng dang ké 1én hé kh1 dién tur [11, 14-17].
Duéi déy ta s& nghién ciru cac hi¢u img do.

Xét mé hinh khi dién tr gia hai chiéu, trong d6 céc dign tir bi giam nhét trong mot 16p
phing bé day d c6 phap tuyén hudng theo truc z bdi rao thé cao vb han nhung cé the chuyén
dong hau nhu ty do trong mit phing xy. Hé dién tir duge xac dinh boi mot thong sb 1a mat do

dién tir hai chiéu » lién hé v&i tham s6 khong thi nguyén #, boi hé thic n=——, trong
Ty ag
d6 ap 1a ban kinh Bohr.
Lic d6 thé Coulomb gia 2 chiéu c6 dang:
2re’
V(q)= e f(q) (16)

v&i f(g) 1a thira s6 cAu tric .
Ta da ky hiéu hing s6 dién mdi nén trong mit phing la & va moi truong hai bén c6 céc
hing sé dién moi lan lugt 1a & va &,. Luc nay thira s céu tric cé dang:
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' : 2
| 3d*q’+8x° 4’

f(q)=—g— qrd(qzd2 +47r2) - c,g.:z’(qfaf2 +471'2) o

4-e"(2+¢,+¢,)-¢"(2-¢,,-¢,,)
& (1+ E tént grlgrz) ~e (1 —& " Eq T 3r15r2)
& | & &+e,

trong do: &y =— &3 =— g =
£ &, 2

(18)

Néu céc hing s6 dién méi ca 3 16p déu bing nhau: € = g| =gy thita van c6 hiéu tng bé
day 16p. Hi¢u tng bé day 16p ciing anh hudng 1én cac tinh chat cta hé dién tir [17]. Lic nay
thira s0 cau truc f{g) co dang:

8 3 2 amt L 1 ®
PRSI . SN P T 19
d (gd) +4r’ 89" 4a (qd) (qd)z+4”2} 05)

Sau khi c6 ham thé gia hai chiéu V(q). ta cing thuc hién cdc bude tinh tdan twong tt,r voi
nhu trong truong hop hai chiéu, chi cin thay ham thé cua hai chiéu thanh ham thé cua gia hai
chiéu thi ta ciing thu dwoc két qua cta khéi lwong hiéu dung cho hé gia hai chiéu.

2.2 Két qua va thio ludn:
Chiing t6i thuc hién tinh sé khéi luong hiéu dung trong GaAs ciia hé Q2D cho céc truong
hop:

- Hiéu (mg bé day 16p: e =¢; = ¢,

- Hiéu tmg thé anh:
= 81=82=11.6;B=13.6
= sl=11.6; €, =];e=13.6
" g e, l;e= 136

Hinh 2 biéu din sy anh huong cta bé day 16p 1én khéi lugng higu dung kh1 d=1, d—2
d=3 trong hé Q2D Chung t6i so sanh két qua né véi trueong hop hé hai chiéu thuin tay. Tur do
thi ta nhén thay rﬁng hiéu u'ng bé day 16p 1am giam khdi luong hiéu dung. Cu thé 1a bé day 16p

3 Yy
cang tang thi khéi lugng hiéu dung cang giam.
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RPA-Q2D 2D

m*/m

Hinh2 . Khéi lugng hiéu dung phu thudc vao bé day 16p
Hinh 3 biéu dién anh hudng ctia higu img thé anh 1én khéi lwong hiéu dung: khi khdi lugng
hi¢u dung 13 ham theo 7, ng véi truong hop phén cuc hoan tdan ¢ =1. Tir d6 thj ta thay hiéu
ang thé anh anh huéng nhiéu 1én khéi lugng hiéu dung nhat 1a khi hai bén 1a chan khong con
bén trong la chat ban dan: e1=&,=lva e=13.6[l1].

enter text here

Hinh 3. Khdi lugng hiéu dung phu thude vao thé anh
Ngoai ra, ching t6i ciing xem xét sy thay d6i ciia khéi luong hliéu' dung theo d{“p phén cuc
spin tirc 1 xem m*/m 1a mdt ham theo ¢ khi r; lai la mdt thong s6 ¢d dinh. Cu thé ching t6i
cho ¢ bién ddi tir 0 dén 1 img v&i r,=1 va dugc khao sét trong hé hai chiéu va gia hai chiéu,
trong d6 cé xét dén hiéu tmg thé anh. Piéu nay dugc mé ta & hinh 9. |
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1.1

Hinh 4. Khéi lugng hiéu dung phu thuge dé phén cyc spin trong 2D va Q2D

3. KET LUAN

Két qua tinh todn ma ching t6i nhan dugc trong gin ding SPPA cho két qua sai khic so
v6i gin ding RPA. Ddng thoi, hiéu tmg thé anh anh huong manh Ién céc tinh chét cta hé dién
tir nhu: khéi luong hiéu dung, dao dong plasma, ham tuong quan cgp [14], [16]....

Chiing t&i hy vong ring cac két qua cia chiing t6i s& giup ich cho viéc nghién ciru ly
thuyét va thyc nghiém 1én cac tinh chét cua vét 1y trong hé Q2D trong tuong lai.

Tim quan trong cita hiéu (mg thé anh da duoc dé cap trong nhiéu céc cong trinh truce
day. Trong cong trinh ndy thong qua viéc tinh toan bd chinh trudong dinh xr va khdi lwong
hiéu dung ching toi chi ra rang trong trudng hop c6 sy khac nhau 1én gilta hing s6 dién moéi
cua cac 1op tiép xuc ( ching han céu tric chan khong - ban din - chan khéng [11] ) thi hiéu
{mg thé anh 1a rat 16n . '

Ta ciing biét riing trong cu tric hai chiéu mat dd hat tai dugc thay doi tuy y nén hiu img
twong quan la rat quan trong. Ngudi ta cing chi ra su khac biét lon gilta gﬁn dung RPA quen
thudc va gan ding cé xét dén twong quan nhu gan dung STLS. Viéc xét dong thoi ca hai higu
{mg thé anh va twong quan ciing 14 cén thiét khi so sanh véi thyc nghiém.

Chung t6i hy vong s& mé rong két qua cua ching tdi khi c6 xét dén anh hudng cua tir
trudng, co sy pha tap va tinh toan trong truong hop nhiét d¢ 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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