IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 13, NO. 8, AUGUST 2001 851

Domain-Engineered Thin-Film LiNbO
Pyroelectric-Bicell Optical Detector

J. H. Lehman, A. M. Radojevj&Student Member, IEEERENd R. M. Osgood, Jiellow, IEEE

Abstract—We have fabricated a bicell detector consisting of a Ni electrode Bicell polarization
single freestanding film of single-crystal lithium niobate (LiNbOs) (top and bottom) domains
10-m thick, having two adjacent domains of opposite spontaneous -
polarization, and hence, two adjacent pyroelectric detector regions y L I
of equal and opposite sensitivity. The film was created by applying
the process of crystal ion slicing and electric field poling (domain S
engineering) to a Z-cut LiNbOs; wafer. The detector’s noise equiv- p Y
alent power was 6 nW Hz—1/2 at 16 Hz, and the ambient tempera- L’X

perature was 0.1% K—1. The acoustic noise sensitivity measured at

ture-dependent variation of the detector’s response near room tem- yT
100 Hz was—24 dB relative to that of a single-domain detector. X

Domain — reversed area

Index Terms—bomain engineering, optical detector, pyroelec-

tric detector, thin-film devices. Fig. 1. Sixteen 4—-mmx 4-mm bicells were cut from the parent wafer

following a single poling operation, prior to ion implantation. The orientation
of the X' andY” axes is arbitrary and is shown only to reference the crystal's
Z axis.

|. INTRODUCTION

UE TO THEIR flat spectral response over a broa . N .
D b P getectors described here fully maintain the single-crystal

wavelength range from the ultraviolet up to 25 and " f their bulk ¢ ts. Th feat itical
room-temperature operation, pyroelectric materials remaEr[lO?et: !estp eflrt u fcourt1 erc|joards(.j tefe efa uresl_gret.crl 'C?
a key choice for building transfer-standard detectors for rip fabrication ot transter-standard detectors for cafibration o

qptical—fiber power meters used in optical telecommunication

diometric applications, including those at telecommunicatio o

wavelengths. For practical purposes, however, it would E?(gstems,_as We!l as for charactt_erlzatlon of Iaser_and broadband
desirable to reduce the acoustic and ambient-temperature sengft ces In the mfrgred. In a_dd'_“o”’ due to their low therma_l
tivity of these detectors, and to produce large-area pyroelectfi SS, domaln-e_nglngered thin-film detectors have the potential
detectors with increased optical detectivity. In recent yeallg, Serve as callbrguorj standards for low-energy short-pulse
the process of domain engineering of ferroelectric Crystarirgeasurement applications.

has been implemented for building position-sensing devices
(ilumination of multiple domains of a multidomain structure), Il. DETECTORFABRICATION
or to reduce the acoustic sensitivity of radiometric sensors (il-

lumination of a single domain of a multi-domain structure) [1]I’_iNbO parent wafer as shown in Fig. 1. Two pairs of 25-nm-
[2]. Separately, the process of crystal ion slicing (CIS) has beﬁ{l]ck n?ckel (Ni) poling electrodes definéd by a shadow mask

employed_to create hlgh—sensmvny §|ngle—crystal .th|n-f|lm\m%re deposited onto a 58 5.3 mi? 250um-thick LINDO;
ferroelectric-pyroelectric detectors having a geometrical aspeCt . The spontaneous polarization of those redions was re-
ratio greater than 500 : 1 [3]. By combining these two processgs X P P g

we have fabricated a large-area thin-film pyroelectric detectvelrsed by applying a coercive field by means of a technique

I . . T .
of single-crystal lithium niobate (LiNb) with high optical described by Meyerst al. 5]. Sixteen individual parent bi
Lo ) . cells were cut from the parent wafer and the Ni-poling elec-
sensitivity, and reduced acoustic and ambient temperature sén- . : . .
o . oo . . tfodes were removed by a ferric chloride etch. The film material
sitivity. Unlike other thin-film pyroelectric detectors typically

. ", . . ..~ far the bicell pyroelectric detectors was then fabricated usin
used in position-sensing devices [4], the CIS pyroelectrlc—blc?ﬁe ion-slicingp?/nethod described previously by L 1. [6]. 9
To enable separation of a surface layer from the substrate, the
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freestanding detector, so that the sensitivity and spatial unifc
mity at low frequencies<10 kHz) would not be compromised
by a heat-sink substrate [3]. The front surface of the film, enca}
sulated during the etch process, appeared specular to the ne
eye, while the opposite side was nearly specular with some ¢
fuse structure apparent due to etching.

The finished bicell detector was 10n thick and 3 mm in di-
ameter, with two symmetrical regions each having equal and ¢
posite spontaneous polarization, and hence, relevant pyroel
tric and piezoelectric coefficients of equal magnitude and o
posite sign. The phase reversal in two adjacent detector regi
of approximately equal area presents a basis for cancellatior
the piezoelectric currents generated by ambient acoustic fluc
ations.

ZZ

Re/alve Respor

1. EVALUATION AND DISCUSSION Fig. 2. Surface map of the bicell's spatial uniformity.

We have evaluated the sensitivity, spatial uniformity, and tem-
perature dependence to determine the performance of the bice
detector, and compared its measured properties with a compe__ 1oy
rable uniformly poled CIS LiNb@ detector (monocell). £ o8/

The value of the noise equivalent power (NEP) was mea-< 067
sured with an optical source consisting of a 0.31-mW mechan-% 04r
ically chopped 1570-nm wavelength laser beam. The pyroelec-g 0.2
tric detector’s output, both signal and noise, was measured witr g0}
a 1071% A/V current-mode preamplifier connected to a lock-in c 02t
amplifier, referenced to the chopping frequency. The signal—to-.,"z_’ 041
noise ratio was calculated and averaged from 25 samples, res 06
sulting in a standard deviation of 8%. The value of the NEP was
6 NW/HZ/2 and 22 nW/H%/? at 16 and 100 Hz, respectively, , , , ,
consistent with the detector’s frequency response. 2 3 4 5

To confirm the reduced acoustic sensitivity of the bicell, X Distance (mm)
it was compared to the monocell at an acoustic frequency , , ,
of 100 Hz, again with a current preamplifier and a lock-ify'd- 3 Cross section of Fig. 2.3t distance of 2 mm.
amplifier but referenced to a sine-wave-driven loudspeaker.

The acoustic sensitivity of the domain-engineered detector wastector at anX, Y) location of (1.5 mm, 2 mm) corresponds
24 dB less than the monocell with a standard deviation of 1 dB the location of conducting epoxy on the back face, which
for 60 samples acquired for each detector. This result was cacts as a heat sink at chopping speeds of less than 10 kHz [3].
roborated using a Fourier transform spectrum analyzer ratheiThe slope toward the midline of the bicell is due to variation
than a lock-in; however, the uncertainty of this measuremeuitthe crystal’s thickness. The relative variation in the detector’s
has not been fully evaluated. thickness was measured with a mechanical-probe profilometer

The spatial uniformity was measured using a 0.3-m\ verify the presence of a step at the domain boundary due to
1570-nm laser diode focused at the detector plane, such thagferential etching of the Z domains. The difference in step
greater than 99.9% of the total beam power was within reeight varied from~140 nm at the film perimeter t890 nm at
radius of 50um of the beam’s centroid. The detector’s currerthe film center, indicating a relative thinning toward the edge,
response was obtained, as before, with a lock-in amplifier and the outer area of the film has been exposed to the etchant
by modulating the optical input at 75 Hz. The laser was movédonger than the inner area. We expect the detector’s spatial uni-
across the detector’s aperture at 1@@-intervals in a plane formity to be a function of film thickness due to thermal dif-
parallel to the detector plane with a six-axis robotic arm. THesion at 75 Hz, because the crystal is sufficiently thin that the
detector signal was sampled and recorded at each interval sardperature of the back surface changes at nearly the same rate
the data were normalized to the value of the highest responseasthe front [3]. However, the LiNb$s sufficiently thin that we
any location on the detector. A surface map of this data is showrust also consider changes in optical absorption due to interfer-
in Fig. 2. A cross section of Fig. 2 is shown in Fig. 3 to indicatence effects as a function of film thickness. For example, the op-
several aspects of the detector’s response in greater detail. Tibal absorption of a 1@:m (single-domain) LiNb@ film with
magnitude of the average response of the domain-rever@sdnm-thick Ni electrodes is 10% smaller relative to that for a
half of the bicell was—75%, while that for the other half, 9.8-um LiNbOs film. This difference in relative absorption due
accompanied by a complete (F§(phase reversal across theo variation in film thickness is in accordance with the observed
domain boundary, was 90%. The decreased response of deéector spatial uniformity and our profilometry measurements.
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Itis important to note, however, that the effect of thickness vafitm, we have not tried to quantitatively predict the tempera-
ation on the bicell’s spatial response can be greatly minimizéare dependence. In general, relative to single-domain detectors,
by applying a high-efficiency coating such as gold black, which bicell detector will typically be less sensitive to changes in
can convert more than 99% of incident optical radiation intambient temperature and the behavior must be evaluated on a

thermal energy. case-by-case basis.
It has been reported earlier that domain-engineered
pyro-electric detectors are less sensitive to fluctuations in I\V. CONCLUSION

ambient temperature as compared to single-domain detectors - . . L

[1]. Thus, the thin-film detectors were evaluated by comparin VVe have dem_onstrated that it IS possible to build a thin-film
the measured change of the bicell detector’s response with tﬁqgtgle—cry?gal L'NbQ pyroeilecttr N ddetector tr? nd to l:S € tf(]je

of a monocell detector over a range of operable temperatu ggeess ot domain engineering to decrease the acoustic and am-
between 22C and 34°C. The change in the detector respons lent temperature sensitivity without _Io;s of optlcgl sensitivity.

of the bicell was 1.5% over the temperature range, while t ese are two major steps toward building a practical large area

monocell's response varied 4%. The measurement method \BQ% spatially ””'fo”.“. QOmam-engmeered pyroelectric detec.tor
lih nanowatt sensitivity and reduced dependence on ambient

essentially that described by Chynoweth and recommend¥ o . }
by Hanson, with the exception that no external field was us&gnperature. A remaining challenge is to incorporate a thermal

[8]. When the temperature dependence was measured, on@?ﬁting With a highh azsorptive eﬁiciﬁncy ZUCh %S gmd black,
small portion of a uniformly poled area of the detector wa lle sustaining the advantages we have described.

illuminated.
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