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TRONG DAY LUQONG TU HINH TRU HO THE PARABOL
VAO CAC THAM SO CUA DAY LUONG TU

Tém tat: Trén quan diém Iy thuyét trwdng lwong i, bai toan hap thu phi tuyén séng dién ti» béi dién to
giam cam trong day lwong t& hinh tru hd thé parabol cho trwérng hop tan xa dién ti-phonon am dugc
nghién ctu béng phwong phap phuong trinh ddng lwong té. Biéu thirc gidi tich cho sw phu thudc cla hé
sb hap thu phi tuyén séng dién tlr béi dién t& giam cam trong day lwong t& hinh try hd thé parabol vao
cac tham sb cta day lwgng t& nhw ban kinh day, tAn s hiéu dung cta hé thé d& dwoc thu nhan cho
trwérng hop tan xa dién t-phonon am. Két qua cho thay hé sé hap thu phi tuyén séng dién tlr phu thudc
khéng tuyén tinh vao cac tham sb cla day lwong tt. Biéu thire gidi tich dwoc siv dung tinh sb va ban
luédn cho day lwgng t& hinh try GaAs/ GaAsAll.

Tir khéa: day lwong tor; hap thu phi tuyén; dién ti; séng dién tir; phonon am

1. Gié&i thiéu

Day lugng tur la cAu trac dic trung cua hé mot chiéu
(1D). Pic diém chung cia cac loai diy luong tir 1a
chuyén dong cta dién tir bén trong né bi gi6i han trong
céc hé thé giam cam theo hai chiéu g vdi cac chiéu bi
giéi han cua ddy. Su giam cAm dién tir trong cac day
lwong tir 1am thay d6i dang ké cac tinh chét vat Iy cua
hé, cac hiéu tng vat 1y bén trong c6 nhiéu su khac biét
S0 V6i ciu tric ba chidu va hai chiu. Vi du, tan xa dién
tir-phonon va ti 1& tan xa [1,2], tinh din dién tuyén tinh
va phi tuyén [3,4],... Su hép thy song dién tir ciing c6
nhitng khac biét.

Trén phuong dién 1y thuyét, bai toan hép thu song
dién tur dugc xem xét dudi hai quan diém khéc nhau theo
su phat trién cta vat 1y hién dai. Trén quan diém 1y thuyét
¢d dién, bai toan nay da dugc giai quyét chi yéu dua trén
viée giai phuong trinh dong c6 dién Boltzmann [5]. Véi
quan diém Iy thuyét lugng tir, bai toan hap thy song dién
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tir da duoc giai quyét bang nhiéu phuong phap khac
nhau nhu 1y thuyét ham Green, 1y thuyét nhidu loan,
phuong phap Kubo-Mori md rong. Vi hé ban dan thap
chiéu, bai toan hép thu tuyén tinh song dién tir dugc dac
biét phat trién nghién ciru bing phuong phap Kubo-
Mori mé réng nhu: hép thy song dién tir yéu trong hé
ban dan hai chiéu [6], trong day luong tir [7].

Su ra doi cua laser vao dau thap nién 60 cia thé ky
trude cho ta nhitng ngudn birc xa dién tir 6 cuong do
16n, 3o déng bd cao vdi bién dd vecto cuong do song
dién tir vao khoang 107 - 1.010V/cm, khi twong tac voi
vét liéu, cac tinh chit quang cua vat liéu bit diu khong
nhiing phuy thudc vao ban chét cua vt liéu ma con phu
thudc vao cudong do cua truong laser. Tu do, cac hién
tuong méi xuét hién goi 1a hidu Gmg quang phi tuyén.
Ca ly thuyét 1dn thuc nghiém, quang phi tuyén ngay
cang duogc quan tdm nghién ctru nham lién tyc cai thién
su danh gia chinh x4c hap thu phi tuyén ciing nhu hé s6
khiic xa [8, 9,...]. Hip thu phi tuyén song dién tir trong
ban dan khéi (3D) da dwoc V. V. Pavlovich va E. M.
Epshtein nghién ctru va céng bd vao nam 1977 [10],
Trong thoi gian gin day, bai toan hép thu phi tuyén
song dién tlr trong cac hé ban dan hai chidu (2D) ciing
dd dwoc nghién ctru [11]. Sw hép thu phi tuyén song
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dién tr trong cac hé ban dan mot chiéu da duoc chung
t6i nghién ctru va cong bd trén nhiéu céc tap chi khoa
hoc trong va ngoai nudc [12-15] trong d6 ¢b ca sy hap
thu phi tuyén séng dién tir trong day lugng tir hinh tru
h6 thé parabol [13]. Tuy nhién, trong cong trinh trén,
chung t6i chua nghién ctru cho truong hop tan xa dién
tir - phonon 4m. P& hoan thién hon 1y thuyét lugng tir vé
su hap thy phi tuyén song dién tir trong hé ban dan thap
chiéu, trong bai bao nay, chung toi nghién ctru sy phu
thudc cta hé sd hip thu phi tuyén séng dién tir trong day
luong tir hinh try hé thé parabol vao cac tham s dic
trung cta day lugng tir cho truong hop tan xa dién
ta-phonon am.

2. Ham phéan 'b6 dién tor trong day lwong tor
hinh try ho the parabol

Chung ta xét mo hinh day luong tir hinh tru hé thé
parabol. Ham song va phé niang luong dugc xac dinh
2
eikZ 2n'
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ur 2 .
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trong d6, a, = 1/ M, Véi @, 1a tan sé higu dung
caa hd thé, L 1a da thiic Lagrangre tong quat.

B6 qua tuong tac cua cac hat cung loai,
Hamiltonian cua hé dién ta-phonon trong day lugng tu
hinh tru hé thé parabol trong truong hop tan xa dién tir -
phonon am duoc viét nhu sau:
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trong d6 a,, r (a,, ;) latoan tir sinh (huy) cua mot
electron trong day luong tir, by (by) la toan tu sinh
(huy) mot phonon & trang thai c6 vecto séng(’] wy la
tan s cua phonon am, I, . .(q) 14 thira s6 dang duoc

xac dinh nhu sau:
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Pé thu dwoc biéu thic cua phwong trinh dong
lugng tir cho dién tir giam cam trong day luwong tir hinh
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tru hé thé parabol ching ta bit dau tir phuong trinh
dong lugng tir cho toan tir sé hat dién tir trong day

lugng tur nn,|,{;(t) = <a;,|,£an,|,;5>t ta co:
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Tu phuong trinh (5), st dung ham Hamiltonian (4)
va thuc hién tinh toéan giai tich ching ta thu duoc biéu
thac cia phuong trinh déng lwong tir cho dién tir giam
cam trong day luong tir hinh try hé thé parabol. Giai
phuong trinh dong luong tir nay bang phuong phap xap
xi gan dung, ham phan bd khdng can bang cua dién tir
thu duoc:
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3. Hé s6 hap thy phi tuyén séng dién tir boi
dién tir giam cam trong day lweng te hinh try
ho the parabol

Biéu thuc téng quat caa mat do dong hat tai va hé
s6 hap thy phi tuyén song dién tir duoc xac dinh boi cac
biéu thuc:

Ln- €5 (L 8] )
J(t)—mmz,p(p AN, ;O (7)
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Str dung ham phan b (6) thay vao biéu thirc tong
quat mat do dong hat tai (7) va hé sé hip thu phi tuyén
song dién tur (8). Thuc hién cac tinh toan giai tich ching
ta thu duoc:

a= (J[(t)lgosiant (8)
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trong d6 &(x) la ham Delta-Dirac
Tan sd phonon am oy = Q nén trong biéu thirc
ctia hé s6 hap thu phi tuyén (9) ta c6 thé bo qua s6 hang
@y, . HE s6 twong tac dién tu-phonnon am duoc xdc dinh
viét [11]:

|Cy [P Cf° (10)
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trong d6: V., p, v, va & lan luot 1a thé tich

chuén hoa, mat do tinh thé, van téc song am va héng $6
thé bién dang. St dung biéu thic cua ham phan bd
khong phu thugc thoi gian cua phonon am
Ny k,T/ Us(l] . Chuyén tong thanh tich phan va thuc
hién céc tinh toan ta thu dugc biéu thirc giai tich cho hé
s6 hap thu phi tuyén séng dién tir boi dién tir giam cim
trong day luong tir hinh try hd thé parabol cho truong
hop tan xa dién ti-phonon am:
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Nhu vdy, bing phuong phap phuwong trinh dong
lwong tir cho dién tir, biéu thirc giai tich ctia hé sé hép
thu phi tuyén song dién tir boi dién tir giam cim trong
day luong tir hinh tru hd thé parabol di thu dugc cho
truong hop tan xa dién tir-phonon am. Tir biéu thic thu
nhan dugc, ta c6 thé thiy ring hé hap thu phi tuyén song
dién tur trong day lugng tir 1a mot ham phu thude vao
ban kinh day lugng tu, tan s6 hiéu dung cia hé thé,...
Su phu thudc nady s€ dugc danh gia va ban luan trong
phén tinh sb.

4.Két qua tinh s6 va thao luan

Pé thay duoc tudong minh sy phu thudc cia hé sb hap
thu phi tuyén song dién tir vao cac tham sé cua day lwong
tir, biéu thuc giai tich ciia hé s hap thy phi tuyén song dién
tr dwoc thyc hién tinh s cho day Iuong tir

GaAs / GaAsAl , day 1a vat liéu thuong dwoc sir dung
nhiéu trong tinh s6. Cac théng sé duoc sir dung tinh sb [7]:
£=135eV, p=5.32¢gcm>, v, =5378 ms™,
£,=125, y, =10.9, z, =13.1, m=0.066m, ,
m, =9.1x10 kg, he =36.25meV
k, =1.3807x107% j/K, n, =102 m*

e=1.60219x10"° C,h=1.05459x10"* js.

Hé s6 hap thu phi tuyén song dién tir duge xem nhu
la cac ham phu thudc doc lap vao ban kinh day R, va tan
s6 hiéu dung cua hd thé.
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Ban kinh day lwgng tir (nm)
Hinh 1. S phy thugc cia hé sé a vao béan kinh
day R véi cac gia tri khac nhau cua tan sé hiéu
dung cua ho the @, .

Hinh 1 cho thay su phu thudc cua hé sé hip thu phi
tuyén song dién tir vao ban kinh day luong tir. Ching ta
thay ring hé sé hap thu phi tuyén song dién tir trong day
luong tir hinh try hé thé parabol phu thuéc manh va
khéng tuyén tinh vao ban kinh day. Su xuét hién dinh
hap thu tai mot vi tri xac dinh cua ban kinh day cho thay
khéng phai kich thudc day cang bé thi kha ning hap thu
phi tuyén séng dién tir cang tt, ma kha ning hap thy t6t
ung vai mot gia tri ban kinh day xac dinh nao d6 vao c&
nano met.
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Hinh 1 ciing cho thay rang tan s6 hiéu dung a); cua
hé thé giam giir dién tir trong day lwong tar hinh try hd
thé parabol anh huong dang ké dén sy hap thy phi tuyén
song dién tir. Khi thay di gia tri cua tan sé hiéu dung
@, gid tri hé sb hap thu phi tuyén song dién tir thay doi,
dong thoi n6 ciing 1am dich chuyén gia tri cia béan kinh
day ma & d6 sy hap thy t6t nhat.

5.Két luan

Theo quan diém cua ly thyét trudng luong tu,
trong bai bao nay chuing t6i dd xem xét sy phu thudc
ciia hé s6 hap thu phi tuyén song dién tir boi dién tir
giam cam trong day lugng tir hinh try hd thé parabol
trong trudng hop tan xa dién tir - phonon am. Biéu
thirc cia ham phan bd dién tir va hé sé hap thu phi
tuyén song dién tir cho trudng hop tan xa dién tu-
phonon &m da dugc thu nhan.

Hé sb hép thu song dién tu dugc tinh sb cho day
luong tir GaAs/GaAsAl. Két qua cho thiy hé sb hap thu
song dién tir phu thugc manh vao cac tham s6 cua day
lwong tir. Hé s6 hép thy phi tuyén song dién tir dat gia
tri cyc dai khi ban kinh day cé gia tri xac dinh vao c&
nano mét. Khi thay ddi gia tri cia tan sb hiéu dung cua
hé thé, dinh hap thy thay ddi ca vé& d6 16n 13n gia tri ban
kinh day ma & d6 ¢6 dinh hap thu.
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THE DEPENDENCE OF THE NONLINEAR ABSORPTION COEFFICIENT
OF ELECTROMAGNETIC WAVES IN CYLINDRICAL QUANTUM WIRE
ON THE PARAMETERS OF THE QUANTUM WIRE

Abstract: From the perspective of the quantum field theory, the problem of the nonlinear absorption of a strong electromagnetic
wave caused by confined electrons in the cylindrical quantum wire is theoretically examined by means of the quantum kinetic
equation for electrons. In the case of electron-acoustic phonon scattering, there has been a record of an analytic expression for the
dependence of the nonlinear absorption coefficient of a strong electromagnetic wave caused by confined electrons in cylindrical
guantum wires on the parameters of the quamtum wire such as the radius R of the wire and the effective frequency of the potential
well. The results show that the nonlinear absorption coefficient depends on the parameters of the quantum wire in a non-linear way.
The analytic expression have been numerically calculated and discussed for the GaAs/GaAsAl cylindrical quantum wire.

Key words: quantum wire; nonlinear absorption; electron; electromagnetic wave; acoustic phonon
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