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Fig. 1. (color online) Schematic of the 100 Hz Ti: sapphire amplifier system.
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Fig. 2. Amplifed energy as a function of pump energy.
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Fig. 3. (a) Pulse energy stability of the pump source;

(b) pulse energy stability after compressor.
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Fig. 4. (color online) Near-field and far-field beam profiles and M? factor of the compressed pulse

(The insert shows M? factor of the regenerative amplifier. X and Y direction lines are marked as

alphabet X and Y).
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224204-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 224204

a5, S K TE 45 R (e HL e A 4 PR A R K 5E
32.8 fs HIIT, EUYH —EZ. W T REAROL, &
T B TE A T LSRR AR 1 B X S =i
T AT MR AL G B IR =R i, 2
R B F AT DO B =B Bk 2 B 0. Hil T
JBOK 48 AR SR A b 1 S OB B A b o, =
s =B AR DY IR, w2 3 il s 4 s A
HU H R Gt h B M 2 0, =B G B EE A
FOMITEOL. T AR B =R S ORI 8
SR, 3 B R 2 e A A B BV IR BR K B8 A1 0. Bt
I, PSR S 26 U VE, W LUK A AT 4 A 75 Ol
TEP A AT M AT B, LLSRAS S N
R K T8 PRS0 RK .

1.0F

- SR
L

e
o

©
>

AHXFHREE /arb. units
o
'S

e
()

—60 —40 —20 0 20 40 60
FER /fs
6 4 kol g R AR DS EEE M &, miE S
Jik 5 37.8 fs

Fig. 6. Interference autocorrelation trace of the pulses

after the compressor. The pulse width is 37.8 fs as

Gaussian Fitting.

4 % #®

ASCE T — FhR A N AT #h g £
Nd:YAG BOEAE A2 P51 100 Hz B Z AP /N
A s AR KRR ATIOR 240, L1 kHz R i
PR AR, 456 D08 EHCK, 7£75.1 m]
iz kb RE R R 3RS 17 25.4 mJ RICKR S, RER
AR I8 33.8%. 4R G LI T Bk BE RN
18.3 mJ. fkih %% N 37.8 fs. WEAH T3~ 0.48 TW
11100 Hz B E AR I E A BORBOLH H, A

T Fe vt e 10 e O 5 BT A K b s SR 3R 1 T A
R T TR, T DUONIT e B s e | 1 AR
JBORBE TSI BIBR R G, T — R AR
NFEE - e bR E AR AE IR, A BRI
Inft K100 Hz B MR ) e & WK S A
JERCK.

SE

[1] Strickland D, Mourou G 1985 Opt. Commun. 55 447
[2] Lu X, Chen SY, Ma J L, Hou L, Liao G Q, Wang J G,
Han Y J, Liu X L, Teng H, Han H N 2015 Sci. Rep. 5
15515
[3] Horio T, Suzuki Y, Suzuki T 2016 J. Chem. Phys. 145
044307
[4] Zhang J Y, Wang R, Chen B, Ye P, Zhang W, Zhao H
Y, Zhen J, Huang Y F, Wei Z Y, Gu Y 2013 Laser. Surg.
Med. 45 450
[5] Ito S, Ishikawa H, Miura T, Takasago K, Endo A, Tor-
izuka K 2003 Appl. Phys. B: Lasers Opt. 76 497
[6] Wang Z H, Liu C, Shen Z W, Zhang Q, Teng H, Wei Z
Y 2011 Opt. Lett. 36 3194
[7] Dalui M, Wang W M, Trivikram T M, Sarkar S, Tata
S, Jha J, Ayyub P, Sheng Z M, Krishnamurthy M 2015
Sci. Rep. 5 11930
[8] Remington B A, Takabe H 1999 Science 284 1488
[9] Gilbertson S 2010 Phys. Rev. A 81 043810
[10] Schmidt B E, Shiner A D, Lassonde P, Kieffer J C,
Corkum P B, Villeneuve D M, Legare F 2011 Opt. Ex-
press 19 6858
[11] Tian Y C, Tian H, Wu Y L, Zhu L L, Tao L Q, Zhang
W, Shu Y, Xie D, Yang Y, Wei Z Y, Lu X H, Shih C K,
Zhao J M 2015 Sci. Rep. 5 10582
[12] Liu J, Li X F, Chen X W, Jiang Y L, Li R X 2007 Acta
Phys. Sin. 56 1375 (in Chinese) [XIZ, Z5/N55, BRBEA,
FIKFE, M, HESE 2007 W ZER 56 1375]
[13] Ye P, He X K, Teng H, Zhan M J, Zhong S Y, Zhang W,
Wang L F, Wei Z Y 2014 Phys. Rev. Lett. 113 073601
[14] Wang L F, He X K, Teng H, Yun C X, Zhang W, Wei Z
Y 2015 Appl. Phys. B: Lasers Opt. 121 81
[15] Goulielmakis E 2008 Science 320 1614
[16] Wu Y, Cunningham E, Zang H, Li J, Chini M, Wang X,
Wang Y, Zhao K, Chang Z 2013 Appl. Phys. Lett. 102
201104
[17] Zhang W, Teng H, Wang Z H, Shen Z W, Wei Z Y 2013
Appl. Opt. 52 1517

224204-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/0030-4018(85)90151-8
http://dx.doi.org/10.1038/srep15515
http://dx.doi.org/10.1038/srep15515
http://dx.doi.org/10.1063/1.4955298
http://dx.doi.org/10.1063/1.4955298
http://onlinelibrary.wiley.com/doi/10.1002/lsm.22154/full
http://onlinelibrary.wiley.com/doi/10.1002/lsm.22154/full
http://dx.doi.org/10.1007/s00340-003-1144-4
http://dx.doi.org/10.1364/OL.36.003194
http://dx.doi.org/10.1038/srep11930
http://dx.doi.org/10.1038/srep11930
http://dx.doi.org/10.1126/science.284.5419.1488
http://dx.doi.org/10.1103/PhysRevA.81.043810
http://dx.doi.org/10.1364/OE.19.006858
http://dx.doi.org/10.1364/OE.19.006858
http://dx.doi.org/10.1038/srep10582
http://wulixb.iphy.ac.cn//CN/abstract/abstract12684.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract12684.shtml
http://dx.doi.org/10.1103/PhysRevLett.113.073601
http://dx.doi.org/10.1007/s00340-015-6203-0
http://dx.doi.org/10.1126/science.1157846
http://dx.doi.org/10.1063/1.4807395
http://dx.doi.org/10.1063/1.4807395
http://dx.doi.org/10.1364/AO.52.001517
http://dx.doi.org/10.1364/AO.52.001517

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 22 (2016) 224204

A 18 mJ femtosecond Ti:sapphire amplifier at 100 Hz
repetition rate”

Zhang Wei? Teng Hao? Shen Zhong-Wei? He Peng? Wang Zhao-Hua? Wei Zhi-Yi??
1) (Beijing Institute of Ophthalmology, Beijing Tongren Eye Center, Beijing Tongren Hospital, Capital Medical University;
Beijing Key Laboratory of Ophthalmology and Visual Sciences; National Engineering Research Center of Ophthalmology,

Beijing 100005, China)
2) (Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

( Received 12 September 2016; revised manuscript received 10 October 2016 )

Abstract

High energy and high repetition rate femtosecond Ti:sapphire lasers are widely used in isolated attosecond pulses
and high-order harmonic generation. Enhancing the driving laser energy is a convenient and effective way to improve
attosecond pulse energy. A 1 kHz or higher repetition rate millijoule level femtosecond Ti:sapphire amplifier is generally
used to generate isolated attosecond. However, due to the limitation of its green pump laser energy, the energy of
femtosecond Ti:sapphire laser is limited to several millijoules. Appropriately reducing the requirements for repetition
rate, realizing high energy driving laser will significantly improve attosecond pulse energy and extend its application
scope. Meanwhile, a 532 nm pump laser from frequency doubled 1064 nm Nd:YAG flash lamp pumped laser at 100 Hz
repetition rate can achieve high pump energy with lower cost. Accordingly, we develope a 100 Hz repetition rate high
energy amplifier based on Ti: sapphire crystal.

The femtosecond amplifier system consists of oscillator, stretcher, ring cavity regenerative amplifier, four-pass
amplifier and grating compressor. The ring cavity regenerative amplifier is the first amplifier as pre-amplifier, and the
four-pass amplifier is the booster amplified-stage. 80 MHz seed pulse from the oscillator has a full width at half maximum
bandwidth of 61 nm with a 20 fs duration. Then the seed pulses are stretched to 200 ps with a Martinez grating stretcher,
rotated to vertical polarization and injected into the regenerative amplifier. The amplified uncompressed 1 kHz repetition
rate laser pulses with 3 mJ pulse energy are selected to be 100 Hz and input into the four-pass amplifier. With a pulse
energy of 75.1 mJ, wavelength at 532 nm flash lamp pumped pump laser at 100 Hz repetition rate, single pulse energy
up to 25.4 mJ is obtained from a Ti: sapphire crystal, corresponding to a high energy conversion efficiency of 33.8%. We
believe that higher energy should be possible if the pump energy can be further increased. After expanding the beam
to 10 mm in diameter, the amplified chirped pulse is compressed using a four-pass, single grating compressor, with an
overall efficiency of 72%. The highest pulse energy after compression is 18.3 mJ. For a fluctuation of the 100 Hz pump
laser is as high as 3.4% for over 10000 shots, the 3.6% energy stability of the amplifier has a room to be improved. The
typical spectrum bandwidth after the compressor is 39 nm, which can support transform-limited pulse duration of 32.8
fs. After fine dispersion compensation by the compressor, A pulse duration of 37.8 fs is measured using a single shot
autocorrelator (Minioptic Technology, Inc). In addition, the spatial profile of the output beam from the compressor is

measured using a commercial laser beam analyzer (Spiricon, Inc). The beam quality M 2 factor are 1.8 and 1.6 in X and
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Y directions, respectively.

In summary, a peak power of 0.48 TW compact 100 Hz femtosecond laser with pulse duration of 37.8 fs, pulse energy
of 18.3 mJ is achieved from a two-stage amplifier system based on Ti: sapphire crystal. We believe that with a more
stable and better spatial profile pump source, even better performance can be obtained by this scheme. Nevertheless,
the current results show that this system should be favorable for high energy attosecond pulse generation and further

amplification such as Terawatt system.

Keywords: chirped-pulse amplification, femtosecond laser pulse, regenerative amplifier, multi-pass
amplifier

PACS: 42.60.—v, 42.60.Da, 42.60.Lh, 42.65.Re DOI: 10.7498/aps.65.224204
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