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Dispersion Characteristics of Femtosecond Pulse in
Monopotassium Phosphate Crystal
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PANG Wan-wen, ZHANG Hui-fang
(College of Sciences, Shanghai University, Shanghai 200444, China)

Abstract; Based on the dispersion equation of principal-axis refraction index, regardless of crystal
absorption and other nonlinear interactions, dispersion characteristics of femtosecond laser in
monopotassium phosphate (KDP) crystal are studied. As a result of the crystal dispersion, light waves of
different frequencies in the incident femtosecond laser pulse propagating in a crystal can result in different
phase changes so that waveforms of resulting pulses are correspondingly changed. By numerical
calculation, propagation properties of the input pulse in the crystal are obtained. It is found that the pulse
width, intensity and expanding width of the output pulse depend on the crystal length, central wavelength
and polarization direction of the input pulse. The results may be useful in frequency doubling, pulse
shaping, development of optical crystal devices, etc.

Key words: femtosecond pulse; uniaxial crystal; dispersion characteristics; broaden width

FRAL K AT — R R GRS AR FERRMEEET L % SUSCA & BRI AT R 37, A
Pt B 1960 AR5 — BROEAEA LK, h T#E  TDHRE T T4 R8s 2= WGl ik b EoR /Y
R 7E RO R R AT R R IEOLEIE Y B WA A DK b R T A TR

Y 75 B #5:2009-08-16
EETE: 15 (AR L4 VE BT H (60407007,60908006)
BIEIEE T HE(1972 ~ ), 40 BISCER, -  BFIE 7 104 S K S AESE. E-mail ;yanwang@ staff. shu. edu. cn



24

XIHELL, 45 - RAPIK P/ AR — U BP dm R P ) (L HICRF I 177

AR R, AN THE 3R g s B A [ I, % Jok v ) FE Rt
A T BREESR TR, T 20 A% R T 2 Xk
MEAT R I T MR B o bk e
TEDGET DUMIESE 22 T RS v 8 4% i A Al T Y
BFFE TAE" UG T et i 45 5, 3o S B 0 1Y
Jik TR AE 50 R B R S S, X TR
o0 K i 7 B ARl AR B 28t e ) € BRI AR A S
D RFR S BB 9T CAR It 32 SR & oG R ATE
PR TRRD ke Al [ 1A A 5 K 43 R A B R Y
FERRRPE ) LR T o e TR B A 2 i L
DR TR

AT AR £ ZWF 50 R K b 72 85 R — A
( monopotassium phosphate , KDP) /i {4 {8 {4, 504
PE, AR R AR O HOT R S R ik 7E
AN L& b AR OL T, Gk 5 A AR LA .
I T AR N AR AE (B, S OGIAE A iR N 5 L —
FRAESE A2 Ak , DT A 6 AT o ) 4% i e 1 & 26 R
(RAE AL R EAILRR 7 6 S Bk i A7 o6 B o o o
A A I HEATBUE 0 BT 45 2R R, bk o
(K TE JG5R R T 23 B A K b Y O R SR
AR B B Ik e 516 B8 1 D i D7 =045 B 3R A9 742 Ak i 28
k. ABEFE AT B A 25 1, X TR AR5 | Bk vh 8 0E
DL iR R & S5 BA — € S E i {E.

1 IEigHtr

17 i AT b 55 s AR AH B B — A
LTl

]

Bl WAk SREREIERE

Fig.1 Interaction between the input pulse and the

KDP & %

crystal
B A CRPRK it ) A2 A B L SR B A
. r
E.(t) —exp(—lwot—ﬁ), (1)
DU A I e ) G 5 A A
I =1 E(¢) 17, (2)

L, o AL AT R LR R L), S
B T=A7r/(2/1n2), Ar Jg2F 5425 (full width half
maximum , FWHM) , E, (¢) (%) {& 5L 25 36 Ry HAR R A
Rt

E(w) = ziw[ZEi(t)exp(iwt)dt =

KDP A 7E % 8 T G Eor e ' h

2
n =2.259 276 4+ 12: 003 2247

A% =400
0.010 089 56 (4)
AL = 77.264 087"
=2 132 668 + 3227 9924A°
© A% =400
0. 008 637 494
(5)

A —81.426 317"
TEAZE &SRR I T B0 T, il A o 1l | Ak 1 A
DAL & BaE ST R T 1781 R

2mnl  2wn,L
- =mnl ST 6
y - k2l (6)
T = exp(i¥), (7)

LRI e, n, 53550 Ry SR B AT S 538 B
HUO PR B 3T 568 232, BATT 5 06 kot i) i i D7 =X
(o, J6) A K. o JEMIITHT R (4) , e SLHYIT 5T
73

1/n2(0) = sin’6/n’ + cos’6/n’, (8)
T, 0 W ASHGIR 5 S ARG e £, D A bk
UEZSO N NEY E]

E(w) =E(w) - T. (9)

X2 (9) HEAT 008 L An 4o, BIAT A5 21 4 Bk o
Gy g B 1] 4 A2 6y

E(1) = I_ZE‘(w)exp( Ciwt)dw,  (10)

HAH R, B 'G5 53 A7 N
1, =1 E (1)1 (11)

2 RS hREEER

AT FRFRE ST, ARA S BT EUE
B, 25 T iR o BRI 4 S e i 4,
2 A& 3 s, FRATSTR 0,0, Meon, (41.319°)
Bl A< 3 A R, (A RCR 2 b dn,/dA L dn/
dA J dn, (6)/dx FREEAERAEL RS, 73 I7E 0. 98, 1. 30
100 wmZEAy KA. THAAR S AT R A S 5
W1k (0.984, —0.028 76), (1.334, —0.009 99),
(1.069, —0.020 84) , if LL{E 0. 984 ,1.334 J% 1. 069
pum b5 €8 IR 2R 2 T A AE AR A 3 SR S it —
WS ERAE T B AR 38 3 2l As AR ik ol g o



178 R E R (H KRB 2E D

BT %

AP AR E LA O s i 9% 7 3, BT A
AR 025 S PR, SRR b R R P A e i, B
20 20k b Bk o ) AN ] L RBCRR .

153
152 F
151F

b

S1s0f

5149 |

E

S48}

51.47 L
146 [
145}

1 Y 1 1 1 1 1

0204060810121416182022
Central wavelength/um

B2 KDP & #0355 2 6 8 dh 2k A R A8 i I A2
2 41.319° BT HY e SERY BB B 2%

Fig. 2  Dispersion curves of principal-axis refraction
indexes and extraordinary ray index at phase
matching angle 41.319° in KDP crystal
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matching angle 41.319° in KDP crystal
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