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NbY4YEHUWE B CPEOHNA NOPAYEPBEH
OUNANA30H:

PASPABOTKA HA NPUJIOXERUA
N NASEPHU U3TOYHULN




Motivation/ MoTtuBauus

Lasers tunable between 2.5 -5 um with
high average power (>2 W) and high pulse energy (> 2 mJ):

Resonant mid-IR Remote sensing
PLD of polimers (LIDAR)

Energy: >1 mJ Medical
applications

New Method for

material synthesis Average power: 1-
10W




peaouMcTBa 3a MeOAULIMHCKM

Tissue is composed of : Water , Proteins and Lipids

absorption spectrum of Water

10°

10° \"

10*
10° /\———\
107 \

10"

Absorption (1/cm)

10°

10™
1072
10°°

107 +———rrr — ——rrr — — T
10 nm 100 nm 1 um 10 um 100 ym 1 mm 10 mm

Wavelength

VTV T [near Rl MdR ] FarR | EHF__|




Advantages for medical applications

absorption spectrum of skin (Mid-IR )
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Advantages for medical applications

Minimizing collateral damage

» Thermal damage
= Pressure damage
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Knto4yoBm npeanmcTBa Ha TEXHOMOrusTa

n MuHUManHoO CTpaHM4YHO yBpEXaaHe — A0 pa3Mmepa Ha egHa
ounonorn4yHa KneTka.

. Hain-nobpa npeunsHocT Ha psidaHe — Ao 10 MMKpoHa B LUMpUHa
n 0o 100 mnkpoHa B abnbo4nHa.

. YHUKanHo cBOUCTBO Aa pexe MeKn N TBBbPAN TbKaHU C €1HA
N Cblla rnpeumn3HoCctT 1 MMHMMaJiHO yBpexXgaHe.

n [fpemaxBaHe Ha cnoeBe OT MEKU U TBbPAM ThKaHU C XKenaHa
neodenunHa.

. YHWKanHo CBOUCTBO Aa eQHOBPEMEHHO Oa peXxe 1 Koarynupa
TbKaHuUTe



Resonant Mid - Infrared Pulse-Laser Deposition

Technologies are proven with free-electron
lasers (FELs).

ot Il. Synthesis of Crystalline Coatings of
chamber Known Hard or Superhard Materials using a
Confined-Plume Chemical Deposition:
Precursor vib. bands : 3125-2500 cm™
i.e.3.2—4 um

IR Laser
Beam

Heated
substrate =

Prof. Ch. Lukehardt, Vanderbilt university,
J. Am. Chem. Soc., 2009, 131 (33), pp 11744-11750

OLED displays are currently the hottest
IL ; products in the display technology market

Target
carousel

I. Polymer Thin Film Deposition:
Requires tunablity from 3.2 to 3.5 um

- OLED displays

- AR coatings using polymers and nano-particles
Prof. R. Haglund, Vanderbilt university




TexHoJnorunsa

CbluecTBYBaLlaTa TEXHOMOIMUS:
Jlazep Ha cBoboAHU eneKTpoHU (FEL

Mid-IR Mark Il Vanderbilt

INTENSITY

XapakTtepuctukm Ha FEL
3a MeguuUnHCKU
NPUNOXEHNS:

INTENSITY

-IpeHacTponBaemocT
B AnanasoHa (2 - 20 pm);

INTENSITY

- MoLueH nasepeH N3TOYHUK
(Hsakonko Bata Ha 30 Hz)



[lpunaraHe Ha npeun3HaTa nasepHa

0w

B KOHBEHUMOHANHUTE OnepauUuoHHK 3anu morat Aga obaat
na 6baaT MHCTaNMpPaHU KOMMNAKTHU Na3epHU CUCTEMM.



Existing
Technology

Existing technology —on an tabletop

Required parameters :

tunable between 2.5 -5 pm with

high average power (>2 W)

and high pulse energy (>2 mJ) (Abl.Th. ~1-2 J/lcm 2

Existing laser technology :

High average power (1-100 kHz) — modest energies ~uJ

High energy (1-30 Hz) — modest average power ~100mW

Novel laser technology: high power + high energy



Light Amplification by Stimulated Emission
LASER

HepoctaTbK Ha n1a3epHOTO NbYeHUe:
Yecrorarta my e ctporo onpeaeneHa (E; =hv=E,-E,)
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CTpaTervm 3d Cb34aBaHeé Ha MOLEH Jia3epeH

N3TOYHUK B cpegHaTa uHdpayepBeHa obnacTt

e 1 Lm T opm
SCINator
S |e-Fragu e cy [—l e 3 r\\ PDWEI‘
- rPlines £ Amplifier
Preamplfier | =1ns -1 10- 20
| 05.7TkHZ 0% 1 kH:
20 - 30 mJ
051 kHz 4}’ I pm
Medical Applications 2.4 um
Foypf 1 {
IAaterals Synthesis < OPO/OPA
Polymeor Depasition o

< 1 ns, ~Srmd

Hydrogen Desorplicn 0E 1 kHe



MporoTun/EkcnepumeHT

Coduiickn YHmnBepcuTeT “CB. .
Codhuinckn Yumeepcuter, 2014

KnuunmeuT Oxnisnckia”



7¥-lens mode-locking:
Basics

SHG at AkL#0 - nonlinear phase shift:
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R. DeSalvo et al., Opt. Lett., 17, (1992)



x¥-lens mode-locking:
Basics
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AkL>0

Ref : H. lliev, I. Buchvarov, S. Kurimura, and V. Petrov, Opt. Letters 35, 10161018 (2010)
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Record 5.7 mJ OPA 3 -3.5um
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= |dler conversion efficiency: 19% = Calculated OPA idler : 1.4 ns



MeAWUUHCKUN NPUNTOXKEHUA

OcHOBHaTa uaes 3a nasepHa XMpyprusa c BUCOKa NpeLusHOCT U MMHUMAJTHO YBpeXKaaHe:

npeLI,I/IMCTBa Ha J1a3epPHU U3TOYHULMN, HpeHaCTpOﬁBaeMM OKOIno nombvLUaHETO Ha BoAdaTa.
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Mpumep — abnaumsa Ha KoXa 1 XpyLLSAn oT npace
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[TbpBOHaA4YaNHW ekcnepMMeHTU 3a CUHTE3 Ha

HOBU MaTtTepnasiun
BopeHn Kapoupg B,C - eguH ot

Han-TBbpANTE MaTepuanm nosHar B cbTpyaHM4ecTBO C
Ha YyoBeKa, cnepn KyondHus 6opeH [Mpodb. Yapnc JliokxapaT n
HUTPUO N AMaMaHTa. Op. bopucnae NeaHoB

YHuBepcuteta BaHgepbunpg
[Mpekypcop: KapbopaH (C,B,,H;,)
ObmKknHa Ha BbnHarta: 3.26um
EHeprua B umnync: E,, = 1.37mJ
YecTtota: 0.5 kHz
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