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The second harmonie, wavelength is 397nm, of the continuous wave diode laser,
whose maximum power is 35mW, was generated in LilO, crystals in a ring enhancement
cavity. Smm- and 10mm-long crystals cut 43.21° for optic axis were used in this
experiment. Both surfaces of these were anti-reflection coated for 794nm. In case the
crystal was inserted into the cavity, the condition of separation between two concave
mirrors for the optimum mode matching was found. The conversion efficiency of second
harmonic generation was increased by the resonant enhancement of pumping power in
the ring enhancement cavity, and the frequency of diode laser was locked to that of the
counter-propagation mode generated from the surface of crystal. When the pumping
power was 28 mW, the infrared buildup factor was about 45 without the crystal, and 14
with the crystal due to the transmission loss of crystal. The maximum second harmonic
powers of 1.54W and 6.6 uW were obtained, and corresponding conversion efficiencies
were (6.584+0.56) X10°%, (2.6£0.21)X10°% in 5mm- and 10mm-long LilO,, respectively.



46 DRerBubsal A4 A2E 1999¢ 129

.M B

1961d N. G. Basov §Moll 9]#] tloj2$-= 7
ol A7} WRE olal, HEM A9 FRAl YA
2 ZAHol2, gFP4te] 7he 4LoA BY
FREE YA AFol Y4sle A1 A
tol24E tlo]l A= 710 AP Fo+ Gy
o] Wt A3l oy, olF 442 EPe 4
Yol E83171ole HdFo] of 25MH:E W, 29
o) ¥oiE v e 7hAx 2k siAek, 1987d B.
Dahmani §9)| 2]# tio]$-E #o|a7} MES
& P AN} ofjFojA Eifate] o] fo] spsEt
of #ch tiyelrl, 1989\ G. J. Dixon™sl) gja] 2
FTU dol24E dolAr} Apgos wAsE= o
e ¥ FF $27) Fabry-Perot TU718 A
48l SHYe2M to]ogE HolA e A
2253 g4 Jhed AT 29, 19909 A,
Hemmerich $7& 62mW &%2] t}o) o £ #o]
A, 228 FE F07]9 KNbO, 2Y & Ap-2-8}of
H¢ 21nm, B9 67mWe| A2x8}3pE WaEA 2
on, F04 AR tunningé YAIEla Fo
MFE o] “Rb, 55.6P Ho] AxE}S #&dhsich

22Y FH FA7le 48 FAr)olH Y=
¥ ¥J(hole burning) Y4te| EAj&}x| gtong
@Y R £8¢ ¢ 9 4 o Gl
°lA F712 FY WAL Y& 22y dyo)n
Y VAol falsich wq Ty gy del A
%} 2 .E(propagation mode)l A waist?} 423 2
& F-&o] EATZZ dye #o] o) dye jet} A2
85 WY E Y vy s A3l &
e BAfe HolA FUL vS7)qf #elsict o)y
¢ 22y FEH FUNE w2 2YE Was 8t
3 AdYoly A2zaln Wy S BE L&
%3 WRol o] gHrh. 712 single passo] o ¢
HEEfo vl 43 o MEAEE 712 ¢
YF3H fUo.

NAYAA Lo} 74a AE BHL AN &
Eo & A E W} ole}stn, 4 =2
damage threthold& 7}A 3 9lo] ngge) &lo] A
AYANA o) o] Fp5atm, A YAl d4¢gq

#7 stejA st o2 A Hon, YK 00nm
ol3te] HAME B& FAEE 7HAD, d4A
400nm vigte] Hatel|ME M2ztn Yao] JtF
gichs Aojr)

B =fdAME Catol2 € E3Y + e 397
nm2 FLE ¥7] A3 Lo, AR AW F
Z ZAJNE o) 4% oA 794nme ¢o]%E &
o] o] A2zx2iu} YAld] T3t YEY A3NE =
shaiz} o,

2. 02|y 57 ZT0|ef Mzt A B

391 1Y FF B9 P2 Y AY PAE
R1=R2 =50 mm, R3=R4 = o,

3% 18 228 FE 2278 o] &Y tholo o
E zolAe] A2zn 4 Bx)e] F2E Yyepg
o WA PPl gojesc # o] A (Mitsubishi
Model : ML64110N)+= 35 mWel o] &8¢ 7}
Ao PxPe BPL 02 nm 9 Rase B
monochrometer(Thermo Jarrell Ash, Model : 82-
410)E olgste ZAsIgT WP} negy =
£ 337]19 7|18 RE Apo)e) REojY§ e
71 $13hd 2372 145 mme) BEY=E o] 43
o 12y FF FA719 first beam waist of P&
°l A4 HES YA&AG. Ao o4 first
beam waist 2| 37)4= 02638 mm ©|t}. AYM 2
Q& 5mm, 10 mm $A9 AHo2 4§ 4+ AU
20 T2 WollAe 9 Fae IR(infrared)
viewer & ©| g3ttt M MY vhyo] g
dEHoM Ao PP sim Ay FRE A&
Ato]2] beam waist o] 93] A}, A o2 HE 9
UlrE Aol Yx o) A2 e sEol
7t dol 2§ o)A HuA (=8 39l



iy & &

uralgl oM e ggnoeg A&EY 4 glolen,
2o 23 ¥ 3B E picowatt FEA ¢
monochrometer 2 &7 &% ch.

%Y 1 oM M1, M2& & Y174 S0 mm & &
g Afoln M3, Mét HE Aol Heol2f
E #olAE M3E T FAUVE YAEY vy
of @9l LilO,& M1, M2 Atel 9] second beam
waistol] $1A| gk L0, A3 10X10, F4 L =
5mm 2 10 mm € AH48d o, 2HEL A=
794 nm ©A] 187 ©|o, B3 (optic axics)dl cf s}
43.21° 2 2499 Zoln FAHo| yAL 3 794
nmel| i3 F A8 (anti-reflection coating) &
e E8€ A4 S mm 9 10 mm A 96 %
E w9 M= YAEE geolefE gol#(a=
794 nm)ol] cjf 98 %2 WALEE iAo YAER
A& 794 nmol| chsf PREALFE(AR coating) & &)
T M4, M3E 794 nmeoll A kAL (A& 99,
3 %)= AZE Fo|n, M2& H2z8ul} S35}
5HE 2EHA LR UHE 794 nmel A= Ak
AP (AR 99.93%), 397 nmel] Dl AM s Eniss
HA(FHE 95 %)7tH =8 24 28 (dichromatic
coating) & S}t A& s Pad apej
@8o] &4 glo] £2ARER 397 nmel] o5 T
A2 ®(AR coating) & 3o}

A% 2 2 & 4YelY Al 12y =&
71 M 2| §3} F4H39 crystal EH O 28 5
HAHE counter-propagation modeo] ©]sf tho) o
FE #olA7t nelY FE Zals)e] 22 =ne
ol locking® dataclt}). Fa17] Wite] 2 Dol
% 650 mmo| ], FSR(free spectral range)i 460

292 12% FF V€ AU 5H=2M,
FA7] el Ay o] gl e of(9),
L& of(o}zR).

A7le] o LilOs AANM A2zstnh w4247 47

MHze| c},

3. 2F7| oM F&2| Mo}
2 =(propagation mode)Of| Z+&h
O|2X &

a2Y 1 3 22 ny FA7Y H4e FUA
S ge jlze F71H W9 57 WEAYPLE
A 4 2€ & otk 2944 58§ ¥4 Rl R2
g e 47 M1, M2E 238Ad f, = RI/2,
=R2/2 & ZE £% P22 A M1, M2 A
ole] A2lE d =f + f, +§, M3%} MaE FAR{dte
M1, M2 Atele] AHeElE x2 FEAFH, o] F37)
T d% x A9 F713Q F P29 vjdE e}
d ol o7l F=d-f - F A
78 Aol 2Fe 3 2Po2 FH Uv} Y
Hoju A=AE Yehls dsol. §71 A=
thall Kogelnik-Li"e} & F4& Hgatd 237)
o] AAH G d, x Pl Yo 27 R
$12] beam waist & 7] R 93] & A F 4
Act o|E2 Ztzt g o2 wE

dn<dcd, (1
A\ -8 )ia
(3 ) o= o
A N[ x=2a Y,
(o )= 2
Ul"‘f:}!
ms+[f-‘— 2 ] @
" x-fi=f,
I,v‘-‘%'l- U|'f:]{:'s+fl+fl] (5)
o 7]l A
Urt'fz]l
Orm = =~fi-rf; ©
e Ul+f!f m
- T,



48 WEerATMA M Al2E 199¢ 128

Xoin '-‘-Ur1+.r1:|+ Url f}' {3}

U-l"'.-rr (9)

Xeux = 1+ [0+

olct, o7]ol A w, z, & second beam waist 2}
27] 9 #Ael:, w, z & first beam waist 8] =
7] B HAoldh %, F7] WM beam waist
7} 7828 2 beam waist wE 3HE 7FAI ¥
e

L=

wiz) = w; [l + -J'ji'] (10)

o UL IEF 2 PO E Ay} R
T332 UelMe ¥ 3718 98 + 2ok

2 d¥olAME Rl = R2 = 50 mm °) 2, x& 600
mmE FU2IE FH% 9 4o 2H5 ..,
§ont 22 0,454 mm ot & APA=
Ao & Wel FFL F.. 5.9 20
227 mm 2 o 2 LB EE $4d 93
A8 beam waist & d THe| FAloIAM w, = 16,
9pm, x2| FUeM w=0.2638 mm °|¢ic}

olgt Z& =AM ZEcf AL first beam waist
of thete] 3t Ak 22D second beam waist
Al 2W&e) A= vjFo] Fojzte AS B4
(beam)e| Z 27} gobzlz]l wj ol 52 HAYZe

6_=6+L-(1——]-) (12)

o Zo] Tolujel g} o] 4o o3 §.& HAY
7 5 mm, 10 mm ¥ 2%, 22 459 mm, 6.92
mm ©}c},

4. STI| RN B0 &
S&0j| 2t o|2x D

U] oA Fi(beam)o] 2Y 2 Z po)
S S 2R A g0 o5 Founy,

e lII .F ﬂz}
(1=yfr, r)

Fo =TIyl (13)

tyw = 1 = YsuP, (14)

 HelM P F37] HEE8(intracavity
power), P, & Tol24-& ol Ao HYAEY
(pumping power)& Yebdd, 2 A& M1 &
80| T, r, 1, n, r T 4 A& M1, M2, M3, M4
o] ¥HALEE Jehd & 7] v FELE
JEH R, t= crystale] £} 5§ YERAT tyE
A2z}l Yo U &4& vehdc

TA7] W RelA H2zzinizl Gd4H 23 o
3 & Ao 2 mYs o g,

P:H:'TLH'P:: (15)
4714 Pac AM2280ie] §9o|c},

5.d B

3% 3 YZF Yo AP Azdsle 29

second hormonic power(uk)
N &
a o [ i

I ..

2 e ..‘ -
: ® ."‘

0-—otfon® " ., . !

o 1 o s 20 25 30

pumpny power{mly)

1% 3. golA te]ef o] WY H8e g
A2z 2y
(LIOy# 7 : 5 mm(@), 10 mm(4)).



I FH FA2N0 o LI, RANAM Mzzshop HE-AY7] 49

§ 2% Aotk Y23 Eo dis] A
Azzoiute] £92 222 vaAYgE ¢ + e
of Hcdl 28 mW2| PEPF02 oF 15, W(5 mm)s
6.6 #W(10 mm)2 22308 d2 F AU
single p&s&“ﬂ olgt SAUY 29 Aol vnE qf,
2% T8 FTAUZNE A28 ofe S 2
}E 52324 AH2zue HEEEE F7}8)
A€ ¢ & AT 2 4% A, 2y X
FAU7)E o] EY2EAM HolA 2Y L HYo] 2&
Aol 458 F2AZ R, Ao UL ool AH
o FAEE Uste] 148] F7o] =t o] e
HPaYo] Y MY E&(conversion efficiency) &
(26 £ 0.21) X 107 %(10 mm), (6.584 + 0.36) X 10’
%(5 mm) ©]3]c}

028

[1] G.D. Boyd and D.A. Kleinman, J. of Appl.
Phys. 39(8), 3597(1968).

(2] H. Buesener, A. Renn, M. Bricger, F. von
Moers, and A. Hese, Appl. Phys. B39, 77
(1986).

[3] A. Yariv, Quantum Electronics, Chap. 16,
John Wiley & Sons, Inc, New York(1975).

[4] N. G. Basov, O. N. Krokhinh, and Y. M.
Popov, J.ET.P. 40, 1320(1961).

[5] B. Dahmani, L. Hollberg and R. Drullinger,
Opt. Lett. 12, 876(1987).

[6] G. ]. Dixon, C. E. Tanner and C. E.
Wieman, Opt. Lett. 14(14), 731(1989).

(7) A. Hemmerich, D. H. McIntyre, C.
Zimmermann, and T. W. Hansch, Opt.
Lett. 15(7), 372(1990).

[8] H. Kogelnik, and T. Li, Proc. IEEE 54, 1312
(1966).

[9] A. Steinbach, M. Rauner, F.C. Cruz and L
C. Bergquist, Opt. commun. 123, 207(1496).



