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- KHAO SAT PHO HAP THY
CUA CHAM LUQNG TU PHONG CAU DANG DET
Hoang Sy Tai
Truong Dai hoc Quang Binh
Tom tit. Trong gan ding khoi lwong hiéu dung cho dién tir (hay 16 trong), khi khéng c6 triwong
ngodi, bé qua cdc twong tdc va nhiéu loan, trang thdi cia cham hrong tir phéng cau dang det
duwoc xét trong hé toa do phong cau dang det. Tri riéng va ham riéng cua bai toan thu dwoc sau
khi khai trién va tinh sé trén may tinh cau hinh phé théng, da dwoc dp dung dé khao sdt phé hap
thu ciia chdm heong tir phong cau dang det.
Tir khéa: Chdm lwgng tiv, phéng cdu, phé hép thy, dang det
1. GIOI THIEU

CAu trac thap chiéu hinh thanh khi ta han ché chuyén dong cua cac dién tir theo it
nhat 14 mot hudng trong pham vi khoang cach ¢& budc séng De Broglie ciia né. Viéc
giai phuong trinh Schrodinger cho thay s6 chiéu dong mét vai trd quan trong trong phd
ning luong cta hé. Tuy theo sd chiéu ma hat tai c6 thé chuyén dong tu do. Nguoi ta
chia vat liéu ban dan 1am bon loai: ban dan khdi, giéng lugng tir (quantum well), day
luong tir (quantum wire) va cac chAm luong tir (quantum dot — QD). Trong QD céc hat
bi gi6i han theo ca 3 chiéu trong khong gian va vi thé chi ton tai cic trang thai c6 ning
xung luong gian doan trong khong gian. Pho ning luong lién tuc chuyén thanh cac muc
ning luong gian doan ca ba chiéu [1].

QD thuong 14 tinh thé ban dan, co kich thudc ¢& nm, c6 thé chua tir 1-1000 dién tir.
Trong QD, cac murc ning luong cua hé bi lwong tir hoa. Thoi gian séng phat xa ciia QD
dai do d6 lam ting xac suat hip thu tai cac budc song ngan hon va lam cho pho hap
thu mo rong. Do ning luong ving cdm quyét dinh budce séng phat xa photon, nén co
thé kiém so4t budc song phat xa qua kich thudc cta hat nano. Pho hap thu rong cia
cac QD cho phép ta kich thich tai cung mdt bude song, kich thich cung ltc cac QD
kich thudc khac nhau trong ving phd rong. Cac nghién ctru vé QD bat dau tir nam
1986, s6 cac cong trinh ting nhanh hang niam, cho dén nay di c6 nhiéu cong bd vé
ung dung cua QD trong cac linh vuc nhu cac linh ki¢n chuyén doi nang luong mat
troi, cac linh kién quang dién tir, cac detector si€u nhay, cac linh ki¢n phat sang, trong
cac ung dung y — sinh [6], [7], cAdc cam bién sinh hoc nano [8].

Nhitng nim gan day co rat nhiéu cong bd vé cac van dé lién quan, trong d6 phai
ké dén cong trinh ciia A. Gusev va dong nghiép [2] thuc hién, st dung 1y thuyét nhiéu
loan dugc xay dung trong khuon kho cia khai trién Kantorovich va phuong phap doan
nhiét. Cac gia tri riéng va ham riéng thu dugc da dugc ap dung dé phan tich cac dac
diém pho va tinh chat quang cta cac chdm luong tir phong cau trong dién truong déu.
Cong trinh cta G. Cantele va dong nghiép [3] nghién ctru chuyén dong cta hat chi gidi
han trong mot cham luong tir phong cau bang tinh s6 va phuong phap bién phan. Cac
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tac gia thdy ring cac muc ning luong gidi han cua ting trang thai duoc suy bién khac
v6i cac cham lugng tir hinh cdu va dugc giai thich do két qua ciia hiéu ung bién dang
hinh hoc va thé tich gy ra.

Trong nghién ctru ndy, ching t6i st dung phuong phap gan dung khéi luong hiéu
dung két hop tinh sd, cac két qua ham riéng va tri riéng thu dugc sé& duoc ap dung dé
khao sat phd hap thy cia mot s6 ban din chdm lugng tir phong ciu dang det dién hinh
trong thé vo han.
2.CO SO LY THUYET VA PHUONG PHAP NGHIEN CUU
2.1. Bai toan bién cho cham lwong tir phéng cau dang det trong gan ding khoi
lwgng hi¢u dung

Trong gan dung khéi lugng hiéu dung, xét chdm luong tir phong cau (spheroidal
quantum dot - SQD) trong m6 hinh Iuvong tir hoa kich thude manh, ta ¢6 phuong trinh
Schrodinger cho dién tir (hay 18 trong) trong tir truong déu H véi thé vec to A va

dién truong ¢ cua SQD nhu sau:

Hy(r,r) =E (r,7); 2.1)

N (1 5 q - o R
H = Zl—(Pi— LAy — qE7)+ Vc,mf(r* ey 2D o)
2m, c ' KT KT - rh‘

1

i=e,h

nl= et ¥ 25 B=-W , ladong

7

Trong do: r, la vec to ban kinh ,

luong; ¢ 14 hing sb Plank; E 13 ning luong cua hat; V. (mf(ri) 1a thé cAm tu; q,» q, Va

C
q. lan luot 13 dién tich Coulomb cua electron, 13 tréng va tam tap chat; « 1a hé'mg sb

dién moi; m, la khdi lwong hiéu dung cua electron hay 15 trong.

Ta s€ giai bai toan trén trong pham vi: SQD khong chiu anh hudng cua di¢n

truong © , khong chiu tdc dung cua tir truong H = 0 va bo qua ca tuong tac Coulomb
gitta dién tir va 13 tréng cliing voi anh hudng cua tap chat.

Lac d6 phuong trinh Schrodinger cho dién tir va 16 tréng c6 dang :
Hy(r) = E (r) 2.3)

- 1
voi: H =
2m *

P4+ V

conf

5 m™ 1a khéi lwong hiéu dung cua dién tu (hodc 15

trong), con theé cam tu V|
con,

; T c0dang:
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0 (O< Sk 1) (2.4)

o o (S0 1)
2 2 2
voi: S(F) = T 2 2.5)
a Cc

¢ day a, c la cac ban truc cia SQD. Trong truong
hop chdm luong tir phong cau dang det (oblate  Hinh 1. Giéi han bé mit cia
spheroidal quantum dot — OSQD) ta c6 c< a  OSQD
nhu Hinh 1.
2.2. Nang lwgng va ham song cua dién tir trong OSQD

Chung t6i trinh bay cach giai quyét bai toan voi phuong trinh (2.3). Chon hé truc
toa d6 dé ban truc a cua chdm nam trong mat phang Ozy con ¢ huéng doc theo truc

2z . Mién khao sat bi gidi han béi bé mat .S voi phuong trinh tham so:
T = acospsll ; =y aSing sin=; 20 ccos (2.6)

voi 0< v<r 2 va0 < &r . Giai phuong trinh Schrodinger cho hat ty do dé

tim nang luong £ va ham song \II(SU, v, z) :
K2
2m

VU (z,y,2= E¥ (2,92). 2.7)

*

v6i didu kién bién: \Il(a:,y,z)‘(ﬁ/z)e 0 (2.8

s
Ta phai tim mot hé toa d0 mé1 ¢y dé phuong trinh (2.7) c6 thé tach bién
dugc va phuong trinh cua mat S trong hé toa d§ c6 dang & = const . Bai toan bién

trong trudng hop nay s& duge gidi trong hé toa do phong cau dang det ¢y,

= fNEF Why Ps = fEP W1 g lsiny 2 f o (9)
viil<ét<too+ k& < 87 < 2, f lahangsd.

Chon ; —dcos voi 0< .<r , tir phuong trinh (2.9) ta thdy bé mat voéi

phuong trinh & = const mé ta cho ho cac ellipsoid voi ban truc f/€% + 1 (trong
mat phang Ozy) va fi (doc theo truc z). Vi vay, tham s6 f duoc xac dinh boi diédu

kién ellipsoid thudc vé ho bé mit (2.6), nghia la, ton tai mot giatri | cua ! sao cho:
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(2.10)

oday e = i: F % la tam sai cua ellipsoid. Phuong trinh (2.10) x4c dinh
c |

khi y= < 1. Bay gio viét lai va tach bién phuong trinh (2.7) trong hé toa d6 méi
a
. , *
vé1 mval 1a hing so tach, h =cf = f %E va nghiém dugc tach thanh dang
W(eny ) =& WSy () taduge:
4 &+ 1)iff( y A= (R C %R( ) 0 (2.11a)
d§ d§ &
d o\ d -
—A=n)—=SGp ¥ ik SC) 0 (2.11b)
dn an 1-4n
1 42
————d(p) =- m. @.11¢)
() dp? ()

Chu ¥ rang cac phuong trinh (2.11a) va (2.11b) duoc lién két bai ca hang sb tach
va h. Trong truong hop ndy, phwong trinh tht hai phai duoc giai v6i h cd dinh va |
ro1 rac la ham cua A.

1

Nghiém cua (2.11c) c6 dang ¢(cp) = \/2— véim = 0 L 2...1asd luong tur

tir. Trong khi d6 nghiém cta phuong trinh (2.11b) ¢6 dang t6 hop tuyén tinh cdc ham
phéng ciu goc dang det loai mot va loai hai [5]:

S, (—ih,n)= C.Sy ih,H) CySI( ih, ) (2.12)
vGi Slsi)(—ih,n): Zdﬁm(ﬂz’h)fﬁe( ) va SP(—ihyy) = Z d" @ h)Ql, ().
r=0,1 r=—00

Trong d6 P!

! (1)va @', (1)1a cac ham Legendre lién két va [ > m; C,,C, la cac
tham s6;d™ 1a hé s6 khai trién . Cac ham S'”(-4h,) ) phan ky khi » = 1. Vi vay, dé

Im
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ham song hiruhanvéi -k ¢ 1thi C, = 0.

Céc nghiém cua phuong trinh (2.11a) 14 t6 hop tuyén tinh cta cac ham phong cau

xuyén tam dang det loai mot va loai hai [5] :

R, (=ih,i€)=

O day,
1

Z dlm(h (2l + r)!

r=0,1

R (h,¢) =

52

BRX¢ihid)  BRE( ih,i ).

B,, B, la cac tham s6 ; Cac ham phong cau xuyén tam dang det c6 dang :

€ 1]2 i i gin (h)L .

r=0,1

(2.13)

v6i r bat dau tir 0 hodc 1 tuong tmg [~ ™M 1a chan hoic lé. ]( ’) 13 ham Bessel ciu bac

! cip n. Ham R”(—ih,i )phan ky tai ¢ = 1.

1< &¢  taphaichon hé sd B, = 0.

Vi vay, dé ham song hiru han khi

Tir nhitng két qua trén, ching t6i tim dwgc ham song cua dién tir (hay 1 tréng)

trong mot OSQD nhu sau:

U(Enp )= A
v6i A 1a hé s6 chuan hoéa. Khi d6 diéu kién (2.8) *
tr¢ thanh :

RY(-ih&) 0
Phuong trinh (2.15) cho phép ta x4c dinh dugc
2m * FE

h2

hat giam giit trong OSQD. Vi mdi cip gia tri
[, m xac dinh va (g v&i mot gia tri xac dinh cua

(2.15)

v

pho ndng lugng gian doan &" = clua

" ta tim dugc mot tap cac gid tri rdi rac cla Ak tir
(2.15) va tir d6 xac dinh duoc phd ning luong.

St dung phan mém Mathematica ching
t6i thu dugc dd thi sy phu thudc ning luong vao
. ung voi cac by gia tri (n,/,m) khac nhau nhu
trén Hinh 2. Ta nhan thdy cac mic ning luong cé
su suy bién vé gid tri ciia mot giéng lugng tir hinh
try c6 ban kinh Z (Z 1 khong diém tht n cla
ham Bessel cap s) khi ting cho y - 1. Pong

thoi, su suy bién ngau nhién xuat hién. Pac biét,
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Sy ih, )-RyK Cihy i Je™

(2.14)

z,

/

l“m'Emcth:

o g
wh Vo /
Ox” /4 - E'lu g.".. z
/ ?T S AN A
A /8 -
/ / ;
10 ._zzz-:
n ; ; .
[T} l}! ¥ 0.8 g 1.0
¥=cla

Hinh 2. Sy phu thudc cua nang lugng
dién tu vao x trong OSQD. Voi: (1)
100; (2) 110; (3) 11£1; (4) 120; (5)
12+1; (6) 12£2; (7) 200, (8) 130; (9)
13+1; (10) 13£2; (11) 13+3
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voi y < 1 & cac trang thai véi n, m gidng nhau nhung [ khic nhau trd thanh
suy bién gan nhu nhau véi gia tri | 16n. Cac mirc ning luong trong hai phd khéc
nhau xuit hién muc giao cét, diéu nay giai thich su hién dién cua suy bién ngiu
nhién.

Hinh 3 13 phin bd xac suét tim thdy hat trong QD phong ciu dang det &
trong cac trang thai twong tng voi cac bd sb luong tir (n,,m) khac nhau ma ching
t61 thu duoc tir két qua tinh sé trén.

o4F

-1.0 0.5 o0 ©.5 1.0

n=IiI=im=1I

Hinh 3. D0 thi mat d xéc suét tim théiy hat trong OSQD khi y = 2 va n,l,m lan lugt

la 1,00, 1,1,0 , 1,11

2.3. Hé s6 hap thu ciia OSQD
Vi & ddy chung ta khong dé cap dén hiéu Gmg twong tic cip dién tir - 16 trong
nén hé s6 hap thu K dugc tinh gan ding theo cong thirc sau [4]:
K(w™, a,c) = SOK, " a,eu) AN 6 (w) (R W) (3)

L, = \f vi(rasep yj(r,a.p, h)drr (3-2)

Trong d6: A ti 1& vi binh phuong yéu t6 ma tran trong phan tich Bloch; ' 1a

e

ham delta Dirac;? © va ¢ " 1a ham riéng ctia dién tir (e) va 16 tréng (h); E° va E" 1a
tr1 riéng nang luong cua (e) va (h), phu thudc vao céc ban truc a,c va tap hgp cac sb
lugng tir doan nhiét v = [n,[,m va ' =[n"JI'\m', véim=- m’; E, la bé
rong ving ca4m cia ban dan khéi; Y7 " 1a thn sé 4nh sang  to1,
W, = E + E‘(a,c)+ E"(a,c) la nang luong chuyén tiép giita cac ving tng véi gia

tri 16n nhat caa K (v ph) ;U vay ph 1a ham riéng cua dién tir va 16 trong; g, ,lan
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luat 12 khéi lugng hiéu dung cua dién tr va 16 tréng; K 1ahésb hép thu riéng phﬁn.

v,

Viét lai khai trién (3.1) dué6i dang:

K" a,c) = AE 'S0, [f, (W) (3.3)
- E‘(a,c) + El\(a,c h2 3
ﬁiy,’(u) = w,— (a,¢) (W' :) - 51 Fe (3.4)
E 2uc’E ;
g e g )
hujph _ )
Véi w, = ——— lanang lugng quang hoc chuyén tiép giita cac ving.

g
Xét cac OSQD vo1 ban truc dugc viét lai a = upE dugc xac dinh bdi thong sd

ngau nhién u véi ham phan b P(u) . O day, st dung ham phan b Lifshits-Slezov [4]:

1
34 eq2 1-2u/3 . 3
e khi 0<u<?®
P(u) =127 (u+ 3)"°(2 —u) 2 (3.5)
LO khi < 0Uxu §
Hé s6 hap thy K7 (w™, a,c) dugc khai trién nhu sau:
K?(w™ a,C) = fK(wph,a, c, up)P u, du,. (3.6)

Ta dua dén khai trién gidi tich cta hé s6 hap thu K(w”", a,c) clia mot hé cac

QD bén dan véi phan bd ngau nhién ctia ban truc:

K W ph ph

— Z (3.7a)

v, l/ »S

df, ()

= = Iu,u' (ue) du

P u . (3.7b)

UZUS

voi K, = A Eg ' 1a hé s6 chuan hoa, U, la nghiém cua phuong trinh
f ;U = O
v,V S

3. KET QUA VA THAO LUAN

Thyc hién tinh sé bang chuong trinh 1ap trinh trén phan mém Mathematica vai
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cac hang sd cia GaAs : p, = 0.067m, va p, = p,, = 0.558m, lan lugt 1a khoi

lugng hiéu dung cua dién tir va 16 tréng, Eg — 1430MeV 1a bé rong vung cam,

a, = 104x 10", chung t6i thu dwgc hai do thi cta hai gia tri ,  khac nhau (hinh 4
) dé co thé so sanh céc gia tri cuc dai cling nhu sy bién thién cua hé s hép thu. Duong
mau do cao nhét trén do thi mo ta hé s hap thu toan phan va cac dudng mau xanh con
lai phia duéi twong tng 13 hé s6 hip thy riéng phan lay theo mot tap hop cac sb lwong tir
xac dinh. Két qua cho thay hé s6 hap thu toan phan ciia OSQD GaAs trong trudng hop
x = 0.2 ¢6 d6 16n thap hon va chiéu bién thién dién ra it tron hon so vi hé s6 hap thy

toan phan trong trudng hop = 0.1 .

KK,

@ »)

Hinh 4. Pho hép thu ctia OSQD GaAs v6ix = 0.2 (hinh a) va x = 0.1(hinh b); ¢ = a,

léy téng cac sd lugng tir dau tién (n=14l= 0,1,2...;m= 0,1...,1)

Thuc hién thé tinh toan trén tham s6 ctia mot chAm lugng tir ban dan dién hinh
khac 1a InSb ciing thu dwgc két qua kha quan tuong tu. Véi nhimg két qua nay ching ta
c6 co s& dé tim hiéu va so sanh véi cac gia tri thyc nghiém sau nay.

Trong tuong lai, phép tinh va thuét toan giai s trén day co thé s& 13 co so tng
dung dé phat trién bai toan trén trong nhitng diéu kién phuc tap hon nhu c6 két hop
thém viéc khao sat cic hiéu tng twong tic cip dién tir - 18 trong ciing nhu twong tac
gitta dién tir voi dién tir va 18 trng véi 16 trdng, hay thay cho cac thé giam gitr khac thé
vO han...

4. KET LUAN

Nghién ciru da tim dugc ham séng va cidc muc ning luong cua dién tir (hay 15
tréng) trong OSQD, xay dung duogc do thi biéu dién su phu thudc cia cadc mirc ning
lugng cua dién tir va mat do xac suét tim théy dién tuo trong OSQD Ung vai cac gia tri
khéc nhau ctia , . St dung ham phan bd Lifshits-Slezov, da xac dinh dugc biéu thuc
giai tich ctua hé sb hép thy, da tinh sd va vé& dd thi caa phé hép thu ciia mgt hé OSQD
GaAs ng v6i cac gia tri khac nhau cia | . Két qua nay la mot dong gop vao viée tim

hi€u cac h¢ thap chiu trong chat ran ndi chung va ban dan ndi riéng. Tur do biét dugc
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dac diém cua vat li€u nano va di dén cac trng dung cu thé trong thuyc té.
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INVESTIGATIONS ON ABSORPTION SPECTRUM OF OBLATE
SPHEROIDAL QUANTUM DOTS

Abstract. In the effective mass approximation for the electrons (holes), when there isn't

external field, ignoring the interaction and perturbations, the state of oblate spheroidal

quantum dots are considered in the oblate spheroidal coordinate system. The

eigenvalues and eigen functions of the problem, which are obtained after expansion and

numerical on ordinary PC configurations have been applied to investigate the
absorption spectrum of oblate spheroidal quantum dots .

Key word: quantum dot, spheroidal, absorption spectrum, oblate.
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