CeKZ{uﬂ 4. OﬂmuKO—SJZe‘KWlpOHHble cucmembl, Jla3zepHas mexnuKka u mexHouiocuu

Takum 00pa3oMm, METOIOM >KUIKO(A3HOU DITH-
Takcuu monydeH obOpaser; cios KGdo,2s4 Y bo o460
Y0,9247(WO4)2 ¢ conepxannem nonos Ho’" 4.97 ar.%
TomuuHON 140 MKM, KOTOpBIN XapaKTepU3yeTCs Bbl-
COKHM ONTHYECKHMM W CTPYKTYpHBIM KauecTBOM H
MOJKeT OBITH UCHONb30BaH B KAUECTBE aKTHBHOU Cpe-
IbI TUIAHAPHBIX BOJTHOBOJHBIX JIA3EPOB, U3IIYYAFOLINX
B CIIEKTPAILHOHN AUAIa30He OKOJIO 2 MKM.
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1. Introduction

Diode-pumped femtosecond laser sources with
pulse repetition rates of hundreds kHz and pulse
energies of tens microjoules are of practical im-
portance for high-precision micromachining in in-
dustry and biomedicine [1].

These pulse trains can be generated conveniently
with RA systems based on bulk regenerative amplifi-
ers. One of the highest output power reported so far
for bulk RAs is 28 W in an Yb:CALGO operating at
500 kHz, with 217 fs pulses [2]. The output power of
about 21 W at 200 kHz PRF with 200 fs pulse dura-
tion is obtained on Yb:KGW dual crystal system [3].
Generalizing the above data, we can conclude that the
search for new laser media with appropriate spectro-
scopic properties for regenerative amplification of
ultrashort laser pulse is still of high interest.

Yb:YAB crystal demonstrate promising spectro-
scopic properties that confirmed by excellent exper-
imental results in mode-locked lasers provided near-
transform limited pulses with wide spectra [4].

In our paper we present the experimental results
of Yb:YAB-based chirped pulse regenerative ampli-
fier for the first time to the best of our knowledge.

2. Experimental layout

The conceptual scheme of the system layout is
shown in Fig. 1. As a seed laser diode-pumped
Yb:KYW oscillator was used which provided 100 fs
pulse train with 70 MHz PRF and 10 nJ single pulse
energy. The seed pulse spectrum was 12 nm wide
(FWHM) and centered at 1037.7 nm. A BaB204
(BBO)-based pulse-picker was used to reduce pulse

repetition frequency to the levels of 1-100 kHz. For
stretching the pulse Martinez-scheme stretcher based
on the reflection Au-coated grating was used with
period of 1800 mm™'.

The stretched seed pulse duration was about 150
ps. After passing through a Faraday isolator, the seed
pulse was injected into the RA. The isolator was em-
ployed to protect the seeder from high-intensity back
reflections and, at the same time, for separating the
amplified output pulse from the seed oscillator.

A grating compressor is employed at the RA
output in order to compress the chirped femtosecond
pulse. Compressor consists of two reflection Au-
coated grating with period of 1700 mm™'. Transmis-
sion of the compressor was about 76 %.

Seed Yb:KYW Pulse-picker Stretcher Compressor
100fs, 10n —> BBO W4 —  1800mm’ Amp.
1037.70m 1-100kHz 150ps output
HR2 1. S =
FR o

M1 TFP

Fig. 1. Schematic of the Yb:YAB chirped pulse
regenerative amplifier

As a pump source a multiple single emitter In-
GaAs fiber coupled laser diode (@105 pm,
NA=0.15) with maximum output power of about
25 W was used. The pump light was formed by set
of lenses into the spot with diameter of about
180 pm (1/e?). The losses on transmission of the
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hole from such "pump" mirror did not exceed 3 % of
pump power. Besides that such pumping scheme
enable us to tune the wavelength of the laser diode
exactly in the absorption band of the material with-
out losses in the short-wave pass filter (input mir-
ror). One of the important things most notably for
regenerative amplifiers with longitudinal pumping
schemes is that the part of the intracavity pulse ener-
gy passes through the input mirror and damages
pumping diode. Our pumping scheme is free of these
negative issues.

In Fig.2 the pump beam profiles during the
propagation through the gain crystal are depicted. As
can be seen the pump beam profile was a circular
and homogeneous inside the crystal. The drop in the
middle of the pump beam profile appears at the dis-
tances >3mm from pump beam waist and therefore
do not introduce any negative influence due to the
pumping inhomogeneity on the mode-matching and
output laser performance.
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Fig. 2. Beam radius and pump beam profiles during the
propagation through the cavity and gain crystal

3. Chirped pulse regenerative amplifier per-
formance

During the RA experiment we measured the output
pulse train parameters for c-polarized light in the gain
medium at 100 kHz PRF. The dependencies of average
output power and pulse duration on cavity round trip
number for Yb:YAB regenerative amplifier system
(compressor transmission was about 76 %) are presen-
ted in Fig. 3.
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Fig. 3. Dependencies of average output power and pulse
duration on cavity round trip number

The maximum average output power of 4.6 W
was obtained. On increasing the cavity round trips
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number from 37 to 88 pulse duration increases
slightly from 581 fs to 695 fs. The dependency of
amplified pulse peak power on cavity round trips
number are shown Fig. 4.

Maximum pulse peak power was about 66 MW
at 100 kHz repetition frequency. Spectrum of the
amplified pulses at the highest output power are
shown in Fig. 5.
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Fig. 4. The dependency of amplified pulse peak power on
cavity round trips number
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Fig. 5. Spectrum of amplified pulses at highest
output power

Autocorrelation trace of the amplified pulses at
the highest output power is shown in Fig. 6. Meas-
ured pulse duration was about 695 fs assuming
Gaussian pulse shape.

In conclusion, the results of experimental inves-
tigation of Yb:YAB-based chirped pulse RA are
reported for the first time to our knowledge. It ge-
nerates as high as 4.6 W of average output power
with 695 fs compressed pulses and 66 MW peak
power at 100 kHz repetition rate.
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Fig. 6. Autocorrelation trace of the amplified pulses at the
highest output power.
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3epKanbHble CUCTEMBI IIUPOKO HCIOJIB3YIOTCS B
onTHYecKoM mpubdopocTpoeHud. OHH HE HMEIOT
XpOMaTHYECKUX adeppaiuii Js THOBIX anepTyp H
(hoxycHBIX paccTosHUH. JIOCTOMHCTBA 3epKajbHBIX
CHCTEM: BBICOKOE pa3peIIeHHE B ITUPOKOM ONTHYEC-
CKOM CIEKTPAIbHOM IHAIla30HE; OTCYTCTBUE CEJICK-
TUBHOM HEMPO3PavyHOCTH M OrpaHUYEHHUI MO amep-
Type, CBSI3aHHBIX C pa3MepaMu 3aroTOBOK; HEOOJIb-
mme rabapuThl, MEHbINIAs JUIMHA, YeM B JIMH30BBIX U
3epKaibHO-THH30BbIX OC, BBIMIPHINI IO Becy (Oco-
OCHHO JI1 OOBEKTUBOB JMaMETpaMH  OOJIbIIIe
200 MM); a TaKkKe SKOHOMHYHOCTH MaTepHAaJIOB,
MOATBEPXKIAIOT AKTYAJILHOCTh IPOOJIEMBI MOJIEIH-
poBaHMA U pa3pabOTKN 3epKAIBHBIX CHCTEM.

B cBsi3m ¢ pacmmpeHreM Quana3oHa JUIMH BOJH
cnektpa B UK w Y® oOnactax onrtuko-
JNIEKTPOHHBIX TMPHOOPOB MIMPOKOE PpaCIpPOCTpaHe-
HHUE MOJy4Ylia TPyHIa YHCTO 3€PKAIBHBIX ONTHYE-
ckux cucteM (OC). Takue cUCTEMBI JOCTATOYHO
KOMIIAKTHBI, TP CPAaBHUTEIBFHO HECIOXHON KOH-
CTPYKIIMHM MOKHO HOJYYMTh JOCTATOYHO COBEPIICH-
HYIO KOppeKIHIo cheprueckoil abeppauuu U Mepu-
JIUOHAJIbHON KOMBI.

OnHO W3 HampaBieHUIl B BBIYUCIUTEIBHOM OI-
THUKE — MOCTOSIHHBINA MOUCK HOBBIX CXEM C YJIy4IlEeH-
HBIMH XapaKTePUCTUKAMHU. DTO ONpEACISIeTCS WH-
TEHCHBHBIM pPa3BUTHEM OITHYECKOW OTpaCIH, pas-
BUTHEM HOBBIX TEXHOJOTHI M UCCIICAOBAHIA.

B manHoOIf paboTe paccMaTpuBaeTcsi HOBBI Me-
TOJl, OCHOBaHHBIA Ha 3€pKajbHON pa3BEepTKE OMNTH-
yeckor cucteMbl. C TOMOIIBIO 3TOTO METOJa MOYKHO
pemuTh OOJBIIMHCTBO TMPOOJIEM, BO3HUKAIOIINX
npu rabapuTHOM MOJEJIMPOBAHUM M THapaMeTpuye-
CKOM pacyeTe 3epKalbHBIX 00 BEKTHBOB.

Merton OCHOBaH Ha TEOPETHYECKUX MONOXKEHHSX,
npuBenieHHBIX B pabote [1]. C ncronbp3oBanneM Me-
TOZa OBLIO MOJYyYEHO paHee HOBOE CXEMHOE PEIlICHUE
3epPKAIBHOTO  KOHIICHTPUYECKOTO  OOBeKTHBa [2].

Ha pucynke 1, @ npuBeeHa KOHCTPYKIUS OOBEKTH-
Ba, COCTOSINAS M3 TPEX KOHIEHTPHUYECKUX 3EpKal
(6a3oBas cxema).

IR

0
a — CXeMaTHYECKUHN YePTeXK; 6 — CXeMa C TUIOCKUM
3epKajIoM
PucyHok 1 — 3epkanbHblii KOHLIEHTPUYECKUN
00BEKTUB
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