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Efficient External Resonant Frequency Doubling Green Laser in Bulk 
Periodically Poled KTiOP04 

ZHANG Jing, MA Hong-liang, LUO Yu, TAO Hua, ZHANG Kuan-shou, PENG Kun-chi 
(Institute if Opto-Electronic Research, Shanxi University, State Key Laboratory 

if Quantum Optics and Quantum Optics Devices, Taiyuan, Shanxi 030006) 

Abstract An efficient green laser has been realized by external frequency doubling of a LD- pumped single-frequency ring 

cw Nd: YV0 4 laser in PPKTP resonator. The maximum green power is 76 mW at IR input power of 150 mW, resulting 

in the conversion efficiency of 50. 6%. 

Key words LD-pumped single frequency laser, external resonant frequency doubling, quasrphase-matched KTiOP04 

1 iJI 
m LD tB3~ N d: YV04~~7't:H1¥J 1. 064 11m ~Ijr 

$tut±:\, JmJ:1={j(l-~~BzF1=. 532 nm ~*7't, tl!::~{~PJ % 
7't~Bzf.i:i:1f!I1t~~7't7't1LU11f5i~j£1£:[ I] 0 ~{~JSiJ r'i3J 5i~ 
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MgO: LiNb03 [7.S] ~ LBO[9] ~~~~'t1~~, KTiOP04 
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En ~F t~ ,t! * ~, ;f§ Ji fF m *!!l;fO jE En i~ it§' 111 111 0 

PPKT P ;f§x1T PPLN B~1*~1f lJ- r 1jt,~: foJTfffi S1tlk 
1t~Jm;f§x1t1IJ\, 1EI11tPIffflj ili~JJEn PPKTP B~1*, * £L PPKTP ~1*PIlJ-ft~1lffi. r~tfffiJ7GF1:7'ttJT 
~fJJ.~o 

*x*m PPKTP ~1*x11. 064 llm :ltt1r)'r ~~ 
~~m~,~M~$~*~~tt*rem~~~*m 
JE JSIj 1. 064 llm En 1~ 7't ~~ $ L, 3 tI )'Htiltr A J;b $ Jg 
150 mW Bt, ~jd~7'ttrntrili 76 mW, £L1f1'-*~JEPIJi 
~~JE~t~ 1 h lJ-Lo 

~%~I~OOI~~o.7't~*m~fr~~1: 

FS12 W LD tffi~En:i:1f!I1t.~~ Nd: YV04:£f%1~ 
7't~[ 10] , .~~ 1.064 llm tI)'r1~7'ttrntr ili 280 m W 0 ~I 

)'r.7't~M-~~~tt:AT 40 dB En OFR IO-5-YAG 
1!tiL~7't~~ ~ ~ F- I, m T~~ ~ El31{r~~~~'&M S1 ~ 
~~tffi~7't, lJ-!)jJlt'&MEn~~~7't,&t~t~.7't~, J~Q~ 

1~7't~S1.~~~~ o1{r~~~~*mxt;f$~'±1Bz~~tatZ;J, ~O 

00 1 foJT~, trntrA~~iflJi M I ail$:'f:1£Jg 30 mm, x1~ 
~~7'ts1mM$Jg 4%, x11{r~~7'tEn'&~f$:AT 99%, 
MI~ftffi~~~LmT7't~'&m~~m~~En~ 

*, 1!Z)::gtI)'r~J7't~~~$~~; trntrili~~iflJi M 2 En 
ail $:'f: 1£ ill Jg 30 mm, x1 ~ ~~ 7't En'& M $:A T 
99.5%, x11{r~~7'tEnmM$:AT 98% 0 ~~~7'tft~~ 

r*J Jl] tJR, 1{r ~~ 7't ft ~~ r*J m {X 5f M B~ 1* fA M 2 trntr ili ~~ 
)'ro 1!m Enii;f§1:\z:~1*~ EI3 Raicol Crystals 0-§j 1: 
FEn PPKTP, Ri"Jg 10 mm x 0.5 mm x 2 mm, 1fi 
B~ 1* c tIll 7J rPJ ~ Jm tlk 1t)EJ JA Jg 9. 00 llm, lEI lit PI ;fU 
m KTP ~1zjs:~:A~F~'t!*~ d 33 7JrPJ:ltt1r~FllfuW 

;f§1:\z: I2L We, PPKTP B~ 1* S1 1f 5i!( ~F ~~ ,t! * ~ Jg 

00 1 ~~iZ9&JI 00 
Fig. 1 Experimental setup 

29 ~ 

(2/ IT) d 33 "'" 9.5 pm/V[II], 't:~~~ KTP )(JtJT~f;f§ 

1:\z: I2LWe~F~~'t!~~5iJ$S1 61{r, B~1*mftIffiOO~Mli1f 
X11. 064 llm ;fO 532 nm S1X'ZB~'&~lo 

PPKTP ~1*JJJ:Ift~1f :'f:-B"1*fffljit:tk: S1 ~~ 
3t~L, ft~J5:B~1*j)ftJ5:S1~~r*J~1f 10 K s1M~ 
~ ~ll, ~~:'f: -B" 1* ffflj it:tk:;fo M ~ ~ ~ll En '31 ili £~ ~ A ~ 
~En~~~~,~M'&m~~~~*~.~~ 

PPKTP B~1*S1I2LWe1lffi.!!l, ~1lffi.*~!!lPI:Qs: 0.01 °c, ~ 
1f:'f:-B"1zjs:~~:tk:En~~3t~If!IJEft-~~~~L, 

m lJ-*~;Pjfli~~ PPKTP B~1*S1~rB]1:\z:Io EI3 M 2 trntr 
ili En 7't:A :g:~ 5J\. Jg 1{r ~~ 7't, - I J \ :g:~ 5J\. Jg 1tlU~ ili En ~I )'r 
7't, ~M-)(JBlJi M 3 (1. 064 llm 45°±~m;fO 532 nm 
45°~,&) 1m~~ 1. 064 llm tI)'r7't, '&MiliEn1{r~~7'tE13 
LP-2B ~.7'tJ;b$it ~tJ\\JtJ;b$o 1~ ili S1tI)'r7't EI3 
~~~D2~~~~A~~~~Jgm~~En~~m 

% 0 JgIW Jt~~;fO )'rW ~iJJ En Ttj[;, tE1{r~~~~i11~ 
ft1ftJlllZl~~~ 0 

Jg7m~m~~~~$,fffi~~~~7't~~~ 

~;W;ft PPKTP ~1*~, 1EI11t:ffft-~;W;~; h = 

l/w~kl = l/2z/12] , Jt~ l Jg1{r~~B~1**!!l, Wo Jg 
1{r ~~ ~~ r*J ~~~ 7't r'i3J 'JT 7't * ~f :J7;I :'f: 1£, Z f Jg 1{r ~~ ~~ r*J 
~~~7'tr'i3J'JT7't*~;w;~;, kl Jg~~~7'tEn~~o ~ 

1i~;w;~; h ~ ';%!fXJg- 1, IEIl1t1{r~~~~ r*J ~~~7't 
r'i3J 'JT 7't * ~f fJI :'f: 1£ t"J Jg 40 llm, 1{r ~~ ~~ ~~ * - 58 
mmo;W;~JgWmmEnI2L~m.mT.7't~~m~ 

~~~En.~I2L~,~M~~m.En~I~.~12L 

We$:Qs: 95% 0 1{r~~~~~~trntrA~~if. M I s1mM$ 
~~-1'-~~~~m~En£~~~,'t:~*~~~ 

7't:i: $ ~1I!r if JSU 1{r ~9i ~~ r*J. ~ fill 1{r ~9i ~~ S1 ~ll m I2L We. ~~ 
r*J ~ 1f ~ :A ~ ~~ 7't J;b $ ffi' !!l, lEI lit trntr A ~~ if lJi M I 

xt~~EnmM$fffi~Tm~~r*J~~w~om~~ 

r*J l~H~ fE 1t1 ti5 r*J ~~ £~ ,t! t~ fE;fO 1{r ~~ ~ ~ En ~ F ~ ,t! t3\ 
fE, r*J ~~ ~ ,t! t3\ fE ± ~ ~ El31{r ~~ ~ 1* En Q}k ~1<:, iJ ~f , 
~1zjs:~OO~,&~En~~'&M$,.OOiJMR~.r'i3J 

'&~l:Qs: /G JSIj 7'G:i:,& M ~ iJ I Jl] En xt ~ ~~ 7't S1 t~ fE, 't: 
PIlJ-~M~m~~En~~!!l*m.oft~JE~~M 

~J;b $ r, EI3 r*J ~~ ~ ,t! t~ fE;fO {{r ~~ ~ F £~ ,t! * ~ PI rli 
-.JE~~trntrA~if.EnmM$o~%~EI3Txttrntr 

A~if.mM$~~En1f~tl,~mtrntrA~if.m 

~f$Jg 4% 0 

~%~*m~$~*~~tt*~m~~En~~ 
~~$l1iiJEJSIj~~~~$L[ 13] 0 - ~ ffflj En 18 MHz ~ 

tJR~~7'ti~fffU:H EOM JJJ:Ift1!tiL~~~~~lW, 18 
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MHz 1E sP: ~t ~~ 1§ % ~ ~IR ij] ~ 7t i~ fljlj flo xt ~B~ tI)1~ 
7t* iT ;f§ 1iI: i~ fljlj, :tE ~ 7t 9=' Je., ~~ $ M 1~~ tz: 1: 18 
MHz~W~ffi%offi~~&M~¥~7t~$~~ 

~~ ~ Z lW ~ 1$6 1~ t~ 'fiJlfu t±:!, EI3 D I :l* 1Yl~ :H:l* 1Yl~, D I * 
ffl Epitax 300 InGaAs t1( j! 7t ~ = tlk tg, :ru! % Jg 
Analog Modules 713A 7t~:l*1Yl~:H, i~:l*1Yl~flo~~M 
tJXfJ'J.A, ~~jEB"J:!i¥IJia.*jE 10 kHz- 100 MHz ;fOr'6J~ 
:!i¥IJia.o:l*~flo~t±:!~7t~~ffi%~M~~AfloW 

AM P M inr Circuits ZFL- 500 15'J. A, Pt J§ JE Jdffi ~~ flo 
Mixer MinrCircuits ZAD-l, El31EJ ~ 18MHz M~~1§% 

(a) 
(b) 

T 
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~~ t±:! t:£ 51 ~;f§ 1iI: -g jg:ik DB EG& G ORTEC 
DB463 JEJdffi~~:H*1~~ Jdffij, ;f§ 1iI:-gjg:ikffl Ti~ 
-=P1ffi~~flo*:Jm~ J\ftffij 18MHz 1E sP: 1§ % l§ 1ffi~~flo¥ 

~7t&M~J\ffi%~ffi~ffi&,~~m~~~~ffi 

%o~~flo~t±:!~~~ffi%~51*~~~Lff 

MinrCircuits BLF-l. 9 JEJ\ § iTi&it~ H~17Jjf~5J\. ~ 

~~ PI, i~-=p ~~~1§ % ~±~ Jia.;fO;f§ 1iI:it¥ljJi1t ~'flJt~~ 
~~o ~~~%~@~t±:!~~~ffi%~51r'6Jff~A 

flo HV AMP Burleigh PZ-70 *1~fljU1iH~~~'fJL1~ff 
~ [l1iJJ~, 1~ 1ir ~~~~ ~ ~1~~~ $ 'flJtJE ¥Ij ¥~~~$L 0 

(d 

T T 

Fig.2 (a) The scanning voltage and the transmission of fundametal wave of frequency-doubling cavity; (b) The transmission 

curve of fundamental wave and it's locking signal; (c) The transmission curve of fundamental wave when the frequency

doubling cavity is locked 
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Fig.3 Green laser output power as a function of 

PPKTP temperature 

~~:tEff~[l1iJJ~L~~~W~ffi%~ffi~~~ 

:tEBm~~,~~~%~@~t±:!~~~ffi%~~J\ 

r'6Jff15'J.Aflo, ~51~~flo%l*JI'.rffiffl t±:! ~tI)1~7t1§%* 
1ftffii~-=p IZ1We~'fJL 1ir~~~~'fJUO PPKTP rs1*~ ~ 
1'8] fiI: W. f"f: $tu J\ tI )1~ 7't;fO fir ~Ijj ~~ ~ tl:it IZ1 We it ¥U Ji 
1t, ~o 00 2( a) foJT~ 0 PtJ§~51~~flo %l*JI'.lt17Jjf~5J\. 

~@~t±:!~~~ffi%*W-=p~~:H*:Jm~J\~18 

MHz 1E sP: 1§ % B"J;f§ 1iI: ;fO It 17Jj f~ 5J\. ~ ~~ B"J ~ ~'J., ~ {~ 
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Fig.4 Green laser output power as a function of the 

IR input power 

Ji1tB"J~~~1§%, ~ooo 2(b) foJT~o JiJ§1Ett17Jjf~5J\. 

~@~t±:!~~~ffi%~J\r'6Jff~Aflo,~51r'6Jff~ 

Aflo~t±:!~~I~ff~~~~~Bm~W~ffi%~ 

M~~~Jg*,~ffi~~~~:Jm~$mJE~¥~~ 

$L, ~1Bzflo%l*JI'.rffiffl t±:! B"JtI)1~7t1§%~o 00 2( c) foJT 
~ 0 ~1'-* ~JE:tE N ~ )1~ WIIJ ;!!~ ~ ]I ij] r, PI 12HlJt JE 
:tE 1 h l2ALrm~~'flJto ~51e'J.~ PPKTP B~1*~{1fu 
~*1Yl~ :!i1ir~~~*7t~~t±:!r}]$, ~ooo 3 foJT~, ~~~ 
1friiJli1t;J,Jg sinc2 pj§~atJt~, 1E!x.~7'G~pm~, i3:PI~~ 

El3Tc&~ PPKTP B~1*B"J{1fu~1~~~ r*J tJtJ:tIZ1We l2AEz 
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¥!JYi ~ 1ir !JYi7t;f§ X1;f§ 1:fL S1 bt ~ r& ~ iJ I iE9 0 I!I 4 ~ t±:l 
ffi~7t~t±:l~$~¥~7tM~~$~~~~~,~ 

¥!JYi7tM~JJJ$79 150 m W at, Jjti!Jt 76 m W S1.!JYi 
~*7t~t±:l, Ji:A1ir!JYi$H~~~$79 50. 6% 0 
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