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K7 V= TERBARZANVF—HTHIN, TRLXF—FEENMELS, LKFRL A7 MLEESXT
HHI, ATHATH-DITITLL OBERHDH. 20X B KB LF—% L) HEDOE VT R L X —
TERE~ BT MRS 5.

KGR L —Y—1%, 41 vabe—L o NThHLIREHERENRE L Tak—Ly ML —F—HICE T
AHZ LT, FOEHEMEZENLUIZFEHN OHIER~O = RV X —EIFe, FOENXMEZ A LTZE/NU —BER N
BRSO EBR R EMEOES VIS AR T 2 2 N TE L. 2T, KB xL¥—%~ 7 27 L0k
Fr X — L LT T 572018, KEEEE L — =2 X5k~ 7 22 U AOBILHBIRE I TN 5.
LnL, ZRo0EMEERET2I20E, KEEE L = —0 @b %nE L 25, £ 2T, AT,
KSR L — P — DRI DEE R DONF Y AT AR N —F— B OMEHCER L, KEXEE L —F—o
EAR B TEAMEE BT L. KGRI ENSRY, FORRITROEY ThH5.

B1E (S T, AFEOER, [EROFFZEOBN, A0 & A, ARiRSCORERIZ OV TIRRT
W5,

%2 TR L —V— R LMk Tk, B L —F—0k b EARMZRFEIZOWTHBA L TN,
F9, KEBXBEL = =BT AENRNTA—F =L L= —H N E2BHESIT T, KEEE L —F =@
1t - BHIMEA~OEE ZOXRIZHOWV TR LD, TOME, L—V I3 L CEMEO RN 28 2 720 &
NI R T =B E & &, IRBNORIE T — D45 & 5129 B S D E S EHT OB O EEME AR LTz,

B3 e = RESLROFE LT Tk, MAIRZREIECOELROBIKEEZIT o TN D. fERDOM#E
BD " IRELIRWEIZ  “Liquid Light-Guide Lens” (LLGL) & FHEN 2 Bi7=72 i —Befb B OE NI E R ET
5T, DRI EON L L L OB RS FRFICEBIATRE L A0 D, 2O ZRERITMA
KOFETR L ZBLOMITROEZFATHI LT, LU A0 L HITEENBR/THS. T, B LoErt
REFRRTHOONBBIEICL DAY I 2 b—F—%WE L, ERICLIHETT VORIEEZITV, FHE &%
BLED—BEMHR L. F0%, I —F—FAWTERENZOENMELFALNCL, ZRELZDOE
REWEYBIRSZ ETHEO RN EBR TE 22 L2, EBIZ, ®6x100-mm ® Nd:YAG O L —
—IEICKE L, AME 14 mm OO =RENRRZLLGL D1)EFAT 2 Z L T, BH—RRINSHERERTX 52
LERFHICE DR L. O, BUEIC K B REDEORBIUEIE, SRERRERALARVEA LT 12
Blcm kL. £, ZWRERZOBENRICEA LT, L—Y—#EONEORE ST & BUS IOV THER
TV, L—H—EOBEOBRIEN /NS b Z &R LTz,

HaE [ ZRERRER O L —YP—OMREE] T, L—VP—RIEOERICLVE 3 ETH LI =RE
KFZOMREZFTM L TV D, ZRENZERATHZ T, ZRENDORLWIEAICHRTEGERIETOHAN 2
D 120 W, A0 —7ZhEMN 1.6 5D 4.3%~LZnNFhm L. £, ~RENXBOZNHHEMBIIKT S L —F
—H I DOEIED 30 Wim2 2Rk L. ZHUIEROIETELN TWDIRKIED 1.5/ THD. Fi=, KBEH
5L —P—~DREEHNEN 32%TH Y, BHEOEADOT VT HED L —F — L HHTE D EWIEREZ R0,
S5, L—Y—HIORMZEZIEL, BORBICL2HIOERTICOWTHRTS. FOE, ZRENT
FEAWTIGAITBOEBIC L AH IO TNIEE A LB BN -T2, P6x100-mm D Nd'YAG & LLGL_D14
ERAT5ZET, L—P—RIEDRIT 0.062, B —LbA——F v FEhET 0.88, E—LNEM2IL 137, ©—
LAYy 777 4BiE6.3x108 W &, EROPTRLEWVMEREZGZ. BHEIC, 730y XE ZRENRR
DORGEBRFRIC L AENn AOMBEE R IUE, L—F—HARN 240 W ZERTEDHZ L AR

FowE [L—F—HOFME Tl - MR KEE L —F = W2 L— — B2 OV TRt
LTW5. Hilatd 5 L—Y—EI1L, B%E LETHD Ct/NAYAG DT I v 7 XL, FEROMZETHO O
72 NAYAG O ETH D, £, Co/NAYAG D& T I v 7 ADONFRMETH B EaFRE L & 8RR ag e, & HI
EL, ERERICBIT S L ——IZT 2O BETFML T D. L—F - T —% 2t 37 H Ik
PEEE LI EBRERN D, Cr/NAYAG Ot T 2 v 7 ADI[=2.20%x10%3 W/em? & a4, =0.004 cm Z 3K D 7=, Z D
FER, NAYAG OFESOME & b, SafiRE T 1.3 /NS <o TV DD, HEUREIT 2 @< > T 5 72,
Cr/NA:YAG L—H —DH T 0.5 2L /N E otz £, HIEREZI(LEEHO L —F—H o2 RIE
L7ofER 6, Cr/NAYAG Ot T I v 7 21T NAYAG OfEfh L 0, BOEBEZ TR0 W 2B LE.

Bewm TR L —V =2 XD~ 2T ADER] TIE, X7 7 A4 =12 X 0 EEI NI KELhE v
—P—ZHWT, BIb~ XL T LENLZ TR T ASDRITDOEREIT-> T D, R THIO TREGIEHE
— W —F AN SR ADERICERI LT, ZORR, < 732 AT RAE—H A 7 L OMENEIT 0.05%
Thot~.

ETE S]] T, AFENSELNLEEXENL, 5L T 5.
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There is no doubt that natural sunlight is an ultimate energy resource for future. Solar—-pumped laser
(SPL), that converts incoherent and broad-band sunlight to coherent and narrow-band laser radiation, can
provide more additional value for solar energy usage. Improving lasing output performance and conversion
efficiency of solar—pumped solid-state laser are the main concern of this thesis.

Firstly, a unique pumping scheme for high power SPL is proposed. The natural sunlight is collected by
a primary concentrator which is a 2X2-m Fresnel lens, and confined by a cone-shaped hybrid concentrator.
Such solar power is coupled to a laser rod by a cylinder of coolant surrounding called a liquid light-guide
lens (LLGL). Performance of cylindrical LLGL has been characterized analytically and experimentally.
Since, a 14-mm diameter LLGL generates an efficient and uniform pumping along 6-mm diameter and 100-mm
length Nd:YAG rod, 120 W cw laser output is achieved with beam quality factor M? of 137 and overall slope
efficiency of 4.3%. The collection efficiency is 30.0 W/m®> which is 1.5 times larger than the previous
record. The overall conversion efficiency is more than 3.2 % that can be comparable to electrically powered
solid-state laser.

Secondary, the author raises a question about superiority of Cr/Nd:YAG ceramics which has got the best
lasing results in recent progress. Saturation gain and scattering coefficient of Cr/Nd:YAG ceramics are
measured in comparison with common Nd:YAG crystal. These values are 2.20X 10° W/cm? and 0.004 cm’,
respectively. In contrast, the saturation gain of Cr/Nd:YAG ceramics is slightly smaller than that of
Nd:YAG crystal. However, the 2 times larger scattering loss of Cr/Nd:YAG ceramics leads to strong decrease
of the laser output power. Therefore, Nd:YAG crystal is currently the best laser medium for SLP.

Finally, the concept design of SPL system for future is pointed out. Furthermore, the reduction of
magnesium from magnesium oxide is successfully demonstrated by SPL.
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