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Table 1.  Progress in single-stage MPC nonlinear pulse compression technique.

WA /W HANKIE /s A /MHz b /W i K / fs 4L i SCik
416 850 10 375 170 5 FS [28]
95 230 18.5 35 6 FS [31]
34 300 0.2 31 10 FS 32]
112 1240 1 39 31 FS [33]
1.6 12500 0.008 1.23 601 20 FS [34]
24 275 0.15 33 8 Ar [35]
320 730 0.1 250 56 13 Ar [36]
550 590 0.5 530 30 19 Ar 37]
8.6 1200 0.001 44 27 Ar 38]
65 138 0.3 35 4 Ar [39]
210 670 0.1 203 134 5 Ar [42)

124206-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 12 (2024)

124206

MPCH Fniigh X MPCH! 5861, SEHl s e i
B0 ST T AR i A RO 2 (R
2 BT, w5 B R B Sk — B B e 7 55 2R - T
W, SCE T REE R 100 mJ (9 MPC 3ELePE bk i e
45 53 AN MPC 5 A J5 R 46 7 7 P40 25 & T
DLSEERET KR AR AR EL, IITTZRAS = DR R 2%
POk oty . 28 TR, MPC AEZR P bk 1 45 4%
ARAUAT LA SE R 5 Dy 28R e A (4 Bk op R 46, 38 HLAT
XF S ICHTE IPEANEURR, GBS Wb, OR
RAS TN Z AR, RGP RO, L, SE4FEK
MPC AEZet bk v F i H AR A AR5 5 Bl 232 2 ik o
MEBERTEZ—.

AL MPC AT T ek, W% B
O IUT 1 A A A S U s 454, BIVRG i MIPC )
H— A (U] 15 S 4 B - TR, [ B A R A e —
. SRy T SEIA R ) R T AT EIORhE G f il A S
A A RSO TTE, BERLA L (FS)
A3 AT )T AR A B VT PN 5 B 1 T R
B Fb 223 AR L M bk b PR 4R 45 S AH EL g, P M £
i 5 AR e 225 i SR TR AT RE S 76 T K0k
4 s TR SIS R T R e, BRAS 3¢ R O Ik v e
AR e, SRR 5 588 10.7 ps BYBEOLIK
TRARE] 483 fs, FR4A Hoh 22, R4 5 bk it 734
DI Hy 44.2 Wz 451K, AR 1) BT
[T MPC 3l 2 M Ik b e 48 07 S8 A6 A 80 1 1
U, REA RSB R G 1 i 58 5 R 4.

2 LI E R FiTE

2.1 M MPC5E#HNXM MPC B9%H
X&

ASCEA A M MPC 458N 1 s, SEM
MPC B9 £ 4 tH—4 2 in (1 in = 2.54 cm) AY[M]
T S HHEE (CM1) Fl— 2 in {91 S 588 (CM2)
Mk, CM1 R4 R = 300 mm, CM1 Al
CM2 F A 1064 nm = S RRE, AR K
T 99.8%, K L = 212.5 mm, il 8 1% 1
Js N B A AIE AR 23 51 R 2w, = 0.79 mm Fl 2w, =
0.43 mm, 4 12 mm JERIERlLG IR VE AR PE
A5 e AE MRS, IS 3 mmx 10 mm fY
HGAE NS AT HE. 55 MPC # L,
SN MPC s KT DL —F, SEBie R
iR (8

CM2

IR QP S1Y ar ity -y L

Fig. 1. Schematic diagram of plano-cancave multi-pass cav-

ity structure.
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Fig. 2. Schematic diagram of conventional double concave

multi-pass cavity principle.
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Fig. 3. Schematic diagram of plano-cancave multi-pass cav-

ity principle.

FE NI 2238 B S ok o R 48 S 5 v, 3R
A0 G SR A B AR IV i S B LA A A S DR 1)
], T B0 200 = 2um, b n N IOE AR K
¥, 6 = arccos (1 — L/R) A% i — U AE [MTH
SPBE E R AR B RO U W LR, rh T
MM L = R = 300 mm I, SOGLE B AR P IR
SE AT AR S — AL PRoh T AL B ELA Rk
PE, FATHCE M MPC K L = 300 mm, M

124206-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 73, No. 12 (2024)

124206

T S5 B k42 R = 300 mm, “FM MPC K
L = 150 mm, M4 88 #5242 R = 300 mm.
mE 4fmE 5 FR, FE MPCEK L =
300 mm, 7] DASEHLEE O SRATR YR, IV 250
K L = 150 mm, A] PLSCEE R R AR 4 1K,
K UE T SF M MPC 531 MPC B9Z i, 7 H P
M MPC AJ ATE K 4 k0 — P S 00 T S2 B i
YR FFY MPC 5.

(b) [5)

e

F o4 H XY MPC 630 A s 7 1
(b) M1 )5 53465 2

Fig. 4. Schematic diagram of conventional double concave

(a) M S 5T 1

MPC spot distribution: (a) Concave mirror 1; (b) concave

mirror 2.
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THI S 35458 2
Fig. 5. Schematic diagram of plano-cancave MPC spot dis-

(a) AT S22 1; (b) F

tribution: (a) Concave mirror 1; (b) plano mirror 2.
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Fig. 6. Schematic diagram of plano-cancave MPC pulse nonlinear compression device. HR, high reflective mirrors; L1-L4, Lens;

TG1 and TG2, transmission gratings.
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Fig. 7. Output characteristics picosecond of laser: (a) Out-

put spectrum; (b) autocorrelation signal of output pulse
width.
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Fig. 8. Spectral schematic before and after MPC broaden-

ing.
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Fig. 9. Measured autocorrelation signal of output pulse after

MPC compression.
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Fig. 10. Output beam quality: (a) Picosecond laser output
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beam quality; (b) MPC output beam quality.
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Abstract

Ultrafast femtosecond laser system with hundreds of microjoules of energy, operating at a repetition
frequency of several kilohertz, has very important applications in many fields such as medicine, mid-infrared
laser generation, industrial processing, and vibrational spectroscopy. The chirped pulse amplification technique
provides a feasible path to obtain light sources with those parameters. However, the use of chirped pulse
amplification increases the technical complexity and cost of the laser system. Recently, the proposal of a multi-
pass cell (MPC) nonlinear pulse compression technique has enabled us to obtain high power ultrafast
femtosecond pulses with reduced technical complexity and cost. The device requires only two concave mirrors
and a nonlinear medium in between. In the past seven years, the multi-pass cell nonlinear pulse compression
technique has made great progress, making it possible to obtain ultrashort pulses with average power of more
than a few kW and peak power of tens to hundreds of TW.

In this work, we achieve nonlinear pulse compression of a 100-W picosecond laser by using an improved
nonlinear pulse compression scheme that combines a hybrid of a plano-cancave multi-pass cell and multi-thin-
plate. Using fused silica plates in plano-cancave cavity, the spectral bandwidth (FWHM) of input picosecond
laser is broadened from 0.24 nm to 4.8 nm due to self-phase modulation effect, the pulse is compressed to 483 fs
by dispersion compensation using grating pairs, which corresponds to a compression factor of 22, and the final
output power of 44.2 W is obtained. Compared with traditional MPC, the plano-cancave cavity scheme we
developed is a very promising solution for nonlinear compression due to its compactness, more stability and

large compression ratio.
Keywords: multi-pass cell, self-phase modulation, nonlinear pulse compression, ultrafast laser

PACS: 42.60.—v, 42.65.Re, 42.65.-k DOI: 10.7498/aps.73.20240110
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