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Generation of Femtosecond Laser Pulse at 1053 nm with Contrast of 10−11 by
Optical-Parametric Amplification *

SHEN Zhong-Wei(沈忠伟), WANG Zhao-Hua(王兆华)**, ZHANG Wei(张伟), FAN Hai-Tao(范海涛),
TENG Hao(滕浩), WEI Zhi-Yi(魏志义)**

Beijing National Laboratory for Condensed Matter Physics, Institute of Physics,
Chinese Academy of Sciences, Beijing 100190

(Received 23 October 2013)
A high contrast 1053 nm femtosecond laser pulse with free background is demonstrated based on non-collinear
optical-parametric amplification (NOPA). By permuting the signal and idler in two stages of NOPAs, 48.2 fs,
62𝜇J laser pulse at 1053 nm with contrast ratio of 2.3× 10−11 is obtained within the time scale of sub-5 ps. The
beam quality factors 𝑀2 for tangential and sagittal directions are 1.59 and 1.30, respectively. This work not only
proves a feasible way to generate a clean femtosecond laser pulse but can also be employed as an ideal frontend
for ultrashort ultrahigh intensity Nd:glass-based laser systems.

PACS: 42.65.Re, 42.65.Yj, 42.65.Lm DOI: 10.1088/0256-307X/31/1/014207

Following the remarkable recent progress of
chirped-pulse amplification (CPA) technology,[1] laser
peak power has exceeded petawatt (PW) scale[2−4]

and the on-target intensity of ultrashort intense laser
has reached 1022 W/cm.2 [5] At these relativistic in-
tensities, one of the major challenges is the capability
of achieving very clean pulses with an extremely high
contrast ratio. The pulse contrast, which is defined
by the ratio between the intensity of the pre-pulse or
pedestal and that of the main pulse, is therefore one
of the most important parameters of a high-intensity
laser system. In particular, the high contrast ultra-
short laser pulse at 1053 nm is attracting wide inter-
est because it can seed the high energy Nd:glass laser
facility for driving inertial confinement fusion.[6,7]

Up to now, several pulse-cleaning techniques
have been proposed in order to improve the con-
trast, including saturable absorber,[8] nonlinear po-
larization rotation,[9] cross-polarized wave genera-
tion (XPW),[10] Double-CPA,[11] optical-parametric
chirped-pulse amplification (OPCPA),[12] etc. The
OPCPA technique offers significant advantages over
other schemes, such as broad gain bandwidth, high
single-pass gain, no ASE accumulation, low thermal
effect. Conventionally, laser pulses with pulse du-
rations of nanosecond to tens of picosecond are uti-
lized to pump the temporal stretched seed pulse in
OPCPA, so that the main amplified pulse will still
be accompanied by the parametric superfluorescence
extending over the temporal window that is defined
by the pump laser, and the contrast will significantly
degrade in that time scale.[13] For example, although
a contrast ratio of 10−11 is achieved in these experi-
ments, it quickly drops to 10−6 level in the time scale

of less than 50 ps before the main pulse. Recently,
an OPA pumped by ultrashort femtosecond pulse has
been used to enhance the contrast in the region of
tens of picosecond.[14,15] Especially, under undepleted
pump and small-signal gain approximation the idler
exhibits higher contrast than the amplified signal, and
the contrast can be enhanced from 𝑅 to 𝑅3 by com-
bining second-harmonic generation and OPA.[16,17]

In this Letter, we demonstrate a method to gener-
ate high contrast 1053 nm ultrashort laser with a free
background based on non-collinear optical-parametric
amplification. The pump laser is the second harmonic
pulse of a CPA Ti:sapphire laser, and the initial sig-
nal is generated from white-light continuum (WLC).
By permuting the signal and idler in two stages of
NOPAs, a 48.2 fs laser pulse at 1053 nm with contrast
ratio of 2.3× 10−11 is obtained, extending within less
than 5 ps before the peak of the pulse.

The NOPAs system for high contrast 1053 nm fem-
tosecond laser generation is schematically shown in
Fig. 1. A homemade Ti:sapphire regenerative am-
plifier was employed in the experiment, providing
2.3 mJ/40 fs/1 kHz pulses at 800 nm. A piece of 1-
mm-thick 𝛽-BaB2O4 (BBO) crystal (Fujian Castech
Inc.), cut at 𝜃 = 28.9∘ for type-I phase matching, was
used to generate second harmonic pulses at 400 nm.
The conversion efficiency of SHG was about 30%. Af-
ter the frequency was doubled, a dichroic mirror BS1
was used to transmit 400 nm laser and reflect 800 nm
laser. A beam splitter BS2 was utilized to divide the
700µJ at 400 nm laser beam into two parts with en-
ergies of 30% (∼210µJ) and 70% (∼490µJ), which
were used as the pump laser of two stages of NOPAs,
respectively. On the other hand, the reflected resid-
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ual 800 nm laser pulse, whose energy was changed by
a combination of a half-wave plate and a Glan prism,
was focused into a 2-mm undoped YAG plate to gener-
ate the stable WLC.18 Then, the WLC was collimated
by a lens L2. After that, three mirrors with high-
reflective coating at 1053 nm were used to extract the
initial signal from WLC.
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Fig. 1. (Color online) The schematic layout of the NOPAs
system.

Two pieces of 7 mm× 7 mm×3 mm BBO crystals
(Fujian Castech Inc.) cut for type-I phasematching
(𝜃 = 28.2∘, 𝜑 = 0∘) were used in two stages of NOPA.
The spot sizes of signal and pump were matched to
2 mm in the crystals. A slight noncollinear angle of
∼1∘ was set between the signal and pump pulses,
which allowed separation of the signal and idler, and
which also meant that the sufficiently small angular
dispersion could be neglected. After fine alignment,
the 1053 nm initial signal was amplified, accompanied
by the generation of the idler pulse with central wave-
length of 645 nm. The idler pulse carrying the remain-
der of the pump photon energy was only generated
within the pump pulse duration. Consequently, the
idler pulse will not have a background leading to su-
perior temporal contrast. The energy of the 645 nm
idler pulse was 11µJ under the pump energy of 210µJ.
To increase the energy we sent the idler pulse into
the second OPA stage. The idler pulse of the first
stage, which was background-free, was now the seed
pulse of the second stage and was amplified by an-
other pump beam. Therefore, the idler generated in
the second OPA stage was shifted back to 1053 nm,
and its prepulses outside the time window defined by
the main pulse had been removed. Pumped with en-
ergy of 490𝜇J at 400 nm, the 1053 nm idler pulse with
free background was boosted to 62µJ, which corre-
sponds to the conversion efficiency of 12.7%.

In order to demonstrate the high contrast property
of idler pulse, contrast measurements were carried out
by a scanning third-order cross correlator (Sequoia,
Amplitude Technologies). Figure 2 presents the com-
pared contrast ratios. The contrast of the regenera-
tive amplifier (red dashed curve) is only 106, and it

is worse in several picoseconds before the main pulse.
This happens because of the amplified spontaneous
emission (ASE) in the CPA system. By permuting
the signal and idler in two-stage NOPAs, the contrast
of the 1053 nm idler pulse (black solid curve) in the
second OPA stage reaches 2.3×10−11 over a temporal
range from −35 ps to 35 ps. No pedestals are observed,
even though the time scale is extended to several pi-
coseconds before the main pulse. The prepulses in
27 ps before the main pulse are due to multiple reflec-
tions in the cross correlator and are of no practical
concern. The contrast of idler pulse here is still lim-
ited by the dynamic range of the Sequoia (typ.1010).
It may reach a much higher level without the limita-
tion of the measuring device.
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Fig. 2. (Color online) Third-order correlation traces of
the initial 800 nm pulse (red dashed curve) and the cleaned
1053 nm idler pulse (black solid curve) within the time
scale from −35 ps to 35 ps. The inset expands the 1053 nm
idler pulse to the time scale of 5 ps before the main pulse.
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Fig. 3. Spectrum of the 1053 nm idler pulse.

The spectrum of the 1053 nm idler pulse is pre-
sented in Fig. 3, which has a bandwidth of 50 nm
(FWHM). The pulse duration, shown in Fig. 4, is
48.2 fs (FWHM) assuming a sech2 temporal profile
measured by a commercial single shot autocorrelator
(China Daheng Group, Inc.). The authors of Ref. [19]
have shown that the sign of the even orders of spec-
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tral dispersion of the idler pulse is inverted from the
signal, and the idler pulse can be compensated by
passing through an identical positive dispersive mate-
rial. In our experiment, the negative chirped 645 nm
idler pulse in the first NOPA stage is partly compen-
sated for by the material dispersion of the BBO crys-
tal, which causes a relatively small positive chirp of
the 1053 nm idler pulse in the second NOPA stage.
Therefore, the 1053 nm idler pulse can maintain a rel-
atively short pulse duration without extra dispersion
compensation.
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Fig. 4. (Color online) Single shot autocorrelation trace of
the 1053 nm idler pulse.
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Fig. 5. Energy stability of the 1053 nm idler pulse within
one hour.
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Fig. 6. (Color online) Near-field beam profile and 𝑀2

factor of the 1053 nm idler pulse.

As a seed for a high-power Nd:glass laser system,
the energy stability and beam quality are essential fea-
tures. We measured the energy stability and beam

quality of the 1053 nm idler pulse. The energy stabil-
ity is shown in Fig. 5, which exhibits the energy fluc-
tuation of 1.36% (rms) in one hour. Figure 6 presents
the near-field beam profile and 𝑀2 factor of the idler
pulse, which is measured by a commercial beam ana-
lyzer (𝑀2-200 s, Ophir-Spiricon Inc.). The calculated
beam quality factor 𝑀2 is 1.59 and 1.30 for tangential
and sagittal directions, respectively.

In conclusion, we have experimentally demon-
strated a high contrast 1053 nm femtosecond laser
generation based on a noncollinear optical-parametric
amplification. With a 1053 nm laser pulse from WLC
as the initial signal, a 1053 nm idler laser pulse with
bandwidth of 50 nm and a pulse duration of 48.2 fs
is obtained by permuting the signal and idler in two
stages of NOPAs. Under a total pump energy of
700µJ at 400 nm, the output 1053 nm idler pulse is up
to 62µJ with fluctuation of 1.36% (rms). The contrast
of the 1053 nm idler pulse reaches a measurement-
limited level of 2.3 × 10−11 within the time scale of
sub-5 ps. We anticipate that this novel NOPA can be
employed as a high-contrast frontend for ultrashort
high-power Nd:glass-based CPA systems.
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