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Abstract: Photoelectronic crystals including laser, Nonlinear optical, electro-optical, dielectric-superlattice, inorganic
scintillating crystal and PMN-PT relax-ferroelectric single crystals play a crucial role in the development of hight technolo-
gies. In recent years, great efforts have been made to the research and applications of these inportant materials, as well
as great achievements have been obtained. In this paper, part of the progress in the field of photoelectronic crystals has
been reviewed. Based on the above-mentioned works, proposals have been submitted, such as to promote basic re-
search, to develop novel crystal growth technology, to enhance the combination each steps to whole crystal growth process

from raw material preparation, crystal growth, pro-treatments of as-grown crystals.
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Fig. 1 Large size Nd:YAG and YAG crystals

i

2 Nd:YVO, @ik
Fig.2 Nd:YVO, crystals

Lo

3 RBEAE KR TiEAL O gk
Fig. 3 Ti:Al,O; crystal grown by TGT method
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REAER IR Nd: GGG A K I HRAAR Rt Jg , 1l
ARREE AR B IR T 70mm, R A 8 kg
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K4 KRRSF Nd:GGG fhik
Fig. 4 Large size Nd:GGG crystal
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Fig. 5 NdAl, (BO; ), crystal
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K6  Yb:YAG fifk
Fig. 6 Yb:YAG crystal
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Fig. 7 Ca, (NbGa),_,Ga;0,,Crystal
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Fig. 8 Yb:YAlL;(BO,) crystal

9 B8+ WERES A A Ik
Fig. 9 Nd:La,CaB,,0,y crystal

Hs ) 2 75 4 #h ( RECa, O (BO, ), f&] #X RECOB,
RE =Y, Gd) fhfA2 Il 90 4R 5 Wi & e iy — 253k
MRS, BANS B YO B E T R, 21
Ry E BSOS, IR REXEMEmARK, &
TE . AR I SO A RS ARSI T 2 AR,
ST R AR R R R B A R A A, IR
THOE AR W, R LD i, E3 mm x
3 mm x 8 mm [{JNd: GACOB @A ([&] 10) rhiR 15 18 1 FL &K%
ESE AMmAOEE ", X RE S NIk, 7 Nd [ 55
WO R RS B e, AR R S O T AR AR
FH o BB A ) 5T 45 A BIF 5 T 2 DU 09 7 6 O it A 2
WOt BT R F R T2 TR, Pk AE RN
LaSc, (BO,), (NLSB) f{&"""", 10% at NANLSB #£ 2 W
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K10 B mR S L M ik
Fig. 10 Nd:GdCa, O(BO;) 5 crystal
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PR AR R R FIBESY, AR W2 20 2 EA,

KBBF & BA S i A R e VR, BLAS H &
JE ) R R SRR AR A K 3 A 1 R YA U B AR
R A R BB E, RS )R 3 mm [
KBBF B ([ 11a) . [AIF, 4% 8904 0 R K $k A
K KBBF f ik (18 11b) U ¢ B #id 6 mm'™ o F5E
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Fig. 11 KBe,BO;F, (KBBF) crystal: (a) crystal grown by flux method and (b) crystal grown by hydrothermal method
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An RIS S AR M 5 S AR 5 1 — A A

BEEEBF (ZnGeP,, ZGP) (1 12) J2 92 i e 2 1Y
ZIANR AR, PO R E K T $20 mm x 30 mm fY G 1A,
FE(2 ~12) pm {1 B L0405 R K+ 55% , B %
6 x107 Q + cm, FHEALE 2.05 wm F110. 6 wm kbW I &
B R 0.017 em ™ F10.21 em ™'Y WA SR Tk K
204 KT 22 mm x 90 mm [ ZGP B, 7£(0.7 ~
12) wm B35 13 R5K 56% o T H T 6 mm X6 mm X
15 mm 62 S k% e, 2 pm SGIRTH™A4: (3.8 ~
4.5) wm [ OGN . TR TR B BAF 5T B
5.5 mm x6.0 mm x 18.0 mm [ Z5PCHL (0 =55°, ¢ =0°)
ZGP GiAHIERE MRS mR G A, LL5.2 WK
2 wmGEEI RS T 10 mW HPLTSMiETH, (2~5) um [
e - FEEEI R 12% , FENiZE Ny 4 kHz,

Fee o1
1

sun - e
i HE i :

3

B 12 @EE RS iR
Fig. 12 ZnGeP, crystal

TRAHAR (LilnS, ) fb ik (& 13) & o 9% K R (0. 35 ~
12.5) pm, dy,(10.6 pm) A[3k 15. 8 pm/V, H#HFHR
AGS 15 f%, PUeHif RE LB e ELe M i ik =
1 ~2 MG, IR KA 38 M bR FH s e 8 B R o
PAFmEal, HAH LIS Z bk, M B2 ERKE
BRT 10mm, KJF#Et 40 mm f¥) LIS 5, M (0.39 ~
12.5) pm P BB, EEEBLEL R KT 55%

13 GRANHE Ak
Fig. 13 LilnS, crystal

TERLLAMELAERIR IR R b, IO FR R e B
EARTF T GAE, WXFLLA PO HLEA R &
TERLGE IR B AL MAX, thikih CsCdBr, ™", Cs,He, 1™,
HgBrzm] 7| NaSb3F1[gO] SeEriniR . AAKH T 20 mm x2 mm
x2 mm [ CsCdBr, B, BB (0.3 ~20) pum, JE
LNERON 29 3KDPdy o S FHVE W A2 1K 25 mm x
14 mm x5mm # @, Cs,Hg, I, S5 (K 14), &EF BN
(0.5 ~25) wm, LMY S KTP G ARFRY, ] SE8L;
FHVLES . MNZEEF A K T15 mm x 15 mm x 1.5 mm [ 1F
22 mm2 R HeBr, B, BEBEREIN (0.4 ~20) um, HE
AR R 11 £5 KDPd,,, W] SEBUAEALDE T, HoGH 1
B R 0.3 GW/em®, BtAh, T Sb HA X+, th
FIREIE A K i AR &M, 1 IR A % 11 1) NaSb,F, & 14
(E15)7E(0.25 ~7.8) pm L REIER, R HEWAEKIE
AR ST 9 12 mm x 10 mm x 8 mm,  FOGH B(E
35 1.3 GW/em®, & LIS H{EM 10 4%,

\

P14 R A i
Fig. 14 Cs,Hg;lg crystal
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Fig. 15 NaSh,F,,crystal
FHIR B 1 ( BaTeMo, O, , BTM) J& B4} i 5= 14 7 1k
AR 2R R NI N N Rl sl o N S ol ol (]
40 mm x 30 mm x 30 mm FL 5 (& 16), #HHHIEMHE 0.5 ~
5.3)um, F5 v &arkiig d, =10.18, d,, =3.64,
dis =1.91 pm/V, T 1 KA BAEL M REd, =
10.36 pm/V, FEEZP B Lol sl [ 2800 1 28 4H T
it o HRHBE A W) A T AR TE T 1 FlOBr 20 A0 IR b A
BaGa,S, ™ (B 17), &L (0.36 ~3) wm, 755
RAFATRER 5 LilnS, A2, ELAT 58 A IO C 05 B 18

P16 SARRFRELA 1K
Fig. 16 BaTeMo, O, crystal

K17 BRI
Fig. 17 BaGa,S; crystal

4 HEEmEE

FL DGR 2 i AT 5 58 BB A o v 37 1 kA 728 b 1 IR
G Hh TR 5 A1 B 7 B HE R BAUE FR O R DR RL

N B 58 7K (Pockels ) 8800 5 5 A0 LI 9 K J7 BUIE e
F4 A8 R R YR FRL Y AR B T R (Kerr) 250 0 RS
LB 5 R S AR S R A b — AR K, (HE R LK
AR FEAE SRR (0 REE, AT LGB AN SEEDEHLE S
AR e O B A B AR L AR BRI A E

B btk 60 AR RHOL Z BB AE, LA TEREML R
MHERIARZ . KEILOK, SR MO S IR B i
“RA (KD,PO,, DKDP) Fil4g iR #1 ( LiNbO,, LN) Fik
PR AR R T I Bl R 41 (B - BaB,0,, BBO) J&
WERR K 408 (RTIOPO, , RTP) WGF fi 44, H | (Y HLOG
s VAT L AR A% 95 0 R ) RO 5 R Y SR AT
Wl O KOG AR R AP R, X A AR T
VFZ BT R .

AT — B A ST B R 3 1 R B 1) R AR TR HL O Q I
X BBO JZ 1985 AE IR R 5 R HLALE 1 A
FERE S, B = 7 &b AL 3m gHBE, B OL Dk B
(189 nm ~3.5 pum), LHEEEE v, H 2.2 pm/V[m s
6 mm x6 mm x20 mm (PFHEEV,, B 7.7 kV, K
BI{E 15 50 GW/em? (@1 064 nm ) | S FH B 1) 260 o1
PEHLE Q FF &, e JlaE FH T i T 5 25 3 19 4 [ 2S00k
i, HAn B K AR K B R ME AT 20 mm, D. Nickel 4§
NTURTG. D, Goodno 25 AN 73 531 SR FH 1 U ok i 1A
SR/ BBO il (4 38 T80 AR A 7 6 RIS Tl AR 1 2F el
&, C. Stolzenburg %[ME Yb: YAG B ot b, %A
6 mm x 6 mm x 20 mm ) BBO SEfE G Q &, L
7 mm K [ 28FAHADERE LBO S AR, R A5 e i i
7102 W #5515 nm f545 48 64 H . BBO f A &4k DKDP
FTLN S AJE ST A R A s G s iR, T U Tl VR e
6 Q IF, HEGE AR BBO St Q JF %44,
I T m P ) e e i o 32 B ) AT £ T AR
AK 2 [ 20 mm B9 B E BBO R, BUAS T, M
DL 3k >R F

WEFR B 1 (KTIOPO, , KTP) FI RTP B2k R ik
Lt ik, REAEEP LR R THEREAEK
KTP SRAREEA A 330 ol & 1A B Ay o7 FH e 355 3k 118 — o 35 450
pnfA . KTP F1 RTP J& 1E 28 & &, mm2 fBF, & i B
$7(0.35 ~4.5) wm (KTP) F1(0.35 ~5.1) um(RTP),
KTP 1 RTP £ 1 5t £ %0 vy, 40 % 4 15.7 pm/V Fl
17.5 pm/V, vy 4% 3K 36.3 pm/V F1 40.5 pm/V™
KTP g AL H G BN i e 20 9 Bt 2 5 i 0O
MR 5 thBBGE , BRI T SR HOGR . RTP &
T 2 ) M FRAR, POCHG BE S, AR5 A K, E
HTFHIERE Q FFE, iy —Frgi MR, &
A A RTP &Rk Q F 36, 4K, KT KTP M
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XEE, FEAR LAY RIARE R TAER RIIME T HER
o6 Q JF3& i KTP A RTP 5 it & f A4 (19 25 £ . 2001 4F,
M. Roth 25" 4% 58 5% 1 T4 i B 42 300 40 7 i 2 K vl
PEPER KTP R, 2004 4E 4238 T 78 T ik i 32 h 2R )
AFI[Rb]/[ P H(1.25 ~2) (9 H B K& 5014 & 1 LU
ANE R BTk BE (0.55 ~ 1. 1 gRTP/g I 57)) HE K T — &
3 RTP k™, 20 RTP g iR A0 KTP kML, fik
Ak A HL 2 5 L ) A Ak 4 43 B DA G . 2008
A, M. Tseitlin 45 7 18 T £ K 25 BT RTP b 44 (9 45
J, AR TR 330 g (Y ERLEE RTP B0, SR AR
PRPLH R, B8 Y A T B A K LT fE 2 (100) K 1
FARA, &EF RTP OGTF M . MR SRS 5
I R L A3 A 56, DA A K Y RTP & A 7T
JCZ H ' it o %) R F T G HEL 9 s U i 28 . 2009
4F, M. Roth F1 M. Tseitlin'™) 245 T KR ~F 5 Y622 B
A K H R MR T EE R (100 ] 5 [ A &
K¢P,0,, 3% Rb,P, 0, 2H 431 7 & & H A= £ KTP Hl RTP [y
A, FE5IE RTP GRS F FHI7E B Q JF 6. 7RI
KRR PWINA PbO, G FIFREACKE FIRGE, B2 0 7% i
BE, ARG S AR R B SRS 0, NI S4B 1k K 3k 1 7=
Ao TR A SR AT ST B p TR AR A5 R 1 LT 558
KA, WAZFR FH PR R SE AR ] L R AR A A RTP
A, e 90K E, T AN [ SR XU S RN o T AR
PR XS, x5 AF AR A RTP S Ak T — R
AR, ST, &5 KTP fil RTP & & Ry 52 b 1
P aTs, (01ET BT A 7= (1 i ARAT 22 B T 900k
P ER AR BAEAR . it — S EAR R T 5
Jeaf i RTP A i A= 4 R H =l Ak

FEMR 9 (LayGagSiO,,, LGS) J& 1 M EA#t. &
RS ZRER AN Tk, WA E, BAE
FLPE TG A RS R B B A R AR LR, A — S
(4n 32) iR A et . MWHITER L Q R K,
TE e 2 i A SO A PR T BE R, 1 OB G R T R A%
fbo LGS J& 32 AGHE, ANy 242 nm, A HEEHE
RAT WL LGS f A R v, =2.3 pm/ VA
vy = 1.8 pm/ V., I 1) B AEON 7 O Q SR,
WA =1.064 um, I/d=1:10, HEWHEEV, 4H
17 000 V, AHHPME A 4:1 ~5:1 Z ], WK} 10 mm
x 10 mm x40 mm (x x ¥ x z), A fdi FH 2 ) d R fE )
(3000 ~4 000) V, 7 # [ 2% ¢ F 45 DKDP, LGS,
LiNbO, iy 1A (1 Bt ot 5 05 B9 {8 4 % & 3 260, 950,
100 MW/cem® , LGS HL Q FF G fb A 2 7 [ad ok, Yy«
5 Tyt F s, P AR A A i) P G EORE SE B LGS b A

B Q Tk, % EH LGS Sk BoA Bt tk, LW
PRGAER PIUGE T fh A, T LA s A b A e > 1 o 3 ' 1)
M, LGS ShiRH I Q FF &I S 50 4 BB i 5 DKDP
mnRHG Q TR Y, HAR ABFEN 1.92% , TE#E
AR BB B 520 m] I, B 3k 359 m]; TEIOG
AR BE R M 350 m), B RS K/s RS T, T
fE2 h KK, BEL LGS 5 Ak i i 2 &5 A %
FEOCH TR ER AR M R, T A A HO6 2% 1 = T %
AR LGS f Rt Q FF MBI LR, HEdi%R
R E AR LGS AR ML Q FFCHE AT IS, H s iR
AILLGAE) 50 kHz, fRmf s rT LIk s 7.5 W, Jk5E
46 ns, FELEETHATLGARIIT 10 W U 2 A
WO R DL —2B 30, R AR AT A 50 kHz, iR
AT LUGAE] 12,5 W, ik Si ik 46 ns, 3% 224 1 AT
PIGA#) 13.2 W, iz LGS Sk (& 18) AR w B e it
P A AN B A e M, A e AT L LGS SR Q JF &
WA AR W B R R

P18 2 ik R BB A 1A
Fig. 18 Optical quality LaGasSiO, crystal

AT, XTGBT, B BaRLMt%
IR, IIOZSAE e 2, SR I i H 6 s
FEAE RS RN, IR A G RRAR s RRAE 7 I AR
PN A L G R B2, BIFSE TT AR R A O A
MOXT RS RIS, 25 R B f AR 1 58 B AN &2 & 3000
7% LGS fhRZE R, e HEGIE R Sk S35 Bl
mniA . B TARRRAE ST, A LR,

5 tEFEBEE

JeF A G, WRRUECT A EC R R, FEAR R HDR B
YEA AR DE S (QPM) BEE S o W] FR S 3 46 1 O 1
RS KRS K B A TT ) RO 2 R AR I B RHR £,
{458 S A LiINDO, , LiTaO, #1 KTiOPO, ; 2} Sk fh{k
GaAs, GaP FIfy 98 fhiR 4 . BT £ 2 T %P Tk
A LiNbO,, LiTaO, I KTiOPO, , JH#kH fbiAfil %0
RIS A 2RO, BRI R SRR AR,
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550U Bt o7 AR VG TE A Eb, o 47 K D FE AT S 2o ek 2 4 1k
TF, TERRPE A S W I BeS A A0 . 222 R
FRAE o R FH VA7 A DG FC (5 S R FH XA 45 43 A DG it 431 %
SRR SR (4N LiTaO, ) SO AH PG BE, o] KK $ & Ak
LAt BBOR, Il S AR S T R R
B, A G R AT S X S T AR BY .

MR E T S I AOG2E 8 ks, 2 Tl £
FE A7 A VC BC A SR & S i B B AR ) FE o SR
2 Ak AT LIORE A B AN S e AR A A — B
AR L v JE I G2 RS B A R A A TR R K 1 A
K RN 1 A B[R] o A ME A DE B 45 1, WISl
BHA A —R, WTRAA S &R, Ml H Fibonacci
YSRGS R S I IE T B =AY, 1A
VT £ (2 M8 A A T = 1

UTAER, OGS 4 [ SO S8 UM O
BRI . XRPOLE R i 4 . 588 . Kl
AN FEs AR THARDRR, kB AR LAk
X, T AR K R SRR B S AL OB R . B R
2L 2E TR H LiTaO, 4 5 A% 1 306 59 R 5 e 28 1,
Tl Tar, sk, WAL RastiE =5 E (AR M
JERREENL, KRB E . 1 Ry R RS M B
Nd** R (1342 nm A1 064 nm ) O % 0 FE 3% 6
U8, FH—Hot2g 8 fks ol [RS8 1 342 nm A5 550 F1 =
A Je 1 064 nm {54545 22158 . 6Lk, it i
AR SR = ok AR A, i SLARE T )
FBRF1D WA =6 58 OB OE (B119) .
852 B L) 532 nm GGk B G A G 2R
¥, @it OPO 724 633 nm HIfE 256 (£05%) 13 342 nm
PR B . TR S 6 45 R B R = AR 459 nm (19
S, BT RF1W DL, FHIR8eE kT 30% .

FEfE BREGU, bR 7R X — TR
A B AR . FE I RS TR B R o eE
SRR B A AE L O AR B T R LU O
MR, SIS T B RE T, K LDk i
LA — B E MR IR TR . U RS A A
U o 3B AT YR RS T A, Rl —
Je2 o s A RHFI I 2 2 A ThRE . Wk 500 . AL S
REET -G, fEFES, BITMEGHE RHEA N
P, MR REARR, SRl RER T AREN 2
ANTRAE R 10 A 3£ 0 OGS4 S As R R bl SRk
FERE RS WAL, R E SR TP AR IR A . 7R Rl
R AN, AT IR AR N AN BE A o Ry TR A AT 2R £ B PR
S, T R EENADCEC AR S . 1 X T
TS R RR IR T T RS A I e i AT U4, BV S LA A

(4 TR i P AL R T ), T SEBLZ A DI RERY SR A 1%
TIIEAEATAT X ICAR REAS (R kS LA I . i 5 AR A =4
ige. fEREA R HAMH T ARt 2200, o A
FHREHONL . FIATEXANTT I, A AT BEREAS 1 3 K22 A/
Ak

FEL 19 DAG27 5 A it 1A T 55 13 IR 1. (660 nm)
23(532 nm) , ¥ (440 nm) #O6
Fig. 19 Red (660 nm), green(532 nm) and blue (440 nm)

lasers emitted simultaneously from optical superlattice

R P B B s L AR B A s 1 O R R, AR
FERRVE B RN SRR o Y AR L R V5 SR M U
SeET, S AR BR S 55 SR S g R . LR B
SRS B ARG A S G R AT LSS B AU, AR
PIAHVCEC AT, X FRFIIARE AR 55 M SR i, 1 —
P F Ak ) — 428 fh s o ER 2 T AN [R] 25 8] 43 A
TR U DR R R b R B ER E h
JEXT IR, BT 2 5 i o AH DC BE A 348 2R 5 JE I S 2R
FLLR o XA 5 A HE T 18 D R B R 21 A B R Ol
i nT WO, RS IE L T RO OG R . A H X
Jr AT T SR EON AR TR B AR T A, Xk A A
[t FAAS W RAE SR T — R RO, e —EER
G ks T WL R T X R4 L MR e AT
ARG SUEREAR, e T, &L
IR, ST R IR T O A rhhr 2 B Y oA A U AL
T AN b o R A ST D S UE A= 1 € IR R
HOR T 5 ~6 NGRS, SR (Bl 11 B ) F2 Ui
TR B AT 5 B, T R (] B AT A 2
T AR TR B = OGRS .

e G L A L PR A I R R AR R A T
FEREERR ., S, AR R 0 1% 476 U LA
BEAERS R AR AL, T vl LA 7= A DL — 5 £ B
SPERS IR T AR . TERXMEOLT , R SR, A
TR AR . XU T B Y Cerenkov HR5T, #
FRHA Cerenkov f54, RXOZARILLRFR A Y, BE ik A5 A0 %
PR, PRI TE DL G A HE ., 1997 4E, Vaya %
IR EHFSY T —4E 2548 S dg 1 Y Cerenkov {5451, 5l
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AHERTMIDLTRE, 2 QPM Cerenkov 3 T 45 5 B 77 %
PR 2 B A ) B AR R A
BRI 2E o T 4R el ik oA IR AR b2k
(O fEIKS 5%, Cerenkov MR 23 Wy AN [R] J7 [ 48 5 i ok o 5
BBIETE T 7S m B A5 AL YR R LGl AR - T D
fEHE, X 1064 nm FEPOG, W5 E) 2 dAR LR Ot 4R I
(F20) o H T 0] 46 565 A A BRI, (S0 AR DT BC A A3 22 Fof
Jra, nr RO — AR SR, ] DU A TENA% 25 (9
ORI — AR R XIS BRI R T R
() Cerenkov 4@SF B4 . TE AL B P, ASPEE &
PR R B30, fEARPEd R, BR T 204 A
RS (£ TV 2 %2y e S | B D1 -3 31 4 15 1 )
1 064 nm A1 1 319 nm I, WEE] B A EHER
Rt Cerenkov FRGTHY L2 ot . AR ML | Cer-
enkov §RAY 3 G, JEANAIB A TT ), A AT RE N 1R
BHESDLIRAM A FOLIRAGHEAR , A HEZ M RHEE A
JS7 FH R

P20 Sl dii b i v O S SO HE AT SO E R
Fig. 20  Cerenkov pattern induced from the elastic scattering

from optical superlattice
6 WIRERAR

ey AE S 2 3 5 I AT LR Hh 96 Bk b (IR ) B9
A TRFRCO IR, T T Xk y SFgk . 7 O
b v BEAL T BRI

TCHLIN R AR B R s | AU PRI I 45 I 3%
o, MO TN IR A R R TR TR et A
A WAL g (Nal: TL), #l 4k 4 (CsI: 1), 54k 81
(BaF,), M5k (BidGe,0,,), #EHT(PDWO,), iR
42.(YALO,: Ce) &,

DR AR A T HA RERRIN A R BT RO BE T, BT
B TR RE B . B UM BRI L B AR
R S, © 2 N TSR % iy — >
S0 AE A FE R A Rl 2 % B8 DR i AR Bl 1 T
FRER R B ICEE N o TR 20 THA2 70 AEARHD, X LRIk
JERHABL(XCT) FIE AL 5 W =S AR AL (PET) 1 H B

R K, T DA R A AR 2 4 N T Al AR Rk 43
Wb ORI FR AT 0 ER A A Z — o R alE
TERZ 22 W B HEEN R, INBR AR R 0 & e 3k A
TR EEN B, BE ST RGO . mEew
PHT AR DA S A4S bl o 25 A1 N PRI B R i & g, 34K
ST AT B P ARG, & BOLROR . o P
o T 7 SR BRI o TS AR S 4 58T 2R TN R AR 1 0T 5 O T 2%
R

DR it 2 T 1 0 3 5 0, 20 22 4R Sk B
Z 5 TEPRTES, b E 0 PR A IR A b i
FELTE R TR, R F P 2 d.e (CERN) IE i
FXHEHLH A BGO K, H A Belle 3245 F1 3¢ ¥ Bahar
g CsLOTL) SRS, 3R E RS T R 4709 [ B S
2% IFPREE R .

FERR AL A AR (BGO) (1] 21) J2 1 FH B 2 1Y) 22 I AR
mnfA, N TR e BRI B o R e, CERN #t i
YR TE 7 - 6 AL BGO 4 i & 75 35 12 000
(L5 m'), IR E G A=l 1 [ PR AR R, (2
BGO 4 3 Jal if ] 45 4 OB B 5t 55 1 29 1 % M BHY
EFERME . RERREL (Bi4Si,0,,, BSO) fiiAk™ BAy AT
PP AL R e e, B — MR & R AT 18 iR B
B IR SRR, A AN BGO T ARIE AN 78 . Bk e 3
RINLRRR Ce 8227 1 IERERR L R 5 Mk RE,SiO; B
A0 BN R M AETY, i Lu,SiOs (1S0), Gd,SiO;
(GSO), Y,Si0(YSO) FErEmBeH, B, Al
PRAGF A B A5

B21  BEWR B A
Fig. 21 Bi, Ge;0,, crystal

4k BGO [N iR M 7E 5 RE ) BRI B2~ 12 W 19 1 7
TR R R AT R B R PR AR5 2 e, 3 el e ol A
—fRUES IR (PWO) AR i A (11 22) By il 4 T 2 A S Al
W5 )y T S Rk ) KK A% T 7 e ( CERN)
T # R FE S0t R 3 5 X AL LHC v 5C i B9 i
B> PWO SRR Bebr, IF E sl L — R T
RERIZE M AVE. SRT, PWO &R 7™ 441K Y Bl s
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FR il T & 72 w5 e 4 BRI LA A ) B . CAWO, (CWO)
P AR R DN KRB RS AR, 2 2 A K A I 2 AR
HEIEARE, AR T B B A TE ST R A AR 55 A
HAEH R E R (WIMP) (4 H bR bR A5 2R 5 9 15T 1Y)
MR B AT (A S AR K. HAT, R
ik BE LI A4 K ¢40 mm x 70 mm () CAWO, ffk, {H%
TR T, RN R e, MR — D s,
BIREF(ZoWO,) B AR 28 AR | WM o, B3
AFETT A AR . BRTATE K $50 mm x 100 mm
YN

P22 SBERE AR
Fig. 22 PbWO, crystal

BaF, fi &k B\ FL 25 4 A L0 A0 i i, 2 3 D
BEd R TN MR iR, B Ce 1) La & LaCly, LaBr,,
LuBr,, RbGd,Br, 1 Lul, 2584k MK B A H Nal: T 38 5
MR TR ], FE B2 R R h B
KN HTS . FRIRER A b B ATHIFIR . 2 9 TN AR A
YAP: Ce, LuAP: Ce, GdAP: Ce, YAG: Ce 55 f} &,
YAG: Ce i I (4 i 1 B I B2 A8 f AR 3 /N, mTa& T 11
T SR v TR Sy 2% 2 1o R 4B, A v ] G398 B 2 1
A BT BRI P A ORI TR, B HLTTE
2009 4F % 48 F vk O KO R R B OYAP iR
YAG: Ce ity i n] b JH Tl ioRLF ORI, B2 R, y
HEAH, IEHL 4 5 B J25 491 4 (PET) 1 H G 07 )22 49 411X
(CTS) . FRIE R FH iR S B2 AR K 2 100 mm 55 5
 YAG: Ce 1K™, AR TT A 75 56 L7 46 I J7 1 BCAC
CsL: TLFI BGO f A,

ERERIE R AR, FE NIRRT, 5
B EHR R I7 S FE PR R R AR, X 3
4 J5 A2 77 s S AR AR SE T S I i T L R BE 22
KL, T AL E BRI 4, SR BB RE T, Kk
J B H SR AT AL AR AR E 2 3 A
MR TTTH 2 55 Z 20

7 PMN-PT Stk FEE £ &
oty FE L0 0 B 28 B AR AR,

JE F B TR I 0 A RS iR . HeRB AR . UBURAR . AR
P th, Bz O T iE HOR S S AT H AR
o el A BIF ST AR Y BR L D BE A BE (1 — «) aPD
(Mg, ,Nb,,, )0, ,PbTiO, ( PMN-PT) il # £ iy, 84 5 H: d,, Al
ks 730 AT LA E) 2 500 pC/N A1 92% LA L, fie K AL
B PZT B ¥ (PbZr,  Ti,0,) & ih — A Bkt g, ik %)
1.7% . 1E4N Sciences Ffr /21, 5t T4 2k v 5 A 1 B
SR HLATUER SO AF SR Y — I D Ry mE T . BFgE
ZERRD], BBk R B LR E R ERE, e
DI GE R i b &, il s b — s ks ry B2 )
FERAESE . AR RE AR . LR SR e H 3K 2 % SF L[]
B, 85 0 e r MR RRIG [ AS ML R B e B 2R AR (Y P e R
IR SEan PRI A8 A . FTH A oK 20 4F Py, PMNT 545,
WTEEN BB, AN ESFAERS, DLAR
PUMLIE ZE25 3], Hlas NSE 4 Mk sl g 45 20 )7z 19
o AR, 30 IR oty R Bk v o b i A R AT I F G
PG FMREEHLEON , FERDG . O ZLAMER SR U7
HARA AR RN TS, 1M BLRRPERE R 2H A T LR e
A RIS T RE AR F o Tt T4 B k3K R A
MR B 25 R E PR 2w R R A A B R %R

hE R R BE T R R R A 58 I 4E 1997 4F H Bridg-
man J5 i A K T RS9 PMINT 8643 (18 23) ™,
SEENGIE T A AL R R 2 R A R R
Z[H GE. Siemens Fll Philips /A @], H 4% Toshiba 2\ &) 4§
T3t B2k H B S b B S A G 1 TR L B S AR, T )
TH—BEH B Bk,

23 REEMRHY - BRER AN An A
Fig. 23 Ph(Mg;3Nb,/3) -PbTiO; crystal

. HEEE PO RALAL F 2 4 b b TR Bl
An P i R S P A R A5, IEARR T BLA T R AT
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FNAE) Z2 07 BT ST A, RO 1 A% U Y
FERIF R A HAET, EN PR ek i, 9%
SCHAREE, OB T RIS e 00 o 5 4 At 0 ) o 26
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TEIE 2 10 A, 2k i st T84 B0 5h 14 B 5 R 2 B
BT REMIE . 3R E TPoRGE LI Ak R R 58 T 753X 7
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T—FRY R, LB REN . HrER LA
Sl Bk L LS FE K R R BE RN, BR TR A BB AR, KW
AR UK By 45 e 1 B R LA R T A 1 O 7E 4 TE R T
JFRESA T i ey SR R A . b
TR RE AR ERAF 78 T ] 45 1 T — 2 SRR Y PMINT 20, B2 1)
HeBERs, TR TR 2 FUE A Tk B R B R0 O
FAH OGRS ARG 1 K5 e fig

FEHT RS IR AR S SR, 5 PMIN-PT [R]2E (45
458 B,A,0,-PbTi0, (B, = Mg’ ", Zn*", S¢**, In®",
Yb'', A, =Nb'Y, Ta' ) TS| T2 HF5E . B T PMN
—PT4h, PZN - PT k™t ws il 2%, AR KL
HLRR G RBCRIA HUH B TR L I A R 3k BT SR FH el it
A BL A 2 vk e LA PhO O ER B RIAR R, AR T
30 mm x 25 mm [HELEA ARG PZN(91)-PT(9) B ™',

i F PMN-PT %5 @44 09 & B 58I ( PMN - PT 2524
150 °C, PZN —-PT %% 170 °C), i dm e Wik, jm
DIIR AR Al 7 e B AIG, R T X 2 R R TR
M/ R HER T R N . B, GEAER, AT TorE
PR e S L R L st PR PR SRR R BT, R T — R A
%, 1 Pb(Yb,,,Nb,,)0,-PbTiO, (PYN-PT) *' | Ph(In,,
Nb,,) 0,-PbTiO, ( PIN-PT) ([ 24) """ #l Pb(Sc,,Nb,,)-
PbTiO; (PSN-PT) " fA 2, 3 — bRk 4 5 HL 5 40 A4 52
KEwm o (HREMARA R GR R T, MR 5 K345
PEEB LA R

P24 HEEHIRET-BRIR Y
Fig. 24 Pb(In,,,Nb,,, ) O;-PbTiO; crystal
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Pl TR AR AR REEAR BSOS, RRH B0 i AE KTr
PSS N 1 i 12 N2 BN e & 0 I | B T2 OO
TN JE AR RN S R AR e AR A o A
T [ G T RE A IR 2 8 B A K-

SE Lt References

[1] Xu Jun (5 %4%). Advance in Laser Material Science and
Technology (WG KL FF = 5 HRTATHT) [M]. Shanghai:
Shanghai Jiaotong University Press, 2007.

[2] Tkesue A. Fabrication and Optical Properties of High Performance
Polycrystalline Nd: YAG Ceramics for the Solid State Lasers[ ]].
Journal of the American Ceramic Society, 1995, 78(4): 1033 —
1 040.

[3] Arie H. Transparent Ceramic Spark Laser Advances[ J]. Science

and Technology Review, 2006(4) . 10 -17.



10

EAk7 5 SLHRIIRE R BRI T 2 g

13

[4]

[5]

[8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Xue Yinghong( #£i41) , Wang Qingyue( £ ), Chai Lu( 4%
B) . WO HAE RIZHR Yb: GSO SRS BMORIE R[],
Chinese Journal of Lasers( W [Ei%:) , 2005, 32. 928.
Li Wenxue. Diode-Pumped Yb:GSO Femtosecond Laser|[ ] ].
Optics Express, 2007, 15 2 354 -2 359.
Mathias Siebold. Terawatt Diode-Pumped Yb: CaF, Laser[J].
Optics Letters, 2008, 33: 2770 -2 772.
Jacqueline Hewett. Direct Diode-Pumped Laser Produces Terawatt
Power[ EB/OL.] (2008 - 12 - 05) . [2010 - 08 - 27 ].
www. optics. org.
Pugzlys A. Multi-mJ, 200-fs, Cw-Pumped, Cryogenically Cooled,
Yb, Na:CaF, Amplifier[ J]. Optics Letters, 2009, 34. 2 075 -
2 077.
Simon Rivier. Passively Mode-Locked Yb:LuVO, Oscillator[ J].
Optics Express, 2006, 14(24). 11 668 —11 671.
Xie G Q. Dual-Wavelength Synchronously Mode-Locked Nd:CNGG
laser[ J]. Optics Letters, 2008, 33(16). 1872 -1 874.
Xie G Q. Subpicosecond Pulse Generation from a Nd: CLNGG
Disordered Crystal Laser [ J]. Optics Letters, 2009, 34 (1)
103 - 105.
Yu H H. High-Power Dual-Wavelength Laser with Disordered Nd:
CNGG Crystals[J]. Optics Letters, 2009, 34(2) . 151 —153.
Jiang H D. Thermal and Laser Properties of Yb: YAl; (BO; ),
Crystal[ J]. Crystal Growth, 2003, 250 458 —462.
Wu Y C. A New Lanthanum and Calcium Borate La,CaB;, 0,y
[J]. Chemisiry of Materials, 2001, 13 753.
Brenier A. Diode Pumped Laser Properties of Nd** Doped
La, CaB,;,0,y Crystal Including Two-Frequency Generation with
4.6 THz Separation [ J ]. Optics Express, 2009, 17 (21):
18 730 - 18 737.
Aka G. A New Non-Linear and Neodymium Laser Self-Frequency
Doubling Crystal with Congruent Melting: Ca,GdO ( BO; )4
(GdCOB) [J]. European Journal of Solid State and Inorganic
Chemistry, 1996, 33, 727.
Wang Jiyang. Research on Growth and Self-Frequency Doubling of
Nd: ReCOB(Re =Y or Gd) Crystals [ J]. Progress in Crystal
Growth and Characterization of Materials, 2000, 40(1). 17 -31.
Wang Jiyang, Zhang Huaijin, Wang Zengping. et al. Watt-
Level Self-Frequency-Doubling Lasers [ J .
2010, 18(11): 11 058.
Wang Guofu( E [ ). LD HMBOLMAEM B HsERIT].
Journal of Synthetic Crystals ( N T. & 224R), 1998, 27(4) .
390 -395.
Long Xifa( JE7G7%), Lin Zhoubin ( k&%), Hu Zushu (#41
W), et al. BEEIRANRRIIGUOLIEMFL[T]. Journal of
Rare Earths (1 [EH +244) , 2002, 20(6) : 567 —569.
Gong X. Analysis of Nd**
LigGd(BO; ) 5 Biaxial Crystal[ J]. Journal of the Optical Socie-
ty of America B: Optical Physics, 2006, 23 (10): 2 059 -

Optics  Express

Polarized Spectral Tons in

[22]

[23]

[24]

[25]

[26]

[27]

[29]

[30]

[33]

[34]

2 065.
Cyranoski D. China’ s Crystal Cache[J].
(19) : 953 -956.
Ye N, Tang D. Hydrothermal Growth of KBBF Crystals[ J]. J
Crys Growth, 2006, 293, 233 —235.
Wamg G L, Wang X Y, Zhou Y, et al.

Nature, 2009, 457

12.95 mW Sixth
Harmonic Generation with KBe,BO,F, Crystal[ J]. Appl Phys B,
2008, 91(1): 95

Chen C T, Wang G L, Wang X Y, et al. Deep-UV Nonlinear
Optical Crystal KBe,BO,F, Discovery, Growth, Optical Proper-
Appl Phys B, 2009, 97(1): 9 —25.

Kanai T, Wang XY, Adachi S, et al. Watt-Level Tunable Deep

ties and Applications[ J].

Ultraviolet Light Source by a KBBF Prism-Coupled Device [ J].
Opt Lett, 2009, 17 (10); 8 696.

Liu G D, Wang G L, Zhu Yu. et al. Development of a Vacuum
Ultraviolet Laser-Based Angle-Resolved Photoemission System with
a Superhigh Energy Resolution Better than 1 meV [J]. Rev Sci
Instrum, 2008, 79. 023 105.

Wem Xiaohong (& /N4T ). Synthesis, Growth and Properties of
New Nonlinear Optical Crystal MBBF(M =Na, K, Rb, Cs) (i
R OESE Sk MBBF (M =Na, K, Rb, Cs) B4R, ‘&
KEMEREMTE) [D].
and Chemistry, Chinese Academy of Science, 2006.

Beijing: Technical Institute of Physics

Chen CT, LuoSY, Wang X Y, et al. Deep UV Nonlinear Op-
tical Crystal RbBe, (BO3) F, [J]. J Opt Soc Am B, 2009, 26
(8): 15191 525.

Hu Zhanggui(§1255) , Zhao Ying(®  #5). A Method and lIis
Appuratus for the Large Sizenonlinear Optical Crystal Growth by
Combination of Crucible and Seed Crystal (H¥s 5K fMBEsh4 K
KRGFHEG M2 MR Y Jr i Je 88 ) . CN101503819[ P].
2009 -08 - 12.

Wu Y C, Sasaki T, Nakai S. CsB;05-A New Nonlinear Optical
Crystal[ J]. Applied Physics Letters, 1993, 62. 2 614 -2 615.
Wu Y C, Chang F, Fu P Z, et al. High-Average-Power Third
Harmonic Gneration at 355 nm with CsB;0s Crystal[ J]. Chin
Phys Lett. 2005, 22(6) . 1426 -1 428.

Rajesh D, Yoshimura M. UV Laser — Induced Damage Tolerance
Measurements of CsB; Oy Crystals and Its Application for UV Light
Generation[ J]. Optical Materials, 2008, 31(2) ; 461 —463.
Zhao Xin(#%  Jik), Zhu Shifu (&% ), Zhao Beijun (b
B, et al. ZnGeP, NZ 5 G S R ERATFELT].
Journal of Inorganic Chemistry( FALALZE2E4R) , 2009, 25(1) ;
99 - 103.

Yang Chunhui (1571 ), Wang Meng( T %), Xia Shixing
(HA2%), etal. ZnGeP, A GRS K [T]. Journal of
Synthetic Crystals( NT. 4 ) , 2009, 38(3): 113 -115.
Lu Yanhua (3% ) , Wang Weimin( E TJ&), Peng Yuefeng
(SZERIE) , et al. BERPOLHSRRGASTARSLLT]. High
Power Laser and Particle Beams ( 38356 5 ki ), 2006, 18

Chinese



14

Hh R s

529 &

[37]

[38]

[39]

(8): 1261 -1 264.

Ren P, Qin J. A Novel Nonlinear Optical Crystal for the IR Re-
gion: Noncentrosymmetrically Crystalline CsCdBr; and Its Proper-
ties[J]. Inorganic Chemistry, 2003, 42(1). 8 -10.

Zhang G. Synthesis, Characterization, and Growth of Cs,Hg;Ig:
A New Second — Order Nonlinear Optical Material [ J]. Crystal
Growth and Design, 2008, 8 (8): 2 946 -2 949.

Liu T. Mercury Bromide (HgBr, ) :
Material in IR Region with a High Laser Damage Threshold [ J].
Applied Physics Letters, 2008, 93(9): 091 102 -091 104.

A Promising Nonlinear Optical

[40] Zhang G. Appl Phys Leu[J], 2009, 95; 261 104 —261 106.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Zhang W G. Bulk Growth and Characterization of a Novel Nonlinear
Optical Crystal BaTeMo,Oq [ J].
2008, 8 (1): 304 -307.

Crystal Growth and Design,

Xinsong Lin, Ge Zhang, Ning Ye. Growth and Characterization
of BaGa,S;: A New Crystal for Mid-IR Nonlinear Optics|[ J].
Cryst Growth Des, 2009, 9(2) . 1 186 -1 189.

Ma Ruzhang( By 4 ¥% ), Jiang Minhua (% [ 4€), Xu Zuxiong
(1401 ) . Introduction to Functional Materials Science ( 31 E#1
BIRAMES) [M]. Beijing: Metallurgy Industry Press, 1999.

Chen C, Wu B, Jiang A. et al. A New Type Ultraviolet SHG
Crysytal B8 — BaB,0, [ J]. Scientia Sinica B, 1985, 28 (3):
235 -243.

Ebbes C A. Linear Electro-Optic Effect in 8-BaB,0,[J].
Phys Lett, 1988, 52(23): 1948 -1 949.

Appl

Nakatami H, Bosenberg W R, Cheng LK. Laser-Induced Damage
in Beta Barium Metaborate[ 1]. Appl Phys Lett, 1988, 53: 2 587
-2 589.

Nickel D, Stolzenburg C, Beyett A, et al. 200 kHz Electro-
Optic Switch for Ultrafast Laser System [ J].
2005, 76 033 111 -7.

Goodno G D, Guo Z, Miller R D, et al. Investigation of B-
BaB,0, as a Q Swith for High Power Applications [ J1. Appl

Phys Lett, 1995, 66(13): 1575 -1 577.

Rev Sci Instrum,

Stolzenburg C, Giesen A. Cavity-Dumped Intracavity Frenquency
Doubled Yb:YAG Thin Disk Laser with 100 W Average Power[ J].
Optics Letters, 2007, 32(9). 1123 -1 125.

Nikogosyan D N. Nonlinear Optical Crystal (E 28624 Fiik)
[ M]//Trans lated by Wang Jiyang( E4k4% ). Beijing: Higher
Education Press, 2009.

Roth M, Angert N, Tseitlin M. et al. On the Optical Quality of
KTP Crystals for Nonlinear Optical and Electro-Optic Applications
[J]. Optical Materials, 2001, 16 131 —136.

Roth M, Angert N, Tseitlin M. et al. Ferroelectric Phase
Transition Temperature of Self-Flux-Grown RbTiOPO, Crystals
[J]. Optical Materials, 2004, 26 ; 465 —470.

Tseitlin M, Mojaev E, Roth M. Growth of High Resistivity
RbTiOPO, Crystals[J]. J Crystal Growth, 2008, 310. 1923 -

1933.

[54]

[55]

[56]

[57

[

[58]

[59]

[60 ]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Roth M, Tseitlin M. Growth of Larger Size High Optical Quality
KTP-Type Crystals [ J]. J Crystals Growth, 2009, 312 (8):
1 059 -1 064.

Wang Jiyang ( T 4%3% ), Yin Xin( 7+ #£), Zhang Shaojun
(SRDE) , et al. RERRER & IR PR BT R B R ]
W9WF5E [ J]. Progress in Physics () ¥ 22 3 &), 2007, 27
(3): 344 -360.

Armstrong ] A, Bloembergen N, Ducuing J P, et al. Interac-
tions between Light Waves in a Nonlinear Dielectric[ J]. Physi-
cal Review, 1962, 127 1918 -1 939.
Berger V. Nonlinear Photonic Crystals [ J].
Letters, 1998, 81: 4 136 —4 139.

Ishizuki H, Taira T. High Energy Quasi-Phase Matched Optical

Physical Review

Parametric Oscillation Using Mg-doped Congruent LiTaO; Crystal
[J]. Optics Express, 2009, 18. 253 —258.

Zhu SN, Zhu Y Y, Zhang Z Y, et al. LiTaO; Crystal Periodi-
cally Poled by Applying an External Pulsed Field[ J]. Journal of
Applied Physics, 1995, 77. 5 481 -5 483.

Zhu S N, Zhu Y Y, Ming N B. Quasi-Phase-Matched Third
Harmonic Generation in a Quasi-Periodic Optical Superlattice
[J]. Science, 1997, 278 . 843 —846.

Ren T W, He J L, Zhang C. et al. Simultaneous Generation of
Three Primary Colours Using Aperiodically Poled LiTaO; [ J].
Journal of Physics; Condensed Matter, 2004, 16, 3 289 -
3 294.

Li HX, Fan Y X, Xu P. et al. 530-mW Quasi-White-Light
Generation Using All-Solid-State Laser Technique [ J]. Journal
of Applied Physics, 2004, 96: 7 756 -7 758.

Hu X P, Zhao G, Yan Z, et al. High-Power Red-Green-Blue
Laser Light Source Based on Intermittent Oscillating Dual-Wave-
length Nd:YAG Laser with a Cascaded LiTaO; Superlattice[ J].
Optics Letters, 2008, 33, 408 —410.
Gao Z D, Zhu S N, Yu Tu S, et al. Monolithic Red-Green-
Blue Laser Light Source Based on Cascaded Wavelength Conver-
sion in Periodically Poled Stoichiometric Lithium Tantalite [ J].
Applied Physics Letters, 2006, 89: 181 101 (1 -3).

Qin Y Q, Zhang C, Zhu Y Y, et al. Wave-Front Engineering
by Huygens-Fresnel Principle for Nonlinear Optical Interactions in
Domain Engineered Structures [ J ].
2008, 100: 063 902(1 -4).
Xu P, JiSH, Zhu SN, et al

Physical Review Letters,

Conical Second Harmonic Gen-
eration in a Two — Dimensional y(2) Photonic Crystal: A Hexa-
gonally Poled LiTaO, Crystal [ J].
2004, 93 133904 (1-4).
Xie ZD, Zhao G, Xu P, et al.

Physical Review Letters ,

Study of Optical Elastic Scatter-
ing in a Quasiperiodically Poled LiTaO; Crystal[ J]. Journal of
Applied Physics, 2007, 101 056 104(1 -3).

Xu P, Zhu SN, Yu X Q, et al.

Experimental Studies of En-

hanced Raman Scattering from a Hexagonally Poled LiTaO; Crys-



10

EAk7 5 SLHRIIRE R BRI T 2 g 15

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

tal[ J]. Physical Review B, 2005, 72. 064 307(1-5).
Thyagarajan K, Vaya M, Kumar A. Coupled Mode Analysis to
Study Cascading in the QPM Cerenkov Regime in Waveguides
[J]. Optics Communications, 1997, 140; 316 —322.

Zhang Y, Qi Z, Wang W. Quasi-Phase-Matched Cerenkov Second
— Harmonic Generation in a Hexagonally Poled LiTaO; Waveguide
[J]. Applied Physics Letters, 2006, 89, 171 113.

Zhang Y, GaoZ D, Qi Z, et al. Nonlinear Cerenkov Radiation
in Nonlinear Photonic Crystal Waveguides[ J]. Physical Review
Letters, 2008, 100: 163 904(1 -4).

Liao Jingying ( J5 f4%%), Ye Chongzhi( MH427%), Yang Peizhi
(B ¥ &), R B N IR AR R R AT S SRR [T ]
Chemisiry Research(fb2¢1F5Y) , 2004, 15(4): 52 -58.
Zhang Zhengguang ( 5k 4+ 5 ) , Wang Xiufeng( F 75 14) . FEMR
B (BSO) INHR AR A ORI FE 4538 [ ], Ceramic (K &), 2009
(9):33-38.

Zhou Juan (& 4F), Hua Wangxiang (%€ £ #£), Xu Jiayue
(BRFBR) . B BN AR Ly SiOs BWFFE it e[ J].
of Inorganic Materials( TTHLF B} 4R ), 2002, 17(6) . 1105
-1111.

et al.

Journal

Borisevich A, Fedorov A, Hofstaetter A, et al.
Scintillation Crystal with Increased Light Yield for the PANDA

Lead Tungstate

Electromagnetic Calorimeter [ J ]. Nuclear Instruments and

Methods in Physics Research A, 2005, 537(1-2): 101 - 104.
Michael Kiefer, Probst, Godehard Angloher. Glued
CaWO, Detectors for the CRESST-II Experiment[ ] ].
Materials, 2009, 31(10): 1410 -1 414.

Kraus H, Danevich F A, Henry S, et al. ZnWO, Scintillators

Franz

Optical

for Cryogenic Dark Matter Experiments[ J]. Nuclear Instruments
and Methods in Physics Research A, 2009, 600 (3):. 594
-598.

Chen Jianyu, Zhao Guangjun, Cao Dunhua, et al. Color
Center of YAIO; with Cation Vacancies [ J].

Physics, 2010, 10(2) . 468 —470.

Current Applied
Yang Xinbo, Li Hongjun, Bi Qunyu, et al. Growth of Large-
Sized Ce:Y;Al;0,, (Ce:YAG) Scintillation Crystal by the Tem-
perature Gradient Technique ( TGT) [ J].
Growth, 2009, 311(14): 3 692 -2 696.

Journal of Crystal

Service R E. Sharp Changing Crystals Get Shiftier[ J]. Science,
1997, 275: 1 878.
Luo Haosu, Xu Guisheng, Xu Huiqing, et al. Compositional

Homogeneity and Electrical Properties of Lead Magnesium

(82]

[83]

[84]

[85]

[86]

[87]

[88]

[(89]

[90]

[91]

Niobate Titanate Single Crystals Grown by a Modified Bridgman
Technique[ J]. Jpn J Appl Phys, Part-1, 2000, 39 (9B):
5581 -5 585.

Luo Laihui, Zhu Hua, Zhao Chunsheng, et al. Cylinder-
Shaped Ultrasonic Motors 4. 8 mm in Diameter Using Electroac-
tive Piezoelectric Materials[ J]. Applied Physics Letters, 2007,
90(5): 052904(1-3)

Laihui Luo, Dan Zhou, Yanxue Tang, et al. Effects of Mn
Doping on Dielectric and Piezoelectric Properties of 0.71Pb
(Mg, 3 Nb,,; ) 05-0.29 PbTiO; Single Crystals [ J].
Physics Letters, 2007, 90(10): 102 907 (1-3).

Luo HS, Xu G S, Wang P C, et al. PMN-PT Ferroelectric

Applied

Relaxor Crystal and Its Ultrasonic Transducer[ J]. Ferroelectrics,
1999, 231 (1-4): 685 -690.
XuJ Y, Fan S J, Lu B L, et al. Seeded Growth of Relaxor
Ferroelectric Single Crystals Ph[ (Zn,,; Nby/3 )¢ o1 ] Tig g0 O3 by
Vertical Bridgman Method [ J]. Jpn J Appl Phys Part 1-Regul
Pap Short Notes Rev Pap, 2002, 41 (11B) : 7 000 -7 002.
Zhang S J, Rhee S, Randall C A, et al. Dielectric and Piezoe-
lectric Properties of High Curie Temperature Single Crystals in the
Pb(Yb,,, Nb,,, ) O;_, PbTiO; Solid Solution Series[J]. Jpn J
Appl Phys Part 1-Regul Pap Short Notes Rev Pap, 2002, 41
(2A): 722 -726.

Guo Y P, Luo HS, He T H, et al. Peculiar Properties of a
High Curie Temperature Pb(In,,, Nb, ) O;-PbTiO; Single Crys-
tal Grown by the Modified Bridgman Technique[ J]. Solid State
Commun, 2002, 123(9): 417 -420.

Bing Y H, Ye Z G. Effects of Chemical Compositions on the
Growth of Relaxor Ferroelectric Ph( Se,,, Nb,,, ), _,TixO; Single
Crystals[ J]. J Cryst Growth, 2003, 250(1-2). 118 —125.
Tian J, Han P D, Huang X L, et al. Improved Stability for
Piezoelectric Crystals Grown in the Lead Indium Niobate-Lead
Magnesium Niobate-Lead Titanate System [ J]. Appl Phys Lett,
2007, 91. 222 903 —222 905.

Guo Y P, Xu H Q, Luo HS, et al

Properties of Pb ( Scl/2Nb,,, ) O5-Pb ( Mg, 5 Nb,,; ) O5-PbTiO,

Growth and Electrical

Ternary Single Crystal by a Modified Bridgman Technique[ J]. J
Cryst Growth, 2001, 226(1) . 111 -116.

Xu G S, Chen K, Yang D F, et al.
Properties of Large Size Pb(In,,,Nb,,, ) 0;-Pb(Mg,,;Nb,,;) O;

Growth and Electrical

- PbTiO; Crystals Prepared by the Vertical Bridgman Technique
[J]. Appl Phys Lett, 2007, 90. 032 901 - 032 903.



