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Bai bao cho thiy phd hip thu ciia cidc chim lwong tir hinh hdp va hinh ciu dwge xac dinh bang phwong
phap mé hinh héa. Thong qua mo hinh tinh toan, nhém nghién ctru da tim duwgc cac mirc nang lugng dwoc
lwgng tir héa cia cic chiAm lwgng tir néu trén. Pay 1a co sé xac dinh phd hip thu cia cic chim lwong tir
(c6 thé ap dung cho cic cham hrgng tir ban din). Xac suit tim thiy hat trén cic mirc ning hrong ciia hat
& nhiét d9 cao ciing di dugc thio luin chi tiét. Tir d6 xac dinh dwgc sy phu thudc ciia phé hap thu ciia cic

chiAm lwong tir vao nhiét dé.

Tir khéa: anh hwéng ciia hinh dang - kich thudc ciia chim lwong tie, mé hinh héa cham luwong tiv, phé hip

thu chdm luong tit.

Chi s6 phén loai 1.3

SIMULATION
OF ABSORPTION SPECTRA
OF QUANTUM DOTS

Summary

The energy spectra of the box and
sphere quantum dots were found by
a simulation method. Based on the
discreted-energy levels, the author
simulated and pointed out the
absorption spectra of the quantum
dots with different shapes and sizes
(may be applied for semiconductor
quantum dots). The probability for
electrons at temperature T = 0K
was clearly discussed. The study
also determined the dependence of
absorption spectra of semiconductor
quantum dots on temperature.
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quantum dots, effects of shape and
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quantum dots.
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Mé dau

Chéam luong tir ban dn 1a cac cdu trac ba chiéu c6 kich thudc
nanomet ma cac dién tir bi giam gitr. Dé tao ra cac chdm luwong
ttr ban dan, nguoi ta bao kin mot loai ban dan nay trong mot loai
ban dan khac ma nd c6 ving cidm Ién hon. Pidu nay duogc thuc
hién véi kich thuéc nanomet va co thé twong dwong véi budc
song De Broglie cua cac dién tir. Ttr d6, nang luong cia cac dién
ttr bi giam gitr trong cac chim bi lwong tir hoa. Sy lugng tir hoa
cac muc nang luong cua cac dién tir cia cham ciing con phu thude
vao kich thudc va vat liéu tao nén chdm luong tir. Cac cham lugng
tr ban dan co thé duoc 1am tir mot sd vat lidu ban dan khac nhau
tly thudc vao muc dich sir dung chim. GaAs/InAs 1a cac vat liéu
phd bién dugc dung dé tao ra cac chim luong tir. Phuong phap dé
ché tao chim lugng tir thudng 14 tao mam hay con goi 1a phuong
phap Stranski-Krastanow. Trong phuong phap nay, budc mot ta
phai c6 mot dé ban dan (vi du nhu GaAs). Budc tiép theo, tao nén
mot 16p udt bang viée tao mot mam (InAs) trén dé. Khi cac mam
InAs 16n 1én trén 16p uét, do tinh chat cau tric cua hai ban dan
n6 s& lam cho ning lugng ting 1én va hinh thanh cac cham lugng
tr. Sau d6, cac chAm lwong tir lai dugc dat chim trong GaAs va
clr nhu vay qua trinh lai 13p lai. Binh thuong cic chim luong tir
¢o kich thudc cd 1020 nm, né twong duong véi kich thude cua
1050 nguyén tir. Nhu vay, cac cham s& thé hién nhu mot nguyén
ttr nhan tao 16n [1]. Cac nghién ctru vé hinh dang va tinh chét cia
cac chim luong tir ban dan da duoc nghién ctru [2-4]. Cac phép
do phd hép thu ctia chim lugng tir ban dan CdSe [5-6] va PbS [7]
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cling cho thdy pho hap thy phu thudc manh vao kich
thudc cia cac chdm lugng tir nay. Hién nay, cac cham
lwong tu ché tao dugc thuong c6 dang hinh thap, hinh
dia [8] va viéc chon duogc hinh dang va kich thudc cua
chdm lugng tir ban dan 1a mot van dé hét stc kho khan
trong qua trinh ché tao. Nhu vay, van dé ton tai 1a v6i
nhing chdm lugng tir c6 hinh dang va kich thudc khac
nhau ¢6 anh hudng nhu thé nao t6i phd hip phu cua
chung. Cau tra 15i cho van d& nay phan nao duogc giai
quyét trong mé hinh cta chung toi.

Viéc khao sat su anh hudng cua nhiét do 1én phd
hap thu ciia cic chdm lugng tir trong mo hinh cia
chung t61 dugc dé xuét nhu sau: tai nhiét do T = 0K,
xé4c suat tim thdy hat ¢ cac mirc nang lugng E_du6i
mirc Fermi ctia cham luong tir hoa ludn 1a 100%. Khi
T # 0K, xac
Gausse exp[—

suat 1’1.’;135 duoc thay bang mot phan bd
], v6i E 1a nang lugng cua hat,

B
E_la cac mirc nang lugng cua cham, K, la hang s6
Boltzman va T la nhiét d¢ tuyét dbi. Mat khac, xac suat
dé tim thay hat trong mién dan cta ban dan khéi ciing
duogc thay bang:

1
/. " E-E__ (1)
exp( T )+1
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Trong do, /. 1a x4c xuét tim thdy hat va E_la ddy
vung dan trong ban din khéi. Nhu vay, x4c suat dé tim

thay dién tir trong cac mirc E cua cham lugng tir duoc
xac dinh nhu sau:
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Hinh 1: xdc sudt tim thdy hat trong ban dan khoi (nét ddm)
vad trong cham liwong tir (nét manh)
khi o T = 0K (nét lién) va T+ OK (nét dirt)
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Phuong trinh co ban va thuat toan

Chuyén dong ciia mot dién tir trong chim lwong tir ban
dan dugc mo ta bang phwong trinh Schrodinger [9]:

h
—%A% (e, 2)+V(x,p,2),(x,y,2)=Ey, (x,9,2)(3)

Trong d6, V' (x, y,z) 1athé ning cta chim phy thudc
vao hinh dang va vat liéu cua chdm. Trong mo6 hinh
hoa chung tdi lay V(x, y,z)=0 vdi cac diém bén trong
chdm va V(x,y,z) = V, v6i nhitng diém ngoai cham.
Viéc md ta cac chdm lugng tir c6 hinh dang bt ky c6
thé dugc biéu dién bang cac diém roi rac trong khong
gian ba chiéu. Trong gi¢i han bai bao nay, V(x, y,z)
chi xét trong trudng hop chiam 13 hinh hop va hinh cau
v6i nhitng kich thudc khac nhau (hinh 2).

z
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Hinh 2: hinh dang ciia cdc chdm hrong tir trong mé phong

z

Nang lugng va ham séng cua phuong trinh (3) sé&
dugc tim bang phuong phap md hinh héa. Mo hinh
nay c6 thé ap dung cho cac chim luong tir ban din néu
ta thay d9 16n cua thé giam cam bang hiéu do cao cia
hai khe niang luong va gbc ning luong s& duoc tinh
tai ddy vung dan ctia cac ban dan c6 khe ning luong
nho hon. Vi du d6i voi chim lugng tir AlGaAs/GaAs,
ta s& lay V,=E (AlGaAs) E (GaAs) Nang luong o
trang thai thap nht s& lay bang E_laday vung dan cta
GaAs [10].

Nhap céc thong s6 cta hé

v

|| Chon cac hinh dang chdm ||

v

Xay dwng ma tran thé niang

Xay dwng ma tran dong nang

Ma tran cho toan tir H
Giai bai toan ham riéng tri riéng

v

|| Nang lwgng va ham séng ||

Hinh 3: so dé cdc bude mé phong cham hrong tiv
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Thuét toan cho mo hinh héa tim nang lwgng va ham
song cua cac chdm luong tir nay dugc tién hanh nhu
hinh 3. Cac murc ning luong ciia cac cham sé& 1a co so
dé xac dinh pho hap thy.

Cac két qua md hinh hoa

Bang phuong phap ham riéng, tri riéng [11], ning

luong cua phuong trinh (3) cho cac chim luong tir

hinh hop va hinh cau véi cac kich thudc khac nhau
dugc bieu dién & hinh 4 va hinh 5.
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Hinh 4: 20 mirc nang lheong
thap nhat ciia cham hrong tir
hinh hép kich thuce 20x20%20 nm

Hinh 5: 20 gid tri thap nhdt
trong phé ndng hrong
ciia cham lrgng tit hink cau
ban kinh R = 10 nm

Tir hinh 4 va 5 cho thdy, ning lugng cia cic chim
lugng tir da bi lugng tir hoa, trong d6 cac murc ning
lwong thap nhat nim cach kha xa nhau, trong khi cac
mirc nang luong cao hon c6 xu thé tién lai gn nhau
hon. Chi tiét cho cac muc niang luong dugc ghi cy thé
trong bang 1 va bang 2.

Bing 1: cde mite nang hong ciia cham heong i hinh hip kich thide 20x20x20 nm

E,=2833 | E,=28336 | E =28336 |E, =249l
E, =24961 | E,=24961 | E =24961 | E,=24961

E,=24961 | E, =22487 | E, =19435 | E,=19435
E,= 19435 | E,=1,6961 |E =16961 |E, =169l
E,=1,1436 | E,=1,1436 | E,=11436 | E, =0,5910

Bdng 2: cdc mire ning heong ciia cham hrong tit hinh cau ban kinh R = 10 nm

E,=41412 | E,=4099 | E,=39815 |E,=39122
E,=36848 | E,=36140 | E =36140 | E, =34732
E,=34047 | E, =34047 | E =30980 |E_ =27748
E,=27748 | E,=27196 |E_=2539%4 |E =253
E,=17658 |E =17658 |E, =16887 |E,=08965
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Tir cac mirc nang luong da tinh toan duoc va két
hop véi xac suat tim thay hat & nhiét do cao (2), ta co
thé di tim phd hép thu theo ning luong va theo budc
song cua cac cham lugng tir. Cac phd hap thy ciia cac
cham lugng tir dugc biéu dién ¢ hinh 6 va 7.
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Hinh 6: pho hép thu theo ning hrong hat (tréi) va theo bude song
(phdi) ciia cham lwong tir hinh hép kich thuée 20x20x20 nm.
Trong do, I, la cuong dj dnh séng dau vio

KgT; = 0,02 ¢V ==m KyT) = 0,02 ¢V =
KT, =0,03eV === 1 KsTr=0,03 ¢V ==
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Hinh 7: phé hép thu theo ning lwong hat (trdi) va theo budc song
(phdi) ciia chdm heong tir hinh cau R = 10 nm.

Trong do, I, la cuong do anh sing ddu vio

Hinh 6 va 7 ciing cho thiy, khi nhiét d6 tang cac
dinh hap thy c6 xu thé dich chuyén vé phia 4nh sang
c6 nang luong cao hon va dinh hip thy giam va mo
rong hon. Cac két qua nay phu hop dinh tinh khé t6t
v6i cac két qua thuc nghiém cia L.R Fonseca, J.L
Jimenez (1998) [9].

Ngoai ra, su phu thudc ciia phd vao kich thude cua
cac chim luong tir cling da dugc chung toi tinh toan va
két qua duogc thé hién trong hinh 8. Tir dy cho théy,
khi kich thudc cia cac chdm luong tir ting dan, cac
dinh ctia pho c6 xu thé dich chuyén vé phia 4nh sang
c6 nang lugng thap hon va ching ciing ¢6 xu hudng
cao hon, hep hon, gﬁn v6i ban dan khéi.
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Ri =10 nm

Ry=12nm ===

Rs=150m

R;=10 nm

R, = 12nm

! R;= 14nm
R:=15nm
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Hinh 8: sw phu thuge ciia phé hdp thu vao kich thuée

ciia cdc cham hrong tir hinh cdu
Ket luan

- Bing phucmg phap ham riéng tri rleng, chung t6i
da tim dugc phod nang lwong cua cac chim luong tir
hinh hdp va hinh cau ¢ cac kich thuéc khac nhau. Trong
cac phd nay, nang luong cua cac cham di bi lugng tir
hoa. Cac chdm lwong tir c6 hinh dang khac chua duoc
nghién cuu trong ndi dung bai bao nay, song hoan toan
c6 thé thyc hién dugce néu mo ta thé giam cam V(x,y,z)
dudi dang mot ma tran 3 chiéu véi cac phﬁn tr cla ma
tran biéu dién céac gia tri twong ing cua thé giam cam.

- Chung t6i da d& xuat mot phuong phap xac dinh
X4c suét tim théy hat & nhiét do cao cho cac dién tir
trong chim luong tir cling nhu trong ban dan khéi dé
pht hop véi mo hinh tinh toan.

- V6i pho niang luong di bi lugng tir héa ciia cac
cham luong tir, chung t6i dd mé hinh héa dugc phd
hap thy ctia cac chdm lugng tir ban dan véi nhitng hinh
dang, kich thudc va & cac nhiét do khac nhau. Cac két
qua nay phu hop dinh tinh kha t6t v6i cac két qua thuc
nghiém do dugc trén cac chim lugng tir CdSe [5, 6].

- V6i phuong phéap mé hinh héa, ching ta c6 thé dé
dang giai quyét duoc cac bai toan véi cac cham luong
tir 3 chidu c6 hinh dang bét ky, day 1a mot thach thirc
v&i cac phuong phéap giai tich.
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