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Influence of crystal temperature on femtosecond laser induced
ferroelectric domain inversion process
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Abstract: The near-infrared femtosecond laser induced ferroelectric domain inversion in an important method in 3D
nonlinear photonic crystal fabrication. Using structures produced by this technique, a series of attractive results have
been achieved in optical frequency conversion and nonlinear wavefront shaping. At present, the reported laser induced
domain inversion were all implemented at room temperature. For ferroelectric crystals, it would reach the Curie point
during heating, and many characterizations such as coercive field which relate to domain inversion may change serious-
ly. However, the effect of crystal temperature on femtosecond laser induced domain inversion is undefined. In this
work, the strontium barium niobate (SrBa, NbO,) ferroelectric crystal with the Curie point of about 70-80°C depends
on component proportion of Sr and Ba was used for domain inversion. Direct near-infrared femtosecond laser writing
was implemented at the temperature of 25-65°C. The domain inversion condition was judged based on the second-har-
monic pattern in far field. The variation tendency of threshold laser power for domain inversion depends on temperature
was tested and possible reason was predicted.
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Fig. 1 Schematic diagram of experimental setup for femtosecond laser induced ferroelectric domain inversion
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Fig. 2 Schematic diagram of experimental setup for second-harmonic generation observation



A LT 5N 5 B K Bk O

XX &

ot M CCD X B AL RSO EBEEATIE 5% o
2 GRS

2.1 fESAABESHT

BTG 2 5l 1A ST SBN SR, S A g
S 1] AT W 235 K4 T B AREAE a—y T PN 93 AT (R 54 2K
PE T P72 2k, +G=k, JUT 32 7R B R ) AF 057 VG i 2 A2, L
ok, Ak, 53 00 D BB AR I Ok, 6 R B O o I
3a Ay A8k [ A S DG T/ 5 PR 9 A7 DG e ) 2 1 2
N 2k, A i Y K MBI 2R 6, H R I 26 545 Ewald
Bk T o AR 42 3T i BRI, 540 Ewald Bk 5 {54 < T 78
ST A 22 2 W Ba rp i €0 B 34 BT s, 0 [58] A-d B
Shy Ak 1) A 57 DT AT 9] ] A Y AR R S A A A
(R

ARSI SR I I TEE A RN A SR AR 2 )
PRMR SRR L A, NI AR B ) AT Y Kk Bl
HUBESE R, LA 2 A ST, B & w6l 42
BETE x—y TN /INFR 5 1) B AL 23 A1 04 45804 O (Can 1]
3b AR A Sk iR ), Hob A A /% (18] 3b
TRk s ) vl T R AT 6 . & 3b i

0,375 I [520 A Shy i WL 0 o) 7 A= 1 R 15 78 (80 3 4R
RFRATA AR 57t A WA B AL A% 2K
Z 5, 925 o A E 5 AR i gs (an A 3d
FIER)

HEHOCH S 5, 45 RO ST A B X 380
ST R WEEE R, FERT SR A DG O R i
AR [ B4R % o P 3¢ oA IE T A 8 A4 3R 461 %) A+
A7 DERC i R A P, e s €2 5] AR 3 0 Ty A PR
PR 812 [0k i, Torp 6 0 6,k a5 1 T 4R 48 1 {5 4%
LR RS, (LI R AR A ) R AT B
] A6 507 B B — S = B s % ot TR Rk
W AN AR A4 R AT 5 5, DA A0 Ewald BRER AN
A5 QN 3e FR |, YA S T E T A5 40 Ewald 3R 1
BF, BIAT S5 BE —F5 A5 5 A o, T e DA e i
) 2R (5 157 Sk R 2 5 AR VT BE A 84S 2% . B IE
R 2 R R ) 9 A AL 5 7 S AT 7 A ) R
B FHR A E S, T 50 R, 2
FE AR R i, 525 RPN TEREAL YIS R ISR I
I3 A R TR A (U Be TR ) o FETILJE Y
3 3 ORI AN [ i T DX 35 ) A5 A BRI 35, BT )

(c)

P13 Ca) B o] £0A% S 0] 1 ) DDA R I 2 — U il 7 A AR DL C 7 14T, B AL (b ) AL N A 1E D7 s B S e wh (¢ ) 3 1 21

TERHR I UGB D™ AR I R A B e A Je 2 5L ((0) PRk AUR ARG %, R E TR AR S S TR A 2% <,
R A 7575 Sk AR A 125 A2 D BE A A BE LIRS 5% ) , BEATLIR () RO N T Ay TE 77 s R I 2 W e ) 981 it 7 £ ) S8 0 37 (DT B
CHAET W, REMUOCEERI 0 N AL BRI

Fig. 3

(b) and (c) distribution and participation of reciprocal lattice vectors in Cerenkov-type second-harmonic generation modulated by

(a) Schematic diagram of Cerenkov-type second-harmonic generation modulated by transverse reciprocal lattice vector,

random domains (b) and square lattice constitute by laser induced domains (c) (the arrows in (b) represent random reciprocal lat-
tice vectors, black arrows are reciprocal lattice vectors contribute to phase match process, gray arrows are reciprocal lattice vectors
which have no contribution in phase match process), (d) and (e) typical frequency doubled patterns in far field generated by spon-

taneous domains (d) and square lattice constitute by laser induced domains (e) (the color is artificial for better visualization)
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Fig. 4 Threshold power of femtosecond laser for domain inversion depends on crystal temperature
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Fig. 5

Schematic diagram of femtosecond laser induced domain inversion mechanism, (a) spontaneous domains in as-grown

SBN crystal, (b) thermoelectric field induced by laser focus inside the crystal, red arrows represent thermoelectric field lager than

coercive field, white arrows are thermoelectric field lower than coercive field, (c) distribution of inverted domain and spontaneous

domains, the domain marked by red square is inverted by femtosecond laser
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