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Research of power stability for 3kW RF slab CO, laser

CHEN Xiaojiao, TANG Xiahui, PENG Hao
(National Engineering Research for Laser Processing, School of Optical and Electronic information, Huazhong University of Sci-

ence & Technology, Wuhan 430074, China)

Abstract: In order to solve the power fluctuation problem of 3kW RF slab CO, laser at high power operating conditions, a
turning mirror adjusting method of out light path was adopt to compensate the light beam deviation caused by thermal deformation
of cavity mirrors. The key technology of laser input power control by pulse width modulator based on TMS320LF2407 chip was
studied. End mirror sampling power detection system of shaping light path was designed. And the compensation theory of out light
adaptive regulation system was analyzed. The result shows that, the end mirror sampling laser power detection system of shaping
light path has high linearity and the maximum error compared with reference power meter is +2.59% . when using a piezoelectric
ceramics microdisplacement driver of PA 100/T 14 to adjust and compensate the adaptive turning mirror with micro-motion
distance less than 54pm, the light beam deviation will be less than 0. 8mm of slit width of spatial filter. After adjustment and
compensation, the output power fluctuation declines from 18% to 2% , and reaches the compensation demand of beam deviation
caused by thermal deformation of cavity mirror. The sidelobe of shaping light disappears and the best output mode is gotten. The
research has the practical value for improvement of laser stead output power.

Key words: lasers; 3kW radio frequency slab CO, laser; end-mirror sampling of shaping laser path; power detection and

feedback; light beam deviation; adjustment and compensation by turning mirror
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Fig.1 3kW radio frequency slab CO, laser

TROR HL AR A5 5 Ak JHL P B, AN 3 7R o [ 3a Ty
S, B 3b RS HAE R . o, SN A — T RS
BERATE B 3N 0. 5% Xt th oL T R AT BURE , 4
HEL PRI e S BR3P R PR s P A 5 e WIOK P
JEZE BRI B A5, PR B O A L 18 2 1
AR B AR, foe A I Tl PR R T T 4mA ~
20mA FIRIRME 5o [ 3b H A5 S5 oK A A
HL RN 25 R AE — R, Lol S S0 B L R i A i i
BT

pyroelectric detector and signal
amplification board shield

sampling end mirror
inside the metal

b signal amplification
circuit board

signal amplification
circuit board

pyroelectric
detector shielded /

twisted

amplifier
P ﬁlterirzg voltag\é-

. p
sampling  mplification to-current

mirror acceleration

Fig.3 Laser power detection system
a—shielding box of signal amplified circuit PCB and pyroelectric detector

b—schematic of laser power detection system
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. ‘l, § %eam Table 1 Parameters of thermoelectric detector
PWM]pgate driv MLyl tube oscillation shaping
circuit amplifying circuit system parameter name value
2 aser output wavelength 0.19pm ~20pm
- filament — .
power s;gnal heating circuit input power peak 150W
amplification and . ol W
rocessin, ]aser power noise equiva ent power m
PLC processor samplin response time 2.8s
console sensitivity 0.64mV/W

Fig.2 Schematic of 3kW radio frequency slab CO, laser
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Fig.4 Principle diagram of amplifier circuit

a—pre-amplifier circuit b—noise model of amplifier
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Fig.5 Principle diagram of predictor circuit
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Fig. 6 Schematic of TMS320LF2407 pulse modulation circuit
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Table 2 Relationship between reference power meter and power detection

system

power value

reference of detection deviation percentage
power value/W ystem/W value/W  of deviation value/%
0 0 0 0
270 263 7 2.59
420 412 8 1.90
615 610 5 0.81
765 760 5 0.65
930 926 4 0.43
1110 1101 9 0.81
1275 1270 5 0.39
1440 1437 3 0.21
1620 1614 6 0.37
1755 1758 -3 -0.17
1890 1893 -3 -0.15
2025 2030 -5 -0.25
2130 2135 -5 -0.23
2220 2224 -4 -0.18
2250 2252 -2 -0.09
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Fig.7 Precision adjustment device of turning mirror
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Fig. 8 Deviation adjustment of out light path and light path ( 1—turning
mirror ;2—spherical mirror ;3—spatial filter ;4—cylindrical mirror)
a—side view of beam shaping system b—before adjusting optical

path deviation ~c—after adjusting optical path deviation
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Fig.9 Beam shaping system adjustment of optical path deviation
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Fig. 10  Relationship between D and d
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Table 3  Laser output power at different duty cycle before and after adjust-

ment

power before power after  power deviation

Z
e

duty cycle/%

adjustment/W  adjustment/ W value/W
1 5 252 260 8
2 15 598 607 9
3 25 897 924 27
4 35 1230 1267 37
5 45 1550 1626 76
6 55 1810 1939 129
7 65 2026 2130 104
8 75 2115 2283 168

Fig. 12 Light spot at different duty cycles before and after compensation

and adjustment

a—Dbefore compensation and adjustment b—after compensation

and adjustment
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Table 4  Volatility of laser output power before and after adjustment

time/ power before volatility before power after  volatility after

No- i adjustment/W  adjustment/%  adjustment/W adjustment/%
130 2718 0 2764 0

2 60 2661 2.1 2730 1.2
390 2600 4.3 2736 1.0

4 120 2537 6.7 2749 0.5

5 150 2467 9.2 2711 1.9

6 180 2401 11.7 2738 0.9
7210 2322 14.6 2765 -0.03

8 240 2230 18.0 2731 1.2

Prieii e, WOCH DR AL 2% X 1 i
Preifl ARG R BRI R RO R B,
AR

4% @

THHEIT T X 3kW GFHiiAR 4% CO, BOLH 15
R 55 B e, A 4% A PR s BT IO, R R
PrBe i kLB T AN AL M

(1) BEAT 1 D345 00 2 456 F) B A1F: T30 HhL 35 A A
HLIG BT PR S, I D) A I R S 4 2
HEROL DRI Dy 3G A 22 e KO OW L T 2 HE )
IR PR, VIR R G BA B R

(2)) SR T 3 5 8 35 i 18 Y6 SRR S O Bl 1) 0l 7%
O AR IS g PWM 5 5 O 15%,35%
55% ,75% I, 3 e A B 3E B JA Y S LR 5 i
TR AT L GBI TC55 M, BT J5 R A ROCR W]
RS

(3)3kW it & CO, BOtdr 4h #EHL, HiEAL
RG2S 90% W, Xf LR I BER A BTG , 2 g
o O DR BBl i D AR P RN 18% FE
#2% , LB T B CRMHOCI AR A E fi i o

Z % x #

[1] TANG X H. High power transverse flow CO, laser and its applications
[ M]. Wuhan; Huazhong University of Science and Technology Press,
2008 :1-16 (in Chinese).

[2] LI Q G. Real-time detection and control of laser power for RF slab
CO, laser [ D]. Wuhan: Huazhong University of Science and Tech-
nology, 2012:4-6 (in Chinese).

[3] LIUJ, HE C Y, LI J. Power detection and control system for high
power CO, laser [ J]. Laser Technology, 2003, 27 (6) :588-590 (in
Chinese) .

[4] PENG D F, WANG Y Q, LI B. Real-time power measurement and
control system of high power CO, lasers [ J]. Laser Technology,
2006, 30(5) :483485 (in Chinese).

[5] HANG M M. Researches on compensation of shaping optics for RF
slab CO, laser [ D]. Wuhan: Huazhong University of Science & Tech-
nology, 2014 :5-8 (in Chinese).

[6] WANG Z, HANG M M, PENG H, et al. Research of adaptive regu-



%

413 FH1i

MRl 3kW SHH A CO, OB DR R E T 58 97

(7]

(8]

[9]

[10]

[11]

lation of shaping optics in radio frequency slab CO, lasers [ J]. Laser
Technology,2015, 39(4) :471475(in Chinese).
LIU J. Research on exciting characteristics of high power radio fre-
quency CO, laser [ D]. Wuhan: Huazhong University of Science and
Technology, 2009 :14-15 (in Chinese).
LI L. Study on pulse width modulation signals for high power RF-ex-
cited CO, laser [ D]. Wuhan; Huazhong University of Science and
Technology, 2009 :6-10(in Chinese).
LIAO F. Research on power control technology of high power laser RF
power supply [ D]. Wuhan; Huazhong University of Science and
Technology, 2011:6-8 (in Chinese).
YUAN J K. Research on surface coating and discharge control of e-
lectrode for RF slab CO, laser [ D]. Wuhan: Huazhong University of
Science and Technology, 2013:1-6 (in Chinese).
HE Z X. Photoelectric signal processing[ M]. Wuhan; Huazhong U-
niversity of Science and Technology Press, 2008:32-34 (in Chi-

[12]

[13]

[14]

[15]

[16]

nese) .

YE X Y, WANG S L., HE Y G. Power controlling and the controller
design for RF excited CO, Lasers [J]. Journal of Optoelectronics *

Laser, 2001, 12(2): 151-153 (in Chinese).

ZHU L,WANG S L,YANG H, et al. Design and principle of power
controlling circuit for RF CO, laser[ J]. Optics & Optoelectronic
Technology, 2003, 1(3): 4143 (in Chinese).

YU J, ZHATY W, SUN L M. Research on TL494 pulse-width mod-
ulation integrated circuit [ J]. Journal of Jilin Institute of Chemical
Technology, 2005, 22(3) : 4749 (in Chinese).

XTAO L 'S, TANG X H, QIN Y X, et al. Shaping characteristics of
output beam of 2kW radio frequency slab CO, laser [ J]. Chinese
Journal of Lasers, 2014, 41(4) 0402008 (in Chinese).

ZHANG Z Y, YANG Z Y. MATLAB tutorial [ M ]. Beijing: Beihang
University Press, 2006 175-176 (in Chinese).



