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Abstract: Lithium tantalate (LiTaO;, LT) stands as a significant multifunctional ferroelectric material, playing a
critical role in infrared detectors and thermal imaging sensors, owing to its outstanding pyroelectric coefficient,
stable physicochemical properties, and broad-band spectral response. In recent years, rapid advancements in
micro-electromechanical systems (MEMS) and integrated photonics have driven the evolution of sensor and
detection systems toward miniaturization, integration, and high performance. Consequently, the core sensing

material of pyroelectric devices has progressively shifted from traditional bulk crystals to high-quality LT
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single-crystal films, aiming to achieve superior thermal management and electrical performance. This article

systematically reviews the development of key thinning technologies for LT single crystals, covering a range of

processes from conventional mechanical grinding and chemical mechanical polishing (CMP) to emerging advanced

techniques such as crystal ion slicing and the Smart-Cut process. It includes a focused analysis of principles

underlying each technical route, achievable film thickness, crystal quality, and their respective advantages and

limitations. Building on this foundation, the paper further discusses the application advantages and performance of

thinned LT films in pyroelectric detectors. Finally, the review outlines the current technical challenges associated

with the fabrication and integration of ultra-thin LT single crystals and offers perspectives on future development

directions. This review provides a valuable reference for the development of next-generation, high-performance,

and miniaturized pyroelectric devices.

Key words: lithium tantalate single crystal; mechanical thinning; Smart-Cut; pyroelectric detector; review
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Table 1 Comparison of performance between LiTaO; and common pyroelectric materials!' > 4!
Type Material p/(uC-m*K"y TJC FJm*Ch
Single crystal LiTaO; 230 630 0.170
LiNbO; 83 1210 0.103
Triglycine sulfate (TGS) 550 50 0.43
Deuterated triglycine sulfate (DTGS) 264 61 0.48
Pb(Zr( 55Ti9.45)05 330 340 0.02
0.41Pb(In;,Nb,)0;-0.17Pb[ (Mg 3Nb,13),T1;-,]05-0.42PbTiO; (001) 570 253 0.05
Ceramic 0.75Pb(Mg;3Nby/3)05-0.25PbTi0O4 746 130 0.016
BaTiO; 200 120 0.005
Sro.sBag sNb,Og 205 90 0.018
0.8(Biy sNag 5)TiO3-0.2BaTiO; 242 209 0.027
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Table 2 Comparison between mechanical thinning and Smart-Cut techniques

[21-23]

Technology Process principle Technical feature Mainstream wafer size Achlevable
thickness
Mechanical ~ Material removal from a bulk Low cost, high efficiency, 4-12 inch Tens to hundreds
thinning substrate  via  grinding and straightforward process of micrometers
polishing
Smart-Cut Transfer of a single-crystal layer Enabling  ultra-thin  single- 4/6 inch (mature), advancing  Syb-micrometer

via steps like ion implantation, crystal transfer with low crystal toward 8 inch
defect density and high quality

bonding, and exfoliation

to nanometer scale

J. Inorg. Mater., 2026, 41(6): 764—774
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Fig. 1 Schematic diagram of mechanical thinning process steps
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Fig. 2 Schematic diagram of Smart-Cut process steps
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Fig. 3 Working mechanism diagrams of pyroelectric effec
(a) Spontaneous polarization of pyroelectric materials induced by
internal electric dipoles; (b) Decreased spontaneous polarization with
d7/dr>0 which drives the migration of electrons in the external circuit;
(c) Internal electric field with d7/d==0 caused by spontaneous
polarization in pyroelectric material and the induced external electric
field in two electrodes, reaching equilibrium; (d) d7/d¢<0, enhancing
the spontaneous polarization and breaking the electrical balance again,
and then causing reverse electrons migration

¢[52
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Table 3 Performance of detectors based on LiTaOj; single crystals with different thicknesses

[15, 29, 41, 58-59]

Thickness/um Ry(V-Wh D*/(cm-Hz"*-W™) NEP/(W-Hz %) Operating frequency/Hz Ref.
500 1.80x10° 9.97x10° 5.02x107° 10 [29]
3.33x10° 9.92x10° 5.01x107° 70
75 2.2x10° 2.3x107 / 53 [58]
1.12x10° 3.2x107 / 26.3
12 1.54x10* 3.8x107 / 12.3 [59]
1.02x10* 8.34x10’ / 53.8
9 8x10° 2x10° / / [15]
0.770 2.9x10° 2.8x107 / 10 [41]
6.3x10° 2.49x10° / 200
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(a) Schematic diagram of a single-element pyroelectric detector;
(b) Image of a pyroelectric detector using a 2 mmx2 mm LT element;
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(a-c) Device basing on LT crystal slice®”: (a) three dimension device structures, (b) simulation result of the temperature changing,
and (c) response voltage and NEP parameters at different chopper frequencies; (d-f) Device basing on LT thin film'*”: (d) three
dimension device structures, (¢) simulation result of the temperature changing, and (f) response voltage and NEP parameters at different
chopper frequencies; (g) Schematic of the experimental setup'®; (h) Linear response of detector under terahertz high-energy pulses (the
empty blue circle and red square represent the test results of standard detector and sensitivity-reduced detector, respectively)®®!
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