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ABSTRACT

In this research, the binding energy of a Wannier exciton in the parabolic
quantum wells with uniform magnetic field applied along growth
direction was calculated by using variational method. The formulation
has been performed in the framework of the effective mass approximation
and two-bands model. From the analytical results, we have been
programmed in order to compute for the binding energy of excitons
depending on parameters of system (well width L and magnetic field B).
We also investigated the effect of well width and magnetic field to on the
forming formation of excitons.

TOM TAT

Trong nghién ciu nay, chung toi tinh nang hrong lién két ciia exciton
Wannier trong giéng lrong ti parabol dat trong tir truong déu doc theo
huong nuoi sir dung phwong phap bién phdn. Chung toi da thuc hién cdc
qud trinh tinh todn trong gan diing khoi hrong hiéu dung va mo hinh hai
viing. Tir két qua tinh gidi tich nay, ching toi ldp trinh d‘e tinh nang lwong
lién két exciton theo cdc thong sé ciia hé (d9 rong giéng L va tir truong
ngoai B). Chung t6i ciing khao sat anh huong cua tir truong va do rong
giéng vdo su hinh thanh exciton.

1 GIOI THIEU

quat dé tinh nang lugng lién két exciton trong mot

Céc cau trac giéng lugng tr parabol va ban
parabol bt dau duge cac nha khoa hoc quan tam
nghién ctru ca vé 1y thuyét va thuc nghiém tir cudi
nhimg nam 1980 (H.M. Cheong ez al., 1994). So

v6i thé giéng lugng tir vuong (L.C. Andreani and
A. Pasquarello, 1994. R. Winkler, 1995), thé giéng
parabol co céc trj riéng ning lugng cach déu nhau
va tinh dinh xit manh hon. Pac biét, ching tao ra
cac trang thai exciton ls, 2s, 3s va xdy ra sy
chuyén d6i trang thai ngoai ving trong giéng luong
tir 1én dén n=5 (F. Kyrychenko and J. Kossut,
1998). Trong bai bao nay, ching toi trinh bay viéc
thiét lap cac biéu thirc mot cach truc tiép va téng

giéng lugng tir parabol dat trong tir truong déu. Loi
giai chinh xac ciia bai toan nay thi rat phuc tap boi
nhiéu yéu t6 nhu c6 sy tron 1an giira cac trang thai
trong vung héa tri, sy bét cdp gita cic exciton thi
nam trong cac ving con khic nhau, sy bat ding
hudng cua cac ving, sy khong pht hop khéi lwong
hiéu dung gitta cac dién tu... Cac anh huong nay
manh hay yéu la do sy phu thugc cua né vao cau
triic vung cuda cac vat liéu khéi hinh thanh nén ciu
trac di chat nghién ctru. Miac du vy, viéc xac dinh
c4c tinh chét cta exciton ddi véi mot thé giam cam
parabol hai chiéu s& d& dang hon khi bo qua su
hiéu chinh tron 1an giira cac trang thai trong ving
va trong vung con. Chiing t6i da sir dung phuong
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phap bién phan trong mé hinh hai ving dé tinh
toan trong truong hop nay.

Dua vao co s6 1y thuyét cua Harrison va ctv (P.
Harrison et al., 1996), chiing t6i thanh 1dp mot mo
hinh tong quat v6i cac phuong trinh giai tich phu
hop dé tinh cac mirc ning luong ctia exciton trong
thé giam cam parabol hai chiéu da cho. Uu diém
cia phuong phap nay 1a tat ca cac dai lwong déu
duoc biéu dién thong qua céc tich phan co ban. Cac
phuong trinh nay da dwuogc rat gon dé thuan tién cho
viéc tinh sb va tong quat. Bai bao dwoc trinh bay
gém cac phan sau: mo ta mo hinh hé nghién ctru va
tinh toan giai tich nang lugng lién két exciton, cac
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két qua tinh sb va thao luan, két luan.

2 MO TA MO HINH HE NGHIEN CUU
VA TiNH TOAN GIAI TICH NANG LUQNG
LIEN KET EXCITON

Xét mot cu tric di chat nhu Hinh 1, béng cach
thay d6i ham lugng Al trong hop kim AlGaAs, hé
s& hinh thanh mét giéng lwong tir don, co ban loai I
giam cam dién tir theo huéng z . Thé giam cam co

dang parabol, dit /, (ze) 1a thé giam cAm 1én cac
electron va Vh (zh)lé thé giam cAm 1én cac 15

tréng.

ALGaixAs GaAs

§1-0:x

X: O-l;

AliGaixAs

Hinh 1: M hinh giéng lwong tir parabol GaAlAs-GaAs-GaAlAs dit trong tir truomg déu

2.1 Cac cong thirc co ban

Tu truong B duge xét song song véi hudng
Oz. Trong g?m dang khéi lwong hiéu dung,
Hamiltonian ctia mot hé electron-18 tréng dudi tac
dung cua tir truong déu co cac trang thai co ban
duoc xac dinh nhu sau (L.C. Andreani and A.
Pasquarello, 1994):

H=H,+H,+H,, (1
voi
n o
=57 +Ve(2) @)
2me 6262 ( )
-n &
H =——+V,(z,), 3
h 2m, azf h( h) 3)
(1o &) &Bp &
Hy(p) =" | =t |+ RN
2u\pdp op 8u  er

10

Trong d6 p=|p, —ﬁh| la khoang cach tuong

dbi giira electron va 16 trong trong mat phang Oxy,
&la hang sO dién modi trung binh cta vat li¢u

P +(z-z) . H.(H,) 1

Hamiltonian cua electron (15 tréng) trong tir truong
déu huodng theo truc Oz véi khoi lugng hiéu dung

m, (mh ) ,va H_
trong mit phang Oxy véi khdi lugng riit gon M.

giéng, r=

la Hamiltonian cua exciton

Tri riéng nang lwgng E va ham song ¥ &
trang :[héi co ban cia exciton dugc xac dinh boi
cuc tiéu trung binh nang lugng & trang thai ¥ voi
mdt thong s bién phéan phu hop dudi dang:

WwlHlv)

E =min
{w|w)

©)



Tap chi Khoa hoc Truong Pai hoc Can Tho

Trong do, ham song thir i dugc chon la:
=y, Q)

v6i @ 1a thira s6 lién két, s& dugc chon dé
thudn tién cho viéc mo ta trang thai exciton. Do do,
ching t6i chon ¢ c6 dang sau:

Np+d

2 ; (N

@, =exp
trong d6 A 1a tham sd bién phan va
a= |Z€ _Zh| .

Cac murc Landau dau dugce cho boi:
Ey=7R, (®)

C

trong do y = ho
2R

la dai luong khong thir

A eB .. . . ~
nguyén, @, =— la tan so cyclotron, dai luong vo
U

huéng R 13 hing s6 Rydberg hiéu dung dwoc dinh
2 2
nghia boi R = h—z va o = £ 1 bén kinh
2u(a) e'u
Bohr hi¢u dung.
Khi hé chiu tac dung cta tir truong déu, ning

lugng lign két £, c6 dang sau:
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Ep=E,+E,+E,—E ©)

trong d6 E, va E, l1a nghiém cia céc phuong
trinh Hamiltonian mot dién tir trong tir trudng déu
Hy,=Ey,.

2.2 Tinh toan véi hé nghién ciru

Chung t6i 4p dung mo hinh da phat trién trong
muc 2.1 dé tinh ning luong lién két cua exciton
trong giéng lugng tir parabol don, rong, siu vo han.
Céu trac nghién ctru 13 ciu trac di chit loai I véi
thé giéng thé c6 dang parabol cho electron va 15
trbng dd minh hoa ¢ Hinh 1. Dang thé giéng nay
duoc mo ta bai

h*a?
NE) =

i

2
, trong d6 o =7 2mU; ,
voi Ui 1a d§ chénh léch gitta day vung dan cia
electron va dinh vung hoa tri cia 16 trong & tam
cuia giéng so voi hai 16p vat liéu ngoai cung.
Loi giai ¢ trang thai co ban cia bai todn mot
dién tur trong giéng lugng tir parabol khi khong co
truong ngoai la 161 giai cua bai toan dao dong tir

2

ha;

3 1 2 .
diéu hoa vy, (z;) c exp| ——a,z7 | V61 E; = .
vi) = exp| et | voi £ = 28

Lay trung binh vdi trang thai lugng tir co ban

theo cong thire (5), ching t6i tinh dwoc nang luong
E cua h¢ electron-10 trong c6 dang

(10)

hZ hZ 2B2 2
o (Ee+Eh)J(F)+2,UZJ(G)—ZIUJ(K)+68/U J(R)—%J(R/)
=min J(F)

trong do, cac s6 hang twong tmg c6 dang sau:

47zJ. exp —ad* J.¢2p3dp a,
| Ve +a,

11

. __z_z /& _ T
f m, o En= 2my, L J(F) a, +ah'([ Xp(
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/ 9’ pdp
R/ o +ahj exp ~aa’ [J. ,—p » J

Céc thira sb tich phan biéu dién trung binh theo trang thai lugng tir co ban tmg vdi cac dang ning luong
khac nhau nhu sau:

e“;z\/;(alz —2)+ Erﬁ{

v 1 }
J(F)= |— |1y atl| 3y
a,+a, | a 3

2022

1 33 1
8H] tricPF —, 20 8=, =, —
[ypergeometric QHZ } {2 2} aﬂz}

1 1
" Wad-et Jrar® + e Iz (ar’ —2)Erf[
1

7

+\/;/1 +\/;Gamma {0, —%}

al

+\/7L0g[a]+\/_L0g{__} 2\/7L0g[ }

1
2047 + 2% /;TaxlErf|: } —~raAGamma {0,—%}
a

1
NEY)
7 1 1 33| 1
-z —8HypergeometricPFQ {5, } { } \/ﬂa/lLog[a]

a? A3\ e, +a, 272

—maALog [—%} + 2\ max ALog {%}
a

\/;ﬂ ae + c{h

Ja

1
e“}“z;rzErfc{ ! } !

1 33 1
8 HypergeometricPF' =20 == |~
yperg QHz }{2 2} (Mz}

D) zﬂaqf N
“ e T Nral 2@""1 Gamma{o —L} Log[ ] Log{—%}+2Log[l}
ai? al A
1
—7 1
2 22 2 2
e /a o Wa(3a2” =2)+ e Jz 4+ a2’ (302 4))Erfc{\/g;tﬂ
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AT A ) , ns or .
Trong d6, Erfc, HypergeometricPFQ, Gamma J (R ) 1a céc tich phan co ban. Chiing t6i tinh cac

1a cdc ham suy rong. Tir cdc ket qua trén, ching t6i s6 hang nay nhd vao sy hd trg ciia phin mém

thu dwgc ndng lwong lién két Ep co dang la: Mathematica. Tiép theo, chung t6i thyc hién cuc

a, ha, tiéu hoa ning luong dé xac dinh cac tham s bién

Ep =yR +ﬁ+%—E (1D phan. Sau d6, chung t6i tinh s6 dé thu duoc ning
e

luong lién két exciton.
3 KET QUA TINH SO VA THAO LUAN Chung t6i str dung cac thamrsfr) nhap vao ¢ bang
Céc s6 hang J(F)’ J(G)’ J(K) , J(R) , sau cho hé nghién ctru dé tinh so.

Bang 1: Cac tham s6 nhap vao dé tinh sb v6i chwong trinh may tinh (D. A. B. Miller et al., 1984; P.
Harrison et al., 1996)

Khdi Iuwgng hi¢u dung electron m, = 0.096m0
Khdi lugng hiéu dung 15 trng m, =0.6m
Do chénh léch day ving dan cia electron & tim cua giéng thé so véi hai 16p vt liéu U. =340 meV
ngoai cung
Do chénh léch dinh ving héa tri ciia 16 trong ¢ tam cta giéng thé so véi hai 16p vat Up =60 meV
liéu ngoai cung
Hang s0 dién moi trung binh cia vét licu giéng €=12.8
Gan dang vat liéu dang hudng H=[:
mo: khoi lirong electron trong chdn khong
3.1 Khio sat ning lwgng lién két exciton va 16 trong trong mit phang (x,y) s& lam ting ning
Kkhi thay ddi tir trwong luong lién két. Do d6, ning lugng lién két s& bién
Chung t6i tinh s6 dé khao sat nang luong lign ~ thién ti 1& nghich v6i do rong giéng nhung ti 1¢
két exciton. Trén Hinh 2 va 3, chung t6i tinh ning thudn véi tir truong. Tir ket qué? tinh 56 o Hiph 2va
lugng lién két exciton Eg thay déi theo do rong ~ 3» chung ta cling nhan thay véi cing mot gia tri tr
giéng L va theo tir trudng B. Cu thé, ning luong truong, khi thay fiél do rong gieng L thi nang
lién két exciton Eg giam khi d6 rong giéng ting va lugng lién ket exciton Ep chi giam nhe. Trong khi
tang khi khi tir truomg ting. Chung t6i cho réng, do, voi cung do rong giéng thi nang luong lién ket
khi do rong gieng L tang thi xdc sudt tim thay exciton Ep ¢4 khuynh huéng tang manh khi tir
electron va 15 trong trong cing mat phing s& giam truong tang. Vi vdy, chﬁpg toi cho rang tir tru’(‘).rng
nén ning luong lién két giam. Nguogc lai, su tang anh huong 16n dén sy bién thién nang lugng lién
1én ciia tir truong s& 1am ting thé giam cam dién tir két exciton Eg.
20

Red — Violet (L = 10 — 50 A}

Eg(meV)

0 10 20 30 a0 50
B (T)

Hinh 2: Sy bién thién ning lwong lién két exciton Eg theo tir trwong B véi cac gia tri dd rong giéng tir
10 A’ dén 50 A®
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Hinh 3: Khio sit ning lrong lién két exciton Eg theo d rong giéng véi cac tir trwong khac nhau

3.2 Khaio sat nang lwgng cye tiéu ciia hé
dién tir 16 trong khi thay doi tir truonng

Tir két qua tinh sé trén Hinh 4, ching ta thiy
rang ning luong cuc tiéu cua h¢ dién tu- 16 trong
Enmin thay d6i theo do rong giéng L va tir truong B.
Cu thé, nang luong cuc tiéu cua h¢ dién tir-15 trong
Emin ting khi d6 rong giéng L giam va tir trudng
taing. Chung t6i cho rang, tir trudng ngoai dugc
xem nhu 12 mot nhiéu loan nén dudi tac dung cua
tur truong ngoai thi nang lugng cuc tiéu ctia hé s&
dugc bo sung theo cic gia tri khac nhau cta tir
truong. Ngoai ra, khi do rong giéng ting thi xac
sudt tim thdy dién tir s& giam. Do do, ning lugng

cyc tiéu cua hé dién ti-15 trong Emix s& bién thién ti
1& nghich véi d6 rong giéng va ti 1€ thuan voéi tir
truong. Tir két qua tinh sé & Hinh 4, chiing ta ciing
nhan thdy rang véi cing mot gia tri cia do rong
gleng, khi tang gia tri tir truong B thi ndng luong
cuc tiéu cta hé dién tir-16 trong Emin chi ting nhe.
Trong khi d6, véi cung gia tri tr truong B, nang
lugng cuc tiéu cta hé dién ta-15 tréng Emin €6
khuynh huéng giam manh khi ting d6 rong giéng.
Vi vay, chiing t6i cho rang tir truong anh huéng
khong déng ké dén su bién thién ning lugng cuc
tiéu cua hé dién tir-15 tréng Emin.

1000 .
L=10A
800} .
= 600} i
E
g L=20A
E .
wy <400 4
L=30A L=40A
o e
yd
200 .
L=50A
D M i L L
0 10 20 30 40 50

B ()

Hinh 4: Khio sat ning lugng cuc tiéu Emin (meV) theo tir trwong B véi cac gia tri d9 rong giéng khac nhau
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3.3 Khio sat ham séng hé dién tir -15 trong thi luc twong tac tinh dién giita electron va 15 tréng
khi thay ddi tir trwomg s& giam. Do do, thira s6 lién két’sé bién thién ti 1&

Chiing i khio sat ham séng hé dién 1§~ ehich voikhoang cich twong doi p va tir truong
tréng voi két qua tinh s6 trén Hinh 5, ching ta thay B. Ket qua tinh s6 tir Hinh 6 cling cho thay trang
thai exciton ing voi moi mirc nang luong s€ giam
khi tir trudng tang. Diéu nay la do tir trudng ngoai
duoc xem nhu 14 mot nhiéu loan. Nhiéu loan nay

rang thira s6 lién két ¢ giam khi khoang cach
tuong doi p giita electron va 15 tréng trong mat

phang Oxy va tir truong B tang. Két qua ny co thé s& lam giam su suy bién hay giam sb trang thai
dugc giai thich nhu sau: dudi tic dung cua tir exciton. C6 thé két ludn, gia tri cua thira sb lién két
truong ngoai, sy bao phu gilta cic ham séng s& va s6 trang thai exciton s& bién thién manh dudi tac
giam. Thém vao d6, khoang cach tuong doi tang dung cua tr truong.

1.0

0.8}

0.6}

'af’1s

o4

n-z A A A A
) 20 40 60 80 100

p(A)

Hinh 5: Khio sat sy bién thién thira s6 lién két ¢ theo khoang cich twong dbi p(A0 ) v6i cac gia tri

tir treong khac nhau
0.8

0.0 = =
— 30 —20 —10 o 10 20 30

= (A

Hinh 6: Khio sat sy thay déi trang thai exciton theo tir truwong

4 KET LUAN theo hudng nuédi miu trong giéng lugng tir parabol.
Chung t6i da thuc hién tinh sb6 dé khao sat su thay
d6i cua nang lugng lién két exciton theo cac thong
s cua hé (d0 rong giéng va tir trudng ngoai).
Chung t6i cling khao sat anh huong cda tir truong

Bing viéc st dung phuong phap bién phan
trong mo hinh hai viing, chiing t6i da thiét lap duoc
cac phuong trinh tham sb dé dinh luong cac dic
tinh cia exciton dudi tac dung cua tir truong déu
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va do rong giéng vao ning lugng cuc tiéu hinh
thanh exciton. Vi thanh cong nay, chung toi s€
tiép tuc 4p dung mo hinh nay dé tinh anh huong
cua tur truong song song vai hudng nudi vao tinh
phd hip thu exciton trong giéng lwong tir parabol
dudi tac dung cua tir trudng.
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