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Abstract

In this work . the authors used the experimental results due to Jackson et al for the
density of states convolution integral (JE)) vs. photon encrgy E for GD a-5i:H films in
the energy range (1.6-3.7)eV . We plotied the squarc and the cibic roots of KE) as a
function of T , the square root plot ' (E) exhibited a fairly linear behaviour in the
energy range (~1.E3.3kY . Becasse HE) depends only on the density of states
distributions near the band edges of the valence and conduction bands , in contrast to the
imaginary part of the dielectric function €, (£) which depends also on the tramsition
matrix clement , we concluded that the density of states distribution near each band edge
could be approximatcd by a parabolic law behaviour ie N{(E)aE' . As Jackson ot ul
found the electric dipole matrix element squared R*(E) is constant in the energy rangs
af for GD a-5iH films . we conclude that the theoretical model due to Cody

{N(E)ak"” . R*(E) - constant) is in accord the above experimental findings .

Thus we recommend the plot due to Cody (£, vs.E) as the most suitable plot 1
analyze €, - data of the high absorption region of the optical absorption edge of high
quafity G} a-Si:H films , and Cody’s theoretical model as the proper entry towards a
possible firture solution of the optical gap problem in this material al least .

Introdictios
It is well known | that the magnitude of the forbidden gap and its relation o the

optical absorption edge is still a mystery n amorphous semiconductors (1] .
Fundamecntally , this is becausc that the optical absorption depends not on a convolution
of the conduction band (CB) and valence band (V) density of states but also on the
transition matrix element [2] .-

tn order to possible solve this dilemma . two independent measurements of the density
of states distributions close to both edges of the valence and conduction bands . and the
optical absorption spectrum of the high photon energy region (& =10 em ™y where & is
the absorption cocfficient of the absorption edge on the same samples or at least prepared
at the same run . should be performed .

Beeause of the difficulties in achicving such kind of a project , it is seldom found
literature , cxcepl may be is the very important and it might be considered unique work of
Jackson ot al [2] about 20 years ago | where they determined the energy dependence of



the optical matrix element of GD- a-%i:H films using independent measurements results
of the density of states and the €, spectra . (where =. is the imaginary pan of the
dielectric function ) in the encrgy tange (~—(.6-6e) )

We think thal the comeel implications of this important and fairly accurate work are
ol well established in the scentific sociely . except for an importamt note stated bv Cody
some vears azo [3] .

For this purpose , and on behalf of Jackson e al important work . the aulhors here
studied it in more details | to make uge of itz full implications | in the hope of catching the
right thread towards a possible solution of the optical gap problem in the near future at
least for ligh quality GD a-Si:H fims which are now very imporiant opleelectronic
rmalerials .

Followmg Jackson et al [2] . the imaginary parl of the dielectric funchon an
amorphous siructure and umpolarized hight 15 given bv -

Fo ! —E L o r AL = T PP S
2 (E)="3 R (EW N AE + B {n

Where E is the photon energy . £ is the slale eneroy | & is the electron charpe .
N (EYN(ET] is the valence (conduction } band density of states , o, 15 the atorc
density , and RE(E)is the square of the normalized {with respect of the ervstal} average
dipole matrix element .

IF for simphicity | we assume that the densitv of states distmbution near the mobilitv edge
of the valence {conduction) band is a simple power law (N{E)eE"™ Le svmmetrical
BOS (an assumplion which is wsuallv not easy to justify in amorphoes materials) we can
define a theorelical optical energy map E, as seen in the following resulting expression [1]

e O

Ere_ (Ep=k By o= (2

Where - K, is a theoretical prefactor | q 15 an index indicating the simple power
dependence of the dipole mutrix clement (3f possible) (et {r=2m+1} and E,
exactly defined il the fimits of the density of states convolution imtegral g, | 15 coual to
the zeros of the two fimetions mside it [4] .

Becanse the dependence of &, (F)on both the values of g and r . there is no wmque
way o define the exact valoe of the optical gap E, only if an independent measurement of
the density of states near the mobility adee 12 accomplished for the sample wnder stody
which is a very hard task . According to our knowledge . onlv Jackson et al [2] succeeded
in doing for GO 25i-H samples _ the energy dependence of R°({E)in the energy mnge
(~0.6-5. D% Vwas determined from combined messurements of the optical absorption and



the density of states distribution in the appropriate encrgy range for GB 2-5i:H samples
prepared by the above authors .

They found that the dipole matrix element , R*(F) . the constant within the cmors of

their cxperiment for energy up 1o 3.4eV and decreases roughly as E *above this energy .

This is in partial accordance with the assumplion of Cody [1] that the dipole matrix
clement is constant (to ~ 20eV) and not the momentum matrix element P*(E) as
proposed previously by Taue [5] .

In aceord with 10 equation (2) ;with g0 as the above mentioned experimental results
indicated . Cody [1] found that this data of Fi"ﬁ for a-SiHy (x=0.0%) as a function of E
fits excellently to the linear equation IE:”‘" = 3.06 {E-1.64}] in the board energy range
(1.6-3)eV | this means that r should equal (0 2 n egn. 2 in order to conform with the
experimental results of Jackson etal [ie g=0] , which means that M{E)  could be well
approximated to & parabolic dependence on the state enerpy  EieN(E k""" |

In order to check for that . we found the density of states convolution integral data

amnounced by Jackson et al for GD &-5iH in the energy range (0.6-5.9)V most
heneficial as we shall see below

Resulte and Discussion

Fig.1 shows the main Jackson et al results [2] for =, (£) ., HE) (the density of states
integral) and K*(F) in the photon cneregy mnge]~1.5-5.91eV.

We have replotied Jackson et al lE) dataas 7'3(E)  and JY(E)  asa lunction
of E in the wide range (1.6 — 3.7} ¢V as shown in fig . 2 , which covers the high encrpy
region of the optical absorption edee of a-5i:H in full |

We note and conclude the following from these plots.
{1)The function J"*(E) extracted from experimental J(F) data highly correlates to 4
iinear behaviour in the range (~1.78-325)eV a range which covers the high energy region
ol the absorplion edge , and because JE) docs not depend on 8°(£) and they depends
only the density of state distributions of the valence and conduction hands (in contrast to
() or g, (E) which depend on both) therefore according toeq. 2

HE)(E~E, )= ————————— e

As =2m+1 = 2 accordmg to eq2 then m shoold equal o 14 . which means that we can
approximate the density of state distributions of the valence and condwction bands to a

parabolic behaviour (ie N(E)aE"*) . We note from fig2 that J*'(E) data docs not
behave linearly with E at all excluding the namow energy range (~1.78-2) WV,

{2) The extrapolation of the straight fine fit to J'7(E) to the energy axis (J-0) gives usx
Eo~1.68 eV , while the extrapolation of the short J'5(E) line is ~ .57 eV .
{3} We conclude the following from the above important notions |



a) The density of states distributions of the valence and conduction bands edges of
Jackson etal G a-5i:H films (which are clectronic grads films ) can be approximated by
a parabolic function i with m=1/72 in eq.2 (r=2m+1} . this % in accordance with the
original assumption of Tave [3] that N(E)aE' near the band edges of amorphous
semiconductors similar to (at least ) crvstal semiconductors but for the special case of
clectronic grade GD a-Si:H films of least .

b) As Eo-1.68 eV for J"E[Ej plot , combined with expermental fimding of Jackson et al
that R*(E) is constant in the energy range interest and that N(E)ef"'? ‘near the band
edges of valence and conduction bands of Jackson et al films . and noting that the
EEV: (£} vs. E plot for Jackson et al films is linear in the energy range of interest {~1.6-
3V with extrapolation o E-axis giving Ex— 1.64 ¢V as given by Jackson ct al in their
paper which is closs to the 1.68 eV for the J:'IE{E'}t};Imimiaii[m - We conclude that the
most proper theoretical mode] that should be adopted as the comrect stant towards a
prossible understanding of the high energy region of the absorption edge problem in a-
Si:H , is the one that is duc 1o Cody [1] who proposed R°(E)te be constant and
.i"-."{.E'_“h::.l':?”J near the band edges for a-5i:H Glms | excleding Tave model which 15 not
appropriate for GD a-5i:H films beeause he proposed that the momentum matrix P(E} to
be constant and not the dipole matrix element in contradiction o the expenmental
hinding of Jackson ctal | and the Klazes ot al [6] assumptions for a-5i:H films of
N(E)aF"? and PE) is constant .

Stated in another and more practical way £ e,"*{or {a/£)"") plot attributed t
Caody [1] should be adopted for a-5i:H films and not (E* €,)"* {or (! E}"*) attributed
to Taue [5] or (E° .3 (or (ce/ E)"7) attributed to Klazes et al [6] because the last two
docs not conform with the cxperimental findings of Jackson et al for GLY a-5i:H at least .
At the end , we think that our conclusions could be considered conclusive for the correct
plot to adopt for =,0r & data of good cnergy gap problem in this matcrial at least is
automatically solved , and a correct physical meaning for Eqp defined as the extrapolation
of ,"* plot to the E-axis . should be searched for . Our attempts toward a possible
sojution of this problem will be published later .
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Figure Captions
(1) Figure (1) ; Jackson ctal results , for GD a-5i:H [2] (a) =, w.& on a lincar plot .
{b) £, .J ., and R® vs.E on a scmi logarithmic plot .
(2} Figure (2) : ' and I'? s F plotied using Jackson etal J(E) data [2] in the enerzy
range (1.6-3.7)eV .



300 T STATEST o Mo

"

ENEAGY Hv'l
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Figure (2) : I'” and J'% vs.E plotted using Jackson etal J(E}
data [2] in the energy range (1L.6-3)eV



