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Abstract: We present an adaptive interferometer based on the reflection
dynamic hologram recorded in photorefractive CdTe:V crystal with no
external electric field. Linear phase-to-intensity transformation is achieved
by vectorial mixing of two waves with different polarization states (linear
and dlliptical) in the anisotropic diffraction geometry. Comparison of
reflection and transmission geometries considering both sensitivity and
adaptability is carried out. It is shown that the reflection geometry is
characterized by better combination of these parameters provided that the
crystal possesses high enough concentration of photorefractive centers.
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1. Introduction

An adaptive interferometer using two-wave mixing in photorefractive crysta (PRC) has
simple and highly sensitive technique for measurement phase variations under unstable
environmental conditions [1]. Two key parameters of any adaptive interferometer are
sensitivity to small phase excursions and response time, which defines how fast the device is
capable to adapt with variable environment. It is very often required in industrial applications
to achieve high rejection rate of vibrations at 50/60 Hz. Consequently, the response time of
photorefractive crystal should be faster than 300 s which corresponds to the low-frequency
cut-off of 500 Hz. Among known photorefractive crystals only highly photoconductive semi-
insulators (INP, GaAs, CdTe) possess such fast response time. However, light-beam coupling
in these crystals is smaller than in ferroelectrics such as BaTiOs; or LiNbOs. Therefore, it has
to be enhanced by applying strong dc or ac electric field to the crystal. In many practical
applications it is desirable to rid off using strong electric field. It is well known that dynamic
hologram can be recorded in any PRC owing to diffusion of charge carriers (without external
field). However the efficiency of diffusion-type hologram is not high enough. Moreover, such
hologram cannot be directly used for efficient phase demodulation since it is characterized by
inherent phase shift 0 (or ) between interfering beams resulting in the least efficient phase-to-
intensity transformation.

Several modifications of the diffusion-mode TWM interferometer have been proposed [2-
6]. Rossomakhin & Stepanov installed a quarter-wave plate and properly oriented polarizer
behind the crystal operating in the regime of anisotropic diffraction to fulfill the quadrature
condition of linear phase demodulation [2]. Later on, Ing & Monchalin described linear phase
demodulator in PRC oriented for isotropic diffraction in which mixed light beams pass
through a phase retarder first and then are split by a polarizing beamsplitter into two
photodiodes detecting the light power in the differential mode [3]. Blouin & Monchalin
combined both previous approaches by using anisotropic diffraction and differentia light-
power detection after the polarizing beam-splitter [5]. Note that in all the described above
cases the linear regime of phase demodulation is achieved either by installation of polarizer or
polarization beam-splitter before the photo-detector, which introduces optical 1osses leading to
worsening of sensitivity. Alternative modification was recently proposed in Ref. [7] where it
was shown that coupling of two waves with different polarization states in the geometry of
anisotropic diffraction results in £n/2-phase shift between transmitted and diffracted waves
thus providing optimal conditions for linear phase demodulation. In contrast to previous
proposals no polarizing element is to be installed behind the crystal and the entire light power
of mixed beams is received by a single photo-detector. This type of light beam coupling in
PRC isreferred to as vectorial wave mixing (VWM) [7]. In this paper we extend the vectorial-
wave-mixing approach to the geometry of counter-propagating beams in which the reflection-
type dynamic holograms are recorded. Sensitivity and adaptability of VWM-interferometer
were compared for reflection and transmission geometries of dynamic holograms recorded in
different CdTe crystals without external electric field. We show that the reflection geometry is
characterized by better combination of sensitivity and adaptability providing that the crystal
has high enough concentration of photorefractive centers.
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2. Vectorial wave mixing in reflection and transmission geometry

It is known that space-charge field created without applying external electric field to PR-
crystal is spatially shifted from the intensity distribution by a quarter of the interference-
pattern period [8]. In other words there is a phase shift of #/2 between these two distributions.
In the framework of conventional scalar approach which treats photorefractive hologram as
periodic refractive-index pattern which either spatially coincides or is in counter phase with
the intensity distribution of interference pattern. By adding the n/2 phase shift that
accompanies reflection from the index grating, we obtain phase difference between
transmitted signal wave and diffracted reference wave being equal to O or n. Therefore,
conventional two-wave coupling via hologram recorded in the diffusion mode does not
support linear transformation of small transient phase modulation into intensity modulation.
However, if light diffraction has anisotropic character (i.e. diffraction is accompanied by
change of the polarization state), the linear phase-to-intensity transformation can be achieved
even in the diffusion recording mode when linearly and elliptically polarized waves are mixed
[7]. It occurs because the inherent n/2-phase difference between orthogonal components (x
and y) of eliptically polarized wave is transferred into an interference term of the transmitted
signal and diffracted reference waves[7].

To observe efficient anisotropic diffraction from the reflection hologram, the grating
vector should be oriented along one of the principal crystallographic axes of the crystal asit is
shown in Fig 1(a). Note that this condition is different for the transmission geometry where
anisotropic diffraction is the most pronounced if the interfering beams propagate at small

angle in respect to the [ 110]-axis while the grating vector is parallel to the [110]-axis [9], as

it is shown in Fig. 1(b). For CdTe crystal, which belongs to the symmetry group 43m, the
coupled wave equations for light beams interacting via dynamic hologram recorded in the
diffusion regime can be written as

d o)z _ g%
[E‘f‘zj AQ = KHA5 (1)

0z 2

Here AS,R are two-dimensional vectors describing both amplitude and polarization state of the

object and reference wave, respectively; « is the light absorption coefficient, and g is the
recording geometry factor, which is equal to +1 in the case of transmission geometry and -1
for the reflection geometry. The dimensionless 2x2 matrix H depends on the relative
orientation of the grating vector, crystallographic axes, and the polarization components of the
light field [9]. This matrix defines the character of light diffraction from the dynamic

holographic grating: isotropic or anisotropic. The coupling constant x for the hologram
recorded in the diffusion mode can be represented as[ 8]

(92+2)A -,

3 .
_ YRy By i g, 22Kl g g 2SN A
1+R A 1+Ey/E, A e

)

ge, 2m '
where ny is the refractive index; ry4; is electro-optical coefficient; Ep is the diffusion electric
field; E, is the saturation field; e is the electron’s charge; Na is the concentration of the
photorefractive centers; A isthe spatial period of dynamic hologram; Ris the intensity ratio of
the reference to the object beam in the input of the crystal; kg is the Boltzman's constant; and
T is the temperature; eg is a dielectric constant. As we show below, the sensitivity of an
adaptive interferometer is primarily defined by the coupling constant, x: The larger x; the
higher sensitivity to small phase changes can be achieved. Therefore, one could expect an
increase of the sensitivity while switching from the transmission to the reflection geometry
because of the significant diminishing of the grating period, A. However, this increase of x
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depends on the concentration of the photorefractive centers, Na. Note that the coupling
constant in the reflection geometry may become even smaller than that in the transmission
geometry if the concentration of the photorefractive centers is small (Na < 2x10% cm? for

=g @ %

[001]

h1o]

[o01]

[110]

o XJ% L _
A oB 3 RB

CdTe with ng = 2.85) due to reduction of the saturation field E,.
a b
Fig. 1. Adaptive interferometer based on diffusion hologram recorded in photorefractive crystal

in reflection (a) and transmission (b) geometry; RB and OB are reference and object beams
respectively.

For the light beam interaction depicted in Fig. 1, the matrix H is the same for both
-~ (0 1
transmission and reflection geometries: H =[1 Oj indicating that pure anisotropic

diffraction occurs when x-polarized component of the input beam diffracts into y-polarized
component and vice versa. Our aim is to calculate the change of object beam power at the
output of the crystal when small transient phase shift ¢ is introduced into one of the
interacting beams. A simple analytical solution of Eg. (1) can be found [10] for the
transmission geometry of Fig. 1(b) if we consider interaction of linearly and circularly
polarized beams assuming that the intensity modulation of the interference pattern,

m= ZJE/(R+1) issmall and invariable inside the crystal. In this case the light power, Ps, of
the object beam transmitted through crystal of thicknessL is:

P, = P, exp(— oL ) cos®(xL)+ RsinZ(KL)—\/gsi n(ZKL)Sin(Z\U—(p):| : (3)

Here R, is the power of the object beam entered into the crystal and yis the angle between the

polarization plane of the linearly polarized object wave and the crystallographic axis [001].
Equation (3) shows that the small transient phase shift is linearly transferred into the light
power modulation at either =0 or = /2. Note that in case of equal polarization states
(either linear or elliptical) of reference and object beams the variation of the output-beam light
power is always proportional to cos(g), what makes interferometer least sensitive to small
transient change of phase. We were not yet able to solve the system of Eq. (1) for the
reflection geometry (g = -1) analytically. However its numerical solution reveals the same
principal features as for the transmission geometry [11]: (i) linear phase-to-intensity
transformation when the linearly polarized wave is mixed with the circularly polarized wave
and (ii) achievement of the highest transformation rate a = 0 or n/2.
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3. Senditivity of an adaptive interferometer

3.1. Theoretical estimation

The common way of estimating performance of an adaptive interferometer is to compare its
sensitivity with that of classical homodyne interferometer free of optical losses [4,12]. It is
well known that the classical interferometer adjusted to the quadrature condition allows
measurements of the smallest phase change. Therefore the ratio of the minimal detectable
phase change measured by an adaptive interferometer (when signal is equal to noise, SNR= 1)
and the classical homodyne detection limit characterizes interferometer’s sensitivity. It is
usualy done in conditions when the inevitable shot noise of photo-detector is much larger
than all other noises of the measuring system (noise of laser, electronics etc.). Under these
conditions, the signal-to-noise ratio can be expressed as[13]:

AP, . 4 Af hv
NR=—2- with Q= : (4)
QYR ' n

where Ps is the power of non-modulated object beam received by the photo-detector; APy is

the variation of object beam power caused by phase modulation; 7 is the quantum efficiency
of the photo-detector; hv is the photon's energy; and Af is the frequency bandwidth of the
detection electronics. In the classical lossless interferometer under the quadrature conditions

one can find that P, = 2P, and AP; =~ 2Rp for small phase variations (¢ << 1), where P, is
the power of object beam and it is equal to that of reference beam. The classical homodyne
detection limit, @™, can be now found from Eq. (4) by equalizing SNR to the unity:

olm = Q 2Af hv

©®)
\/_

The minimal detectable phase change o, of adaptive interferometer operating in the
diffusion regime and in the transmission geometry can be found similarly using Eqg. (3):

o™ = Qex p[oaLj\/_\/cosz(KLH Rsin?(xL) ©)
sin(2xL)-/RR,

Here we neglect all losses of optical elements with the exception of optical absorption of
the photorefractive crystal which is essential for the formation of dynamic hologram. Py in Eg.
(6) is the light power of the object beam in the input of the interferometer. A comparison of
adaptive and classical interferometers can be done assuming that the input power of the object
beam is the same for both interferometers, P, = P, . Moreover, the wavelength, quantum
efficiency of the photo-detector, and the frequency bandwidth are also the same. Therefore the

relative detection limit, &4, does not depend on the object power and other parameters of the
receiver:

lim
_0Pa oL 1 1
5 —exp| 2= .
e p( 2 j\/ 2Rsn?(kL)  2cos(xL) "

One can seethat &4 is aways larger than the unity, it isinfinitely large when k=0, and it
decreases with the increase of coupling constant, x; which indicates improvement of the
adaptive interferometer sensitivity to small phase excursions. After measuring the light
absorption and the coupling constant, Eq. (7) allows us to find optimal thickness of the crystal
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necessary for achieving maximal sensitivity of the adaptive interferometer. An analysis of Eq.
(7) revealsthat &4 aways diminishes when the beam-intensity ratio R increases. However, for
R > 20 any further improvement of the interferometer sensitivity becomes insignificant (less
than 5%). The usefulness of parameter &4 for optimization of an adaptive interferometer was
underlined in Ref. [12], where coupling of light waves with same polarization was considered.
It was shown that the relative detection limit depends only on the imaginary part of the
coupling constant [12]. In contrast, here we show that in the case of coupling of two waves
with different polarization state, the relative detection limit is a function of the real part of
coupling constant. That thus provides efficient phase demodulation even for hologram
recorded in the diffusion mode. It is worth reminding that Eq. (7) is applicable only for the
two-wave coupling of linearly and circularly polarized waves through a diffusion-recorded
dynamic hologram. However, it represents the main features of any VWM interferometer.

3.2. Experimental measurements of the relative detection limit

For the experimental estimation of relative detection limit we have applied the following
procedure. Signal-to-noise ratio of an adaptive interferometer SNRa can be experimentally
estimated by use of Eq. (4) if the photo-detector's current is directly proportional to the optical
power. We can represent the relative detection limit using Eq. (5) as following

im J2RP.
5y =28 - MR _ VT ®)

o™ SNR, AP,
Here Ps is the mean light power received by the photo-detector and P is the power of the
input object beam in the classical interferometer. All losses of the abject light beam in the way
between the input of the interferometer and photo-detector have to be taken into account.
Optical losses from passive optical elements can be significantly reduced by applying
antireflection coating. The largest optical losses are caused by optical absorption in the
photorefractive crystal that allows us to readily recalculate the input power of the adaptive

interferometer: P, = Pe® Considering the situation where the object beam power in
classical interferometer, Py, is equal to the power of object beam entered into the crystal in
adaptive interferometer, P, , we can obtain expression for the relative detection limit:

alL ) P
8 =V2exp — | —-0. 9
rel p( 2 jAPS (p ( )
Here AP4/Ps is the depth of the photo-detector current modulation caused by the transient
phase shift ¢, o is the absorption coefficient of the crystal, and L isthe crystal thickness. After
measuring all these parameters, the relative detection limit is calculated from Eq. (9).

4. Experimental results
4.1. Experimental setup

The performance of an adaptive interferometer with dynamic holograms recorded in the
reflection geometry was studied using experimental setup shown in Fig. 2. A comparison of
the interferometer sensitivity in the reflection versus transmission geometry was carried out in
the same samples simply by introducing the interacting light beams from different facets in
accordance with Fig. 1. A solid-state Nd:YAG laser (A = 1064 nm, output power 500 m\W,
coherence length > 100 m) was used as a light source. Photorefractive crystals of CdTe:V
were grown in CNRS-Bordeaux Institute of Condensed Matter Chemistry by using modified
Bridgman technique. The concentration of Vanadium in all studied crystals was 10 cm®.
However, the ingots were grown under dightly different technological conditions. The
dimensions of samples and their absorption are summarized in Table 1.

The characterization of the adaptive interferometer was carried out in conditions close to
practical applications: we used speckled object beam emerging from the multimode optical
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fiber (NA =0.22, core diameter = 550 um, length=8.7m). To introduce the phase
modulation into the object wave part of the fiber (7.7 m) was reeled onto a calibrated
piezoelectric transducer with cylindrical shape. Any voltage applied to the piezoelectric
cylinder leads to elongation/compression of the reeled fiber resulting in phase modulation of
the output speckled wave. The reference beam with Gaussian intensity distribution was split
out from the output laser beam and mixed in the photorefractive crystal with the object beam.
The holographic principle of beams combining allows us to match successfully different
wave-fronts of the reference and object beams, while adaptive properties of the dynamic
hologram result in compensation of undesirable slow phase drifts caused by environmental
changes. The output radiation from the fiber was collected by lensinto a beam spot of 0.8 mm
in diameter on the input face of the crystal. The beam spot must have the same size as the
reference beam. The intensity of the reference beam was always larger than that of the object
beam with intensity ratio R = 16. Therefore, the condition of small modulation index m under
which Eq. (2) and Eq. (3) were derived was satisfied.

Table 1. Parameters of CdTelV samples

Sample L(001) , mm L(110) , mm L(ﬁo) , mm o, cm™?
BR-4Z-05 6.65 7.03 6.02 2.0
BL-07-B1 5.87 7.86 7.40 1.7

In Fig. 2, dliptically polarized reference beam was mixed in CdTe crystal with linearly
polarized object beam to achieve linear phase-to-intensity transformation. The polarizer was
placed at the fiber output to select an appropriate linear polarization state from almost non-
polarized light emerged from the multimode fiber. Half-wave and quarter-wave plates
installed in the reference beam allow us to adjust its polarization state aiming to achieve the
most efficient wave coupling and the highest SNR.

BS Nd:YAG laser

Fig. 2. Schematics of adaptive interferometer based on diffusion dynamic hologram recorded in
CdTe crystal: BS is beam splitter; QWP, HWP are quarter- and half-wave plates, respectively;
M is a mirror; SWG is a sine wave generator; PET is piezodectric transducer; MOF is a
multimode optical fiber; Pis polarizer; PD is photo-detector.

4.2. Senditivity measurements

Comparison of VWM interferometer senstivity in different geometries (reflection and
transmission) was done by measuring the relative detection limit &g as a function of the
holographic grating period A, which determines the coupling constant in accordance to Eq.
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(2). For measurements &4 We apply sinusoidal voltage to piezo-€electric cylinder to introduce
into the object beam phase modulation ¢ with peak-to-peak amplitude of 0.2 radians. This
phase modulation results in modulation of photo-detector current at same frequency. The ratio
of the peak-to-peak current modulation and its mean level is equal to APg/Ps. With measured
sample absorption o and thickness L, we calculate &q from Eq. (9). The dependencies of
relative detection limit on spatia period for two CdTe:V crystals are shown in Fig. 3. In
transmission geometry the grating period was varied from 5.2 to 0.8 um by changing the
angle between interacting beams from 12 to 89 degrees respectively. However, in the
reflection geometry (when grating period reaches its minimum) we were not able to change A
in significantly wide range, and hence only one experimental point (at A = 0.19 um)
corresponding to the reflection hologram is shown in Fig. 3 for both samples.

Figure 3 shows that the slope of the dependence &q(A) is different for two samplesin the
transmission geometry (A > 0.8 um). One can see from Eq. (2) and Eq. (7) that only two
parameters (r4 and Na) may affect the slope of d«(A) in the diffusion mode of holographic
recording. Since the difference of electro-optic constant ry; is hardly possible for crystals of
same content, we conclude that the reason for the different slope is different concentration,
Na, of photorefractive centers in these samples: BR-4Z-05 has higher concentration of the
centers than BL-07-B1. Note that &g decreases in both samples when switching from
transmission to reflection geometry. However, the value of &g decreasing (or coupling
increasing) is much larger for the BR-4Z-05 sample that also relates with higher concentration
of the photorefractive centers due to stronger influence of the saturation field on the coupling
constant a smaller A [see Eq. (2)]. We have observed that & in the reflection geometry
dlightly depends on the position of hologram recording inside the crystal, which can aso be
attributed to non-uniform concentration of the photorefractive centers in the samples. It should
be noted that &4 for third CdTe:V sample (having the same concentration of vanadium but
grown under slightly different temperature conditions) is comparable with two other samples
in the transmission geometry but becomes larger when switching to the reflection geometry.
Therefore the concentration of photorefractive centers has to be high enough for efficient
beam coupling in the reflection geometry.

100+

rel

10
109-®m

T
0,0 05 1,0 15 2,0 2,5 3,0
A, um

Fig. 3. Relative detection limit of the interferometer as a function of the grating period. Circles
relate to the sample BR-4Z-05, squares — to the sample BL-07-B1; open marks correspond to
the transmission geometry of hologram recording, while the filled marks — to the reflection
geometry.
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4.3. Response time of the adaptive interferometer

As known, any adaptive interferometer based on dynamic holograms operates as a high-pass
filter [1], as demondtrated in Fig. 4 where we show the dependence of the modulation
amplitude of photo-detector’s current on the modulation frequency for both samples. These
measurements were carried out by applying piezo-ceramic sinusoidal voltage at different
frequency with such amplitude as to keep the peak-to-peak phase modulation of the light
beam emerged from the multimode fiber at the level of 0.2 radians for any frequency. The
intensities of the coupling beams were the same when measured for both samples. Iger =
37.8 W/cm? and | gy = 2.4 W/cm?. We define the cut-off frequency, fy, Of our interferometer
as the frequency at which the interferometer response drops down to half of the saturation
value at high frequencies. The cut-off frequency of the adaptive interferometer is inversely

proportional to the response time, 7, of the photorefractive crystal [1]: f_, = (2nt,)™ - One

cut —
can seethat more sensitive sample (BR-4Z-05) has slower response fo; = 180 Hz (7z = 0.9 ms)
in contrast to less sensitive but faster BL-07-B1 sample: f.; = 750 Hz and 7z = 0.2 ms.
It is possible to increase the cut-off frequency by increasing the total light intensity | of
interacting beams in accordance with well known relation [9]:

e aw
= opt
' 2mee, hv

I, (10)

where ut is charge carriers mobility-lifetime product. By reducing the size of both reference

and object beams down to 0.6 mm, we increase the intensity to 67.2 W/cm? and 3.9 W/cm? for
the reference and object beams, respectively. In accordance with Eq. (10), we have measured
higher cut-off frequency: 300 Hz for BR-4Z-05 sample and to 1250 Hz for BL-07-B1 sample.
It is worth noting that cut-off frequency higher than 1 kHz is required for industrial on-line
applications, where either object surface is fast moving or efficient noise rgection at
frequency 50/60 Hz is desirable.

Lo
o
I

o
2}
1

Normalized amplitude, rel.un.

o
[=]

T Tt T T T T T T
10 100 1000 10000 100000
Modulation frequency, Hz

Fig. 4. Frequency response of the adaptive interferometer based on the reflection hologram
recorded in CdTeV crystal. Circles relate to the sample BR-4Z-05, squares — to the sample
BL-07-B1.
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5. Discussion

Looking at Fig. 3, the sensitivity of VWM interferometer can be essentially improved by
switching from transmission to reflection geometry (i.e. by reducing the space period, A) if
the concentration of photorefractive centers, N, is high enough. In the reflection geometry we
have got 4.5-fold increase of the sensitivity for BR-42-05 sample and 1.5-fold increase for
BL-07-B1 sample compared to the best sensitivity obtained in transmission geometry. In the
transmission geometry, the diminishing of the spatial period A is aways accompanied by a
decreased overlapping of the reference and object beams (i.e. by decreasing of the interaction
length). This is even more pronounced when the diameters of interacting beams are small.
Note that the diminishing of the beam diameter leads directly to an increase in the intensity of
interacting beams and consequently, to an increase in the cut-off frequency [see Eg. (10)].
Moreover, the minimum L achievable in the transmission geometry is limited by the refraction
index of the crystal, which is quite high for CdTe: ny = 2.85 a 4 = 1064 nm resulting in the
minimal A of about 0.8 um. In contrast, in the reflection geometry one can readily achieve a
perfect overlapping even for interacting beams of small diameter.

As seen in Fig. 3 the best sensitivity was obtained for the BR-4Z-05 sample in the
reflection geometry: the sensitivity of the interferometer using dynamic hologram recorded in
photorefractive crystal without any external electrical field and any polarization filtering is
only 5.7 times smaller than the sensitivity of classical lossless interferometer. It corresponds

to the minimal detectable transient phase excursion of 1.9-10°rad,/W/Hz . Such sensitivity

is not a record for adaptive interferometers: more sensitive photorefractive beam combiners
were reported [4,7,12,14]. However, in all cases either DC [4,12] or AC [7,14] electric field
was applied to the crystal. The application of DC electric field requires uniform illumination
of the inter-electrodes space or otherwise, the electric field screening leads to diminishing of
the beam coupling. Whatever the case, hologram recording under DC-field by light beams of
high intensity is hardly possible in fast semiconductors due to crystal overheating and that
limits the cut-off frequency. The recording of dynamic hologram under AC-field resolves the
field-screening problem but only by application of high-voltage at a frequency much higher
than f which requires use of expensive power source and generates significant noise. The
here proposed technique of vectorial wave mixing via reflection-type dynamic hologram
recorded in the diffusion mode is very simple in its implementation and provides good
combination of sensitivity and response time. In the reflection geometry interacting beams can
be tightly focused in order to increase the light intensity inside the crystal resulting in an
increase of the cut-off frequency without significant reduction of the interaction length owing
to almost collinear beams propagation. Consequently, high cut-off frequency can be achieved
even with relatively low-power laser. In our experiments, diminishing of the beam diameter
from 0.8 mm down to 0.6 mm results in two-fold increase of the cut-off frequency, while the
interferometer sensitivity was reduced only by ~18% in the reflection geometry (the relative
detection limit was increased from 5.7 to 7 for BR-4Z-05 sample, and from 10 to 11.3 for BL-
07-B1 sample). This small diminishing of the sensitivity may be explained by not optimal
focal length of the lenses used for focusing the interacting beams into the crystal.

6. Conclusion

In this paper we present an adaptive interferometer based on dynamic hologram recorded in
semiconductor photorefractive crystal CdTe:V without any external electric field. Linear
phase-to-intensity transformation is achieved owing to vectorial mixing of two waves with
different polarization states (linear and elliptical) in the geometry of anisotropic diffraction
without ingtalling a polarizer after the crystal. Proposed adaptive interferometer has high
sensitivity to small transient phase excursions (only 5.7 times worse than the classical
homodyne detection limit) and fast response time (0.5 ms) that makes it very prospective for
industrial applications.
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