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A Study on the Pulsed CO2 Laser by the Switching Control
of Leakage Transformer Primary

BEH®K - ZHH -&BE
(Hyun-Ju Chung * Dong-Hoon Lee - Hee-Je Kim)

Abstract - We propose a pulsed CO: laser below 30W by the AC(60Hz) switching control of leakage transformer
primary which has some advantages of cost and size compared to a typical pulsed power supply. Pulse repetition rate is
adjusted from 5 Hz to 60 Hz to control laser output. In this laser, a low voltage open loop control for high voltage pulse
discharge circuit is employed to avoid the HV sampling or switching and high voltage leakage transformer is used to
convert low voltage pulse rectified from AC to high voltage one. A ZCS(Zero Crossing Switch) circuit and a
PIC(programable one-chip microprocessor are used to control gate signal of SCR precisely. The pulse repetition rate is
limited by 60Hz due to the frequency of AC line and a high leakage inductance. The maximum laser output was about
23 W at pulse repetition rate of 60 Hz, total gas mixture of COz : Nz : He = 1 : 9 : 15, and total pressure of 18 Torr

Key Words : Pulsed CO: laser, High voltage pulse discharge, Leakage transformer, ZCS circuit, PIC one-chip
MiCroprocessor
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Fig. 1 Schematic diagram of a pulsed CO. laser
system
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Table 1 The ratio of PIC input-output signal as the
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Fig. 2 Control circuit and power supply for a puised COz
laser by switching of leakage transformer primary
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Fig. 3 The waveform of ZCS input-output signal and
SCR trigger signal as working frequency
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Fig. 4 Waveform of input-output signal in ZCS and SCR
trigger circuit (60Hz)
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Fig. 6 Laser output characteristics as gas mixture

CO;:Nz:He=1:9:15 {58 &3] & ¥ 3¢
ANt Hd 30 ¥A= FUHEES & & Ak CO #AelA
AME WP we FEo| Aavpart HA 7)o T
Holg dottn A Ut F N9 A ¥A Vg 4
£ CO; ¥#] (001) 4 =% “l =3t Nooj v=1elA
87t e 2%E E97ele THEL CO9 (000 (001)7F
e 7z F& dx g HolA WHBAAN 22 WH]
dojgd @ JUAE 7Hd AR FA L A0 &9 B
W AE @ F oA doprbEA NoE J%— 7] ez ‘€r
Ak, ggA, N; £3E¢ AeH2z 742 F o,
olg& o] RojA AUXE CO8 2§l doAEARE A7
Hoz Ha¥ & ok wekA CO; HolAd adE wole
dlE= NeZb B olti12-13] 99 49 Zflx 7}
CO2: Ny :He =1:9: 1544 #elx o] & AL

544

ACE A AF3o SCREAM 2%HE

te ¥ F79 THURG N9 vlgo] ¥7] WEelth 1
Ju B2 N9 vlgo] Eoha i oA wgol Fuis)
= AL °}‘—lt=] 60 Hz Ax9] W& AL CO: ' N2 & He
=1:9:15 22A N9} vlgo] AAAe 2PY Aoz
sadr,

33 sSztgt=o] g &2 4

a9 78 ERAYEA " folA FHe WHIHE JENd
k., &¥o] 71 A Jelvde 29 E8Y CO:: N
He = 1:9: 1544 $2¢E & 6 Torroll A 22 Torr7tA 4
Torr® Z7IN718A 28L& A% w5 &e] 4
g ¢Fo] Frhstd 2= F/EAAT & 18 Torr #29
Ae &9o) X33t

E2%g 0] A5l wat COo; ¥ N ¥x9 %7 371
ez dgold oy #9499 Y7 gojun FE dHE3E 9
Z7te] W& B4 ¥ 57 g #HolH £He] FoE
ot gy 2 o449 dEeME 2 (Glow) HHE K
ZAX717] 98 o S AYE Auser sEZ AF Alo]d
Z2g A7Ao) A ANYEs FsA . ARAe=R
Aol ZFrlstA HEZ 7lAY 2x AeS ZHstd 44
&9 WEE ZAAA oA &S EIAZY wEkA o
55 U=z 37 AdME 48 HAHH doof P o
o} e £F5Y CO; dolAe i Wzo] AujFol7] g
o &9l AAHG EUT & gl Adl Aol 05 Wer A=
Z Asso] gouz 4HE 18 TorA =Y} HATSE & F
A cH14].

25
CO,:N,:He=1:9:15 /’—l

— 20
2 - 10Hz
= - 30Hz
3 15
a 4 60Hz
3
o
5 10
7]
3

5 w

2 6 10 14 18 22 26
Total Pressure [Torr)

g 7 2ol wlE olX & §4
Fig. 7 Laser output characteristics as the change of
total pressure

4.8 B

B AT 2Y FHEA7 1AZAH HeFAe
Brg 29 rAw
718 E 2259 CO, AolA waBe AslE 60 He
oste) W2y CO; dolA FAE matssith 2 WA,
e EgH R FAGYS] me dolA ANxye) R4
of tste] WYY A3 e Be ArE AN




L &% &9 18 Torrol A olA wjde] EFuE CO, :
N:'He=(Q:2:15,0:4:15),(1:9: 159 go] @
YEEA Ha wEge wE Holx Y8 2y Ho
CO; N2 He=1:9:15 M2 &8o] g £ Aoxn
o #Hol o 0%BHE Edc)

2. 7k=9] Egu) CO; : N2 @ He

=1:9: 1504 S
#& 6 TorrdlM 22 Torr7h#] 7hsha

9:
SCR Al°|E Eg
2y

A
A Fahed BEg Fd& 3 A3 wEgo) YWY u
ol F7H3E E¥E FlsAA T 18 TorrdlH &2 o)
Z3sqgr
3. FAUY 18 Torr, & WHEE 60Hz R 7t2 Egn)

CO::N::He=1:9:1544 g4z A #olx Y&

ok 23 Wqdch
zAlel 2
¥ d7E 19995 §3449714 95199 spin-off A o
Tolol oat Fag T2, BAEAC FA =yU,
o d

[1]1 P. Loosen, "Recent Development of lasers for Materials
Precessing”, Proc of LAMP ‘92, Nagaoka, Vol. 1,
pp.61-66, 1992

[2] JKR. Weber, ].J. Felten and P.C. Nordine, “laser
Hearth Melt Processing of Ceramic Materials,”
Sci. Instrum. 67, pp.522-524, 1996

[31 R. C. Hamey, “CO: lasers for Military Applications,” SPIE
Vol. 1042 CO: lasers and Applications, pp.42-54, 1989

(4] 483 9 79, “2A & CO; #olA 42+ : SMPS
WY 2y CO: laser?d] £3 54”7, qgd7|eH3), 48C
, pPp.730-734, 1999

(5] Yu. A. Baloshin and I. V. Pavlishin, repetitively pulsed
short-pulse TEA CO: laser with UV pre-ionization, J.
Opt. Technol. 65(1), pp.61-62, 1998

[6] K. R. Rickwood and J. Mclnnes,“High repetition rate
mini TEA CO: laser using a semiconductor
prionizer”,Rev. Sci. Instrum. 53(11), pp.1667-1669, 1982

{7] C Baker, "Design of a compact high PRF TEA CO.
laser and performance under multimode and single
mode conditions”, J. Phys. E: Sci. Instrum., Vol 14,
pp.1167-1170, 1981

[8] N. Menyuk and P. F. Moulton,”Development of a
high-repetition-rate mini-TEA CO: laser”, Rev. Sci.
Instrum. 51(2), pp.216-220, 1998

[9]1 Dong-Hoon Lee, Hyun-Ju Chung, Hee-Je Kim,
“Comparison of dc and ac excitation of a sealed CO;
laser”, Rev Sci. Instrum. 71,(68), pp577-578. 2000

(10] 915F 9 49, “48Fd5 LFYHA CO, #olA 9
2 47, 71838, 48C , ppS87-590, 1999

[11] S. Miiller, J. Uhlenbusch, “Influence of turbulence and

Rev.

FHYYI 1XHE 2l AH Hojol o5t BAY CO, ao|xol B o3

Trans. KIEE. Vol. 49C, No. 9, SEP. 2000

convection on the output of a high-power CO: Laser
with a fast axial flow”, J. Phys. D: Appl. Phys. 20,
pp697-708, 1987

{121 J. J. Lowke, "Predicted transport coefficients and
operating characteristics of CO,-N;-He laser mixtures”,
J.Appl. Phys., Vol44, No.10, pp.4754-4761, 1973

[13] A Cenian, "Improvement of self-regeneration of gas
mixtures in a convection-cooled 1.2kW CO: laser”,
JPhys. D: Appl. Phys. 30, pp.1103-1110, 1997

[14] K. Terai, "Characteristics of RF Excited CO; lasers”,
Rev. laser Eng. Vol. 21, No. 4, pp.39-48, 1993

38 F® &K

19759 129 59 A 1998 &4k
3 4. 20008 BAY o
T EQMAD 20008 T gty
%3 whatay,

el : 0561-510-2770, Fax : 051-513-0212
E-mail ! hyunju30@hanmail.net

A7
a7
71

o0 S EFxEM

19704 1% 179 4. 19963 4 A7%
&3 £9. 19989 F sy Arjzay
EFH(44h. 19999 F Uiy AHAr| sy
AL}

el : 051-510-2770, Fax : 051-513-0212
E-mail : dhlee6@pusan.ac.kr

# 3 A (& B B
195513 109 23"&*3 18808 R4 Fdf &
718%3 &4, 19829 F digtd AdAr)Ee
3 FA(MAD. 19813 ~1983¢ 5 oistd &
713 Zn. 1983 ~1985¢ #EAS|HATA
4 AT 19859 ~1990d B FHyusd o
:MH R AR 19908 § gk oluANBTAT B
(349). 1990 ~1995d ¥=A7NATE AYQT7Y. 1959 ~8
A FAg A7 Fes 20

el : 051-510-2364, Fax : 051-513-0212

E-mail : heeje@pusan.ac.kr




