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Gain and stability in photorefractive two-wave mixing
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We demonstrate that the negative amplitude gain in a photorefractive two-wave-mixing experiment under
applied electric field measurably reduces the characteristic instability of the recorded hologram. In this sense
photorefractive materials behave like electronic amplifiers with feedback. We analyze the case of stationary
and running holograms both under an externally applied electric field. A continuous phase-modulation method
is used to simultaneously measure diffraction efficiency and phase shift. Measurements carried out on a
Bi,TiO, crystal at 514.5 nm wavelength confirm the occurrence of continuous oscillations in both the
diffraction efficiency and the phase shift. The perturbations in the diffraction efficiency increase considerably
with increasing applied field and are reduced when energy is transferred from the weaker to the stronger beam
(negative gain Our results indicate that the perturbations in our experiments are probably due to resonantly
excited transient effects.
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I. INTRODUCTION 1+,82
Ir(d)=1r(0) ——7p5. ()
Photorefractives are photoconductive and electro-optic B +e

materials where electroriand/or holes may be excited, by

the action of light, from photoactive centers into the conducWherel” and y are[4,5]

tion (valence band. These electrons move by diffusion or by

the action of an applied electric field and are retrapped some- Foclm{k}, y=Re{«x}. (4)

where else. If a nonuniform pattern of light is projected onto

the sample a correspondingly nonuniform spatial distributioHere (0) and (d) indicate the input Z=0) and output £

of charges arises with an associated space-charge electried) positions inside the crystal witg?=1(0)/I¢(0), Im{}

field, which gives rise to an index-of-refraction modulation and R¢ } stand for the imaginary and real parts, respectively,

via the electro-optic effect. In this way an index-of-refractionand « is the coupling constant as defined in the dynamic

modulation is produced when a pattern of fringes of light ofcoupled-wave theorj4,5]. This « depends on the externally

the form applied fieldEy as well as on material and experimental

) parameters and fully characterizes the nature of the dynamic

I=|R+8*=(Irt1g)[1+[m[cogKx+¢)], (1) hologram being recorded, including the valuedf that is

arising from the interference of two coherent beams of comemputed froni4,5]

plex amplitudesS=|S|e"'¥s and R=|R|e"'"®, is projected
onto a photorefractive materifl—4]. Herelz=|R|? and|g
=|S|? are the corresponding irradiances of the incident

beamsK = 27/A is the value of the vectdf, directed along

the x coordinate, withA being the fringes’ spatial period,  The coupling between the phases of the interfering beams
m=2S*R/(|S*+|R[?) is the pattern-of-fringes complex produces a bending or tilting of the hologram and is de-
modulation depth, an@= )s— g The resulting index-of-  scribed by{4,5]
refraction modulation has the sarkebut is ¢, phase shifted
from the pattern of light[4,5]. This index-of-refraction 1 (B%+el)?
modulation in the whole volume represents a reversible vol-¥'s(d) ~ ¥r(d) = ¥s(0) = ¥=(0) + 5 tang, " 5 5.Td"
ume phase hologram which produces amplitude and phase o (1+p5%)%

_ _ _ . 6)
coupling between the interfering recording bed®3]. Such

a coupling results in a feedback between the pattern 0{'he diffraction efficiencys and the phase shifp between

fringes and the_ rever5|bly recordeq hologram, & PIOCeSy e transmitted and diffracted beams along any one of the
known as self-diffraction. The amplitude coupling does in L .
two directions behind the crystal are formulated, respec-

fact represent a transfer of energy from one beam to the oth%(/ ely, by [4,5]
and is described by the equatidas6] Y. by L%

. Im{x} T
angbp—@—;. (5)

1+ pB? 2% coshiI'd/2)—cog yd/2)
Is(d)=15(0) 2,-Td2’ 2 = 2 2,-Td2_ .Id2
1+ pB“e 1+p8 Bce +e

: )
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sin( yd/2)
tanp= 5 . . (8
[(1—B%)/(1+ B?)][cosKT d/2)— cog yd/2)]+ sink(T'd/2)
|

Il. GAIN AND STABILITY: STEADY-STATE BEHAVIOR 147 el'2_ cog yd/2) d
=~ =, 10
Photorefractive holographic recording is a feedback pro- n dI'| |cosHI'd/2)—cog yd/2)|2 (10

cess between the pattern of fringes and the index-of- _

refraction modulation. Feedback is the essential fact under- 1oy sin( yd/2) d
. ; e ; il PO —, (1)

lying self-diffraction (it has no relation to the already n dy| |coshT'd/2)—cog yd/2)| 2

published[5,8,9 external feedback that uses an electronic

circuit to stabilize the holographic recordingnd is charac- where the conditiong?>1 was assumed. Equatiofil)
terized by either a positivéenergy being transferred from clearly shows that the sign af has no effect on the relative
the stronger to the weaker bepar a negativéenergy trans-  variation of . However, the analysis of Eq10) shows that
ferred from the weaker to the stronger beagain process [except forI'd=0 with cospd/2)=0] a negative ['<0)
depending upon the direction of energy transfer. The signaieedback may reduce the effect Bfvariations onz. The

may therefore be amplified as with electronic amplifiers. Thesame calculation performed fgrin Eq. (8) does not lead to
two systems do not have an identical behavior, but a parala conclusive result because it is too dependent upon the par-
lelism, in some aspects, can be established between holteular values ofl” and .

graphic recording and the operation of electronic amplifiers.

It is known that the latter exhibit a higher stability when ;| GAIN AND STABILITY: TRANSIENT BEHAVIOR

operated in a negative feedback configurati@] and we

expect that photorefractive holograms may exhibit a similar Negative feedback in electronic amplifiers also has impor-
behavior. In fact, leA represent the amplification of the elec- tant effects on the dynamics of the process: the temporal
tronic device and3 the negative feedback, andv, being bandwidth is enlarged, which is to say that processes become

the input and output signals, respectively, so that we mayaster. We expect a similar behavior for photorefractive ho-
write [10] lograms. Let us consider a strorigump of irradiance 5)
and a weak(signal of irradiancd g) beam such thaltg> 1<
(the so-called undepleted pump approximatioim which
&:G: A 9) case the recording is described 12,13
o 1+BA’
PV (z,t) 9¥(zt)

+
Ts¢ gz ot 9z

+i2«kW¥(z,t)=0, (12
where G represents the effective signal gain with feedback.

For a negative feedback and a large amplificatiéB% 1)  \yherew represents eithen or the conjugated complex sig-
the gain S|mpI|f|e§ tq3=1/B, which is mdgpendent of the amplitudeS*. The time ist, the position along the
device’s chara_lcterlstl_d;epresented _b&‘_\).ThIS result means gample thickness ig, 7. is the characteristic hologram
that perturbations arising from variation in the material Pa-hyildup time, andx is the coupling constant referred to in
rameters(intrinsic nois¢ of the amplifier are eliminated Eq. (4). It can be showr13] that the solution of Eq(12)
while it is operated in a negative feedback mode. Externatharacterizes an amplification with feedback where the gain
noises are ampI|f|ed' .|nst.ead_ along with the input S_'gnaldepends onc. Following the procedure if12,13 we shall
However, if the amplification is not large enougithich is ook for a solution of Eq(12) for the simple case of erasure
actually the case in this papehe intrinsic noise will not be ¢ he signal S In this case we shall makel(zt)

eliminated but correspondingly decreased. —.S*(z,t) and look for a solution of the form
It is known that photorefractive holograms produced un-

der the action of an externally applied electric field exhibit S*(z,1)=SSy(z,t) exp( —t/ 750, (13
comparatively large diffraction efficiencies but they are very

noisy[11]. This noise may arise from the generation of reso-which is shown to be

nantly moving hologramgor other causegsin the sample,

which may be considered as internally generated noise. Ac- S*(z,t)=SgJo(V8iktz/ rgccosh)exp —t/7s), (14)
cordingly these noises are expected to be reduced when op-

erating in a negative feedback mode. The above general comhere Jo( ) is the Bessel function of order zerb=+/—1,
clusions can be particularized for the case of photorefractivand Sy=S* (0,0). The coupled-wave theory shows that dif-
materials. To facilitate calculations we may assume thatfraction of the recording beamS and R results in energy
whatever the origin of these internal noises may be, they catransfer from one of these beams to the other. If a hologram
be attributed to variations in the parametérand y so that is erased using the beaRy with energy being transferred
their relative effect ony and ¢ may be computed from Eqgs. from R to S the erasure can be considered a positive feed-
(7) and(8) as follows: back process. In fact, the signal be&that originates from
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the diffraction of theR beam during erasure is increased 1
(“amplified” ) due to such energy transfer. The presence of 08 3}\\ A
the S beam reproduces the original recording pattern of AN AN
fringes, so that some extent of hologram recording results 06 ‘~?‘\\
and the erasure is slowed down. In the opposite case, if en- gal . \\
ergy transfer occurs fror8to R, there is a negative feedback "133\ ~
and the hologram erasure is speeded up. The transfer of en- 0.2 ”‘*Q:::_\QNQ_%\\
ergy from one beam to the other is determined by the crystal At v
parameters, that is to say, it is determined by the siga & 1 1 2 3 4 g
conclusion, as for the case of amplifiers in electronic circuits, B
a photorefractive negative feedback produces a faster re- 08 i
sponse, i.e., an increase of the frequency bandwidth results. 06}
This similarity between photorefractive two-wave mixing A
and electronic amplification has already been pointed out - 04 ‘:‘\\
elsewherg[13]. The qualitative conclusions above may be : ) ‘\\
confirmed using our mathematical results. Let us assume an 8 Mo e
erasure process where the weak bear§ iwhose evolution ~ 1 2 3 4 5
is described by Eq.14). The corresponding intensity evolu- 773 T
tion at the outpuz=d is therefore given by = o8 ‘\‘\‘\x C
2 - —tirgy2 06 M .
|S|2=|Sgdo( \/8i ktd/ T.cOS0)e ! sq . \
04 i
— 2 ; 2,12 Re{rgd/|75d? T
=|S,|%|Jo( V/8i ktd/ 75.COSH) |°€ so/I7sa”, 0.9 .
. ‘u‘;\l_‘}*-?\q.\b—-
(15 e
: 1 2 3 4 5
Figure 1 shows the numerical plot (2 from Eq. (15), in D
arbitrary units, for]Sy|=1 and some usual values for a bis- 08
muth titanate (BTO) crystal with Eqj/Ep=2 and K 06
=12 um™ % Re{nd=0.4 sand Imr,d=—0.65s. The ab- gall
scissa is always the normalized timiéry]. It is clear, from T
these four graphics in Fig. 1, that for any value of the 02 \\\
parameter the erasure is always faster and less oscillating for e
lower values of"d, a condition where the transfer of energy 1 2 3 4 5
from the pump to the signal beam is reduced or even re-
t/[Ty|
versed.

FIG. 1. Numerical plot ofS|2 vs the normalized tim#/| 7, for
IV. GAIN AND STABILITY IN RUNNING HOLOGRAMS Reirg=04s and In{rg=—0.65s: (@ for 'd=1 with yd
=-0.5, —0.25, 0.25, and 0.5 from the smallest to the largest
Photorefractive materials under externally applied dcdashed lines, respectivelf) for 'd=—1 with yd=—0.5, —0.25,
electric fieldE, produce rather unstable stationdampnmov-  0.25, and 0.5 from the smallest to the largest dashed lines, respec-
ing) holograms. A field is applied to increase the hologramtively; (c) for yd=1 with I'd=—0.5, —0.25, 0.25, and 0.5 from
diffraction efficiency[14] (because of its effect or) at the  the smallest to the largest dashed lines, respectivd)yfor yd=
cost of increased instabilitjl1]. Such instability has been —1 withT'd=-0.5,-0.25, 0.25, and 0.5 from the smallest to the
long known and attributed to the beating between the relargest dashed lines, respectively.
corded stationary hologram and the resonantly excited run-

ning holograms arising from perturbations in the experimen- 1
tal setup. In fact, a pattern of fringes moving along —=wgtio, (18
coordinatex with velocity v produces a space-charge field Tsc

(and an associated index-of-refraction holografithe form
iKx

E.£"™ which is ruled by the equatiofil] )
with
JE .
Tsc atsc+ Esc= —MEe e v (16) 1 1
szR —(, w|=|m (- (19)
Tsc, Tsc
Eo+iEp
Bet=—>75——— 7
1+KAZ-iKlg The expressions
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: +Ve
EStce‘KX:—mi cotlEo . /
S 212 : : —
™ (1+K“L5—iKL +iw—iK
( D e)(wrtio —iKv) BS/IQ’\‘
Xei(Kx—Kut) (20) S o °
' ]\y Is
trsnikx — =0 A~ wgtai(Kx—o)t) PZT —— L D
Egce E,e “Re (21 CI,) BT0 T
are solutions of Eq(16) that represent the steady-state and i { |
the transient running holograms, respectively. Hegeis the
space-charge field arising from diffusion ahg, Ig, Ig, \,ml lvg
Le, and 7y are material parameters that are described in the _ _ _ o
literature[11]. The quantityKv is the so-called two-wave- FIG. 2. Experimental setup: BS, beam splittst; mirror; I,

mixing detuning because it represents the difference in anguocident signal beantg incident pump beantz andl s, two-wave-
lar frequency between the interfering beams. In the presend@ixed pump and signal beams; BTO, photorefractive crystap,
of external perturbations transient holografeee Eq.(21)]  @pplied voltage; PZT, piezoelectric-supported mirror; OSCos-
are repeatedly generated and their simultaneous presentiion LA € andLA2€, lock-in amplifiers tuned td) and 21,
with the steady-state running hologrdsee Eq.20)] mov-  'espectivelyD photodetector.

ing with a different speed may be one of the causes of insta- _ -
bility [11]. Other causes may be subharmonic generatioﬁneasure.”) is not adequate for three reasorig) it gives no
[15-17 or other parametric excitation mechanisfi8,19, information about the phasé)) even a low-power 0.5-mW
depending on the specific experimental conditions. In thé_|e"\.le laser affects_the repordmg n BTO, afd for the
present conditions our experimental results indicate, as wilfelatIVGIy small spatlal period here involvedbout O'.S'“m
be seen below, that resonantly excited holograms of the typI some of the experimentand the present crystal thickness
indicated by Eq(21) are probably the main cause of insta- about_ 2 mm, the_ a_mgular Bragg SeleCt'V'MA'J (about 0.2
bility. As for the case of stationary holograms, such instabili—mra@ IS too restrictive for the usual angular divergerite 2
ties should be reduced by operating in a negative feedba@l@ra@ of commercial He-Ne low-power lasers. The tech-

mode, a fact that was actually experimentally observed anB'queI us]?d in this eipzerimggggvas(;j /phast(aj modul!astigbim
reported below. It is worth pointing out that, although Eqgs.angular frequency() =2 x rad/s and amplitudei

(20) and (21) adequately describe the nature of these holo-— 0-14rad of one of the interfering bearishe pump in this

grams, the overall result should take into account the facf@S8 Which produces harmonic terms in the irradiante) (
behind the crystal. The first- and second-harmonic terms are

that m is a function of the depth coordinae For moving ; ) . o

holograms the influence of bulk absorption upon the remx_mgasured using lock-in amz%hflers, tunedo(amplification

ation time should also be considerf2d]. Self-diffraction A ) and 2} (amplificationA™™), respectively, and the corre-
sponding output signals afe5]

effects mathematically described by E(®—(6) should also

be accounted for. .
VE=A%K 24 1S5 sing, (22)
V. EXPERIMENT '7//2
20 _ p20 20 7d T
To analyze the instability dependence upon gain, a stan- VE=ATKG S Ik cose, (23

dard two-wave mixing experiment is carried out using a

nominally undoped BiTiO,, crystal[21] 2.05 mm thick as  which correspond to the amplitudes of the corresponding
depicted in Fig. 2. Two mutually coherent linearly polarized harmonic terms, withyy=uv4Koy<1 and Q71 [26].
514.5-nm-wavelength laser beams are expanded and symthe phase shifip between the transmitted and diffracted
metrically directed onto thé¢110) crystal input plane with beams behind the crystal is relat@ithough not explicitly
irradianced g andlg. The hologram vectoK is parallel to  to the hologram phase shith, by Egs.(4) and (8). The
the x coordinate axis and perpendicular to {i#®1] crystal  photodetector responsesfband ) arer,2 and Kﬁ“, with
axis. The external electric field is applied parallekoThe — K3?~K§{=13.9 Vn?/W,  respectively, and Kp,r
incident light polarization is chosen so that the transmitted=0.057 rad/V is the voltage-to-phase conversion at the
and diffracted beams behind the crystal are parallel polarizeghase-modulating devicda piezoelectric-supported mir-
[22]. Also, B?>=1g/ls>1 so as to havém|<1 in order to  ror. I|5andl} are the corresponding incident bearfsnd

satisfy the first-spatial-harmonic approximati&8s]. |g measured at the crystal outp(ih the absence of any
hologran) in order to avoid considering the effects of bulk
A. Diffraction efficiency and phase-shift measurement absorption and surface reflections. The diffraction efficiency

Q 2Q .
The experiment requires the diffraction efficiency and the” and are computed fronv™ andV=* as follows:

phase shift to be measured continuously without perturbing 1 Vo 2 o\20 2
the recording process. For this purpose the use of the wide- n= + ’
spread probe-beam technig(an auxiliary low-power unex- ISIR(KD 2|\ A%20 4K Byr Am(vngZT)2> ]
panded beam shinning on the sample at the Bragg angle to (2
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0.9 7~ % ¢ were measured, during a 10-s interval, as decribed above,
f for positive and for negative gain, and the data are shown in
Fig. 3. Several experiments were carried out in these condi-
tions, for|g~21.6 mW/cn3, and their results are displayed
in Table I, wheren and'¢ represent the corresponding aver-
ages whereas,, , are the corresponding standard deviations
computed in a 10-s range. Data from positive or negative
gain are indicated by “pos.” and “neg.,” respectively. A rep-
resentative example of data obtained from an experiment
with negative gain and without applied field is also included
in Table |. The analysis of data shows thais much more
unstable(see the fourth column in Table for the positive
than for the negative gain experiment. In the absence of ap-
TIME (s) plied field, howevery is approximately as stable for positive

_ _ _ as for negative gaifio/7~0.04~0.03, respectively, fopB?
FIG. 3. Evolution of the computed; in percent(continuous —180; not shown in Table)l A similar result @/7

thick curve$ and ¢ in degreegdashed thin curvedor positive gain =0.025) is shown in the last row in Table | f¢}2~27

. e . .
e oL U057 SSOYST  Such cifeent bhavior o experimerts wih and wihout
applied, the pump irradiance i$%=21.6 mW/cm, and Q applied field n |c_ates that the instability Jobserved in the
=2mx2000 rad/s. The average over the 10-s period;is(6.4 presence O.f field is not due 1o the seiup itself bu.t actually
%10 %)+ 20% for the positive and=(5.8x 10 )+ 6% for the originates in the c_rystal un_der the effect of the field. The
negative gain experiments shown here. ggneratlon of transient running holografsge Eg.(21)] ex-
cited by external perturbations may explain this behavior. In
contrast with#, the phasep is not noticeably affectedsee
) (25) last column in Table)lby the applied field or by the photo-
refractive gain being positive or negative. One possibility for
such peculiar behavior may be that the noise on the phase in
B. Holographic recording under applied field these experiments is predominantly produced by external
) ) , i , perturbationgfast enough not to considerably affegttoo)
_ Two different experiments involving holographic record- ot the experimental setup. Such perturbations do directly act
ing under applied field were carried out, for negative andyn the input beams, instead of arising from instabilities in the
positive gain, using the same BTO sample: a statiol@y-  ¢ystq) jtself, and therefore are just amplified along with the
moving pattern of fringgsand a runningmoving pattern of 5 ¢ signal and do not benefit from the noise reduction pro-
fringes hologram experiment. Reversing the gain is just carqced by the negative feedback. It should also be kept in
”%d out by rotating the polarization of the input signal beamp,ing that, although the effect of gain on the amplitude of the
(1) direction by 90° and verifying that the sign of the en- gigna|(that is to say, on the diffraction efficiency in our case
ergy transfer at the output is actually reversed. is clearly established for amplifying systems, there is no such
simple relation for the phase. The parameter (@) in
Table | is a kind of 82-normalized » value, for the 82
A stationary pattern of fringes was projected onto the> el condition[5,6], which better describes the influence
crystal with a nominal applied dc field of 7.3 kV/icmzand  of the gain sign om;.

¢ (deg)

¢ (deg)

Ve A_ZQ KgZTvd

VAR 4

p=tan !

1. Stationary hologram experiment

TABLE |. Stability with positive and negative gain.

Diffraction Phase
7 anly @ Oy
Gain B? (units of 10°3) (%) (1+ 837 (deg (deg
Under nominally applied field of 7.3 kV/cm
pos. 56.7 4.6 18 0.26 87.2 1.7
pos. 56.7 6.4 23 0.36 84.9 2.9
pos. 56.7 5.6 27 0.32 85.1 37
neg. 28.3 5.8 8 0.16 71.4 2.8
neg. 28.3 5.8 6 0.16 72.2 2.9
neg. 28.3 5.8 5 0.16 714 23
neg. 28.3 5.4 5 0.15 73.2 1.9
Without applied field
neg. 26.7 5.8 25 0.16 1.17 2.0
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0.20 = 0.20 < 400 12
o . V
/ .\‘. 1.1 M‘\ 0.5 qé) 1.1 5
0.15 n! =| o015 ! § 200 = <
o/ s ” 10 =
; 5 8
oo —
0.9 o i}
5 o0 '/n 0.10 \“\ 04 & 00 > 4 5 s 100'9
og =} o Ny [
P . < 600 0.55
o o o -
0.05 .,F g B 0 107, <:EE§E ;M 2 0.50
[ Bagn B S T B Y £ 400 0.45 &
i a BE S 4=
o2 05 © o a 0.40
0 1 2 3 4 5 0 2 4 6 8 10 12 & 500 = 0.35
Kv (rad/s) KV (rad/s) 0 2 4 6 8 10
TIME (s)

FIG. 4. Average diffraction efficiency in perceftircles and
standard deviation divided by average diffraction efficiency FIG. 5. Transient effect of a perturbation, in the form of a ramp
(squaresmeasured as a function of two-wave mixing detunifig  voltage (thick curve applied to the PZT-supported mirror in the
in rad/s, for a positive gain witl=4.87 um™?1, p?~47, andlg holographic setup, upon the diffraction efficiengkin curve of a
~13.3 mWi/cn? (left-hand side graphigsand for a negative gain running hologram recorded in a photorefractive BTO crystal using
with K=2.55 um™*, 82~ 39, andl 3~22 mWi/cnf (right-hand side  the 514.4-nm wavelength. The diffraction efficiency evolution to
graphics. equilibrium is faster for the negative gaflower graphics, withK

=2.55um™Y) than for the positive gairfupper graphics withK
2. Running hologram experiment =4.87 um~Y) experiment. Note that for the latter case the diffrac-

To establish the effect of the gain on the stability of run_tion efficiency is still oscillating by the time the ramp voI_tage'goes
ning holograms, two different experiments were carried ouf®_thé end. In both cases the applied external f'eldz@
on the same sample, following the same schema describegd’:> KV/cm. the total incident irradiance ig~22.5 mWicnt,

ey
above and using the same measurement techniques. An e%<r1d the beam ratio i§"~40.

periment was carried out for negative gain, wit  (jower graphics shows a much faster and less oscillatory
=2.55um™%, 13=2.2 mW/cn?, and g?~39, and another evolution to equilibrium than the positive gain experiment in
one for positve gain with K=4.87um™? I% the upper graphics, in agreement with the theoretical predic-
=13.3 mW/cn3, andB2~47. In both experiments a nominal tions.

field Eq=7.3kV/cm was applied to the sample. The average

values# and o,/ 7 (measured over a 10-s range, as for the VI. CONCLUSIONS

stationary experiments abgvare displayed, as a function of
Kv, in Fig. 4 for positive(left-hand side graphigsand for
negative(right-hand side graphi¢gain. The detunindv is
produced by a ramp voltage, of adequately chosen slop
applied to the same PZT-supported mirror used to produc
the phase modulation of angular frequerieylt is interest-

In conclusion, we have confirmed the tradeoff between
high diffraction efficiency and the instability exhibited by
hotorefractivgstationary and runningholograms under an
ipplied electric field. On the basis of a simple comparison,
We conclude that, as for electronic amplifiers, negative feed-
ing to verify thato, /7 are, in general, considerably larger back shou_ld lead to more s';able photorefractive holograms.
9 Tn’7 N g k y 1arger \ye experimentally verify this statement at least as far as

for the pc.)smve.gam ex_perlment than for the negative ON€ jiffraction efficiency is concerned. Phase perturbations in the
The positive gain experiment also shows a pronounced mini-

mum of o/ 7 that roughly coincides with the maximum gt present experiment, however, exhibit a different behavior
where resonance is achieviske Eqs(20) and (21)]. This that deserves further research. Our results indicate that, in the

fact may indicate that in these experiments the perturbation resent experimental conditions at least, noise probably
y P P S{ises from resonantly generated transient effects. We have

are associated with resonantly exci_ted tra_nsient hologra_lms %so shown the possibility of phase modulation as a nonper-
the type of Eq(21). Such perturbations will be less notice- turbative continuous measurement technique that is fully

aple as we approach resonance where larger steady-state rl’élr&i'apted to the highly Bragg-selective photorefractive volume
ning holograms are produced. holograms

The transient effect discussed in Sec. Il is clearly illus-
trated in Fig. 5 for running holograms. In this case a pertur-
bation is automatically established by the starting of the
ramp voltagethick curve applied to the PZT-supported mir- We acknowledge the Conselho Nacional de Desenvolvi-
ror (in order to produce the necessary detunityg for the  mento Cienfico e Tecnolgico and the Fund@o de Amparo
running hologram generatiprn the setup. Figure 5 shows aPesquisa do Estado dedsRaulo for their financial support.
how fast the running hologram diffraction efficien¢thin ~ We are thankful to the Laboraio de Crescimento de Cris-
curve evolves to equilibrium after the setup is perturbed bytais of the Instituto de Bica de Sa Carlos at the Univer-
starting the mirror movement. The negative gain experimensidade de SmPaulo for the crystal that enabled this research.
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