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ABSTRACT

In this study, PID control method was applied to decrease the power fluctuation of the
pulse laser which is one of the major processing variables in laser machining process. To
stabilize the power fluctuation of the pulse laser, we averaged 10 pulse outputs of Nd:YAG
laser operating in 10Hz using boxcar averager, and with taking this averaged output as an
input signal, we conducted PID control using optical attenuator which is consisted of half
wave plate attached on the stepping motor and polarizer. When PID control was not enabled,
the power fluctuation was 4.71% and with PID control, the power fluctuation was 1.86% for 2

hours and 1 hour respectively. As a result, we stabilized the power fluctuation of the pulse
laser by 60.5%
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1. A&

2%3, n3AS Qe 2o wi 2 7HE AUEE FYAINI A B JHE Vsl
AEHT Jow, 2 F HolAE o] &F AT 7I&L vlo]2R AV F& 1 o3t HEF A
LEE JHAEA A, fE853 2ol JIAAQ HFe] o ARE vy 4A JEE F
e AL /HAR vk = 7IAH 7tFeA ZAste =79 w2rt flew, 34 f(optical
fiben)& AHEE ¥, ¥4 AGx Has ¥ £ JoBR UEA, WA, BT, 8 ok T
oM d &&Hu Yot

o)A E o] &3 zuA 7tFY MY F8F FAH F9 shve B HolAd & Az EW
o A&so A EZE vASA AASE #olA el Y(aser ablation)olth. #olA waHX
1982 Kawamura 53} Srinivasan $7¢] 98] Zelw 22 7t3el Ag AL, 349 7jges
olg ol&3d FTTE AEdE IAHA 3 2 wHEF PO ARE R JHEE
F A3, A&d B A7 dE&se JMF FAZR A rlojaR oldY AFE ALSA st
38 5 got? ol @ dolA B o4 7FT FAL dolA B, T As, TR FH
59 7HE ¥ g %a}zlhﬂl golA Fe] A, dolA B A7, T X, AL WU
59 W e HF Nz ¥EstA 2ok adeg zuA e AYES U=
€ grs3r] fdaAe Eﬂ°]?<1 e BEAE AN R AZFdA AFTLE Aojde 7€ TR
ot 53 dutHoz 5% e &8 WEES /AL e B2 HolAE o/ &% HFY A
ZRE 7MEE AdAE golA B Ayl W E AZ3 Aojrt Aok
2 dT7odAe dolA B Al ¥sE AAoz Aojste A A7 A8 10Hz2 %
3l 532nmel FA-E 71 NA:YAG #Ho)AE Aoz 33t 744 7)(optical attenuator)E o} &3}
o PID A& HEAHTH

:{o

2 B=
2 A8 033 B(half-wave plate)? 43 HFA(inear polarizer)E ©]-§3t HF o] 24
g dx 29 243, 51"“‘ Ajolel 3 F{HA PID Ao} oj&& T8 AA HFF 4AA
Abole] eatg wAsHE Aol WA o) &3] FAHUT

21 "3l &

P (polarization) & oW EFF YFozw AFsE Be REFor, MAAFH ANFeR
o)F017 Wl A7Fe) WF We WP BoldL Brh o VR WFE AHEsHE BPA
wek delel WFo Aol 5ed Wob 1Y WH A Lol 23% 09 A oFH o I
= 4Y BRAS AN 99, 1 9E theel W2 ¥ (Malus law)l 98] asA Do

¢
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Ie)y=Kos 6 (1)

FH WA (half-wave plate)e e-THextraordinary wave)$t o-3Hordinary wave) A}ol<]
A 942 (phase)7t 180°21 944 A dBo My HF @ YU FHFAlole A=rt A HE
I Zt=e] we deo WF }Pe ue] FE dgg dubt unFusn 48 AFAE o &35
He QAHo]l Boje s HE dH @ Yo 2HE 24T 4 Joh AFHeE v &9 H

F

Ay e wAse] Yt 4F ARAC ga 2ol Hm, A ()9 Bz FHIM Fe
240 Baw ¥ BRI QAR 9o AEE WFAATA Bk o 9 IAshE L 2
S8 Wg AAF7] A8 Aol A wgRe 4Y AR B AXNAJL A T

oX
Ao

of &89 zdo] b5 FXE 38 74 7|(optical attenuator)gt &t}

338 7o) dolA JAEE 283 2AY 288 & Hd wagRge dd 4=E ¢
F A HE=d, £2 HE(Jones vector) ¥ Jones matrices, rotation®] o uwel P HFH Yo
.

HohgEe AN F PR 4% W% ¥ ARAE AND e 2ol Avan?

(00 V8] sune) ( as® sné
0 IN\sin® asO —sin® os

8

4714 or wigRe] BZo] HAW Aot oF olgad LY FHE 1 Y& PH
A o] woAws BAAS AA Yo Hgu HEAA FYL et 2o

) @

ofd

aYBR o olg3te] YAsE Mol FA 2ANYE Wake ol Tl 2AHY, way
%) 93 45g 92 + A

22 PID Alojol &

g9l Aoje] & FFQ PID Aoe Aojstazt st g 83E dete 2ARLE A
oJ3t7] Hste] Al AR AAY Atole L3F BAsE Aojwaelth 7] PIDE L
2}+¢] ®) &l (proportion), 2 ¥-(integration), 7l#(derivation)< ¢ v] gt}

vl Aolo] ol Aelrle FHE A AR HAg Aol ARt HlHste Ao
g 3, 27T 2AZ Alole HAE Zol= wakoz AoE &A A ol HHANE ¢
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g HlE dagtel A HdY, dAReR HIo] wEA Huy o] dojuA HE @3l e
o, dl#ll AlojvkE ALgEA @ BS HAVL ALHoz EAsE Dol o HEAE v
ANTEE AL E 9 A7} 00] He Aol BrHEIER o)& A BAY Aojoln. 24
he Haks AA A 24 HEgezN A3 AL 00 HES ot HlAAllg A AL
ol 5& PI Alo} ¥4jo] =, vAAAE Tt WEA e FRXYLR olFda, HEA]
30 vl AL A HAE gl Ao] o] "tk v EA o= HlH A G} HE A
sted oM &F AEol vud £ e FE BIsy] A%t e @ AAXE B,
3ol AAste A7t 2 Btde 2HFE Bol 39 7WEA HEHES 3 Ao Aok

t

)

PID Aloje] £dRE 4 ()8 o] E¥o] Hul, 2 F& wld, A FES Yednh o
A me Ao71e Y, Xep BEZ, x= 2HgoH, Kpe HAAY, Tre ARAZY, Tox o#
AlZkoltt, PID Aol P Ao, PI #lo], PD A|o], PID Alo]2 Aodma dh= Ala€e] 5o
wel 27e Y Aol o4 + s

3. 2%y
PID Alo] d18&ES o]438d 532nm FF o2 10HzZ A HE NdYAG #olA 3 &
g oAz dgo] =gl

31 PID Alo] & ol & F& &9 <AAs uAF

PID Alo|& o] &3 AT 28 IAZ dnagdFY FANA Ao BEZ g AL W2 4§
oA dleo] 238 2R ¥ FE FEold, o] =g HASA AT we At
e " oA ¥ A3te AARCE YoA do B dFA AHSE PID Ao €1
BE9] £F AZE Fig. 13 2o

[Fig. 1]

A7NA Xpe AAZ, e AR me Aore 28, = #HF 49z, 282 y= 239 &
Age ouigth "2 dolAY &3 Ayl Az/F dF¥EA 2 g AAGFA] vag B 2
A7 AAR, 2 LA ) v Ao)7] EFPol A wnFB-E HAIIA Hoh ole} 2
L AAFL BB FPFo 2N HHY o) (feedback contro)E ¢ FA ®}”

FH, P AolTte o8¢ A5, A )} 4 WE o439 Az F59 AZE 002 AR
€ 9, °o}& JIFLE Bopte wEAR HAGEE 4 (5)8) B
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:——1— -1 X —
e 5 00 \f—-——‘L—Kf(y_Xsp)_i_x (5)

4714 BESHE NEYAG dolAs B2 1ol At 1002 38w, o Fage 9 As
2 st 4 G 8 BHgRe Aot FEWNE HANA FozA £4e dAs AYA Bt

32 A2 Yol P &9 <A 2Y
B2 o)A HE 28 dAS AP oj8d AF FAY AFEE Fig. 21 bl 4
g A dolA FE, B3 Zar) RE, AE FE5 L Ay FRo2 vdd
[Fig. 2]

2 dFoME A uwkE-Eo| 10Hzoli SHG(second harmonic generator)E A% 532nme]
NA:'YAG 9 ] A (Quantel YG661-10, 10ns at FWHM)7} AF-&5 %t}

23 Zarle NEdoz wtng B (Melles Griot)® A8 #H3AHThorlabs)E FA°l Y &
go =g A% dFwe] FHE HAANAZF & Y& ZEH(Sigma Koki, SPSG-60 YAW)st
RE| Ao} & 28 o1X|(Sigma Koki, SHOT-202)7F 2= ot REHY Jd Adms I~
0.005° oz Hx A £E+ 127 30 013}.

Az HEL S 30use! F 7AE7|(photodiode detector) & o]-&31d AtdHE Fo2H
E o]Ro7h MF 9 Hele g2 boxcar, SRS 250)¢t LabVIEW Z213& O]%-‘G}Oq o] Fof
Asd, F AT A3E dasle AE JHGes SolrbA 1049 B NFo) dis Hiskd
goz &85H3 o] g& DAQ ¥.=(data acquisition board)E AHA LabVIEW ZzI1#9] PID
Ao dmAFY JARLRZ o] gHT}. LabVIEWE o] &3 Ao &A= &3 2o 744

g Feol 2ol oA AEE Y5, Q%% 2% E PID Aloj& B3 LAE BT F
uhsbdast Add REZ A8 A2g A2 A £ RS A 4xE daddn d4dd

< 748 23 FAre EHAVRE gol ?Q@‘!ﬂ ool gt o] REE ﬂ%i’\lﬂE% Lid=d
E 2 AdgdAME PID AolF P AATE Ab&siA wlE o/ 5(P gain)@S 1022 A7

Ade AR,

PID A1 31 ke A%, o 242 B% ASH

ageAel ol #Hold A A &L AL 17 g WEd 71 AR 1FE 54
(long term drift)e] ¥&3te S-S 7Hch o] A%
A 0.0495VelH, o2 RE 73 8 WEES 471%2 Vel

49, PID Aol & AARS A9, oF 1A B¢ A5 3T &89 %42 Fig. 49 2o
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[Fig. 4]
PID #|oj& AANE Z Az & A 33 59 oA & A7l ¥EL EAFAAT 2
A A FLY Y HEL AE B dAF He FHE Bt o] BS 3" 29 A
%o HEHL 098V, IF HAE 00186Veld, ojzRE T3 &3 WFEL 186%E e
. ol PID Aol 7o A &g B3 < 605%9 &8 WEES 42 AHE JYepdnt

5. 48
2 d7ME PID Aol 71¥3 33 #A271E o] &3t 2 gojAe &8 A3 APl
THHN, 48 2A=REH OS5 2L AL 2E F AU

L PID ANE A ke A%, dolds W2 WEEE 471%2 ¥ HUT, PID ANE
AARGE A, Aol Bx WEEE 186%2 o) /WS A8L Ba F 605% 2 HHA
J e de & Yoo

2. PID A|91& 3 0 Az HFAA 9 HojA 23 ¥FL &As AL F oy &L
A BHNNY &Y AT AR AL F A ol HolAY &3] EAF FII4E I}
Ax Aol otun Z+ & & oud AFPE goke A& ordch

3. & 7199 Aol deolA FHo| AABe 7idEs AHE Lol @l ole FF #HolA
29 A7E T AL e H82 F Qe K8 7IPYS AT &+ YA

d
£ A7 AudelA 4 GAATVIE AT AY FdA4E ddEY: 78 AP
dold 43R stelus 34 AL HAe Adoz FPHYen ofs) A=Y
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Fig. 1. Block diagram of PID control.”
Computer
Motor stage
controller DAQ board

Optical dttenuator

Beam dump

Nd:YAG Laser
r 532nm -

oz = =

Photodetector

Q
o O
Boxcar | S 3 Oscilloscope

Fig. 2. Schematic diagram of experiment for pulse laser power
stabilization
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Fig. 3. Averaged power fluctuation of pulse laser without
PID control
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Fig. 4. Averaged power fluctuation of pulse laser with PID
control
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