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We report on our high-contrast laser based on high-contrast, high-energy seed injection, low-gain optical para-
metric chirped pulse amplification (OPCPA), and Nd:glass amplifiers, which can be used as the high-contrast
front end of a high-power Nd:glass chirped pulse amplification (CPA) laser system. The energy of the stretched
1053 nm high-contrast seed pulse increases to 60 μJ by optimizing the frequency doubling crystal in the pulse
cleaning device. After passing through a two-stage low-gain OPCPA, a 2-pass 2-rod Nd:glass amplifier, and a
compressor the amplified pulse of 131 mJ∕282 fs is achieved. The third-order correlation scanning measurement
shows that the pulse contrast in the tens of ps range is about 10−7–10−8. With the high-contrast seed passing
through the stretcher and compressor only, the contrast measurement indicates that the stretching-compressing
process leads mainly to the contrast degradation of the amplified pulse.
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Ever since chirped pulse amplification (CPA)[1] technology
was used to amplify ultrashort pulses, the peak power of a
CPA laser system has been increased to PW (1015 W)
level[2–6]. With such high power, the focal plane intensity
will easily reach 1021 W∕cm2 or even higher. Under such
an extreme focusing condition, the coherent laser emission
or prepulses could be intense enough to destroy the physi-
cal conditions of the experimental target before the main
pulse arrives.
To avoid this situation, pulses with high temporal con-

trast are required. However, in the case of seeding from an
oscillator directly, the pulse temporal contrast in a CPA
laser system is usually limited by the amplified spontane-
ous emission (ASE) in the amplification process because of
low-energy and low-contrast of the seed pulses. Therefore,
several pulse temporal cleaning techniques have been used
at the end of the laser systems, such as plasma mirror
(PM)[7] and frequency doubling (FD)[8]. These techniques
have been proven to be effective for improving pulse
contrast, but high energy loss causes by cleaning process
could not be compensated, which seriously decreases the
peak power of the pulse. Therefore, many temporal pre-
cleaning techniques were used to generate high-contrast
seed pulses, such as saturable absorbers (SAs)[9], cross po-
larized wave generation (XPW)[10], and short pulse optical
parametric amplification (OPA)[11,12]. Usually, by high-
contrast high-energy seed injection, the ASE could be sup-
pressed efficiently in the amplification process. Therefore,
a high-contrast high-power pulse could be obtained in
Ti:sapphire CPA systems[13,14]. Recently, high-contrast

output was also demonstrated in a 1 μm diode-pumped
Yb material laser system[15]. However, it is still a challenge
to acquire a high-contrast amplified pulse in Nd:glass
CPA systems[16].

Another factor deteriorating the pulse contrast is the
prepulse generation. It is difficult to avoid pre- and
postpulses generated by surface reflections of optical com-
ponents in a CPA system, especially in a regenerative
amplifier (RA)[17]. Moreover, the prereplicas of the post-
pulses will also be generated at the other side of the main
pulse because of the B-integral accumulated in the ampli-
fication process[18]. Therefore, it is crucial to avoid pre- and
postpulses and to reduce the B-integral in a CPA system
for high-contrast amplification.

In the previous work, we developed a 1053 nm pulse
cleaning device that was pumped with an 800 nm
Ti:sapphire CPA laser[19]. The clean seed pulse was further
amplified in the second CPA laser and a high-contrast
pulse was obtained with ASE noise suppressed below
the level of 10−11 while there was a big pedestal before
the main pulse[20].

When the pulse contrast is considered, optical paramet-
ric chirped pulse amplification (OPCPA) has two main
advantages compared with regenerative amplification.
First, high single-pass gain in OPCPA could effectively
reduce the total B-integral accumulated in a system.
Second, the simple, compact layout of OPCPA makes it
possible to avoid the pre- and postpulse generation. How-
ever, for OPCPA, to obtain high-contrast amplification,
low gain amplification is required to suppress parametric
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fluorescence (PF)[21]. Moreover, high-energy pulse injec-
tion is also essential for effectively exacting energy from
the pump. In this work, we demonstrate our 1053 nm
high-contrast amplification based on an OPCPA-Nd:glass
laser setup. First, to increase the effective seed injection,
we improved the energy of the clean pulse and optimized
its spectral bandwidth to well match the transmission
bandwidth in the 1053 nm CPA stage. Second, to simplify
the laser system and to reduce the B-integral, a two-stage
OPCPA preamplifier was used to replace the previous RA.
Third, the contrast of the amplified pulse was measured
and the results showed that the contrast in the range of
tens of ps before the main pulse was enhanced to about
10−7–10−8 compared with our reported result[20]. Finally,
the further contrast measurement with the high-contrast
seed passing through the stretcher and compressor only
indicated that the stretching and compressing process
led to the contrast degradation of the amplified pulse.
In the previous work[19,22], we built a 1053 nm high-

contrast pulse cleaning device based on OPA and second-
harmonic-generation (SHG) process pumped with a
commercial Ti:sapphire CPA laser. The energy of the
clean pulse had decreased to about 70 μJ because
the OPA layout mismatched slightly and the energy of
the 800 nm pump laser also decreased. In this device,
we used a 0.5 mm-thick type-I β-barium borate (BBO)
crystal as the SHG crystal to generate 1053 nm seed
pulses. Usually, a thin SHG crystal leads to a broadband
spectrum and low output energy. Considering the limited
transmission bandwidth in the 1053 nm CPA stage, a
broad bandwidth would decrease the effective energy of
the stretched pulse. Low signal injection would lead to
low amplification in OPCPA and especially it could not
suppress the PF generation under the condition of a high
intensity pump. With a fundamental frequency injection
(2106 nm) of 450 μJ, the SHG output (1053 nm) increased
to 220 μJ after 4 mm-thick type-I BBO was used. Most of
the energy was concentrated in a bandwidth of about
20 nm near the Nd:glass gain peak (1053 nm), as shown
in Fig. 1(a). The scanning cross correlation measurement
(Sequoia-1000, Amplitude Technologies) showed that the
contrast was about 1010−1011 [Fig. 1(b)].
The schematic diagram of the hybrid double CPA laser

system was shown in Fig. 2. The first CPA stage was a
commercial 1 kHz 800 nm Ti:sapphire CPA laser. In
the second (1053 nm) CPA stage, the cleaning seed pulse
was injected into the Offner triplet stretcher. Limited by
the size of the grating, the full transmission bandwidth of
the stretcher was about 18 nm as shown in Fig. 3. The
output energy of the stretcher was 60 μJ which was
improved by one order compared with our preresult[20],
corresponding to a whole transmission of 27%. The
stretched pulse duration was about 1.1 ns (FWHM). After
the stretcher, a Faraday isolator was used to prevent sur-
face reflections from the following amplifiers to destroy
optics in the stretcher. The beam was up-collimated to
4 mm in diameter to match the pump beam size.

Two OPCPA stages were used as the preamplifier to
replace the RA in our hybrid double CPA system[20]. In
the first OPCPA stage, the 7 mm × 7 mm× 20 mm
BBO crystal was used, and the 7 mm × 7 mm× 8 mm

Fig. 1. Output characteristics of the improved pulse cleaning
seed: (a) spectrum and (b) third-order correlation contrast
measurement.

Fig. 2. Schematic of the hybrid double CPA laser system. HWP:
half-wave plate; QWP: quarter-wave plate; DM: dichroic mirror;
TFP: thin film polarizer; HR: high-reflective mirror.
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one was used in the second stage. Both crystals were cut at
22.85° for type-I phase matching. The output faces were
also cut with a 0.5° wedge to avoid postpulse generation
and to suppress intracavity oscillation. The pump source
for the OPCPA was a single longitudinal mode 532 nm,
10 Hz Q-switched Nd:YAG laser (Quanta-Ray lab-150,
Spectra-Physics) with a maximum output of 230 mJ
and a pulse duration of 5.5 ns. The pump beam was
down-collimated to 4 mm in diameter through a 1.8∶1
vacuum image relay telescope and a 400 μm pinhole
was used to filter off the high-frequency modulation
over the beam profile. To reduce PF, a low pump
energy of 160 mJ (corresponding to pump power of
230 MW∕cm2) was used to keep the OPA process working
at a nonsaturated state[21]. The internal noncollinear angle
between the pump beam and signal beam was about 0.67°.
The output energy from the first stage was 6 mJ. The sig-
nal pulse and the pump pulse were separated by dichroic
mirrors. The residual pump energy was used to pump the
second OPCPA stage and in the second stage the pump
pulse had an extra 1.1 ns delay compared with the signal.
Thus, the signal pulse could be amplified by different time
parts of the pump pulse in two stages. The output energy
of the second stage was 15 mJ with a total gain of 300 in
the two OPCPA stages. The output stability was limited
mainly by the time jitter between the pump pulse and the
seed pulse and the beam profile of the OPCPA was seri-
ously affected by the poor pump beam profile. In the near
future, we plan to build a new pump laser seeded by a sta-
ble CW single longitudinal mode laser to reduce the time
jitter and to improve the homogeneity of the pump beam.
The amplified spectrum of the OPCPA (Fig. 3) showed
that the OPCPA was operated on a nonsaturated state.
To improve the homogeneity of the beam profile, the

beam was expanded by a Galileo expander, and then a
4 mm homogeneous beam was picked out with a round
serrated-tooth apodizer. After passing through a Faraday
isolator, the beam was up-collimated to 8 mm in diameter
and a pinhole was used to filter off high frequency

components. After beam homogenization, 2.1 mJ of
energy was remained.

The filtered pulse was injected into the 2-pass Nd:glass
amplifier. A 90° quartz rotator was used between two
ϕ10 mm Nd:glass modules to reduce the thermal depolari-
zation loss. The beam divergence was optimized by chang-
ing the operating frequency, adjusting the voltage of the
flashlamps and selecting the appropriate curvature radius
of the convex mirror. To reduce the B-integral in the
Nd:glass amplifier, the circular polarization was generated
by inserting a 1∕4λ plate before the first glass module to
reduce the effective nonlinear index of the gain glass[23].
After 2-pass amplification, the pulse energy increased to
180 mJ at a repetition rate of 0.5 Hz.

The amplified pulse was sent into the two-grating test
compressor and the 282 fs compressed pulse was obtained
(Fig. 4). The transmission of the compressor was about
73%, with an output of 131 mJ and the output stability
of the whole system was about 2.3% rms (Fig. 5), which
made the scanning contrast measurement possible.

The contrast of the compressed pulse was measured by
the scanning third-order autocorrelator. The scanning
curve was shown in Fig. 6 with the OPCPA preamplifier.

Fig. 3. Spectra of the stretched pulse (black line), the pulse after
OPCPA (red line), and the amplified compressed pulse (blue
line).

Fig. 4. Measured autocorrelation trace of the amplified com-
pressed pulse.

Fig. 5. Stability of the amplified compressed pulses.
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The curve of the OPCPA-Nd:glass amplified pulse showed
three characteristics in different time ranges: (i) in the
range before −170 ps, the measured contrast was about
10−11, which was limited by the dynamic range of the
measuring device; (ii) in the range from −10 ps to the
main pulse, the contrast curve rose quickly, which was de-
cided by the dispersion of the system; (iii) in the range
from −170 ps to −10 ps, the contrast curve rose slowly.
Compared with the pulse’s contrast amplified by a
RA (see Ref. [17]), the contrast was enhanced more than
one order. For the OPCPA: first, the B-integral of
the OPCPA could almost be ignored because of its
high single-pass gain; thus, the accumulated B-integral
of the system was very low (lower than 0.2 in our case);
second, because the layout of the OPCPA was simple
and the optical components were cut with a wedge to
avoid postpulses, there was no obvious pre- and post-
pulses; third, the nonsaturated OPCPA suppressed the
instantaneous gain saturation effect due to which the pre-
pulses could also be generated by postpulses[24]. Therefore,
a better temporal contrast could be achieved in the
OPCPA-Nd:glass system and we did not see any
evident influence of the high-frequency pump noise that
would deteriorate the amplified pulse contrast in the
OPCPA[25].
The slow rise over the range from−170 to −10 ps in the

contrast curve of the OPCPA much degraded the pulse
contrast. To find its origin, the 4-pass stretched high-
contrast seedwas directly sent into the compressor without
passing through the OPCPA and the Nd:glass amplifier.
The residual pulse energy was low (about 55 μJ) after
the compressor, which limited the dynamic range of the
measurement device to about 10 orders. However, it still
obviously showed that the red contrast line was similar
to that of the amplified pulse (Fig. 6). Therefore, we could
conclude that the stretcher and compressor led mainly to
the contrast degradation of the amplified pulse.
There were two possible factors in the stretcher and

compressor that would affect the pulse contrast: the

wavefront error and the roughness of the optics
surface[26]. In the case of the wavefront error of optics, it
is well known that it leads to low-frequency spectral phase
noise in a stretcher or compressor that mainly broadens
the pulse duration, thus degrading the contrast in the sev-
eral ps range[26,27]. However, the roughness of the optics
would lead to high-frequency spectral phase modulations
that would produce a low-intensity pedestal around the
main pulse over a long time range[28]. Recently, it was dem-
onstrated theoretically[29] and experimentally[30] that this
phase noise also exhibits spatiotemporal coupling in the
far field, and the application of higher-quality optics
showed that it could reduce the high-frequency noise
and improve the contrast[31].

In conclusion, we optimize our OPA pulse cleaning de-
vice to generate a high-energy seed pulse with a matched
bandwidth at 1053 nm. With the high-energy seed pulse
injecting, the pulse is amplified in a two-stage OPCPA
preamplifier and a 2-pass 2-rod Nd:glass amplifier. The
scanning contrast measurement shows that the amplified
pulse contrast ratio is improved to 10−7–10−8 in the tens of
ps range before the main pulse. With the high-contrast
seed passing through the stretcher and compressor only,
the contrast measurement indicates that the stretching-
compressing process leads mainly to the contrast degrada-
tion of the amplified pulse.
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