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Research on Novel Pulsed Power Based on FPGA for Magnetron Sputtering
CHEN Guitao, SUN Tianle, SUN Qiang, ZHONG Yanru

(Faculty of Automation and Information Engineering, Xi’ an University of Technology, Xi’an 710048, China)
Abstract; In this paper, research on asymmetric bipolar pulsed power supply based on FPGA has been
made to resolve some common problems encountered in Magnetron sputtering process and to realize excel-
lent film performance and a wider range of technology. Pulse parameters of the magnetron sputtering pow-
er can be adjusted freely according to the demands including pulse amplitude, frequency, duty cycle,
and even the number and the positive and the negative pulses of transition time between pulse. Then, a 6
kW/100 kHz prototype is designed which adopts two-stage structure, the first section utilizing two inde-
pendent DC/DC converter as a DC source, the subsequent stage as a non-symmetrical pulse generator.
FPGA(EP3C25Q240C8) of Altera is used as a digital processor to implement the digital control of cur-
rent source, as well as to achieve a high degree of freedom control on the pulse converter. Finally, the a-
nalysis of experimental results has further tested the feasibility of the design.
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Fig.1 The block diagram of the asymmetric pulse power
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Fig.2  The block diagram of the digital controller

K3 DPWM JefR4p SRR AL
Fig.3 State-machine of DPWM and protection strategy

2 BT FPGA SLILRYAERTFR Rk i

2.1 g RRMEHTTE

A ETIA AR BR ko i SH HL URAT T 22 AR
w Bk sh 282 = AR R, 531 e A
FH SR B ik st AT AR R A T LA Y

N VAPAN
o

AR T2 5K, S i A2 AN [ BTl A0 B AR Pie
BRI TR, A IR BT 2SR RE S iy XS AR ik o
B N 4 Jr7s o ST ki 2 806 BE PRI (1
AN ISUIE 2 Gt B R N R L U
JEE ) A7 [ K oA N TN, 53 S i) A0 97 1]
JR AN T A0 T, 73 590 ) 0670 1) Jk o ) 4 g s



218

P2 BT R 2274 (2013) 55 29 545 2 )

6], D, F1 D, 53 57 52 1 [a] A6 ) ki o5 28 L

KT AREIE 4 POIE, R ALTER 23 A 1Y
EP3C25Q240C8 1E >y T4 19 FPGA %745 &
% R Altera /5 7 15 FPGA (EP3C25Q240C8) 1
Berm i R n) EREG R o AT LA™ AR IE A AR
f7 25 L BB ) ) [E) AT Y PWM ik {55,
DA 9 3 £5 31) F ArAd 9

i N, " N, i
' Period, " ! Period,;
i i ' 1 i ; '
:D‘I D‘l D‘l : ::D‘I D‘l D‘l
f—] ], 1 TP 7,,“ : ], i
\ /]
n Period, T
I ,4—»!4—» 1
: :DZI DZI :
1 1
1 1
1 ]

Kl 4 AEXTRR BRIk i

Fig.4 Waveforms of asymmetric bipolar pulse
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Fig.5 The waveforms of the asymmetric pulse
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Tab.1 The parameter of the asymmetric pulse power
2R i i
FiR/kHz 10 ~ 100 10 ~ 100
A /% 10 ~90 10 ~90
REL 0~50 0~50
HLE/V 200 ~ 1 000 200 ~ 1 000
TR/ A 0.5~3 0.5~3
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Fig.7 The voltage waveforms of unipolar pulse
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Fig.8 Output voltage waveforms of the asymmetric bipolar power
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