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Research Progress on TeO, Crystal and Its Utilization in Infrared Devices

ZHU Yong, YUE Shi-Hai, WANG Wei, YIN Xue-Ji, GE Zeng-Wei

(Key Laboratory of Transparent Opto-functional Inorganic Materials, Shanghai Institute of Ceramics, Chinese Academy of
Sciences, Shanghai 200050, China)

Abstract: TeO, crystal has excellent acousto-optic properties and double S decay properties of high natural abun-
dance of "*"Te isotope. It can be used in high-performance acousto-optic devices and also for the research of neutrino
and dark matter. Recently, the above applications raise the requirements for the size and quality of TeO, crystal. Struc-
ture and physical properties of TeO, crystal are briefly introduced in this article, and then the recent progress on the

preparation of large sized TeO, crystal with high quality and its application in infrared devices are reviewed. Finally,

its preparation and application in future of TeO, crystal are discussed.
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Fig. 1 Sketch map of the structure of a TeO, crystal (a) along
<110> and (b) <001> orientations
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Table 1

Acousto-optic (AO) properties of some typical AO materials™?

Material Direction of propagation

Sound velocity/ (x10°, cm-s™)

AO merit My/(x107'8, *g7)

Fused silica

LiNbOs crystal <100>
PbMoO, crystal <001>
PbBr;, crystal <010>
Hg,Cl, crystal <110>
TeO, crystal <110>

5.960 1.0
6.570 4.6
3.362 36.1
0.650 550.0
0.347 700.0
0.616 793.0
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Fig. 3 Melt character istics when (a) R=1.8 cm, w=1.36 s
and (b) R=3.2 cm, w=1.36 57 %]

Liehrdi e, R NBEEAK TeO, AR
FRAE A X 82> 2004 4, V5 E B R 2B K24 (1) Verber
DRI R Bk, BBlE R E 8 10C/em, EK
AR 0.6 mm/h, AKH 25 mm X120 mm 1]
TeO, AR, H fl A7 76 55 2 SRR U 5% o 55
i b o

b T R R I I R TR PN A e R R R
K TeO, FAR I AL, 1989 4, il 2 235450 TT
T TeOy S A3 N AEK vk, T LAY <100>,
<001>. <110>E—MAEKITE. METE. ZE.
BOIR B AT B b A4, ST AT IE (70~80) mmx(20~
30) mmx100 mm. 2003 4F, 5510255 Tt ik
AR T, w7 CART R B R RS K 2 o
TR~ BGR ZRARAN R SR /N R A5, Y <110> 5 ) A=
KR SFIE 60 mmx 60 mmx60 mm. 20 EE . R
AL TeO, f AP WK 4),



5% 8 i KW, A

AT A S FCAE ZE AR v 1K) N I 5 22k 805

2009 45, B3N] ) g R K
ARG A B 1 20 FE AT B T v 4l R 1 A
(S 5). ZITEHIE T TeOy HL S Fr, 45
J& U. Th 2580 e & Bl IR E 10" g/g. fif
R DR A 2 BB . HL T RTSIE A Ak 2
AT T T N BRI E K TeOy WA DY B 5
B, R IRt Ak P 38 1) S SR T SRR R O, 4%
S B A N N ) B, T A P AR
L R A R R B DA O

2012 4, Cardani 2£P5% ] 2.13 kg KR~ TeO,
Fgb T g . %0 R RE R SR 5T BT
(10 5 189 45 5 R0 FH oSl £ A R A K T 2 5 T A
HAM CIA 54.0 mm*58.2 mm, KJEH 111.3 mm.
KRSE TeO, H i v A4 R SE LR AR/ HRE AT,
Rk JITRCE 3 =T AL G 7 1
25 mFRIRAIIE

H1F TeO, A MV F IR, HUZ MK RECE %
) e, T HL B AR ZEARK, BT DAAE b e A R0 B
Tt FE R A 5 BB A AP, Rk T2
AT DA 20 M o3k it A P R BN g, 98D s Sl T
HSERP NN

3 TeO, RIKTELIMNRHPBIN FHEERE

TeO, i Pk FLA I S0 A b AR RIS
LA, 1 TeO, W SR MR 8 0k, FA BT

B4 FREAKT TeO, db A"
Fig. 4 TeO, crystal grown by Bridgman method"™’

Sinte- | | First crystal Disso
Powder ring growing -lving .
material(l) Crystal Solution
Second crystal Sinte-
Single growing ring Powder tation
cry§1a| - material (11)[*

K5 gl TeO, H b4 T 2 e KB
Fig. 5 Flow chart of the manufacturing method for the high-
purity TeO, single crystal®”!

LA BRI de m, [ A N . KB
N R RCR T RIE AR AT S 0 . HRT,
TeO, fifA CH T A6 Q JF ok ks KIS #
SIS RO T U 8 I 2 S R OB, AR AR
A, WEEOCH AR BOCHEZ] . RSS2 Ar .
LMK O AR R T B PO
o, TR E P 23 (AOTF: acousto-optic turnable
filter) & — il 37 AE 627 2% Il e MR A0 BT IR P DG AT S
JRER g R O R RS, LB PR 2 A
SRR 5 R A5 gl e A R P D' e DX 3 L Tt 1
WEPEIE ST, T AR L

TeO, &t A IR13E Y6 VE I 7E 350 nm~5 um, i T
WL ANRI 2L AP B, FF HLE T TeO, dm ik HA7 AR
B AWM, = 793x107" §Y/g), BRI 5)5&E &
FIAE R PERE AOTF g0 (1 A5 e HAE A w2, [
6 7t T HIH TeO, dib A4 4 7 0 HAE A B AE 3L
2 AOTF [y /R 231 510 m 5l A it il SL e vk
AOTF AN, dEtek AOTF KM T A e E e
= P FE YA T RN TeO, B 8h), WI3RTS B & (1 30%,
I HL bt S o, il % i R AT 2 Ak

FLZE 1995 4, 3% [H Brimrose 23 7] WAl i) a1 &
T AOTF (WM 204 6 A BL LED A &
JCUR, JCAE AL i, BEE/ANT 250 go 1998
%o\ R SE T AOTF LT 21 4h G i
A, RETRTIS AR H s b 1 24 5 e o AT e 1k A
W, BEFP L el LRI 100 7, A FARG G A .
2000 4, Rosemount Analytical 23 w] /il } AOTF it
ZEANEREI AL, FE s XHRE S AT S IR I

EN 7T, 2T AOTF MBI 21 AR i A%
B TN AR A il T 5 24 A A5 R 4
BRI IR T ORI SR RS AT R . 2003 4,
WK 23 Jey RS D K B IRZE EE3 T 7 6 A AT,
Horp— & 3T SPICAM Y6 ik {3 45 (1) 21 41 3 ih A
T HETF TeO, #5411 AOTF 4356 4224140, 2005 45, Bk

Acoustic absorber

Input light beam TeO, crystal

Diffracted light beam (+)
=
X

Zeroth order beam

Piezoeletric transducer Diffracted light beam (-)

K6 JEJLLk AOTF [ diii gh iyl
Fig. 6 Schematic of noncollinear AOTF!*



806 TS| R =

&30 35

TR B TE PR BRI T AOTF Jei{x
SPICAV i &2 HEATHIIMT s 1R 2018 4E % 5t (1
EXOMARS ‘k 2 4 Ll 5 A AOTF 43 %M
MICROMEGA Fl2£ i, e H 2013 455 5 1 2h
(1) CE-3 HERZEMA T 2 ———4 Mok
AR T 5T B TeO, B84 1) AOTF #84F, SZBL
T UL 5 nm 4 SR AT (8] B (% o] UL 21 4 B 15 08 3
(0.45~0.95 pm) A Y% 41 FMEIE(0.9~2.4 um), A5y
S0 It X H R THAT UG S e R AR, O H 1
J3%. 53 23 T SR AHAT OB S R

B 5 Rh B 1 R RN S s B 75 SR e s, 4
kK, LA TeO, di i M % oM B AOTF 2L ARG AE
PUF = AN kA — 20 R

(1) Y H T4 A4M(1~3 pm) [ HFZEAN3~5 pm)
PR ZEEEN A ARME TS T A
A0 B A AT AR i 1R IR SR, BRI T 2% 9 B 1) Y i
A2 M A, 76 Sk SR D A ek B A7 3
HWUF IR REHT 5. MIAEZE S |, AOTF LR GiY
AR RO, HAA BRI R R s, R PR
B SR AR AR R SIS R LR R i [
() S AR A R A, T DARR R b 38 53k 0 1) A Ak
TEIAE ik A

[ IFS ] Ol PlastiScan %%1] AOTF
H LD AN, R BN 1.2~4.5 pm!™. 7E[H
W, A BB Y TracePro St ¢ 8 tE %) AOTF i
LEAN AT A BT, A 6 Y D PR A 75%,
WEE RS R4 b —2F. 2011 4F, X2 MR 7
— kIR ] 25 47K A FLAR AOTF Hr 4L G4 1)
Wt SEE, I IEEEETE 3.6~4.8 um, JGi
HER/NT 75 nm.

) ¥ MBERE GRS, B
FLAT 23 (8] 43 W66 ) OGS 5 66 T 120 70 1A% e i
e MBI AR RE, BUGOGTEH AT 43 2k v 2
O T M4, ST AOTF ML MR AG G A
& — PR UGG, TR AL A K,
AT BRI AT DA RS R GE 45 0
Bk, mER. R R,

FIFAS R S G 1% IR AN [, 75 2 AN w8 4
IRZE WS G B N S, AR5 X B 5
X Hbr 51 5, SRR A S i — %5 H
bi, HEEBEPE 2L L TS H AR
Fiti ZEAF 9 S 56 55 (ARL) (1) JE N 35 U HE T ZE4H(UG V)R
F AOTF Jeik G ARG AT g 00, Reie s
By AE R T 5 (R0 B0 R R, AT 280
FEMBR T, I 43 3] (1 B s,

(3) ¥hr2 et s AL o b T Bt S 40 Ak
SRR ARG A, § I k. 5 [ I ZE w5
SEI 3 (ARL)M A AOTF Z0AMGHEASCARRUN . it
FH S PSR ST TF R MO ET AOTF—H7 2 615,
SR P F O 5GET. AOTF &k — A {545 2 hr
BAEEG, SRCARMG . WA S B THRE, EhiE
FEUS I EEYEY), W TNT. RDX Fl HMX 285,

Vekert %5 P00 il B8R AT I 1) 5 R
(LDTOF-MS)5 AOTF 2L 4MG itk B &5 4, SEIL
T 1.6~3.5 pum HLLAMk BONAT B R AR SR 1 AR 4 45
FEARM BT HET, BB AR KRS A
FEA R 43 b7 25 S 5 A il ko7 v i 459 45 1 X
HEA B w0k B, X AW RE A 0 B4 o bt ik T
Wz H.,

4 RE

TeO, fAARNIE LV H7E 350 nm~5 um. 2X1 H
HiT )45 1) TeOy d AT 2.8~3 pum P B LIS 4 um LI
H 2L AR BOS AR 2 W, s T HAR 4L
HRERAT IR AT B AEURHE % L2557 AT,
ot SR BB, &Rk TeO, dh Al 2% (¥ 77
Mz

UEAb, B TeO, i AL 1 IF 5Ty I 1 32E 2,
RS EE Te 11 0Te0, MBI TeO,
A A R R AP R R AT e g . AR
110 H T TeOy A4 38 TG 125 e AR 15 55 B s ' 4
0Te, AR ELESRMEN% . EK TS, Tk
ST TR R R T %

BRI TeO, ik HAR DA Lo s iE™, |
AT ITNERE I, 1X 2 BT TeO, i AL TE IR < 41
A G R A e B AR K A R B, R T v
K TR B 2 TeO, M A IRER A& M H L
2, RIS TR, Sl TR R B B R
AR AR SRR R ILI T % . 5281 TeO,
dn A — ELAIE S s hy, A7 B e L R Ol M e A e e
(LR CRIRIRRIERE), A4 TFHh 12 b AT 10 )3 FH Al

S % Hk:

[1] LIEBERTZ J. Einkristallziichtung von paratellurit (TeO,). Kristall
und Technik, 1969, 4(2): 221-225.

[2] MIYAZAWA S, TWASAKI H. Single crystal growth of paratel-
lurite TeO». Jpn. J. Appl. Phys., 1970, 9(5): 441-445.

[3] UCHIDA N. Optical properties of single-crystal paratellurite
(TeOs). Phys. Rev. B, 1971, 4(10): 3736-3745.



2 % B, %

AR A S AR LD A A N A R

807

(4]

(5]

[10]

[11]

[12]

[13]

[14]

[15]

[1e]

[17]

(18]

[19]

[20]

PEERCY P S, FRITZ I J. Pressure-induced phase transition in
paratellurite (TeO,). Phys. Rev. Lett., 1974, 32(9): 466-469.

FRITZ 1 J, PEERCY P S. Phenomenological theory of the
high-pressure structural phase transition in paratellurite (TeO,).
Solid State Commun., 1975, 16(10/11): 1197-1200.

SKELTON E F, FELDMAN J L, LIU CYY, et al. Study of the pres-
sure-induced phase transition in paratellurite (TeO,). Phys. Rev. B,
1976, 13(6): 2605-2613.

CAI QI-SHAN. Structure and physical properties of TeO, crystal.
Piezoelectrics & Acoustooptics, 1981, 2: 55-59.

DAFENEI I, DIEMOZ M, LONGO E, et al. Growth of pure and
doped TeO, crystals for scintillating bolometers. Nucl. Instrum.
Meth. A, 2005, 554(1/2/3): 195-200.

ChuY Q,Li Y G, Ge Z W, et al. Growth of the high quality and
large size paratellurite single crystals. J. Cryst. Growth, 2006,
295(2): 158-161.

CHU YAO-QING, GE ZENG-WEI, WU GUO-QING, et al.
Growth of acousto-optic TeO, single crystal with large size and
high quality. Journal of Synthetic Crystals, 2004, 33(5): 810-812.
JI XIAO-HONG, SANG WEN-BIN, LIU DONG-HUA, et al.
Study on Czochralski growth of TeO, single crystal and defects.
Journal of Synthetic Crystals, 2001, 30(1): 93-98.

REN QUAN, HUAN HUI. Growth and characterization of two
new types of acousto-optic crystals. Piezoelectrics & Acoustoop-
tics, 1993, 15(5): 33-37.

GIULIANI A. Searches for neutrinoless double beta decay. Acta
Phys. Polonica B, 2010, 41(7): 1447-1468.

ANDREOTTI E, ARNABOLDI C, AVIGNONE I F T, et al. *Te
neutrinoless double-beta decay with CUORICINO. Astropart.
Phys., 2011, 34(11): 822-831.

PREVITALI E. Search for neutrinoless double beta decay with
CUORE. Nucl. Instrum. Meth. A, 2013, 718: 522-523.
ARNABOLDI C, BROFFERIO C, BRYANT A, et al. Production
of high purity TeO, single crystals for the study of neutrinoless
double beta decay. J. Cryst. Growth, 2010, 312(20): 2999-3008.
CANONICA L, ARTUSA D R, AVIGNONE 1III F T, et al. First
CUORE-0 performance results and status of CUORE experiment.
J. Low. Temp. Phys., 2014, 176(5/6): 986-994.

CASALI N, BELLINI F, DAFINEI I, ef al. Monte Carlo simula-
tion of the Cherenkov radiation emitted by TeO, crystal when
crossed by cosmic muons. Nucl. Instrum. Meth. A, 2013, 732:
338-341.

BELLINI F, CASALI N, DAFINEI 1, et al. Measurements of the
Cerenkov light emitted by a TeO, crystal. J. Inst., 2012, 7: P11014.
BEAUDRY J N, GRENIER S, AMRATE S, et al. Synthesis of
high purity, stoichiometric controlled, TeO, powders. Mater. Chem.
Phys., 2012, 133(2/3): 804-807.

(21]

[22]

(23]

[24]

[25]

[26]

[27]

[29]

[31]

[32]

[33]

[34]

[35]

[36]

MANGIN J, VEBER P. PtTe,: Potential new material for the
growth of defect-free TeO, single crystals. J. Cryst. Growth, 2008,
310(12): 3077-3083.

LUKASIEWICZ T, MAJCHROWSKI A. Czochralski growth of
TeO, single crystals under conditions of forced convention in the
melt. J. Cyst. Growth, 1992, 116: 364-368.

TOHOKU METAL IND LTD(TOHM-C). Tellurium Dioxide Sin-
gle Crystal Growth - with the (100) Axis Set in the Draw Up Di-
rection. Japan, C30B29/46, 61-174199A2, 1986.8.5.

ZHOU ZHE-YI, ZHANG HENG, XU SHOU-QI. Growth of large
TeO, single crystals by using czochralshi technique under pressure.
Journal of Inorganic Materials, 1987, 2(3): 193-198.

QIAN XU-FA. Research on streak formation in growing single
crystal with large size by CZ method. Journal of Synthetic Crystals,
1997, 26(3/4): 381.

KUMARAGURUBARAN S, KRISHNAMURTHY D, SUBRAM
ANIAN C, et al. Growth of paratellurite crystals: effect of axial
temperature gradient on the quality of the crystals. J. Cryst.
Growth, 2000, 211(1-4): 276-280.

TAO SHAO-JUN, SANG WEN-BIN, QIAN YONG-BIAO, et al.
Study on the influence of growth parameters on TeO, single crystal
quality. Journal of Synthetic Crystals, 2003, 32(2): 165-169.
KOLESNIKOV A I, SMIRNOV Y M, KAPLUNOV I A, et al.
Czochralski’s method of growing paratellurite monocrystals from
liquid melt. Russia, C30B29/16, RU2338816. 2008.11.20.
KOLESNIKOV A I, GRECHISHKIN R M, TRET’YAKOV S A, et
al. Taylor vortices formed in the melt during paratellurite crystal
growth. Crystallography Reports, 2008, 53(7): 1203-1207.

KOKH A E, SHEVCHENKO V S, VLEZKO V A, et al. Growth of
TeO, single crystals by the low temperature gradient Czochraski
method with nonuniform heating. J. Cryst. Growth, 2013, 384:
1-4.

VERBER P, MANGIN J, STIMER P, et al. Bridgman growth of
paratellurite single crystals. J. Cryst. Growth, 2004, 270(1/2):
77-84.

WEIE, B, AR R AR KRR,
C30B29/46, ZL85107803. 1989.09.13.

BRI, RERR, MR, A5 — b AR SR R R N B
A K Jridk. dilE, C30B29/16, ZL03141999.2. 2007.03.21.

B, R OB, RIEDR, AF Rl = ST R R % T
. H1[E, C30B15/00, ZL10048849. 2010.10.06.

GE Z W, ZHU Y, WU G Q, et al. High-purity Tellurium Dioxide
Single Crystal and Manufacturing Method Thereof. US,
C30B15/00, US008480996. 2012.03.22.

CHU YAO-QING, CHEN ZHI-ZHAN, LI YAO-GANG, et al.
Defects of TeO, crystals grown by Bridgman method. Journal of
Synthetic Crystals, 2009, 38(2): 481-485.



808

E LM OB )

&30 35

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

CARDANI L, GIRONI L, BEEMAN J W, et al. Performance of a
large TeO, crystal as a cryogenic bolometer in searching for
neutrinoless double beta decay. J. Inst., 2012, 7: P01020.

FANG YA-KE, SANG WEN-BIN, MIN JIA-HUA. Etching
morphology and symmetry of TeO, crystal. Journal of Inorganic
Materials, 2004, 19(6): 1419-1422.

VOLOSHINOV V B, NIKITIN P A, TRUSHIN A S, et al.
Acousto-optic cell based on paratellurite crystal with surface
excitation of acoustic waves. Techn. Phys. Lett., 2011, 37(8):
754-756.

VEBER P, MANGIN J. TeO, liquid phase: viscosity measurements
and evaluation of the thermal conductivity from crystal growth
experiments. Mater. Res. Bulletin, 2008, 43(11): 3066-3073.
CHEN SU-CHAO, LIU BO, WU XIAO-MIN. A review of studies
on AOTF properties based on different dielectric materials. Study
on Optical Communications. 2011, 5: 56-59.

SUN ZHEN-DONG, DUAN QIAO-FENG, ZHAO YU-CHUN, et
al. Design of infrared spectrometer with AOTF technique. Optical
Technique, 2004, 30(5): 594-599.

LIN WEI, XUE FENG, ZHANG YE-HUI, et al. Acousto-optic
tunable filter and its application. Microcomputer Information, 2005,
21(10): 127-128.

TRAN C D. Principles, instrumentation, and applications of
infrared multispectral imaging, an overview. Analytical Letters,
2005, 38: 735-752.

HAO HUI-MIN, CAO JIAN-AN, YU ZHI-QIANG, et al
Exploratory research on quantitative analysis of gaseous mixtures
by AOTF-NIR spectrometer. Spectroscopy and Spectral Analysis,
2009, 29(8): 2087-2091.

KORABLEV O, BERTAUX J L, GRIGORIEV A, et al. An
AOTEF-based spectrometer for the studies of Mars atmosphere for Mars
express ESA mission. Adv. Space Res., 2002, 29(2): 143-150.
KORABLEV O, FEDOROVA A, BERTAUX J L, et al. SPICAV
IR acousto-optic spectrometer experiment on venus express.

Planetary Space Sci., 2012, 65(1): 38-57.

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[57]

LEROI V, BIBRING J P, BERTHE M. Micromega/IR : design and
status of a near-infrared spectral microscope for in situ analysis of
Mars samples. Planetary Space Sci., 2009, 57(8-9): 1068—1075.
WANG JIAN-YU, HE ZHI-PING, XU RUIL Application of
Imaging Spectrum Technology Base on AOTF in Deep-space
Exploration. Proceedings of 2013 Shanghai International
Symposium on Remote Sensing & Social Development, Shanghai,
2013: 13-23.

YU GUI-YING, YAO SHUAI, GUO TIAN-TAI, et al. Optimized
design of AOTF mid-IR spectrometer based on Tracepro. Infrared
and Laser Engineering, 2008, 37: 441-443.

LIU WEIL HE XIAO-LIANG, WANG ZHI-LIN, et al. Mid-infrared
acousto-optic tunable filter. Piezoelectrics & Acoustooptics, 2011,
33(2): 178-181.

ZHU QIAN, WANG YUE-MING, WANG JIAN-YU, ef al. Char-
acteristics of background radiation of shortwave infrared imaging
spectrometer based on AOTF. Infrared and Laser Engineering,
2012, 41(3): 575-579.

TAN JIAN-YAO, REN YU, TAN YONG, et al. Impact of the rota-
tory property of TeO, crystal on its spectral characteristics. Infia-
red and Laser Engineering, 2013, 42(1): 195-199.

XING HUIL, ZHAO HUI-JIE, CHENG XUAN, et al. Radiometric
calibration of hyperspectral imaging spectrometer based on AOTE.
Infrared and Laser Engineering, 2009, 38(2): 205-209.

HE ZI-JIAN, SHI JIA-MING, ZHAO DA-PENG, ef al. Recogni-
tion of camouflaged target by hyperspectral imaging system based
on acousto-optic tunable filter. Laser & Infrared, 2014, 44(7):
796-800.

GUPTA N, DAHMANI R. AOTF Raman spectrometer for remote
detection of explosives. Spectrachimica Acta Patr A, 2000, 56(8):
1453-1456.

UCKERT K, CHANOVER N J, GLENAR D A, et al. A miniature
AOTF-LDTOF spectrometer suite for the detection of biomarkers
on planetary surfaces. Life Detection in Extraterrestrial Samples,

2012, 6042: 1-2.



