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CTBOM MeJaHHMHA, YTO YMEHBIIAT 3aLIUTY, B KOXE
tunoB [-III HyX)HO 0C000 TIIATENBHO MOAXOIUTH
K BBIOOpPY MOIIHOCTH, JUIMHHBI BOJIHBI U BPEMEHH
00JTy4eHus1, 4TOObI HE HAHECTH MOBPEXIeHUs 00ITy-
4aeMOMY OOBEKTY.

[ToxnOop nasepHOro TeparneBTHYECKOro annapara
U MapaMeTpoB Ja3ePHOT0 M3Ny4YCHHs JODKCH 3aBH-
CEeTh OT MECTa BO3JCUCTBU, XapaKTepa BIMSHUS U
3¢ deKkTHBHOCTH pe3ysIbTaTa TepaIku.
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OIEHKA BJUSAHUSA DKCHEHTPUCHUTETA 2JIVIMIICOUTAJBHOI'O PE®JEKTOPA HA
OCBEHIEHHOCTDBb B ®POTOMETPHYECKUX N30OBPAKEHUAX
I'eanu U.B.
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JlmarHocTHaeckue cpencTsa B OMO(POTOHHUKE, KaK
U JI0ObIe OITHKO-IJIEKTPOHHBIE TMPHOOPHI, MOTYT
COJIep)KaTh B CBOEM COCTaBE OTPOMHYIO HOMEHKIIa-
TYypy 1O KOH(Urypaluud u pa3Mepam ONTHYECKUX
9JIEMEHTOB M CHUCTeM. [IpudyeM HAacKOJIbKO Kaue-
CTBEHHO M3TOTOBJEHBl M MPOKOHTPOJNPOBAHBI
OINITHYECKHE DJIEMEHTHI, HACTOJIBKO M TOYHOM Oyner
OMOMEUIIMHCKas JUarHOCTHKa. Pa3BHTHE CTEKIO-
00pabaTHIBAIONINX TEXHOJNOTHA M POCT TPeOOBaHHI
K TAKAM U3MEPUTENBHBIM CPEJCTBAM MPUBENO K IIH-
POKOMY BHEIPEHHIO ONTHYECKUX JeTaieil ¢ Hecde-
pudeckuM (acheprdHbIM) MPOGUIeM MOBEPXHOCTH.
He cMoTpst Ha 3HAYUTENILHO MEHbIIIE TA0APUTHI OIITH-
YECKOM CHCTEMbI, OHH MO3BOJISIOT MOJTYYUTh BHICOKUE
nepearole 1 abeppaloHHbIE XapaKTEPUCTUKH.

doTomeTpusi MyTHBIX CpeJl, B TOM YUCIie U OHO-
JIOTHYECKUX, UMEeT psiji (PyHKIHMOHAIBHBIX OCOOCH-
HOCTEH, KOTOpbIE HaKJIaJbIBAIOT OTIEYATOK Ha KpH-
TEpUH KauecTBa MpPU OLEHKE ONTHYECKUX CHUCTEM.
Tak, Hampumep, caMbIM PaCHPOCTPAHEHHBIM METO-
JIOM B OITHKE OMOTKaHEH SIBISIETCS METOJ MHTETPH-
PYIOILIUX CpeJl, OCHOBHBIMU TPEOOBAHUSIMH K KOTO-
PBIM SIBISIFOTCSL C)EpPUUIHOCTh BHYTPEHHEW MOBEpX-
HOCTH M KadecTBO IUQQPY3HOTO MOKPHITHS, obec-
NEYMBAIOLIME PABHOMEPHOE pacCeMBaHHE BHYTPU
cdepsl. KoHTposb GpopMbl U HOKPHITHSL B 3TOM CITY-
Yae JI0cTaToyHo xopomo otpadoransl. Ho BMecrte ¢
TEM, HHTETPAIBHOCTh PETUCTPUPYEMBIX MOTOKOB
CYIIECTBEHHO OTPaHUYMBAET BO3MOXHOCTH (OTO-
METPUH HHTETpUpyonmMu chepamu. bombmmm
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(yHKIMOHATIOM 007amaeT (OTOMETPHUS AIUIHIICOH-
JanbHbIMU peduiektopamu [1, 2], s KoTopoil yke
TaK)Ke XOpOIIO pa3pabOTaHbl METO/BI H3TOTOBJICHUS
U KOHTpOJIsi ()OPMBI BHYTPEHHEH OTpakarollei mo-
BepxHOCcTH [3,4]. Kak n3BecTHO, ONTHYECKUE dJe-
MEHTBI C HecepuuyeckuM npoduieM MOBEPXHOCTH
MEHEe CKJIOHHBI K pa3IMdHbBIM BHAAM adeppauui,
YTO JEeJaeT WCIOJIb30BaHUE WX THIIOBBIX KOH(pHUTY-
panuii B KauecTBE XOpPOIIETO PEIICHHS B ONTHKE
CBETOPACCEUBAIOIINX CPE].

®DOTOMETPEI C IIUTUICOMAANEHBIMU pedIerTo-
pamu (OP) mpexncraBieHbl KakK HW3MEPHUTEIIBHBIC
CPEICTBa IMPHU HCCIEIOBAaHMHM ONTHYECKHX CBOWCTB
Oouonoruvecknx TKaHed. OCHOBHOW KOHCTPYKTHB-
HOW OCOOCHHOCTBIO TakuX (POTOMETPOB SIBISACTCS
€ro TEXHWYECKOE HCIIOJIHEHHE, OCHOBAaHHOE Ha WC-
MOJIB30BaHUM pediieKTopa ¢ BHYTPEHHEH OTpakaro-
1Iei TTOBEPXHOCTHIO B BUJIE YCEUSHHOTO 10 (hoKasb-
HBIM IUIOCKOCTSIM 3jurconaa BpameHus. Crek-
TpanbHBIH 1uWana3oH paboTtsl (oromerpoB ¢ EP
3aBUCHT OT IIapaMeTpOB JIa3€PHOTO HCTOYHHKA H
OTpaXKarolIMX CBOMCTB BHYTPEHHEW 3€pKaJIbHOU
TTOBEPXHOCTH JUTATICONAA BPALICHHUS.

Hcnone3yst hoTomeTpsl ¢ OP, nmpenMyinecTBeH-
HO MIMEIOT JIeJI0 C PETUCTpaIMel MOJIHOTO MPOITyC-
KaHusi, MU GY3HOro MPOMYCKAHHS WU OTPaKCHHS,
a TaKke KOJUIMMHPOBAHHOTO Mpolyckanusi. Heko-
TOpblEe TUNBI (OTOMETPOB HMEIOT KOHCTPYKIUIO,
00€ecCIeunBaoNIyl0  BO3MOXKHOCTh  PETHCTpaliy,
KpOME YKa3aHHBIX, €IIe W KOJUIMMHPOBAHHOTO OT-



CeKZ{u}l 4. Ol’lmuKO—Sfle‘KmpOHHble cucmembl, Jla3zepHas mexnuKka u mexHouiocuu
__________________________________________________________________________________________________________________]

PaXKEHHsI, YTO TIOATBEPKIACT TOT (PAKT, UTO JAHHBIH
Ki1acc (OTOMETPOB IO3BOJSICT IMMOJYYHTH OoJiee
YeM HEOOXOAUMYH0 HH(POPMALUIO IS HCCIICAOBa-
HUS ONTHYCCKUX CBOHCTB OHOJIOIMYCCKOM CPEIbI.

DJUTMICOUAATIBHBIN PE(IICKTOP SBISICTCS HE-
chepryecKoi MOBEPXHOCTHIO BTOPOTO MOPSIKA IT0-
TOMY JUI OTIMCAHHS €r0 MOBEPXHOCTH HCIIOJIB3YIOT
TC JKC YPaBHCHHS, HUCIOJB3YEMbIC IUIsI OMUCAHHS
achepuvecKrX MOBEPXHOCTEH BBICHICTO Mopsijaka. B
TaKWX MpOoTrpaMMax Ui aBTOMATH3HPOBAHHOTO pac-
yera ontuueckux cucteM, kak CAPO u OPAL [5],
OJIHIM W3 CIIOCOOOB 3ajaHMsl acQepuIecKuX IIo-
BEPXHOCTEH BBICIIECTO TOPSAKA SIBISTFOTCS KO3 du-
IIUCHTHl YPaBHEHUS B CHUCTEME KOOPAWHAT, CBS3aH-
HOM ¢ BEPIIMHOM NOBEPXHOCTH

u=az-a,z, +a,z; + .. ()
THE u =X, + Vs KOX(QQHUIUEHT «;, CBI3aHHBIA

C paliycoM KpPUBH3HBI 7y, IPU BEPIINHE MOBEPXHO-
cTH a; = 2ry, a KO3(Q(UINEHT a; — C IKCIEHTPUCHTE-
TOM e KOTOPBIi 00pa3oBaH KPUBOM BTOPOTO MOPSIKa
a = (1 - ez).

B napyrux mnporpammax, nampumep, B ZEMAX,
CODE-V, OSLO [5], ucrionp3yercst ypaBHCHHE BU/IA:

uxp,

z=
1-#—1[1—14><po2 ><(1 —ez)

rae po = 1/ro — KpUBHU3HA MOBEPXHOCTH TIPU BEPILIHHE.

Yno6cTBO ucnonb3oBaHusi ypaBHenus (1) co-
CTOUT, MIPEXKJIC BCEro, B TOM, YTO KaKIBIH KO3 HH-
IEHT YPaBHEHHUS OMNpEICsIeT TOJBKO COOTBET-
CTBYIOIIMA  TOpPSAOK  adeppalyu,  MO3BOJISET
HATJUITHO  WMCIONB30BAaTh  ATH  KOA(D(DHUIIHECHTHI
Juts Oanmanca abeppaiiii mpu TPOCKTHPOBAHUH OIl-
THYeckux cucteM. OHaKo, He Bce MPOrpaMMBbl 1103~
BOJIIIOT HETIOCPEACTBEHHO 3aJaBaTh achepudecKue
ypaBHEHHsI Takoro Buga. Kpome Toro, mHOTga BO3-
HUKaeT HEOOXOIMUMOCTh IPOBEPKH PACUCTOB, BHI-
MOJIHEHHBIX C HCIIOJIb30BaHWeM ypaBHeHus (1),
C MOMOIIBIO JIPYrOoro MPOrpaMMHOTO O0ECIHeYEeHHsI.
ITepexox ot ypaBHeHus tuna (1) x tumy (2) omHo-
3HAYHBIA TOJBKO ISl CiIydash ypaBHEHHsI BTOPOTO
MOpsIIKa, TIOATOMY TPU HMCHOJIB30BAHUM MOBEPXHO-
CTEeH BBICIIETO MOpAKA NMPHU IEPEXOAe OT OIHOU
MpOTpaMMBI  JIIsI aBTOMATH3MPOBAHHOIO pacyeTa
ONTHYECKUX CHCTEM B JAPYTYIO HEOOXOIUMO BBITION-
HATH TIepepacyeT KodhhUIMEHTOB YpaBHEHUS acde-
puyeckoi noBepxHocTr. Ho He 0/1HO U3 ypaBHEHUH
HE TO3BOJISIET ONMHUCATh acC(EpPUIHYIO MMOBEPXHOCTH
SJUTUIICOMIA JOCTATOYHO TOYHO, IMO3TOMY OBLT pas-
paboTaH MeTo]| TpacCHpOBaHus ydel [6].

B nmanHO#i po0OOTE NPHUBEACHO HCCIICIOBAHUS
OCBEILEHHsT 30H (POTOMETPHYECKOTO H300paKeHUs,
KOTOpOE TOJIyYeHO TPH TPACCHPOBKE JIydel B CH-
cTeMe «Ouosoruueckas TKaHb + OP», Ui paszHbIX
SKCICHTPUCUTETOB TpH (PUKCHPOBAHHOM (HOKAIh-
HoM mapamerpe 11 mm. doromerpuueckue u300pa-
JKeHHS OBLTH MOJYYCHBI ITyTeM 3ammycka 20 MUIDIHO-
HOB (POTOHOB OE3KOHEYHO TOHKOTO IMy4YKa B TKAaHb

+bu’ +bu’ +bu’ +...(2)

[ICYEHH CBHHBH CO CICAYIOMIMMH ONTHYCCKHUMH
cBoiicTBamH: Pa= 0,66; ns=1,22; n=1,39; g =0,76;
TOJIIIIMHA CITOSI COCTaBIIsLIa 1 MM.

6 2
Pucynok 1 — ®oroMeTpuueckue H300pakeHus oopasia
neuenu cBuHbM 11t EP ¢ skcuenrpucureramu 0,4 (a, 6) u
0,8 (8, 2) B mpowienemM (a, ) U OTpaXKEHHOM (0, 2) CBETe

Ha ocHoBaHuuM aHanmu3a cepuu TakuX (hoToMer-
puyecknx u3obpaxkeHuil (puc.l) ObUIM IOIy4YEHBI
rpa@uKd 3aBHCHMOCTH OCBCIICHHOCTH Pa3IMIHBIX
ux 30H. Ha puc. 2 npuBeneH rpapuk 3aBUCHMOCTH
OCBCIIICHHOCTH BHEIIHETO KOJbIla H300pakeHUs
OT dKCLeHTprcHTeTa DP, rpaHUYHBIE 3HAYCHHUS KO-
TOPOTO OMPEACIISIINCh B COOTBETCTBUU C TEXHOJO-
THEH UX U3roTOBJICHUS [3, 4].
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PucyHok 2 — OcBemeHHOCTh BHEIITHETO KOJIbLa
(hOTOMETPUUIECKOTO H300PAXKEHNUSI B 3aBUCHMOCTH
ot ’kcreHTpucurera OP misa npomenmero (bfa)
U OTPaXEHHOTO cBeTa (tfa)

AHanu3 TOJyYEeHHBIX JTAHHBIX CBHJIETEIbCTBYET
00 ompenenéHHON KOPPENSIUU OCBEIICHHOCTH Pa3-
JIUYHBIX 30H (DOTOMETPHUCCKUX  HM300paKCHUI
co 3HaueHus MU RMS 1o ocsix X u' Y OT 3KCLEeHTpH-
curera OP [7] u TpeOyeT nanbHEHIEero u3ydeHus..
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Ytterbium (Yb*") ions are attractive for high-
power, efficient and wavelength-tunable laser op-
eration near 1 um. Yb-lasers enable power scaling
due to a low quantum defect (Stokes shift) between
the pump Ap and laser 4 wavelengths and because
they can be pumped with commercially available,
high-power InGaAs laser diodes emitting at 930—
980 nm. The Yb*" ion is also free of unwanted par-
asitic processes such as excited-state absorption
and up-conversion and it typically shows very high
luminescence quantum yield leading to exception-
ally high laser efficiency (> 80%). One of the hosts
for Yb*" doping are the cubic ordered and disor-
dered garnets. They possesses quite good thermo-
optical and thermo-mechanical properties as well
as relatively high thermal conductivity.

In the present report, we compare the microchip
laser performance of a series of Yb-doped gallium
garnets with ordered, Yb:Y3GasO12 (Yb:YGG) and
Yb:Lu3GasOi2 (Yb:LuGG) [1-3], as well as disor-
dered, Yb:Ca3(Nb;s5Gaps)GazO12 (Yb:CNGG) and
CasLiyNb; 5+yGaz 52,012 (Yb:CLNGG) [4-6], crystal
structure.

The Yb:LuGG and Yb:YGG crystals were grown
in an oxygen atmosphere by the optical floating zone
method, and Yb:CNGG and Yb:CLNGG ones were
grown by the Czochralski method. From the as-
grown bulks, rectangular samples were cut along the
[111] crystallographic direction. Their thickness,
aperture and doping level are specified in Table 1.
The samples were wrapped with indium foil to im-
prove the thermal contact and mounted in a water-
cooled copper holder kept at ~12 °C.
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Table 1. Compositional and Geometrical Parameters of the
Studied Laser Crystals

. Dopin NY;(; Thickness, Apertur
rystal g, 10 e,
at% | cm? mm mm?
Yb:LuGG 7.13 9.4 6.00 3x3
Yb:YGG 7.35 9.7 6.02 3x3
Yb:CNGG 5.80 7.1 8.00 5x5
Yb:CLNGG | 4.30 5.3 3.14 3x3

The microchip laser cavity consisted of a flat
pump mirror (PM), AR coated for 0.9—1.0 um and
HR coated for 1.02—1.20 um, and a set of flat output
couplers (OC) with transmission Toc = 1 %, 5 % or
10 % at the laser wavelength. The cavities contained
no air gaps so that their lengths were equal to the ge-
ometrical length of the crystals. The fiber-coupled
InGaAs diode was used, nominally emitting at around
~932. The pump beam was focused into the crystals
with a lens assembly having a reimaging ratio of 1:1
and a focal length of 30 mm. The diode had a fiber
core diameter of 105 um and N.A. of 0.14. The diode
provided a maximum output power of 25 W. The
pump spot sizes in the focus w;, and confocal parame-
ter 2zg was then ~ 52 pm/1.0 mm. The crystals were
pumped in a single-pass configuration.

The pump saturation intensity for the studied
crystals was estimated to be ~20 kW/cm?. For
Yb:YGG, Yb:LuGG, and Yb:CNGG the pump ab-
sorption at high pump level was 60-70 % while for
Yb:CLNGG it was ~ 50 % due to the shorter length
of the crystal.

In Fig. 1, the absorption ous and stimulated-
emission cross-sections osg spectra for the studied
crystals are shown. The peak osg values are slightly





