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ABSTRACT

The optimization of resonator and laser power supply has been considered to be significant for improving the
efficiency of a pulsed Nd:YAG laser system. We have proposed a new method of 3-mesh parallel sequential charge
and discharge circuit as a laser power supply; more compact than conventional power supply, competitive in price,
easy to control the laser power density according to various material processing, and equipped with the optimum
reflectivity of output coupler. In this study, we could find that the maximum laser output was obtained by using
35% of reflectivity in the case of 50 [W]-class. In addition, using the power supply of new method, it’s possible
to charge each capacitor bank with a higher energy within the given charging time adopted a new method
mentioned above; namely, we can allow each capacitor to have much more charging time and storage energy. So,
higher laser output was obtained than conventional power supply.

LA &

788 HolAZE CO, FH|, NAYAG, o2  &5& 1A dHolAzA &4, dd, 73%7), 84
o]& #|#, DPSSL(Diode Pumped Solid State 2, E&]|W, 23|y, niz, Y S A}
Laser) Gl ol£53 et olF WAY NEYAG  FEopir B2 A83pt o FeiAfchL-3]
glolAs CO, oMt 7 #olAzbgol del A

* ZA8Y - TR FFEHARENAE AYFAL =B34 0 2001, 3. 19,
* QY BFUE AFEIEFAAG Fup AAlstE ;2001 4. 7.

o ZY  FFEUE AFHFREIAY 2us



)} SRATCYEENEERE Bk 2001 3, Vol 2, No. 3, March

CO; #olHe) B4, g=te] g ARREE
& Fsje} &, WEALEE COy, Ny, He & AL
Lo} sl Hg 2 FARSTE EAsL dEd
NEYAGH oAl F5-F gullzdol 43, €4
80 gon JIAE, FEHeR Y AARE
g oyiijdE AMgslee 4ol drgdrHelm, #
F 2 fARS7 BYst). B3] NAYAG #ole
CO; golAd] nlgte] sdo] oz B} 2
o AL F Yow, Wzo A% F 7] $y
olng 3 89 Foir} folhv, Futoluld] &%
3y Agol 7Fedlng Adrle 2 ojgRope] A
#o] B% 9 = Yok gy Z&EQ0 #ol
A Aade AsAded dg a7E ASsle s
Q) AlxaElog gAds) stopd Aolchf4, 6] BAY
NEYAG oA Alxde a&7ide fEMe &
A7) @ dold ALAA Y FAsp d4Hojrt 3
dgl-d2 32719 Asde FE F33r] S8y
249 eRARCENAIAE, £EA®)] AMEECh
AAALY A Wakgel 100%0] TVRSE
Hlegrgsla, 949 Aee A3 288 47
Hsto] WALE9] 34 ZFHoptimum coupling)o] 8
g} Eln Foldue 28 B =& ¢y
A glon, HEFEH o A Axg Hof
g o] w9 Fed oA Yxe Ade ¥
o4 He] Waslel oF FAMT Aol E Pl
E8-8 H3Ale hge] F8 AMECh[7-10]

2 d7dAe 327 2878 wiEE 44
3 A%, 7120 Adrg W4 AGEsin, A4
Holnd 7}F 24 wa €& Bk AYsHA A
@ = Ude ARE P4 HAGAANE A 2 A
et zA S0[WIE "2y YAG #HolAd o4
¢l Rdg AABtaA gt

2. 912
2.1 $A7)9 A =1
A7) FScavityy N B5T A9} AN

240 g FALE F AL 4T AR BB
A ok e 2 357t S7is SR B4

Walste] Aol HAA gk dhae] Fie] P
Aoe A 99 FAY &4 FA "ok ol
g AAE nskd gold FR7Y U4 2UE
ctheat gol 4& 4 glchis)

- Lya-L
0 Ca-H-%) <1 M

714, L : 327] 2o)(=03m),
Ry, Ry : B77) A&e) 2§ 97

(R1=2m, R2=00)
B oqe] AM4E dd B9¥ g243 NAYAG
gojxg FX7IE o o] 0852 R &IE

A
gk

i
I

Rd

(1,1)

| Stable .
(1,0% 1-URe

(T8 1] 40IM Z2DI9) o
[Fig. 1] Stable of laser cavity



0 0.5 1
SUBT
(@ pi=01
go=2
z
o
W
L4 1
fm )
Q0
0.1
\0.5
0.2
0 0.5 1
SUET
b Bi =002

(08 2] E=C| SUET ok £22 Az
[Fig.2] Relation of laser output

HEZ-HZ2 74 FF AL 7l 100%
BHALEe] ool HolA %"‘5}% de ue =
A& WS HUEYe 47 A% #E sk
gk 28 ALY HARE] 19 YR JME 1R
€ 9ol AY o] &Fo] 3, 0o YR 714
= o|SHTR= &40] ¢ AX #HolA E¥o] A
g Aotk wehx Hd 28g 4L de &84
9 WALE HF o] EAPTh

2% NdYAG #o|A &AL kA

Feel HH3 371

APEAN FHAE FH TAE 2L OeR
2o] 92 % UTkD]

1
To=— B8 (29817 2

A7, T = HU 282 2€ F Us A=Y
e
Bi: FHET o] 99 &4
g FANE 13 FET 1o

23 o)
3. AR
3.1 dlo]A Nxd
[28 3]& N&YAG dojA AA®le TAxS

ehdTh dold Azde dolA 7l ey
A 9 3934 5oz A€

| ommmm |
Xe NaYAG rod
Aashlamp (78.2m0)
TS 2|02
L=30cm
d4RD|
AAAL( FEWFE @ 2m, ¥AHE 1 995%)
YA (FENA ¢ oo, HIALE 1 40%, 6096, 85%, 90%)
NAYAG 2= (=34 : 11%. o] : 762mm, 473 :
6mm)
Xe S HE . (WAZo] : 762mm, ¥4 : 6mm)

(38! 3] dold AABIE
[Fig.3] Diagram of laser system



372 BREAFEHEEHEES® HE

oA FA7Ie 9 BEEdE T2 9
A HEst A3, 2 el HolA W FEd]
A F A AR, F AMNBIARE 9.5% %,
FEWY mY 2EAE) 2 RE AR
40%, 60%, 85%, 0% HFAAL) o2 THE

Control circuit

->JI_II_

S2 a0d S41u

S1a0d 56 tn

Simmer Circui!' Simmer Start

Y &R S9N YAQ| dolX
Helg2
[Fig.4] Laser system of 3-mesh charge - discharge

(08 4] 3t

WARAE AEEE FWATA SHNE A
8319 Z=@od), Y, HolA H=F YAA7|EE
CH3E HolA $4S AANES Sk

3.2 #olA AR

[2Y 4] 39 ¥E 3 2o A9
2F yehdn F =9 SHL xl’é% B 11
0] 150pps(pulse per second) 2 A =y
A Cl, C2, C3& ¥IE-85 379 & 4]%-]7} 3% }
o FFeles vy FuAMst B2 uEg lSO[pps]
o2 3Ed oo HigiA ZdMe] © B A
7F ARE &, 4 949 FAAE ° @Ol
g £ e FHol Ao E:F 4 TS
S0[pps] 2 EZslng A4 FU560H) S ZHAE

*2001. 3, Vol. 2., No. 3, March

&3 AT V&Y 158 FUME AR
A @ax 1EEE AL F JE FHe] Yk

HAgol B AHAL o3kl 1000Ve] A7 u}
o]oj2 #gto] éﬁ%l—t— AeiellA A AIE7I( 23
gt 15kV, HAE 5457 AM@%—S: Azt AW
5] +X€ ’%EWW FA9e] FAHH A E o
L9 1), 2, 39 £MZ Xe EYHHAZE F2A
Itk

@ 82, S4, €2 : Clo] FHAA X7} Eei4
=z by 2 C2o FAAF

@ S1, S6 © : C39] FAHH A7}t Zh4
Yz 2 9 9 Clo A F

@ $3, 85 ©& : C2¢9 FHE YA} FU4
Yzg why 2 C3o) FAAF

nlo]AZ2ZZAXNE ol&F AojBZF 7z SCR
ACIE 23E ¢ AoeEA 99 O, @, @
THE A T8RS WESA dok 37 HE «
2 Z-9A wAdA 4 £diMe 29A SAe
2 7}A Wye) oy, B A7 e [First-Charge,
Last-Discharge| #4082 ¢AHoz ZF-971g 44
FTE A5E HASA

4. 49 23t 9 A&

a8 @, k), ), e TIMY FHIYE
1000[VIY o, 7 EYALY RKEE 40%, 60%,
85%, 90%%] A% FHARZY HFHY R HolA
W zZ2udd gtk QTH % Ll —Erfx‘.%"“ ¥
2H71A] 23 (Threshold) A7HA] &
ojH, QL& AA| oA & 7104?'3}% W st
grolcl. Fo|A &Yule TAYL WY I E r]o
2. S(pin photo diode =™ : Antel ARS-1)E °]§
o] ZA3ch[10] [28 59] area(A)E #lo|A
Z8o] o AlEZAY dA ARHFL AT
g HES golnz HrAAsES ojujsith

o] goERE WARTINS 8 2md A
AstE A4 goln £ sd% WA
ARRE B4 & Aok 2™ (@7 LR
7P WA =gsld SAREQTH)O) 7 A%



3¢t HY oA g 83 uwE B2y NAYAG oA &8AE vEe] A5 373
ol ¥3prt ¥ (ORT UA dojuhy] Wi 4
AR golA &Y 7ldshks FRQL)ES 27 (©7}
7V woh weEkd SEAE R 85%E ARSE
3 (@7 7P ®e £88 vEhA fck
29-Dec-%9 29Dz 99
17.25:15 12 15 88
1
| B Eresch — . I
A Eres() — 1 s '
.1 me i 1
208 m | |
Qm l(-oa i
i -] ) ! .
288y ; e
a \\ ]
[ 8
r’ﬂ 1 NS/u
S ns BHL 1 sueepsr; m‘a’verﬂge o \r;u T hgh  sigms
12env OC g ar2a(f)) 53.6122 wvs 53.6122 53.6122 -~ - - ¢ Hess
2.5 v o8 _[ 1 0C0.684 v
0 SI0PPED 29- Dec-39
18:42:20
(a) 4(})/0 R:Eres(D
1
P -
29-Dec-99 Qm \
17:58: 85
5 . (8:Eres(2)
| spome ] [
‘H.Eres(‘l) - { ‘
soomi st S N R - ]
SVINE 1
B Eres(2) — fi © Hk T
o ! H i
288V | 3 - |
R FaNY i
. N . + |
pi S s BHL 1 syeeps: aversge low hgh  sgme
B I ] 128 v OC ¥ area(q) 37.6802uvs 37.6802  37.6882 - - -
0 — 3 1 %5/s
LoTH 2.5 v _I7 1 DC9.684 v
: 0 STOPPED
3 ‘. (d) 90%
5 ms BUL 1 sueepz: average low high sigma
128 mv DCj arca(g) 46.5602 ws 465802 46.5802 - - -  were I A ST MR
Fovoa I tucoeesy O SI0PPED i B : O/ 8 T2l
(b) 60%

(T8 5] SHXLS 1000[VI2 [ ERASC| B0
e Sci-2=o| MRIE 2 oM & Z=me

[Fig. 5] Laser current waveform and laser
beam profile



374 SBEAFEERHERE HEE 2001, 3, Vol 2, No. 3, March

800

700 D BEANE 90%

AL 85%

., 600 : BHANE 60%
= .
e : BLANE 40%
. 500
g 400
S
§ 300

200

100

[+] 10 20 30 40 50 60
Input Energy [J]

(D2 6] HIAIS0 M2 oM SN
[Fig.6] reflective of Laser output

(18 62 2YALY g wE FolA &¥
5L VeI 85%9 v 7R Y ALE
BTANE FAZ 357 U AR 0%, 60%,
9%0%)Hth QLo] Bomg He ALS Ushdok

(28 71& 2379 LS 85%, WA FA
ZSHO000[V], B2EHE-S 120[Hz]Q W, ZeAg=
9 AFHEL ek #5545 (underdamping)o)
A9 Qe dAD FAEE FZo| &S U3A
%, HYE 2¥EHS Bk

A1

LT

(02! 7] ZAU=ER 120pps2 [ EHrIRZOl
LT

[Fig. 7] Flashlamp current waveform 120pps

-1 BAL
fasry DU §

2.5 vy |

1 18ss
1 ONMe.634 v

(2% 81& A4 AL 1000[VIY ), Baut
2go] G o4 FUBAL Uitk 28A

AL 85%Y W &Y of 50WIE ¥tk H
) 48 ouA7E o SkW] o3l S0WIE d2F
Nd:YAG #HolAoMe &AL WAREo| 85%7F
HHolgh= A& YeRdch

60

~4— : HRALR 90%

0 4 EIALG 85%

& @ QANE 60%

< © —— : BIANE 40%
gao
3 2
10

o 2 4 6 8 10 120 140 160
Pulse repetition rate [pps]
(D8 8] ZAd=20 W2 0N 228y
[Fig.8] Character of pulse repetion Laser output



(F']
V)
ol
i
o
ol
>
o
i
o
2
oo
r?ﬁ
-

2

=

5. ¢

B d7dMe 3d7 28429 3z 2 7@

o] AxdEg IR AHESD, HAHon &L

Bo} AgsiA Ao 4 e A2 Fae A

AA 2 AFst 50[W]E B2F YAG #oA

g EAd #st A7 A4 ogy 2o FE
e el= )

m{o e e

O H#&Y S0[WIF e d23 YAG #9)
A Al oA & rldshe AE
QL] 71 B HHY &AL WAL
85% it}

@ Hdl Y2uEg 150[pps)7tA] 1HHE SCRE A}
43 3d Y &3 S0 HE F83)d
5 AR ok BA5AL sk

@ 3¢ WE &3 F-4d e x9e8 V&
o a7ty £ nFu FRA o] Hrte
60Hz & 4t ZUXE AHEE £ A o
FAe AAYE FEE 5 ANt

@ 3719 S9ME TA FoFETeEA Y
A7 A b OE 2709 ZuMe £
A& ANABERE FL AquA7 ZHA] A
Ado}. ety ZPAYZA Zo duiRE
Agd £ o] & 8L d £ Ak

(1

[2]

Kl

[4]

(5]

7

18]

[l

& NdYAG #HolA 28AL WSS HH3 375

Kenichi Iga et al, “Fundamentals Laser Optics”,
Plenum Press, New York and London, pp. 13-15
(1994).

Yasutomo Fujimori, “Laser Material Processing
in Electric Industries”, Proceeding of Lamp '92,
Nagaoka, pp. 981-986, (1992).

Albright. C. “Laser Welding, Machining and
Materials Processing”, IFS Publication, pp.8-12,
(1996).

BY¥gE 4 TA, “v-Frny F7 o 77, Wft
ZJ5, pp. 691-703, (1982).

Orazio Svelto, “Principles of Lasers”, Plenum
Press, New York, Chap. 9, (1982).

A. L. Petrov et al. “New Advances in Industry
Application of YAG Pulse Lasers”, Proceeding]
of Lamp 92, Nagaoka, pp. 993-997, (1992).
Hee-Je Kim, Eun-Soo Kim, Dong-Hoon Lee,
The development of a high repetitive and high
power Nd:YAG laser by using a zero-current
switching resonant converter Optics & Laser
Technology 30, pp. 199-203, (1998).

W. Koechner, “Solid-State Laser Engineering”,
Springer-Verlag, New York, Heidelberg, pp.118-
126, 195-201, (1995).

BIRZHE, “Bfrr7be=72", BRE
pp. 82-83, (1889).

[10] Whi-Young Kim “ 823 NA.YAG laser ¢

2% BRSPS AT FISY AT, A
% =&, 2001. 2



376 EHERHFEELKEERE HCEE 2001, 3, Vol. 2., No. 3, March

1989 RAhsta A gt
9 (F8AD

1992 Foljgtw Ax-3-ew}
Y (T4

2001 FAhgtm A 7]3gkx
9 (38D

20002~ @A FFoE
AFEHAEEAALE AL

HAAEo} : LaserdA 2
FEANSEAI 2 A,
A&z e

19852, AArslm
AEAs s & (e18AD

19942 FAjstm
HrE T EH(FTHAD

1985.1~1992.6 t-$-HAHZ)
AFERER o5

1992.7~1994.2 tSEA(F)
SWATd 27

19943~ &7 FZ=)s}
AFHGEETAIAG 2us

FAEol - vFETZ Y,
AERS AFEHIYYA,
MIS

e
' 198513 RSt AlibEA st
1987 F-akoistar gk
ARFEA TR AD
19939 Fatdista gk
AAA NG (A1 R)
19913~ @A) 53}
AFERR FAAY zas
BAEE : 2IAA, HEAY,
zZ2aRT Ao,
HFd 2387




