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The temperature-dependent defect density of a-SkH 
calculated from thermally activated conductivity 

V Kirbs, T Driisedaut and H Redler 
FakulUt fiir Nalunvissenschaften, Inslitut fur Expelimentelle Phyaik der 'khnisehen 
UniversiUl 'Otto w n  Guericke' Magdeburg, PSF 4120, 0-3010 Magdcburg, Federal 
Republic of Germany 

ReeeNed 1 lune 1992, m final form 30 September 1992 

AbshcL I h e  thermally activated mnduclivity of undoped a-Si:H films, prepared by 
glow discharge and magnetron sputlering. was measured by moling samples down from 
453 K 10 3% K at a rate of 0.3 K min-l. ?his resulted in sytematic and reproducible 
deviations from straight lines in the In d vemsus 1/T plot, and from these dala lhe Fermi 
level shifl was determined. By means of a density of a l e s  model ;.dipled U) each 
sample, mmbining eleclrical, optical and FSR measuremenu. the temperaluredependent 
defect density was mlculaled from the charge mnsemtion law. 

The mults are explained by a non-monotonic lemperaturedependcnt defecl density 
below the equilibrium temperalure in undoped a-Si:H. I h e  Ihermally induced changes 
increase with increasing hydrogen mntent d the samples Films of idcnliml hydrogen 
mntent show similar behaviour, indepcndent of the prepamtian technique. 

1. Introduction 

Recently, an increasing number of papers (Smith and Wagner 1985, Smith er a1 
1986, Kakalios and Street 1986) have reported on metastable effects in doped 
and undoped hydrogenated amorphous silicon (a-Si:H). Furthermore, it has been 
demonstrated that the density of States (DOS) related to dangling bonds (DB) and 
doping states is in thermal equilibrium above an equilibrium temperature TE After 
high temperature annealing, two regions of different behaviour separated by the 
equilibrium temperature TE have been observed. Above TE the electrical properties 
are independent of previous thermal treatments. Below TE a 'freezing in' of the 
DOS is found and the thermally activated conductivity o( T )  is strongly influenced by 
previous thermal treatment (Street et al 1986). 

A number of models describing the thermal equilibrium defect density in undoped 
a-Si:H have been presented (Smith el al 1986, McMahon and ?su 1987, Xu et al 1988). 
In particular, model calculations for thermal equilibrium processes including the 
thermodynamics of the creation of neutral defects from weak bonds connected with 
the motion of bonded hydrogen show an increase of the equilibrium defect density 
with temperature. These results are in g w d  agreement with experimental findings for 
the temperature-dependent defect density above TE deduced from ESR measurements 
(Street and Winer 1989, and references therein). In contrast to this, Lee ef a1 
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(1987) observed a slow increase of the spin density after rapid quenching to room 
temperature. Further, the present authors reported on a non-monotonic temperature- 
dependent defect density for a-SkH with a minimum at about 450 K and a maximum 
at about 370 K (Druesedau d a1 1992). The data were derived from measurements of 
slow cooling a( T) as well as from quenching experiments, and afterwards conductivity 
measurements at m m  temperature and DOS spectroscopy by CPM. Hence, additional 
experimental and theoretical studies of the thermal equilibrium defect density below 
TE seem to be necessary. 

The aim of this paper is to determine the temperaturedependent defect density 
of undoped a S k H  below its equilibrium temperature by means of temperature- 
dependent conductivity measurements at slow cooling rates and complementing 
measurements. The influence of the preparation method, the hydrogen content of 
films and the cooling rates used for conductivity experiments on thermally induced 
metastable changes & described. Finally, the relaxation of the dark conductivity (I 
at different temperatures compared with the calculated temperature behaviour of the 
defect density will be discussed. 

2. Experimental details and results 

The conductivity measurements were carried out as follows. Samples were heated 
up to 453 K at a rate of 3 K min-' and kept there for 10 min. Hereafter, 
conductivity measurements were performed during amling from 453 K to 306 K 
at a rate of 0.3 K min-'. The measurements were accomplished by an electrical 
field of E = lo00 V cm-' (ohmic behaviour) under vacuum conditions (pressure 
below lo-' Pa) and in a coplanar electrode arrangement with evaporated electrodes 
of 1 mm interelectrode spacing. The electrode materials were Cr, NiCr or AI for 
glow discharge (GD) a-SkH and AI for sputtered (MSP) a-SkH. 

The coplanar geometry can be used to study the metastability of undoped a-SkH 
because modifications of adsorbate layers during thermal treatment are too small 
to induce electrical changes comparable to that induced by metastabilities. This 
is confirmed by very similar metastable effects for the conductivity of a-Si:H using 
coplanar and sandwich configurations (Meaudre et a1 1990). 

'lhe investigated GD samples were prepared under optimum conditions (device 
quality) in the laboratories of the Universities of Marburg, Prague and Kaiierslautern, 
with a typical thickness of 900 nm. Further, a set of magnetron sputtered films Of 
typical 600 nm thickness (Druesedau et al (1988) at the University of Magdeburg) 
was investigated. These samples deposited under identical conditions, with the 
exception of the mrying hydrogen partial pressure, are of high photosensitivity, with 
upH/uD = 1 6  at maximum. The hydrogen content H/Si was determined by meam 
of infrared spectroscopy (Shanks el a1 1980, Druesedau e( d 1988). The amount Of 
hydrogen content increases monotonically with sample number (#201-#206) between 
9 and 28%. 

A typical result of the experiment described above is shown in figure 1. Deviations 
of the a(T)  cuwes from the Arrhenius equation 

o(T)  = ooexp(-EA/kT) (1) 

are evident for both MSP and GD a-Si:H. Three repetitions of the experimental 
procedure within a period of six months gave good reproducibility of these CurVeS. 
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dark mnduclivity c (Arrhenius plot) measured for 
magnetron sputtered (Samples #Zl, #203, #ulc) 

Flgum L The energy difference ( EC - Er)  as a 
hmetion of temperature T for magnetron sputtered 
films of different hydrogen mnlents: #201. H/Si = 
9.5%; #Z3, 22.5%; #2M. 28%. and glow discharged a-Si:H (sample XlaO). 

The temperature-dependent position of the Fermi level EF with respect to the 
conduction band mobility edge E, can be calculated by the transport formula 
(Fritzsche 1971) 

= uMexp{-[EC(T) - E F ( T ) l / k T )  (2) 
which describes the thermally activated conductivity above E,. The fundamental 
prefaaor was taken to be uM = 100 R-’ c m - I  (Mott 1985, Overhof and Thomas 
1989). 

Figure 2 presents the ( Ec - EF) data obtained for MSP a-Si:H. In contrast to the 
assumption of a linear shift (Jones e f  a1 1977, Druesedau et a1 1987), usually made 
and valid in the case of ‘fast’ cooling, the (E, - EF)( T) curves are non-linear. Their 
shape is influenced by the hydrogen content. 

Figure 3 displays ( E c  - E,)(T) curves derived from figure 1 for GD films 
exhibiting smaller deviations from linear shape than in the case of MSP material. 
Additionally, measuremens of the thermally activated conductivity under improved 
vacuum conditions (p < Pa) were performed for various samples. Figure 3 
presents a comparison between (E, - E , ) ( T )  data derived for sample #lo0 from 
measurements at the two different vacuum pressures. We did not find any significant 
influence of the decreased pressure on the conductivity, as evident from figure 3. 
Probably, the main reason for this can be referred to an equilibrium contamination 
of the sample surface throughout, since the samples were exposed to air for a longer 
time after preparation and were never exposed to UHV. Hence, the influence of 
adsorbates at the surface of films measured at p = lo-’ Pa can be neglected. 

Figures 2 and 3 show that the strongest temperature dependence of ( Ec - EF) 
expressed in terms of r = d( E, - E,)/dT occurs at 370 K < T < 390 K for GD 
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Figure 3. me energy difference ( EC - E F )  F@m 4 R e  influence of the -ling rate RA an 
as a function of temperature T for WO glow the temperature dependence oflhe (Ec -EF) (T)  
discharge films. ?he measurements for sample data. 
#1W were performed under different vacuum 
mnditions: circles, IO-' Pa; triangles, lo-' Pa. 

('i 2 -1.3 meV K-') and at 355 K < T < 375 K for MSP material with a lower 
hydrogen content (r Y -1.2 meV K-I). 

For the investigation of the influence of cooling rates on the thermally activated 
conductivity, an MSP sample with a hydrogen content of 10% was measured at 
different cooling rates RA in a range from 0.08 to 1 K min-'. Figure 4 illustrates that 
a variation of RA leads to a splitting of the (E, - EF)( T) curves below T = 420 K. 
Below this temperature a decrease of the cooling rate causes a strong deviation from 
a linear shift of ( E, - E,)(T) ,  which is expected for fast cooling. 

Further on, the GD film #lo3 is annealed at 453 K for 10 min, and after that 
follows a rapid quenching of this sample of about 600 K min-' to T = 423 K and 
-. in 3 - cerond ._ .... ~ cy le  !n T = 373 K. Acmrdinz tn this procedure, fizure 5 displays the 
time behaviour of the conductivity after quenching. This time dependence has been 
normalized by plotting 

= - uMIN)/('hIAX - (3) 

the values U- and uMIN being the maximum and minimum conductivities, 
respectively, occurring throughout a time evolution of 100 min. Note that for the 
same sample the relaxation process leads to an increase of the conductivity with time 
(at T = 423 K) as well as to its decay (at T = 373 K). 

3. Numerical model 

An explanation of the results presented above is suggested by the basic assumption 
that the strong shift of E, observed due to thermal effects is a result of temperature- 
dependent changes of the DOS below EF (for example, weak bond4angling bond 
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Ptym 5. The relaxation of lhe normalized mnduclivity Pigum 6 The calculated normalized dan- 
q ( t )  in glow discharged a-Si:H at different temperatures gling bond density NO versus temperature 
after quenching fmm 453 K (for details see text). T for the three magnetron sputtered a-Si:H 

samples of figure 1. 

conversion (Stutzmann 1987)). The basis of the calculations is a DOS model composed 
of exponential band tails and gaussian shaped DB densities: 

Nw( E )  = Nv = constant ( E  < Ev) 

where " ( E  > Ev), NcB(E < E,) and N D B ( E , T )  are, respectively, the 
contributions of the valence and conduction band tail and the DB to the D o s  in 
the mobility gap of undoped a-Si:H. The W S  " ( E  < E,) and NcB(E > E,) 
in the valence band and conduction band is given by Nv and N,, respectively. The 
modelling of thermal effects which are known to arise from variations of the DB 
density (Xu et a1 1989) was realized by the assumption of a temperature-dependent 
peak height ND( T) of the gaussian shaped dangling bond DOS, i.e. net 'production' 
or 'reduction' of electronic states. Note that this idea cannot explain the behaviour of 
'real intrinsic' a-Si:H, where E, is pinned independent of a changed defect density, 
because of the balance between created and annihilated electronic states below the 
Fermi level. 

From the literature, standard parameters for the model DOS were chosen to 
be: DOS at the mobility edges, Nc = Nv = 10" eV-' correlation energy, 
U = 0.3 ev; and the width of DB distribution, E ,  = 140 meV (Le Comber and 
Spear 1986). 
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Furthermore, from measurements of fundamental and subgap optical absorption 
at room temperature for each sample one gets the optical 'huc gap and the 
characteristic energy of the valence band tail E,, respectively. The mobility gap 
EG = E, - E, can be replaced approximately by the optical %uc gap (Druesedau 
1991). Here, we suppose a temperature-independent value E, according to 
experimental results by Aljishi el a1 (1990). Also, from CPM measurements in the 
tail state absorption regime (hu > 1.4 eV) it has been deduced that thermal changes 
of the DOS are not related to  variations of E, (Xu er a1 1989). The characteristic 
energy of the conduction band tail was taken to be Ea = 0.55 EM, according to 
the literature (Fritzsche 1985). 

A linear temperature dependence of the optical gap (after Tiuc el a1 1%) 
above room temperature was found in agreement with other authors (e.g. Ley 
1984). The linear fit to temperature-dependent ( E,  - EF) data deduced from a( T) 
measurements at a faster cooling rate for a variety of samples (see curve a in figure 4) 
for example yields a shift coefficient r 5k where the position of the Fermi level 
below TE is assumed to be fixed due to small changes of the DOS and a negligible 
statistical shift (Overhof and Thomas 1989, Druesedau et al 1987). For this case the 
temperature dependence of ( E, - Er) is a result of the E, shift only. Hence shift 
coefficients Tc = dEc/dT = 5k and Tv = dE,/dT = 0 were used in agreement 
with Overhof and Thomas (1989). 

The energetic position of the neutral DB density peak was determined by 

ED = E; - (E, - Er)+ - U/2 + 6E (5) 
where E: h the mobility gap at zero temperature derived from E G ( T )  measurements 
in the range 80 K 4 T 4 2% K and an Einstein oscillator fit (Cody 1984). The 
parameter (E, - EF)+ is the 'median' activation energy of thermally activated 
conductivity. Consequently, the energy value 6E is referred to as 'unintentional 
doping' by such impurity atoms as N and 0 and an uncertainty of (E, - EF) data 
at zero temperature. 

The value of N D ( T )  at room temperature was estimated from the dangling bond 
density ( ns) measured by ESR, FDS and CPM: 

_ _  iE" %T 

JE" 

I n -P\ c I D  - \ A  I7 
''S - " D B \ Y , ' I J 1 \ u 3 ' I " y  

Using the model parameters derived, the temperature-dependent peak height of the 
defect density N,( T) can be calculated by means of the charge conservation law: 

(7) 

where f is the Fermi-Dirac distribution function and f, is the distribution for two- 
electron states: 

with p = l / k T  (Bonch-Bruevich et al 1984). 
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4. Results of model calculation 

lb examine the influence of the assumptions made in the model, the dependence 
of N D ( T )  curves on different parameters rc ( 2 . 5 / ~ ,  5k), Em (120 meV-160 mev), 
Ea, (&lo%) and 6 E  (+50 to -50 mev) was investigated. The results indicate 
that variations of these data may influence the absolute values of N,,(T) ,  but do 
not change the qualitative behaviour. Hence, the curves in figures 6 and 8 can be 
extended or contracted by a factor of two, which also induces a change of the ratio 
NDM~XINDMIN (see figure 7). 

l l L l  I 

1,000 

0,995 

0,990 

0,985 

; 0,sw x 

0 z 
‘0 0,975 z 

0,370 

0,965 
300 350 LOO L50 

H / S i  1%) 1 IK1 
Figure 7. The ralio of maximum to minimum 
No(T) WRUS hydrogen mntent CH = H/Si for 
a set of magnetmn sputtered a-Si:H samples. 

Pigum 8. The calculated normalized dangling bond 
density No as a function of temperalure T for WO 
glow discharge f i lms  

The calculated peak height N , ( T )  of the DB density, which in the following is 
used synonymously as the defect density, normalized to its maximum d u e  ND-. 
is represented for MSP films in figure 6. The curves exhibit an increase of N ,  with 
temperature up to 355 K In contrast to the N,, decay at 355 K < T < 375 K 
(#201, #203) samples with higher hydrogen content (#206) show increasing values. 
Above 375 K for samples #201 and #203 one gets an increasing N,( T) curve, but 
for sample #201 the maximum at 355 K is not reached again. However, a higher 
level of hydrogen incorporation (#206) results in a stronger structured ND( T) curve 
of MSP materials. 

Figure 7 displays the ratio of maximum to minimum N , ( T )  derived for all 
sputtered samples. The values N,-/N,, , ,  are strongly dependent on the 
hydrogen content of the films, especially above cH = H/Si = 20%. 

Further, N D ( T )  values calculated from two selected GD films are plotted in 
figure 8. After increasing N,(T)  with temperature, up to a maximum between 370 K 
and 375 K, a remarkable drop of N,, up to 425 K follows. At higher temperatures the 
ND( T) curves increase again. These GD samples have a typical value of cH E 10%. 

In figure 9 it is shown that the decrease of RA results in growing changes of the 
temperature-dependent defect density for a given temperature range. According to 
the experimental procedure chosen here, below T = 420 K the N , ( T )  behaviour 
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. Figure 9. lbe influence d Ihe moling rate ' RA on thermally induced changes of the defect 
density No(T) for a magnetron spullered film. 

is sensitive to the rate a t  which the samples were cooled. Decreasing cooling rates 
are related to an upward shift of the equilibrium temperature TE by about 20 IC 
From this figure the good qualitative agreement of N D ( T )  curves resulting from 
measurements at RA < 0.6 K min-' is evident. It should be noted in this context 
that, for example, the N,, maxima obtained at about 355 K differ from each other 
only by about 1%. 

5. Discussion 

The bulk nature of the effect observed is evident from recent work (Stutzmann et 
a1 1985, Kakalios and Street 1988, Xu et a1 1988, Meaudre et a1 1990). Further, 
from measurements for a set of a-SkH samples of different sample thicknesses d s  it 
was demonstrated that, at least above d, = 500 nm, the observed thermally induced 
conductivity changes are related to the bulk of the films (Druesedau et a1 1992). 
Additionally, results identical to those reported above were obtained from thick (up 
:G A ~ s )  c-2 2 Si:H fi!?.: *:.$1.:t!: metn!!ic or NiW!?--+SkU hj%ting rnplanar rnntacrs 
(Druesedau et al 1991). So one is able to exclude the role of film surface as well as 
of the metal contacts on the observed effect in conductivity. 

'&king into consideration the E, shift, the differential temperature coefficient TF 
becomes too large to be caused by the temperature dependence of the distribution 
function (statistical Fermi level shift) which is computed in several publications 
(Overhof and Beyer 1981, Yoon eta1 1986, DNeSedau et 01 1987). Hence the existence 
of an additional shift component due to alterations of the DOS with temperature must 
be assumed (Smith et a1 1986, Redfield 1988). 

Obviously, a characteristic thermal spectrum of defect states mists in all a- 
SkH films. This is confirmed by an additional quenching experiment we applied 
to one selected GD sample of 1 pm thickness as follows: annealing for 2 h at 
TA = 503,473,. . . ,323 K under vacuum followed by rapid quenching at a rate 
of about 40 K s-I to room temperature. Hereafter, measurements of the dark 
conductivity, photoconductivity, and the defect density by means of the CPM technique 
detecting changes of the excess absorption were accomplished. A more detailed 
description of several methods for the analysis of the temperature-dependent defect 
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density has been given recently (Druesedau ef al 1992). However, the comparison 
between our model calculations deduced from thermally activated conductivity during 
Slow moling with independent experimental findings of subgap absorption, as well as 
conductivity measurements after thermal quenching, leads to the conclusion that a 
non-monotonic temperature dependence of the defect density below TE is a general 
feature of intrinsic a-SkH. Thus, the previously existing model for the description 
of thermal equilibrium (Street and Winer 1989) might be invalid for the case of 
temperatures below TE. 

The experimental procedure applied above enables at lower temperatures, as a 
consequence of increasing relaxation time only, an approximated saturation value of 
the dark conductivity. In particular, as indicated in figure 9, u(T)  measurements 
between 453 K and 306 K in the thermal equilibrium state of defect density can 
be expected only at cooling rates which are much smaller than 0.08 K min-'. On 
the other hand, very similar N , ( T )  curves result from measurements at 0.3 K min-' 
and 0.08 K min-', respectively, and therefore we conclude that significant information 
about the temperaturedependent defect density will certainly be obtained at a cooling 
rate of 0.3 K min-'. 

The derived N D ( T )  curves of CD and MSP samples of low hydrogen content 
(#201) exhibit a similar shape to those found for the temperature dependence of the 
steady-state metastable defect density (Redfield 1988). 

Samples containing an identical amount of hydrogen - 10% (#201, #103, #100) 
exhibit N D ( T )  curves of similar shape, independent of their preparation method 
(please note the different scales of figures 6 and 8). However, the positions of minima 
and maxima of No(") are located at different temperatures. So, No maxima and 
minima determined for GD material appear at temperatures exceeding that obtained 
from MSP material by about 7.0 K and 35 K, respectively. 

Likewise, thermal equilibrium processes have been studied recently in undoped RF 
glow discharge and DC sputtered films by analysing the conductivity after annealing 
and subsequent cooling at different rates (Meaudre a ai 1988a.b). Here, the 
authors found different equilibrium temperatures for their GD (TE = 453 K) and 
MSP (TE = 418 K) films. 

Exploitation of our results about a thermally induced metastable defect density 
enables a clearer understanding of experimental findings elsewhere (Meaudre ef ai 
1988a, b). In particular, the existence of different values for 7'' can be explained as 
follows. 

First, the No maximum obtained for samples with a lower hydrogen content 
occurs below TE. It has been shown that changes of the defect density with 
temperature in GD material above 400 K are stronger than the N D  variations in 
MSP films depicted in figures 6 and 8. Obviously, such stronger thermal changes of 
the defect density in GD samples seem to explain that at the higher cooling rate of 
600 K min-' used experimentally (Meaudre et ai 1988a, b), the defect density cannot 
follow its saturation value any longer during cooling, and, therefore, the freezing in 
of the defect density already starts at about TE = 453 K In contrast to this, because 
of the smaller temperature gradient determined for MSP material, the defect density 
is able to persist at equilibrium, even at lower temperatures of up to about 418 K, 
according to the cooling rate used. Certainly, at lower cooling rates (near 1 K min-') 
the DOS will be able to relax into its equilibrium value for longer and thus, different 
U (  T) cuwes occur below TE. 

Also, the different temperatures of the N D ( T )  extrema established in GD and 
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MSP films emphasize the Occurrence of different equilibrium temperatures in these 
materials. 

Further, Meaudre ef a1 (1988a,b) have given a review of isothermal relaxation 
processes. It was found that below TE the non-equilibrium dark conductivity referred 
to as thermal quenching is reduced in GD films and increased in MSP films in 
comparison with its equilibrium value. 

The results for MSP and GD films calculated in this work will be used to interpret 
the isothermal relaxation behaviour reported by Meaudre el al (198th. b) as follows. 

We suppose that at a fixed temperature, an increase of the DOS around E, will 
always shift the Rrmi  level to lower energies and, vice versa, a decreasing DOS causes 
the Fermi level to move to higher energies. Hence, for the understanding of different 
experimental results for isothermal treatment with respect to the preparation method, 
we propose the following. 

The temperatures applied for investigations of relaxation behaviour in MSP a- 
StH are mainly in the range of the computed Nu maximum (see figure 6, #201). 
Obviously, during quenching from 473 K to room temperature at 600 K min-’ the 
DB density will be frozen in at its Nu( TE) d u e  and following isothermal treatment 
effects a relaxation from a low defect density into a higher one at lower temperatures. 
The increase of DOS with time causes an upward shift of E, in correspondence with 
the decay of ‘excess’ conductivity observed. 

Contrarily, relaxation temperatures applied to GD films are in the range of the Nu 
minimum (see sample #loo). The ‘freeze in’ after rapid quenching (600 K min-’) 
certainly occurs at temperatures above the relaxation temperature since longer 
relaxation times in GD material could be proved (Meaudre et al 1988a,b). Thus, 
during an immediate isothermal process, a decrease of defect density is possible 
connected with a ‘reduced‘ conductivity increasing to its steady state value. 

Also, the experimental findings about the relaxation process shown in figure 5 can 
be explained in the same manner by the Nu( T) curve for this film (figure 8, #103) 
and are clear experimental evidence for a non-monotonic temperature-dependent 
defect density and a different time behaviour of the conductivity after rapid thermal 
quenching observed elsewhere (Meaudre ef a1 1988a, b) also. Consequently, the 
experimental observation of a decrease or increase in conductivity for MSP a-Si:H 
rl_&:I?g Enrherme! tree?mecf c?~.rle.l ea? ”_r Iiffcreet teqc.r?tn!rcs he.!ween 4% K and 
333 K (see figure 1 in Kirbs et al 1990) seems to be plausible. In the literature 
(Stutzmann ef al 1985, Stuke 1987, Street ef a1 1987) it is supposed that hydrogen 
diffusion is the main underlying mechanism determining defect equilibrium. OhsaWa 
et al (1985) and Pinarbasi el 01 (1990) show that GD and MsP films with a lower 
hydrogen content are more stable against light irradiation. According to these authors: 
(i) similar qualitative alterations of the defect density could be observed in MSP as Well 
as GD samples of identical hydrogen content and (ii) a higher hydrogen content leads 
to stronger changes of the defect density (compare figure 7). Quite commonly, these 
results are a further argument that in a-SkH independent of the generation prOWSS a 
close correlation exists between the excited metastable defects and the concentration 
of incorporated hydrogen. 

Noting that films with lower hydrogen content have the highest DOS, it is Clear 
that the initial DOS is not a reliable quantity of thermal metastability, which is in good 
agreement with observations of light induced effects (Pinarbasi ef a/ 1990, Park a1 
1990). 
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6. Summary and conclusions 

Investigations of thermal activated dark mnductivity in undoped a-Si:H at a slow 
m o l i g  rate show strong deviations of u(T)  curves from the Arrhenius equation, 
caused by thermal changes of the defect density. 

The resulting shift coefficients d E F / d T  whose absolute values partially exceed 
1.3 meV K-' are assumed to be the result of temperature-dependent gap state 
changes superposing the 'statistical shift'. 

A method for the determination of the temperature-dependent defect density 
experimentally founded on measurements of the thermally activated conductivity is 
presented for undoped aSi:H. The numerical calculations were performed on the 
basis of a DOS model adapted to each sample under mnsideration of the charge 
conservation law. 

In particular, it is argued that the defect density of intrinsic a-Si:H is distinguished 
by the non-monotonic behaviour with temperature. The main feature of the defect 
densify in GD and MSP material of device quality containing about 10% hydrogen is 
the existence of a minimum below the equilibrium temperature. 

Generally, the thermal behaviour of the DOS in GD material is qualitatively similar 
to that observed for MSP films with identical hydrogen content. The higher content 
of hydrogen in sputtered a-Si:H causes stronger changes of the defect density with 
temperature. This is attributed to an enhanced hydrogen diffusion. 

Summarizing the results for MSP samples indicates that the influence of the 
hydrogen content on the thermal stability of electronic properties seems to be stronger 
than me influence of the absolute DB concentration. 

The interpretation of the existence of different equilibrium temperatures and 
isothermal relaxation behaviour in MSP and GD a-Si:H is related to slight differences 
in the temperature dependence of the defect density. 
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