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The capability of chirped-pulse compression and beam focusing of an object-image-grating self-tiling grating
compressor is demonstrated in an optical parametric chirped-pulse amplification laser for the first time. Probe lasers for
tiling error adjustments, which are generally required by the traditional tiled-grating compressor, are not needed in our
demonstration any more. With the aid of the double-sized effective optical aperture of the second grating in the
compressor, a 490 fs near-transform-limit pulse duration and a 90 μm near-diffraction-limit focal spot are obtained,
synchronously, which are very close to the ones achieved by a non-tiled grating compressor with equal-sized individual
gratings.
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1. Introduction

Ultra-intense laser, such as petawatt (1015 W) and
exawatt (1018W), is a hot spot recently [1–5]. The
generation of femtosecond multi-petawatt lasers, such as
ELI-beamlines [6] and Vulcan 10-petawatt [7], and pico-
second petawatt lasers, such as Omega-EP [8], Gekko
MII [9], PETAL [10], and SGII-PW [11], is enabled by
the chirped-pulse amplification (CPA) technique [12,13].
The temporal compression of chirped long-pulses is a
key process for a CPA system to obtain ultra-short
pulses. The parallel grating pair method proposed by
E. B. Treacy usually is used to introduce a large amount
of negative chirp to reconstruct an unchirped original
short pulse [14]. A large pulse-width compression ratio
in a treacy compressor requires a several-meter long
slant distance. The angular dispersion at the first grating
and the long slant distance within the grating pair will
lead to a pulse spatial profile laterally broadening at the
second grating. Therefore, a sufficient large grating is
required. Moreover, in a high-energy ultra-short laser,
the beam aperture needs to be expanded to a sub-meter
level to avoid laser-induced damages of gratings [15],
which further challenges the manufacture of large grat-
ings. Recently, a near 2 m grating was needed by the 10
petawatt design of the ELI-beamlines in Czech [6],
which is much larger than the available largest grating of
0.96 m. In future, this problem of grating-size-limit will

continue to challenge huge ultra-intense laser facilities
such as ELI (200 petawatt) [1].

The object-image-grating self-tiling (OIGST) method
presented by our group is a new way to enlarge the
effective optical size of a grating by tiling it with a mir-
ror [16]. The mirror is placed perpendicular to the grat-
ing, and thereby the image of the grating will be
produced behind the mirror surface. The image grating
and the object grating will form a two-segment tiled
grating and double the effective optical size of the origi-
nal individual grating. In an OIGST tiled grating, there
are only three types of tiling errors between two segment
gratings: “tilt” (rotation around grating lines), “rot” (in-
plane rotation), and “shift” (in-plane transfer perpendicu-
lar to grating lines), and the other three types of tiling
errors: line-density variation, “tip” (rotation around the
grating vector), and “piston” (transfer perpendicular to
the grating surface) that challenge the traditional grating
tiling method [17,18] are eliminated adequately with the
aid of the object-image relationship. Thereby, it becomes
very convenient to achieve and maintain the near-ideal
tiled grating condition only by observing the far-field dif-
fraction focal spot distribution of an arbitrary wavelength
arbitrary incident angle monochromatic probe laser pass-
ing the seam of the tiled grating. Recently, the potential
problem of the higher requirements for adjustment accu-
racy and maintaining stability existing in the OIGST
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method has been solved, as well [19]. However, up to
the present, this efficient and simple method has not
been used in a CPA laser to verify its usability. In this
paper, we report the temporal (chirped-pulse compres-
sion) and spatial (beam focusing) demonstration of an
OIGST grating compressor in an optical parametric
chirped-pulse amplification (OPCPA) laser at our labora-
tory. This work is the feasibility research of introducing
OIGST into our future10-petawatt laser facility.

2. Demonstration and result

The demonstration laser system, as shown in Figure 1, is
a standard OPCPA system which consists of an oscilla-
tor, a stretcher, an amplifier, and a compressor. A 250 fs
(FWHM) short pulse at 1053 nm center wavelength with
a 6.5 nm (FWHM) bandwidth from a Nd:glass oscillator
is deeply chirped to 3.3 ns by an eight-pass Offner-grat-
ing stretcher with a 18.6 nm spectrum window and a
400 mm 1740 g/mm gold-coated grating. After a two-
stage LBO and BBO-based optical parametric amplifica-
tion, the single-pulse energy is amplified from 0.5 nJ to
85 mJ. Then the amplified chirped-pulses are injected
into an OIGST grating compressor and dechirped to high
intense short pulses.

The top view of the OIGST grating compressor is
shown in Figure 1. The compressor consists of two
1740 g/mm multilayer dielectric (MLD) gratings (G1 &
G2) and two roof mirrors (RM1 & RM2). G1 is a 100
mm (width) × 200 mm (height) individual grating. G2 is
an OIGST tiled grating consisting of a 200 mm (width)
× 200 mm (height) individual grating and a 100 mm
(width) × 200 mm (height) aluminum-coated imaging
mirror. The imaging mirror doubles the effective optical

size (width) of the grating from 200 to 400 mm by tiling
the object grating (solid line) with its image grating
(dash line), and the spatial width of the tiling seam is 3
mm. An 8 mm diameter chirped-pulse beam is incident
on G1 at 70o by an injecting mirror, and the spectrum-
based spatial laterally broadening beam arrives on G2
with a slant propagation distance of 2.43 m (1053 nm
center wavelength). Accordingly, the shorter wavelength
components are diffracted by the object grating to com-
plete the first pass. The longer wavelength components
are reflected and then diffracted by the imaging mirror
and the object grating, respectively, and experience a
second imaging mirror reflection to complete the first
pass. The actual optical paths (solid line) for longer
wavelength components are exactly equal to the virtual
paths (dash line) diffracted by the image grating directly.
The two roof mirrors retro-reflect the chirped-pulse beam
passing the parallel grating pair (G1 & G2) for four-pass
and separate the input and output beams in the height
direction. The final compression beam is divided by a
splitter into two beams: one is focused by a short-length
(f = 150 mm) transmission lens to examine the beam
focusing quality; and the other one is delivered into a
single-shot second-harmonic autocorrelator to check the
pulse compression capability.

Before the experiment, as shown in Figure 1, the sur-
face and grating lines of the object grating in G2 are
aligned to be parallel to those of G1, and then tiling
errors (“tilt”, “rot”, and “shift”) of the image grating with
respect to the object grating in G2 are adjusted relatively
by driving the imaging mirror based on a precision
mechanics holder with two orthogonal mirror surface
rotation motions (10 μrad sensitivity) and one mirror sur-
face normal direction translation motion (around 50 nm

Figure 1. Schematic view of the optical system for the chirped-pulse compression demonstration. The four-pass grating compressor
consists of a single grating (G1), an OIGST tiled grating (G2), and two roof mirrors (RM1 & RM2). Three types of tiling errors
(“tilt”, “rot”, and “shift”) exist within the OIGST tiled grating (G2). (The color version of this figure is included in the online version
of the journal.)
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resolution). Generally, in a traditional tiled grating com-
pressor, one or several probe lasers are needed to remove
six types of tiling errors [20]. However, in our compres-
sor, no probe laser is needed, and tiling errors of the OI-
GST tiled grating can be removed by directly observing
the far-field focal spot distribution of the main laser in
the CCD camera. Figure 2(a) shows the far-field focal
spot distribution before the image grating (the imaging
mirror) adjustment. The right and the left focal spots are
formed by the object and the image gratings, respec-
tively. The horizontal and the vertical offsets of the left
focal spot relative to the right one are caused by “tilt”
and “rot” of the image grating with respect to the fixed
object grating. Therefore, we just need to drive the two
rotation motions of the imaging mirror to remove “tilt”
and “rot” of the image grating by eliminating the two-
direction focal spot offsets, and a 90 μm single focal spot
is obtained as shown in Figure 2(b). The resolution of
the offset of focal spots and accordingly the deviation
angle between beams from object- and image-gratings is
around 3 μm and 20 μrad, respectively, and the resolution
of “tilt” and “rot” of the image grating with respect to
the object grating is about 10 μrad. As introduced previ-
ously, the tiling error “shift” within a tiled grating would
cause the focal spot to split symmetrically [17]. How-
ever, the obvious focal spot split phenomenon does not
appear when we drive the imaging mirror in its normal

direction (“shift” of the image grating). The reason is
that very few spectral components near the center wave-
length cover the tiling seam in the condition of a small
beam diameter and a wide bandwidth. Only the focal
spot from the spectral component covering the tiling
seam will split with “shift” of the image grating; and the
overlap of focal spots from all spectral components could
avoid the appearance of this phenomenon. In this situa-
tion, the influence of “shift” of the image grating could
be neglected. Hence, we just need to drive the translation
motion of the imaging mirror (“shift” of the image grat-
ing) to reduce the tiling seam as small as possible to
reduce spectral clipping and energy waste. In order to
examine the result, a contrast experiment is carried out,
we replace the OIGST tiled grating by a 400 mm
(width) × 200 mm (height) individual MLD grating, and
a reference focal spot captured by the CCD camera is
shown in Figure 2(c). Figure 2(d) gives the horizontal
direction focal spot intensity distributions of Figure 2(b)
and 2(c), and the sizes of two focal spots are almost the
same. The diffraction-limit profile of a 8 mm diameter
top-hat beam is also given in Figure 2(d), and the actual
focal spot size is around 1.9 × diffraction-limit of the the-
oretical one. The reason of capturing focal spots directly
by a CCD camera without introducing a microscope is
to eliminate the uncertainty of a magnification process
and obtain the real size of focal spots, although the reso-
lution is not high enough.

Before measuring temporal profiles of compression
pulses, we should discuss the influence of the reflection
ratio of the imaging mirror, firstly, which only exists in
the OIGST grating compressor. As shown in Figure 1,
longer wavelength components are reflected eight times
by the imaging mirror while passing the four-pass OI-
GST grating compressor. The reflection ratio of the alu-
minum-coated imaging mirror we used is about 95%.
Figure 3 gives the theoretical simulation results of the
non-tiled grating compressor (or the OIGST grating com-
pressor with a 100% reflection ideal imaging mirror) and
the OIGST grating compressor. In the spectrum domain,
as shown in Figure 3(a), the dent in the middle of spec-
tral profiles is caused by the spatial gap within the tiled
grating. The intensity loss of longer wavelength compo-
nents is induced by the non-ideal (95%) reflection ratio
of the imaging mirror. The corresponding Fourier-trans-
form temporal profiles are shown in Figure 3(b) and (c).
The non-ideal reflection ratio of the imaging mirror
reduces the peak intensity of compression pulses. Fortu-
nately, the simulation shows the pulse duration and the
temporal contrast, which are two key parameters gener-
ally concerned in ultra-high lasers, cannot be distorted
obviously. In this condition, this influence can be
neglected. In order to obtain the theoretical limit of
compression pulses in our demonstration, the amplified
spectral profile after the OPCPA and before the

Figure 2. Far-field focal spots of the OIGST grating
compressor (a) before and (b) after the tiling error adjustment.
(c) A far-field focal spot of the non-tiled grating compressor.
(d) Focal spot horizontal direction intensity distributions for an
ideal 8 mm top-hat beam, the non-tiled grating compressor, and
the OIGST grating compressor, respectively. (The color version
of this figure is included in the online version of the journal).
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compressor, as shown in Figure 4(a), is measured. The
second-order autocorrelation signal of its Fourier-trans-
form pulse, as shown by black lines in Figure 4(d) and
(e), is calculated. Figure 4(b) and (c) show streak images
(time axis from left to right) of compression pulses for
the non-tiled grating compressor and the OIGST grating
compressor captured by the single-shot second-harmonic
autocorrelator, respectively. The fine profiles are shown
in Figure 4(d) and (e). According to our experiment
results, pulse durations and temporal contrasts of

compression pulses with two compressors meet each
other very well. The pulse duration is around 490 fs
(FWHM) corresponding to a 690 fs (FWHM)
autocorrelation width, which is around 1.5 × Fourier-
transform-limit. The dynamic range of the CCD camera
in the single-shot second-harmonic autocorrelator is 33
dB; thereby, as shown in Figure 4(e), there is no signal
in the range around 13 ps away from the pulse. Within
the dynamic range of the diagnostic, the measured
temporal contrast is much lower than the theoretical

Figure 3. (a) Simulated spectral profiles after the OIGST grating compressor for an ideal (100% reflection) imaging mirror and an
actual (95% reflection) one, respectively. Simulated (b) normalized and (c) relative Fourier-transform temporal profiles for two spectral
profiles. (The color version of this figure is included in the online version of the journal.)

Figure 4. (a) A measured spectral profile before the compressor. Streak images of compression pulses for (b) the non-tiled grating
compressor and (c) the OIGST grating compressor. The vertical and horizontal axes represent space and time, respectively. (d)
Normalized and (e) relative second-order autocorrelation signals for the Fourier-transform pulse of the measured spectrum, the non-
tiled grating compressor, and the OIGST grating compressor, respectively. (The color version of this figure is included in the online
version of the journal.)
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calculated one. The calculation is only based on the
amplified spectral profile, and parametric fluorescence
(PF) of the amplifier, high-order dispersion errors within
the stretcher-compressor and spectra phase distortion
caused by the optical quality of elements are not taken
into account. Especially, PF is a major poor temporal
contrast contributor to a pure OPCPA laser system, and
similar conclusion can be found in Ref. [21]. Fortunately,
PF is not relevant to grating tiling. The experiment result
shows that the OIGST grating compressor has already
obtained a well similar temporal compression pulse
exactly like the one achieved by a large-sized non-tiled
grating compressor. In this condition, we could believe
the OIGST tiled grating can be used in an OPCPA or a
CPA laser to enlarge the effective optical size of gratings
for chirped-pulse compression. The asymmetric profile of
autocorrelation signals in Figure 4(d) and (e) is caused
by the non-uniform distributions of two arms of the
autocorrelator in the near field, which can be found in
our previous works Ref. [22] and will not be further
discussed in this paper.

The efficiency of the MLD gratings, the aluminum-
coated imaging mirror, and the other mirrors in our dem-
onstration is around 97, 95, and 99.5%. The measured
single pulse energy after the compressor is 55 mJ with
the OIGST tiled grating, and 63 mJ with the large-sized
individual grating, respectively. This energy loss can be
reduced by replacing the recent imaging mirror with a
new one of a higher reflection ratio, for example 99.5%.
The demonstration based on broadband dielectric mirrors
with a higher reflection ratio is under preparation, and
the results will be reported in future.

3. Conclusion

In conclusion, we compressed a deep chirped 3.3 ns
chirped-pulse to about 490 fs (1.5 × Fourier-transform-
limit) and obtained a 90 μm focal spot (1.9 × diffraction-
limit) by utilizing an OIGST tiled grating in a
chirped-pulse grating compressor. This is the first time
the OIGST method has been introduced in an OPCPA or
CPA laser. Near large-sized individual grating
performance is achieved, and no probe laser is required.
This method is proved that can be used to solve the grat-
ing-size-limit problem existing in CPA or OPCPA lasers.
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