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A b s tra c t:  A n a ly tic  exp ress ions fo r th e  h igh-frequency con du c tiv ity  tenso r 
and th e  a b so rp tion  coe ffic ien t o f a w eak e lectrom agne tic  w ave  (E M W ) due to 
fre e  ca rrie rs  fo r th e  case  o f e le ctron -a cou stic  phonon sca tte r ing  in  Q uantum  
W ires  a re  ca lcu la te d  by us ing  th e  K ubo-M ori M ethod in  tw o  cases: the 
absen ce  o f a m ag ne tic  fie ld  and th e  presence o f a m ag ne tic  fie ld . In 
com p ara tio rt w ith  bu lk sem iconducto rs , d iffe ren t dependence o f  th e  h igh- 
freq ue ncy  con du c tiv ity  te nso r and th e  absorp tion  coe ffic ien ts  on  the 
e le c trom ag ne tic  w a ve  fre q u e n c y ® , th e  tem pera ture  T  o f the system , the 
cyc lo tron  freq ue ncy  Í Ì  (w hen a m agne tic fie ld  is  p re sen t) and cha rac te ris tic  
pa ram ete rs  o f a Q u an tum  W ires  is  ob ta ined. The an a ly tic  exp ress ion s  are 
nu m erica lly  eva lua ted , p lo tte d  and d iscussed fo r a spe c ific  Q u an tum  W ires o f 
th e  G aA s/  GaAsAI.

1. In tro d u c t io n

The  caption o f e lectrons in  the low-dim ensional system s ign ifican t ly  reduced the 

ve rsa ltility  o f the electrons. T h is  leads to severa l optica l and e lectr ica l properties, 

d iffe ring  to those o f u sua l sem iconductors[l-5]. The  ca lcu la tions o f the absorption 

coefficient o f weak e lectrom agnetic wave in  quantum  w e lls [6], and  in  the doped 

supcrla ticcs  [7] were studied.

In th is paper we study the h igh-frequency conductiv ity tensor and the absorption 
coefficient o f a weak electrom agnetic wave (EM W ) (weak electrom agnetic wave has the 

form: E  = Eoe'wt) due to free ca rrie rs  confined in  quantum  w ừes in  the cases o f the 

absence o f m agnetic fie ld  and the presence o f a magnetic f ie ld  app lied  perpend icu lar to 
its barriers. The  electron - acoustic phonon scattering m echanism  is assumed to be 
dom inant. The  resu lts were ca lcu lated  num erica lly fo r a typ ica l quantum  wire 
GaAs/GaAsA l.

2. H ig h - fre q u e n cy  c o n d u c t iv ity  ten so r and  the  a b s o rp t io n  c o e f f ic ie n t  o f  w eak  
e le c trom ag n e t ic  w a ve  by fre e  c a r r ie r s  in  q ua n tum  w ir e s  in  the' case  o f  the 
absence  o f  a m ag ne t ic  f ie ld

A  cy lin d r ica l quantum  wire: the rad ius R 0, the length L , the in fin ite  confined 

potential: V ( r  ) = 0 in side  the w ire  and V ( r  ) =co elsewhere.

Based on the Kubo-M ori method w ith  the fractions cut-o ff w ith in  second order 

approxim ation o f the  in teraction, we obtained fo llow ing  fo rm ula  fo r the absorption 

coefficient o f weak electrom agnetic wave in  the quantum  w ires w ith  electron-acoustic 

phonon scattering  m echanism  [8-9]:
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(1)
Here, N* is the  index o f re fraction and c is the lig h t velocity, ƠXX(<I>) is the 

perpend icu lar com ponent o f the high- frequency conductiv ity tensor in  the absebce of 
m agnetic filed  w h ich  is a function  o f frequency Ü) o f the electrom agnetic field, 

tem perature T  and param eters o f quantum  wires, which is non-linear.

3. H ig h  fre q u e n cy  c o n d u c t iv ity  ten so r and the  a b s o rp t io n  c o e f f ic ie n t  o f  w eak  
e le c tro m a g n e t ic  w ave  b y  fre e  e le c tron s  in  q u a n tu m  w ire s  in  p re sen ce  o f  
m ag n e t ic  f ie ld

In the case o f presence of magnetic field (magnetic fie ld  B//OZ), using Kubo-Mori 

method, the components o f the absorption coefficient o f electromagnetic wave in  quantum 

w ires w ith  electron-acoustic phonon scattering mechanism in  presence o f externa] magnetic

field:

of the h igh frequency conductivity tensor in  presence o f external magnetic field which is a 
function o f frequency (Ứ o f the electromagnetic field, cyclotron frequency Q  of external 

magnetic field, temperature T  and parameters of quantum wires, which is non-linear.

4. N u m e r ic a l c a lc u la t io n  an d  d iscu ss io n

a xx((ũ,Q)= -^ -R e ơ xx(ci),Q),
cN*

(2)
W here Q  = -^- is the frequency cyclotron, o ^ m .q ) is the perpendicular components

F ig u re  1. Dependence of the absorption 
coefficient of EM W  on the energy of EM W  and 

temperature in  the case of the Absence of a 
Magnetic Field

F ig u re  2. Dependence of the absorption 
coefficient of E M W  on the energy of EM W  and 

radius in  the case of the presence of a 
Magnetic Field
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Based on the  a n a ly t ica l expressions fo r the perpend icu lar com ponents o f the h igh  

frequency conductiv ity  tensor, the absorption  coeffic ient o f w eak e lectrom agnetic wave 

by free electrons in  quantum  w ires  w ith  electron-acoustic phonon sca tte ring  mechanism 

in  the cases o f p resence (2) and absence (1) - (3) o f externa l m agnetic fie ld  fo r a typ ica l 

quantum  w ire  G  a A s/ G a A sA l w ith  values: n = 0.01meV;m = 0.067m0,e = 2.07e0 ; r  = 50A° 

and the system  is  assum ed to be as room tem perature (T = 300°K).
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