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Grain-boundary effects on photocurrent fluctuations in polycrystalline photoconductors
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The effect of light-dependent potential barriers at the grain boundary interface has been taken into account
in the derivation of the photoconductance noise in polycrystalline photoconducting films. The noise power
spectrum has been calculated considering the contribution of many elementary systems constituted by two
homogeneous crystalline grains separated by an adjacent photosensitive potential barrier. The noise relative to
each elementary system has been studied taking into account the modulation effect on the current crossing the
grains of the spontaneous fluctuation of the intergrain barrier under illumination. The theoretical results are
compared with a set of experimental data concerning the photoconductance noise in polycrystalline PbS under
several experimental conditions. The proposed model allows us to explain several features of the current noise
both in the dark and under illumination. In particular, the origin of thé daéisecomponent, arising in the
power spectrum in the presence of light, and the unusual behavior of the noise spectral density vs conductance
when light intensity is changed are discussed and clarified on the basis of the present theory.
[S0163-18298)01304-9

[. INTRODUCTION mechanism of photoconductivity
Several experimental techniques have been adopted to test

The charge carrier transport through grain boundaries ims many physical quantities as possible depending upon the
polycrystalline semiconductors has stimulated continuous incharacteristics of these intergrain barriers. To this purpose
vestigation over a long period of time, owing to the wide also the properties of the current noise of polycrystalline
applied and theoretical interest of the electronic properties ogemiconductors have been exploited by a few autliees
these materials. The recognition of the role played by theRef. 19 for a recent review The characteristic behavior of
intercrystalline barriers in the electronic transport processedhe resistance fluctuations has been first related to that of the
both in the dark and under illumination, has been pointed ougrain boundary potential barriers in Refs. 5 and 6. A more
since the early studies concerning such matetidl®lever- recent study has been carried out by Madenach and
theless, the charge transport properties of polycrystallindVerner?® who analyzed the resistance fluctuations in the bi-
semiconductors still represent an open question in the semérystal and in the multicrystal gb silicon in the dark. The
conductor physics communify’ voltage fluctuations at the end of the samples have been re-

The intergrain potential barriers result from the chargelated to the stochastic capture and emission processes of
trapped on gap states localized between two adjacent graingoles at the interface states of the intercrystalline barrier due
Such interface states are created either by dislocations intr¢ée thermally activated transition. The fluctuations of the in-
duced by the crystallographic misfit between the adjacenterface charge give rise to fluctuatiodsp of the barrier
grains or by impurity or dopant atoms trapped at the interheight, which controls the curredy, across the boundary
face and acting as acceptor or donor levels. The trapped caaecording to the Richardson-Dushmann law. By interpreting
riers create a potential barrier of heighg within the adja- the capture and emission of holes at the interface as a fluc-
cent grains, which reduces the mobility of free carriers, anduating currentl;, the mechanism of fluctuation of the cur-
increases the local resistivity. In several cases the intergrairent across the boundary can be assimilated to the mecha-
potential barriers show a remarkable photosensitivity. In thenism of current amplification in a bipolar transistor, giving
dark, only thermally activated electronic transitions from andrise to considerable fluctuations in the emitted curignt
to the shallow energy levels in the grain are allowed. In the In Ref. 21 it has been shown that a light-dependent po-
presence of light of suitable wavelength, electronic transitential barrier strongly affects the average current as well as
tions from the photosensitive traps at the intercrystallindts fluctuations, by adding a modulation component to the
boundary can also occur. The optically activated transitionsioise power spectrum. Such a mechanism has been adopted
produce several effects: they increase the density of free cate explain photocurrent noise in insulating photoconduéors
riers, decrease the intergrain barrier height, or reduce thend in single-quantum-well infrared photodetectdrin the
depletion layer width at the end of the barrier. The predomipresent paper the theory developett inill be extended to a
nance of one of the previous effects over the other two depolycrystalline photoconducting device characterizeddy
pends on the electronic properties of the material and on than appreciable dark conductance ghga distributed set of
operative conditiontemperature, voltageWhen the barrier light-sensitive intergrain barriers localized at the grain inter-
reduction is more effective than the carrier generation profaces. A comparison with the experimental results obtained
cess in increasing the charge transport in the presence of polycrystalline PbS is given and discussed in Sec. IV. The
light, the device is said to operate according to lfaerier ~ proposed theory explains some aspects of the behavior of the
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characterized by an average value and a fluctuation of its
resistance strongly dependent on the illumination. The theory
EC developed in Ref. 21 will be applied to the calculation of the
- current noise power spectrum relative to such a system. Fi-
nally, the whole resistor network will be considered in order
@ to obtain the total current noise power spectrum.
% Let our attention be focused on the elementary system
& shown in Fig. 1. We shall first consider the stochastic pro-
® cesses occurring in the dark. In this condition only thermally
g activated electronic transitions from and to shallow acceptor
centers are allowed. If the charge carriers have enough en-
ergy to overcome the intergrain potential barrier, an electric
current will pass through the photoconductor. While the
charge carriers pass across the region indicated in Fig. 1, a
series of stochastic processe$rapping-detrapping or
generation-recombinatiproccurs, giving rise to a noise, the
power spectrum of which can be calculated on the basis of
the standard theories gfr noise in semiconductors. In the
FIG. 1. Energy-band diagram at the interface between twcambit of the random point processes approach, the contribu-
grains of ap-type polycrystalline semiconductor. The positive in- tion of each transition to the intergrain conductance can be
terface charge is due to electrically charged defects, which act agescribed as a rectangular pulse of heigland durationr{’
hole traps. It is compensated by negative acceptor ions within theepresenting the carrier lifetime. As a good approximation,
space-charge region. The curreit represents the capture and () may be considered the capture time of a given shallow

emission of holes by the interface states and corresponds to a ﬂu%’cceptor center. The quantityis related to the mobility
tuation of the barrier height¢,, which modulates the curreit by the following relationship:

induced by the applied voltagd, (after Ref. 20. In the present
case, the capture and emission of holes by the interface states is

activated by light. en
Y 9=—5. )

thermionically excited current

noise power spectrum in infrar¢tR) photoconductors under

different conditions: in particular, the onset of af Idoise ~ wheredy is the average dimension of the crystalline grain. In

component under illumination results from the modulationthe present context mobility fluctuations are disregarded. As-

effect of the light-sensitive barriers. suming, as usual, th " is distributed according to an ex-
An estimate of the contribution of the quantumf Iloise  ponential law,

is also reported? Since there is no quantum fLhoise in the

photogeneration of electron-hole pairghe source of quan- . Q)
tum noise should be envisaged in the conductance fluctua- P(rg))= —exp |, (2)
tions in the grain and in the intercrystalline regidAQuan- g g

tum 1/f noise should also be expected from the fluctuationth .
. . X : . e dark conductance n t
of the intergrain barrier crossing rate. As reported in Sec. 'Veasily calculatedaa(r:uej iggﬁgﬁ‘g’? spectihi(w) can be

the power spectrum of this noise arising from the above-
mentioned processes turns out to be some orders of magni-
tude lower than the experimental one in the analyzed range
of illumination and frequency values.

2
Tg 1 Ty

—:_G —_—,
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where 7, is the average value of\’, v, is the number of
elementary pulses per unit time in the dark, abglis the

A polycrystalline semiconductor can be schematicallydark conductance. As will be shown in the following section,
represented as a collection of more or less homogeneoube experimental results concerning the current noise in dark
grains coupled to each other by higher resistive intergrairtonditions in PbS polycrystalline photoconductors agree well
regions. In the case of a photoconductor such a system camth the results of Eq(3).
be represented as a network of noisy resistors whose values Let us now consider the conductance fluctuations under
depend on the degree of illumination of the device. The fol-llumination. As will be reported in the next section, there
lowing discussion will be restricted tp-type semiconduc- are several indications that a different mechanism of noise
tors, in order to compare theoretical results with the experigeneration is switched on by light. Actually, the experimen-
mental ones obtained on PbS infrared photoconductingal results show that the noise power spectra in the presence
devices. With minor modifications this approach can be exof light cannot be simply interpreted in terms of an enhance-
tended also tan-type semiconductors. Each branch of thement of the noise related to the increment of the conductance
network is constituted by a pair of crystalline grains sepa-G (due both to a lowering of the intergrain barrier and to the
rated by an adjacent photosensitive barrier, whose energpterband electronic transitions produced by lightr to a
band diagram is shown in Fig. 1. It behaves as a resistathange ofr,. The deviations of the noise behavior from the

IIl. PHOTOCURRENT NOISE MODEL
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simple Lorentzian given by Eq3) will be accounted for by tary pulse, the brackets indicates an averaging operation
considering the effect of light on the intergrain potential bar-over the pulse ensemble and the banepresent the modu-
riers. lus. It must be observed that the first term in the E§.

In the presence of light of suitable wavelength, electroniaepresents the power spectrum of the same pulse sequence in
transitions from the deep traps at the intercrystalline boundthe absence of clustering. It corresponds to an intrinsic noise
ary are allowed. As already mentioned, optically excitedrelated to the transport process within the grain of the excess
transitions increase the average conductance by increasimgrriers crossing the barrier for each ionized photosensitive
the density of free carriers and by decreasing the intergraitrap. The second term is the effect of clustering produced by
barrier height, thus allowing the charge carriers to overcoméhe stochastic emptying-filling processes of the photosensi-
more easily the barrier. The latter mechanism accounts for ative trap. This term gives the power spectrum of the noise
optical gain larger than unity, as found in these devicescomponent generated by the barrier fluctuation when the ef-
Since the electronic transitions from and to the photosensifect of all the photosensitive traps localized at the grain
tive traps lying at the grain boundary interface are stochastidpoundary interface is considered.
the height of the potential barrier will fluctuate accordingly. We shall now express the various parameters appearing in
Such a mechanism strongly affects the probability distribuEg. (4) in terms of more physical quantities characterizing
tion describing carrier injection: time intervals between el-the trap emptying-filling process. Lé&tg be the average in-
ementary events cannot anymore be considered Poisson disement of the conductance produced during the trap empty-
tributed, as in the darfEq. (3)], since their occurrence ing time 7.. Since the elementary conductance pulse has an
depends upon the statistics of the filling-emptying processeaverage aregry, the average number of conductance pulses
of the grain boundary interface traps. Therefore the calculain a cluster is given by
tion of the noise power spectrum has to be performed taking
into account this correlation between the elementary events. . Ag 7
As already pointed out, the modulation noise arising from pr=ptl= 9
this process can be described according to the mechanism g
cleared up in Ref. 21. In practice the noise power spectrum igand
obtained by a superposition of elementary pulse trains re-
lated to the emptying-filling processes of each single trap. In Te=PTo (6)
correspondence to the random emissicapture of each
hole from the interface traps, the barrier will be slighty re-
duced(enhancefl The stochastic reduction will allow an ex- ®),
cess number of charges to pass over the barrier. The stream * A
of excessnjected carriers can be described by means of a Vo= pPr _ 29 Ne
train of clusterized elementary conductance pulses of height Tet T g7y Nt
g and durationrg) distributed according to the same expo-
nential distribution function used for dark condition. Further-
more each train is characterlzed by the quant_rt@and Tt Jated to the photon flux,, and to the quantum efficiency
representing, respectively, the average time intervals durlngy the equation P
which the trapping interface state is respectively empty or
filled. These quantities also represent the average duration of
the cluster and the average time interval between clusters in

each train c?)rrespor(llc)jing to a given interface trap. It is as- Finally, the quantities(|S(w)|2) and |(S(w))|? can be
I | . L]
sumed thatre’ and 7, corresponding to each elementary .o ey jated by suitably averaging the Fourier transform of a

evbe nt gf emptying-fil(ljir}g of the trap, ﬁre exponentially dis- ﬁ]et of rectangular pulses of durati@@) distributed accord-
tributed, as expected for processes having a constant prob- . . L
ability to be excited by light in any time interval. Further- g to the exponential probability density given by E8).

®)

also holds. From the definition of,, taking into account Eq.

)

wheren,, is the average number of empty traps &hds the
total number of photosensitive traps. The quantityis re-

Nte= 7NpnTe - €)

. . One obtains
more, if the elementary eventgthin the clusterare assumed
to be Poisson distributed, the current noise power spectrum 1 2
e i 1 T,
9
s giverf ISP =2(S@)lP=2 2 O

9
B(w)=rog%(|S(w)]?) N ,
If it is assumed, as in Ref. 21, that > 1, then one also
p(1—vy7p)? getsp~p*. This assumption is justified by the fact that in
wzrg(p+1—pvo7'o)2+l' general the _optical g_ai_n is much larger thar_1 1 qnd thus _
>14. In particular, this is the case of the device discussed in
(4)  the next section. We can also assume that

+2vogz|<8(w)>|2

The quantitiesvg, 79, p, in this relationship represent, re- Te Nie
spectively, the average number of pulses per unit time, the VOTOZEZ N_t<1, (10)
average value and the average number of the time intervals
between subsequent pulses within the cluster. Furthermomghich means to be far from saturation. Taking into account

S(w) indicates the Fourier transform of the elementary uni-all these relationships, E¢4) simply becomes
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1 n, 1 r ering of the intergrain barrier, while carriers are produced by
‘15(“’):_N_e7 grgAngAgZ% . the thermal activation of the acceptor centers. However,
T Nt 1+ w7g 1t o7, when the light intensity is increased or the temperature low-

(11D ered the optically generated carrier density becomes gradu-
, o ally larger and may be finally predominant over the dark
We must now consider the contribution of all the r#is  .4rrier density. It is thus expected thay depends on the
to the noise. By assuming that the trap ionization processggnt intensity and that it becomes smaller at high illumina-
produced by light are independent and that the photocondugi,, yalyes, both because of the increment of the carrier den-
tance varies linearly with,, then itis correct to sum up the ity and because of the predominance of the interband tran-
power spectra produced by each trap. One gets sitions. It will be shown in Sec. IV that the experimental
results confirm these conjectures. Finally it must also be ob-
1 1 5 Te served that Eq13) has been obtained by assuming a defined
(DPh(w)_;T ngAG'f'nteAg T2 3| h R . . .
1+ w?r2 1+ w7, characteristic timer, for the intergrain trap transitions. A
(12) distribution P(7.) should however be expected either within
a given intergrain barrier or within the ensemble of the

whereAG=nAg represents the contribution of light to the grains making up the photoconducting film. This point will
intergrain conductance of the elementary system of Fig. lpe discussed in the next section.

Actually AG represents the conductance increment produced

by light through the Io_wering of the intergrain barrier. There- lIl. EXTENSION TO THE WHOLE SPECIMEN

fore the first term at right member of E(L.2) corresponds to

the g-r noise related to the excess carriers crossing the in- In this section we shall discuss the main aspects of the

tergrain barrier in the presence of light. This term simplynoise power spectrum expected from E#3) in order to

adds to the noise power spectrum of the dark current exsompare them with the experimental results reported in Sec.

pressed by Eq3), giving the wholeg-r noise power spec- V. Let us first consider the extension of Ed.3), valid for

trum of the elementary system of Fig. 1 in the presence ofhe noise generated by a single intergrain barrier, to the

light. The second term in square brackets of B) repre-  whole photoconducting device. In order to do this, two gen-

sents the modulation noise component produced by the baeral expressions can be used, valid for any type of networks

rier fluctuation. at any frequencyw with the only assumption that the el-
A few remarks are now required. Equatiti®) holds also ementary noise sources at the grain interfaces are

if the linearity of the photoconductance mg is not fulfilled. uncorrelated?

Actually the excess noise due to the barrier fluctuation de-

pends only on the average value iof, and on the local 1

derivative Ag=dG/dn,,. Therefore, if the fluctuation is @(@:\7; AVjj®jj(w), (14

small with respect td5, the second term in Eq12) is cor-

rect, as shown in Ref. 21. It is only necessary to take into 1

account that the value afg depends on the operative con- G=—> AV?—G” (15)

ditions of the device. Concerning the first term, which cor- V21T '

responds to the noise spectrum in the absence of barrier fluc-

tuations, it can be independently calculated for a Poisson In the previous expressionS;;, Vj;, and ®;;(w) are,

distributed pulse train due to the average conductance increespectively, the conductance, the potential drop, and the

mentAG produced by light. Thus, the power spectrum givennoise power spectrum between the contiguous griaémslj

by Eg. (12) remains unchanged. The assumptieyro<1  while G,V are the whole conductance and potential drop

(far from saturationandp* >1 (large optical gaincould be  between electrodes. If it is assumed tlgt and®;;(w) are

also removed, making the second term within square brackhe same for all the grain pairs and the potential drap;

ets in Eq.(12) more complicated but exact. Its expression,are either equal to each other or zero, from Etj4) and(15)

which will not be reported here, can be easily obtained fromone gets

Eq. (4) by using Egs(5), (6), and(7), and vanishes, as ex-

pected, in the two limitp* —1 andvyry—1. S
The final expression of the photoconductance noise power P(w) Djj(w) T
spectrum of a single grain pair thus becomes VYo(w)=—F=—7 2= ¥ij(0) —,
G GI] ( 2 ’1> nij
Te 1

(13 (16)

where ther in the sums means that the pairs havily;;
where the quantitys=Gg,t+ AG is the conductance of the =0 should be neglected; is the number of the pairs with
elementary system constituted by a grain and its interfacaV;;#0, while ¥;;(») and V¢(w) are, respectively, the
barrier in the presence of light. In writing E@L.3) it has been relative conductance noise power spectrum of the grain pairs
assumed that the pulse duratiep remains unchanged dur- and of the whole specimen. Furthermore, if the network is
ing illumination. This may be correct at room temperaturesimply considered as a three-dimensional lattice with cubic
and at low values of the light intensity, since in this case theelementary cells whose nodes are the grams.coincides
increment of the conductandeG is mainly due to the low- with the number of the grains and, according to Bd), the

Blw)= = —* G+Ag?
w)=— ——5197G+Ag e ———
2 1+

1
T 1+ 0T szez
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relative noise spectrum scales as the inverse of the sample 1012
volume. It should be noticed that this does not mean that,

when grains become smaller angl increases, the total noise

of the whole specimen decreases. Actually according to Eq.

(1), the height of the elementary conductance pglseales 101
as the inverse aﬂé while their average number per unit time

Vg varies asds. From Eq.(4) one thus obtains thab;;(w) i
varies asdy. Moreover the conductandg;; is proportional N
to vog and thus turns out to be proportional dg. On ac- —
count of this, one gets

2 o —socni,- ) (17)
Gi] dq x
which proves thatV ;(w) remains unchanged. This fact has L Sl
the important consequence that Ef3) can be used to cal- 10—
culate the relative conductance noise power spectrum of the — __.::ﬁa:t(((gjss :g))
whole specimen, provided that the whole set of quantities [ _._.igm (G=3.04S)
9,G,Nie,AQ, 74, i are measured on the whole specimen. In l 1 l HH“ l l
any case, ifb;;(w) is, except for an amplitude factor, equal 10"
for all the grain pairs¥(w) is a weighted average of the 10 100 1000 10000
V;i(w)'s and can be calculated by means of E4¥) and f[Hz]
(15). In general it may be, however, assumed that different
grain pairs have rf_:lther different intergrain barriers and a%ance noise at low illumination values. Squares correspond to dark
characterized by dlffe_rent sets Qf hole trz_ips. . conditions. The other curves correspond to white-light irradiation.
As already stated in the previous section and discussed e onset of a 1f-like component having a cutoff frequency cor-
detail in the next section, light induces aflgloped noise responding to the dark noise Lorentzian one can be observed in the
Component, not a Simple LorentZian. ThIS faCt can be anresence of ||gh’[ The reported quantwe(f) Corresponds to
counted for by assuming that the traps have a wide distribus 7w ;(w), being normalized in the domain of the frequency and
tion of emptying-filling timesr,, either within each inter- only for positive values of this last quantity.
grain barrier or within the intergrain barrier ensemble. In
both cases, taking into account E4.7), the expression of noise power spectrum density vs light intensity, which pre-

Vij(w)=

T
xil

FIG. 2. Room-temperature power spectra of the relative conduc-

V¥ (w) becomes sents a maximum instead of monotonically decreasing, can
- also be accounted for.
1 1 [grg AgNnie a(”rg) According to the present model, the light impinging on
Ye(w)=— the device introduces a further noise component, represented

. 22| G 2 < 2. ()|
to 7'9L G™ 1 1t by the second term within square brackets in 8@). This

‘ (18) component strongly enhances the low-frequency part of the
whereal) is the relative weight of{’ and spectrum, since the duration, of a cluster of pulses is al-
ways larger than the duratiory of the elementary pulse. As
S ali—1 (19 stated in the previous section, a wide distribution of the trap
7 ' emptying timesr, justifies a 1f sloped spectrum of the
modulation noise induced by light. However a cutoff fre-
The second term within square brackets in Bd) gives  quency corresponding to the one of the dark Lorentzian spec-
a 1/f-like spectrum if a wide distribution ad() is assumed. trum must be expected, owing to the Lorentzian term in front
However this 1f-like component, being multiplied by a of the square brackets. This is what actually happens in the
Lorentzian spectrum having a cutoff angular frequea@/ experimental spectra at low light intensities. Actually, in this
=1/14, also has a cutoff frequency at=w,. This impor- ~ case, the conduction process is still dominated by the ther-

tant result is consistent with the experiments reported in théally activated acceptor centers whose characteristic tyme

next section. remains unchanged. Figure 2 shows some typical experimen-
tal noise spectra obtained on a PbS-based photoconducting
IV. EXPERIMENTAL RESULTS AND DISCUSSION device (P394A of Hamamatsu Photonf@s These results,

taken in dark conditiongsquarep and at low illumination

We shall now consider the main aspects of the noise spewalues(triangles, circlesshow the onset of an t/like com-
trum given by Eq.(18) and compare them with the experi- ponent under illumination, having a cutoff frequency corre-
mental results obtained on PbS infrared photoconducting desponding to the dark Lorentzian spectrum.
vices. It will be shown that the theory can explain the strong Figure 3 shows the current noise power spectra at higher
variation that the slope of the noise power spectrum underiight intensity. The device conductance takes much larger
goes in the presence of light, particularly in the low- values than in the dark. As discussed in the previous section,
frequency range, where it changes from the Lorentzian to thén this case it is expected that, in addition to the lowering of
1/f type. Furthermore, the unusual behavior of the relativethe barrier, the density of the optically excited carriers gen-



57 GRAIN-BOUNDARY EFFECTS ON PHOTOCURRENT ... 2459

1012 10!
107 1012 g
:q@% V7
L ot intensi =10 Hz ‘o]
A ight intensity \
\ U= \
»
101 \‘"\ 1013 == — / A =10 Hz -5
— — F— =100 Hz S
- i =
N ™ AN/
=} N T !
€ i\.#' N\ € ? ¥ (=100 H
B‘O 105 = 0:\ B«O 1014 ! = Z L
— p— = T
M F— =1000 Hz NG P
L[] v
] =1000 Hz Ht
16 c‘ 15 ‘ h
1077 == —e—light (G=5.9 1S) 2 107
F—  —A— ight (G=9.2 uS)
— —a—light (G=16 nS) —
e open points (T=233 K)
[ filled points (T=300 K)
107 oo Ll 4L
10 100 1000 10000 10% 107 10 10° 10*
f [Hz] G [S]

FIG. 3. Same as Fig. 2, but at higher light intensity. In this case FIG. 4. Power spectral densities of the relative conductance
the cutoff frequency of the I/component shows a gradual shift noise as a function of the conductar@erespectively aff =300 K
towards higher frequencies and the intensity of spectrum decreasegircles and atT=233 K (squares The first point of each curve
Both of these aspects are accounted for by the photoconductaneerresponds to the dark conductance conditions. The curves have a
noise theory here developed. maximum corresponding to a conductance value of about two times

Gyark: @s expected by the theory.

erated by interband transitions increases. One thus expects

2
that =, becomes increasingly smaller and the cutoff fre- NieAg _ (G—Guard
] , i ! ki , (21
guency of the Lorentzians becomes increasingly larger. In G? G?
the_zse condltlons_ the cutoff frequency of thef omponent which has a maximum &B=2G,,, and decreases asG/
shifts towards higher frequencies. for G G yun
ark+

Thg results of F|g: 2 and Fig. 3 are summarized in F|g..4, At lower temperatures, since a slight decrease of the re-
showing the behav.|or of the relative 'conductance NOIS§avation time is observed when the light intensity
power spectral density vs the conductaffidéed symbols at  jncreased; ! 18the maximum value of the relative photocon-
room temperature. The relative conductance noise at lowejctance noise is expected to occur at higher conductance
temperature is also reportédpen symbols Within a fully  yajyes, as actually observed. Finally, it is worth remarking
Poissonian linear model of the fluctuationBg(w) should  that a similar nonmonotonic dependence of the low fre-
monotonically decrease as@/ The unusual behavior of quency 1f noise upon illumination intensity has also been
Ws(w) can be explained on the basis of Hd8). Let us  observed in Si and GaAs semiconducttrs.
consider the low-frequency spectral density, where this effect For completeness, an estimate of the quantufmbise is
is more enhanced. Since the second term within squargiven in the physical conditions where its power spectrum is
brackets in Eq(18) dominates the power spectrum in the maximized, i.e., at room temperature, high light intensities
low-frequency range, we can limit our check to the behaviorand for the coherent quantum state. The effective number of
of this term as a function of the light intensity. It can be carriersN has been evaluated from the value of the conduc-
shown thatn,Ag?/ G2 reaches its maximum value in corre- tanceG, being the carrier mobilitye=5 cm? V1 s~ Ref.
spondence of @4,. Let the conductanc€ be linearly de- 18 and the specimen dimensions given in Ref. 29. The rela-
pendent on the photon flux; : "-1418.2° tive intensity of the noise turns out to be about two orders of

magnitude lower than the experimental one in the range of
the explored frequencies reported in Fig. 4. A still lower
G = Ggarkt KNt = Gyart KiNte (200 value of the power spectrum has been obtained by consider-
ing the incoherent quantum fLhoise for the elementary sys-
Jdem of Fig. 1, due to the recombination processes in the grain
and in the intergrain region, and to the fluctuations of the
crossing rate of the intergrain barrfér.

with k, and k; constants. The second relationship derive
from Eg. (8), taking into account that at room temperature
the quantum efficiency; and the photoconductance relax-

ation time 7, are practically independent of the light

. . . . . L V. CONCLUSIONS

intensity/48Since the quantity\g is the derivative of the

average conductance with respecitg, one gets from Eq. In this paper an approach to the calculation of the conduc-

(20): tance noise power spectrum in polycrystalline infrared pho-
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toconductors is reported. The model is based on the multiearriers decreases, the noise spectrum becomes gradually
barrier theory of photoconductivity and assumes that thdully 1/f-like. Both these aspects, together with the behavior
excess noise in the presence of light is generated by thef the relative conductance noise spectral density, which pre-
normal fluctuation of the intergrain photosensitive barrierssents a maximum &= 2Gg,, are found in the experimen-
This brings us to a unified mechanism of noise generational spectra, as shown in the previous section. The final ex-

according to which, at low illumination values, the Lorentz-

pression of the theoretical power spectrum contains only

ian g-r noise produced by the thermally activated carriers isquantities obtainable by means of suitable measurements. A

modulated by the barrier fluctuation, giving rise to d-like

correct order of magnitude of the noise is obtained with very

component having a cutoff frequency determined by theeasonable values of the quantities entering @8), while

g-r noise Lorentzian. At higher light intensities, where thethe changes of the noise power spectrum corresponding to
carrier density increases by effect of the interband electrodifferent physical conditions have been shown to be consis-
transitions produced by light and the average lifetime of thaent with those observed in the experiments.
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