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Mbl pa3paboTanu nasep Ha KOpyHAE C TUTAHOM

Cc Moaynsaunen ycuaeHus, c NnepecTponKom AJINHbI
BOJIHbI B LULUPOKOM AManasoHe, cneyunanbHo

ana ¢oToakyCcTUYeCKUX NpuMeHeHUn. Jlasep
M3nyyaeT UMNYbCbl C SHepruen go 200 MkAX,
ANNTENbHOCTbIO KopoYe 10 HC, LUIMPUHOW IMHUK
npumMmepHo 0,5 HM M HacTOTOM NOBTOpPEHUs

1Kly. AnnHa BOZIHbI MOXEeT nepecTpanBaTbCcs

B ananasoHe 710—-890 HM. A/INHbI BOJTH
nepekn4aroTCs B IlO60M nopsake, CO BpeMeHeEM
nepeknyeHnsa kopoye 50 Mc.

oToakycTuka (PA), UIM ONTOAKYCTHUKY-
¢CTI/IK3., cTaHOBUTCS Haubonee 6bBICTpO

IPOrpecCHpPYOIIUM MeTOAOM 21-TOo Beka
IoNy4eHU s U306paskeHUI B MeJHUIIHMHe, 10 IIPU-
YHMHEe BO3MOKHOCTH IIOJNy4YeHHS H300paskeHUH
C BBICOKMM IIPOCTPAaHCTBEHHBIM pa3pelleHHEM
00beKTOB, HaXOASIIMXCS B TKaHIX Ha IIy-
6uHe, He OOCSATaeMOM [AJII YHUCTO ONTHUYECKHUX
MeTtozmoB [1]. s monydenus PA-usobpaskeHHUSs
[IOBEPXHOCTb HcCIefyeMoro obpasia obayyaercs
HMIYJIbCHBIM JIa3epoM, [JaJjiee NeTeKTUPYHITCS
BO3HUKAWOIIKMEe AKYCTHUYeCKHe BOJHBI, HU3JIy4eH-
Hble 00/1aCTAMU MOIJIOIIEeHMS, HaXOOALIMMHUCI
BHYTPH obpasua. B cBsA3M ¢ [oCTaTOYHO 60IBIION
rny6bMHONM NPOHUKHOBEHUS CBeTa BHYTpPb b6uo-
JIOTHUYECKHUX TKaHeHn (JoXoOsIler [0 HeCKOJIb-
KUX CAHTHMETPOB, HeCMOTPS Ha CHJIbHOE pac-
cerMBaHMe) Ha OJIMHAX BoaH 700-900 HM, J1a3eps I,
paboTarmmue B 3TOM AHalla30He, SBISIOTCS HaH-
6omee YacTo HCIONB3yeMBIMU AIsT bUOMenmH-
LUHCKUX NpPHMeHeHHH. 3a mociaenHue 20 et
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SON OF TITAN:

BROADLY TUNABLE HIGH
ENERGY NANOSECOND
TI:SAPPHIRE LASER TISON GSB

D.A.Oulianov, ulyanov@laser-export.com,
LIKuratev, R.S.Biryukov, V.A.Konovalov, E.I.Fedyna,
LASER-COMPACT, Laser-export, Moscow

A novel broadly tunable gain-switched Ti:Sapphire
laser has been developed specifically for photoacoustic
imaging applications. The laser outputs up to 200 m)
pulse energies with shorter than 10 ns pulse durations
and 0.5 nm line width at 1 kHz repetition rate.
Wavelength is electronically tuned in the range of 710—
890 nm. Random wavelength access is possible with
less than 50 ms switching time per any wavelength
change.

becomes one of the fastest growing medical

imaging techniques in the 21st century due to
its ability to produce high spatial resolution images
of tissues at deep depths unachievable by optical
methods [1]. PA imaging utilizes a high energy laser
illuminating the surface of the object under study
followed by detection of acoustic waves generated
by absorbed regions inside the object. Because of
relatively deep light penetration of several cm into
biological tissues and availability of high energy
sources, the wavelength range of 700—900 nm is
the most used region for PA imaging for biomedical
applications. Many different techniques and
variations of PA imaging has been introduced during
the past two decades. Among them multi-wavelength
(or multi-spectral) PA tomography and microscopy
that have been gaining a lot of attention recently [2].
These techniques are based on PA signal detection
generated by pulses of several different wavelengths
simultaneously or sequentially exciting the object.
Since absorption of different biological objects has
strong wavelength selectivity, by choosing the right
wavelength it is possible to significantly increase
contrast of object of interest and by using several
different wavelengths get an image of several objects
in a single frame. In order to do such a measurement
a high energy tunable laser is required. In case of
live object study in order to prevent distortion due
to breathing or blood pulsation this laser should

Photoacoustic (PA) or optoacoustic imaging
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Puc.1. M3ay4amensb nazepa TiSon GSB
Fig. 1. Photo of TiSon GSB laser head
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Puc.2. Onmuueckas cxema nasepa: LD - naszepHbili du00,
AOM - akycmo-onmuyeckut modyasimop, WS - cenekmop
OAUHbI 80AHbI

Fig. 2. Laser optical scheme: LD - laser diode, AOM -
acousto-optical modulator, WS - wavelength selector

Ti:Sapphire

6bII0 IIPeJIoKeHO MHOXKECTBO Pa3HBIX TeXHOJIO-
run ®A. Cpeau HHUX MY/JIbTHBONIHOBAS (MYJIbTH-
CreKTpanbHasi) oToaKycTUYeCKasi TOMOrpadus
1 PoTOoaKyCTHYeCKass MHUKPOCKOIHUS B IIOCIeN-
Hee BpeMs BBI3bIBAIOT HAUOONBIIHI HHTepec
[2]. 9Tu MeTOnOBl OCHOBAaHBl Ha OJHOBPEMEHHOM
HUJIM II0C/IefJOBATeIbHOM J[eTeKTHUPOBAHUHU aKy-
CTHUYECKOro CUTHajla 0T HeCKOJAbKUX OJIUH BOJH.
B cBfI3M C TeM, 4YTO CIeKTpaJbHble 3aBHUCHMO-
CTHU HOIJIOWEeHUS Pa3HbIX OH00OBEKTOB CHUIBHO
Pa3IUYaTCsA, N0AO60POM IIHUHBL BOTHBL MOSKHO
3HAYHUTEIbHO YIYYIIUTh KOHTPACT U3MePsSIeMOro
o6beKTa, a B0O3bykZasi 06beKT Ha HECKOJIBKHX
OAHUHAX BOJIH, IOJYYUTh H300paskeHHEe Pa3HBIX
06beKTOB B OJHOM CHHMKe. [l IpOBeJeHHUS
TaKHUX H3MepeHHUH TpebyeTcs IepecTpauBae-
MBIH 1a3ep. [Ipu NpoBeJeHUHU HUCCIeLOBAHUH

also have fast wavelength switching available. The
required energies are varying in the range of 0.1—100
mJ depending on the object studied and PA technique
used. Another important laser requirement is short
pulse duration which directly impacts the spatial
resolution and usable acoustic wave bandwidth (e.g.
less than 10 ns is usually needed for PA microscopy).
In order to increase signal to noise ratio kHz pulse
repetition rates are also desired.

In order to address the above requirements we
have developed a tunable gain-switched Ti: Sapphire
laser TiSon GSB (see Fig.l). The basic laser optical
scheme is shown in Fig.2. We use a frequency doubled
actively Q-switched diode-pumped Nd: YLF laser as a
pump laser. It generates 1.0 mJ pulse energies at 527
nm. These pulses are focused into a Brewster cut Ti:
Sapphire crystal placed into a resonator. A typical
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SKHBBIX 00 BEeKTOB, [IJISI TOIO YTOOBI He BO3HHUKIIO
IIOMeX, CBA3aHHBIX C ABIXaHHeM HJIHU IYJIbCOM,
CKOPOCTb IIepeCcTPOMKH TaKoro ja3epa AOJKHa
6BITh LOCTAaTOUHO 6BICTpor. Heobxomumas 3Hep-
TUsl 71a3epHOr0 HMIIy/Jbca OOBIYHO HAXOAUTCS
B nuamnasone 0,1-100 mMJ[>K ¥ 3aBHCHUT KaK OT M3y~
yaemMoro ob6beKTa, TaK M OT HCIOIb3YeMOTrO
®A-meToma. Takke Tpebyercsi, 4UTOOBl IIHUTeNb-
HOCTH JIa3ePHOr0 MMIIyJbca OblJIa JOCTATOYHO
KOpOoTKoM (Hampumep, Ansi PA-MHKPOCKONHUH
06BIYHO Heob6XOJMMBI MMITYIbCH Kopode 10 HC).
JIUTeNbHOCTDh JIa3€pPHOT0 MMIIY/IbCAa HeIlOoCpen-
CTBeHHO oIpefenseT MNPOCTPAaHCTBEHHOE pas-
pelleHMe M [OHAla30H YacTOT aKYCTHUYeCKHX
BOMH. /[lJi1 MOBHIIEHUS OTHOIIEHHUS CHUIHAJI-
IIYM, YaCTOTa IIOBTOPEHHUS HOJKHA HAXOOUThCS
B KHJIOTepLIeBOM JHalla3oHe.

Mpl pa3paboTanu mepecTpaMBaeMBIH Jiasep
TiSon GSB Ha KOpyHJle C TUTAaHOM C MOAYJISILIHeN
yCHUIeHHS, KOTOPBIHM YyAOBJIETBOPsieT BhIIIeIepe-
YMCIeHHBIM TpeboBaHUAM (puc. 1). YOpoleHHas
OIITHMYeCKasi CXema Jasepa IpUBeJeHa Ha pHC.2.
B KavecTBe HaKa4yKHU OblIa UCIONb30BaHA BTOPas
rapMoOHHUKA H3/Iy4eHUs la3epa Ha Kpucrtamwie Nd:
YLF ¢ NUONHOM HaKayKOM C aKTHBHOM MOAYJS-
nuell NobpoTHoCTH. WMIy/IbChl HaKadKH, 3Hep-
FUs KOTOpBIX cocTaBiasgiaa 1,0 MK Ha [OJIHHe
BOJHBI 527 HM, GOKYCHPOBAIHCh B IIOMELeHHBIH
B pe30HATOP KPUCTAJIJI KOPYHAA C TUTAHOM, BBIpe-
3aHHBIM IIoA yrioM bproocTepa. TUNHM4YHas Iepe-
CTpoeyHas KpHUBas ja3epa IpHUBeJeHa Ha PHC.3.
MakcuMaJibHas 5Heprus Ha BBIXOHOe OOCTHUraja
215 MK]J>K Ha AJIMHe BOAHB 800 HM, IIPU IJIUTE/b"
HOCTH MMIIyJibCa 5 HC, Ha 4YaCTOTe IIOBTOPeHHUS
1 kT'n. IIpy mepecTpoiKe AJIHHBI BOJHBI BOIH3U
KOHLIOB paboyero puamasoHa [JIUTEIBHOCTH
MMIIY/IbCa HECKOJbKO YIIMpsSaach, OCTaBasich,
TeM He MeHee, Kopode 10 HC BO BCeM [Halla3oHe
nepecTporky (puc.4). llnprHA TUHUHU PaBHSAIACH
npumepHo 0,5 HM I/ BCeX OIUH BOIH. [Ipoduns
BBIXOOHOTO my4ka - TEM,, Mofa C ImapaMeTpoM
M?< 1,2 Ha Bcex J/IMHAX BOJH. Ha puc.5 moka3aHB
NpodUIHN IIy4YKa, U3MepPeHHBbIe C IIOMOIIBIO IIPO-
¢unomerpa BeamStar komnanuu Ophir-Spiricon
Ha OJauHax BoiaH 720, 750, 800, 850 u 880 HM.
[lepecTpoMKa OJIMHBI BOTHBL OCYyLIeCTB/ISIACh CIIe-
LHa/TU3UPOBAHHBIM J3JIEKTPOHHBIM CeJIeKTOPOM
JJIMHBL BOJIHBI, [IOMeIleHHBIM BHYTPb pe30HaTopa.
JaHHBIN CeJeKTOpP [AJIHHB BOJHBI KOHTPOIHPO-
BaJjicq ¢ moMoInbio ITK U I103BOJISI IIepeKIYaThCs
MeXZAy mMo6BIMH AJTMHAMH BOJIH pabodero mua-
Ila3oHa 3a BpeMs Kopoue 50 mc. TiSon GSB BwIIIy-
cKaeTcs B ABYX Mogudukanusax: (a) ¢ BBIBOLOM
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Puc. 3. NepecmpoeyHas kpusas Aasepa TiSon GSB
Fig. 3. TiSon GSB laser tuning curve

tuning curve of TiSon GSB is shown in Fig. 3. The
pulse energy peaks at 800 nm and equals to 215 mj
with 5 ns pulse duration at 1 kHz repetition rate. Even
though the pulse duration somewhat increases at the
ends of the tuning curve it still remains below 10 ns in
the full tuning range (Fig.4). Laser line width equaled
to about 0.5 nm for all wavelengths. The beam is a
perfect TEM,, mode with M?<1,2 at all wavelengths.
Fig.5 shows beam profile images measured by
BeamStar beam profiler by Ophir-Spiricon at 720, 750,
800, 850 and 880 nm. Wavelength tuning is done
by a proprietary wavelength selector placed into Ti:
Sapphire resonator. The wavelength selector allows
for a PC controlled wavelength switching with less
than 50 ms time per any wavelength change. TiSon
GSB is available with either air or 400 mm fiber
output. Work on a higher energy model and even
faster wavelength switching is in progress.
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Puc. 4. 3asucumocmb 0AUHbI UMNYAbCA OM 0AUHbI B0AHbI
nasepa TiSon GSB
Fig. 4. TiSon GSB laser pulse duration vs. wavelength
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TiSon GSB uMeeT YyAbTPAaKOMIIAKTHBIH pas-
Mep, BKIOYaeT B cebs ya3ep HAKaduKkH U Jjasep 850 nm 330 nm
Ha KOPYH[Ie C THTAaHOM, KOTOpble 00beLHHEHBI
B eJIHHOM KopIyce. Pa3Mmepsl H3aydaTems @ @
¥ 6JI0Ka MUTAHUSA COCTABIAAKT 237x56x165 and
230x80x193 MmM3, cooTBeTcTBeHHOo. M muga 6io0ka
IIUTAHUS, U AJIS W3JIydaTessl UCIIONb3yeTCsS BO3-

AyLIHOE OXJaxpeHue. Jlazep HMMeeT IPOYHYIo Puc. 5. Mpoguau nyuka Ha 0auHax eoaH 720, 750, 800, 850
KOHCTPYKI[HIO, BBICOKYIO CTabUJIBHOCTD U HaeX- U 880 HM

HOCTb U MOXXeT HMCIIOJIb30BATbCA KaK AJIs IIPOMBIII- Fig. 5. Beam profiles at 720, 750, 800, 850 and 880 nm
JIeEHHBIX, TaK U HAYYHbIX HpI/IMEHEHI/II;I.

H3/Iy4eHUs dYepe3 BEIXOLHOe oKHO U (6) c Boio-
KOHHBIM BBIBOAOM (B 400 MKM Ha‘{KOp,EL). B mau-
HBI MOMEHT MBI paboTaeM HaJ HOBOHM MOJEJIBIO
nasepa c 6osplIell SHepruer B UMIIYIbCe U C elle
bonee OBICTPBIM IlepeKIIOYeHHEeM MeXAy IIH-

JINTEPATYPA TiSon GSB have an ultra-compact footprint
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