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Measurement standard for temporal parameters of ultrashort pulse laser
DENG Yugqiang
(Optics Division, National Institute of Metrology, Beijing 100029, China)

Abstract: Temporal parameters of ultrashort pulse laser and ultrashort pulse laser measuring instrument cannot be traced to the
International System of Units for a long time due to the lack of measurement standards. This paper introduces the measurement stan-
dard for time-domain parameters of ultrashort pulse laser at the National Institute of Metrology (NIM), China. An instrument based on
Spectral Phase Interferometry for Direct Electric-field Reconstruction (SPIDER) was constructed. The spectral phase of femtosecond
pulse laser was automatically and accurately extracted with wavelet-transform technology, and the time-domain waveform of the ultra-
short pulses was precisely reconstructed with the inverse Fourier-transform technique. The expanded uncertainty is U,=8% (k=2) in a
measurement range of 10~500 fs. A large range autocorrelator was developed. The accurate measurement and traceability of ultrashort

pulse width in the range of 10 fs~50 ps are realized, and the expanded uncertainty is U, =10% (k=2). The national measurement stan-

rel

dard "Calibration setup for ultrashort optical pulse autocorrelators” was established, and the expanded uncertainty is U,,=10% (k=2)
in a measurement range of 10 fs~12 ps. The measurement standard provides an accurate traceable standard for ultrashort pulse mea-
surement instruments, and plays an important role in ensuring the accuracy and consistency for the measurement results of ultrashort
pulse temporal parameters.

Key words: ultrafast optical metrology; measurement standard; phase retrieval; autocorrelation
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Fig.1 Schematic diagram of spectral phase interferometry for

direct electric—field reconstruction
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Fig.2  Setup of spectral phase interferometry for direct electric—

field reconstruction
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Fig.3 Measured spectral shearing interferogram
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Fig4 Wavelet-transform of spectral shearing interferogram
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Fig.7 Measured autocorrelation for a 20 fs laser pulses
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Fig.8 Measured autocorrelation for a 500 fs laser pulses

AN H R o R 04 bk ep o I AR
JT LA 2 1 8 ok i R DA R B A B
S . B A DA I 25 R R B A O T
PO Ik i 3 S B Pl AR Ok o R S T 3R A . R
TR AR AR ik b I T 5 | A 00 AN R )
JIF 14932014 A5 i LK F AH 5C 58 B2 AR S 4% o 70
B, kg A R s ik o i T8 AN 38 4 7™ A 0 I A
B BE o X T R e Ik w3 i R B R A,
fif & MR O AR AR s A B A I B A S 1R
BT

I S ASOASE v 1 (L 90 VR A e 1 0 1 9 /s
i fE 1R DAL A 0 e 25 R 0 U 2 O 1 AR 6 T B
Ao MR T AR A7 P I S Y TR bk o
RS AR Y TRUUSIER P S R= P CNER  E P 1
A 55 SR AT A U o G AR A 9 T = U
149 S T A SO0 58 3] D' i e S PR R R e, [ R
TE G A A P 0 S (SO 2 ' B v e AT 5 R B
AHAE T AR Bl I ik b O i B R . ARk A
A AL WA IEAL HE ST, KBRS A A A A T o
XTI A5 R AT R, PRIFEBE AL AR DA i 45
SR e AT 5

g | ez )

g% R

( owmerwmas )

eSS
A%

| eeh )

BA
e
T

i | weranxn
il
FO AR R {3 e P

Fig.9 Block diagram of tracing and transferring for

autocorrelator calibration
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