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Femtosecond Optical Parametric Amplification with Group Velocity Matching
for Periodically Poled KTP

ZHANG Wei-quan
(Institute of Science, Zhejiang Sci-Tech University, Hangzhou, Zhejiang 310018, China)

Abstract The group velocity matching and group velocity dispersion have been investigated for noncollinear optical
parametric amplification with periodically poled KTiOPO, (KTP). A general mathematic model for evaluating the
spectral bandwidth of optical parametric amplification (OPA) is developed. The spectral bandwidth is determined by
expanding the wave vector mismatch in a Taylor series and retaining terms through second order. If the first-order
term vanishes, noncollinear interaction tree waves are group matching. And the spectral bandwidth is determined by
group velocity dispersion. The dependences of gain bandwidth on crystal length and pump intensity are also studied.
Selecting appropriate grating period, wider tunable range can be obtained with group velocity matching. The
parametric bandwidth is relating to crystal length, noncolinear angle, group velocity and group velocity dispersion.
Because group velocity is matched, the parametric bandwidth is very large. The effective nonlinear coefficient is
nearly equal to ds3. And maximum effective length and conversion efficiency are enhanced largely.

Key words nonlinear optics; noncollinear optics parametric amplification; group velocity matching; calculation of
spectral bandwidth

1 B =& 8 0 AR LG B AR T DS . 3 RS 5 T 3R St

B0 ) AT 2 OB R A B E S BIHOR
(OPAY IR R B A K rh M ERE R, JFILEM
2 VE e R 7] A 52 B A 2 D Fie AR 2R U A , X S A T
HA NG AABMEEEMAILAR ™, Smith™
T A BRI IE R RIC RS, B2 T

W #s H 81 :2005-12-05; W AT H 3 :2006-04-12

LR IC BL A 2 RTHOK » B[R] s 52 BE AR A7 DT Jic A
VCRL . G0 I 43 B AN UL B 2R A, B3RS A
VI PRI 58 e 1B R BT B IO L /N A ik o 5
FEB AR WK S BOR .

SCHRL8~10 BT 5L T JA 1tk i (A iy JE SE &R T e
ZRIPRMETI K. A TIRBEANSEH A,

EEEM KNI AM42—), B TR BN WL ETREHRE, TENFELM AL ER K. Email: mke@

hosonic. com. cn



1482 B 5] b4 b 33 %
— AR K E R T cm, S 4K B 58 ks 8 /N g XEORERS = i f, ¢ RPERTE -y FHBE
WP o ORI, DAZ0 R B — Fof 187 B R — B 9 T Bk R A 5 x B R T KT IR

BOBIEH T, AL EA AL I P B S B K.

G. Veitast'f1 L. Hongjum"? &2 LB T
B GTE W FE M 7 B . JRATR T S A S Y A A7 DT T
NS BMRMGE W FEIrEE . R 8] i 55 2 AH AL
VUG R B DTG, 6 E R B A H, RATINIB T
HHABXNSEWREMER T RNEN. EFEeE
AR A A 1 5 BB AR A5 TR Y L 4 T A R T U AC ) v
HARE RS '’RBR. HbMAH A =
22 pm, A, =600 nmi{ A =10 pm, A, =526 nm,7E
HERERYAESE 2R A T Al R85 5oL B K AL 7E0. 8~
1.6 podis [l A B AT 98 98 B o DE I R AP O A S B
Ko

2 ARIAMEMNITEOLF S
P U R 7 2 T

55 4% 1% J7 Ve 160 A 10 T S0 A R R 5L UG T S AR A A
HRMMICEAEWE 1 iR, alER. ESHE
KRR 5 R AR A R 6,,0.,05K, K, ,
K, K,, 373152 8 55 PR A v A 47 DT Be O
WM R X A =y PRI EE T c MK =
21/A,K; = 2n;m/A;(j = pyrs,D) JE ERABARF, B
K kT ALK

59 NG

k, = sinfcos$, k, = sinfsing, k. = cosd,
(D
2
(a)
2
Km
K (b)

P

B 1 BRE 6,0 6 HXTF K.
(a) B4 s (b) NTATE
Fig.1 Schematic wavevector
(a) counterclockwise angle g, ,8; and §; with respect to Km

(b) the clockwise angles

n=v2[e+ A+ @ —2Bb+AHVI]VE, (2)
XHA=1FKc—ka,B=Fkc+kaFfla=1/n:—
1/7%,0 = 1/n2—1/n’yc=1/n’—1/n’ fie = 1/7}
+ 1/t “HVEE = IR A PROEEE G . KTP &
& H {HBR /R (Sellmeier) R $ R 2% SCHk[14].

0 A% v A A7 UC L AR SR A EAE A W 2R R
B, B 1T

k. = sin(€—0;)cosp, k,; = cos(€—0,),
(j = pys,i) (3a)
& 1(b)%fh F
k,; = sin(é+0;)cosp, k,; = cos(6+6,),
G = prsid (3b)

XH &N K., A= BRI A 78 HEA AL IS S A AL 2R
it AK K
AK =K, — K. — K, — K. )
FAT TR BRI RA
AK = K,cos8, — K.cosf, — K;cosf; — 2xn/A, (5a)
EHTEN
AK |, = K,sind, — K.sinf. — Kisinfi,  (5b)
BB MG S BERNIAEILL A 6, F0., R
BRMAEILL A 0 R

g, = arctan

K, sind, — K,sind, 6)
K,cosl, — K.cosf, — 2n/A°

ANTREFRRESZEBNRER K AK BIT

B %%
AK(w, + Aw,) =
AK, + ddAmes) p L LA e, (D
Ws 2 do?

ﬁi AKO (ws) =0,
R B R =2 T P, s R B AR . AK) Xt
w, B—RM N

dAK, _ v — v cos(8 —6.)
dew. cost;

K vt = dK,/dw, = (dn,/dA; —n;) /ey G = s,1).
AK ) 3 ws B R H
d’AK ) /dw? = {{v;'sin(8 —6,) +
tand.[ v;* — v. cos(8 — 6.) ]} dl./dw, —
[gi + g.cos(8, —0,) ]} /cosb; , (9
XH g, =dv /dw, = d*n,; /d2 (X2 /27 (G = s,i),
5(b) KXt w. B—RIHI R
dd:/w, = (vi'sind, — v;  sind,) / (K;cosd) , (10)
dn;/da; #1 &*n;/dA] T WS SCIKL15].

, (8



114 AL« A PR AL R A B B IT IS R AP Bk s S B 1483

3 IR

FETEEW G W 58, 73 5 h 2 B W 5L 42
. ZEWTRESEBMRWEAGWR, BERRT H
RRE FRAFRAR. HHEKER L, TN
BR R KB
| AKL | < =, 1D
S8 9 R R BRI (Dt
1 &’AK

dAK
|:AK0 + G (e + 5 S

WM

(Aws)z}L‘ = x,

(12
SRW KB TIELLA 6,.0, 716, FHFELE -
6,0, , ZBFRBIERK.

£ dAK ) /dw, = 0 B, 155 F1 RIS i o R VT I
XAH S8 5 58 , A SR

v, = vicos(d —0.), (13)

BR45 5 O B B 3 45 T PRBOGE BRAE A5 5 06 7 a1 41

&, XBL,EFRD P —RTHE R, —REFA P

—J{IGE R T R, #FEREEB /NS B T,

MR —FIHER, BRGNS EFE. NS
B 5 g, i (12) AfR

Aw = [2x/(LUHT"?,

KB Ug = EAK), /dol SR TE 2000 CRIERTE) N

2(Ax) = 0.8X%/c/(LUDY?, (14)

c AMH, KeE MM HTRBEHEA KTP &k 2

320
280+

[ ST )

[

<o O
T T

160
120 1

oo
<

40 r

Parametric bandwidth /am

(e — e
06070809101.1121314151.6
Ay/um

B2 IREEMEYEKTPAZSERK (L=1cm)TE
BHELEH,ZBFRESESERKHRR
E&R PR RIS 2, =600 nm, A =22 pm; BRAM S RLK .
TR 4 R 3 ik £ R I £ 2, =526 nm, A =10 pm

Fig. 2 Dependence of parametric bandwidth on signal
wavelength in a type I phase matched periodically poled
KTP (L = 1cm) OPA when the group velocities
between the signal and the idler pulses are matched

solid line: wavevector corresponds to clockwise at 1, =600 nm, A

=22 pm; dashed line and spot-line are counterclockwise and

clockwise respectively at A, =526 nm, A =10 ym
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Fig. 3 Dependence of gain bandwidth (a) on signal
wavelength (solid line, dashed line and spot-line
are same as Fig. 2) and (b) on pump intensity at
different length of crystal (solid line and lone -
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