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A Study on Reactor Capacitance Estimation Algorithm and SkW Plasma
Power Supply Design for Linear Output Control of Wide Range

Hyun-Kyu Noh1, Jun-Young LeeT, and Min-Jea Kim?

Abstract

This work suggests a study on 5 kW plasma power supply design and reactor capacitance estimation
algorithm for a wide range of linear output control to operate a plasma reactor. The suggested study is
designed to use a two-stage circuit and control the full-bridge circuit of the two-stage circuit using the buck
converter output voltage of the single-stage circuit. The switching frequency of the full-bridge circuit is
designed to operate through high-frequency switching and obtain maximum output using LC parallel resonance.
Soft switching technique(ZVS) is used to reduce the loss caused by high—frequency switching, and duty control
of the buck converter is applied to control a wide range of linear output. The internal capacitance of the

reactor cannot easily be extracted, and thus, the reactor cannot be operated in an optimized resonant state. To

address this issue, this work designs the internal capacitance of the reactor such that estimations can be
performed with the developed reactor capacitance estimation algorithm applied to the internal capacitance of the
reactor. A 5 kW plasma power supply is designed for a wide range of linear output control, and the validity of
the study on the reactor capacitance estimation algorithm is verified.

Key words: Plasma power supply, Plasma discharger, Plasma reactor, Plasma reactor capacitance algorithm,

High frequency switching inverter, Resonant inverter
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Fig. 3. The parallel resonant circuit and gain curve.
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Fig. 2. The series resonant circuit and gain curve.
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TABLE 1
DESIGN PARAMETER OF FULL-BRIDGE
Parameter Value
DC link voltage( V;;,,) 280V
Switching frequency(f,) 132kHz

Switching frequency(w)

829000 rad/sec

theta( ewrmf,ed) 41 °

Compensation capacitance(C,) 4nF

Reactor capacitance( C.) 2.85nF

Road resistor(R,,,,;) 2.5k
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Fig. 5. Output specifications of plasma power supply.
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TABLE 0
SIMULATION PARAMETER OF PLASMA POWER SUPPLY

Parameter Value

Buck Input voltage( V;,) 312V
Buck switching frequency(fs) 47kHz
Buck inductance(Z) 300uH

FB DC link voltage( Vi) 280V
FB Switching frequency(f,) 132kHz
FB Resonant frequency(/f,) 128kHz
DC blocking cap(Cp) 11pF

n (turns ratio) 1.3
Secondary leakage inductance(Z,) 220pH

Compensation capacitance(C,) 4nF
Reactor capacitance(C,) 2.85nF
Road resistor(#,.q) 2.5kQ
Output voltage( Vyear) okV
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ci-L P yoauda.o. 20yl TOTAL LOSS PARAI\?IEA’]Fség (EI]: BUCK CONVERTER
d Parameter Value
g Switch loss 107.8W
- [ co-puck vas h— § wé;::::; S Diode loss 2.053W
- ? 3 ?‘ Inductor loss 11.684W
B s Total loss 121.55W
Sy — o e
TOTAL LOSS PARAMETER OF FULL-BRIDGE
‘ : Parameter Value
- N o Switch loss 130.66W
- Trans loss 55.3858W
e Inductor loss 302.933W
[ C1-IL, C2-Buck Vds, C3-Buck_Vak, C4-Buck Vo Total loss 497.98W
Fig. 10. Simulation waveform of buck converter. TABLE V
DESIGN PARAMETER OF PLASMA POWER SUPPLY
Parameter Value
X-axis | 20us/div. Input voltage( V;,) 312V
g ikl Input current(Z,) 0~16A
~ C4-Output voltage 4 Buck Switching frequency(f;) 47kHz
_ _ _ _ DC link voltage( Vi) 0~280V
C3-Secondary curment I’ i/ :;" Link CUlTent([zmk) 0~17A
LTTTIETT AL VI HT FB Switching frequency(/.) 132Kz
. / .\ TR /* Y "\ / Outpu't Voltage(. Viear) 5kV
ERUSEVFRUERY AR DC blocking capacitance(C;) 1 uF
C1-FB_Vds ' resonant inductor(Z,) 220pH
' Compensation capacitance(C,) 4nF

| C1-FB_Vds*4, C2-Ip*60, C3-Is*60, C4-Vo |

Fig. 11. Simulation waveform of DC-AC full-bridge.
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Fig. 14. Waveform of 5kW buck converter and full-bridge.

TABLE VI
CAPACITANCE ESTIMATION VALUE OF LABORATORY
Parameter Value
FB Switching frequency(f,) 132kHz
resonant inductor(Z,) 220p:H
Compensation capacitance(C,) 4nF
Reactor capacitance(C,) 3nF
Resonant frequency 128.3kHz
of By} FUFoR B =ioAe dEdEA TS
e A Fehzu o) HE EEAGS S
7] U Fe5Ade] w2 Wl E8d9 6kVEA
Z7] A 5kVel a1 #gEg =4 F8ES 4 5 o
=8
2 79 51 8187 HMAEHA FH d02[F
o AR vash AuedfE ¢ 5+ Ak E EeoAE Esanh Sevld W AdAEs
A% 249 oo 4122 27 A7 40° Awe e FA] g daEE AES a9 AA H
A 2l 2AR= AL Foladd. 8w 2ES WA Agsta, AA ZEzutE JAATIE A
o} gAo] ool 1, 27 EZebznlrl WAEs] A 2EE Aol 1 694 EW wkg7] oA ATAE
o W AAAEZ gho] A9l Q) el 27) g OF InFeE AR HAES Adern 19 15
= x93o] o|EojAry, e Zalznlsl gAgm = BW AN @ 4 @l 2718k 281%H R
5 AT A~ gho] mal AZE 2od 2AZVS)e]  ACE AL ATAoRE ARE gt FAHE e &
o]=olAt), Ui AdAE s e ko] AR w  AF AL FolEolA oF 02% Ael= A A s
&g 37t Bk 2HAgAeld Gy gy TEHE AT S
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Fig. 15. Capacitance estimation value of laboratory.
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Capacitance algorithm estimation value
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Fig. 17. Capacitance estimation value of PT-04.

TABLE VI
CAPACITANCE ESTIMATION VALUE OF PT-04
Parameter Value
FB Switching frequency(f,) 136kHz
resonant inductor(Z,) 220pH
Compensation capacitance(C,) 4nF
Reactor capacitance(C,) 2.68nF
Resonant frequency 131.3kHz

1 15 2 25 3 35 4 45 5 55 6

—o—Esti. Value —w—Cal. Value
X-axis (kV)

Fig. 16. Capacitance estimation value of PT-06.

TABLE VI
CAPACITANCE ESTIMATION VALUE OF PT-06
Parameter Value
FB Switching frequency(f,) 133kHz
resonant inductor(Z,) 220uH
Compensation capacitance(C,) 4nF
Reactor capacitance(C,) 2.81nF
Resonant frequency 130kHz
PT-06 W79 A 2L 34 dugs HEE:
E 79 #og, whgT] Wi ARAE L gl wE 1
2 a9 165 S JEpldth =7 A @3k 73
HE @9 ehs 908%HEe] Aozt 9l ﬂ%@gi
= AR g FAEE g oAt A FolEn of
2.06% Aol2 - FHHE AS &< 3}91‘4.
opx|ako 2 PT-04 E'}~ 71¢] AL A Ly
&+ H2EE ¥t & 82 k7] Ui AdAE
2 gl M2 agZE a9 178 T3 JeEhiddnh %
71 AL #3 F8E = g OZ}E 9.08% 4 =2 z}o]
7F i, A oRe A @I FEHEE e At
Aol #Zo 53 9F 206% Aol2 ZFHIA FAH= A
< g9 39

TABLE KX
3.5W DECOMPOSITION RATIO OF PT-04
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