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MO PAH

Obnactn nccnepoBaHUMN:

* Pa3paboTKa n npumeHeHne na3epHbIX CUCTEM U
TEeXHONOMNM;

e dusunka BbICOKOTEMI'IepaTypHOIZ Nn1a3mbl "
(I)YHﬂlaMEHTaIIbeIe OCHOBbI NJ1a3MEHHbLIX U
MWUKPOBOJ/IHOBbIX TGXHO!'IOI'VIVI;

* Bo0/IOKOHHaA onNTUKa, PU3MKa BOIHOBbLIX MAKETOB;

* CunbHO KoppeanposaHHble N HU3KOPa3MepHble
/IEKTPOHHbIE CUCTEMbI, KBAHTOBbIE MaTeEPUA/lIbl,

*  dusnyeckme MmeTodbl B meanumnHe, CEJIbCKOM
X03ANCTBE U 3KOJ10TUN,

OcHoBaH B 1982 roay
NMpoxopoBbim
AnekcaHgpom

Muxainnosmnuem

* AKYCTMKa MENKOro Mops, HeJIMHEeNHas akyCTUYeCcKasn
AVNAarHOCTUKa, HEIMHEeNHasa AMHaMWUKa BOJIH.

HobeneBckaa npemua no pmsmke «3a pyHAaMeHTaNbHble
paboTbl B 06/1aCTU KBAHTOBOM 3/1IEKTPOHUKMU, NpuBeaLLIne K r. MocKBa

CO34aHMI0 TreHepaTopoB W YCUAUTENEeN Ha OCHOoBe n. BaBUIOBA 38
npuHUKMNA ma3epa — nasepa» 1964 r. yn. y




COAEPYAHME

 BBEAEHWE (MHTEPEC K YKN U BY YKU JTASEPAM 2 MKM OUNATA30HA,
MPUMEHEHWE);

* METOAbI MONYHEHNA YKU;

* TOJIbMUEBBIE BOJTOKOHHBbIE JTASEPbI (KPATKAA XAPAKTEPUCTUKA, TEOTPADUA
NCCNEJOBAHUW YK NNA3EPOB);

* MMPUMEPBI TOJIbMUEBbBIX JIASEPOB YKWU;

* METOAbI NOBbIWEHNA YACTOTbI CIEAOBAHUA YK (KOPOTKUE PESOHATOPHI,
YMHOXWUTEAN YACTOTbl, TAPMOHWUYECKAA CUHXPOHU3ALNA MO/);

e MPUMEPbI TAPMOHWUYECKOW CUHXPOHU3ALMM MO/, B TONTbMMUEBbIX JIASEPAX;




BBEZIEHUE

NMPUMEHEHME BOJIOKOHHDbIX =

YKU JTIASEPOB 2 MKM

CNEKTPOCKOINUA

BUOAUNATHOCTUKA

OBPABOTKA MATEPUAJI0B

MEANLIMHA

Kirsch D. C. et al. Short-wave IR ultrafast fiber laser systems:
Current challenges and prospective applications //Journal of
Applied Physics. - 2020. - T. 128. - Ne. 18. - C. 180906.
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NMPUMEHEHUE
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HEMPEPbIBHOE vs UMITYJIbCHOE U3/IYHEHUE

24 - 103 BT/cm? 24 - 103 BT/cm? 40 - 103 BT/ cMm?
BPEMA W | YR N B
I ;
30 C 0.3Bm/| | e \ 0.5Bm \

\\ /

Kopyeva M. S. et al. Ex-Vivo Exposure on Biological Tissues in the 2-um Spectral Range with an All-Fiber Continuous-Wave
Holmium Laser // Photonics. — MDPI, 2021. - T. 9. — Ne. 1. — C. 20.




HEMPEPbIBHOE vs UMITYJIbCHOE U3J1YHEHUE
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Kopyeva M. S. et al. Ex Vivo Exposure to Soft Biological Tissues by the 2-um All-Fiber Ultrafast Holmium Laser System //
Applied Sciences. —2022. —T. 12. — Ne. 8. — C. 3825.
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I 3808 Vol. 42, No. 19 / October 1 2017 / Optics Letters

Optics Letters

Burst-mode thulium all-fiber laser delivering
femtosecond pulses at a 1 GHz intra-burst
repetition rate

Parviz ELanl,' Hamir KaLavciogLu," ONDER AkGAALAN,' CAGRI SENEL,2® AND F. OMER ILDAY'4*

JLMN-Journal of Laser Micro/Nanoengineering Vol. 16, No. 1, 2021

Material Processing at GHz Burst Mode
by Femtosecond Laser Ablation

Kotaro Obata, Francesc Caballero-Lucas, and Koji Sugioka
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NATURE | VOL 537 | 1 SEPTEMBER 2016 LETTER

Ablation-cooled material removal with ultrafast
bursts of pulses

Can Kerse!, Hamit Kalaycioglu?, Parviz Elahi?, Barbaros Cetin?, Denizhan K. Kesim!, Onder Akgaalan', Seydi Yavas*,
Mehmet D. Asik®, Bitlent Oktem®, Heinar Hoogland”#, Ronald Holzwarth? & Fatih Omer Ilday'-?
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CUHXPOHU3ALIUA MOA
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mode-lockeg KJNACCUOUKALMUA
< METOZ0B NOJIYYEHMA
CUHXPOHU3ALUU MOA

SMF1 GIMF SME2

AN ES

Ultrashort
pulse
generation

Zhang Y. et al. Advances and Challenges of Ultrafast
Fiber Lasers in 2—4 um Mid-Infrared Spectral Regions

//Laser & Photonics Reviews. — 2024. —T. 18. — No. 3. —
C. 2300786.




XPOHOJI0I'MA PASBUTUA JTASEPOB YKNU B 1.6-2.5 MKM

(1) First ultrafast fibre (iv) Stretched pulse (v ) Dissipative solitons ( viii ) Similaritons (ix) Dissipative soliton
laser at SWIR generation resonance
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Kirsch, D. C., Chen, S., Sidharthan, R., Chen, Y., Yoo, S., & Chernysheva, M. (2020).
Short-wave IR ultrafast fiber laser systems: Current challenges and prospective applications. Journal of Applied Physics, 128(18).



OJIbMUEBbIE BOJ/IOKOHHDbIE JIASEPbDI

AF 0.007 ps 5| 1aF ' ' ' T A—— Hemming, A., et al. A
cm'L 4 4 — Thulium Emission review of recent progress
— Holmium Absorption . . .-
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-3 e R Technology, 20(6), 621-630
10x103F ESA g (2014).
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2l Zl s Wavelength, um Electronics Letters, 9(25),
- j o = 593-594 (1989).
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- — Vit 45 HOLMIUM-DOPED SILICA FIBRE LASER nepBb”‘;] roJibMMeBbI
_0 |8 Laser emission at 2-04 um has been observed in a silica fibre BOJIOKOHHbIN nasep

doped with Ho®*. When pumped with an argon laser at
457-9 nm an absorbed threshold power of 46 mW and a slope
efficiency of 1-7% were measured.




FEOrPA®UA UCCNEAOBAHUU TOJIbMUEBBIX JIA3EPOB YKM

e Shandong University (LI3nHaHb), Harbin Institute of Technology (Xap6wuH), Jiangsu Normal
University (Cionuxoy), Knutam (2019-2024)

*  WHctutyt Obwen dunsmnkm um. A.M. MNMpoxoposa PAH, MockBa, Poccua (2012, 2016-2024)
* Wroclaw University of Science and Technology, Bpounas, Monbwa (2016-2021)
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rOJ/IbMUEBbLIE JIASEPbI YKU
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rOJIbMUEBbLIE JIASEPbI YKU
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Filatova, S. A., et al. All-fiber
passively mode-locked Ho-laser
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laser. Laser Physics
Letters, 13(11), 115103 (2016).
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Nanomaterials, 13(10), 1581

(2023).




CPABHEHME PA3HbIX TEXHMK CMHXPOHU3ALMM MOA

- Output Mode-locking elements (MLE): [oNbMMeBOE BONOKHO:
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U3SMEPEHUE XAPAKTEPUCTUK
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POLYMER-FREE SWCNT
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HYBRID MODE-LOCKING (NPE+SWCNT)
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CPABHEHUE U 3ANYCK

Bbixoa Ha ML pexkum = 5 ¢

(@)

SWCNT|  XapaKTepUCTUKKU Na3epHOro M3ny4eHua B 3aBUCUMOCTU OT

MCNONIb3YyeMOro TMna CUHXPOHM3aLUMMNM MoA, B rOJIbMUEBOM
BOJIOKOHHOM /1a3epe npu MoWwHOCTU HaKayku 0.85 BT:
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0.2

NPE + SWCNT
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MOZE/IMPOBAHMUE

[1BYXKOMMOHEHTHOE HeNMHeNHoe ypaBHeHUe LpeanHrepa, yumtobiBatowee sddeKTol
ABY/ly4enpesioOMNEHMNSA, YETbIPEXBOJIHOBOIO CMELLEHMNA U CNEKTPASIbHO OFTPaHUYEHHOTO YCUIEHUA:

9Ax _ AB 0Ax _ B2 0" : 2 1214 |2 i 2 _ 9Ax | g 0%Ax
0z 7 Axt0 ot 2 0t2 W(lel + 3 |A3’| ) VA Ay 2 +2(25 ot2’ (1a)
aAy ﬁ dA . B, 024 ) i s a2 gA g 0%A
oz T4y~ _y_ l? at W(|A3’| |Ax| )AJ’ —3VAyAx = zy 202 atZy’ (1b)

A;— amnanTyabl NONAPU3aLUOHHBIX KOMMOHEHT,

AF=2m/L ;- pa3HOCTb KOHCTAHT PAcNpPOCTPAHEHMA U3-3a ABY/y4enpeOMIEHNA B BOJIOKHE,
L - BNviHA ABynyyYenpenomaeHus,

0=AL/2w,—- pa3HOCTb rPyNNOBbIX CKOPOCTEN NOAAPMU3ALMOHHBIX KOMMOHEHT,

[, - Amcnepcua rpynnoBbIX CKOPOCTER,

Y — KO3pPUUMEHT HENMHENHOCTU BONIOKHA,

g — YCUneHue BONOKHa,

g - WMPUHA NINHUMN YCUNEHMUA.




MOZE/IMPOBAHME

B cnay4yae cMHXpoHu3auum mop ¢ ncnonb3osaHnem SWCNT, ero aencreme onmcbiBanochb
nepeaaTtoyHon PyHKUMen:

2
A} = Ai\/l — U — g, rae g, = g exp (— (|Ax|2 + |Ay| )/PS) HacbllWaemMble
notepu SWCNT, a., rybuHa moaynaumm, P; NMKOBasA MOLLHOCTb
HacblWeHnA, o, HeHacblWwaemble NnoTepu

Ho-doped fiber
DUy (WimY) go(m?)  ZE(THZ) By () lg (m)

0.0011 2 2.66 180 2
. SMF__ SWCNT
lsEHus s Y (W m?) Lgye (m) Uns Uso P; (W)

0T o.0011 8 0.28 0.01 70

General parameters
Lg (m) 0 (rad) A¢p (rad) @ (rad) Tyin (PS)
0.3 (% .70 2.45 404.8




MOZE/IMPOBAHME
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BHOCMMOTO KOHTPO/IIEPOM NOAAPU3aLMK BONIOKHE (B Mogenu dpukcnpyetca Ha Ac = 2075 Hm)

*  MMmnynbc - cymmy AIBYX OPTOrOHabHO
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MOBbLILUEHUE HACTOTbI CJIEAOBAHUA UMITYJ/IbCOB

1. KOPOTKMWU PE3OHATOP  frep =

28 March 2011/ Vol. 19, No. 7/ OPTICS EXPRESS 6156
Multi-gigahertz repetition rate passively

modelocked fiber lasers using carbon nanotubes m‘—

Amos Martinez and Shinji Yamashita
Department of Electronic Engineering, The Univ era.!r) of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

HI{H fineal f! sagnac.t.u- HJJ’(\ "o }'p

Soft phosphate glass fiber, core @ 14 um, low NA of ~0.08;
Heavily doped with 1wt.% of Er*3 and 8wt.% of Yb*3;
Absorption at A=980 nm is 2.4 dB/mm;

Timing jitter ~ 58 — 372 fs.

IEEE JOURNAL OF SELECTED TOPICS IN QUANTUM ELECTRONICS,

VOL. 24, NO. 1, JANUARY/FEBRUARY 2018

Passively Mode-Locked Tm?"-Doped Fiber Laser
With Gigahertz Fundamental Repetition Rate

Huihui Cheng, Wei Lin, Zhengqgian Luo, Senior Member, IEEE, and Zhongmin Yang

Tm-doped barium gallo-germanate glass fiber;

Core/cladding @ 8.6/125 um, NA ~0.145

Gain coefficient at A=1950 nm is 2.3 dB/cm;

The group velocity dispersion is estimated to be ~ -100 fs?/cm;
Timing jitter ~1.7 ps.
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MOBbLILUEHUE HACTOTbI CJIEAOBAHUA UMITYJ/IbCOB

2. YMHOARHUTE/IN HACTOTDI ! .":‘I’::'E:;,:;;:;;:'::'f:‘l':f!:"::'v:;;:'"":'::::::":; """" I"':a"':*""""{':;::::‘"":

’;\ 0.8 N T TYIT]
Optics Communications 366 (2016) 404-409 é 0.6 B
3.5-GHz intra-burst repetition rate ultrafast Yb-doped fiber laser £ )
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MOBbLILUEHUE HACTOTbI CJIEAOBAHUA UMITYJ/IbCOB

3. TAPMOHHUYECKAA CMHXPOHU3ALA MOA (TCM)

[MoBbILLEHME MOLLHOCTM HaKa4Ku YBennyeHme Konmyectsa UMNy/IbCOB B Pe30HATOPE,
[MoBbilLEHME YaCTOTbl CNeA0BaHUA MMIYIbCOB
KpaTHOe PyHAAMEHTA/IbHOM YacToTe



FAPMOHMYECKASl CUHXPOHM3ALA MO/

J. Opt. Soc. Am. B/Vol. 16, No. 1/January 1999 J. Opt. Soc. Am. B/Vol. 14, No. 1/January 1997
Q-switching stability limits of continuous-wave Pass“fe hal:monlc mode locking
passive mode locking in soliton fiber lasers

) A. B. Grudinin and S. Gray
C. Honninger, R. Paschotta, FE. Morier-Genoud, M. Moser, and U. Keller
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FAPMOHMYECKASl CUHXPOHM3ALA MO/

O®OPMNPOBAHUE NMOCJZIEAOBATEJ/IBHOCTU UMITYJIbCOB

I'Ile B38VIN\O,£I,€I\/JICTBVIVI Ha 6onbLLNX PaACCTOAHUNAX, HA OTTAa/IKUBaHUE U
pa3geneHmne HECKOJIbKUX BHYTPUPE3SOHATOPHbLIX UMMNYZ1bCOB B/TIUAIKOT.

* lncnepcuoHHasa BonHa (dispersive wave): T < 0.4 HC
* lcToleHne-BoccTaHoOBAEHUE ycuneHus (gain depletion and recovery):

T=0.4-23HcC

* AKycTunyeckasa BosnHa (acoustic-wave): T > 23 HC

Liu, X., & Pang, M. (2019). Revealing the buildup dynamics of harmonic mode-locking states in ultrafast lasers.
Laser & Photonics Reviews, 13(9), 1800333.



FAPMOHUYECKAS CUHXPOHM3ALA MO

ORIGINAL PAPER

Harmonic Mode-Locking

Revealing the Buildup Dynamics of Harmonic
Mode-Locking States in Ultrafast Lasers

Xueming Liu* and Meng Pang
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CPABHEHUE METOA0B NMNOBbLIWLEHUA HACTOTDI

- J |
MeTop, BY N
A CTaBUIBHOCTD peaenbHasn ﬂpocr?,Ta CNnoXXHoOCTb
YKHA yacToTa HAaCTPOMKU | KOHCTPYKLUU
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pe3oHaTop
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MACCMBHAA FTAPMOHMYECKAA CUHXPOHU3ALMA MOA

Research Article Vol. 25, No. 15 | 24 Jul 2017 | OPTICS EXPRESS 16916 | Research Article Vol. 28, No. 22/26 October 2020/ Optics Express 33028

Optics EXPRESS " Y Optics EXPRESS o N
Fundamental and harmonic mode Iocklng at 570 MHz harmonic mode- Iocklng in an aII
2.1 pm with black phosphorus saturable polarization-maintaining Ho-doped fiber laser
absorber CHAO YANG, BAOQUAN YAO," YI CHEN, GAoYOU Liu, SHUYI Mi, KE
MARIA PAWLISZEWSKA,!:" YANQI GE,2 ZHONGJUN L1,2 HAN YANG, TONGYU DAI, AND XIAOMING DUAN

ZHANG,” AND JAROSLAW SOTOR —
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NMACCUBHAA TAPMOHHUYECKAA CUHXPOHU3ALUNA MOA

Journal of Lightwave Technology ( Volume: 42, Issue: 10, 15 May 2024)
603 MHz harmonic mode-locked femtosecond

Ping Hu, Jiajia Mao, Xue Zhou, Tianli Feng, Hongkun Nie, Baitao Zhang, Tao Li, Jingliang He_ and
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AKTMBHAA TAPMOHUYECKAA CUHXPOHM3ALMA MOA

IEEE Photonics Technology Letters ( Volume: 31, Issue: 3, 01 February 2019)
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CPABHEHUE I'CM B INoOJibMUUW

PaboTa

ONuTenbHOCTb

Fundamental and harmonic mode-locking
at 2.1 um with black phosphorus saturable
absorber //Optics Express. — 2017. — T. 25.
— No. 15. - C. 16916-16921.

570 MHz harmonic mode-locking in an all
polarization-maintaining Ho-doped fiber
laser //Optics Express. — 2020. — T. 28. — Ne.
22.—C. 33028-33034.

603 MHz harmonic mode-locked
femtosecond  Ho-doped fiber laser
//Journal of Lightwave Technology. — 2024.

2.07-um, 10-GHz Repetition Rate, Multi-
Wavelength Actively Mode-Locked Fiber
Laser //IEEE Photonics Technology Letters.
—2018. —T.31. — Neo. 3. — C. 242-245.
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MACCUBHAA TAPMOHUYECKAA CMHXPOHM3ALUMA MOA

Output Mode-locking elements (MLE):
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MACCUBHAA TAPMOHUYECKAA CMHXPOHM3ALUMA MOA

NPE MODE-LOCKING
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MACCUBHAA TAPMOHUYECKAA CMHXPOHM3ALUMA MOA

HYBRID MODE-LOCKING
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MACCUBHAA TAPMOHUYECKAA CMHXPOHM3ALUMA MOA

SWCNT MODE-LOCKING
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YIMNPOLEHUE CXEMbI PESOHATOPA
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3AKJIIOHEHUE

PaCCN\OTpeHbI pa3inyHblie MeXaHU3Mbl CUHXPOHW3aUUN MO/ B OAHOM
pe3oHaTope rojibMmeBoro 1da3epa,

[MpoBeaeHa oNTUMM3ALMA PE30HATOPOB ANA NOJIYYEHMNA TAPMOHUYECKON
CUHXPOHM3aLMM MO,

[lonyyeHa 4YacToTa cnegoBaHua nmnynbcos 614 MI'L B pe3oHaTope C
rMbpMaHON CUHXPOHU3ALMEN MO,

[MpoBeaeHo ynpoLleHUne cXemMbl ro1IbMUEBOTO Na3epa A/1Aa NoBblWeHUA
4acToTbl cAeA0BaHUA UMMY/1bCOB.
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