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ABSTRACT 

The infl,uence of p'Lasmon-phonon coupling on the coefficient of ref1.ection R(�) 
in fazo injrared spectra is presented in this papezo. The big changes in the re­
fi,ection coefficient R(ll)) cuwes '111ith respect to the e:x:isting resu1.ts., azoe found 
by optical mea8Ul'ements in fazo infl'azoed spectz>a on GaAs and InAs singe CpYstal 
samples '111ith high concentrations of impurities. 

The theoretical, quantum meohanioa1. mode1. of pl.asmon-phonon interaction is de­
veloped and a nwne:rical optimisation programe is used for calcutations of opti­
cal and electrical pazoameters of crystals. 

I .  INTRODUCTION 
l 2 � 

The work presented here fonns a part of \ conti nuous study ' ' of the l ong-
-wave l ength opti cal properties i n  pseudo bi nary mixed crystal s A

1
_xBxc�1 The

i nfl uence of pl asmon-phonon coupl i ng on the refl ecti on coefficient R{l,)) i s
analysed through the quantum mechan ical , and through a newly developed numeri ­
cal methods . Optical measurements are carried out o n  GaAs and lnAs s ingle
crystal s .  The concentrations of impurities were i n  sampl es nGaAs = s . 1 0 1 7cm-3 ,
nlnAs = 4 . 1 o1 7cm-3 • The Fourrier spectrophoto-meter i s  used for measuring R(l,))
coefficient at the room temperature and at 77K. The numerical optimization of 
parameters , their fitting is done on IBM 1 1 30 system, by usi ng SIMPLEX progra­
rrme to minimize the sum of the squares of the deviations . The resul ts ,  opti cal 
and el ectrical parameters were compared with hi therto obtained resul ts for 
mixed crystal s �aAs and lnAs . 

S 6 
I I .  THEORETICAL MODEL OF PLASMON-PHONON COUPLING IN I I I -V MIXED CRYSTALS ' 

It i s  useful to take the Hami lton operator of the total system as a sum of 
three terms for analysi ng thi s i nteraction. The first term reppresents the 
i nfluence of el ectron gas free fiel d ,  the second the l attice vibrations of 
the crystal and the third the contri bution of the interaction to the compl ete 
energy of the system. The Hami l tonian of the i nteraction i s  assumed as pertur­
bation. 
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wf,ere b+ and bv are operators of creation and destruction of phonons i nt;\ KA 
s'l!ate t:\ and A is the number from 1 to 6 {number of acousti cal and opti cal 
modes in diatomic crystal ) ,  a� and a

t" 
are operators of the creati on and of 

the destruction of electrons in state t" , E {Iv) is the term for energy:
2 ' 

E{t" ) = � aij
v ki

v kj
v , and where Qfv> (t) is i n  the form:

t 

;\ = 1 , 2 ,3 ;  V = 1 ,2 

when acoustic phonons are i n  consideration, or: 

when the optical phonons are domi nant. 

Starting from these Hami l tonians we can cal cul ate the dens i ty of states , 
transi ti on probabi l i ty and cross section for the mentioned i nteraction . 

Starting from the theoreti cal resul t ,  and from the wel l known truth that I I I -V 
mixed crystal s are one mode behaviour crystal s ,  for numerical cal cul ations 
one can use mathematical model of one damped Lorentzian osci l l ator wi th an 
add itional term for pl asmcin�phonon :�upl i n9'•rhe d iel ectric function 1�: 

[ t11 £co St&1T ] £ {t11} = £
co 

1 - t11(t11 + �Y ) + --.---.-
p � - lt&1 YT - t&1 

or i n  a more useful form:  
2 2 2 2 

(t11 + iy1 L  t11-t111L) {t11 + iy2Lt11-t112L)
£ (t11) = £ 

2 co w(w + iyp) {w + iyT t11 - t11T)

£co constant denotes contribution of the excitat iofts at high frequencies
rel ative to the spectral i nterval of i n�erest, t11i l ' Y; L shoul d  be understood
as the eigenfrequencies and damping coefic ients and Yp describe the LP-mode
dampi ng coefficient . 
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The cal cul ations between the d iel ectric function ,refl ection coefficients 
and refractive i ndex are : 

k = 

n(w)  n(w ) + i k(w)

I l l . EXPERIMENTAL RESULTS 

As al ready mentioned the Fourier spectrophotometer Beckman FS 720 i s  used for 
measuring the spectral charasteristic R(w) i n  far i nfrared spectra (w=�0-400cm-1

) .
The Fourier transformation of the re�ul t i s  done on l i ne . The spectrogram i s  

- 1  -1 taken on Perkin - El mer 577 from w = 300 cm to 600 cm • The sampl es were
enough big to close the wi ndow, and Al mi rror i s  used . Figs . 1 and 2 show 
reflection spectra obtained from measuri ng sampl es wi th a pl asmon-phonon 
coupl i ng and the same fi gures di spl ay the resul ts for GaAs and lnAs without 
i nteracti on .  

Reflectivity spectra measurements are used for cal cul ations . Numeri cal optimi ­
zation of parameters i s  done on computer. Numeri cal resul ts of LO-phonons and 
TO-phonons and dampi ng constatans as wel l as a d iel ectri c  constant are presented 
i n  Tabl e 1 .  
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Refl ection coeficient R(w ) - I nAs 

Fig . 1 .
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Tabl e 1 .  

Yp l cm 
- I w1 J cm 

-
Y1 l cm I WL 1  I cm I Yt 1 l cm I �t2 l cm I YL2 l cm

GaAs 1 3 ,20( 1 3 . 0  90( -) 272(273) 5 . 1 ( 3 . 7 ) 330(297) 28(3 .9 )  245( -) 3 1  { -) 

I nAs 1 5 .0 ( 1 5 . 1  7 1  ( -) 2 18(2 18) 4 .8(3 . 1 )  268( 24 1 ) 26) ( 3 . 8) 1 90(- )  47 ( -) 

The parameters from l i terature for sampl es without pl asmon-phonon coupl i ng ,
are i n  brackets and the resul ts of thi s  work are beyond brackets . 

I V . CONCLUSION

Refl ection coefft.cieritR(w) - GaAs
F ig .  2 .  

The theoretical and numerical methods are devel oped for treati ng the pl asmon­
-phonon interactioQ in I I I -V mixed crysta l s .  Usi ng the experimental resul ts of
opti cal measurements for numerical cal cul ations it is shown that the presented
method gi ves sati sfactory resul ts .  

I t  i s  necessary to say that a confi rmation of al l these resul ts have be obtai ned
by Raman spectroscopy . 
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