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BBEAEHHE

HayuHo-TexHuueckas peBOJIIOLUs, BbI3BaHHAsl OYpHbIM POCTOM (DyHIAMEHTANbHLIX U NpPU-
KJIQJHBIX HAyK, MPEeXk/1e BCEro HayK 0 MpUpOJIe,0TKPbLIa IIHpoUaiiliie BO3MOXKXHOCTU MEepe UeoBe-
gecTBoM. OHa TIOPOIMIA TakKe PSI HOBBIX IpoOJIeM, pellicHIe KOTOPBIX BPsA I OyIeT BO3MOXKHO
0e3 manbHeliero pa3BuTHs Bcex oTpaciell Hayku. O4ueBHAHO, uTO PyHAaMeHTaANbHAS U TPUKJIaIHAS
(¢usuka W B ganpHelilleM OyaeT OKa3biBaTh 3HAYUTEHLHO EBJIMSHUE HAa PA3BUTHE HEJIOBEUEeCKON I1v-
BUITU3ALIMH.

dusznka sBIgeTCS HAyKOi, n3yvaroliell Hanbojee MpoCThie, OOITHe 3aKOHBI MPHPOILI M ChHIT-
pasna OCHOBHYIO POJib B PA3BUTHH COBPEMEHHOM TEXHUKU U TEXHOJIOTHH, MEPEJIOBBIX OTpaciell 3ko-
HOMMUKH, MPOMBIILIJIEHHOCTH, TTPOM3BOJICTRA.

Ouzuka B Y30ekucTaHe, Kak U B HAy4YHbIX LEHTPaX APYrUX CTPAH MUPA, UMEET MPOUYHYIO U
NPUHINTHANEHYIO OCHOBY. J{OCTIKEHNS HAIMX YYEHBIX B ATON OOJACTH HALIN M HAXOMST MEXKIY-
HapoIHOE MpH3HAHUE, OTPAKEHBI B MHOTOUNCICHHBIX IIyONUKANNIX, Kak B OTCUeCTBEHHBIX, TaK U B
3apyOeXkKHBIX JKypHAJax, MPOBOJSITCS COBMECTHBIE UCCAENOBAHUS C 3apyOeKHBIMU HAYUHBIMU [[E€H-
TpamMH. Ha ocHOBe Hay4HBIX pa3pabOTOK OCBAMBACTCSA M OCYIICCTBISACTCSA BEHIMYCK HOBBIX BHIOB
HAYKOEMKOH NPOyKUUU B PECIYOIUKH.

B 1mensx monBeacHHS HWTOTOB HAyYHO-HCCENOBATEJIbCKON JACATENBLHOCTH, KPHUTHICCKOTO
OCMBICJIEHHS PEe3yJbTaTOB (DyHJAMEHTANLHBIX U MPUKIIAAHBIX UCCIIEOBAHNN, ONPEACNIEHUS PUOPH-
TETOB Ha Ommkaifiiue roabl B ®uzuko-texuuueckoM uHeTUTyTE HIIO “®uszuka-Connne” AH PVY3
TPaJUIINOHHO TTPOBOANTCA KoH(pepeHIH “DyHaaMeHTa bHBIC U MPUKJIaJHbIC BOMPOCH (um3nkn". B
9TOM roJly KoH(pepeHIisl TPOBOANTCS B MEXKAYHAPOAHOM (popMate, UTO AacT BO3MOKHOCTh YUEHBIM
VY36ekuncrana, paboTaloUMM B Pa3UUHbIX HampaBieHUsX (H3HYeCKON HAyKH, HE TOJbKO OOCYAHTh
pe3yJbTaThl CBOEH HAYYHO-HCCIIE0BATEILCKON NEATENLHOCTH B 00Jiee IIMPOKOH U, Mbl HaJlgeMCsl, B
0ojee KPUTHUHON MEKIyHapONHOM ayIHTOpHH, HO M CONOCTAaBUTh MX C TEHACHINSIMH MHPOBOI
HAYKH, & TaK»Xe BOCMOJIb30BATHCI MEXIYyHAPOJHOW JKCIEPTH30¥ NMpU  IMIAHWPOBAHUU OyIylIHX

(byHITaMeHTaTbHBIX U MPHUKIAAHBIX UCCIE0OBAaHNN 1 pa3padoToK.

Peoakyuonnan Koanezus
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INTRODUCTION

The scientific and technological revolution caused by rapid growth of fundamental and applied
researches, first of all in natural sciences opens wide opportunities for the development. It also cre-
ates a number of new problems which solution will be hardly possible without further development
of all branches of science. It is obvious that development of researches in fundamental and applied
physics will impact considerably the development of a human civilization.

The physics is the science studying the simplest and general laws of the nature and it had
played the significant role in the development of the modern techniques and technologies, all branch-
es of economy, industry and the production.

The physics in Uzbekistan, as well as in scientific centers of other countries of the world, has a
strong basis. Achievements of our scientists have found the international recognition, and they are
reflected in numerous publications in international scientific journals. We are collaborating with
many international scientific centers. We believe that scientific results will be reflected in develop-
ment of new types of the knowledge-intensive production in our republic.

The conference "Fundamental and applied problems of physics" is traditionally organized by
Physical-technical institute of Scientific Association “Physics-Sun” of Academy of Sciences of Uz-
bekistan to summaries the newest results of scientific researches in Uzbekistan in the field of physics
and to define the most promising directions of their development. Now our conference has an inter-
national format and we believe that participation of our colleague from different scientific centers
and countries not only intensifies our future collaborations but also bring more courage to discussion

on the conference.

Editorial board
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TI:SAPPHIRE AS A FREQUENCY CONVERTER FOR SOLAR PUMPED ND:YAG
LASERS

Sh. Payziyevl, Kh. Makhmudovl, Yasser A.Abdel-Hadi
1-Institute of lon-plasma and Laser technologies of Uzbekistan Academy of Sciences,
Tashkent 100125, Uzbekistan, Durmon yuli st. 33

e-mail:payziyev_sh@mail.ru,
2-National Research Institute of Astronomy and Geophysics (NRIAG),
Helwan 11421, Cairo, Egypt

Abstract

The possibility of more than two-fold increase of Nd:YAG solar pumped lasers pumping efficiency with the
use of Ti:Sapphire as a solar spectrum frequency-down-shifting element is shown by the simulation calculation
method.

Key words: Ti:Sapphire, solar pumped laser, frequency converter

1.Introduction

One of the ways in which the solar pumped lasers efficiency may be improved by better exploita-
tion of the solar spectrum is the use of frequency-down-shifting, where one high energy photon is con-
verted to a low- energy-photon. This mechanism can introduce a new approach in the field of solar-
pumped laser through decreasing the threshold power and accordingly increasing the efficiency of the
solar laser which is still lying in the range of few percents.

Since the first solar pumped laser was reported by Yung [1] in 1966 it have been realized a number
of solar-pumped laser systems [2 - 16]. However the maximum recorded efficiency for Nd:YAG from
sunlight to laser is 4.3% [16], which is still low and not enough for wide spreading of solar-pumped lasers
commercially.

The idea of frequency down-shifting that we are going to consider in this work is to use additional
media helping to decrease the frequency of unabsorbed high energy photons of solar spectrum shifting it
to the range well-matching with absorption bands of active medium. In other words, we propose a new
approach based on the increase of absorption in Nd:YAG via external frequency conversion of large
amount of unabsorbed solar photons and returning them back to the Nd: YAG with minimal losses. It is
well-known that the Nd:YAG absorption spectrum sharing in the laser pumped by the sun is about 0.15.
This means that the whole solar radiation spectrum is not sharing in the laser process. Moreover, the rest
part of the solar radiation can cause some undesirable effects such as thermal effects in the crystal and
cavity which affect the whole efficiency of the solar laser system.

In present work we consider the possibility of increase in absorption efficiency of Nd:YAG using
Ti:Sapphire as an external frequency converter.

2.Description

The considered scheme is depicted in fig. 1. It consists of two parts. The main part representing wa-
ter cooled active medium made of composite YAG/Nd:YAG ceramic or diffusion bonded crystalline ma-
terial surrounded with metallic tube internal surface of which is silver coated and the plug-in part which is
the parabolic frequency converter of solar spectrum with separate water cooling; Lateral surface of active
medium is polished to provide total internal reflection and right-hand end is HR coated to reflect lasing
wavelength at 1064nm and transmit wavelengths below 900nm. The parabolic shape of frequency con-
verter in plug-in part was due to necessity of forming a flux with angular aperture limited by total internal
reflection angle from frequency down-shifted photons to minimize transmission losses. Outward parabol-
ic surface of frequency converter is also silver coated.

Performance analyses have been conducted by simulation method. Simulation calculations for con-
sidered scheme of solar laser were carried out using Monte-Carlo and ray-tracing methods [17]. The mul-
ti-reflection, refraction and absorption processes were modeled in three-dimensional coordinates. The
main difference of simulation model from that used in our preceding works was inclusion of emission
process in frequency converter in arbitrary direction within 47 solid angle after absorption process.
Time delay between absorption and emission processes is assumed to be zero because it is not important
in CW mode of operation of a laser. In simulation calculations in addition to the absorption spectrum
of active medium and solar spectrum the absorption and emission spectra of frequency converter are used
as well.
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Fig.1. Schematic of laser head with frequency converter

To qualitative analyses and for comparisons different spectra are presented in figure 2. As it is evi-
dently seen from these figure there is an excellent match of the emission spectrum of Ti:Sapphire and the
absorption bands of Nd:Y AG on the one hand and relatively lesser overlap between absorption spectra of
both Ti:Sapphire and Nd:YAG on the other hand. We note that overlap between absorption spectra of
active and sensitizing ions is one of the disadvantages of co-doped materials. However the scheme pro-
posed in this work is free of such lacks due to that the frequency converter transforms only the part of
solar spectrum unabsorbed in Nd:YAG active medium.

Arb. units

2 | / | | / Il
| ‘ |k | | ‘Ih
| , y 1N oK
(1 | A O PR L S P ST A YA DR L P I
300 400 500 600 700 800 900 1000
Wavelength (nm)

Fig.2. 1- standard solar spectrum, 2- Nd:YAG absorption spectrum, 3,4- Ti:Sapphire absorption and emission spectra re-
spectively

Quantitative analyses of carried out simulation results (figure 3) have confirmed this assumption,
showing the possibility of more than five-fold increase of solar-to-laser power efficiency of Nd:YAG la-
ser with external Ti:Sapphire frequency converter for typical solar insolation of 800W/m’ at the Earth
surface (around 700W in the figure). Calculations have been carried out for parabolic concentrator with a
diameter of 1m and the standard parameters of Nd:YAG sizes of 10 x 50 mm and titanium concentration
of 0.5% for Ti:Sapphire. The reflection coefficient of silver coated outward parabolic surface of a fre-
quency converter is assumed to be 97%. The loss at the interfaces between laser active medium and fre-
quency converter can be reduced to less than 5% (in one direction) in principle using index matching op-
tical gels and therefore is assumed to be 10%. As the pumping source the parabolic dish concentrator with
a diameter of 1m and focal length of 0.5m is considered. Simulation calculations have been done to de-
termine the main figure of merit, the overall pumping efficiency which is equal to maximal slope effi-
ciency that would be attained if the extraction efficiency were unity. Thus the result we have obtained
was 0.21 for the Nd:YAG + Ti:Sapphire versus pumping efficiency of 0.14 for Nd:YAG alone.

On the base of these results using expression for the four-level laser the dependencies of output la-
ser power on the incidence solar power are calculated for the output mirror reflectance of 95%. Some re-
sults are plotted in figure 3 for comparisons. Note that 1000W in figure 3 of solar power can not be col-
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lected at the focal plane of the concentrator with a diameter of 1m on the Earth surface but it can be col-
lected in Space since solar radiation intensity is about 1350W/m’. Also, as we can see from the figure 3,
a significant increase of the output laser power in the case of adding the Ti:Sapphire than using the
Nd:YAG only. For example for 700 W of input solar power, about 20 W of output laser power can be
obtained using Nd:YAG only, while about 60 W of the output laser power can be obtained using a com-
bination Nd:YAG and Ti:Sapphire. Also, a significant reduction of the threshold pumping power is no-
ticed in the case of using the mentioned combination. From the figure, the threshold pumping power for
the Nd:YAG alone is more than 500 W, while it is about 350 W in the case of using that combination.

120 T T T T T T T T T
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Fig. 3. Output laser power vs. input solar power for parabolic concentrator with a diameter of 1 m.

3.Conclusion

The use of Ti:Sapphire as a frequency converter of large amount of unabsorbed solar photons is
proposed. The pumping efficiency of 21% has been obtained which is equal to maximal slope efficiency
that would be attained if the extraction efficiency were unity. Main advantages of used scheme would be
the reduced thermal load on the active medium, less rigid requirements for thermal properties (thermally
induced birefringence, lens effect) of frequency converter and also possibility of independent control of
temperature in active medium and frequency converter when needed.
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OIITUMAJIBHBIE COOTHOIIEHU S MEXY ITAPAMETPAMMUA Y3J10B
COJIHEYHBIX JIAZEPOB HA TAPABOJIMYECKHUX KOHIOEHTPATOPAX

C.A.Baxpamos, l11.U.Kabiues, ®.D. lllatiumos
Tawxenmekuii ['ocyoapecmeennviii Texnuueckuii YHusepcumem umenu H.A.Kapumosa. HHorcenepro-ghusuuecxuil
haxynomem.
Tamkent, 100095, V36ekucran,fayzullo.sh@mail.ru. (y;i1. YHuBepcureTckas, 2)

AHHOTAIHA.

IIposedeno uucnennvie IKCREPUMEHNIBL O ONPEOCTCHUIO 3ABUCUMOCTIEN 3()PEeKMUBHOCHIL HAKAYKU COTHE Y-
HbIX J1A3eP06 0N Y2id PACKPLLMS, RAPABOIUUECKO20 KOHYSHMPAMOPA, pA3Mepos 6MOPUUHO20 KOHYESHMPAmMopa
U ONUHBL AKMUBHO20 dN1eMeHma. B mooenu 014 nposedenus pacuemos no2noujeHHoU MOUHOCHU, pacnpeoeaeHus
UHBEPCUS HACEIeHHOCHIL U NO ONpedeneHItio IPPHeKMUBHOCMU HAKAYKI UCNONb308AICA CIIAMUCMUYECKUT Me-
moo Monme-Kapro 1 memoo npocredxcueanus ayyeil. Ilokazano, umo s¢hgekmugHocmes HAKAYKU COTHEUHO20
aazepa Ha nApaboauyecKux KOHYEHMpAmopax 3asucem om napavempos 1 2e0Mempudeckux (opm cucmemoi.

KumroueBbie ciioBa: 3QeKTHBHOCTb HAKAYKH, YrOJ PACKpbITUs, MeToA MoHTe-Kapio u cnexenus nyqei.

BBenenue

H3BecTHO, UTO B HacTosIIlee BpeMs McceJoBaHNe COTHEUHBIX JTa3epoB Ha MajorabapuTHBIX mapa-
OoNMMYecKnX KOHLEHTpaTopax MpHBIekaeT MHOTMX Uccieoparteneif, Tak kak mpeoOpa3oBaHNe COHEu-
HOIi SHEPIUU B SHEPrUIO JIA3EPHOIO U3J1YUEHUs SBIISETCS aKTyajbHON U MpeacTaBiseT O0JIbIION uHTepecC
HE TOJILKO JIOTIOTHUTENbHONW BO3MOXKHOCTBIO JUIS 3()(EKTUBHOTO MCIIONB30BAHUS IKOJIOTHYECKH YMCTOM
YHEPTUU, HO U SBJISETCS CEPbE3HON albTePHATUBOM. JIa3zephbl ¢ CONHEYHOI HAKAuKON B MOCIEIHUE TOAbI
MPUOOPENU TIOCTOSHHO YBeJNMUMBArONIUiics uHtepec. 1o cpaBHEHUIO ¢ JasepaMu C AJIEKTPUUECKOi
HAKAYKOM, JJa3epbl ¢ COMTHEYHOI HaKkauyKoil MpoIIe U HaJle)KHEee BCIIEACTBUE MOTHOIO UCKIIFOUEHUs HeoO-
XOAUMOCTU UCMOJIb30BAHUS JIEKTPUUECKON SHEPruu U AOMOTHUTEILHOrO 000pyAoBaHus. [lanHas tex-
HOJIOTUsl UMEET OIPOMHBbII IIOTEHIIMAN /1l MHOTUX MPUJIOKEHUH, HApUMEp, BbICOKOTEMIIEpATypHas 00-
paboTka MaTepuasioB, Jla3epHas KOMMYHMUKaLUs B CBOOOJAHOM IPOCTPAaHCTBE, OECIPOBOLHAS Nepenaye
JHEPIuy B 3eMJITF0 U3 KOCMOca, OTyUYeHne TOMIMBHBIX MaTepruasioB 1 Tak nanee [1-10]. Ha ceronnsmnnmit
JIeHb TPEeNIJIOAKESHO MHOTO CXeM JJIsl CONTHeuHbIX Jazepos [11-17]. OcoOblit uHTEpec mpeacrasiseT codoit
Ja3epbl Ha MayorabapuTHBIX MapaboJMUEcKUX KOHIIEHTPATOpaX. JTO CBS3aHO C WX KOMTMAKTHOCTHIO,
YIO0OHOCTbIO 3KCILTyaTaluu, LKPOKOK pacipoCTPaHEHHOCTH MalorabapuTHbIX KOHLUEHTPaTopoB U T.1. B
TaKUX CXEMax COJHEUHbIX Jia3epoB AJs yBeauueHUus 3(H(HEKTUBHOCTU HAKAUKU U oOecrneueHus: OJHOPOI-
HOCTM HaKayK¥l WCTOJIb3YIOTCS BTOPUYHbIE KOHLEHTPATOPHI B pa3HbiX (opmax. M3BecTHO, 4TO B Na3ep-
HBIX CX€MaX I'eOMETpUsi U pa3Mepbl COCTABHBIX YACTEX M ONTUMAJIbHbIE COOTHOLUEHUS MEXKIY HUMU CY-
HIECTBEHHO BJIMSFOT Ha 3HaueHUs d((eKTUBHOCTH Hakauku. [1pu pa3paboTke COJTHEUHBIX JIa3epoB Ha Ma-
Jora0apuTHBIX KOHIIEHTparopax HEOOXOMUMO YYeCTh pa3Mepsbl, (hOpMbI BTOPUUYHBIX KOHIICHTPATOPOB U
napaMeTpbl KOHLEHTPATOPOB, HAIIPUMED, YIOJl PACKPbITUS, CTENEHb KOHLUEeHTpauuu U T.1. Kak u3BecTHo,
TaKue JaHHbIE B HACTOALIEE BPEMs IIPAKTUUECKU OTCYTCTBYIOT. I103TOMY [TOUCK ONTUMAJIbHbIX BapuaH-
TOB JIA3EPHbIX CXEM C I€OMETPUUECKUMU OCOOEHHOCTAMMU HA MajorabapUTHbIX KOHLEHTpATopax, pa3pa-
00TKa MpOorpaMMHOTO o0ecriedeHUs MO3BONAIONIas ONpeNe/IUTh ONTUMAITBHBIX BAPUAHTOB SBJISIFOTCS aK-
TyaJbHOY 3aadeit.

Hacrosmas paGota mocBsiiiieHa UcciaeJOBaHUIO 3aBUCUMOCTel 3 QekTHBHOCTY Hakauku OT mapa-
METPOB JIa3ePHOH CUCTEMbI U HA OCHOBAHUU PE3YJILTATOB ITUX UCCJIEJOBAHUI OIPEENEHUI0 ONTUMAIIb-
HbIX COOTHOLUEHUI Mex1y pa3iM4YHbIMU [ApaMeTpaMu y3JI0B COJIHEUHbLIX JIa3epoB Ha apadoiuyecKux
KOHIIEHTpATOpax.
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