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TOM TAT : Ndng lugng lién két exciton Wannier trong giéng lugng ut GaAs / GaAlAs da
duwge chiing t6i khdo sdt tinh todn bdng phép gdn diing bién thién . Két giia cho thdy khi ¢
mdt di¢n triong. B§ gidm ndng legng lién két exciton theo sy tdng kich thudc giéng trong
truong hop k& dén hiéu tng polaron trd nén nhd hon khi so sdnh véi truong hop khing ci
hiéu tng polaron.

I) PAT VAN DPE

Trong khodng thdfi gian hai mudi nim gin diy c6 sy tién bd rat ddng ké vé kj thudt
cdy tinh thé ma kich thudc cud ching rat bé , vao ¢d dudi g m. Mot trong cdc cdu tric d6
1a cé\c gi€ng lugng ¥ ban din ( Semiconductor Quantum Wells ). Trong cdc cdu tric rét
méng nhu vy, cdc dién t& di chuyén ty do trong mit phing thing géc vdi phuong cui
gi€ng, va su chuyén ddng theo phuong cud gi€ng bi lugng tir hda mdt chiéu. Va do vdy,
cédc tinh chat dién — quang ctia gi€ng lugng ti¥ ciing rat khdc tinh chit dién quang ctia bdn
din khdi tudng ng. -

Mot trong nhitng dic diém cud céc ciu tric ban din nay 1 cdc phd phét xa va hap
thu chi y&u phu thudc vao trang théi lién két cia dién ti¥ va 16 tréng, néi cdch khdc , phu
thudc vao niing lugng lién két clia exciton [1-5], do vdy viéc hiéu bi&t vé ning lugng lién
k&t ctia chiing dong mot vai trd quan trong trong cic cdng trinh nghién ciiu vé cdc ciu triic
dic biét nay.

Biing su khdo sdt phd kich thich phat quang, Miller et al. [1] dd x4dc dinh dude ning
lugng lién k&t cia exciton nhu him cla kich thudc gi€éng lugng tf GaAs. Sau d6 Roger er
al. [2] 43 thdng bdo chi ti€t nghién citu thyc nghiém ctia minh vé gi€ng lugng & bdn din
GaAs, két qua cho thdy cdc phép do ning lugng lién két thu dudc trong (Y trudng yéu phi
hgp twong ddi t6t v4i cong trinh clia Miller et al. Brum va Bastard [3] bing viéc dua thém
dién trudng vao da chitng td dugc riing niing lugng lién k€t clia exciton gidm theo sy ting
kich thudc gi€ng , dic biét gidm rat manh theo sy ting ctia cudng do dién trudng. Degani
va Hipo’lito [4] dd khdo sdt dnh hudng cla hidu Wng polaron trén niing lugng lién két
exciton trong gi€ng lugng tlt ban din, két giia cho thdy hiéu ng polaron da 1am ting ning
lugng lién k€t clia exciton.

M3 rong bai todn ndy, Tran Thoai [5] dd luu ¥ dén hiéu tng dnh Ji4n trong tinh todn
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ndng lugng lién k&l cung t6 duge riing ddng diéu bién thién theo bé day cia giéng c6
cing dang vdi cong trinh cia Degani va Hipo'lito nhung d3 duge khué&ch dai 1€én.

Tuy nhién, trong cdc cOng trinh trén day, cdc tac gid khi xét vé& bai todn ning lugng
lién k&t exciton chi khdo sét riéng ré dnh hudng cla dién ngodi hoic déng gép cla hiéu
tng polaron trén ning ludng lién két exciton. Trong thuc t&, viée si dung dién trudng dé
diéu khién hoat ddng ctia cdc thiét bi c6 cdu tric 16p rdt méng nhu giéng Iugng t 12 rit
phd bi€n, mit khéc s c6 mit cia phonon va dnh hudng cla qué trinh tdn xa vdi phonon
trén ndng lugng lién két exciton 1a khong thé bd gua. Do vy nhim muc dich md rong céc
bai bdo trude day, trong cong trinh ndy ching t6i s& thong bdo mot vai két glia vé& ning
lugng lién két cla exciton trong gi€ng Iugng ti ban din GaAs — GaAlAs c6 ké dén ddng
thdi sy tdn xa vdi cdc phonon quang hoc va su c¢6 mit cha dién trudng ngoai.

I CAC' TINH TOANLY THUYRT

Chiing ta xét mdt 16p ban din GaAs c6 bé day d duge kep giua hai I6p bén din
GaAlAs. Liic d6 dién tif bi giam nh6t trong mot gi€ng th€ gid mot chiéu hinh thanh trong
ving GaAs cia si€u mang va di chuyén ty do trong mit phing (x,y), trong khi chuyén
dong theo truc z bi lu'dng t hod. Mot dién uy trong mién hod tri nhan dudc ning lugng
kich thich chuyen 1&én mién din d€ lai trong mién hod tri mot 15 tréng, lién k&t givd dién
tif trong mién dén va 15 trong trong mién hod tri clia tinh thé ban din tao thainh mét trang
thdi lién k€&t goi 12 exciton, dién trudng F dit doc theo truc 7. Gdc toa do chon @ tAm
gi€ng. Trong cong trinh nay ching toi gidi han & trudng hdp d6 cao rao thé 1a vd han.
Trong gan ding khéi lugng hiéu dung, Hamiltonian md td tuong tdc clia hé dude cho bdi

" hl 62 hZ a?
A<-——_ (& L AW S R
2"71, 6 2 ) (a 2 f‘n)
2
eF(z,-z,)-———+
o ’e -rhl
1Y ho &) a,+3 W, [e™-e™ )4, +he} 1)
q q
trong doé
—if 27e’ho [ 1 1
e == = it [k o® (2)
q I/ gcn EO
m, va m), lan lugt 1 khdi lugng hiéu dung ciia dién ti va 13 tréng, 7, = ( 5, , Z,) 1 toa

do cia dign tit, 7, = ( p,, Z, ) 1a toa do cia 15 trdng, a, 1a todn tir sinh phonon quang
hoc ting vdi vectd song phonon § va tinsé @. &, va &, lin lugt 1a cdc hiing s6 dién

moi quang hoc va hiing s& dién moi tinh.
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Trudc tién, ta st dung toa do khai tAm, va khdi lugng riit gon:

o . -1 1
R=R,Z)=ar+pr,,—=—+
!‘! me n’h
Trong dé
m m,
a= —=,f=—, M=m+ m
Y B : 0
va .FE([),'E)=';~";, (3)

Khi d6 Hamiltonian A trd thinh

3 2 2 2 2 2
h* 0 S h A_-LA-

e - ; "
2, &; 2m, O 2ZM ™ 2 *

2
¥ eF(z,~2,) - ——+ Y, eT(™ e +he}  (4)
sl 4

Ta khong thé tim dudc 13i gidi chinh x4c cia phuong trinh Schodinger vdi
Hamiltonian (4). Vi vdy, d€ tinh ning lugng lién két clia exciton & trang thdi cd ban chiing
t6i st dung phudng phédp bi€n thién dé thu dugc 15 gidi gdn diing. Trén cd sd phuong
phdp da dugc gidi thiéu bdi Lee, Low, va Pines [7] chinh tdi sit dung hai phép bién ddi
unita nhu sau: :

H=U"'HU, (5)
va
H,= U;' A, U, (6)
trong dé
U, = exp (-i . ORa;a,) (7
q
U, = exp ( Y.1f,4; - £,4,)) ®)
q

Phép bi&n ddi unita U, dung dé khit toa d6 R, trong biu thic cia Hamiltonian /A
va Q 12 thanh phin ctia vectd séng phonon trong mit phing ngang ( G = q, +Q : I

Trong phép bi&n ddi unita U, cdc dai lugng f, va f, dugc xdc dinh tir diéu kién
cuc tiéu hod trj trung binh ciia H, .

Dé tinh niing Iugng exciton & trang thdi cd ban chiing t6i ¢chon ham séng thi ¢6 dang
nhu sau;
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W= Neos(z)exp(- f,2,) C05(2,)exp(- f,2,) exp(-6p), 9)

trong 46 N 1 hiing s& chudn hod, B, va B, 1dn lugt 1a cdc tham s bi€n thién dic tning
cho anh hudng ciia dién trudng trén dién td va 16 trong, d 12 bé day cla gieng, & 1a tham
s6 tudng tic Coulomb givd dién t va 18 trdng. Tir d6, ning Iugng exciton & trang thdi cd
ban dugc x4c dinh bing cdch cuc tiéu hod tri trung binh clia I;’z k

E..= (| A,|¥) )pio= (Ey + E, + E;, + E, min (10)

exc

Vi viéc din xuat biéu thitc gidi tich (¥| A, |¥) 1a khd dai nén § day ching 6i chi trinh
bay két gqlia cudi cling :

h2 ﬂz h ﬁz ﬂh

— —— 2 e —
E, = zp(cs 5 dz ( . 5 ), (11)
4nde®N? T S(Q)dQ
E =.——r T (12)
1 gm 6[(4(52+Q2)”2
3267 ﬂﬂh(fr + Bld*)n’ + Brd’)
N?= - (13)
- (e ﬁ, )(eﬁ'“ = I’» )
dl2 dil2
5(0)= jcos( “Yexp(-2,2,)dz, | cos(—dw)exp( 28, z, - z,)dz, (14)
-d/2 -d /2
E, = eF (¥|z,-z,|¥) = eF(X,-X,) (15)

(1-e* ) x? +382d*)+ B, d(1+ e )(x* +ﬂd)

1= 28,(x* + BrdP)(1- )
o (- x? +3B2d*) + B,d(1+ " )(n’° +ﬁ,,d)
s 25:1(77 +ﬁhd 1= ezﬂﬁd)
E,= 871’’’ N’ ( ) I TzQ ‘ (16)
O U(l+wﬂ_.)
2Ma
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vdi:
r = [ IZZSe(Q) + ]Izsh(Q)
(487 + QY (487 +a’QY)’
0 21,1,5(0)
(452 +ﬁ2Q2)3I2(462 +a2Q2)312

], (17

trong d6 S(Q)da duge x4c dinh bdi (14) va S,(Q), S,(Q) lan lugt duge xdc dinh bdi:

S.(0) = SOy (18)
SI:(Q) = S(Q)|ﬁr=ﬂa ] (19)
st nz(eﬁ,d _e—ﬁ,d) i
Ity 2 2,32+
4, (n" + p.d”)
o n,z (eﬂnd _e'ﬂhd) (21)
TAB ()
Ning lugng lién két exciton duge xdc dinh bdi
Eb = Ec ¥ Eh i Ecxc (22)

trong d6 cdc miic ning lugng cla dién t ( E,) va 16 trdng ( E, ) dugce xdc dinh nhu
sau:

Ta xét trudng hop chi cé dién tit chuyén dong trong gi€ng lugng tit GaAs.
Hamiltonian md td tudng tdc ctia hé dién tf — phonon vdi sy cé mit clia dién trudng ngoai
F  khéng d8i dugc cho bdi:

. 8 g :
H= - —+ A )+efz, + Y hwa' a +
2m, ( oz} 2 i 2,,: e
+ Y, 1e™1a, + he) (23)
q
. 2
v, = —ip 2eho (1 1 ], (24)
q V £, &p :
Ham sdng thit dudc chon nhu sau:
nz
®_ = N, cos( d’)exp(—ﬁeze), (25)
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St dung cdc phép bi€n ddi va cdc budc ti€n hanh hoin toan tudng ty nhu trudng hdp
exciton ta thu dude biéu thic mitc ning ludng ciia dién tit trong gi€ng lugng tlt bi€n thién
phu thudc vao tham s8 f3,. Khdo sdt tudng ty ta thu duge bi€u thifc mic ning lugng cud
15 tréng bién thién phu thudc tham s6 /3, . Ning lugng cda dién tit ( hodc 18 trdng ) ting

véi mdi gid tri x4c dinh ciia kich thudc gi€ng d thu dudc bing céch cuc ti€u hod bi€n thién
biéu thitc mite niing Iugng dién t ( hodc 16 trdng ) theo J, (hodc S, ).

Ning lugng exciton ing vdi mdi gid tri xdc dinh cda kich thudce gi€ng d vé nguyén
tdc thu dudc biing cdch cuc ti€u hod bi€n thién theo 3 thamsd f,, B,,va &. Tuy nhién,
su thay ddi cdc gid tri f,, f, tng vdi gid tri cuc ti€u cia ning lugng trong truding hgp
exciton so vdi trudng hop dién td, hoic 15 trdng riéng biét Ia khong ddng ké va dé don
gian trong qud trinh tinh todn ning lugng exciton lién két yéu, ta c6 thé bi€n thién ning
lgng exciton theo tham s & con cdc tham s§ f,, B, dde 18y tir cdc gid tri twdng Wng thu

dugc khi cuc tiéu hod céc trugng hgp dién tif hodc 16 trong riéng ré.

I CAC KET QUA BANG SO

Trong phdn nay chiing t8i s& trinh bay cdc k&t qlia tinh todn biing s cho gi€ng lugng
t¢ GaAs / GaAlAs dia duge nghién citu rong rdi vdi cdc tham s8 m, =0.067m,,
m, =0.46m,, &, =13.1, &, =11.1, trong d6 m,, 12 khdi lugng dién ti ty do, ning lugng
chuin hat phonon #f@ =35.2meV .

Hinh 1 v& niing luong exciton theo bé day gi€ng lugng tif trong 4 trudng hdp: cé tinh
v khong tinh dén hiéu tng polaron clng vdi sy ¢6 mit va khong c6 mit dién trudng
ngodi. K&t qiia cho thiy niing lugng lién k&t gidm theo sy ting bé day 16p ban din. So
sdnh hai duting trén dd thi trong truting hgp khong k& dén tan xa vai phonon: dudng lién
vé ning lugng lién k&t exciton khi khong c¢6 mat dién trudng ngoai, duding gach ngin vé
ning lugng lién k&t exciton khi ¢6 mit dién trudng ngoai khong ddi 'cu’émg do
F =100kV / em , hinh v& cho thdy sy ¢6 mit clia dién truong da lam gidm ning lugng lién
k&t exciton, ta tim lai dugc k&t qia cong trinh clia Bastard [3] va dudc gidi thich 12 dudi
tic dung cla dién trudng , dién ti¥ va 15 trdng bi dich chuyén ngude chiéu do d6 khodng
cdch givd ching ting 1&n, va k&t qua 1a 1am gidm ning lugng lién k&t. Ngoai ra hinh vé
cdn cho thdy vdi cdc gigng lugng tif ¢6 kich thude cang 16n ( d> 100 R ), dnh hudng ciia
dién trudng trén ning lugng lién k&t cing manh.

Khi khéng ¢6 mit dién trudng, so sanh dudng lidn ing vdi trudng hdp khong k& su
tdn xa vdi phonon vdi duding chim mo ta ning lugng lién k&t exciton 6 k€ sy tdn xa vdi
phonon, ta thay chiing déu ¢6 dang gidm theo sy ting ctia kich thudc gi€éng va higu ing
polaron di 1am ting ning lugng lién k&t mot cdch dang k€, @ ddy ta tim lai dudc cdc két
qua ctia Degani va Hipo’lito [4], Tran Thoai [5] va dugc gidi thich 1a: khi kich thude gi€ng
lugng tif cing hep su giam nhdt cang chit ché&, do dé nidng lugng lién k&t cang 16n. Hon
nud khi va cham vdi phonon niing lugng déng gép do va cham da ddy dién tf va 15 trong
lai gAn nhau 1am ting cudng tuong tdc hit Coulomb, vi th€ hiéu ing polaron da 1am ting
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ning lugng lién két exciton. Pudng chAim gach mé t4 ning lugng lién k&t exciton khi ¢6
mit dién trudng ngoai khdng ddi F =100kV /em va c6 tinh d€n hiéu wng polaron, duding
biéu di&n ciing cho thid'y dién trudng cé tdc dung 1am gidm ning lugng lién két exciton.

Nhu viy, két qud khdo sdt bai todn exciton bing phudng phdp bi€n thién vdi
Hmiltonian (1) va him séng thit (9) cho thdy: dién trudng c6 tdc dung IAm gidm trong khi
hiéu ng polaron cé tdc dung 1am ting ning lugng lién ké&t. Tuy nhién, sy ¢6 mit cia hiéu
ttng polaron da 1am cho dd gidm niing ludng lién két exciton theo su ting kich thude gi€ng
lugng ti trd nén nhd hon khi so sdnh vdi trudng hgp khéng ké dén hiéu tng polaron.
Piéu ndy dudc gidi thich mdt cdch dinh tinh 12 hiéu @ng polaron d 1am ting khéi lugng
hi¢u dung ctia dién ti va 15 trong, do vdy exciton trd nén ning hdn, vi thé tdc dung cud
dién truding trd nén yé&u di. Trong cdc trudng hgp gidi han, khi khéng ¢6 hiéu ng polaron
hoidc dién truding, két qia chiing t6i thu dugc trd vé cdc k&t qud da dudc tim thdy bdi céc
tdc gid khac [3,4,5]. Hon nud, vdi cdc gi€ng lugng ti cang mdng thi hiéu @ng polaron
chi€m wu thé& 1 rét, con vdi cdc gi€ng lugng t cé kich thude 1dn hon , Anh hudng cia dién
trudng bAt ddu chi€m wu thé trénning lugng lién k&t exciton.

EXCITON BINDING ENERGY IN SEMICONDUCTOR QUANTUM WELLS
INCLUDING CONTRIBUTIONS OF THE POLARON EFFECT
AND THE EXTERNAL ELECTRIC FIELD
Nguyen Nhu Huy

ABSTRAC : Binding energy of Wannier exciton in GaAs / GaAlAs quantum Well is calculated
using a variational approach. Qur numerical results show that the decreasing of the exciton
binding energy along with increasing of the well's width that takes into account the polaron
effect is lower than that without the polaron effect.

TAI LIEUTHAM KHAO

[1] R.C.Miller, D.A.Kleinman, W.T.Tsang, and A.C.Gossard, Phys.Rev.B24 (1981)
1134

[2] D.C.Rogers, I.Singleton, R.J.Nicholas, C.T.Foxon, and K.Woodbridge,
Phys.Rev.B34, 4002 (1986)

[3] J.A.Brum and Bastard, Phy.Rev B31 ( 1985 ) 3893

[4] Marcos H. Degani and Oscar Hipo’lito, Phys. Rev. B 35 ( 1987 ) 4507
[5] D.B.Tran Thoai, Physica B 164 ( 1990 ) 295-297

[6] Xu Wang and Xi Xia Liang, Solid State Commun 65 ( 1988 ) 83 — 85
[7] T.D.Lee, F.E.Low and Pines, Phys. Rev. 90 ( 1953 ) 297

[8] H.Haug and Stephan W. Koch, Quantum Theory of the Optical and Electronic
Properties of the Semiconductors, World Scientific,1990

91






