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Measurements of the conductivity, thermopower, and infrared absorptiontigre doped hydrogenated
amorphous silicond- Si:H) films grown under varying deposition conditions have been performed, in order to
test the role that compositional fluctuations associated with the bonded hydrogen microstructure have on the
long-range disorder present at the conduction-band edge. Films grown either with high deposition power or at
low substrate temperature have a lower conductivity and more long-range disorder of the mobility edge, as
measured by the difference in the activation energies of the conductivity and thermopower. The long-range
disorder(measured by the activation energy differencelarger for films with a larger fraction of SiH,
bonds, as inferred from the infrared absorption, indicating that the hydrogen bonding is related to long-range
electronic disorder. Computer simulations have also been performed in order to test the proposal that long-
range disorder is responsible for the difference in the conductivity and thermopower activation energies.
[S0163-182609)08027-3

. INTRODUCTION silicon-monohydride (Si-H) absorption band at 2000 crh
Both the amount of hydrogen in the clustered phase and in
It is well known that amorphous semiconductors such ashe Si=H, bonding configurations increase when the growth
hydrogenated amorphous silicoa-Si:H) exhibit different  conditions of thea-Si:H films are varied to produce material
thermal activation energies for the electrical conductivity andwith lower electronic quality. It is likely that regions of the
the thermopower. Several models have been proposed to asample with larger hydrogen content will have larger local
count for this discrepanc;? with the long-range fluctuation band gaps? causing additional modulations of the mobility
model being the most widely accepted. In this model, theedge beyond the potential fluctuations induced by charged
energy level of the conduction-band edge varies by up to ~ defects or impurities, but the exact nature of this effect is not
several hundred meV in space over length scalest@ A, known, nor has t_he influence of hyd_rogen mi(_:rostrgcture on
due to Coulombic potential fluctuations from charged dop-he long-range disorder been experimentally investigated.
ants and defects, and possibly also structural inhomogene- 10 Study the effects of structural disorder, we have mea-

ities. Since the conductivity depends on the endegy- E¢ sured the conc_iuctivi.ty and Fhermopower for a series of
exponentially while the thermopower has a linear depen_samples deposited with identical doping levels but different

dence on this quantity. a measurement of a Macrosco rowth conditions. The hydrogen bonding in these films is
d Y, P¥iso measured using infrared spectroscopy. While studies of

sample volume results in different averaging procedures fo{he influence of varying deposition conditions and the corre-

these properties, and thus a difference in activation ene‘fglessponding infrared spectra faa-Si:H have been reported

The theory of long-range Coulombic potential fluctuations isbefore14‘16to our knowledge what is new about this work is
V\{ell'd.evelopecf,@' and these fluctuations are likely to play & yne careful assessment of the activation energy differéince
significant role in dopeda-Si:H. Extensive experimental g the growth conditions are varied, and the correlatidg,of
studies of singly doped andp-typea-Si:H, as well as com- it the hydrogen microstructure. In addition, computer
pensated films containing both phosphorus and b&rdfind  gimylations of random resistor networks are described which
an increase in the activation energy difference with doping, ther support the identification @&, as a measure of the

level. However, structural and compositional inhomogeneyong_range disorder of the electronic transport states.
ities are also known to exist ia-Si:H, and their role in

determining electronic transport properties is not as well un-
derstood.

Evidence of spatial fluctuations of the band gap of
a-SiN, :H has been found in the optical absorption of those The samples studied here were synthesized using plasma-
materials'® and band-gap fluctuations have been used t@nhanced chemical vapor depositi®ECVD) of SiH, and
model the density of states &-Si:H.** In a-Si:H, nuclear PH; (for n-type doping in a capacitively coupled rf13.56
magnetic resonance measurements have found a dilute phagéiz) system at the University of Minnesota. The films used
of isolated Si—H bonds, and a clustered phase of approxi-in this study were deposited with a gas-phase doping ratio of
mately six hydrogen atoms in close proximifyMoreover, [PH;)/[SiH,]=4Xx10 . For one series of samples, the rf
infrared spectroscopy measurements demonstrate the prgsswer was held constant at 3 Veélectrode area-50 cnf)
ence of silicon-dihydride configurations €SH,) character-  while the deposition temperature was varied from 250 °C
ized by an absorption band near 2100 ¢rim addition to the  down to room temperature~22 °C). For another series of

Il. EXPERIMENTAL METHODS
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films the rf power used during the deposition was varied

from 1 to 90 W, while the deposition temperature was held 103 - g

constant at 250 °C. For conductivity and thermopower mea- _5 | ® Sty

surements, two chromium coplanar electrodes00 A thick < . Th g &

with a separation of 4 mm are deposited onto each sample. 107 °s. LI %
The sample is mounted inside a shielded vacuum chamber jg = <><’> ° ., E
across two independently heated and controlled copper g 0k . .
blocks; so that one electrode is above each block. A fype- E o
thermocouple is attached with silver paint to the inner edge o B %
of each electrode to measure the temperature on each side of 107 1 | l l I |

the sample. Wires are attached to the chromium electrodes 4 26 28 30 32 34 36 3B

using indium, and these connections are used to measure 1kgT (1/eV)

both the conductivity and thermopower. For a given average

temperature, the thermopower is calculated by measuring the ) o

slope of a plot of the thermoelectric voltage as a function of FIG. 1. Arhennius plot of the conductivity of the sample depos-

temperature differencAT, for several values oAT in the gﬁgrf’:nlsezﬁg;; Toéhoe@iusi&diﬁazgei5352%?5&2i;nu(;nrgzzrﬁg
range=*6 °C (Ref. 17. '

. . . 200°C(+ ks.
Infrared-absorption spectra were measured using a Nlco—00 C(+ marks

let Magna 750 Fourier-transform infrared spectrometer, ove
the spectral range from 400 to 4000 chwhile the sample

is in a dry nitrogen environment. The absorptief) of the
a-Si:H film is calculated by dividing out the background of a

ders of magnitude, with the largest change occurring be-
tween the anneals at 100 and 150 °C. Figure 2 shows the
temperature dependence of the conductivity for the entire

. . series of samples, after they were all annealed at 200 °C for 2
blank crystalline Si substrate measured under the same cop- ; ! . X
. Even following this anneal, the films deposited at low

ditions. Over the spectral range from 1800 to 2250 trwe ; .
. - T substrate temperatures remain much less conductive than
perform a least-squares fit to two Gaussian distributions cen-

= S o even the sample which was deposited at 15Qfi€ which
tered near»~2000 and 2100 crt (with the peak positions annealing hardly affected the conductiyitflearly some of
allowed to vary, and then calculate the microstructure he disorder introduced durina d tion is fixed and
fraction® the disorder introduced during deposition is fixed and cannot

be altered with subsequent thermal treatments.

Thermal equilibration, a well known phenomenon in
=== (1) a-Si:H believed to result from hydrogen motion, is reflected

2000t | 2100 by kinks in Arhennius plots of the conductivity, indicated by
the arrows in Fig. 2 for samples deposited at 80°C and
Gaussian curves centered at wave numbers 2000 and Zlg?her' Th_e_rmal equilipration h_as_ been fou_nd _to depend on
cm 1, respectively. Consistent and reproducible fits to th € dgpqsmon powet, and a similar behavior is observed
infrared spectra are obtained when the same widths are us gre n films grown at lower substrate. temperatures, suggest-
for both Gaussian distributionévhich also decreases the g that th'e' underlying hydrpgen motion becomes slower as
number of adjustable parameters in thg fit the deposition temperature is lowered.

-1
Ill. EXPERIMENTAL DATA AND ANALYSIS 10 ¥
A. Varying deposition temperature : B \4'

It is well known thata-Si:H films grown by PECVD : \
show the highest quality electronic properties when the sub-
strate temperatur€s during deposition is between 200 and
300 °C, and low rf power level&orresponding to deposition
rates of 1-3 A/secare used. Samples deposited at lower

temperatures or higher power levels generally have higher
defect densities, higher hydrogen content, more pronounced

| 2100
R
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hydrogen microstructure, and lower conductivity® As ex- 10'724 2'6 2'8 3'0 3'2 3'4 L
pected, our lowF g films show greatly reduced electrical con- 1k T (1/eV) 3638
ductivity (up to seven orders of magnitude lowahen com- /ey

pared toa-Si:H depo_s,lted at 250°C. '_I'he conductivity of FIG. 2. Arhennius plot of the conductivity of the entire series of
these lowTs samples increased as the f||m§ were annealed E%tamples deposited with varying substrate temperature, after each
higher temperatures, although the conductivity never reacheghy neen annealed at 200 °C for 2 h. The samples are as follows:
the yqlues found in &s= 250°C sample. In Fig. 1 th? CON- solid circles forTs=250 °C, crosses for 150 °C, open triangles for
ductivity (measured upon heatingf the sample deposited at 100 °c, + marks for 80°C, solid triangles for 60 °C, and open
60°C is plotted as a function of inverse temperature in thesircles for 22 °C. The lines are exponential fits to the conductivity
as-deposited state as well as affeh of annealing at 100, above and below the equilibration temperature, which is marked by
150, and 200 °C. The room-temperature conductivity of filmsan arrow for the samples deposited B¢=250, 150, 100, and
grown atTg<150 °C increased by approximately three or- 80 °C.
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8 creased when the film was initially heated above 100 °C, but
. L hardly changed for annealings between the 150 and 200 °C.
Similar behavior was observed in the other films. Figure 3
g 6 _M shows theQ function for all samples after annealing at
§ s 200 °C. The data for each sample are fit to the expression
=
5 s L Q=Qu—E,/KgT. 5
3 b 4 We find that the value oE,, which equals the difference
between the conductivity and thermopower activation ener-
2 1 1 L | ! 1 gies, increases from 0.09 eV for the sample deposited at
24 26 28 30 32 34 36 38 250°C, to 0.20 eV for the sample deposited at room tem-
1kyT (1/eV) perature, while the&), values are 9—-11 for all the films in

Fig. 3. Typical uncertainties fdg, are =10%. Our value of

FIG. 3. PI.Ot of th.eQ f””°“°'_‘ against inverse temperature for 0.09 eV for theT =250 °C sample is slightly lower than the
the entire series of films deposited with varying substrate tempera- tivati diff 012 eV obtained by B
ture, after annealing at 200 °C for 2(hsing the same symbols as aclivation energy diiference of U.1z2 eV obtained by beyer

Fig. 2). The lines are fit to the data using E&). and co—worker@_ for fllr_ns of S|m.|Iar doping Ievgls in 1977,
perhaps indicating a difference in sample quality. The values

The thermopower has also been measured for these fiImQ,f E, for each film_are listed in Ta_lble I. These results will be
both before and after annealing when possible. The samplééscussed further in Sec. V of this paper.
deposited at the lowest substrate temperatures were initially 1h€ infrared absorption in the 2000-2200-cmange de- _
too resistive for accurate thermopower measurements, biends strongly o4n1ghe deposition temperature, as observed in
could be studied after annealing at 100 °C or higher. For ange"'Ous reports™'>The sample deposited at 250 °C has an
n-type material with a sharp mobility edge, the thermopower? value[calculated from Eq(1)] of 0.17, while the room-

should be given B} temperature substrate film h&-=0.82. The value oR for
each sample in the as-deposited state and after annealing at
kg [Ec—Eg 200°C is listed in Table I. Uncertainties in the valuesRof
S=-% KaT : (2)  are approximately-0.04.
whereA is independent of temperature. For all samples stud- B. Varying deposition power

ied here Ec-Er measured from the thermopower is less than

the activation energi.— E¢ obtained from the conductivity 25A series ofn-type dopeda-Si:H films all synthesized at

0°C, but with varying rf power during deposition, was
Ec—Er also studied. The samples deposited using a rf power of 10
o=0y exr{ T T ) 3 W or less had the highest conductivities and the lowest val-
B ues ofE, , while a rf power of 20 W or higher resulted in a

This discrepancy is observed quite generally in amorphou¥wer conductivity and a higheE, , indicating more disor-
semiconductor&® and has been ascribed to the influence ofder. The infrared absorption also changed systematically
long-range disorder on the electronic transport stafée.  With deposition power, exhibiting an increased microstruc-
compare the conductivity and thermopower without the in-ture fractionR at higher power levels. The valuesgf and
fluence of the statistical shift oE-, Beyer, Fischer, and R, as well as the deposition rate, are listed in Table II. Also
Overhof proposed the functiéh listed in Table ll(marked by an asterisk next to their power
level) are data for three samples that were grown with a
e slightly different configuration in the deposition chamber.
Q= k—B|S| +In[o(Q cm)]. (4 For these films an extender was used to increase the separa-
tion between the anode and cathode to approximately 3 in.
The Q function is independent of the position B and of instead of approximately 1 in. for all of the other samples.
temperature it andS have the same activation energy. The This modification serves to move the substrate away from
slope of theQ function for the 60 °C sample in Fig. 1 de- the most intense region of the plasma, significantly reducing

TABLE I. Silicon dihydride relative concentratidiit) and activation energy differenc&() as a function
of deposition temperature.

Deposition R R E, (V)
temperaturg°C) (as deposited (annealed at 200 °C (annealed at 200 °C
250 0.17 0.18 0.087
150 0.32 0.33 0.101
100 0.60 0.56 0.129
80 0.61 0.66 0.150
60 0.72 0.73 0.204

22 0.82 0.85 0.197




2452 D. QUICKER AND J. KAKALIOS PRB 60

TABLE Il. Deposition rate, silicon dihydride relative concentra- as the samples deposited with varying substrate temperature,
tion (R), and activation energy differenc&() as a function of rf  the correlations betweeR, andR are quite similar for all
power during film growth. The samples marked with an asteriskthree series of films. This supports the idea that structural
used a different growth configuration, as described in the text.  disorder can be responsible for the difference in activation
energies. It also suggests that=5il, bonding in the amor-
phous silicon network either directly adds to the long-range

Deposition rate

rf power (W) (AVs) R Es (V) disorder of the mobility edge, or that the=SH, bonding and
1 16 0.19 0.095 long-range disorder have a common origin. We note that
3 29 0.17 0.084 extrapolating the data in Fig. 4 ®=0 still leads to a non-
10 5.6 0.24 0.082 zero value ofE,, which would presumably be due to the
25 11 0.32 0.103 Coulombic potential fluctuations from charged dopants and
40 23 0.34 0.109 defects and the intrinsic hydrogen microstructure that is
60 29 0.36 0.111 found even when no SkH, is present.
90 33 0.35 0.110
10* 0.7 0.26 0.082 IV. COMPUTER SIMULATIONS
20 1.3 0.44 0.101
50 5.3 0.69 0.152 Computer simulations of the conductivity and ther-

mopower of random resistor lattices were previously per-
formed by Overhof and BeyérThese authors calculated the

the deposition rate for a given power level. However, it alsgconductivity by directly inverting Kirchoff's equations for
tends to increase the amount of dust generated during tHBe entire resistor network, and then calculated the Peltier
deposition process. As seen in Table II, the samples depo§€at in the same way and used Onsager’s relation to obtain
ited in this manner have more hydrogen microstructure, af€ thermopower. Because of the large computational effort
reflected by higheR values. The 50-W sample deposited réduired, they used lattices of 00X 10 (in three dimen-
with the extender also has a significantly largar than the ~ SIONS or 40X 40 (in two dimensiongor smaller. As a source
other films in this series, even though its deposition rate i®f disorder they used Coulomb potentials generated by a
similar to the 10-W sample in the normal configuration.f@ndom distribution of point charges. We have performed
These results demonstrate that even if the deposition tenfimulations of random resistor networks, using a different
perature and deposition rate are held constant, the Sampr[@ethod which allows for the direct calculation of both the
properties are sensitive to the detailed nature of the deposfonductivity and thermopower. This procedure is computa-
tion process. tionally more efficient so that larger lattices could be calcu-
lated. In addition, more general types of disorder were also
examined.
C. Analysis To represent the spatial fluctuations of the mobility edge
Figure 4 shows a plot of the activation energy differencen these simulations each point of a two-dimensional square
E, as a function of the microstructure fractiGhfor all of  lattice is assigned an activation energyhich would equal
the films studied here. A good correlation between thes&c—Er) using one of several different methods described
quantities can be seen, where samples with large valuBs of P&low. Each point was connected to each of its four nearest
(higher Si=H, conten} generally also exhibit large values of N€ighbors via a bond which is assigned an activation energy
E, . Although the samples deposited with varying rf poWersequal to the average energies of the two points it connects. It

(with and without the extendedo not cover as wide a range was assumed that this activation energy would be the same
for the thermopower and conductivitgs in Egs(2) and(3)]

on this microscopic scale. Across each bond, Ohm’s law

AV=IR and the relatior5= AV/AT were assumed to hold,

0.20 |- * e allowing the derivation of an expression for the current

- through each bond as a function of its activation energy and
S 0.16 |- the potential difference and temperature difference across
9;1 | oX that bond. The law of current conservation was then applied
® ° at each point of the lattice, yielding a set of equations relat-
012 o ing the potential at each point to the total applied potential
- D X and temperature difference across the lattice. This series of
oogl—Bloct 111 1 1 equations was solved by calculating the potential at each
01 02 03 04 05 06 07 08 09 point as a function of its neighbors, and iterating this process

Microstructure Factor R through the entire lattice.
FIG. 4. Plot ofE, [calculated from Eq(5)] as a function of the Several different methods were employed to assign the

microstructure fractiorR [calculated from Eq(1)] for all of the ~ activation energies of each lattice point. One method was to
films studied here. The open squares are for the samples depositéglect a value from a Gaussian or uniform distribution ran-
with varying rf power, crosses are for the samples deposited wittflomly for each point, with no spatial correlation in the acti-
the extender, and solid circles are for the samples deposited witation energies of neighboring points. Another method intro-
varying substrate temperatuf&fter being annealed at 200 °C for 2 duced spatial correlations by first picking a random
h.). activation energy for each point, and then averaging each
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point with its nearest neighbors, using periodic boundary N
conditions. The averaging process could be repeated any (a) .
number of times to set longer and longer length scales for the 71 oy
spatial correlations. For both these methods, the standard de-
viation of the distribution of activation energies was used as
a measure of the disorder. Since negative activation energies
(resulting in local conductivities that decrease with increas-
ing temperaturewould be unphysical, all bond activation
energies were required to be greater than or equal to zero for
both distribution types. After the lattice was generated, the
conductivity and thermopower of the entire lattice were cal-
culated for several different temperatures, usually in the
range of 300—450 K, which is the typical temperature range
for our experimental measurements. The calculated values
from all of the selected temperatures were fit to Egsand

(3) to find the activation energies of the thermopower and
conductivity, respectively.

Figure a) shows a sample lattice of the type used for
calculations, where the gray scale indicates the activation
energy at each point. This lattice was generated using the
nearest-neighbor averaging methgerforming the averag-
ing process twicefor an average activation energy of 0.4 eV (©
and a distribution width of 0.1 eV. Figur€l® is a plot of the 0.067 mV/K
same lattice, where now the current flow that results when an
external potential is applied across the top and bottom of the
lattice is shown, using a gray scale to indicate the logarithm
of the current density passing through each lattice point. The
brighter regions correspond to sections with a higher current 9,046 mv/k
density. The current tends to form filaments which pass
through areas of the lattice that have relatively low activation
energies. The image of the thermopoyeig. 5(c)] is harder
to interpret. This figure shows the thermoelectric voltatje
vided byAT) at each point of the lattice, after subtracting off
the uniform gradient that would result from a homogeneous
sample with the same total thermopower. This subtraction is
important since the deviations from a uniform gradient are in
fact quite small, and a plot of the actual values of the voltage
would appear to be uniform. In this picture, the top of the
lattice is at the higher temperature. Finally, in Figd)5a
gray-scale image of the thermoelectric charge distribution of B
the random resistor lattice is shown, obtained by differenti-
ating the thermoelectric voltage of Fig(ch. FIG. 5. Representative images from the random resistor lattice

To examine the behavior of these quantities on a moreimulation indicating(a) activation energies(b) current density
detailed level, Fig. 6 shows the variations for the column(with a logarithmic gray scaje (c) deviation of the thermoelectric
indicated by the arrows in Fig. 5, where position 1 corre-voltage from a uniform gradient, as described in the text; @hd
sponds to the top row of the picture and position 40 reprethermoelectric charge density. Imagés, (c), and(d) were calcu-
sents the bottom row. Figuréd@ compares the current den- lated for a temperature of 400 K.
sity with the activation energies. It can be seen that the
regions of high activation energy generally have a small curseen by comparing Figs(® and 3d), and is more easily
rent flow, although the current density remains high near thebserved in Fig. €) in the range of row positions 6—12, and
local maximum in the activation energy at row position 25to a lesser extent near row positions 25 and 40. This charge
since the activation energies of the surrounding regions abuildup will contribute to the circulating currents, which will
the lattice are even higher, as seen in Fi@)5Figure Gb) act to reduce the value of the overall thermopower to less
compares the activation energies with the thermoelectrithan that expected based upon the average activation energy.
voltage[adjusted as in Fig.(8)], while Fig. c) compares As in the experimental measurements, the simulations
the activation energies with the thermoelectric charge denfind that the conductivity has a higher activation energy than
sity. Although the net current across the sample must be zerthe thermopower. For example, the lattice shown in Fig. 5
for the thermopower, there can be small circulating currenthias activation energies of 0.392 eV for the conductivity and
within the sample. There is generally a dipolelike buildup 0f0.266 eV for the thermopower. For both distribution types,
charge across regions of high activation energy, with theve find that the activation energy difference depends
negative charge near the high-temperature end. This can ls¢rongly on the disorder in the lattio@s reflected by the

0.08 eV
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g 0.6 > FIG. 7. Plot of simulatedE, from the resistor lattice as a func-
%° 05 § tion of the width of the activation energy distribution, for the
& j Gaussian distribution(solid circleg, and the nearest-neighbor-
€ 04 g, averaged distributiofopen squargs
=1
I~ S~
> ~ . . .
'8 03 % 0.00~ portant for lattices of approximately 2®0 points or larger,
< 02 unless the nearest-neighbor averaging procedure produces
’ spatial correlations on length scales near the lattice size.
07
S
L 06 9 V. DISCUSSION
2y ]
::,00_5 L The computer simulations reported in Sec. IV are similar
&3] B to those of Overhof and Bey&rin that long-range fluctua-
§ 04 = tions in the value of the mobility edge resulted in a differ-
g § ence between the conductivity and thermopower activation
§ 0.3 : g energies, with increased disorder resulting in larger values of
Y0 S Sl N T R NN N N Er (see Fig. 7. Our simulations demonstrate that non-
0 5 10 15 20 25 30 35 40 Coulombic disorder can result in reasonable values pf

Position from realistic disorder levels, even for spatially uncorrelated

FIG. 6. Plots of data from a single column of the resistor latticedisorder, unlike the results of Overhof and Beyérmay be
(marked with arrows in Fig.)5as a function of row position@@  that the small size of their three-dimensional lattice ad-
Comparison of the activation energiésolid circles and current versely affected their results and conclusions. The fact that
density (open squarés (b) Comparison of the activation energies the disorder of the network need not be due to Coulombic
(solid circles and thermoelectric voltage deviatiéopen triangles ~ potential fluctuations supports the idea that long-range struc-
(c) Comparison of the activation energiémlid circles and ther-  tural disorder can affect the electronic properties, and may be
moelectric charge densifgrosses The horizontal axis is the same partially responsible for the observed values=qf.
for all three graphs. The results described in the present paper indicate that

compositional heterogeneities associated with gross hydro-
width of the local activation energy distributipbut has no  gen microstructure can affect the macroscopic electronic
significant dependence on the average energy of the distribproperties ofa-Si:H. The electrical current resulting from an
tion. We also find that the activation energy of the conduc-external applied bias will flow mainly in those regions of the
tivity decreases slightly as the disorder is incread@@ping  film with lower local activation energies, as in the computer
the average activation energy consfaas previously seen in simulations of Sec. IV. The energy landscape near the
the simulations of Overhof and Bey&iThe wider distribu- conduction-band edge would therefore resemble the “Alpine
tion of activation energies provides more pathways withmodel” proposed by Fritzsche in 197Ref. 23 in a very
smaller barriers, leading to this small decrease of the condudifferent context, with electrical conduction being described
tivity activation energy. Figure 7 shows the activation energyin terms of classical percolation channels which would carry
difference as a function of the disorder in the lattice when thehe majority of the electrical current. This is not to say that in
average lattice energy is 0.4 eV, for the uncorrelated Gaussmorphous silicon conduction occurs at a percolation thresh-
ian (nearly identical toE, for the uniform distributionand  old. At higher energies above the conduction-band edge the
for the spatially averaged distributions. This figure showssections which carry current are more interconnected and
that as the range of local activation energies widens, reflechave a lower resistance due to their greater effective volume.
ing greater disorder in the resistor network, the bulk conducThe notion that the current in amorphous silicon occurs pri-
tivity and thermopower activation energy difference simi-marily at a “transport energy” which reflects the competi-
larly increases. The lattice dimensions used for thesé¢ion between a decreasing occupation function and an in-
calculations were 120 points widansverse to the contagts creasing electronic mobility at higher energies was
by 60 points across, and the results were obtained by aveintroduced by Monroe in 198&Ref. 24, and has been gen-
aging the activation energies calculated for ten lattices foeralized here to the case of inhomogeneous current filaments
each distribution. By comparing results from various latticewhose conductance increases with temperature.
sizes, we have determined that finite size effects are not im- We close by considering the implications of long-range
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disorder induced by compositional morphology on the notiorstood, either theoretically or experimentally. Experimental
of a mobility edge. The results reported here and by othestudies of low temperature conduction in a degenerate amor-
groups clearly indicate that the long-range inhomogeneitiephous semiconductor, possibly anSi:H based metal-oxide
influence the electronic transport, with current flowing pre-semiconductor field effect transistor in extreme bias, with
dominantly in the regions with lower activation energies.care taken to avoid leakage currents, would provide impor-
However, Mott argued that localized states and extendethnt information on this fundamental question.

states cannot coexist at the mobility edge, for this would

imply that o(E:) would bg both zero and nonzero @t ACKNOWLEDGMENTS
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