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Resistance fluctuations in hydrogenated amorphous silicon: Thermal equilibrium

Paul A. W. E. Verleg and Jaap I. Dijkhuis
Department of Condensed Matter, Faculty of Physics and Astronomy, Debye Institute, University of Utrecht,
P.O. Box 80000, 3508 TA Utrecht, The Netherlands
(Received 23 March 1998

Resistance noise measurements are presented of intrinsic hydrogenated amorphous silicon films as a func-
tion of voltage and temperature in the dark. The noise displays Gaussian statistics pointing to a large number
of independent noise sources. It is demonstrated that the spectral dependence and temperature dependence are
the result of a large number of independent thermally activated fluctuators. A distribution of activation energies
for the characteristic rates is obtained from the measurements that peak at 0.85 eV with a full width at half
maximum of~0.2 eV. The attempt rate amounts t&x Z0'2 s~1. We discuss general mechanisms for mobility
fluctuations and number fluctuations due to generation and recombination of free carriers. A model for
generation-recombination noise in a semiconductor with localized electronic states distributed throughout the
mobility gap appears consistent with both the variance of the fluctuations and the temperature dependence of
the rate constants. We identify the activation energy and attempt rate as the barrier limiting thermal emission
of holes from defect states to the valence band. The width of the distribution of activation energies points to
inhomogeneous broadening due to band bending. Light-induced metastable changes in the material are ob-
served to affect the variance quite significantly. The present measurements and analysis of the noise under
equilibrium conditions pave the way to successfully examine nonthermal equilibrium fluctuations in the pho-
toconductivity and under injection conditions, which is the subject of the accompanying paper in this volume.
[S0163-182698)07031-3

I. INTRODUCTION path through the tunnel barrier due to fluctuations of the
barrier height induced by trapping and detrapping of charge
Hydrogenated amorphous silicoa-Si:H) has drawn the carriers at nearby traps. There have been a few studies only,
attention of many researchers over the years, not only driveaf noise in intrinsic amorphous-silicon devices with a sand-
by the interesi-Si:H has in technological applications but wich geometry. Baciocchi, D’Amico, and van Vi#éstudied
also as a model system for understanding the physics dEr-i-Cr devices with an intrinsic layer between 200- and
amorphous semiconductors. IndeadSi:H is of fundamen- 500-nm thick. The spectra are close td.1A tentative ex-
tal interest as it displays a wide range of physical phenomenplanation has been given in which the dangling bond concen-
that are not encountered in crystalline semiconductors. Itration was allowed to fluctuate with a distribution of activa-
particular the dynamics of charge carriers and the effect ofion energies. However, no evidence of thermally activated
light-induced degradationthe Staebler-Wronski effebt  kinetics was given. Bathaei and AnderSdaarried out noise
have received a lot of attentiGnDespite this effort, how- measurements on Grf-i-n*-Cr devices with a
ever, the detailed mechanisms of defect creation, hydroged-um-thick intrinsica-Si:H layer. They concluded that the
motion, and electron-hole recombination remain unclear. Aow-frequency noise was produced by electron emission
common property of these phenomena is that they are exrom the traps to the conduction band. Clearly, the origin for
pected to give rise to resistance fluctuations. If stronghoise in intrinsica-Si:H is still an open question.
enough, i.e., exceeding thermal notgbese fluctuations can We present a comprehensive study of noise in intrinsic
be measured and contain new information on the dynamica-Si:H and aim at elucidating the origin of the resistance
of the underlying electronic or chemical processes. fluctuations. In this paper we exclusively consider thermal
In the last decade, the first reports were published orequilibrium resistance fluctuations, i.e., we examine the
noise ina-Si:H. These studies can roughly be divided into noise in the dark and in a regime where the current-voltage
three groups on the basis of device geometry and the mateharacteristic displays Ohmic behavior. In the next paper we
rial studied. Parmaret al*~" extensively studied noise in extend our measurements to nonthermal equilibrium situa-
dopedn-type a-Si:H with coplanar contact geometry. The tions and study noise in the photoconductivity and under
authors found strong evidence that in these devices part @onditions of carrier injection.
the current is carried by inhomogeneous current filaments, This paper is organized as follows. In Sec. Il the devices
whose resistance is sensitive to local atomic rearrangementsnd the experimental setup are described. In the Appendix
Fan and Kakaliogt al® proposed a model in which hydro- we explain how bulk contributions to the noise could be
gen motion results in modulation of the conductivity of theseseparated from spurious noise sources located in the contact
microchannels. In amorphous-silicon Schottky barriers, ongegions. The main results are described in Sec. Ill. We have
invariably encounters random telegraph ndis€.Switching  measured noise spectra in the dark as a function of voltage
amplitudes as high as 20% of the total resistance have beemd temperature. We have checked that the noise is Gauss-
observed. The random telegraph noise seems to be well eian, indicating the presence of a large number of independent
plained by a modulation of the conductance of a transporfluctuators. The fluctuators all display thermally activated ki-
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netics. Finally, we present results that demonstrate the influ- 2.5

ence of metastable defect creation on the noise intensity. In 2.0k 1{%‘_\ i
Sec. IV we analyze our data phenomenologically using the

Dutta-Dimon-Horn approaéh and derive a distribution of > L5p E; I
activation energies for the rates of the fluctuations consistent :ﬁs Lok ]
with all our noise data. In an attempt to identify the physical 8

origin of the noise we discuss in Sec. V the important gen- [ 05F ﬁ——\ 1
eral mechanisms that produce noisa#%i:H and in relation 0.0F d ]
to existing literature on noise spectroscopy afSi:H. A osl. ..
model for generation-recombinatid®R) noise involving a 00 02 04 06 08 10 12
continuous distribution of localized electronic states appears Position (im)

to be consistent with the majority of our observations. The . . N .
analysis yields the attempt rate for thermal emission of a FIG- 1. Simulation of the position-dependent energy-band dia-
hole from a defect state to the valence band. Decisive evidram for ana-Si:H n”-i-n" sandwich structure.

dence for GR noise ia-Si:H will be presented in the next

paper where the noise measured under nonthermal equilid: 75 eV from Fig. 1. It is important to account for this fact in
rium conditions is discussed. the interpretation of the noise propertiessei:H sandwich

structures.

Six devices from two different batches have been studied
in detail. The results within one batch appeared to be repro-
ducible over many months within experimental error. Be-
A. Devices tween batches, the noise differed by at most a factor of two.
In all cases, the qualitative dependence of the noise on vari-
ous parameters was identical. Further, the results did not de-
pend on the current direction. We conclude that the contri-
bution of the noise from the contacts is negligible in the
range of temperatures studied, and that the results pertain to
genuine intrinsica-Si:H resistance noise. Finally, we note
Hwat the Appendix deals with the high-temperature and high-
electric-field noise phenomena that possibly originate from
the contact regions or the dopadSi:H layers. The intensity
&f this type of noise is found to vary considerably from
sample to sample and will not be touched on any further,
8ince it is not of intrinsic nature.

Il. EXPERIMENT

We use Cra*-i-n*-Cr structures with a Jem-thick in-
trinsic a-Si:H layer sandwiched between two 50-nm-thick,
highly dopedn-type layers to provide optimal contacts to the
chromium metal films. The circular top contact has a diam
eter of 3 mm and is only 15-nm thick to allow for illumina-
tion of the intrinsic layer by visible light. The sandwich ge-
ometry was found to be the best compromise for a detaile
study of noise in intrinsi@-Si:H over a wide range of tem-
peratures. The device-qualigy Si:H films were deposited on
Corning 7059 glass using plasma enhanced chemical vap
deposition(PECVD) at a substrate temperature of 470 K.
Special attention was paid to device preparation to obtain th
best possible contacts: The metal films were deposited in
vacuum better than:810" 7 mbar in a clean-room environ- B. The setup
ment. In order to minimize oxide growth, all processing steps  The device is glued on a copper block using a thermally
were carried out without interruption. Despite all Fhese ef-conductive paste and located in a temperature controlled
forts, one may not bluntly assume that our devices havgac,ym vessel with optical and electrical access. The tem-
“ideal” electron injecting contacts. As chromium and intrin- perature can be varied from 77 to 575 K by means of three

§ic a-Si:H have different work functi_ons, strong band bend'exchangable vacuum chambers. Around room temperature
ing occurs when the metal and semiconductor are connecte@le ;se a Peltier device to control the device temperature.

resulting in charge accumulation predominantly at the semitne |ow- and high-temperature regimes are covered using

conductor side of the interface. Such contact effects are, qbgistive heaters. Below 250 K the sample block is mounted
course, reduced by employing the highly doped, low-Ohmicy, 4 cold finger in a liquid nitrogen cryostat.
buffer layer between the chromium contact and the intrinsic

a-Si:H film. Even under these conditions some band bending

C

occurs as illustrated in Fig. 1. In this figure we plot the re- ]
sults of a simulation of the position-dependent conduction Tﬂ‘{ LNA

. + . . . R £

band and valence band for ai-i-n* device using device <

and semiconductor parameters typical for our samples. Al-
though the absolute numbers should be taken only as ap-
proximate, this graph shows that the Fermi legl at the

n"-i andi-n™ interfaces lies~0.25 eV below the electron
mobility edge E., whereas in the bulk of the devidg,
—Eg~0.75 eV. We still expect the device to display Ohmic

behavior at low fields though, since the relatively high- \
resistive intrinsic part of the device will limit the conduc-
tance. Nevertheless, we also see that trapped space chargeriG. 2. Schematic representation of the experimental s&up.
doesinfluence the device conductance, since in pure intrinsi¢lenotes series resistan€yacuum chamber, LNA low noise am-
material one generally finds.—E~0.85 eV instead of the plifier, FFT digital spectrum analyzer, and PC personal computer.

FFT
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FIG. 3. Typical current-voltage characteristic of the amorphous

FIG. 4. Relative noise power at 10" svs voltage, in the Ohmic

silicon Crn*-i-n*-Cr samples. regime independent of current.

During a typical noise measurement a constant current i§uctuations in the resistancéR, are readily converted into
driven by fully charged dry batteries through the sample involtage fluctuationssV, via Ohm'’s law: 6V=16R. Then,
series with a resistance that is always at least 20 times largéer the power spectrum of the voltage fluctuations we obtain
than that of the samplésee Fig. 2 The constant current
serves to convert spontaneous resistance fluctuations into 5 5> Sr(f)
voltage fluctuations. The fluctuating voltage over the sample Sv(f)=10Sr(f)=Vq R2 1)
is amplified using an NF Electronics low-noise voltage am-
plifier (LI 75A). The autocorrelation spectrum of the ampli- This explains thas, /V? is constant and indicates that the
fier output signal was determined between 0.25 Hz and 108urrent flow does not induce the resistance fluctuations but
kHz using a computer-controlled digital spectrum analyzerexclusively acts as a probe. At high voltages, however,
(Advantest R9211A Special care was taken in shielding and S, /V? decreases. We will address this suppression effect in
grounding of the setup to eliminate rf pickup. Prior to all the next paper where nonthermal equilibrium situations are
measurements the sample was annealed at 440 K and slowdyscussed as they exist under current injection and illumina-
cooled to room temperature. The measurements at elevatéidn. All noise measurements were taken in the Ohmic re-
temperatures were always carried out from room temperaturgime, i.e., at<=50-mV sample bias.
upwards. In the same run, we also performed nonthermal A typical example of a noise power spectrum is presented
equilibrium noise measurements under illumination, whichin Fig. 5. This spectrum was taken at 403 K and is the result
are discussed in the following paper. The illumination inten-of averaging 200 individual power spectra. Note that again
sies were always very low and never exceededhe intensity of therelative voltage fluctuationsS,/V? is
10 #Wcm 2 to minimize degradation effects. All noise plotted. The spectrum has af L/shape wheres depends on
measurements include a background noise measurement wiiiquency. For comparison also a puré $pectrum and a
no current running through the sample to determine the so:orentzian spectrum are shown.
called excess noise. The response of the setup is frequency The pure 1f spectrum can be the result of thermally ac-
independent for all data that are presented here. tivated processes over barriers with a featureless distribution
of heights. The other extreme, a single activation ené&gy
with attempt frequencyw,, however, produces a Lorentzian
contribution, i.e.,«<1/f? above the characteristic frequency

lll. RESULTS

A. Current-voltage characteristics

In Fig. 3 we plot a typical current-voltage characteristic. It 10710 " T

is Ohmic at low voltages but becomes superlinear for higher 11 . e
voltages pointing to space-charge-limited currents. In the 10¥ 3
Ohmic regime, the conductivity is thermally activated with - 12

.= . 2 100°°F 1
an activation energy of 0.73 eV. This is somewhat smaller o
than usually observed in thick intrinsic films but consistent % 10713 [ Lorentzian ]
with the discussion around Fig. 1, where we show that the
deviation can be traced back to electron injection by the 1014} T=403K 5
dopeda-Si:H contact layer. 15

10 it it it N
10! 109 100 102 10° 10 10°

B. Power spectra

All experimental results presented in this paper were ob-

Frequency (s ™)

FIG. 5. Intensity of the relative voltage fluctuations vs fre-

tained in the dark. In Fig. 4 we plot the relative voltage noiseguency. This spectrum is the result of averaging 200 individual
powerS, /V?, measured at a frequency of 10 'sversusV. power spectra. Correction for thermal and background noise was
Sy/V2is constant at low voltages where the current-voltagemade. The spectral response of the setup is frequency independent
characteristic is Ohmic, demonstrating that we are dealingor the data shown. For comparison, a Lorentzian and a pdre 1/
with resistance fluctuations. In the presence of a bias currengpectrum are showfull lines).
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104 . . . . TABLE I. Normalized covariance matrix for the voltage noise
of a 100-K) metal film resistor at room temperature measured from
100} 1 500 individual power spectra. Frequency range covered is
) 5-640 s,
~ 107}
=z 1 Octave 1 2 3 4 5 6 7
“ 10 F +
1 1
100}
2 0.04 1
107! e 3 0.02 0.0 1
22 24 26 28 30 32 4 -0.01 0.02 0.08 1

1000/T (K™ 5 0.07 0.05 -0.02 0.01 1

FIG. 6. Frequency at which the slope of the spectrum equals P 0.01 -001 0.01 0.04 —0.03 1
vs temperature. Activation energy is 0.83 eV and attempt rate id 001 -004 005 -001 -002 -002 1
7x102 s 1,

64 points. The correlation coefficien®; between octaveis

f1="foexp[—E,/(kgT)]. Our measurements suggest an mter—gnd] can be calculated using the expression

mediate case in our samples. For a broad, but not arbitraril

broad distribution of activation energies, one expects the 0 — S
spectral slopev, defined locally asv=—d InS,/dIn f, to C_:iz (Pi—P)(Pj—Pj) &)
depend on frequency. The characteristic frequency where Q¢ 00 ’

equals 1 corresponds to the energy at which this distribution ) ) )

is flat, i.e., its maximum. We have plotted the characteristigvhereQ is the number of spectrd; is the noise power of

frequencyf; vs T between 290 and 420 K in Fig. 6. The data octavei, P; is the average noise power in that octave by

are fitted to averagingQ power spectrag; is the standard deviation, and

the summation is over all spectra. The valuesCgf range

f,="foe Ep/tkeT), (2)  from +1 for completely correlated octaves tol for anti-

o . . correlated octaves. Ideally, for Gaussian nofSg=0 for i

The errors indicate uncertainties in t?e fltltmg procedure. We;&j_ We note that due to the finite number of samples we

obtain for the attempt rate (74)x 10 s™* and the energy  paye taken the cross correlations between the fluctuations in

at which the distribution of activation energy peaks  ihe noise power in the different octaves amount to(05.
=0.83+0.02 eV. The errors indicate uncertainties that fol- |, Taple | the covariance matrix is shown for thermal

low from the fitting procedure. noise of a 100-R metal film resistor at room temperature, a
typical Gaussian noise source. The autocorrelation coeffi-
C. Noise statistics cients equal 1, by definition. The off-diagonal elements are

close to zero with both positive and negative values. These
Jesults show that the analysis works properly.

In Table Il the covariance matrix of the correlation coef-
ficients is shown for noise in a biasedSi:H sample at 343
K. Again, we observe that the values of the off-diagonal
elements are close to zero with both positive and negative
values. We therefore conclude that within the accuracy of the
trum. In that case the noise has non-Gaussian propéftiés. €Xxperiment the noise is Gaussian, which means that the noise

i produced by a large number of independent noise sources.

An example of non-Gaussian noise is random telegrap N all inf ion th b dqf h
noise(RTN), when the resistance switches between two disConsequently, all information that can be extracted from the

crete levels due to a single fluctuator. For RTN, the noise
. . . s TABLE Il. Normalized covariance matrix for the voltage noise
intensity at different frequencies is strongly correlated and f ana-Si:H sample at 343 K measured from 500 individl?al power
the power spectrum has a Lorentzian shape. As soon as maf i . 1 X
identical fluctuators are present, acting independently, th@ ectra. Frequency range covered isIP8 s . For pure Gauss

S ; - P » acting p Y, M noise the cross correlation between the fluctuations in the noise
noise intensity at different frequencies is uncorrelated, Wh'lepower in the different octaves would be-®.05

the spectral shape remains the same.

The average spectral densities measured s@é&a Fig. 5
are the Fourier transforms of the two-point voltage-voltag
correlation functior?. For 1f noise in most systems no addi-
tional information is obtained by studying higher-order cor-
relation functions, i.e., the noise in the noise. If not only the
voltage but also the noise intensity varies with time, infor-
mation is lost if one only studies the time-averaged spec

Parmanet al*”" and Fan and Kakalidsstudied noise in  gciave 1 5 3 4 5 6 7
dopedn-type a-Si:H devices with coplanar geometry. The
noise statistics was found to exhibit very clear non-Gaussiad 1
effects indicative of strongly interacting noise sourt®s. 2 0.06 1
We shall now demonstrate that our sandwich devices sho® 0.04 0.04 1
Gaussian statistics. We measured 500 time traces consistiag -0.01 0.05 -0.01 1
of 256 data points. Each of the time traces is fast Fourieg 0.03 0.07 0.05 0.10 1
transformed and stored by a computer. The discrete Fouriey -0.03 -0.01 0.08 -009 -0.07 1
points of every spectrum are summed into seven octave bins. ~001 004 -001 -002 -001 010 1

The first octave contains only one point, the seventh contains
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FIG. 7. Relative noise power vs temperature for three measuring

frequencies. Note the shift of the broad peaks to higher temper
tures for larger frequencies.

" FIG. 8. Relative noise intensity and resistance vs total illumina-
ation time, i.e., degree of degradation of the sample, indicating that
the noise is sensitive to the presencegmgtastabledefects.

noise is contained in the two-point correlation function. De- -

viations from Gaussian behavior are expected only in case S(floe ——. 4
there is a small number of independent noise sources or a 1+4m*f27

large number of highly cooperative noise sources. Our res his function peaks at a temperature given by

sults in sandwich structures are different from those obtaineg

by Parmaret al.in coplanar devices of dopedtypea-Si:H. E, 1

They found very large correlation coefficients. Further, in To=— k_B In(t/tg)" 5)

our case the characteristic frequency displays thermally acti-
vated behavior, which was not observed in coplanar devices\s long asf < f, the peak temperature indeed shifts to higher
We conclude that the noise in our sandwich devices has &mperatures with frequency.

totally different origin. This is not to say that these studies

necessarily contradict. First of all, they have studied doped E. Degradation

n-type a-Si:H whereas we study intrinsia-Si:H. Khera

et al!® also studied noise in intrinsie- Si:H but only at very An internal parameter that can be easily controlled in

. a-Si:H is the defect density. Defects are created by illumi-
hlk?h temperat(t;res%450 Kf)f A;hefﬁ tzmperagurel:s Vf[/ﬁ also nating the sample through the semitransparent top contact.
observe non-Gaussian effedsee the Appendjx Further, These defects can be removed again by heating the sample to

different device geometries may cause different noise_,7q i Tg study the effects of degradation, the sample was

sources to predominate: The ratio pf contact area to contagt i annealed to annihilate defects created during earlier light
separation of the coplanar devices is six orders of magnitud

. . : ; 3xposures and then illuminated by a heat-filtered halogen
smaller than of our sandwich devices. This results in muc}?ight source at an intensity of approximately 2 mw<ch
IovgeL currer;]t densmest 'g t(r)wurt flhewces. J:)Zansptn,_ Sﬂcanseﬂt regular intervals, illumination was stopped and the sample
and Rasap have reported that the current density INIUENCYag iy the dark to allow for the structure and electronic sys-
the noise properties Qf coplanar dew&és:.urther,_ current  tem to reach a new equilibrium state. We measured the noise
f"ame“ts have b_een |nvc_)ked to explain noise in coplana ntensity in the dark as a function of exposure time. The
deV|c'es. RTSN is th_en induced by chan.gt.as in the IOC. esult is presented in the upper panel of Fig. 8. The lower
atomic structure that influence the conductivity of these mi- -0 shows the sample resistance in the dark vs exposure
crochannels. In sandwich devices there will be an orders ime. To accelerate the degradation process, the final point at

ngmtuc]:cle Iarg.erdnur;:ber (I)f Curr]ren_lt_hfllar:ents but .fW'ththe right of the figure is obtained after exposure with an
orders-of-magnitude-shorter lengths. Therefore, even If CUrg ey e times higher intensity. Correspondingly, the exposure
rent filaments exist in our samples and the noise mechanis

L ; e at this intensity has been multiplied with a factor of

would be the same,_the statistics of the fluctuations should iBleven. Of course, a longer exposure time at low intensities

any case be Gaussian. is generally not equivalent to a short exposure time at a

higher intensity’® but this picture only serves to show the

systematic increase @,/V? together with the resistivity.

We checked tha®, /V? reduces to its original level when the
In Fig. 7 we present the relative noise power verSust  sample is annealed at440 K.

1, 10, and 100 st. All three data sets show a clear maxi-

mum, instead of rising Ii_nearly with t_emperatgre, as -WOU|d V. ANALYSIS

be the case for pure flLhoise. The maximum shifts to higher

temperatures with increasing measuring frequency in line As we have seen, the data show all signs of thermally

with our earlier observation of thermally activated kinetics,activated kinetics. Two central questions now arise for a

as we will explain now. Let us consider a single noise sourcgroper analysis of the datdi) What is the shape of the

with a thermally activated rate constant Bnd a Lorentzian distribution of activation energies®) Are the observed tem-

spectrum perature dependence and frequency dependenc®, 612

D. Temperature dependence
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consistent with a single distribution of activation energies? 300 350 200
To address these questions, we introduce the Dutta- Temperature (K)
Dimon-Horn approach, which enables us to extract a phe- ' ' ' '
nomenological activation-energy distribution consistent with
both the spectrahnd temperature dependence of the noise

intensity.

DAE (arb. units)
T
1

A. Dutta-Dimon-Horn approach

0.0 0.2 0.4 0.6 0.8 1.0 12

For a random process with one characteristic time con- Energy (V)

stant, the power spectrum is Lorentzifsee Eq.(4)]. An

obvious way to generate aft/spectrum is to superimpose a  FIG. 10. (a) S,/V? vs temperature(b) measured spectral slope
large number of Lorentzians with a suitable distributionvs temperature®) compared with DDH result4), and(c) distri-
D(7) of characteristic times.?* For thermally activated ran- bution of activation energie€DAE) derived from the data.

dom processes, Dutta, Dimon, and Hdrdeveloped a

model to extract, under certain restrictions, an energy barrier % 1
distribution from a given spectrum. A pureflspectrum Dl(Ea)=J D(E,,AE) dAE. (8)
emerges when a flat distribution of activation energies is w COSH[AE/(2KgT)]

present. In general, more complicated distributions can bgpe integral essentially selects the leading two-state fluctua-
encountered. _ _ tors at a given temperature. Since the shape of the spectrum
_Let us consider a single two-state system with an energynq the temperature dependence of the noise are produced by
difference between the two stateSE, and a barrielE,  {he same distribution of activation energies, the two are con-
*+AE/2 for making the transition from left to right or vice pected. Dutta, Dimon, and Hdthderived a simple relation
versaggee Fig. 9. In a review article by Weissman onfl/ petween the slope of the spectrum and the temperature de-
noisé® it is shown that each two-state system contributes gendence of the noise intensity. They explicitly assumed that
Lorentzian to the spectrum of the form the fluctuations havei) Arrhenius type of thermally acti-
vated kinetics AE<E,), (ii) a single attempt raté, much
larger than the measuring frequency, It may vary, and
= , (6) (i) a temperature-independent coupling to the resistance.
coSH[AE/(2kgT)] 1+4m?f27? Now, for a slowly varyingD;(E,) on the scale okgT it can
be shown that

T

S(1,T)

with the effective rate given by

kgT

S(fIT)OCTDl(Ea)! (9)
— i(e—(Ea+AE/2)/(kBT)+e—(Ea—AE/Z)/(kBT))_ 7)

To with E;= —kgTIn (f/fp) the value ofE, where Eq(4) peaks.

Clearly, whenD(E,) is constant an exact flkpectrum is

Here, 1k, is an attempt to escape frequenky,Boltzmann’s  obtained. However, in any other cas¥f,T) is a complex
constant, andl' the temperature. 1/is not exactly of the function of f and T. The relevant question to address is
Arrhenius type but approaches it faWE<E,. S(f,T) de-  whether the observed dependence of the noise intensify on
pends on temperature both through the variance in the occat a constant temperature and ®rat a constant frequency
pation of a state, 1/co§mE/(2ksT)], and the activated char- are consistent with each other, because then we may describe

acter of 1fg. the noise sources simply by a single distribution of activation
In a collection of two-state systents, and AE are dis- energies. This criterion can be cast in the so-called Dutta-
tributed according toD(E,,AE). A suitable D(E,,AE) Dimon-Horn (DDH) relation. It connects

may give the required 1/ spectrum. In order to obtainft/ the slope v of the spectrum, locally defined as
noise one needs a sufficiently broad distribution of activation—d In §(f,T)/dIn f, to the temperature dependence of
energiesdD(E,) where S(f,T) and reads
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FIG. 11. Calculated distribution of activation energi€AE) FIG. 13. Temperature dependence of the relative noise power

obtained from the three data sets shown in Fig. 7 and from{®qg. measured at three different frequencies.
Curves are normalized to the peak height.

eV. Clearly the width is much larger th&gT as required for
1 /d In S(f,T) 1 10 the approximatiofiEqg. (9)]. Since the position of the peak is
In(f/f)\ dInT ) (10 given by

v(f,T)=1—

Here, S(f,T) represents theelative power spectral density Ep= —kgTpln(f/fo), (1)
Sy/V2. andE, is a constant material parameter the model predicts
In Fig. 10@ we plot once agair,/V? at 10 s* vs  that the temperaturg, whereS, /V? peaks must depend on
temperaturecf. Fig. 7). From each spectruiisee Fig. $the  the measuring frequency. This, indeed, is observed in our

slope v was determined at 10~$. The result is shown in experiments(see Fig. 7 and we can again calculate using
Fig. 10b) (open circles The spectral slope varies from 1.3 Eq. (9) the distribution of activation energies. As Fig. 11
to 0.6 over the temperature range studied. This is at varianashows, the results obtained agree with the 1b-data, as
with results reported by Bathaei and AnderSowhere the  expected. We have chosen quite arbitrarily to calculate
slope becomes steeper with increasing temperature. From tie, (E,) from the temperature dependence of the relative
measured relative noise power at 10'sversusT [Fig.  noise power at a fixed frequency. Of course, according to Eq.
10(a)] and the Dutta-Horn equatidiq. (10)] we calculated  (9) the same result follows from any single spectrum. In Fig.
the slope as predicted by this modElg. 10, open triangles 12 we show that this is indeed the case.
using for 1k, the value of X 10'? s as obtained from For this particular data set the DDH analysis worked out
Fig. 6. Interestingly, the spectral slope predicted by the DDHyery well. As already noted, deviations are encountered from
relation virtually coincides with the spectral slope measuredthe DDH prediction of the temperature dependence of the
We therefore conclude that the frequency and temperaturgpectral slope in other samples. An example is presented in
dependence 08, /V? can be traced back to a single distri- Fig. 13 where we ploS,/V2 vs T at 1, 10, and 100 &. In
bution of thermally activated processes. We note that thishis data set, we observe the usual broad peak, shifting to
circumstance is not met in all samples: below we shall conhigher temperatures with measuring frequency, and ther-
sider data sets for which the DDH relation does not holdmally activated kinetics. However, from Fig. 14 we see that
exactly. the DDH relation[Eg. (10)] clearly overestimates the varia-
We are now in a position to extrab; (E,) from our data tion of the spectral slope with temperature.
with the help of Eq.(9). In Fig. 10c) we show the result.
D.(E,) peaks around 0.85 eV, in agreement with the result 2.0 T
obtained from Fig. 6, and has a width of approximately 0.2

S 1sf ]
12 T T T ‘5
[
_ 1.0} 1 §~ 1.0k ]
g 0.8F 1 %
S 06k ] &, 0.5F o o measured slope ]
g v — Dutta-Dimon-Horn slope
2 04} ] 00 i
A a 300 320 340 360 380 400 420 440
02 ] Temperature (K)
0.0 . . , . . _
00 02 04 06 08 10 12 FIG. 14. Dutta-Dimon-Horn slope compared to the measured
Energy (eV) spectral slope in another sample. All features are clearly reproduced

except that the variation of the measured slope with temperature is
FIG. 12. Distribution of activation energig®AE) calculated less pronounced. Note that the curves intersect at 350 K where the
from the spectrum shown in Fig. 5. spectral slope equals 1.
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What might be the cause of this discrepancy? Of courseTherefore, a moving hydrogen atom most certainly induces
one of the conditions of the DDH relation may not be met.resistance noise through fluctuations in the electron or hole
We could suspect the variance to have an additional temperacattering rates. It may leave behind defects that even trap
ture dependence to the noise intensity. The mdeigl. 9), in  the charge carriers. In metals, noise spectroscopy has been
fact, produces this, if the offset between the minima of theshown to be very successful to study hydrogen hopping and
double potential well is much larger thakgT: the variance, diffusion?®=3! Scofield and Weld5 measured resistance
1/cosH[AE/(2kgT)], will then be temperature dependent. fluctuations in Nb films due to long-range hydrogen diffu-
However, such a temperature dependenc&(@fT) in the  sion. Zimmerman and WebBbobserved hydrogen hopping
right-hand side of Eq(10) will only offset the spectral slope between nearby lattice sites in Pd at low temperatures. The
to one direction, so that agreement can never be obtained. #st noise data on hydrogen hopping in amorphous metals
rather complicated temperature dependence would have to lsame from Alerset al*® and Zimmermaret al*° who stud-
added for which the derivative changes sign exactly at théed hydrogen motion in amorphous Ni-Zi and amorphous
temperature where the spectral slope equédls The physics  Si-Pd, respectively.
that underlie this deviation from the DDH behavior is un- Long-range interactions as defect relaxatfoi* or col-
clear. We stress, however, that the samples comply with thiective hydrogen motion are two other suggested mecha-
DDH criterion in every other respect. nisms operative to create mobility fluctuationsairSi:H. In

recent years, defect relaxation has been proposed to under-
stand the results of transient photocurrent measurerients.
V. DISCUSSION Defect relaxation may occur following a change in charge

So far, we have established that the observed resistan&éate of the defect, when the structure adapts itself to the new
fluctuations are entirely produced by thermally activated proSituation, accompanied by a shifting of the energy level and
cesses and can be self-consistently described by a single df2Y resistance fluctuations.
tribution of activation energies. Until this stage, it appeared Finally, changes in the occupancy of defects can be ex-
unnecessary to specify the underlying physical mechanisrR€cted to produce mobility fluctuations: It is believed that the

for the resistance noise observed. Prime candidates for pré2&ority of defects is charged instead of neutral, leading to
ducing resistance noise ia-Si:H are fluctuations in the &N electric field that changes over microscopic distances.

number of free carriers and mobility fluctuations due to, for | herefore, redistribution of the trapped charges leads to a

example, structuralmetastable changes. The remarkable fluctuating potential Iandscape in Whigh the other carriers
fact that the DDH analysis works out so well may provide anMOVve, and hence to resistance fluctuations. _
important clue to determine which noise source prevails. In All these mechanisms have in common that in order to
the following sections we will discuss mobility fluctuations €Xactly calculate the noise one needs to know the coupling of
and number fluctuations as they may occuritsi:H. thg fluctugtmg entity to the me.asu_red. rgs|sta_nce. Generally,
this coupling is unknown, making it difficult, if not impos-
sible, to give a clear assignment of the prevailing mechanism
A. Mobility fluctuations and structural changes based on quantitative arguments. Fortunately, number fluc-

As a mobility fluctuation we take any fluctuation that pro- Uations do not suffer so much from such free parameters
duces a change in the resistance except, of course fluctusince the variance can be related to the number of fluctuators

tions in the number of free carriers. lonic motion, or defectthat generally can be estimated with sufficient precision.

creation and annihilation are examples of structural changes
leading to mobility fluctuations that comply with the DDH
conditions: The kinetics of these fluctuations are generally
thermally activated with energy barriers that lie typically in ~ The number of free electrons and holes in the conduction
the eV range. In all cases, disorder of the silicon network isand valence band of a semiconductor may fluctuate because
expected to result in a sufficiently broad distribution of en-of generation(emission and recombinatioritrapping pro-
ergies that yields characteristic rates accessible with our excesses connecting the bands and the traps. Fluctuations in the
perimental setup. Further, the energy for defect creation andumber of free carriers naturally cause fluctuations in the
annealing are known to be very similar so that the well offsetesistance. This type of noise is well known and, in the lit-
AE between the two configurational minintgig. 9 can be erature, usually referred to as generation-recombination
quite smaff® and the criteriorAE<2kgT is probably met. noise. The term recombination refers to the annihilation of
The extensive noise study performed by Parman aneélectrons and holes in one collision, but in this context also
Kakaliog"®" on phosphorus-dopea-Si with coplanar con- to simple carrier trapping without the actual recombination
tact geometry indicates that structural fluctuations dominatéaking place. Hydrogenated amorphous silicon possesses a
the noise in such devices. Inhomogeneous current pathspntinuous distribution of traps spread throughout the mobil-
whose conductivity is sensitive to local rearrangements ofty gap. In this section we will examine whether noise in
the amorphous network, have been invoked to explain the-Si:H can be due to generation and recombination pro-
anomalously large discrete resistance switching observed. cesses. We start by discussing a system involving two levels,
Another effective noise source ia-Si:H is hydrogen which represents the simplest form of GR noise.
motion® Today, it is widely recognized that the incorpora- (i) GR noise involving two level®e consider in a semi-
tion of hydrogen favorably modifies the bonding structure ofconductor an arbitrary number of traps at a single energy
a-Si by inserting itself into weak Si-Si bonds, releaving level, which interact with the conduction band only. This
strain and sharpening the distribution of band tail statestrap level is located at an ener@y from the valence band.

B. Number fluctuations
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The free-electron mobility edge is &.. We shall now ex-

amine the temperature dependence of GR noise and see ——=p(Nr=nq). (20
whether it obeys the DDH criteria and possibly can account T
for our data. It is noted that wherr,, 7., and 7 differ very much,r of

The decay of an excess carrier concentratioN=N course corresponds to the smallest of the three. In standard
—Np to its average valud\, is given by the following dif- analyses, this third term is generally omitted but should be
ferential equatior(see, for example, van der Z3gl taken into account and is in fact rate limiting when the num-
ber of empty traps is much larger than the number of free
electrons, as is the case anSi:H.

The variance is readily calculated from Eq45), (16),
and(18) and reads

d
aAN=g(N)—r(N)+H(t)

=—[r"(No)=9"(No) JAN+H(t), (12

whereg(N) andr(N) are the generation and recombination
rate, respectively, and(t) is a Langevin noise term driving
the fluctuations. The primes indicate derivatives with respect
to N. The power spectrum for the relative fluctuationd\iis ~ For typical values of M,=7x10" s, E,~0.7 eV, T
then given by =300 K, 0=10"1° cn?, v,=10" cms !, and taking for
o the effective density of states at the mobility eddk
Sy AN? T =10?* cm 3 so that N/V=10° cm ® we obtain 1f,
m:“ NZ 1+ 47212,2" (13 =10 s? and 1.=10 s . These rates are in the acces-
sible range of frequencies.#/, however, is much larger, as
where can be calculated by integrating the electronic density of
states distribution in amorphous silicaW{(E) from the

= —t et —. 21
AN?2/ N (Nr—=ng) ng 21

1)_1 1

%:r’(No)—g’(No), and (14) Fermi energy to the bottom of the conduction band:
! f " ME)dE (22)
AN 2= g(—NO) (15) T P Er
r"(No)—g'(No) We find 14=1/71~10" s~ 1. This frequency, which is the
Following van Rheenen, Bosman, and Zijl$frthe genera- typical frequency that shows up in the power spectra, lies far
tion and recombination rates read beyond the spectral domain of our experimental setup. In
addition, 1 is not thermally activated and, at most, weakly
1 temperature dependent. Two important conditions under
9= (16 \hich the DDH relation, which describes our data so well, is
derived are not met. The number of free carriers is thermally
r=pN(Nt—nq). activated so that the relative noise intensity due to trapping

q h | b h and emission of electrons strongly decreases with tempera-
Here,Ny, nr, andp represent the total number of traps, t €ture, which we do not see. Secondly, the characteristic fre-
number of occupied traps, and the trapping rate, respectively, o ey 14 is not thermally activated, again in contrast to our

The trapping rate is defined as the capture cross section @ dings. Further, assumir§=300 K, the relative noise in-
the trap @) times the thermal velocityu,) per unit volume. tensity amounts to

The emission rate % is thermally activated with activation

energyE,=E.— E; and attempt rate %}, s, r 10%
L =N =101 s, (23
= _e_Ea/(kBT)‘ (17) v 103
Te 70

a value much smaller than the measured noise levels. Con-
The charge-neutrality condition prescribes that the total numsequently we have to reject simple GR processes to explain
ber of carriers(trapped plus free carrierss constant. Fur- our measurements.
ther, in equilibrium detailed balance requires tlgatr so We note that from this discussion it follows that a model
that proposed by Bathaei and Anderson for GR noise-ii:H
does not apply. Correctly they conclude that the capture rate
is too fast to be observed but erroneously they continue by
postulating that the observed low-frequency noise must be
due to the emission processes that are thermally activated.
We have just shown foa-Si:H that the effective rate is the
sumof the capture and emission rates.

(i) GR noise involving three levelsA more realistic

1
T_”To:PNo(NT_”To), (18
e

where the subscript 0 denotes thermal equilibrium value
Using the charge neutrality condition, E(L4), (16), and
(18) can be combined to give

1 1 1 1 1 model for a-Si:H is constructed if we add a third level,
—=—+p(N+N;—nqy)=—+—+ —, (19 namely, the valence band. This enables us to include recom-
T Te Te Tc T bination of electrons and holes at defects. Whereas in a two-

where level system the spectrum is described by a Lorentzian char-
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acterized by a single time constant, carrier fluctuations
between three levels involves two time constants: one to rep-
resent the extremely fast carrier trapping and emission pro-
cesses as we have already encountered above, the other to
characterize the recombination of electrons and holes, which
is in general a much slower process. The recombination rate
is inherently limited by the generation rate of the minority
carriers that will generally be thermally activated, in agree-
ment with our experimental findings. The variance in the
number of free electrons can be straightforwardly calculated
and is given by’ 38

Log(S/V?) (arb. units)

Log(Frequency) (arb. units)

AN2=A

14_ i_|_ ! ) (24) FIG. 15. Schematic representation of the power spectrum for
P ny Nr—ng fluctuations in the number of free electrons due to trapping and

whereP is the number of free holes. and where recombination at uniformly distributed traps.

A:

1 1 1 1 1
NP + ( n- + W) (N + P (25 different magnitude and temperature dependence of the noise
T TNt ; ; P ;

intensity. The observation implies that, here, the variance

In the limit thatNt—nt andn; are much larger thaN and  1/N; is only weakly temperature dependent. This notion

P we find thatAN 2/N2=1/N, i.e., equal to the inverse num- makes the GR model with a uniform distribution of recom-

ber of free electrons in the active part of the sample. We thubination levels a promising candidate to explain our data, as

see that the inclusion of electron-hole recombination doewe will see.

produce a low-frequency term to the total power spectrum

with a thermally activated rate constant, a quite pleasant cir- C. Noise intensity

cumstance since we observe this in our measurements. The

variance, unfortunately, is strongly temperature dependen}m

disqualifying the three-level model as a satisfactory explane\Mth sufficiently high accuracy due to the strong deviation

tlolfr?vra;%regggiable step in sophistication, quite appropriatt];ror.n a pure 17 spectrum. Quite fortunately, we find for the
; . ! . variance a very reasonable value:
for amorphous semiconductors, is to consider a system with
recombination centerdistributedthroughout the gap. s,
(iii) GR noise involving a uniform distribution of trap Var:f_dfzsx 10”10 (26)
levels. In general, form levels there will bem—1 time 2
constants?® _Therefore, one might expect that in an amor- . qeed for a sample volume ob710°® cn, namely, we
phous semiconductor, with recomplnatlon cgntra d'St”b.Uteq)btain an empirical value for the density of states of
throughout the gap, a fLépectrum will be obtained. Surpris-
ingly, numerical calculations by Lee, Amberiadis, and Van
der Ziel show that the power spectrum closely resembles that D(Ep)=
of a three-level system. The reason is that not all traps con-
tribute equally to the variance, since traps more thdtkgT ~ which is in reasonable agreement with the density of states
aboveEr are always empty, whereas those lying more thargenerally found for high-quality thick intrinsi- Si:H layers.
~2kgT belowE are always filled. Therefore, the contribu- We would, however, expect to find a defect density about
tion of individual trap levels to the noise should be weightedone order of magnitude larger in our devices in which the
by a Fermi factorF(1—F), F being the trap occupation intrinsic film is sandwiched between two highly doped buffer
probability** The authors consistently found a sum of two layers ofa-Si:H. We note again that the number traps around
near-Lorentzian spectra with one time constant associatettie Fermi level, and thus the variance, depends only weakly
with the very fast electron capture{) and the other with (linearly) on temperature, in agreement with our observa-
the much slower recombination processeg)( As for a  tions.
three-level system, the former Lorentzian has a low- We have some difficulty understanding wis;/V? in-
frequency plateau at a much smaller intensity than the lattecreases upon light soakigee Fig. 8 From the foregoing
This is schematically illustrated in Fig. 15. When the numberdiscussion we would expe@,/V? to decrease following
of free electrons is smaller thaN;, the number of traps degradation by illumination, since the density of traps in-
within 2kgT of the Fermi level, the total variance of the creases, predominantly in the midgap region, where the
relative fluctuations associated with recombination processdsermi level is located. This observation, together with the
turns out to be equal to 4. This fact was not explicitly finding that the defect density suggested by the theory is a bit
noted in Lee’s paper but it can readily be deduced from thdow, possibly suggests that recombination produces addi-
spectra they present. In summary, a single recombinatiotional resistance fluctuations other than number fluctuations.
level produces a variance of the relative fluctuations equal ttlext to number fluctuations, recombination also involves
one over the number of free electrons. In contrast, uniformhfluctuations in the charge state of traps and therefore pro-
distributed traps in thermal equilibrium lead to a spectrumduces fluctuations in the potential landscape in which the

}l similar to that of a three-level system but with markedly

The variance can be computed from the power spectra by
egrating over frequency. The integration can be performed

WNSX 10'° Cm_3(e\/)_1, (27)
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FIG. 16. Relative noise power at 10 'svs voltage with tem-

FIG. 17. Relative noise power at 10 'svs temperature. Curve

perature as parameter. The plateau region and the suppression effaavas taken from Fig. 13. Cundeis taken in a different sample and
are present in all samples. The onset of the anomalous increase stiows the anomalous rise 8§ /V2.

high voltage or high temperatures is sample dependent. . L .
spectral dependences of the relative noise intensity can be

free carriers move. In other words, recombination leads t&ondensed into one single graph of the distribution of acti-
mobility fluctuations due to scattering of free carriers in aVation energies. This was achieved in the DDH approach that

fcuatng potental ancecape naving th same Kneics ECCTECSES SPEctn 1o Loentaans Wi el ae,
number fluctuations. The larger the number of recombination ) 9 P '

centers, the larger the intensity of the mobility quctuationsev Oﬁth,? .FWHM of NO'Z. ?V' An attempt rate .Of 7.
induced by these centers. X 10~ s * is found, a realistic phonon frequency in this

) . . material.
Finally, we stress that the numerical calculations by Lee . . : o
y y As to the underlying physics, the tentative conclusion is

et al. rely on a strictly uniform distribution of trap levels. In . S ; ;
a-Si‘H the situation is of course different since there arein@t @ GR noise model for distributed trap levels is consistent

additional tails of electronic levels in the gap exponentiallyw'th our experimental observations: The variance is virtually

increasing towards the conduction and the valence band. Af_emperature independent, while the characteristic rate con-

though we do not expect the incorporation of a more realisti rt]‘;?tsosr;etge(;{ﬁa(ljlgt:igﬁiglS?Stgat ?oDr[i);[et);gre tﬁgsag%lﬁsells
density of states to result in a rise of the noise intensity afte y bprop '

degradation, it would be most interesting to examine the efbhf.d'sm%glt'on of acttlvgtlfon gnetrhgles |s_¥V|de(rj tham(I;BT f
fect of the density of states distribution on the variance. ut 1S readily accounted for by the position dependence o
the energy-band diagram as it exists in thin-film devices with

sandwich geometry. Even the absolute magnitude of the rela-
tive noise intensity finds a quantitative explanation in terms
The recombination rate is evidently limited by the genera-of the number of traps around the Fermi level. We, however,
tion rate of the minority carriers, i.e., the holes. We can nowrealize that there is a problem associated with the effect of
identify the measured activation energyfgfwith an energy  degradation on the relative noise intensity. Possibly, fluctua-
barrier limiting the hole emission. Since exclusively the trapstions in the trapped charge density produce resistance noise
within ~2kgT of the Fermi energy are effective fluctuators with the same kinetics as but with intensities that can not be
we expect that only a band of emission energies of widthexplained by standard number fluctuations. Although experi-
~4kgT will be observed. At room temperatukgT is only ~ mental evidence points to GR noise, we are still searching
25 meV. From the DDH analysis, we obtain 0.2 eV, which isfor decisive arguments. In our further quest to uncover the
twice 4kgT. This relatively broad distribution of activation origin for noise ina-Si:H, we decided to study resistance
energies can simply be accounted for by the considerablguctuations under nonthermal equilibrium conditions, i.e.,
band bending in our devices. Simulations of the energy-bandnder steady-state illumination and carrier injection. This al-
diagram for sandwich device§ecall Fig. 1 allow for a lows us to tune théquas) Fermi energy of electrons and
width of 0.2 eV. Taking into account this sample inhomoge-holes and perform a new critical test. We report on these
neity, also the shape of the spectrum is consistent with thexperiments in the accompanying paper.
model for GR noise in an amorphous semiconductor.

D. Distribution of activation energies
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VI. CONCLUSION

APPENDIX: ANOMALOUS EFFECTS
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FIG. 18. S,/V? vs voltage for the annealed sampla, the FIG. 19. Anomalous noise intensity, i.e., the actually measured
sample after degradatiori]), and after annealing to the original noise intensity minus the GR noise component, vs sample conduc-
state (¢). tivity. Strong correlation between and S, /V?2 over nearly five

orders of magnitude points to contact noise.

whether the data did or did not suffer from noise contribu-

tions from sources other than those in the intrinsiSi:H  qyctivity. The filled symbols are from Fig. 17, and the open
layer. In Fig. 16 the relative noise intensity is plotted versussympols from measurements 8§ /V?2 versusV. As can be

voltage for ;ix values of the temperature. This plOt gives &gen in the figure, one curve tracks all these measurements,
representative example of the anomalous behavior of exce%ﬂowing thatS,/V2 is proportional to the conductivity
noise observed in some of our devices. In the Ohmic regimeSquared over nearly five orders of magnitude

. 2 . . .
l.e., for voltages<0.1 V, S, /V* s constant. This is expected What can be the origin of this remarkable correlation be-

for resistance noise and has been discussed in Sec. Ill. Futr- I 5
RN o ween the anomalous contribution $/V< and the conduc-
ther, under low injection conditions we observe space charge

suppression of the noise that complies with previous resultgv'.ty? A straightiorward interpretation in terms of contact
as well(see Fig. 4 However, above certain applied electric "0IS€ can be found. Let us represent the sample by a contact
fields, depending on temperatur®, /V? steeply increases resgtanceRc anq a much larger bglk re&stanﬁg in series.

with voltage. This effect is practically always observed,” Noise source in the contact region is assumed to produce a
though the turning point varies from sample to sample. wdesistance fluctuatiodR., which we take to be independent
discovered that the noise becomes unstationary, particular§f temperature. Then, the relative voltage fluctuations will be
in samples where the onset of the steep increase occurs at the

highest voltages. In such cases we frequently observe ran-

dom telegraph signals with a highly unstable switching rate.

From Fig. 16 it is seen that at 77 °C the anomalous rise sets (V)>  (8R)*  (ORy)?
in alrzeady close to the Ohmic regime. In ordgr to see hqw V2 - (RCJFRb)zz (Ry)2 '
Sy/V< evolves as a function of temperature in the Ohmic
regime, we measure8,/V2 at 10 s' vs T at a constant
voltage of 50 mV. The result is shown in Fig. 17, cutveAt

low temperatures, the relative noise intensity virtually tracksthijs would produce the required quadratic dependence on
the usual curve found in all samplesurvea). However, in - he conductivity of the anomalous contributionS/V2.

this case around 90 °C the relative noise intensity in the \ye note, however, that the nonstationary effects that we

Ohmic regime sharply rises, in contrast to what has beegpgerye resemble the non-Gaussian noise observed in doped

observed in the other samples. The rise sets in at exactly tr}sF_type a-Si:H layersS a-Si:H Schottky barrierd® or heavily
temperature where the turning point®f/V? vsV enters the dopedp-type Crp*-Cr sandwich structuré€ The observa-

OhVT/: Li%?iﬂiieeagh%fed the effect of dearadation as tions might very well have a physical explanation in that at
g ﬁigh temperatures, where the conductivity of the intrinsic

result of white-light illumination. In Fig. 18 we show three -
data sets. The triangles represgatV2 for the device in the layer approaches the conductivity of the doped buffer layers,

annealed state. After degradation, the relative noise powdP€ Nnoise from these buffer layers dominates. We have
increases and we see that the turning point has shifted I%heckeo! that the noise is not in the _Ieads or the electrically
higher voltages. We checked that subsequent annealing réonductive adhesive on the chromium contact pads. The
duces the noise to the original values. anomalous noise contribution may arise from sources that

We now prove that the conspicuous riseSyf/V?2 is not reside in the metal film, the doped contact layers, or in the
related to GR noise. It appears that the anomalous contribudtrinsic layer. Since a very trivial explanation in terms of
tion to the noise simply tracks the sample conductivity. Incontact noise can be given we will treat it as such. We con-
Fig. 19 all the anomalous excess noise observed in the mealude that a device with a thicker intrinsic layer or with co-
surements oB,/V? vs T andV, both in the annealed state planar geometry should be chosen if one wishes to study
and after degradation is collected and plotted versus the comoise in intrinsica-Si:H at high temperatures.

(A1)
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