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Giant resonant enhancement of the nonstationary holographic currents
in an alternating electric field
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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 ab, =K uE, originating from the resonant excitation of photoconductivity gratings.
The dependences of the holographic current amplitude versus effective value of the ac electi fglatial
frequency of the interference pattekqy and light intensityl, are measured in the photorefractineype
Bi,,SiO,, crystal. The drift mobility of electrons is estimated from the position of the resonant peak on the
frequency transfer function of the effegt=0.13-0.8 cr?/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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[. INTRODUCTION a lot of photoelectric parameters can be measured: Maxwell
relaxation timer,, and average photoconductivity, carri-
During the last decades several methods increasing ther’s lifetime 7 and mobility x, diffusion Ly and drift L
efficiency of the holographic recording in photorefractive lengths, Debye screening length, and concentration of
materials were developed. Most of them combine the nonstarapping centersl;, .1°
tionary recording and application of an external electric field The excitation of the nonstationary photocurrents in an
to the crystaf: Two basic ways to increase the space chargexternal electric field significantly differs from the diffusion
field grating amplitude are usually distinguished: the formerregime. When a strong dc voltage is applied to the crystal
method includes the application of a dc external electric fieldwo resonant peaks can be observed on the frequency trans-
to the sample illuminated by a running interference pattern,fer function of the effect. The first one is associated with
and the latter one implies the application of an ac field alongesonant excitation of the space charge gratiigéThe sec-
with a stationary interference pattetriThe physical prin-  ond maximum appears when the velocities of the interfer-
ciples of these techniques are different: the former method isnce pattern and photocarriers drifting in the electric field are
resonant and based on the synchronization of the interferenegual’?14The drift mobility can be easily estimated from the
pattern with a fundamental space charge wave; the latter onsosition of this resonant peak. So the photo-emf technique
is nonresonant and based on the enhanced symmetric redisrovides the possibility for an eigenwave investigation in
tribution of charge carriers between bright and dark fringessemiconductors placed in an external electric field.
similar to the diffusion regime of grating formation. Anum-  Earlier investigations of photocurrent excitation in an al-
ber of relative techniques using combinations of moving orternating electric field have shown that application of a high-
oscillating light pattern and dc and ac electric fields havefrequency electric field results in the nonresonant enhance-
been carried out in photorefractive materiai§. ment of the signal amplitud®:*® This effect was observed
The nonstationary holographic photocurfefior non-  for low frequencies of phase modulatiom€{)) where the
steady-state photo-eniRef. 10] is a holography-related ef- influence of the electric field can be considered as “enhanced
fect observed in wide-gap crystals. It appears in a semicordiffusion” of carriers recording the space charge distribution
ductor material illuminated by an oscillating light pattern. with large amplitude. For this reason the frequency transfer
Such illumination is usually created by two coherent lightfunction of the effect maintains a form typical for the diffu-
beams, one of which is phase modulated with frequancy Sion regime: the linear growth of the signal for low frequen-
The alternating current results from the periodic relativecies of phase modulation following by a frequency-
shifts of the photoconductivity and space charge gratingg1dependent region.
which arise in the crystal’s volume under illumination. Like ~ Up to now no attempts to study the influence of an ac field
the holographic recording in photorefractive crystals this ef-on the nonstationary photocurrent excitation for high fre-
fect demonstrates adaptive properties that promote its applfuencies of phase modulatiom®Q, 7y'<Q<7) have
cation in such areas as vibration monitoring, velocimetrybeen made. Meanwhile, such a combination of frequencies
etc!! In contrast to the holographic methods this techniquecan give a unique opportunity for the signal magnification.
allows the direct transformation of phase-modulated opticalndeed the frequency of the external field is higher than the
signals into the electrical current and can be applied for thénverse formation time of the space charge grating with pe-
characterization of centrosymmetrical and even amorphousod A =2x/K, Q>|7,(1+K2L3+iKLg)| "%, so the space
materials. Since the photocurrent originates from the interaccharge amplitude will be increased as was predicted in Ref.
tion of both the photoconductivity and space charge gratings3. At the same time the frequency of the external field is
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c tion band where they migrate due to the diffusion or drift
light mechanisms and recombine back to the donors. We studied
W the case of a “relaxation-type” semiconductor, i.ess 7y .

—es—oeoleN, The opposite situatioﬁ.e., T=1)) IS slightly more compli-
- - N Na<<Np cated for the analysis, moreover the application of strong
A electric fields decreases the time constant of the conductivity
AIITTIIHTTIH iRy v relaxation and increases the buildup time for the space
charge, so we obtain conditions analogous to the “relaxation-

FIG. 1. Model of a semiconductor with one type of partially type”

hy regime.
compensated donor centers and monopolar photoconductivity. g

We suppose also that the frequency of the phase modula-
| h he i | . . f th ductivi tion @ is much higher than the frequency of the external
ower t_ an the '”Vfrsze e axatuzrl\ time of the conductivity o cyyic field Q; the period of the ac field is larger than
gratlr)g. Q<|(1+K LD+'KL°).T. - qu th|§ reason the the carrier lifetimer and shorter than the grating relaxation
amplitude of the photoconductivity grating will be mcreasedti e
as well via a resonant mechanism analogous to that discusseg] M-
in Refs. 12 and 14. As a result the resonant signal enhance- w>0, 3)
ment in an ac electric field is expected to be more pro-
nounced than for the case of the dc field.

In this paper we present experimental and theoretical re-
sults on th_e resonant excitation of nonstationary_ hologra_phic The calculation procedure includes the solution of the bal-
currents in ser_mc_onductor crystals placed in a .h'gh'ance, continuity, and Poisson equations. Since the main
frequency electric field. In Sec. Il we analyze theoretically tages of this procedure are similar to the ones described in
the photocurrent generation in a sinusoidal electric field an ef. 16, we omit them and write the final expression for the
describe the experimental setup, in Sec. Ill we present thgorﬁple;( amplitude of the photocurrent with frequengy
results of the photocurrent measurements-iype photore- i
fractive Bi;»SiO,q, and in Sec. IV we discuss the possibili- 2

m<A

ties and advantages of the proposed technique. jo=— 0

<Q<r L (4)

KL

Ep+Eq— ——
P 14+k22

IIl. ANALYSIS OF THE EFFECT AND EXPERIMENTAL .
ARRANGEMENT 1+Klptiwr 5

X
212 4 ; 2 21 2°
Let us suppose that the crystal is illuminated with the (1+KLpFien)™+K g
oscillating interfergnc_e pattern formed by tyvo plane lightere Ep=(kgT/€)K is the diffusion field and.,= u7E, is
waves, one of which is phase modulated with frequeacy the drift length of photocarrierssg is the Bolzmann con-
and amplitudeA: stant, andT is the temperature.
_ The resonant maximum appears in the frequency transfer
H(x,)=lo[1+mcogKx+A coswt)]. @) function of the photocurrent when the drift item in this ex-
Herel, is the average light intensityp is the contrast, and pressmg] 9om|nates over the diffusion orig>Ep, KLo
is the spatial frequency of the interference pattern. The sinuz 1+ K“Lp . Then the resonant frequency and corresponding
soidal electric field with amplitud&,, and frequency is  Signal amplitude are equal to
applied to the crystalE,,(t) = E.,cosQt. For the external

field we use the effective valuEy=E,,/\2 rather than wr:KLO =K uEy, (6)
amplitudeEgy;. T
For the case of cyclic boundary conditions the total elec-
tric current averaged over the interelectrode spatirapn- _ m?A o EoK L
tains the drift and displacement components. The non- (o)== @)
steady-state photo-emf signal is defined by the drift ¥he: 4(1+K"Lp)
1 (L Let us compare the photocurrent excitation in the dc and
j(t)y= Ef eun(x,t)E(x,t)dx. (2 ac fields for the considered frequency regiars 7-[,,1. The
0 photocurrent amplitude in dc electric field was found to
2-14
Heree is the electron chargey(x,t) is the concentration of be'
electrons in the conduction band, ak€x,t) is the electric ”
field. . m’A  EoKLo—Ep(1+K2Lg+iw)
In order to calculate distributions(x,t) and E(x,t) we Jde="57 0 (1+K2L2+iwn)2+K2LE (8)

considered the widely used model of semiconductors with

monopolar photoconductivity and one type of partially com-As seen the frequency transfer functions of the photocurrent
pensated donor level§ig. 1).1'" The illumination leads to for ac and dc fields are similar: the resonant peaks appear at
the generation of electrons from donor levels to the conducthe same frequencyEq. (6)]. However there are distinctive
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Vibration FIG. 3. Frequency transfer functions of the holographic current
dampers measured in photorefractive BSiO,q for different effective values

of the sinusoidal electric fieldE,=4.0, 5.8, 8.0, 9.5 kV/cm X
FIG. 2. Experimental setup for measurements of the non-steady= 532 nm, l,=2.2 W/cnf, K=500 cm !, (1/27=6 kHz).
state photo-emf in an alternating electric field.
our experiments we used amtype Bi;,SiO,, crystal with
features which differ in these approaches. The resonant angharacteristic dimensionsxi4x 10 mn?, the front and back

plitude of the photocurrent excited in dc field equals surfaces of the crystal (210 mn?) were polished, and the
m?A ooE, silver paste electrodes §43 mnt) were painted on the lat-
Jac(@r) =~ (9 eral surfaces. The interelectrode spacing wasl mm. The

21 2y
4(1+K"Lp) crystal was placed in the Teflon holder with Styrofoam lin-

Itis KLo/(1+ KzLé) times lower than those for ac fiel&q. ings Whic_h damp the m_echanical oscillations due to the pi-
(7)]. Moreover, this difference grows when the amplitude of€zoelectric effect. The smu;_mdal voltage from Fhe generator
the applied field increases. Such an advantage of the ac vok{}/27=6 kHz) was amplified by a conventional trans-
age over the dc one is associated with the fact that the d@rmer and then applied to the sample. In some experiments
field enhances the stationary space charge grating propotlh_e crystal was simultaneously illuminated by light from a
tionally to ocEé (while the dc field does: EO).3 microscope lamp focused by a lens and passed through dif-

The phases of the photocurrent amplitude defined by Eqderent filters: 1KS-5 §,r=980-3000 nm) KS-15 Ng
(7) and (9) differ by /2, which is due to the fact that the :650_,2700 nm), and SZS-22)\§=380-530 nm). The
spatial shift of the stationary electric field grating is equal toCYStal's temperature was measured by the PtRh-Pt thermo-
— 7 for the dc field and— /2 for the ac field applied. couple.

Besides one can note the different shapes of the resonant
peak for the cases of ac and dc external figtdsnpare Egs. Il. EXPERIMENTAL RESULTS
(5) and(8)].

Measurements of the nonstationary holographic currents Figure 3 presents the frequency transfer functions of the
under an applied alternating electric field were carried oufionstationary holographic photocurrent measured for differ-
using the experimental setup shown in Fig. 2. The secon@nt amplitudes of the external electric filg=Uq/L (Ug is
harmonic of a Nd:YAG laserN=532 nm) with an average the effective amplitude of the applied voltag&he resonant
power of P,,~~50 mW was used as the basic source of co-maximum appears in the investigated frequency region
herent radiation. A conventional Twyman-Green interferom-(@/2m=60-600 kHz) when the effective value of the sinu-
eter forms the interference pattern with a specified fringesoidal field reaches-5 kV/cm. The further increase of the
spacing. The contrast of the interference pattern was settledPplied voltage leads to a nonlinear growth of the resonant
to be small enoughng=0.12) to avoid excitation of the frequency and current amplitud€igs. 3 and 4
higher spatial harmonics of the electric field grating. An  The photocurrent amplitude grows slower tt&§) which
electro-optic phase modulator ML-102A produced phasds probably due to nonlinear effects. The stationary electric
modulation of the laser beam with frequeneyand ampli- ~ field grating has amplitude-mEgKL,.'® When this value
tude A=0.81. The additional low-frequency phase modula-approaches the amplitude of the external figld= v2E,
tion with frequency 100 Hz and amplitude 2.4 rad was uti-we can expect the saturation of the photocurrent. For the
lized for the separation of the volume and contact sigthls. choserm andK and foru 7~ 106 cn?/V,**8the discussed
This technique allows us to transfer the contact componergffect should appear &,~2 kV/cm. A similar saturation of
of the signal to the side frequencies which are rejected by ththe photocurrent was observed and discussed in Ref. 13
selective receiver. As a result the signal detected at carriewhere the amplitude of the moving grating increases up to
frequency contains the volume component only. The photothe value of the applied dc field.
current signal arising in the crystal’s volume was amplified, The nonlinear dependeneg (Ey) points to the fact that
filtered, and then measured by spectrum analyzer SK4-58trong electric fields influence the electron mobility, varying
(f=0.4-600 kHz,Af=100 Hz, with 10 Hz videofilter In in the rangeu=0.19-0.43 c’Vs (Fig. 5. The depen-
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FIG. 4. The resonant frequency, (®) and resonant photocur-
rent amplitude]®(w,) (O) vs effective value of the external field
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denceu(Ey) was approximated with the power functiog:
«EL3. Such behavior is most probably explained by heating=0-42 cnf/Vs.
of the sample in the electric field. Indeed, the crystal's tem-
the simplest theory presented in Sec. I, and we can state that
the maximum on the frequency transfer functions of the pho-
The forbidden gap of sillenite-type crystals is charactertocurrent is associated with the resonant excitation of the
ized by a rather complicated structure of the local levéts.
particular, the shallow traps affect the charge transport, sig- As seen from Fig. 6 the photocurrent amplitude is maxi-
nificantly magnifying the conductivity relaxation time and mal for the lowest settled spatial frequencll=3
reducing the effective drift mobility of electrot’$When the
temperature grows electrons spend less time being capturelicts a maximum ath(\/§LD)*1~6>< 100 em™ ! (Lp

perature rises by-20 K in an external field of 9.5 kV/cm

(Fig. 5.

on shallow traps, so the effective mobility increases.

well fitted with the linear function as predicted by E®).
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FIG. 5. Dependence of the drift mobility (@) vs effective
value of the external fielde, (A=532 nm, I,=2.2 W/cn?, K

=500 cm !, Q/27=6 kHz). The dotted line shows fitting func-

tion uxEg>. The increment of the crystal's temperatusd =T
—293 K vs the external field amplitudg, is shown as well Q).

® /21 (MHz)
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FIG. 6. Dependencies of the resonant frequency(®) and
resonant photocurrent amplitud®(w,) (O) on the spatial fre-

quency of

the

interference patterrK (A=532 nm, I,

=2.2 Wienf, Ey=9.5 kV/cm, Q/27=6 kHz, T=313 K). The
dotted line shows the approximation by Ed6) for wu

photoconductivity gratings.

X 107 cm™* though the theoretical estimation by E@) pre-

~1 pum). Perhaps this discrepancy is typical for sillenites

The dependences of the resonant frequency and photocucompare with Ref. 13and associated with the grating satu-
rent amplitude versus spatial frequency of the interferenceation effect discussed above.
pattern are presented in Fig. 6. The dependandg&) is

The dependences of the resonant frequency and current
amplitude versus light intensity are shown in Fig. 7. Accord-
This approximation allows us to estimate the electron mobiling to the basic theory presented above no dependence of the
ity: ©=0.42 cnf/Vs (T=313 K). This value is more than resonant frequency, should be observelEg. (6)]. In prac-
one order of magnitude higher than the ones measured earliice, however, this statement is not valid since light intensity
by the non-steady-state photocurrent technique in an externain influence the effective mobilit§Fig. 8) via at least two
dc electric field*>?4In contrast to the electric field the spatial mechanisms. First, the mobility increases due to Joule heat-
frequency of the interference pattern does not influence the
photoelectric paramete(§fetime, mobility, etc), so the be-
havior of the resonant frequency is in good agreement with
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FIG. 7. The resonant frequenay (@, A, ¥, l) and resonant
photocurrent amplitudé“(w,) (O, A, V, O) vs total light inten-
sity 1o (K=500cni?!, E,=9.5kV/icm, Q/27=6 kHz). The
circles @, O) demonstrate the measurements with the only laser
illumination (\=532 nm); the other symbols correspond to the

measurements with additional

illumination:A, A: \g

=380-530 nm,l3=0.10 W/cnf. ¥, V: \,g=980-3000 nmJ 5
=1.4 W/cn?. B, O: \g=650-2700 nmJr=1.9 W/cnt.
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FIG. 8. Dependence of the drift mobility on the total light FIG. 9. Frequency transfer functions of the holographic photo-
intensity 1, (K=500 cm ', E;=9.5 kV/icm, Q/27=6 kHz). De-  current measured in acE{=9.5 kVicm, Q/27=6 kHz, T
pendencew(ly) measured without additional illuminatior®() is =313 K), dc Ey=10 kV/cm, T=313 K), and zero E;,=0, T

fitted by the linear functionuelo with 4(0)=0.95 cnf/Vs. The =293 K) external fields. A\=532 nm, 1,=2.2 W/cnf, K
other solid symbols present experiments with additional illumina-=500 cm 2.

tion: A: Ag=380-530nm, Iz=0.10W/cnf. V: A
=980-3000 nm, |,g=1.4 W/cnf. M: \g=650-2700 nm, I
=1.9 Wicnf. The dependence of the temperature incremefit
=T-293 K on the light intensity, is shown by the corresponding
open symbols.

case of the ac field and-50 dB for the dc one. This fact
proves the theoretical estimatiofsgs.(7) and(9)] that pre-
dict the prevalence of ac field excitation over the dc one by a
factor of KLy~ 10.

ing of the illuminated crystal placed in the electric field. ~One can notice the most interesting difference between
Second, the increase of the light intensity changes the poptibese two approaches: the frequency transfer function of the
lation of the shallow traps; the capture rate of electrons tdonstationary photocurrent excited in a dc field contains no
these traps becomes weaker, which consequently increasegsonant maximum at high modulation frequencies

the effective mobility. As a result we obtained a wide rangelwherewq/27=20 kHz is the second cutoff frequency of the
for electron mobility: ©=0.13-0.43 cr/V's. Similar be- nonstationary photocurrent excited without an external field
havior of the photocurrent was observed earlier for the casérig. 9].

of dc external field:?* It is quite difficult to point out the origin of this feature.

In order to vary the total light intensity and spectrum the(i) First the silver paste contacts toB3i0,, crystals are
crystal was illuminated by the additional infrared, red, blue,usually rectifying, so a 10%-20% dc voltage drop in the
and “white” light from the microscope lamgFigs. 7 and 8 contact area is expected. This decreaseskihg product,

The most powerful “white” light with intensity I,  partially eliminating the resonant conditions for the dc field.
=2.9 W/cnt shifts the resonant maximum beyond the stud-The blocking contact gives rise to the inhomogeneous distri-
ied frequency ranged,/27>600 kHz), which correspond bution of the dc field over the interelectrode spacing as well.
to the value of the drift mobility: x>0.8 cnf/Vs (T It makes the resonant frequency dependent on the local value
=370 K). of the electric field, which can result in a blurring of the

The dependence of the resonant peak amplitude on th@sonant peak. In the case of the high-frequency ac field
light intensity \ =532 nm) was found to be linedFig. 7), Q> r,(,ll) such effects are negligible as the displacement
which is associated with the linear character of the photoconeurrent through the contacts decreases the corresponding
ductivity. As seen from the same figure the additional illumi-voltage drops and makes the electric field more homoge-
nation suppresses the signal amplitude. Two reasons for thigeous.
phenomenon can be adduced. First, the incoherent backlight (ii) Another and perhaps the most essential reason for the
decreases the contrast of the interference pattern and photdiscussed difference between photocurrent generation in ac
current amplitude as a consequence. Second, the simultand dc fields can be associated with the complicated pro-
neous infrared illumination redistributes the electrons becesses of conductivity relaxation in B%iO,,. The fre-
tween different types of local levels, reducing the effectivequency dependence of the photoconductivity response to the
lifetime, nonstationary response of the photoconductivityamplitude modulated light is not adequately described by
and resulting photocurreft:!’ the simplest band transport model with one type of partially

We have compared two techniques for the drift mobility compensated donor level. Namely, there are at least two re-
determination and carried out measurements of the frequenajions where photoconductivity relaxation is characterized by
transfer functions of the nonstationary photocurrent excitedlifferent time constantgFig. 10. In our experiments the
in ac and dc fields with approximately equal effective valuesrequency of the ac field(§/2w=6 kHz) was higher than
Eo=10 kV/cm (Fig. 9). As follows from this figure the pho- the characteristic frequency separating these regions
tocurrent generation in an ac field is more efficient in the(w/27~100 H2. We suppose that the frequency transfer
high-frequency regiom > 300 kHz: the signal enhancement functions measured in ac and dc fields differ because the
with respect to the diffusion regime equals/O dB for the effective photoelectric parameters governing the charge
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5 v v - - y The giant signal enhancement in the high-frequency re-
—_ gion is another attractive feature of photocurrent generation
e 1 ;=051 Wiem? | in an alternating field. The enhancement factor reaches
2 3 i ~70 dB for low spatial frequencies of the interference pat-
9 tern against the factor of 50 dB typical for the case of dc
o 21 1 fields.
= 0 For practical applications it is more useful to calculate
o 17 '5=0-049 Wiem I and compare the signal-to-noise ratio for zero and ac fields.
0 \ ' Let us estimate it for the resonant frequenay=w,> w(),
100 10" 102 10° 10 105 106 low spatial frequency K?L2<1), and low load resistance
(R .<Z,,, whereZ, is the crystal's impedangeFor the
o/2r (Hz) mentioned frequency region the signal amplitude can be cal-

FIG. 10. Frequency dependence of the nonstationary photoconC—UI"ited using Eq(5). The thermal noise of the load resistor

ductivity response to the amplitude-modulated light with different's dominant for the diffusion regime of the phoiocurrent gen-

average intensities|,=0.049, 0.51 W/crh A=532nm, m er.ation:Jth=(4kBTR[1Af)1/2 (A.f is the detection banq-
=0.018. width). If the external voltage is applied, then generation-
recombination noise  can be  prevalent: Jy,
transport do not coincide for these cases< r; and e~ 264 TE SGAT/L(1+w?r)]12 (go is the average gen-
> ugc. This assumption is proved by the values of the effec-€ration rate of photoelectrons, afids the cross section of
tive mobility measured by the discussed technique in an athe illuminated volumg* Finally the magnification of the
field, wac=0.13-0.8 crA’V's, and the dc one,uy,  Signal-to-noise ratio equals
=0.016-0.043 cAiVs.'2'* So the larger mobility in ac

2 2
fields helps to fulfill the resonant conditian, > w( and ob- (S/N)aC: EoK LO\ / L for Jg>Jn (10)
tain the resonant maximum on the frequency dependence of ~ (S/N)o 2 Sahks TR
the photocurrent. or
IV. DISCUSSION SIN),. eEyKL2
(SM)ac _ % for Jg<du- (1)

The resonant excitation of the nonstationary holographic (S/N)o 2keT
currents in an ac field has demonstrated several distinctivehis gain factor is very large: for sensible experimental con-
features that can improve the techniques and devices bas@lions and crystal parameters E{=10 kV/cm, K
on the discussed effect. In particular, the proposed above 500 cni't, L,=0.02 cm, L=0.1 cm, S=10"2 cn?, g,
resonant technique allows direct measurements of the phote- 1019 cm3s71, andR, = 10* Q) it reaches 90 dB. In prac-
carrier’s drift m0b|l|ty The utilization of an ac external volt- tice, however, some factors can reduce this Striking value:
age instead of the dc one minimizes the eXperimental errorﬁoniinear recording of the space Charge grating, trap satura-
of the mobility measurements since the voltage drop in thgjon, etc.
contact area is smaller and the electric field distribution in  To summarize we have presented detailed investigations
the sample volume is more homogeneous. Besides, varigf the nonstationary holographic currents excited in the pres-
tions of the voltage frequency may provide additional possience of an external ac electric field. Techniques for the drift
bilities for the characterization of CryStalS with Complicated m0b|||ty determination and Signa| enhancement are pro-
conductivity relaxation processes. posed. We believe that the influence of an external ac fields

The drift mobility of electrons in Bi,SiO,o was measured  on the photocurrent generation is not restricted to our results.
using this method. It lies in the rangeu |t should be interesting to study photocurrent generation in
=0.13-0.8 cri/V's, which is approximately an order lower crystals with other photoelectric parametéfsr example,
than the range of the actual mobilit,=3.4-5.5 cri/V's,  extremely low mobility, conductivity, ete. A more detailed
estimated by other techniqu:® On the other hand, the analysis of the effect is required for semiconductors with a
measured values are 3-10 times higher than the ones obomplicated structure of local levels in the forbidden gap.
tained by the non-steady-state photo-emf method realized in
dc fields'** So the application of an ac electric field al- ACKNOWLEDGMENTS
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