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Tém tat: Trong bai bdo nay ching toi khao sat su hap thu quang
trong h6 lugng tit kiéu Poschl-Teller khi ¢6 mit tit trudng ngoai.
Két qua tinh s6 dugc ap dung cho ca hai loai vat lieu GaAs va GaSb.
Két qua cho thay rang khoang cach giita hai mitc nang lugng trong
ca hai loai vat liéu nay giam theo do rong va ting theo do cao cta
ho luong tit. Hiéu ndng lugng trong GaSb luon 16n hon trong GaAs.
Vi tri ctia dinh hap thu dich vé phia ning luong thap khi bé rong
ctia ho lugng t1t tang va dich vé phia nang lugng cao khi do cao ciia
hé lugng tit va tit truong tang lén, phit hgp v6i mot sé cong trinh
da cong bd trude day.

Tit khéa: H6 lugng tit kicu Poschl-Teller, hé s6 hap thu quang tit.

1 GIOI THIEU

Cac tinh chat hap thu quang ciia cic ciu tric thap chidu dude cac nha khoa hoc quan
tam nghien cttu nhiéu trong nhitng nam gan day [1]. Mot trong nhitng 1y do chinh 1a cac
hé nay co6 sy giam giit lugng tit tuong déi manh, c6 nhiéu tiém nang tng dung trong céac
thiét bi quang dien tif [2|. Schulz va cac dong tac gia [1] da khéo sat tinh dién t va tinh
chat quang ctia hd lugng tt InGaN/GaN. Két qua thu duge cho thiy ring trong khi céc
trang thai dién tit chti yéu duge dinh vi dira vio bé rong ctia hd luong ti, thi cic trang
thai ctia 16 trong duge dinh vi bang cac dao dong hop kim ngau nhién. Nhitng hiéu tng
noi dia héa nay anh hudng dang ké dén cac tinh chit quang hoc luong tir, din dén sy mé
rong dang ké ctia hiéu hai muc ning lugng thap nhat.

Tinh dbi xitng cia thé giam giit Péschl-Teller d& duge ching minh 1a dé& dang diéu khién
bing vigc chon cac tham s6 phut hgp [3]. Vi tinh chat doi xing ¢6 quyét dinh dén céc
tinh chat dién tit v tinh chat hap thu quang clia cau tric hd lugng ti, nén thé giam giit
Péschl-Teller t6 ra 1a ¢6 nhidu wu diém. Cac khio sat vé do thay doi chiée suat ti d6i [3]
ciing nhu hé s6 hap thu, dao dong da hai bac hai va hé s6 chinh luu quang hoc [4] cho
thay rang ciu trac hé lugng tir Péschl-Teller c¢6 nhitng dic diém phit hgp tét v6i nhitng
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tién bo gan day trong cong nghé ché tao nano.

Trong mot sd cong bd gan day, ching toi da khio sit hé s6 hip thu quang tit trong hd
lugng tit Poschl-Teller [5] va hd lugng tit Poschl-Teller céi bien [6]. Két qué cho thay rang
tinh chat hap thu quang tit ctia hd lugng tit Péschl-Teller phu thudoc manh vao cac tham
s6 ctia ho lugng tit ciing nhut tit trudng ngoai. Trong cong trinh nay, ching t6i md rong
khao sat d6i v6i hé lugng tit véi thé giam giit kiéu Poschl-Teller |7| v6i mong muén cung
cap mot két qua c6 hé théng hon vé cic tinh chit quang tit clia cau tric hd lugng ti véi
thé giam git quan trong nay.

9 HE SO HAP THU QUANG TU

Khi ¢6 mot tit trudong tinh duge ddt vao hd luong i theo phuong z, B = (0,0, B), ham
séng va pho nang lugng ciia electron duge xdc dinh béi bidu thite [5]

eikyy
|Oé> = \/L—y¢N(x_x0)wn(z)7 (1)
E,=FEnN,= (N + %) hw, + E,, (2)

trong d6 N = 0,1,2, ... 1a chi 6 mic Landau, L, va k, 1an lugt 1a do dai chudn héa va
s6 song theo phuong y, ¢n(z — x¢) 1a ham song dao dong diéu hoa véi zg = —hk,/(mew,)
12 tam toa do dao dong, m. 1a khdi luong hieu dung ciia electron, w. 14 tan sé cyclotron.
Thanh phan theo phuong z ctia ham séng, 1, (2), duge xac dinh tit nghiém ctia phuong
trinh Schrédinger

n? 0%, (2)
— E,—-U n(z) = 0. 3
S+ (B = U] ) ®)
Trong bai bao nay ching t6i st dung thé giam giit kiéu Poschl-Tell |7]
U(z) = —Ucosh™ (%) : (4)

trong do Uy va L lan lugt 1& do cao va bé rong clia hd thé. Thay phuong trinh (4) vao
phuong trinh (3) ta thu duge biéu thitc cia ham séng

Z\ 2A 1 .
Un(z) = C, (cosh Z) F (—)\ +X, —A— X, 5" 5) vGi n chén (5)

2N\ -2\ 1 13 o
Un(2) = C,, <cosh z) VEF (—)\ +x+ 2 “A—x+ 35" f) vGi n 16. (6)

Trong d6, C,, 1 hdng s6 chudn héa, A = 1 (wgm}l#%— 1- 1), X = —%, £ =

—sinh®(z/L), F la ham siéu boi, va phd ning lugng tuong tng la

(1 [8m.0,L2 1
E, = — Sy — 41— Z
2oL [2 R (” * 2)
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Hé s6 hap thu quang titr duge tinh nhu sau [§]

272
K(Q) = = D IMyalPS(Ey — Ex — h9), (8)
A

trong d6 € 1a hiing s6 dien, V 1a thé tich ctia heé, vi yéu td ma tran dich chuyén quang
duge xéc dinh béi biéu thitc

eh (Nlps|A) _ eh Byin
me E)\/ —E>\ n me AFE

M)\Q\ = 5n',n5kz’/,k:y (9)

véi e 13 dién tich nguyén t6, AE = E\ — F\ la hieu nang lugng giita hai trang thai, va
moment ludng cuc xung lugng, By n, dude xac dinh bdi

ih
ozc\/§

v6i p, = —ihd/0z 1a toan tit xung lugng theo phuong z. Tong theo A v& )\ trong phuong
trinh (8) dugc khai trién thanh >, — DN 2ok, YOI tong theo k, dudc xdc dinh tit didu
kien bién tuan hoan [9]

BN/,N = <N”p$|N> =

<\/ N + 16N’,N+1 — méN’,N—l) > (10)

~ S
= dk, = 11
Z o ) Y 2ma?’ (11)

Y

v6i S = V/L la dien tich bé m#t ctia hé. Thay cic két qué trén vao phuong trinh (8) ta
dugc

orh
K(Q) = ——25 ™ | By v[?6(AE — he), (12)

m2QLa?
NN

trong d6 ag = €*/(4meghc) 1a hing s6 ciu tric tinh té Sommerfield. Céac ham Delta Dirac

trong phuong trinh (12) duge thay bang cdc ham Lorentz v6i do rong T

3 KET QUA TINH sO VA THAO LUAN

Trong phan nay ching toi sé st dung phuong trinh (12) dé tinh s6 va vé dd thi dé khéo
sat he s6 hap thu quang tit trong hé lugng ti dudc ciu tao tit cac vat lieu GaAs va
GaSb vdi khoi lugng higu dung clia electron lan lugt 1a [5]: m, = 0.067mg trong GaAs va
me = 0.043my trong GaSh, v6i mg 1a khoi lugng cia electron tiy do.

Trong hinh 1 chiing t6i mo6 ta sy phu thudc cta hiéu hai mic nang lugng AE vao cac
thong s ctia hd lugng ti. Két qua duge tinh cho hai loai vat lieu khic nhau 15 GaAs va
GaSb. Hinh 1(a) cho thiy ring khodng cach gitta hai mitc ning lugng gidm dan khi bé
rong ctia ho lugng ti tang lén. Trong khi d6 khoang cach gitta hai mic nang lugng tang
khi do cao ctia ho lugng tit ting. Két qua nay 1a phit hgp véi cong trinh da cong bo trude
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Hinh 1: Sy phu thuoc cta hiéu niang lugng vao (a) do rong va (b) do cao ctia hd lugng ti tai
B=10T.
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Hinh 2: Sy phu thuoc hé s6 hap thu quang tit vho ning lugng photon t6i trong (a) GaAs (b)
GaSb tai B=10 T, Uy = 0.228 eV va I' = 0.5v/B meV. Két qui dugc tinh cho céc gia tri khac
nhau ctia L: dudng lién, dudong gach-gach va duong chdm cham 1an lugt ting v6i L = 10, 11 va

12 nm.

day [10, 11]. Bén canh d6, khoéng cach giita hai mitc ning lugng trong GaSb luon 16n hon
trong GaAs. Ly do 1 khéi lugng higu dung ctlia electron trong GaSb nhé hon trong GaAs.
Hinh 2 mo ta sy phu thudc ctia hé s6 hap thu vao niang lugng photon tdi véi cac gid tri
khac nhau ciia bé rong hd luong tit. Ké qué cho thay réang khi bé rong ctia hé lugng ti
tang len thi vi trf ctia dinh cong hudng dich chuyén vé phia niang luong thap. Didu nay
dugce giai thich 14 do khoang cach giita hai mic nang lugng gidm khi L ting (xem Hinh 1).
Bén canh d6, do khoang cach gitta hai mic nang lugng trong GaSb 16n hon trong GaAs,
nén cac dinh cong hudng trong GaSb luon nam phia ¢6 ning lugng cao hon so véi trong
GaAs. Hay noéi cach khéac, niang lugng clia photon bi hap thu trong GaSb luon 16n hon
trong GaAs.

Hinh 3 mo ta sy phuy thudc ctia hé s6 hap thu vao nang lugng photon tdi véi cac gid tri
khac nhau ctia Uy. Két qua cho thay rang trong ca hai truong hgp GaAs va GaSb, vi tri
ctia dinh hap thu dich vé phia nang luong cao hon khi do cao ctia hd thé tang. Didu nay
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Hinh 3: Sy phu thudc hé s6 hap thu quang tir vio niing lugng photon tdi trong (a) GaAs (b) GaSb
tai B=10T, L = 10 nm va I' = 0.5v/B meV. Két qui dugc tinh cho cac gia tri khac nhau ciia
Up: duong lién, duong gach-gach v dudng chAm cham lan lugt ting véi Uy = 0.228, 0.6 va 1.0 eV.

dugce giai thich tit viec AFE tang lén khi Uy tdng nhu dugde trinh bay ¢ Hinh 1(b).
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Hinh 4: Sy phy thudc hé s6 hap thu quang tir vaio niing lugng photon tdi trong (a) GaAs (b) GaSb
tail Up =0.228 eV, L=10nm va I' = 0.5v/B meV. Két qui dugc tinh cho cac gia tri khac nhau
clia tit truong: duong lién, duong gach-gach va duong chim cham 1an lugt tng véi B = 10, 11 va
12 T.

Trong Hinh 4, ching toi mo t4 sy phu thudc ctia hé s6 hap thu quang tit vao ning luong
photon t6i véi cac gia tri khac nhau cta tit truong. Khi tir truong tang 1én thi vi tri cua
dinh hép thy dich chuyén vé phia nang lugng cao hon. Diéu nay duge giai thich nhu sau:
khi tit truong tang lén, tan sb cyclotron w, sé tang, dan dén khoang cach giita hai mic
nang luong ting, do do6 gia tri clia nang lugng ciia photon dude hap thu tang lén. Ngoai
ra, chiing ta cfing thay ring khi tit truong tiang lén thi do cao clia hé sd hap thu tang lén.
Diéu nay duge giai thich tir vige he s6 hap thu ti lé véi ban kinh cyclotron o2 nhu duge
trinh bay ¢ phuong trinh (12). Khi tit trudng ting lén thi ban kinh cyclotron giam, do dé6
hé s6 hap thu tang lén khi tit truong tang. Két qua nay phit hgp véi mot s6 cong bbd trude
day trong cdc mo hinh hé lugng tit véi thé giam gitt khac [12].
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4. KET LUAN

Trong bai bao nay chiing t6i da dua ra duge biéu thic giai tich ctia he s6 hip thu quang
tlr trong hé luong ti véi thé giam giit kidu Poschl-Teller. Khoang cach gitta hai mic ning
luong gidm theo do rong va tang theo do cao cta ho luong tit. Chung toi da khao sat sy
phu thuoc cta he s6 hap thu vho nang lugng photon td6i v6i cac gia tri khac nhau cia do
cao va bé rong clia hd lugng t1f ciing nhu tir truong. Két qua cho thiy riang vi tri clia dinh
hap thuy dich vé phia nang lugng thap khi bé rong ctia hd lugng tit tang va dich vé phia
ning luong cao khi do cao clia hd lugng ti va tir truong tang len. Két qua thu duge la
phit hgp véi mot sé cong trinh da cong b trude day trong mot sé mo hinh hd lhugng tit
véi thé giam git khac nhau.
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Title: MAGNETO-OPTICAL ABSORPTION PROPERTIES OF POSCHL-TELLER-TYPE
QUANTUM WELL

Abstract: In this work, we study the optical absorption in the Péschl-Teller-type quantum well
in the presence of the magnetic field. The numerical calculation is evaluated for both GaAs and
GaSb materials. The numerical results showed that the energy separation decreases with the well-
width and increases with the well-high in both two of these materials. The energy separation in
GasSh is larger than that in GaAs. The position of the absorption peak shifts to the lower energy
origin when the well-width increases and shifts to the higher one when the well-high and the
magnetic field increase. This result is in good agreement with those reported in previous works.

Keywords: Poschl-Teller-type quantum well, magneto-optical absorption coefficient.



