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Electron—confined-optical-
phonon scattering rates in single
guantum wells in an applied
electric field

We calculate the scattering rates
for electron-phonon
intrasubband and intersubband
transitions for confined optical-
phonon modes in single
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quantum wells when an electric
field is applied parallel to the
growth axis.

For the description of the
electron-phonon Frohlich
interaction we use the Huang
and Zhu model, based on a
lattice-dynamic approach. The
scattering rates are found not to
differ significantly when an
electric  field is  applied.
However, the electron-confined-
phonon coupling parity presents
important changes for
intersubband transitions where
the even phonon modes become
dominant at high electric fields.
For intrasubband transitions the
parity changes significantly
only for large quantum wells.
We also present results for the
Fuchs-Kliewer slab model and
Ridley’s guided-mode model.

l. INTRODUCTION

The practical importance of the
determination  of  electron-
phonon scattering rates in low-
dimensional semiconductor
structures such as quantum
wells and su-perlattices has
grown considerably in the last
few years. Important theoretical
work has focused on this
prob-lem in several ways: the
use of dielectric continuum

models in quantum wells1-5
(QW’s) and  superlattices,6
microscopic lattice-dynamic

calculations,7-9 and ab ini—tio
calculations.10,11 However,
there has been little the—oretical

cam trong cac giéng lugng tir
don dudi tdc dung cua mot
truong dién ngoai song song
Vai truc tang truong.

Trong mé ta tuong tac Frohlich
electron-phonon, ching toi sir
dung mdé hinh Huang va Zhu,
dua trén phuong phap dong
hoc mang. Chung tdi nhan thay
tbc d6 tan xa khong cd su khac
biét dang ké khi co truong
ngoai ap vao. Tuy nhién, tinh
chan 1é cta tuong tac electron-
phonon giam cam din dén su
thay dbi quan trong trong cac
dich chuyén lién ving trong d6
cac mode photon chian chiém
uu thé & cac mic cudng do
dién truong cao. P6i Véi cac
dich chuyén xay ra trong mét
viing, tinh chan I¢ chi thay doi
dang ké khi sé luwong giéng
luong tor I6n. Ching tdi cling
trinh bay cac két qua caa mo
hinh phan lép va mo6 hinh
mode dan séng cua Ridley.
1.GIOI THIEU

Viéc xac dinh tbc d6 tan xa
electron-phonon trong cac cau
trdc ban din thap chiéu chang
han nhu giéng lugng tir va siéu
mang ngay cang c6 y nghia
quan trong vé mat thuc tién
trong vai nam qua. Nhitng
nghién cau Iy thuyét quan
trong da tap trung vao van dé
nady theo mot sé6 hudng: sir
dung mé hinh lién tuc dién moi
trong cac giang lugng tir 1-5
(cac QW) va cac siéu mang, 6
cac tinh toan dong hoc mang vi
mé, 7-9 va tinh toan vat ly nén
tang.10, 11 Tuy nhién, c6 rat it
cong trinh ly thuyét nghién cau




work  on  electron-phonon
scattering rates in  QW’s
subjected to the influence of an
applied elec=tric field. This is
surprising given the importance
of low-dimensional structures in
high-field devices. Re-cent
developments estabilishing the
importance of opti—cal phonons
in tunneling in double QW’s,12-
14 and the suggestion of
phonon-assisted carrier sweep-
outl5 further motivate a better
understanding  of  electron-
phonon scat-tering processes in
the presence of electric fields.

Ferreira and Bastard16 have
presented results using bulk
phonons (phonon bé mit va
phonon khéi) in single and
double QW’s. Goodnick, Lary,
and Luglil7 used an ensemble
Monte Carlo simula-tion to
study relaxation in coupled
QW’s. Addressing the problem
of hot phonons in QW’s,
Ridley18 included the effect of
an electric field in the
temperature dependence of the
electron drift velocity. Tang,
Zhu, and Huangl9 calculated
the resonant Raman profiles for
superlattices using the Huang
and Zhu model7 and found that
the phonon parity selection
rules break down when an
elec—tric field is applied.

In this paper we present the
results of a calculation of
electron-phonon scattering
times for confined optical-
phonon modes using the Huang
and Zhu model,7 based on a

toc do tan xa electron-phonon
trong cac QW dudi tac dong
cia mot truong dién ngoai.
Piéu nay that dang ngac nhién
néu xét dén tdm quan trong cua
cac cau tric thip chiéu trong
cac thiét bi truong cao. Nhiing
budc phét trién gan day da cho
thiy vai tro quan trong cua cac
phonon quang trong hién tuong
chui ham & cac QW kép 12-14
va cac nghién ctu loai bo hat
tai bang phononl5 gitp ching
ta hiéu tot hon cac qué trinh tan
Xa electron-phonon dudi tac
dung cua truong dién.

Ferreira va Bastard16 da dua
ra két qua nghién cau vé céc
phonon khéi trong cac QW don
va kép. Goodnick, Lary, and
Luglil7 da dung mo phong
Monte Carlo d& nghién cutu
hién tugng phuc hdi trong céc
QW lién két. Khi phan tich bai
toan phonon nong trong cac
QW, Ridleyl8 di xét dén anh
huong cua dién truong trong
biéu thic biéu thi méi lién hé
gira nhiét do va van téc troi
giat cua electron. Tang, Zhu, va
Huangl9 da tinh todn bién
dang Raman cong huong cua
cac siéu mang biang md hinh
Huang va Zhu model7 va thay
rang quy tac chon loc chan Ié
phonon bi vi pham khi 4p mot
dién truong vao.

Trong bai bao nay, chung toi
trinh bay céc két qua tinh toan
thoi gian tan xa electron-
phonon cua cac mode phonon
quang hoc giam cam bang mé
hinh Huang va Zhu, 7 dya trén




microscopic lattice-dynamic
description, in single QW’s with
an electric field applied in the
growth direc—tion. We also
present similar calculations for
two ad-ditional models, Fuchs-
Kliewer20 slab modes and
Rid—ley’s guided modes.1 The
use of the dielectric contin-uum
model for the description of the
electron-phonon (Frohlich)
interaction in quantum wells
and superlat-tices is still
controversial,21 and several
alternatives to the original
Fuchs and Kliewer theory have
been presented.1,7,22 While we
believe that the Huang and Zhu
model seems to be the dielectric
continuum model which
represents best the electron-
phonon interaction in low-
dimensional structures,4 there is
still no general consen-sus
about which is the most suitable
model to be used. Therefore, it
Is important not to exclude a
priori any of these models in a
study  of electron-phonon
interactions in  QW’s. In
addition we believe that the
present work contributes in a
constructive way towards the
solution of the  present
controversy. It is also very
instructive to com-pare the
theoretical results of these
models, and in partic-ular, we
will show how the application
of a uniform elec-tric field
along the growth axis reveals
important physi-cal differences
between these models. Interface
phonons have been found to be

mo ta dong luc hoc mang vi
mo trong QW don dudi tac
dung cua dién truong ngoai
theo hudng tang truong. Ching
t6i cling trinh bay cac két qua
tinh toan tuong tu cho hai md
hinh hai chiéu, cac mo hinh
phan 16p va md hinh mode dan
song cua Ridley.l Viéc su
dung mo hinh lién tuc dién moi
dé mb ta twong tac electron-
phonon (Frohlich) trong giéng
luong tir va siéu mang van
dang 1a van dé gay tranh cai, 21
va ching t6i1 cling trinh bay
moét s6 phuong phap tiép can
khac cho ly thuyét Fuchs va
Kliewer nguyén ban.1,7,22




important in  the electron-
phonon interaction, and may
become even the dominant
scat—tering under  certain
circumstances as has been
pointed out by several
authors.1,3 We are not
considering inter-face phonons
in the present work which deals
exclusively  with  confined
optical phonons within the
framework of the macroscopic
dielectric continuum theory.
This paper is organized as
follows: in Sec. Il we out=line
the theory of the electron-
phonon interaction and the
variational electron envelope
function used in our calcu-
lation. In Sec. Il we present and
discuss our results, in Sec. IV
we present our conclusion.
Finally in Ap-pendixes A and B
we present some important
theoretical derivations.




