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SUMMARY

I. Project Title

Development of the power control system for semiconductor lasers

II. Objectives and Importance of the Paper

For the first year plan of this program, we developed the power control
system for semiconductor laser. The deamands for this laser driver has been
increased continuosly because the semiconductor laser pumped solid-state laser
has been becoming more popular tool in many fields. The reason for the interest
stems from the dramatic increase in system efficiency and component lifetime,
and reduction of the thermal load of the solid-state laser material. The high
pumping efficiency compared to flashlamps stems from the good spectral match
between the semiconductor laser emission and Nd absorption bands.

This team had proceded the commercialization of Nd:YAG laser in the
previous project and accumulated the technology related to power control.
Therefore, we are trying to develop the power control system for semiconductor
laser and expect this power control system to contribute further semiconductor

laser pumped solid-state laser project technically.

ITI. Scope and Contents of the Project



We used the high-speed switching technology of large current to fabricate
the power control system for semiconductor laser in this program. Then, we
investigated the pumping technique for semiconductor laser pumped solid-state
laser. The scope and contents of the project are as follows ;

1) Development of the high-speed switching technology of large current for
semiconductor laser

2) Development of the current control technology precisely for the Q-cw
semiconductor laser

3) Development of interface between power control unit and the
external devices.

4) Conduction of the experiment of semiconductor laser pumped

Nd:YAG laser with this power control system and 5 bar stack array.

IV. Results and Proposal for Applications

Results
. Development of the power control system for semiconductor laser.

- fabrication of 1 unit power control system for Q-cw semiconductor laser

. Experiments of semiconductor laser pumped solid-state laser
- Investigation of direct- and side-pumping technique.
- Measurement of output parameters
( excitation efficiency : 38%, optical-to-optical efficiency : 19.4%,

slope efficiency: 26.9%, peak out power : 50W)



Proposal for Application

A power control system for semiconductor laser has been developed. The
laser output perfomances of Nd:YAG laser with power control system have been
investigated. Therefore, we expect that developed power control system can be

commercialized succesfully because of its higher performances and lower price.
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Flashlampt: A9 X< &S Sl high-voltage trigger pulsedl] 2]slo] A 7]
o2 zZAFg gk

4. System microcontroller : I tF-F¢] #Holx HAPHAAE BE A7
A, A%, 92 BEAXEL monitoring3til Ao}stA Hrk = I3 Yz}
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27t A A Q4. 29 3-35 =LY JAY2ZE FFeo AL
A& turn on Al o FEFHFEYE AHE AA capacitance #& W3}
2 u] }3AF9 overshooting ¥3 <] wslo|t}, Overshooting Al F& H-3}
' 9EA FolAE AY AT 5 U AYE AF dole= 10/4E
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N EENTEEWE
Ll SR AL

T

crp it vl e a b T s by
T T

TTTF LBE BRI Ty

Y 33 RxgH JAFEE ALY W H[F9 overshooting 33 o] ¥

(X:arbitrary unit, Y:¥-31& 4 AH)

o} 7] o) A} capacitance’} 0 W overshooting X F7} SFAA] AF O oF 75%A
E ROy capacitance®] F 7o) wEt ¢F 30% HER FE5E E £Yd. w

A olz1& A8 2 Z = overshooting HAE A3 3 T 3 o=

b}
ek

el @ Bzel @ MEPAE REH ST Buse 2¥Ag A
b uth o Agdold. E o nEIaE W
=4 folAe) ARASALE FusAGE sl5ol denz YA

capacitanceZ® A& 4 gl
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A3 A=A FolA Al FA A

1 B2y gtxd golx AdFA Y 24 R

o BA® BEd] Hold MUY 4

E AiAE BEA dold AQEH Fold $Hxoz Ay ¥8Y I
~%8 HYgA Y A 2 Azl Ty e FAUT

Bay BEA ol ALFANE AR Aojstclolsts WM WL
Ralo] FFHE U] £4H] ol4e MRS E FRo| Bast HALR
Ao BAAGe wEA HolA 14T Aol o 2V AEolw NS AL
g W Hds) AMEe ddsd AsuT. SAAYS 422 dAHE )
Zol W Batrgrel AR T AHA ) transistore] wholojx At 7HeE
st BHAGS AW A tansistore] Bholojs MY xR B
a5 27 weAdE 15 AA ABE Aol FOoU MOSFETS Rucom
2 dEd Zolxu @A ATk

ALt MOSFET IRFP250R9] Rysony @to] & 0.12Q o2 2 618 HE=R
A8 T HAYAFE 60AZ ¥ ©) MOSFETS] wloloj2 WL Hojx 23V

AZE gr7l Hojorditt, wWelAd Nrjg tole= g FEIE AAAXAY

2

o A k=
=g

Ao Age MR capacitors: F2 ALEsHEY B3 AFIH o

ERAGL (Nx 2+ )V AL/ dt). 7 A +o e A=

=iid

ol 7tA A ajdde] Ay AetEeln F 1V AER F

Y
flo
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HArgolma Hilo] HAFAFr Hrulgls RMSE s Aax7 azmg
capacitor®] rippled H7} & #HHE capacitorS Ap&3tojof o} H A F o
HarFoe] Jomg(meta] H2F dux7t Ao Agstodord odux+ &
2 @olm FubEiy A AF s uiebgo] & ripple AFHFol o F83 84
7b fh. A3 capacitor®] EA4374 F2hdStel & Aol rippled {7t 222
ZE3) e WY A& capacitor?t film capacior® HE 2 AAd3sle] AL83}
t Aol 7t Fdsitt

AFAE7Iv 1mQY FiH= AHEE AHES AFATAE AT A
g e e AFFEVNE (OGS 3t T4 F-S(common mode
noise)S A A 3} A T}

Agd AF#F 71E AFEFE vl didEe FELS GBW(Gain
BandWidth Product)’} Wi@s] & QAT EH7|E Ab&stoolstsy T4 |9

E Akgrh(ditH o2 oled 214 ANFEIE 1Y)

2adFe ATAE /E AFROE AHHH ol ALHE WYL
AU NEAQE ALV WAE UHL o] JNFARRE 159 ojyz

I 29X2 A29AEY AN FE74 dFEY otz A9XE 27
g JdL¥o=® wxst AR 3E(complementary) HXA AT E A3l 27) 9
E9AF A sty 2927 on iV HASe Ha A3 9 onjoff AE
FAF FeATH

o #Aglel ¥ YIALAE FHAA stHTE o

SIEAE e d TUsAGE A% E JIdE F Ut

rr

7
F JAFEZV) Y 29 382 AR ¥ (complementary) P-N transistor®2 74 €
MOSFET driver2 B Z %S 3% F49 Ao]§& & MOSFETY gated] ¢l

7F€t}, IRFP250R MOSFETS] input capacitancer F3}AF 10A o]ujol A 3-4
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nFAZolER 100Q AHAES AHFAFGoz BAHE At AAL 4100nsel
¥ 7}3}et.

Y. g2y we A #HolA ddAA Y FAHY

H2yg WA #HojA HAZXY FAEHE AYstdE E3-29 2
A7lA BE WEIE BHEA HolAe My FHAA AdHe FEES
AAFLR stagled o2 WP tolese &4 #dd Hes A
o A7 olth, HF@g dHolA &3 vig AHAY A& B8A
7 dernz ZAAYPA AMESE o] dEE A&EHE HYA Jhrte] 7t
A FAFEE A3 st AWAF S ES HAFAM dL AF
A AFANA Agets Aol wpgA 3ot

HE-Ee AHE HeAdA FFHA Q7= AF ST AY

o
i

<
A&

rlo

l

S WNEA Wil FHARI s25v 28T carierd] Ao dvpte] Azt
o] 283 o] caierEo] WEA WH] FUHHOR FUIA EEE Fo
gol AYAF/E s HBE ZAF7 1459 FAFHYE 52 A9
T AR 45E AUFAA dx di%le A== ALY et sl

¥32 Bay WA HolH AU FAEe

S&YR HID
&erv] 15V [H0H CHOILE 7IHE
HF[A] 65A
Z= Oh==[Hz] 30Hz | & 1% duty
BAE[us] 350usec
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A4 d Ha2Y A dolA dAdFR FHIE
1. B34 ZAIEA

Bt #HolAe FALHE ZAAste WES AFY 2E w0 HE
transistor®] HAYS AR BANHE G & Utk olE ¥EA #Ho)
A AFgte st E AL AA HeA| FonE AR BE o Vigen
ghol 4% Woetel A7l wFolvh  Tramsistore] &4 AZE A
Vaseny #°] A& E Fo4 transistoro] 2§ upo]oj2E ZHojolsle 4
2 Aok 3-4V o]ito] g4 AVEHES i)

5317} gdd Sy transistor®] A HEHo] AA HAY A Vagon

FHojA 7 Aol GFHAIY RAFI HAANRY JASZE o F2ghol

H2y utEA dolAE HREEY 3&Ae w2t FHHHF2Zo] JA3
A ed B dgZ3AAAE ImsE HNGgos Adstgrh  Ims o] 4o
B25g 7 B27h I =Y schmitt trigger gate’} § 25 Al st g
R AHEAE sHASAT. Fo] ImsEu 71 H2Zol HE L dHde] A

4% R-C IHE ARSI
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Y25 E WHE VFC(Voltage to Frequency Converter)ol] &]3te] @) =] of
duty cycle 71322 glg gt Duty cycle /PR3 2olA HAZ 7lwio] o
2ol £ complementary FE)E Fr} ol AZZEyE QJzyd o

}

o>'
ol¥

A3t Aol 7 B3I E S on AEHiS} off HEHlY &Y JHH
EF dAe 32 g€

[»
N

4. BE A B o EA A

AYFAe) BAE AT FFAFHRS Q2% FusE Fous 2 A
HEA 7153 oleigEle] Aotk ddgue) BAE ¢ Raae 2
AA EYH BAE AAEA EHFel Ak

A5 A Ha2Y WA ol MAAdR o AF

Az HAY BEA ol AAFAE linear 2ol 10mQo) FRE
FUAGNZ2 AFE AEsn AFAL FF transistorE2E 67)9
MOSFETE WEz2 dZA3td AL&3tqrt #1898 HAS2 ALt +15V
HAAL A2AZ5E AAFHB TFHE +15VA15V AYH & ¥ 2 FREA
gol: Hleorm=z =7t wwz s FAHATE  duA AL S

cabacitori 330004F/50V A ScapacitorE A3ttt £ZFe Holxr Hut
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ripple A/ RMSaLS #<tste thax Afde gz AA3 U
ALA 3-18 AZE 923 vz A oA AYFA e ARl

AFA 3-1A1 MY "Ay BieA dolA AYFA

)
Tt

i

bttt
T

[N

L 8 e 1

il
T

i
Tt

AHE2 vs S YAF QA2 237920y
a9y 3-4. AZdE 2y AYPFA ] HAEH
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O 3-12 AFE g2y AIAAY H2EHE WY wreA ol
A Ao Ay L& FFrioles 10/ AE2 QA ZoEeoA AFd
"o 2HAF Aol o97]A % oFre overshooting ¥ A|AA-S

E Fyled vxA o)A sEEAA oot

A6 d AA

A Bey wEd dold AYFNE $HHoE JRHA B4 WE

o FHE F3 AA A" ALFAAT dUA FF Z AodHde AdA
A8 717 54 ook RgAd dF, 2x¥gd fg B3V T2

By vrxA o)A AAFAY 4834 e 8 ZrHoR fFstd
of & EAECIH

glol A FA)e] £¥ B TAEI} sl grFo] shdd HhEA) golA
9 AE3 SddME @5EFE0] RS Ao HoAw Ay AdF

A el nEE AR S G5EA A58y B HolA Ad

e
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A1 d A A

DPSSL #lo]A A7l F8% 282 wEA #HolAE o] &8 7] W
A, Yubdoz Zway] WS oy] FuA FAo] folstel 1EY
EA golAg ol &% 77t Fbestnz 12Y gFRE X R,
BEcrle $4EAWY o532} 7| BEE=(TEMoo)e) REF o] 2 U
Ho}l £& WA(quality)d & F WP &L e R

o WEA badl 9% FWY] BHES FHA YAANA A ¥HB

Foi

Aol A7INNAY, A ed Ed FFH g #ugl

E @7dAe vtolaz Aay F4F AHETY BR84S Fta 2%
M W7ol 28 AY FUA7A I BEE o] &3don, wEA #Hol
2] bar arrayE 23 ZY(packaging)dtHoBZ 2E 5o T wixA #H el
A DA ENE HaFgATR FHEAWAA AT AV]E 2798
Azte #43 F% 7] (diffuse reflector) 2 cavity S A ST =& Algte 3
719 As5H7E Hsld 9712 8¢ SAHFE o NAEYAG ¥ NdYVO,d o
A wjde A= AgE FHA viAGer FEEE 9 Ude

o EHSHE dotrR T

_I‘N

=7 3}
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A2 d 1A #HolA SHAY] 7e d

1. A¥FA 2 4%

A L P o

B AFoA AHEe wtx A Fo]A bark Laser systems AM9] 4501 2@
(805 +3nm, Hdl HFE9Y 50M=Z 5AE ¥ 4-13 o] AAde= x4
(packaging) 3t} array® ¥rEojA] FWHA7]o] ALEsIT. WFEA] bar Alo]
FAZE lnm A 78] #HE AYstd "7 A= 2R 9 AEE FA shsich
A #olA HPA WA bardt FEB ¥ FEo] WAH(heat sink)el F
ol WZAsE 722 AT AY WHdd A &3 F&Ax 99
UEA #olAE WSy Wi FEF J4AHE A EeAoh

ST
TATT ST
SRp

Sisots

G

iy
i

1% 4-1. 5 bar B¥E A arrayE o] &3 W7 FX
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BN
i)
ot
rﬂ:
Kt
x
?3
<l
o

i}
2
H
A

>~
il

9 dotH7] #3td I¢ 437 Zo] B

B7E ol&ste] AT A @& Mt 805nmel A LIBE I 604,
350 psecH 2 E 70HzZ FZAIAE o 810nm7HA] WA #olx &3 mpao
Hatslgeh. F4EA2E AAo] 3mm, o]’ 25mme) Nd:YAG(L0 at. %)E
AbEsten Fel & WAE flsted Pyrex FEE Algsig &4 AR

71 F7°] 12mmol® AZF ¥ SINTOX €Fn|uz wE).

X& Y Proties

| Total Intensity SEEETER] FPWHM 2.50, 2.54

ipunmcqgiyy; 61 % 2 {264, 2.86
Centroid 308,238 Knile {19%] - 1.45, 3.56
i e

IY 42 HelA ¥ Ue) o] AE BE

U 7]

P=A SelA R A7AIDE, AL BEo] oj& wRslE 1064 um e

X

e

g

S

A2 CCD A&7 AN g FFE A7 E o) &3td drz=

_f_i,_
2EE SFANUG 1Y 428 AW Ayen X, Y § BEE AL @

AL

B E A7 ZE EXE HAFE Aoz FFH9Y +10% oWz #Y
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® 7] AEREE BAFT Atk ol& FA YTl o 4713 wE
A ol A7k A@Hol BHEA FUsA 3719 A& gnise 4 FEo
A% dolA ¥ Ao 43 4 BAN & F Yonz nFHo2 FIY
W 2FQ @A W 2o festot

1= S A R =

71589 FAE 93t 18 4337 ZFS FA A TV 29 ALY
HMALE S WBIA 7 EA AgE #3732 7)(Thorlab DT200)8} A dE oA=2A7

Z(LeCroy 9400A)E o] &3t wi=A #HolA YA Y Z=E ZAH3AUT
28 44€ EF AFHE BAFD QU 2EALY VAES AN ¢
A 25| ALel| A A A g REALES AFRBl A ZAHATE FALATN LA }A Ge
Aoz W AY L7 kRS 533 ol ow h=1.86x10""Joule,
A=007cm’, 7= 230 psec, 0=28x10""cm’l? olg}: & w AdY AVELES
oF 38% FEHATE o] £X& T. Brand'! Fo] H|&E Fzo FEF YB7|
g o] &3t FUA7|A VL 35%9 Fr1g e v AdH4E IAY B
ATl AHEE FA JBU1Y 9715 &E 37 HHAE EA 6.5mm A
= wteA golA UYAFE HaFAAHCE sted, oF AMAE A #
o] Imm FEHE WEA bar AFo]9] HFHE WS FolWA] & Wrge] ofd

<
AT oA WEF A 7| A & Aoz dady
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2

%

: % i
R
g

i

o
R

L
SR
‘,’-/ 1’/

T
LA
jff/f*"?’f’z,’ﬁ

29 4-3. #HolA &9 ¥ ¥4 54 AA

300

250

150 |

Threshold Pumping Power (W)

| mR |

Y 4-4 HolA T S8 WAE ®Hste] mtE A o] 4

ﬂ41__



g HolA ¥4 gz A A
TEE &gol 7hed nAHAY 28 A PEES FEAIN7] HEA

g MA AAH kG TR dold BY BAWY 4 FH4& Haz

£ BAolth ologd F& WGEL HAH 54F HPoz BRHE BE
A AHE olgstel ZF 1A HolAE A7FE Pl AT AA 4F

oX

S B3 Utk olHE PPy WMEA o)A B HAGE dHolA &
229 F FFUge] EHHoE dXAPLREA, B] Hi Hold g &
24g Ha22 € 5 W) WE GYYRE BT vfjs Aot
WA ow FHAQ HolA LE AHAME HolA BHELY €4 EAHE
2 mhostal glofeopgtoh.

ol ¥t g3 SAF EAHY %@la(mamal lensing) @& A E4
7t B@od) FHE 71d o GHEL Ar]He AdUYAFT v BAF o)
o 9% d A o) WAAINE FAHANA doidoh wEbM FRAWe
71 A el o)E3HE FA(dynamic) ER=7F A wEd #HelA
283 ¥ A= oA7]dA] A7) wat HstekA "t

A HoelA FX7] AANA g Mo R neHekE Wy
=z BAoln o9 AL Y3 o8 7HH Pe] AEHAY gwrx
HHe Folx B A7IHE FE He-Ne #olAF S HAIZOZ o] &3
23788 EH3e Byel oy ol 2 dd= A % g F
238 S A A #HolA o7 WA T o] HeolA F W
E 4o AL doe Ago] A vt EIF NHAE ol &3 A
Hol Qo ol dd= 2AAYE YA A & FE5EAY @

AHERE AHAHA e oy,
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2 ATNE e ol FAU/NE TASRG 29 ALwe Y4
gue9 ) waistd] 2718 4% O 3 ¥ Anel WE HolH ¥ A
& 2R3 o AN T €N W Hfo|2L gl WA

golA o7] 1A HolAe FHA EEQ NdYVOst NAYAG A4 &

2 49 g EMS B34
(1) AEAXH

a9 455 HolAEe gdd= EAHES SAHEY A3 AgAA oty H
A &2A v oY UAEE ZAAT| 7] 93 Plano-Convex F3 7| & T

At oA E TIAHTY AWAL ASMDE FEWNALS Sm o|H
waist 78 FAHE HE SHA LML) AL 80%=E AT ¥ 4
o] L & N&YVO; 2R UdE 267mm ( L,=127mm, L,~139mm)o] 3 Nd:YAG
d AE =HEE Aol wWEH 262mm (L,=125mm, L,=137mm)o]t}.
Nd:YVOs A2 a-cut Fo|8 Nd:YAG ¢ o] Nd atome] dopant rate = 1%
olm 74 3mm, Zo] 25mmo 7| & 3 Ytk FHAE W= Ho
Ae Hd FFEHo] S0WQ ol = bar SHHE array FEE A A}
q gt GolA W spot 7B FH3Y] Yste] A E 250mm
¢l A= f13} 2 A 200mme 2 F 7He] A=RE AL3} relay lens (W] &
LO8)AIE A8t CCD shvlete] ZAAIZT. oldf #Heolx W Z=&
HA1717] 9138t holographic grating ¥ #2718 AF&3te] ZF € 1st orderd)
0o A3t #Ho]A spotd SensorPhysics®] ¥ EA17]9] knife edge A
WH S o] 83t peak #k9] 16%%} 84% pointo] 3 3}E intensity®] -8 spot
Aoz A3Ant. T wolA Wo] MR o AXH WM)E FAH3
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1st order beam

Beam spot 0.C.: Oscillator, P: Prism,
measurement H.B. : Holographic beamsplitter
A : Attenuator
CCD Camera f1, £2 : Relay lenses

£3 : lens for making beam caustics

a9 4-5 HojAE dd=AY ALY FAE

2472 150me] A= 38 ALgat] W waistE FEAZH L CCD 74 2}
£ o] FAIA A we} HEstE WM)E SASAL
(2) 25 & E9

Iy 4-6€ 2¥AL ALY W waistE AT AFo|th thol =g o
A JFHE SUHATIE 28 AL P49 W waist V| E SIS & F
At FHE Ed= o JESEA AFolBR Ho)ARY 2FAHE of
v god VJEESEe 37E W A factord #E S8 & 5 YTk
Nd:YVO, Z2A 3 Nd:YAGEA Y Gz Adg FAsted 3549 ME
A AT IY 4-72 1Y 4-59 ZE X oA CCD Camerag o] F4]7]

WA EAS W spot A7]Y HEAHA Apelry, o] AFHE polynomial fit
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1.6
Iy
—~ 14} *
£ o
E 'y
3 * s & "
® 12} - °
=4 =
2 :
[="
7]
1k ¢ NdYAG
8 NdYVO4
0.8 - -
04 0.9 1.4 1.9
Pumping Power (W)

O 4-6 ¥ AL YAE W waisty A7)

0.40
035 |
030 | .
025
0.20 |
0.15

W(z)*W(z) (mm 2)

0.10 f

0.05 |

0.00
40 60 8 100 120 140 160 180

Relative Position (mm)

1Y 4-7. Beam caustics ( AX: X&, HAAM: Y& )

A7) AFuzsH M & 23T 4 9ow Nd:YVO, AAES 608, 350
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psec, 20Hz2 F&AA LY 2" ME Mx =61, My =56 ot u
2 o] ARE o] 83 @ E FII o]AE #HolA T o] H &3
H HojAEe EA= AYE FH & £ A 0

09 489 A 13W g oz 9r|Ad uf, NdYAG #o|A 39 7
% 103m, Nd:YVO,9] 79 o 55me] € 2HAHYE e AL & F Ut
a-cut Nd:YVO.9] Z$ Nd:YAGY B3] 808nm 47| FeA FFAS$E 312
em 2 AMAE A3, LW BB FHEWINM(n/dDNE 10%0]F 22
2 U= Fio] Y AERALR AT U OY 4-804 o] 7 AL

ol 4ZHIL

'E\ 90
-~ 80 t
=
w 70 F -2.449
S ol
-
= 50}
g 4}
=
= 30}
=
= 20}
= _ 0.4991
|y =15.9501x
= 10 (ORI B
O | i Il

0 0.5 1 1.5 2
Input Power (W)

7Y 4-8 Nd:YVO; ¥ Nd:YAG #lo|A B9 dd= x4 A

AEH o2 Wil B QAFgAE ML #Holx o7 A olA e ol
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bt Yoz r)HE HolqY FA YR FAHNE VB mEe 2]

2743t dA= @A dodle HelARY ExdAYgE SAHSGAH

m{m

A EAEE PolA YREE GERLEonE JERSE A7 U9
gtod FolA W ME ZASAUTY. 24 A 1.3We BtxA] oA Yo
A Nd:YVO;9] % 5.5m, N&:YAGS] Z$-103m o sFste dxdAE

23591}

of. #lojx EHEA

golA &8 19 433 22 AAE FAstY FHAH. olw T3]
o] ZolE 49em vk B FHAEY bS] 85% d W A BEAHY
9L qon AL ALL FENRAC] smd LE3ALEE AR &
E|

Afe 29 499 =AHo vk weA Holxe WHEAo] FA oo}

AN

.2l o
=3

I
ol

3

Y

. &34 27w

e

MHEES 30 Hz 2 A7 oS HF
(B2Z 350 psec, 30Hz)9] ¥F=A #Ho)A dHolA HFEH 520mWe]
NdYAG oA £9-e 4oy olm 194%c] #BFse 2 HFF &L B
om FRE=9 slope E&2 26.9% o E3FATh

&
A O 43d4ME E F ARe] dHolA ¥ FA7](SensorPhysics LS-4)E

iy

olgate &3 W9 9 AL FAFAT. ¥ AL FHIY] AsME ¥ waist
A9 spot 7|9} FAZLE FA3oF Fr} Spot A= FH A 200mme)
HEZ A= 202 A B (relay lens A)E TS 28 AL WAIHY)
A EE spot CCD Hof 111 wi&2 AAA7|= WHo g 2A34}. dio)

) spot A7) peak el 1/6° o] sBee Tow AP}
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20

0.6
30Hz, i 18
0.5 350usec pulse
1 16
1 14
% 04
@
3 1 12
R
% 03 {110 ¢
5 o
S
< 8
5 02
& 6 o
=
=
{4
01 f ——HIZaY
—=—yolNEs 12
0 0
0 0.5 1 1.5 2 2.5 3

Input Average Power (W)

2 4-9 vixA Fo]AE o7 Nd:YAG Ho|A &8 EA

d9 ¥ $ie A7) A8 29 4-3 3 2 FAA A cCD FhH e}
E AAT 9dF 2 fAd 2FAE =300mm AZRE XA 7| AAE
CCD 7ivlztE o] M= 23 Ao Fol YAoFd(far-field pattern) “s
ZAstach old W] BAZH(9)L 0= s/f o BAANA F# 5 Q)

W AS W A izt go2 ¥ H a9 4-109 2A3EA} &
AlEo] k. &AE 3 Ao HATAY 34 FHFsion W FAo

=

20j7t Y Roke] AR(p=0, I=1#elA p=0, =2 747)) YRToA w5
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38 L

36 F

34 |

32

Beam Quality (times of diffraction limited)

28

0.3 0.5 0.7 0.9 1.1

Pumping Power (W)

a9 4-10 4" dolA ¥ &

2] =

ey #e] gold A7 YL o] §F WEA #HolA AVH
NAYAG #olAe) of7) % &8 S4& 233U A4y 23 yPrle
AbER AT FUF AVISHE BAFYen, FIF @7t oFo] A W
2o AYLE HFE Findlay-Clay' b2l g o] g3te] oy 288 =49
A7 38%9 E£E AU HolA FHE FH% A 2TW(H2E 3504

‘sec, 30Hz)9] W2 #olA o)A

4

Pi#EE 520mWe] NAYAG #lolA &
9

de AR oWl 194%] ATFEHE F WHESL Vo HFRE
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slope £ & 269% o LA ¥ BHINE o§3he] 2HWY quliyE
B9 A9 34 we FEAA P& BAANE A BAAAT 25 amay
HEA dolA 7] 47 wHol £AR AE5n YoBT REA ol
o 5249 ¥Hor 4F WAL Hay @vhd F4HA A7 1e @

e 7108 £ Ae Aoz AddEn
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2 delM Aztg HA2F 9EA feold ddAAE ¢HHeE 72

A B4 BRI FPL T3 AA A ALFANLL. AU FF L A
e ALEAY 7|2 B4 oldeE AP} 9, LxRzel f

B71% 5L Hay wxA #HolA HAdAXS 48X MEg A FF I
FH oz HPstder T EAE T

BtEA) #HolA o] 7lgn Ut FAT MARTA o)A ojA e
dA= d4e UG B AFdME s #olA oy mAw el e}
Zeol 43 d¥oz A7HE #HolA TAI|UR FHAHE 78 Z=9
A7NE FA3d A= HFE doIE HolANEY dxFAHE FH3NA
o AA BAE HolA AREE UFELEoEE J|ERESE AVE @
71918ked #HeolA W Mg FAsAT FH A3 13We wEA] HojA
Hol A N&YV0:8 A4 5.5m, NEYAGS] #9103m o #f3ste 24
g FA3dAY agn W7 BAE o8& wRA oy o7F
Nd:YAG #HolA e 7] & &3 EAE A3 Aa93 g4 A&
AHER 2 2L 4715 E RoFEden, 947 288 EHI A7 38%
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