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I. INTRO@DUCTI®N

We shew in this paper, the first results en the faisa-
bility ef a new electre-eptic senser architecture used for
temperature measurements. This senser is based en the
birefringent variatien ef an eptical material. This phene-
mena is well-knewn and eften expleited for electric field
measurements [1, 2] er temperature measurements [3].
All these sensers use the refractive index variatien ineu-
ced on a crystal placed inte a pelarimetric setup. @ptical
intensities variatiens due te temperature variatien enable
te determine the value of the temperature. Nevertheless,
fer mest of the authers, the electrenic part of these sen-
sers in net the main interest, that why, we describe the
eptical part and fecus en the electrenic instrumentatien
of eur senser. This ene is based en an electrenic detecter
which remains its eutput directly prepertiennal te the
temperature variatien [4]. The temperature value is eb-
tained by a centrel ef the static intensity at a specific
eperating peint ef the transmittance. The results shew
that this architecture effers a high linearity and has a

shert respense time (50ms).

II. SENSOR OPTICAL CONFIGURATI®ON

Even if the senser is used fer temperature measure-
ments, the eptical cenfiguratien allews ethers applica-
tiens such as electric field measurements er strain measu-
rements. These applicatiens depends enly en the birefrin-
gent material (crystal) used for the prebe (IKTP for tem-
perature er LiNb®; fer electric field, for example). The
eptical part shewn en figure 1 is based oen the Sénarment
setup inte which a electreeptic medulater is inserted bet-
ween the quarter-wave plate and the eptical fiber. The

eptical transmittance is :

=T {1 —sin(T + r’)} 1)
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Fia. 1: Senser eptical cenfiguratien. L :
SC : meam splitter, P2 : analyser, \/4 : quarter-wave plate,
EOM : electre-eptic medulater, O.F : eptical fiber, S : prebe,
M : mirer, Ph : Phetediede + detecter

laser, P; : pelariser,

where T' is the phase retardatien of the E@M, rela-
TrV{?—G and IV is

the phase retardatien due te temperature variatien en

ted te its bias veltage Vpe by I' =

the prebe crystal and related te the birefringence by :
I"=2.7.L/X-§An. Where V. is the half-wave veltage,
A the wavelength, L the eptical path length and JAn is
the birefringence, linearly linked te the temperature [5].

On the E@M, the Vo veltage sets the eperating peint
en the transittance and the Vo veltage is used te medu-
late the intensity. The E@M is a lithium niebate crystal
(L=48mm, Sectien= 3 x 3mm?).

Accerding te the figsure 2, representing the equatioen 1,
when the Vpe veltage is chesen te have the eperating
peint is at Vg, the V4o veltage create a amplitude me-
dulated signal related te this V¢ veltage and with the
same wy pulsatien than Vac pulsatien (we is the funda-
mental). @n the eppesite, at My peint, the medulated
signal has a deuble pulsatien 2wy [6]. Between 1y and
M{ (at M for exemple) the medulated signal is cempe-

sed by twe harmenics at wy and 2ws pulsatiens.

III. FULL SENS@®R ARCHITECTURE

When a birefringent variatien ef the prebe crystal ec-
curs, induced by a temperature variatien, the phase I is
shifted and thus medify the eperating peint. The return
te the initial peint can be dene by an eppesite variatien
of I with the same value. This cempensatien leads te
a linear relatienship between the temperature variatien



Fic. 2: Transmittance of the setup and asseciated eperating
peints

and the EOM bias cempensatien veltase Vp [7] :
4’ = QJV)C (2)

Where & depends en the already defined parameters :
A, 0An, L and V. Our geal is te centrel the system at
M, peint te ensure an unsensitivity te the laser varia-
tien. Te de that, we have chesen te centrel the system
en the amplitude of wy signal. As shewn the fisure 3, at
M, peint, wy signal amplitude is zere and intensities va-
riatiens are linears fer small variatiens ef Vp. We can
alse netice that the sign of this signal depends en rela-
tive pesitien of the eperating peint and thus inferms us

aleut the variatien sense of the temperature.
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FiG. 3: Veltage amplitude of the fundamental at we accerding
te Vpco

The centrel is made by a feedlback leep and a PID
centreller (see fisure 4).

Vac sinuseidal veltage is the eutput eof a stable lew
frequency escillater asseciated te a transfermer (52V -
20.7kHz). The DC veltage is generated by an hish vel-
tage P\WWM escillater whese mean value (0 — 740V pp)
is prepertienal te the driving veltage (—3V — +3V) of
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FiG. 4: Senser with the feedback leep and the PID Centreller

the PWWM escillater. The eptical signal is cenverted te a
veltage signal by a phetediede and a transcenductance
amplifier. Detectien is made by a multiplier and a lew-
pass filter.

The input of the cemparater is set te zere which is the
wp amplitude. This value is adjusted with a spectrum
analyser because of the very small amplitude of funda-
mental wy. The electrenic leep centrels the system at this

value.

IV. RESULTS

The system was studied in epen leep in erder te cal-
culate centreller’s parameters accerding te the Strejc-
Naslin methed. Furthermere, we have evaluated the dy-
namical perfermances in beth epen-leep and clese-leep
cenfiguratiens. Figure 5 shews the respense of the system
submitted te a disturbance (simulated by a step veltase
added after the PID centreller). \Wa can deduce frem this
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Fi1G. 5. Errer signal when the system is sulbmitted te a dis-
turlance.

figure that the respense time is 50ms while it was 100ms

in the clese-leep cenfiguratien. This equite leng time is



mainly due te the P\VM based amplifier. The errer si-
enal shews us that the PID centreller fully cempensates
the disturbance.

As an applicatien, we shew en figure 6, the sensitivity
of the senser (eutput veltage versus temperature). The
slepe of this curve gives the sensitivity which is 0.91°C/V.
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Fia. 6: Senser sensitivity fer temperature measurements

[1] W.K. Kue, W.H. Chen, Y.T. Huang and S.L. Huang,
Twe dimensienal electric-field vecter measurement by a
LiTa@;3 eclectre-eptic tip, Appl. Opt. 39, 27, 4985-4993
(2000)

[2] F. Cecelja, M. Berdevsky and W. Balachadran, Electre-
eptic Senser fer Measurement of DC Fields in the Presence
of Space Charge, IEEE Trans. Instr. Meas., 51, 2, 282-286
(2002)

[3] S.M. Jeen and Y. P. Kim, Temperature measurements
using fiber eptic pelarizatien interferemeter, Op. Las.
Tech., 36, 181-185, (2004)

[4] R. Claverie, J.P. Salvestrini and M.D Fentana, Feedback

V. CONCLUSION

We intreduced an electre-eptic senser with a new ar-
chitecture, based en Sénarment setup and centrelled in
erder te held the same eperating peint. Fer temperature
measurements, the senser has a sensitivity of 0.91°C/V.
The respense time is clesed te 50ms. This senser can
be easily adapted for ethers parameters such as electri-
cal field er strain measurements. It’s fully unsensitive te
EMC and te the laser variatiens.

leep for clectre-eptic sensers, ECAPD’8 Metz, p134 (2006)

(5] J.D. Bierlein and C.B. Arweiler, Electre-eptic and dielec-
tric preperties of KTiOPO4, Applicd Physics Letters, 49,
15, 917-919 Octeber 13, (1986)

[6] N. Théefaneus, M. Aillerie, M.D. Fentana, and G.E Alexa-
kis, A frequency deubling electre-eptic medulatien system
fer Peckels effect measurements : Applicatien in LiNb@3,
€8, 5, 2138-2143 (1997)

[7] M. Aillerie, P. Kelata, J.P. Salvestrini, and M. Fentana,
French patent nr 9609271 (1997)





