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A Study on the Optimal Design of 5 kW Plasma Discharger

Hyun-Kyu Noh', Chul-Jun Shin', and Jun-Young Lee®

Abstract

This paper presents a study on the design optimization of a 5 kW plasma discharger for driving plasma
reactor. The proposed study is composed of a high—frequency inverter based on the full-bridge circuit using
soft switching techniques for high—frequency switching. The switching frequency in the operating region is the
area of 130 - 200 kHz. By applying the LC resonance technique and a variable switching frequency, control
technique is designed to be stable under changes in the load characteristics of the plasma reactor. This paper
presents a quantitative analysis technique for design optimization. Experiments are performed according to load
characteristic variations depending on the vacuum of the plasma reactor. This paper has verified the topology
and design method for the 5 kW plasma discharger design.
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Fig. 1. System construction of plasma discharger.
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Fig. 2. The series resonant circuit and gain curve.
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Fig. 3. The parallel resonant circuit and gain curve.
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Fig. 5. Switch network wave forms of ZVS.
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TABLE 1
DESIGN PARAMETER OF PLASMA DISCHARGER
Parameter Value
DC link voltage 312V
Switching frequency(f,) 140kTHz

Switching frequency(w) 879000 rad/sec
theta( e wanted ) 41 °
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Fig. 7. Output specifications of plasma discharger.
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Fig. 8. Gain, Degree curve of plasma discharger.

TABLE II
SIMULATION PARAMETER OF PLASMA DISCHARGER
Parameter Value
DC link voltage(V ) 312V
Input current(I ;) 0~16A
Switching frequency(f,) 135kHz ~200kHz
Resonant frequency(f,) 133kHz

n (turns ratio) 25

Primary leakage inductance 81uH
DC blocking cap 11pF
Reactor capacitance 2.85nF
Road resistor 2.5k%
Output voltage(V ;) 5kV

3. BoAH

Zetzet A E 298 kil Full-bridge IHE

g FAsHY Rodds 7 shlom,

i 28 58 vEmE
=3

DC link A2 34 220V7F AFd 312V 7ol ol

ZvEan, A (28)0] wE @A mgl 13 & IR

2 ks sk Fatel] gk &9

g,

@S Agsel B %

o] 29Ad F 2E#H2:

JAo] FEo] o) ® 29 ol

Hl&= 25(turns ratio)ZA W7l 12 & AHSE V,
%



156 The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 2, April 2016

Xtaxis : 20us/div
Y-axis : 2k/div |

C2-Primary Trans voltage /

C4-Output voltage /

7T\

C3-Primary current 77/ |

Wi
\ |/

C1-Vdsx2, C2-Vp#2.5, C3-Ipx30, C4-Vo/2

Fig. 9. Simulation waveform of high frequency inverter.
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Fig. 10. Control block diagram of high frequency inverter.

TABLE I
SWITCH LOSS PARAMETER OF PLASMA DISCHARGER
Parameter Value
Drain—source voltage(V ;) 312V
Upper switch L 14.34A
Upper switch Tqyrms 7T99A
Lower switch I, 14.43A
Lower switch Ims 886A
IPW65R0MICFD(R,,) 0.041%
IPW65R041CFD(t ;) 40ns
Switch frequency(f,) 138kHz
Switch Loss(W) 110.769W
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agA A (299 v E =% &4 P
Turn-off &4 Fpyibs agjdth & 32ox 294
= FET (IPW65R041CFD)E 2714
FETE AH&-313ith

T% &4 P& FET 218 ¥E Fx017] wid
Ri= 122 U AXS sta, Tum-off &4
P, dve] FETY 32& 294 AF 92 g 4
T AR AtEte] £48 et

2~
=4
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TABLE IV TABLE V
TRANSFORMER LOSS PARAMETER OF PLASMA INDUCTOR LOSS PARAMETER OF PLASMA
DISCHARGER DISCHARGER
Parameter Value Parameter Value
Primary current RMS 24.2A Inductor current RMS 24.2A
Secondary current RMS 10A A, 28.9693mm*
A, 214.0127Cm* Core total weight 780g
Core total weight 29449 Turn value 9turn
Primary turn value 33turn Wire cross—section area 8.75mm?
Secondary turn value &3turn AB 0125T
Primary cross—section area 4 4mm? MLT 11.5999Cm
Secondary cross—section area 1.8mm? Wire register 0.029100438%
AB 0.153T P per 1.4176802W
MLT 19.12405Cm P, 92.537957TW
Primary wire register 0.029100438%
Secondary wire register 0.178913807% TABLE VI
Popper 20.93307TW TOTAL LOSS PARAMETER OF PLASMA DISCHARGER
Pore 212.233717TW Parameter Value
Switch total loss 110.769W
¥ 4= v EN~L(UUI0BC)S &4 AAte 93 Transformer total loss 238.22184W
sapulE ghe T2 e Aotk A (30)2E:= ¥g) Inductor total loss 18791127TW
olE o] WSHr|e] B Ake] £ Aol Total loss 236.9021W
Input power 5000W
005 Output power 5000W
MLT =54, (30) Efficiency 90.3%
4 GO 1 Tumd Bt A4 dejel] digk 4ol ARAon ¥ 62 By 292 &4 W] &4
o AYE 4o diste], & =79 173 2934 QWY
T o)t A () G &) EAE A% 8203, wslsh A=Al o]
x [140.00393(T—20° C)] Atk AL AL F LS 5369WAH T2, AA
2 3 AE 3 Aol 288 54 T 5 gl "
A @DeE 1, 24 = wEd 2 g £ MLTo gk o o]&420 £&2 903%9 &5 43
A 3ot 2 ErdAE 28 "l ok HAsk AATE ofd
Fepzop Wl Yd, 1 FgoE gLom
Pper =L R+ R, (@) =& FYUAJRE AtskE Ao A W HAsE
o] Aol BAjolm, 4 offel tF Fa
2 (e FEol dE SAR Litz wire AHEPy] SRS ol8Fel Axe| T hoRE 29 A
o] Skin effect'= TA| 1T} 9 e AGS Ao} & & i AA e A
. ALg-F 9\ Fluz swing \*° 5. 4 g
me’e:‘i‘r’o(kw/ms)x( 100k Hz ) ( 02T g)
/4.85 % 10%(kg/m?) x T A (kg) (33) Aokst Gy Fs HTshy] fldl 5kwW Zek=vp W
A=A AA HASE Ao # AP a9 109 2
2 (33 el digh £ Aakoz A F:ojo] o] 4 M Alo] HI FY A Ao TEE AR
SAS el AA ALY Flux swingzte] Eoj7kar ko] tdd &8 dehe Fehx=vp whgolo] drtsha,
A Foes AEeld Aol BW AU Ao & WEAS 2% 3 Agte] Igels] MR FrH
Ay ~9H FueE A A &3t HO71(25 1 DE AARNA &9 Ast ds skl A
¥ 5% QHEERGD) ¢4 FHEHE A g2 oy, ¥ S4d 0E Az 29y 2 2y
2o dolE sole] Adolr] Wil S0 4L B Hah ZAdE W] 2 ool 4F Bt
$OANE £tk 14 5 BA AGEE 242 udA Bekzeh wevle wEd] 374 A A GASY 3%
AR 7] WFEol &AL w2 AAEIA A L8 o), (N20, Ar, N2, SiH2C12 5)¢} HEA SYsteE Uol
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Fig. 11. Frequency analysis of reactor vacuum.
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Fig. 14. Test of plasma discharger.
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