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In the las't y ea ra a considerable progrese bas be en aChieved
 
in understar.ding toe localization problem in disordered eystems
 
(see e.g. /1/). Most of toe work ie concerned witb the influence
 
of localization on transport propertiee because of tbe drastic in

fluence or' tbe Loc a Lí eed to extended states t rans tion on tbe elect
í 

rical conductivity. Tbe ~ectronic wavefunctiona, bowever, enter 
also in sucb axpressione as the familiar coupling functiona of opti 
cal tranaitions to IDult1phonon processes 12/. Tberefore, wben oon
eidering optical transitiona 1nvolv1ng lDcalized I'!Itates witb varying 
degree of localization - and b~noe varying amount of ne~.ork relax8
tion - some influence of tbo looa11zed to extendod atates tranB1tions 
on the optical propertieo oan be expeQted. Ic th10 ohort note we 
aho. tbat in 80me approxi~at1on tbe ooupl1ng funct10n for mult1phonon 
processes is related to tbe inversa partioipation rBtio Df 'be elect
ronic stateB IJI which diaplsye 8 critical bebaviour at tbe mob11ity 
adge 14/. Uaing th1a connection we consider the temperatura dopendonce 

of tbe absorption tail. 
We start from the following expreesion of the abaorptlon 00.ff1

cient o:(w) T ) for optical transi tiona coupl ed to.,1 broU 000 

-r~"-- ; "-~"~ 
~ :2. 

--- (.2Jie.~ ')' I .'" IcI ( ) (1 ) ~(w) I ) = 3 z V ~ <fl-pli> (?ll.J-~(':· 
rt.-CV\.1o W f TI T 

)1 Á 

Here i (f) denotee tbe initial (final) etatea of tbe trano1t1ona, ~
 

18 tbe momentum operator and C;i (W - W fi) descr1bol'!l tbo teUl

perature dependent coupling of tbe electronic etatel'!l to tho pbonon
 
eyetem. Tbe notation in front of tbe sum ia etandard. The funotlon
 

T 
- W fi) ie taken in tbe fOnllCf i (W
 

.T 1+'( ISÚ.]-(..Jf;)+'X:;;~) (2)
 

Cf; (I,J-LJf ) = ~_~~s.~ ,
 

.here w fi ie tbe difference of tbe electronic energils and 
I. '1' 

(8) ia given by /21X f i 

f)GT (<;) = ~I: ~Cj-(li )lN +-1)(e;W~S_-1) +N (i~~-1~ 
f; V ~ <t 1- <t (J) 

2 

Here CJ and Nq are tbe frequency and o:cupation number Df theq
q-tb pbonon mode, reapectively. Tbe couplíng ia due to tbe differen

fi i f c e D.. in the equilibrium poai tions, qo and qo of the normal 
q fi

coordinates for tbe initial and final atates. The qo' are expressed 
in terros Df the deformation potentials Df i and electronip wave-
functions 'fi f ,i as ' 

f i D') J.. :-) teZ; ~ X 1
Q ) = ~)I et >< e re í()<. . 
+0 GJ:l.- 1 í J 

~ . (4) 

In what follows we consider optical transitions frem tbe localized 
otatea of tbe valenoe band tail to extended statea of the conduc
tion band. Tbls problem oan be iroportant, fo~ instanoe, for tbe inter
pretation Df the abaorption tail in amorpboua 31licon, whera tbe 
influence of disorder on tbe conduction band states ia known to be 
mucb less relevBnt than for tbe valence band statea (see,e.g./5/). 
Tben q~ AJ d\q o snd the ahlft ~ ~i ,is due to q~ whicb va
ries for differ~nt tail states becauae ~ ()Z)' becomes increaaingly 
delocalized approacbing tbe mobil1ty edge. ·In particular, for tbe 
LDitisl energies Ei crosaing tbe mobility edge and bence ~ i(x) 
entering the extended state region we bave q~1V ~:p.1~:0 ---7 O. In 
order to express tbis bebaviour of tbe coupling ln the simpleat form 
we introduce an average phonon frequency by setting Go • GJq o 
in (J). Inserting (4) into (3) we obtBin 

J..

1(($) ~i~o3 <f(s)T)?Ú~)' (5) . 

whera 

P(s]T) :::: (N +~ )(é-iWo~;{) + N le+ i íJo
: /f)a o D (6) 

ond 
,-- ]~

-1~ [ .J.. IX.:L

}Jl~·) =-V--~ ) J xe 1 \~(')()\ . 
I Iq.. (7) 

By intercbanging the q Bnd x integraIs it is easily sean tbat (6 ) 

10 equivalent to 

P(~.) ~ ('Jet\ \LV. (x)\ 4-
)I I (8 ) 

i-=:::n~~:;~~ua~_' 



which 15 the continuous representation of the inverse participation 
ratio /),4/; P(Ei) is approximately the inverse volume over which the 
electronic densit~ \41i(x~2 is effectively spread, e.g. P(Ei) ~ 

AJ [~(Ei~ ,~Ei) being the inverse localization rad1us. 
Approaching the mobility edge from' the region of localized St~t05 

one obtains X(Ei)---~ O and correspondingly P(E1) ---7 O. 
Considering the influence of the Ei dependence of P(Ei) onAthe tail 
of OLCL0) 11) we assume a smooth energy dependence of the p-matrix 
elements for the localized to extended transitions and take them 
out of the sum in (1). ,Then eq. (1) is equivalent to 

/ ) A (" - (_. . r- \ ·T· ) (9)
~\.w)T =-05 JcAl::/l y*l:::~~v(fJ1)~c-U::~ C~A(10-~+E-1 ) 

where the initial and f~nal densities of states(dos),J'v~El) and 
~c(E2)' respectively, were introduced. Now the following model 

assumptions are roade. The valence band tail dos is taken as 

-- (~ --~V )/6v	 (10) 
o (f )= N e -1 
u v If V 

and the	 dos of the conduction band as 

p (f)==N ~t -E'	 (11) 

UC ~ C;(. G 

Here E;.and bv are the mobility edge and the tailing parameter, 
respectively, and Ec is the conduction band edge. In order to perform 
the E integral analytically, the EI dependence of P(El) i5, assumed

l 
to be of the form 

1? (E ) = ~ E-1 - EV E 2 t:. (12)) -1 V)If Ú tJ. o e., 

i. e. the criticaI index t s 1, lJv and A t are parameters 
having the dimensions of volume and energy, respectively. Inserti~g 

(2) w1th (5) 1nto (9), performing the El integration, using (10) and 

(12) we	 obtaln AI)
O({C.J T) = 

} LO'" ",here , 

Q 

+00 _, 'tS/L.J-f: -tE,;) _ _ ~ ~ '5 \Ú ó(
cAl:: \J Lt. )	 e ,(13) 

~u c oz. -00 J\ -')SL'J - ú.. J?(sT) 
<... v ~) 

.1\1 Dv 
-:::: 'I éT' 6. W 3 (14)«: o e: D 

and f(s,T) is given by (6). For no phonon coupling, i.e. a-O, tbe 

e-integral in (1) is oBsily done u8ing the pole B • - !v . Then by 
O

ineerting (11) into (1) an optical tail ie obtained with thé eame 

i tailing energy .6. v a8 the valence doe (10). For a "> O tbe posi
I 

I	 tion of the pole 8 ia modified by the function f(B,T) reeulting
0

V	 in a temperature dependent optical tail. We consider tbie ~odifica
tion for a'emall coupling O < a ~~ 1 where the contribution of ot 
ber poles is negligible. By setting s--it,t) 0, we solve tbe 
equation 1-tb -af(-it)-O iteratively. For amall 8 we,can restrictvli' ourselveB to the 1st iteration, and employing the explicit form of 

~ f(s,T),	 eq.(6), we obtain 

• •	 _-::.!iJ +S20~ 'J}S -:::--!... YA-CtfCN+A)(e ~::A)+N (e ~V_A) . 
~ 6 v l ~ o	 o 

(15 ) 

Cloeing tbe integration contour in the lower plane and performing 
the E2 integral with (11) we find 

w-E 
cL(w)T) 'V e <'1(\)4 

(16 ) 

where Eg=Ec-E and 6. (T) is the temperature dependent tailingv
 
energy
 

r ( _lidO) J.Ctlcltt<:.:JO-1)j'"
.6 (T) = L1 L;f - Q ~ - e A v + ~[f/, vA . 

V e T _ /{ (17) 

In eoncluBion we note tbe following points: 
1. By ueing 8 constant coupling, i.e. neglecting the Ei dependence 
of the coupling function (5) we obtain an expreasion for o((CO;T) 
different from (13). We have earlier investigated thia conBtant 
coupling numerically and obtained parallel ehifts of the optical 
tail to lower frequencies with increasing T; i.e. for this case 
~ (T); const., in contrast with the experim~ntal resulte /5/. 

On tbe otber hand, tbe Ei - dependence of the coupling strength, 
originating in o~r ca88 from the inverse participation ratio ~(E) in 
(5), gives riso to a T - dependent tailing energy (15) in 8~reoment 

witb the form used for fitting tbe experimental data /5/. Hence our 
calculation is a strong indication - at least witbin our model li 

~

~ 

- tbat tbe varying degree of localization of the tail states has

l\ to be taken into account to deacribe optical propertiea in disorde
red aysteme properly. 
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2. Considering the T ~ O limit in (11) we find that the opt1cal 
tailing energy .6(T..O) < d V -the characteristic energy of the 
dos tail (10). This effect is due to the larger amount of network 
relaxation for deeper tail states implying a greater Stokes shift 
for these atates. This effect ahifta the optical transitiona or1gi
nating from the deeper tail states to higher energies compared to 
the smaller shifts of the states nearby the edge having a weaker 
network relaxation and hence a weaker Stokes shift. At T=O this re
sults in an optical tail narrower than tbe dos tail. Obvioualy tbis 
effect ia 'due to the energy dependence Df P(E) implying different 
Stokes shifts. Hence, by considering an energy dependent coupling 
we have indicated another meehanism why dos tails are uBually broa

der than the optical talls (/6/, chapt~r 5 ). 
Th1s work has been started during a stay at the Un1verslty o~ 

Rome I and flnlshed at the Laboratory of Theoret1cal Physlcs, JINR, 
Dubna. The authors would llke to thank these 1nstitutlons ~or the1r 
klnd hospltallty and Prof.~Frova and Prof. V.K.Fedyan1n for use~u1 
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3ccep B., 3ennoHH A. E17-87....:441 
MHoro~oHoHHaH CBR3b OnTHqeCKHX nepeXOAOB 
B nevnopanove aasrx CHCTeMax 

'i H oõpaTHaH BenHqHHa yqaCTHHI. 
~ 

PaCCMaTpHBaeTCH BnHHHHe 3neKTpoHHbIX COCTOHHHH c paaaoü1 
I) CTeneHbID nOKanH3a~HH Ha 3neKTpoH-~OHOHHYID ~YHK~HID CBH3H ,
I 

OnTHqeCKHX nepexoAoB. ~YHKUHH CBH3H BwpaEaeTCH qepe3 oõpaT~,I 

HYID BenHqHHY OÕ'beMa, Yl.IaCTBYIO~ero B <pOpMHpOBaHHH nOKanH30
aanaor-o COCTOHHHH. BbIl.IHCnfleTCH TeMnepaTYPHaH 3aBHCHMOCTb 
XBOCTa K03<p~HUHeHTa norno~eHHH. 

lU PaÕOTa BbfTIOnHeHa B JIaõopaTopHH TeOpeTHqeCKOH <PH3HKH 

I OIDUI. 

:1, 
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Esser B., Selloni A. E17-87-441 
Multiphonon Coupling of Optical Transitions 
in Disordered Systems 
and Inverse Participation Ratio 

Optical transitions involving localized states with a 
varying degree of localization and electron-phonon coup
ling are considered. The coupling function is shown to be 
related to the inverse participation ratio displaying 
a criticaI behaviour at the mobility edge. Using this con
nection the temperature dependence of the absorption tail 
is obtained in a form consistent with experimental data. 
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