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Two-Photon Excitation of Polycrystalline Diamond Window Material
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Under the action of ultrashort-pulse pump light, the dynamical evolution processes of nonlinear
absorption and nonlinear refraction of polycrystalline diamond are studied by using two-photon excitation. In the
dynamic experiment of nonlinear absorption, two different recombining processes of activated carriers are observed
in the diamond sample, whose time scales are hundreds of picosecond scale and nanosecond scale, respectively, and
the time constant of each process under the action of pump light with different energies is obtained accurately. In the
dynamic experiment of nonlinear refraction, the positive change of nonlinear refractive index induced by the
nondegenerate two-photon absorption process is observed and the third order nonlinear coefficient of the sample is
obtained.
Key words nonlinear optics; two-photon absorption; femtosecond pump-probe; polycrystalline diamond; phase
object
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Fig. 1 Schematic diagram of experimental light path
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Fig. 2 (a) Nondegenerate two-photon absorption; (b) degenerate two-photon absorption

X T ND-TPA s #2 R IOE O 7 Wl B 1R TR ML OB 69 T B . X067 Mol iy i i) RO Ak
N AR KA R b AT DA S B I A R DAL ORI O O 5 B9 TR Ra AT A il iz O K b R IO Tk b B S
i} A4 %2 AE o B A A X B ) SR R BRI, X TPA s B s b i g B TRES TP A R R T ax s
FIH B0 7 2 5 RIDEOE T A A A AR CAnEcsh) 2 SR R MDEOE s i N . i T 8OR T eI
I 6] 7E B FD 2 A 2, TR B AR AR o3 R A S v AT DUOL I B i — R A2 5 R O R A 0 R A2
iRRLT

i AR AR L WG AR L Blis S TE 4 WA A 1 T T I A 2 P B A R T R DT Y R 4 1
Yo, FEA PR R R R T PR R AR LT 5 X 02 — M =B AR M B TR A O
TG R B AR LTS T LU L AR et i R R AR . AT e R TR A R 4 i A2 R T 1 ) 4 WA R
i P AR B AR SIS B R AR AT I i DAL AL S SR A T — A ad R A0 AR A R S Rl 2 M B R R AR AR TR A
9 BEE 73 T FIECEL T 58 225 SCRRC10 ] 3 BEAS PR3

4 SEEREE R

SLEGEERANE 3 s, B 3Ca) 45 T AL A 2 Wl S B0 45 S L BRI FL SRR i 1 I — b a7 i %R B 4l
32 6 55 R DU G AF X ZE 3R 15 ) 1 A8 A A B0 L Az e Bk oh BE I8 O 4.5 mJ/em® . DB PRI DU B R 2 T ik
S 2E LA R, B SE0E ND-TPA i # , Qi i d . 3% — 2o B & A 76 A 28 3R B[]y 0.3 ps 1 X35k
PN (5 5 0 B Xt 0 s Y Ik e 1 R SE O o RS TT L AR T R 5 A AR A R TR AR RN K A T A A AR
PRSI R P 1 10 52 406 8 B0 DR A L DR O T S S R B A A B A A R A A TRD R B o) A
v, =(85E4) psfHll v, =(2324438) ps, L& R 5 CHERL3 X CVD 4 NIl (9 A DCH B A AT . 52 50 v ik D) &
TRl H2 S BE 15 O B b 2R T 1 R R RS o R A S R R SR LR 1. R T B R 4
W7 00 K 2 10 7 B R e g s A R B e G o R

g 101
1021 @ E 0ss Lo m) Grap
= 097 Z13}
E % 0.96 51'4 B § 12+
= 2 094 £ 13 &}
%) 2 -1 0 1 2 3 4 5 @ £ L0
% Time delay /ps % 209 . . L )
B 098} Socom B1l2- 210 -05 00 05 10
=] =] Time delay /ps
<5} Q
q 211t
£ 0.96 g ft ‘
2 2 1.0 - “W R i
0.94 1 1 1 1 1 0.9 /| 1 1 1 1 1 1 1
0 200 400 600 800 -10 -5 0 5 10 15 20 25 30
Time delay /ps Time delay /ps

3 Ca) FFFLAR S MW e 52 30 25 5L 5 (o) PR AL AR Ze M3 5 5 56 25
Fig. 3 (a) Open-aperture experiment result of nonlinear absorption;

(b) closed-aperture experiment result of nonlinear refraction
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Table 1 Free-carrier lifetimes with different pump pulse energies
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Fig. 4 Time resolved nonlinear absorption spectra of polycrystalline diamond
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