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Fig. 1 The system for measuring optical transient

relaxation

FDL: femtosecond dye laser: ODL: optical delay

line; PC: computer; LA: lock-in amplifier; OD:

photodiode; DG: data gathering svstem: P: pulsed

pump heam; B: pulsed probe beam: C: chopper; T:

polarizer: A: attenuator: F: focusing lens: S:

sample
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Table 1 Result and data used in the theoretical calculation

Au-Ba-0
initial temperature/K 300
pump energy of single pulse/n]J 0.5
electronic heat capacity, C.(T.) /1/m’K 71.4T.
lattice heat capacity, C; /1/m’K 2.5%10°
transmissivity at the wavelength of 647 nm/% 85
volume fraction of metal/% 25
thickness of sample/nm 300
peak temperature of electron, T max/K 300
elevated temperature of lattice, AT /K 8
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Fig. 3 Electron temperature (a) and lattice temperature (b) vs time delay with

variant g in the Au-Ba-0 thin film

HAPT(r, o) AFESMIREE, pC HPATERI TR, K ARG Z3E S o R 2 — M il
A 1 2

5 4

7 KAL) SR S) T, A SRl R B AR & T A AuBa-0 MBS IE L &
Wi 0 15 B W) P 2 A 2 o L 5 S80S IS v S 2 v AR B AR R I sl el R, O R A R
A& Au TR N POK RE 4 B 0 v 14 CRD SO K b A, SRS il T R A AR A
FURSE VS AN F SRR B R FE o A SCE RS S SR A EBEORL 1 1 R A B
W e I, B 2X10° W/m'K .

FH T L AT BRI B O 27 i s o N, 3 R T J R ) 48 Ja A Ok 3 A R R A ey G
015 A8 F A 3 3 N

Bt A LAER B AESRUC AW B AR A ) B ] 5 0 S G S A0 0 e R (1K ) SCFF, fEIEER
AN BT I

Z £ X M

I K. S. Wong. S. G. Han, Z. V. Vardeny. Studies of resonant and preresonant femtosecond degenerate
four-wave mixing in unoriented conducting polymers. J. Appl. Phys., 1991, 70(3) I 1896~ 1898

2 R. W. Schoenlein, W. Z. Lin, J. G. Fujimoto. Femtosecond studies of nonequilibrium electronie
processes in metals. Phys. Rev. Lett., 1987, 58( 16) I 1680~ 1683

3 G. L. Eesley. Observation of nonequilibrium electron heating in copper. Phys. Rev. Lett., 1983, 51
(23) - 2140~ 2143

4 H. E. Elasayed-Ali, T. B. Norris, M. A. Pessot et al.. Time-resolved observation of electron-photon
relaxation in copper. Phys. Rev. Lett., 1987, 58(12) : 1212~ 1215

5 P. B. Allen. Theory of thermal relaxation of electrons in metals. Phys. Rev. Lett., 1987, 59(13) :



738 H [ W it 25 %

1460~ 1463

F. Hache, D. Ricard, C. Flytzanis. Optical nonlinearities of small metal particles: surface-mediated
resonance and quantum size effects. J. Opt. Soc. Am. B, 1986, 3(12) . 1647~ 1655

J. L. Wu, X. Zhang, W. M. Liuer al.. Formation and properties of Ag ultrafine embedded in barium
oxide thin films. Surf ace Review and letters, 1996, 3(1) : 1077~ 1081

Wu Jinlei, Liu Weimin, Dong Yinwu et al.. Experimental study on photoemissive thin films with
ultrafine particles. Chinese Science Bulletin ( FHeFimd) . 1993, 38(3) 210~ 211 (in Chinese)

J. L. Wu, C. M. Wang, Q. D. Wuet al.. Study of optical transient relaxation of an Ag-0O-Ba thin
film. Thin Solid Films, 1996, 281( 1~ 2) . 249~ 251

S. 1. Anisimov, B. L. Kapeliovich, T. L. Perel' man. Electron Emission from metal surfaces exposed
to ultrashort laser pulses. Sov. Phys. JETP, 1974, 39(2) © 375~ 377

G. B. Backelet, F. Bassani, M. Bourg et al.. Surface and size effects on the electronic states of small
metallic clusters: a model caleulation. J. Phys. C: Solid State Phys., 1983, 16(21) I 4305~ 4319

W. J. Scouler. Temperature-modulated reflectance of gold from 2 to 10 eV. Phys. Rev. Leit., 1967, 18
(12) © 445~ 448

K. Ujihara. Reflectivity of metals at high temperatures. J. Appl. Phys., 1972, 43(5) © 2376~ 2383

Nonequilibrium Electron Relaxation in the Thin Film Stimulated by
Femtosecond Pulse Laser

Wu Jinlet Wang Chuanmin
(Department of Electronics, State Key Laboratory of Optical Fiber Communication System,

Peking University. Beijing 100871)

Abstract The pump-probe method was used for measuring the transient change of
optical transmissivity of a composite thin film Au-Ba-O which was stimulated by a
femtosecond pulsed laser. A phenomenon was observed that the optical absorption in the
thin film rapidly increased and then recovered in a few picoseconds. Optical relaxation is a
process in which nonequilibrium electrons, excited by laser pulses and originating from
Au ultrafine particles, return to the equilibrium state. In this paper. a theoretical value
of the electron-phonon coupling constant g of Au ultrafine particles in the composite thin
film was given.

Key words femtosecond pulse laser, thin film, electron relaxation



