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TOM TAT

Trong gan dung khoi luong hiéu dung, xdc dinh dwgc phé nang luong va ham
séng cua dién tkr trong cham luong t& phong cau dang thuan nhuw 1a ham caa tham
s X = ¢ / % Str dung ham phan bé Lifshits-Slezov, thu duoc bidu thiic giai tich
hé s6 hap thy; stt dung cac chuong trinh Mathematica 9 va Origin 8 d€ khao sat s&
st phu thudc phd hap thu ctia hé chdm lwong tir phong cau GaAs dang thuan theo

tham s8 X .

Tt khéa: chdm luong t, phong cau, phd hap thy, dang thuan.

1. MO PAU

C4u truc thap chiéu hinh thanh khi ta han ché chuyén dong cua cac dién ti theo
it nhat la mot hudng trong pham vi khoang cach c& budc song De Broglie ctia né. Khi
do, viéc giai phuong trinh Schrodinger cho thdy s6 chiéu dong mét vai tro quan trong
trong phd nang lwong cta hé. Tuy theo s6 chiéu, nguoi ta chia vat liéu ban dan lam
bdn loai: ban dan khdi, giéng luong tir (quantum well), day lwong t& (quantum wire)
va cac cham luong t (quantum dot — QD)[1]. Trong QD céc hat bi giéi han theo ca 3
chiéu trong khong gian va hoan toan khong thé chuyén dong tw do va vi thé chi ton tai
cac trang thai gian doan trong khong gian. Pho nang luwong lién tuc chuyén thanh cac
mttc ndng lwgng gian doan theo ca ba chiéu trong khong gian.

QD la tinh thé ban dan, c6 kich thuwée ¢& nm, cé thé chita tir 1-1000 dién t. Trong
QD, cac mtc ndng luong ctia hé bi lwong tit hda. Thoi gian s6ng phat xa caa QD dai do
d6 lam téng xac suat hap thu tai cic budc séng ngan hon va lam cho phd hap thu mo
rong. Do nang lvong vung cam quyét dinh budc song phat xa photon, bdi vay co thé
ki€ém soat budc song phat xa qua kich thudc cua hat nano. Pho hap thu rong cua cac
QD cho phép ta kich thich, tai cing mot budc song, kich thich cung ltc cac QD kich
thude khac nhau, trong viing phd rong. Nghién cttu vé QD bat dau tir nam 1986 va
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tang manh cho dén nay da cé nhiéu dang ky phat minh cho cac tng dung ctua QD.
Nhu trong cac linh kién chuyén d6i nang lwong mat troi, cac linh kién quang dién tw,
cac detector siéu nhay, cac linh kién phat sang, trong cac ttng dung y - sinh [6], [7] cac
cam bién sinh hoc nano [8]. C6 thé ndi, hién nay la thoi dai ciia QD vi ¢6 rat nhiéu tng
ndi bat cua QD trong cac linh vyec trén.

Riéng bai toan nay ciing da c6 nhiéu nghién cttu trong dé cong trinh cta A.
Gusev va cac dong nghiép [2] thuee hién trong gan ding khéi lwong hiéu dung cho dién
tke (16 trong) khong c6 truong ngoai, st dung ly thuyét nhiéu loan duoc xay dung
trong khudn khd ctia khai trién Kantorovich va phwong phap doan nhiét. Cac gia tri
riéng va ham riéng, thu duoc 6 ca hai hinh thitc giai tich va tinh s6, da duwoc ap dung
d€ phan tich cac dac diém pho va tinh chat quang ctia cac chdm luwong tir phong cau
trong dién truong déu. Cong trinh cua G. Cantele va cac dong nghiép [3] nghién ctu
chuyén dong ctia mot hat chi giéi han trong moét chdm lwong t& phong cau, giai
phuong trinh Schrodinger bang tinh s& stt dung hé toa dd thich hop va phuong phéap
bién phan. So sanh cac két qua tir hai phuwong phap xét toi sy thay d6i cac ban truc. Ho
thay rang cdc mtic nang luong gidi han ctia timg trang thai dwoc suy bién khac véi cac
chdm luong t& hinh cau va diéu nay c6 thé duoc giai thich do két qua ctia hiéu tng
bién dang hinh hoc va thé tich gay ra.

2. HAM SONG VA NANG LUONG CUA PIEN TU TRONG CHAM LUONG TU
PHONG CAU DANG THUAN

2.1. Bai toan bién cho chdm lugng tir phong ciu dang thuan trong gin ding khéi
lugng hiéu dung

Trong gan dang khdi lwong hiéu dung, xét chdm luwong t& phong cau
(spheroidal quantum dot — SQD) trong md hinh luong tit hoa kich thudc manh. Ta co

—

phuong trinh Schrodinger ctia dién tt (16 trong) trong tir treong déu H véi thé

vec to A va dién truong £ cua SQD nhuw sau:

Hip(r,,1,) = E(r,,m); (2.1)
e B L 5 ¢ 709 - -y 94, 9.9
VOIZH = z %(PZ — jA) - QZ(ETZ) + ‘/;onf<7;) - KJ??_:' + K 7_q,€_ F . (22)
i=e,h ) ) e h

Ta s€ gidi bai toan trén trong pham vi: SQD khong chiu anh huwong cua dién
truong &, khong chiu tac dung cua tir truong H = 0 va bo qua cad tuong tac
Coulomb gitta dién t&x va 16 tréng cung véi anh hudng cta tap chat.

Luc d6, phuwong trinh Schrodinger cho dién t va 16 tréng c6 dang :
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A~

Hi(r) = Ey(r), (2.3)

F 1 2' — % X
voi: H = —*P2 + Vconf r, m 1a khéi lwong hiéu dung cua dién t (hodc 10
2m

trong); thé camtu V. 7 c6 dang:

) R )
I/conf ro= V(T’) = 00 (S(?) > 1)

2 2 2
voiz S(F) = TV 4 2

a C

, (2.5)

& day a,c 1a cac ban truc cua SQD. Trong treong hop chdm lugng tr phong cau dang
thuan (prolate spheroidal quantum dot - PSQD), ta c6 ¢ > a nhuw hinh 2.2.

Hinh 2.1. Giéi han bé mét caa PSQD.
2.2. Nang lwong va ham séng cua dién t trong PSQD
Trong phan nay, ching tdi trinh bay cach giai phwong trinh (2.3) d€ tim ham
song va phd nang luong ctia mot hat bi giam gitt trong mot khong gian khép kin véi

dang phong cau. Chon hé truc toa do sao cho ban truc a cua cham nam trong mat
ph.’fmg Ozy con chuéng doc theo truc 2 . Mién khao sét bi gii han boi bé matS véi

phuong trinh tham so:
T = acospsinf
y = asinpsing , (2.6)

2z = ccosb

voi 0<p<27m va0 < <m. Van dé cua chung ta la giai phuong trinh

Schrodinger cho hat tw do:  — 62\11(:(:, y,2) = BV (z,y,2), (2.7)

2m *

véi diéu kién bién: U(z,y,2) \(z s =0 . (2.8)

Ta phai tim mot hé toa A0 méi &1, dé phuong trinh (2.7) c6 thé tach bién
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duwoc va phueong trinh ctia mat S trong hé toa do c6 dang f = const . Bai toan bién

trong tredng hop nay sé duoc giai trong hé toa dd phong cau dang thuan &, 7, :

v = fJ€ — 11— nPcosg
y = & — 11—’ sin, (2.9)
z=[f&n

voi 1 < € < 4o0;—1<n <10 < ¢ <27, f lahang s6.

Chon 1 = cosOvéi 0 < 0 < 7, tir phuong trinh (2.9), ta thay trong hé toa do
phong cau, bé mat véi phuong trinh €& = const mod ta cho ho cac ellipsoid véi ban
truc f »\f§2 — 1 (trong mat phang Oxy) va f€ (doc theo trucz). Vi vay, tham s& f
duoc xac dinh boi diéu kién la ellipsoid thudc vé ho bé mat (2.6), nghia 1a, phai ton tai

mot gia tri € cua £ sao cho:

f=c /1—%206
2 _ =
f 5 1 ¢ <§: 1 :1 , (2.10)
= —1 - .
X

, 1
o day e = i = [1—- — la tam sai cuaa ellipsoid. Phwong trinh (2.10) xac dinh khi:
¢ X

(&
X = — > 1. Bay gio chung ta c6 thé viét lai va tach bién phuong trinh (2.7) trong hé
a

toa d6 mdi, ta duoc:

d [ 9 d 249 m

— —1)—R —|A—h — I R(&) =0 2.11

d£.(£ >dg (5)] [ § +£2 _J (&) (2.11a)

d 9 d 2 9 m

—1|(1— —S +IA—h —— S5 =0 2.11b

dn( U )Oh7 (n)l LA (n) (2.11b)

1 d?

) a2 o) = @119

véi m va A lahang sd tach, h=¢f = f EE (2.11d)
h2
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Chting ta cht y rang cic phuwong trinh (2.11a) va (2.11b) dwoc lién két boi ca
hang s8 tach va h . Trong truong hop nay, phwong trinh thit hai phai duoc giai voi h
cd dinh va A roirac la ham cuaa h.

etmsp

2

tte. Trong khi d6 nghiém ctia phuwong trinh (2.11b) ¢ dang td hop tuyén tinh cac ham

Nghiém ctia (2.11¢) c6 dang @) = voi m = 0,£1,£2... 12 s6 luong tix

phong cau goéc dang thuan loai mot va loai hai [3]:

Sp(h1) = C1S)(hm) + CyS32) () (2.12)
v Syl = 32 AR () va S = 30 d()Q, ().

r=0,1 r=—00
trong do f;ae(n)vé Qf L.(mMla cic ham Legendre lién két va [ > m. Cac ham

S@(h,n) phan ky khi 5 = 1. Vi vay, d& ham séng hiru han véi —1 <7 <1 thi
C, = 0.

Céc nghiém cua phuwong trinh (2.11a) la t6 hop tuyén tinh ctia cdc ham phéng
cau xuyén tam dang thuan loai mot va loai 2 [3] :

R, (h,€) = B,R)(h,€) + B,R2) (1, ). (2.13)
Ham R\ (h,€)phan ky tai € = 1. Vi vay, dé ham séng hiru han khi
1 < & < € taphai chon hé s8 B, =0.

Tt nhitng két qua trén, chiing t6i tim dwoc ham séng dién ter (16 trong) trong
mot PSQD :

1 1 ]
V(& 0) = ASy) (b)Y (h ™, (214
v6i A 1a hé s6 chuin hoa.
Khi d6 diéu kién (2.8) trd thanh :
RY(n &) =0 (2.15)
l,m
Phuong trinh (2.15) cho phép ta xac dinh duoc phd nang luong gian doan

2m*Efz’

Enlm = 5 L i hat giam gitt trong PSQD. Véi mdi cap gia tri [, xac dinh va
" h

&ng voi mot gia tri xac dinh ctia E ta tim dwoc mot tap cdc gia tri roi rac cua h tie (2.15)
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va tit d6 xac dinh duoc pho nang leong theo cong thire (2.11d)

Str dung phan mém Mathematica, ching t6i thu dwoc d6 thi sy phu thudc nang
luwong vao X tng véi cac bd gia tri (nlm) khac nhau nhu trén hinh 2.2. C4c vach ngan
bén phai trén hinh 2.2 chi cac mttc ndng luong cua mot giéng lwong ti hinh tru ¢ ban

kinh a (Z, la khong diém thit n ciia ham Bessel cap s).

50 \ 2m*Egmai/h?
T H— —-Z‘\Ls
40
1
3 T — . Za
- — 2
0 \ 9
. — —
3 2y
]
10} ) :
T —-———1_- . — T
0
1 3 4 5 $ 7
¥=cla

Hinh 2.2 Su phu thudc ctia nang lugng dién ti vao X trong PSQD.
Véi: (1) 100; (2) 110; (3) 11£1; (4) 120; (5) 12+1; (6) 12+2; (7) 200;
(8) 130; (1) 13+1; (10) 13+2; (11) 133.

Sw suy bién d6i véi m nhu trong QD hinh cau véi bi loai bd, d6 la do anh
huéng ctia viéc mat d6i xing cau. Dong thoi, sy suy bién ngau nhién xuét hién

Dic biét, chung toi thay rang néu x > 1 & cac trang thdi véi n, m gidng
nhau nhung [ khdc nhau tré thanh suy bién gan nhw nhau vdi gia tri X 16n. Mot
nhan xét ntta la néu chung ta c6 dinh a va tang X (tdng c) dén dang cac hinh
hoc gidi han cho X — 00 la mot giéng lwong ti voi bé rong a. Cac mitc ndng
lwong trong hai phd khac nhau xuat hién mtc giao cét, diéu nay giai thich sy hién
dién ctia sy suy bién ngau nhién.
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-1.0 -1.0 -1.0
-04-0200 02 04 —04-0200 02 0.4 -04-0200 02 04
via vie vie
n=LI=0m=20 n=LI=1m=20 n=Ll=1m==+1

Hinh 2.3 D6 thi mat d6 xac suét tim thdy hat trong PSQD khi X =2 va (nlm) [an luot 13
(100),(110),(111),(12,+1)

Trén hinh (2.3) 1a phan bg xac sudt tim thay hat trong QD phong can dang
thuan 6 trong cac trang thai twong tng véi cac bd s6 luong ttr (nlm) khac nhau

3. PHO HAP THU CUA PSQD GaAs

Vi ¢ day ching ta khong dé cap dén hiéu ting exciton nén hé s6 hdp thu duoc
tinh gan dung theo cong thirc nhw sau [4]:

K(wP",a,c) Z v , 0,y Cy 1) AZ Y Yo(hw? —W ) (3.1)

vV

I, Uw rya,c, g1 ) (r,a,c, uh)dr , (3.2)

trong d6: A ti 1é v6i binh phuong yéu t& ma tran trong phén tich Bloch; ¢ va wi’/ la
ham riéng cta dién tir (e) vald trong (h); £ va El}/’/ 14 tri riéng nang lwong cua (e)
va (h), phu thudc vao cac ban truc a,c va tap hop cac s6 lugng tir doan nhiét
v = [n,l,m] var' = [n',l',m'], véim = —m’; E la bé rdng vung cam cua ban
dan khéi, w’ 1a tan 6 anh séng toi, W , = B, + Ef(a,c) + E "(a,c) 1a nang

luong chuyén tiép gitta cac ving tng véi gia tri 16n nhét cia K (w?).

Ta viét lai khai trién (3.1) dwdi dang:

K(wph,a c)=AE~ 12 V,/ (u)} (3-3)
E¢ ’ Eh/ ’ hQ
e () = w; — 60+ Bp(we) _, pesc el L PR Y
Eg 2p,c Eg Nh
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hw?" — E
voi W, = E—g la ndng luwong quang hoc chuyén ti€p gitra cac vung.
9
Xét cac PSQD véi ban truc dwoc viét lai a = w,a duoc xac dinh boi thong s6
ngau nhién % véi ham phan bs P(u). O day ta st dung ham phan bd Lifshits-Slezov
[4] :

1
34 g2 C1-2u/3

e khi 0<u<S
P(u) ={2°/3(u + 3)7/3(% — y)t/3 2 (3.5)
0 khi v <0Uwu > g

Hé s6 hap thu K? (wph, a,¢)voi kich thude khac nhau ctia ban truc duoc khai

trién nhw sau:

du,,. (3.6)

KP(wPt a,C) = fK(wph,a,E,up)P u,

Ta dwa dén khai trién giai tich caa hé s6 hap thu K(w?” " a, ¢) cua mot hé cac

QD ban dan véi phan b6 ngau nhién cua ban truc:

h h
K w? B Z K, B w
R — L ——
KO v's KO
, -1 (3.7)
KI/,I// w? dj;/ V/(’LL)
T == Il/,l//(US) ;Z— P uS 9
0 u u:ug
voi K, = A Eg_l la hé s6 chudn hoa, u, la nghiém cta phwong trinh f , u, = 0.

Thuec hién tinh s8 trén Mathematica véi cac hang s6 ciia GaAs : 1t . = 0.067m,
va [, = i, = 0.558m, lan luot la khdi luong cta dién tir va 16 trong,

E, = 1430meV labé rong ving cdm, a, = 104 x10"""m.
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11 15

a

KK,

KK,
0O = N W & 0 0 N ® ©

o

Hinh 3.1. Phd hap thu ctia PSQD GaAs véi X 2 (hinh a) va x = 5 (hinh b);

6 =2ag 1ay tong cac sd luong tir dau tién (n=1L1=012.;m= 0’1""l).

Chuang t6i dua ra hai d6 thi cta hai gia tri Y khac nhau d€ cé thé so sanh cac
gia tri cuc dai cling nhu su bién thién ctua hé sd hap thu. Ta thady hé s6 hdp thu toan
phén ctia PSQD GaAs trong truong hop x = 2 ¢ d6 16n thap hon va chiéu bién thién
dién ra it tron hon so v&i hé s hap thu toan phan trong truong hop x = 5.

4. KET LUAN

Trén day chung toi da tim duoc ham song va cdc mitc nang luong cta dién tir
(16 trong) trong PSQD, xay dung duwoc d6 thi biéu dién su phu thudc ctia cac mirc nang
luwong ctia dién tir va mat d§ xac sudt tim thay dién tir trong PSQD tng vdi cac gia tri
khac nhau cua Y. St dung ham phéan bd Lifshits-Slezov chung t6i da xac dinh duoc
biéu thitc giai tich cta hé s6 hdp thu. Chung t6i da tinh sd va vé d6 thi cua pho hap thu
cua mot hé PSQD GaAs ting vdi cac gia tri khac nhau caa x .

Trong twong lai, phép tinh va thuét toan giai s6 ctia chung toi trén day sé la co
sO tng dung dé€ cd thé phat trién bai toan trén trong nhing diéu kién phtic tap hon
nhw c6 két hop thém viéc khao sat cac hiéu ¢ng exciton cling nhu twong tac gitta dién
tke v6i dién tir va 16 trong véi 16 trong, hay thay cho cac thé giam gitt khac thé vo han...
Néi chung, két qua nay la mot dong gop vao viéc tim hiéu cac hé thdp chiéu trong chat
ran noi chung va ban dan néi riéng. Tir d6 biét duoc dédc diém caa vat liéu nano va di
dén cac tng dung cu thé trong thuc té.
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ABSORPTION SPECTRUM OF PROLATE SPHEROIDAL QUANTUM DOT GaAs

Le Quy Thong", Le Ngoc Minh!, Hoang Sy Tai?
Faculty of Physics, University of Sciences, Hue University
2Faculty of Physics, Quang Binh University
*Email: lqgthong@gmail.com
ABSTRACT

In the framework of effective mass approximation, the energy spectra and wave

functions of electron for prolate spheroidal quantum dots are determined as
function of parameter Y = ¢ / a. By using distribution function Lifshits-Slezov,

analytical expressions for absorption coefficient are obtained; Mathematica 9 and

Origin 8 have been used to investigate numerically the dependence of absorption
spectrum of prolate spheroidal quantum dot GaAs on x .

Keywords: absorption spectrum, quantum dot, prolate, spheroidal.
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