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Giant resonant enhancement of the nonstationary holographic currents
in an alternating electric field

Mikhail Bryushinin,* Vladimir Kulikov, and Igor Sokolov
A.F. Ioffe Physical Technical Institute, 194021, St. Petersburg, Russia

~Received 9 September 2002; published 7 February 2003!

We report the resonant excitation of the nonstationary holographic currents in photoconductive crystals
placed in a sinusoidal electric field. The analysis of the effect is performed for the simplest model of a
semiconductor with monopolar photoconductivity. We demonstrate that the frequency transfer function of the
effect has a maximum atv r.KmE0 originating from the resonant excitation of photoconductivity gratings.
The dependences of the holographic current amplitude versus effective value of the ac electric fieldE0, spatial
frequency of the interference patternK, and light intensityI 0 are measured in the photorefractiven-type
Bi12SiO20 crystal. The drift mobility of electrons is estimated from the position of the resonant peak on the
frequency transfer function of the effect:m50.13–0.8 cm2/V s. The advantages of the photocurrent generation
in ac fields are pointed out, and possible practical applications of the effect are discussed.
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I. INTRODUCTION

During the last decades several methods increasing
efficiency of the holographic recording in photorefracti
materials were developed. Most of them combine the non
tionary recording and application of an external electric fi
to the crystal.1 Two basic ways to increase the space cha
field grating amplitude are usually distinguished: the form
method includes the application of a dc external electric fi
to the sample illuminated by a running interference patte2

and the latter one implies the application of an ac field alo
with a stationary interference pattern.3 The physical prin-
ciples of these techniques are different: the former metho
resonant and based on the synchronization of the interfer
pattern with a fundamental space charge wave; the latter
is nonresonant and based on the enhanced symmetric r
tribution of charge carriers between bright and dark fring
similar to the diffusion regime of grating formation. A num
ber of relative techniques using combinations of moving
oscillating light pattern and dc and ac electric fields ha
been carried out in photorefractive materials.4–8

The nonstationary holographic photocurrent9 @or non-
steady-state photo-emf~Ref. 10!# is a holography-related ef
fect observed in wide-gap crystals. It appears in a semic
ductor material illuminated by an oscillating light patter
Such illumination is usually created by two coherent lig
beams, one of which is phase modulated with frequencyv.
The alternating current results from the periodic relat
shifts of the photoconductivity and space charge grati
which arise in the crystal’s volume under illumination. Lik
the holographic recording in photorefractive crystals this
fect demonstrates adaptive properties that promote its a
cation in such areas as vibration monitoring, velocime
etc.11 In contrast to the holographic methods this techniq
allows the direct transformation of phase-modulated opt
signals into the electrical current and can be applied for
characterization of centrosymmetrical and even amorph
materials. Since the photocurrent originates from the inte
tion of both the photoconductivity and space charge gratin
0163-1829/2003/67~7!/075202~7!/$20.00 67 0752
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a lot of photoelectric parameters can be measured: Max
relaxation timetM and average photoconductivitys0, carri-
er’s lifetime t and mobility m, diffusion LD and drift L0

lengths, Debye screening lengthl D , and concentration of
trapping centersND

1 .10

The excitation of the nonstationary photocurrents in
external electric field significantly differs from the diffusio
regime. When a strong dc voltage is applied to the crys
two resonant peaks can be observed on the frequency tr
fer function of the effect. The first one is associated w
resonant excitation of the space charge gratings.12,13The sec-
ond maximum appears when the velocities of the interf
ence pattern and photocarriers drifting in the electric field
equal.12,14The drift mobility can be easily estimated from th
position of this resonant peak. So the photo-emf techni
provides the possibility for an eigenwave investigation
semiconductors placed in an external electric field.

Earlier investigations of photocurrent excitation in an
ternating electric field have shown that application of a hig
frequency electric field results in the nonresonant enhan
ment of the signal amplitude.15,16 This effect was observed
for low frequencies of phase modulation (v,V) where the
influence of the electric field can be considered as ‘‘enhan
diffusion’’ of carriers recording the space charge distributi
with large amplitude. For this reason the frequency trans
function of the effect maintains a form typical for the diffu
sion regime: the linear growth of the signal for low freque
cies of phase modulation following by a frequenc
independent region.

Up to now no attempts to study the influence of an ac fi
on the nonstationary photocurrent excitation for high f
quencies of phase modulation (v.V, tM

21,V,t) have
been made. Meanwhile, such a combination of frequen
can give a unique opportunity for the signal magnificatio
Indeed the frequency of the external field is higher than
inverse formation time of the space charge grating with
riod L52p/K, V.utM(11K2LD

2 1 iKL 0)u21, so the space
charge amplitude will be increased as was predicted in R
3. At the same time the frequency of the external field
©2003 The American Physical Society02-1
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lower than the inverse relaxation time of the conductiv
grating: V,u(11K2LD

2 1 iKL 0)t21u. For this reason the
amplitude of the photoconductivity grating will be increas
as well via a resonant mechanism analogous to that discu
in Refs. 12 and 14. As a result the resonant signal enha
ment in an ac electric field is expected to be more p
nounced than for the case of the dc field.

In this paper we present experimental and theoretical
sults on the resonant excitation of nonstationary holograp
currents in semiconductor crystals placed in a hig
frequency electric field. In Sec. II we analyze theoretica
the photocurrent generation in a sinusoidal electric field
describe the experimental setup, in Sec. III we present
results of the photocurrent measurements inn-type photore-
fractive Bi12SiO20, and in Sec. IV we discuss the possibi
ties and advantages of the proposed technique.

II. ANALYSIS OF THE EFFECT AND EXPERIMENTAL
ARRANGEMENT

Let us suppose that the crystal is illuminated with t
oscillating interference pattern formed by two plane lig
waves, one of which is phase modulated with frequencyv
and amplitudeD:

I ~x,t !5I 0@11m cos~Kx1D cosvt !#. ~1!

HereI 0 is the average light intensity,m is the contrast, andK
is the spatial frequency of the interference pattern. The s
soidal electric field with amplitudeEext and frequencyV is
applied to the crystal:Eext(t)5EextcosVt. For the external
field we use the effective valueE05Eext /A2 rather than
amplitudeEext .

For the case of cyclic boundary conditions the total el
tric current averaged over the interelectrode spacingL con-
tains the drift and displacement components. The n
steady-state photo-emf signal is defined by the drift one:10

j ~ t !5
1

LE0

L

emn~x,t !E~x,t !dx. ~2!

Heree is the electron charge,n(x,t) is the concentration o
electrons in the conduction band, andE(x,t) is the electric
field.

In order to calculate distributionsn(x,t) and E(x,t) we
considered the widely used model of semiconductors w
monopolar photoconductivity and one type of partially co
pensated donor levels~Fig. 1!.1,17 The illumination leads to
the generation of electrons from donor levels to the cond

FIG. 1. Model of a semiconductor with one type of partia
compensated donor centers and monopolar photoconductivity.
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tion band where they migrate due to the diffusion or dr
mechanisms and recombine back to the donors. We stu
the case of a ‘‘relaxation-type’’ semiconductor, i.e.,t!tM .
The opposite situation~i.e., t>tM) is slightly more compli-
cated for the analysis, moreover the application of stro
electric fields decreases the time constant of the conduct
relaxation and increases the buildup time for the sp
charge, so we obtain conditions analogous to the ‘‘relaxati
type’’ regime.

We suppose also that the frequency of the phase mod
tion v is much higher than the frequency of the extern
electric field V; the period of the ac field is larger tha
the carrier lifetimet and shorter than the grating relaxatio
time tM :

v@V, ~3!

tM
21!V!t21. ~4!

The calculation procedure includes the solution of the b
ance, continuity, and Poisson equations. Since the m
stages of this procedure are similar to the ones describe
Ref. 16, we omit them and write the final expression for t
complex amplitude of the photocurrent with frequencyv:

j v52
m2D

2
s0S ED1E0

KL0

11K2LD
2 D

3
11K2LD

2 1 ivt

~11K2LD
2 1 ivt!21K2L0

2
. ~5!

HereED5(kBT/e)K is the diffusion field andL05mtE0 is
the drift length of photocarriers,kB is the Boltzmann con-
stant, andT is the temperature.

The resonant maximum appears in the frequency tran
function of the photocurrent when the drift item in this e
pression dominates over the diffusion one:E0@ED , KL0

@11K2LD
2 . Then the resonant frequency and correspond

signal amplitude are equal to

v r5
KL0

t
5KmE0 , ~6!

j v~v r !52
m2Ds0E0KL0

4~11K2LD
2 !2

. ~7!

Let us compare the photocurrent excitation in the dc a
ac fields for the considered frequency region:v@tM

21 . The
photocurrent amplitude in dc electric field was found
be12–14

j dc
v 5

m2D

2
s0

E0KL02ED~11K2LD
2 1 ivt!

~11K2LD
2 1 ivt!21K2L0

2
. ~8!

As seen the frequency transfer functions of the photocur
for ac and dc fields are similar: the resonant peaks appe
the same frequency@Eq. ~6!#. However there are distinctive
2-2
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GIANT RESONANT ENHANCEMENT OF THE . . . PHYSICAL REVIEW B 67, 075202 ~2003!
features which differ in these approaches. The resonant
plitude of the photocurrent excited in dc field equals

j dc
v ~v r !52 i

m2Ds0E0

4~11K2LD
2 !

. ~9!

It is KL0 /(11K2LD
2 ) times lower than those for ac field@Eq.

~7!#. Moreover, this difference grows when the amplitude
the applied field increases. Such an advantage of the ac
age over the dc one is associated with the fact that the
field enhances the stationary space charge grating pro
tionally to }E0

2 ~while the dc field does}E0).3

The phases of the photocurrent amplitude defined by E
~7! and ~9! differ by p/2, which is due to the fact that th
spatial shift of the stationary electric field grating is equal
2p for the dc field and2p/2 for the ac field applied.1

Besides one can note the different shapes of the reso
peak for the cases of ac and dc external fields@compare Eqs.
~5! and ~8!#.

Measurements of the nonstationary holographic curre
under an applied alternating electric field were carried
using the experimental setup shown in Fig. 2. The sec
harmonic of a Nd:YAG laser (l5532 nm) with an average
power ofPout'50 mW was used as the basic source of
herent radiation. A conventional Twyman-Green interfero
eter forms the interference pattern with a specified frin
spacing. The contrast of the interference pattern was se
to be small enough (m50.12) to avoid excitation of the
higher spatial harmonics of the electric field grating. A
electro-optic phase modulator ML-102A produced pha
modulation of the laser beam with frequencyv and ampli-
tudeD50.81. The additional low-frequency phase modu
tion with frequency 100 Hz and amplitude 2.4 rad was u
lized for the separation of the volume and contact signal18

This technique allows us to transfer the contact compon
of the signal to the side frequencies which are rejected by
selective receiver. As a result the signal detected at ca
frequency contains the volume component only. The pho
current signal arising in the crystal’s volume was amplifie
filtered, and then measured by spectrum analyzer SK4
( f 50.4–600 kHz,D f 5100 Hz, with 10 Hz videofilter!. In

FIG. 2. Experimental setup for measurements of the non-ste
state photo-emf in an alternating electric field.
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our experiments we used ann-type Bi12SiO20 crystal with
characteristic dimensions 134310 mm3, the front and back
surfaces of the crystal (1310 mm2) were polished, and the
silver paste electrodes (433 mm2) were painted on the lat
eral surfaces. The interelectrode spacing wasL51 mm. The
crystal was placed in the Teflon holder with Styrofoam li
ings which damp the mechanical oscillations due to the
ezoelectric effect. The sinusoidal voltage from the genera
(V/2p56 kHz) was amplified by a conventional tran
former and then applied to the sample. In some experime
the crystal was simultaneously illuminated by light from
microscope lamp focused by a lens and passed through
ferent filters: IKS-5 (l IR5980–3000 nm) KS-15 (lR
5650–2700 nm), and SZS-22 (lB5380–530 nm). The
crystal’s temperature was measured by the PtRh-Pt ther
couple.

III. EXPERIMENTAL RESULTS

Figure 3 presents the frequency transfer functions of
nonstationary holographic photocurrent measured for dif
ent amplitudes of the external electric fieldE05U0 /L (U0 is
the effective amplitude of the applied voltage!. The resonant
maximum appears in the investigated frequency reg
(v/2p560–600 kHz) when the effective value of the sin
soidal field reaches;5 kV/cm. The further increase of th
applied voltage leads to a nonlinear growth of the reson
frequency and current amplitude~Figs. 3 and 4!.

The photocurrent amplitude grows slower thanE0
2, which

is probably due to nonlinear effects. The stationary elec
field grating has amplitude;mE0KL0.16 When this value
approaches the amplitude of the external fieldEext5A2E0
we can expect the saturation of the photocurrent. For
chosenm andK and formt;1026 cm2/V,13,16the discussed
effect should appear atE0;2 kV/cm. A similar saturation of
the photocurrent was observed and discussed in Ref
where the amplitude of the moving grating increases up
the value of the applied dc field.

The nonlinear dependencev r(E0) points to the fact that
strong electric fields influence the electron mobility, varyi
in the rangem50.19–0.43 cm2/V s ~Fig. 5!. The depen-

y-

FIG. 3. Frequency transfer functions of the holographic curr
measured in photorefractive Bi12SiO20 for different effective values
of the sinusoidal electric field:E054.0, 5.8, 8.0, 9.5 kV/cm (l
5532 nm, I 052.2 W/cm2, K5500 cm21, V/2p56 kHz).
2-3
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BRYUSHININ, KULIKOV, AND SOKOLOV PHYSICAL REVIEW B 67, 075202 ~2003!
dencem(E0) was approximated with the power function:m
}E0

1.3. Such behavior is most probably explained by heat
of the sample in the electric field. Indeed, the crystal’s te
perature rises by;20 K in an external field of 9.5 kV/cm
~Fig. 5!.

The forbidden gap of sillenite-type crystals is charact
ized by a rather complicated structure of the local levels.1 In
particular, the shallow traps affect the charge transport,
nificantly magnifying the conductivity relaxation time an
reducing the effective drift mobility of electrons.17 When the
temperature grows electrons spend less time being capt
on shallow traps, so the effective mobility increases.

The dependences of the resonant frequency and photo
rent amplitude versus spatial frequency of the interfere
pattern are presented in Fig. 6. The dependencev r(K) is
well fitted with the linear function as predicted by Eq.~6!.
This approximation allows us to estimate the electron mo
ity: m50.42 cm2/V s (T.313 K). This value is more than
one order of magnitude higher than the ones measured ea
by the non-steady-state photocurrent technique in an exte
dc electric field.12,14In contrast to the electric field the spati
frequency of the interference pattern does not influence
photoelectric parameters~lifetime, mobility, etc.!, so the be-
havior of the resonant frequency is in good agreement w

FIG. 4. The resonant frequencyv r (d) and resonant photocur
rent amplitudeJv(v r) (s) vs effective value of the external fiel
E0 (l5532 nm, I 052.2 W/cm2, K5500 cm21, V/2p56 kHz).

FIG. 5. Dependence of the drift mobilitym (d) vs effective
value of the external fieldE0 (l5532 nm, I 052.2 W/cm2, K
5500 cm21, V/2p56 kHz). The dotted line shows fitting func
tion m}E0

1.3. The increment of the crystal’s temperatureDT5T
2293 K vs the external field amplitudeE0 is shown as well (s).
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the simplest theory presented in Sec. II, and we can state
the maximum on the frequency transfer functions of the p
tocurrent is associated with the resonant excitation of
photoconductivity gratings.

As seen from Fig. 6 the photocurrent amplitude is ma
mal for the lowest settled spatial frequencyK53
3102 cm21 though the theoretical estimation by Eq.~7! pre-
dicts a maximum atK5(A3LD)21;63103 cm21 (LD
;1 mm). Perhaps this discrepancy is typical for sillenit
~compare with Ref. 13! and associated with the grating sat
ration effect discussed above.

The dependences of the resonant frequency and cu
amplitude versus light intensity are shown in Fig. 7. Acco
ing to the basic theory presented above no dependence o
resonant frequencyv r should be observed@Eq. ~6!#. In prac-
tice, however, this statement is not valid since light intens
can influence the effective mobility~Fig. 8! via at least two
mechanisms. First, the mobility increases due to Joule h

FIG. 6. Dependencies of the resonant frequencyv r (d) and
resonant photocurrent amplitudeJv(v r) (s) on the spatial fre-
quency of the interference patternK (l5532 nm, I 0

52.2 W/cm2, E059.5 kV/cm, V/2p56 kHz, T.313 K). The
dotted line shows the approximation by Eq.~6! for m
50.42 cm2/V s.

FIG. 7. The resonant frequencyv r (d, m, ., j) and resonant
photocurrent amplitudeJv(v r) (s, n, ,, h) vs total light inten-
sity I 0 (K5500 cm21, E059.5 kV/cm, V/2p56 kHz). The
circles (d, s) demonstrate the measurements with the only la
illumination (l5532 nm); the other symbols correspond to t
measurements with additional illumination:m, n: lB

5380–530 nm,I B50.10 W/cm2. ., ,: l IR5980–3000 nm,I IR

51.4 W/cm2. j, h: lR5650–2700 nm,I R51.9 W/cm2.
2-4



d.
p
t

a
g

as

he
e

d

t

o
i
th
lig
ho
ul
be
ive
ity

ity
n

ite
e

he
nt

t

y a

een
the
no

e
eld

.

he

ld.
tri-
ell.
alue
e
eld

ent
ding
ge-

the
n ac
ro-

the
y
lly
re-
by

ions
fer
the
rge

na

g

to-

GIANT RESONANT ENHANCEMENT OF THE . . . PHYSICAL REVIEW B 67, 075202 ~2003!
ing of the illuminated crystal placed in the electric fiel
Second, the increase of the light intensity changes the po
lation of the shallow traps; the capture rate of electrons
these traps becomes weaker, which consequently incre
the effective mobility. As a result we obtained a wide ran
for electron mobility: m50.13–0.43 cm2/V s. Similar be-
havior of the photocurrent was observed earlier for the c
of dc external field.14

In order to vary the total light intensity and spectrum t
crystal was illuminated by the additional infrared, red, blu
and ‘‘white’’ light from the microscope lamp~Figs. 7 and 8!.
The most powerful ‘‘white’’ light with intensity I W
52.9 W/cm2 shifts the resonant maximum beyond the stu
ied frequency range (v r /2p.600 kHz), which correspond
to the value of the drift mobility:m.0.8 cm2/V s (T
.370 K).

The dependence of the resonant peak amplitude on
light intensity (l5532 nm) was found to be linear~Fig. 7!,
which is associated with the linear character of the photoc
ductivity. As seen from the same figure the additional illum
nation suppresses the signal amplitude. Two reasons for
phenomenon can be adduced. First, the incoherent back
decreases the contrast of the interference pattern and p
current amplitude as a consequence. Second, the sim
neous infrared illumination redistributes the electrons
tween different types of local levels, reducing the effect
lifetime, nonstationary response of the photoconductiv
and resulting photocurrent.16,17

We have compared two techniques for the drift mobil
determination and carried out measurements of the freque
transfer functions of the nonstationary photocurrent exc
in ac and dc fields with approximately equal effective valu
E0.10 kV/cm ~Fig. 9!. As follows from this figure the pho-
tocurrent generation in an ac field is more efficient in t
high-frequency regionv.300 kHz: the signal enhanceme
with respect to the diffusion regime equals;70 dB for the

FIG. 8. Dependence of the drift mobilitym on the total light
intensity I 0 (K5500 cm21, E059.5 kV/cm, V/2p56 kHz). De-
pendencem(I 0) measured without additional illumination (d) is
fitted by the linear functionm}I 0 with m(0)50.95 cm2/V s. The
other solid symbols present experiments with additional illumi
tion: m: lB5380–530 nm, I B50.10 W/cm2. .: l IR

5980–3000 nm, I IR51.4 W/cm2. j: lR5650–2700 nm, I R

51.9 W/cm2. The dependence of the temperature incrementDT
5T2293 K on the light intensityI 0 is shown by the correspondin
open symbols.
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case of the ac field and;50 dB for the dc one. This fac
proves the theoretical estimations@Eqs.~7! and~9!# that pre-
dict the prevalence of ac field excitation over the dc one b
factor of KL0;10.

One can notice the most interesting difference betw
these two approaches: the frequency transfer function of
nonstationary photocurrent excited in a dc field contains
resonant maximum at high modulation frequenciesv.v08
@wherev08/2p.20 kHz is the second cutoff frequency of th
nonstationary photocurrent excited without an external fi
~Fig. 9!#.

It is quite difficult to point out the origin of this feature
~i! First the silver paste contacts to Bi12SiO20 crystals are
usually rectifying, so a 10%–20% dc voltage drop in t
contact area is expected. This decreases theKL0 product,
partially eliminating the resonant conditions for the dc fie
The blocking contact gives rise to the inhomogeneous dis
bution of the dc field over the interelectrode spacing as w
It makes the resonant frequency dependent on the local v
of the electric field, which can result in a blurring of th
resonant peak. In the case of the high-frequency ac fi
(V.tM

21) such effects are negligible as the displacem
current through the contacts decreases the correspon
voltage drops and makes the electric field more homo
neous.

~ii ! Another and perhaps the most essential reason for
discussed difference between photocurrent generation i
and dc fields can be associated with the complicated p
cesses of conductivity relaxation in Bi12SiO20. The fre-
quency dependence of the photoconductivity response to
amplitude modulated light17 is not adequately described b
the simplest band transport model with one type of partia
compensated donor level. Namely, there are at least two
gions where photoconductivity relaxation is characterized
different time constants~Fig. 10!. In our experiments the
frequency of the ac field (V/2p56 kHz) was higher than
the characteristic frequency separating these reg
(vs/2p;100 Hz!. We suppose that the frequency trans
functions measured in ac and dc fields differ because
effective photoelectric parameters governing the cha

-

FIG. 9. Frequency transfer functions of the holographic pho
current measured in ac (E059.5 kV/cm, V/2p56 kHz, T
.313 K), dc (E0510 kV/cm, T.313 K), and zero (E050, T
.293 K) external fields. l5532 nm, I 052.2 W/cm2, K
5500 cm21.
2-5
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BRYUSHININ, KULIKOV, AND SOKOLOV PHYSICAL REVIEW B 67, 075202 ~2003!
transport do not coincide for these cases:tac,tdc and mac
.mdc . This assumption is proved by the values of the eff
tive mobility measured by the discussed technique in an
field, mac50.13–0.8 cm2/V s, and the dc one,mdc
50.016–0.043 cm2/V s.12,14 So the larger mobility in ac
fields helps to fulfill the resonant conditionv r@v08 and ob-
tain the resonant maximum on the frequency dependenc
the photocurrent.

IV. DISCUSSION

The resonant excitation of the nonstationary holograp
currents in an ac field has demonstrated several distinc
features that can improve the techniques and devices b
on the discussed effect. In particular, the proposed ab
resonant technique allows direct measurements of the ph
carrier’s drift mobility. The utilization of an ac external vol
age instead of the dc one minimizes the experimental er
of the mobility measurements since the voltage drop in
contact area is smaller and the electric field distribution
the sample volume is more homogeneous. Besides, v
tions of the voltage frequency may provide additional pos
bilities for the characterization of crystals with complicat
conductivity relaxation processes.

The drift mobility of electrons in Bi12SiO20 was measured
using this method. It lies in the rangem
50.13–0.8 cm2/V s, which is approximately an order lowe
than the range of the actual mobility,m53.4–5.5 cm2/V s,
estimated by other techniques.19,20 On the other hand, the
measured values are 3–10 times higher than the ones
tained by the non-steady-state photo-emf method realize
dc fields.12,14 So the application of an ac electric field a
lowed us to partially overcome the difficulties of the mobili
measurements in wide-gap semiconductors with shallow
ergy levels.

*Electronic address: mb@mail.ioffe.ru
1M.P. Petrov, S.I. Stepanov, and A.V. Khomenko,Photorefractive

Crystals in Coherent Optical Systems~Springer-Verlag, Berlin,
1991!.

FIG. 10. Frequency dependence of the nonstationary photo
ductivity response to the amplitude-modulated light with differe
average intensitiesI 050.049, 0.51 W/cm2. l5532 nm, m
50.018.
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The giant signal enhancement in the high-frequency
gion is another attractive feature of photocurrent genera
in an alternating field. The enhancement factor reac
;70 dB for low spatial frequencies of the interference p
tern against the factor of;50 dB typical for the case of dc
fields.

For practical applications it is more useful to calcula
and compare the signal-to-noise ratio for zero and ac fie
Let us estimate it for the resonant frequency (v5v r@v08),
low spatial frequency (K2LD

2 !1), and low load resistance
(RL!Zcr , where Zcr is the crystal’s impedance!. For the
mentioned frequency region the signal amplitude can be
culated using Eq.~5!. The thermal noise of the load resisto
is dominant for the diffusion regime of the photocurrent ge
eration: Jth5(4kBTRL

21D f )1/2 (D f is the detection band
width!. If the external voltage is applied, then generatio
recombination noise can be prevalent: Jg/r
52emtE0@Sg0D f /L(11v2t2)#1/2 (g0 is the average gen
eration rate of photoelectrons, andS is the cross section o
the illuminated volume!.21 Finally the magnification of the
signal-to-noise ratio equals

~S/N!ac

~S/N!0
5

E0K2L0
2

2
A L

Sg0kBTRL
for Jg/r@Jth ~10!

or

~S/N!ac

~S/N!0
5

eE0KL0
2

2kBT
for Jg/r!Jth . ~11!

This gain factor is very large: for sensible experimental co
ditions and crystal parameters (E0510 kV/cm, K
5500 cm21, L050.02 cm, L50.1 cm, S51022 cm2, g0
51019 cm23 s21, andRL5104 V) it reaches 90 dB. In prac
tice, however, some factors can reduce this striking va
nonlinear recording of the space charge grating, trap sat
tion, etc.

To summarize we have presented detailed investigat
of the nonstationary holographic currents excited in the pr
ence of an external ac electric field. Techniques for the d
mobility determination and signal enhancement are p
posed. We believe that the influence of an external ac fie
on the photocurrent generation is not restricted to our resu
It should be interesting to study photocurrent generation
crystals with other photoelectric parameters~for example,
extremely low mobility, conductivity, etc.!. A more detailed
analysis of the effect is required for semiconductors with
complicated structure of local levels in the forbidden gap
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