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Abstract: A variable vacuum capacitor (VVC), which is a variable element, is used to match impedance in plasma that changes

with various impedance values, and its use is expanding with the rapid growth of the semiconductor business. Since VVCs have

to secure insulation performance and vary capacitance within a compact size, electrode design and manufacturing are very

important; thus, various technologies such as part design and manufacturing technology and vacuum brazing technology are

required. In this study, based on the model of an advanced foreign company that is widely used for impedance matching in the

manufacture of semiconductors and displays, a VVC that can realize the same performance was developed. The electrode part

was designed, the consistency was confirmed through analysis, and the precision of capacitance was improved by designing a

cup-type electrode to secure the concentricity of the electrode. As a result of the evaluation, all requirements was satisfied. We

believe that self-development will be possible if satisfactory responses are received through evaluation by VVC consumers in

the future.

Keywords: Variable vacuum capacitor (VVC), Insulation performance, Capacitance, Impedance matching, Localization

1.ME

SHeA| A49] |87 Bgo] WAl W o AZ2f o] 2] vf
of A=A} R| 0l A 718 51871 B A] E] (variable vacuum
capacitor, VVC)Q] &8o] &g Qit}, dd¥td oz
RF (radio-frequency) 1131} M8 Zat=0} H5}o]

52 Heungjin Ju; hjju@yvitzrotech.com

Copyright ©2022 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

LML PR EE EE SR ESORE-HES
o} 9] A7} % g(matching)o] 8.7 8c}[1-5]. o]}
2A|2 £700) ufe} chopet YulHA grow Walsh 2
epzsotel 2412 AUHEA HS B 93t a2
VVCE A&} 9lrt E VVCE £417]7]014 2] Al
32, 55§ U G AR, 45 nE} AU
AUS5EGOR AHBH D 9Jo0], Wed] ot AAAA
o cf@etet ool LaubE ol ofgaateol] uket 4l
ZAYWAEL = RF Z015 9o o2 1504 oo &)
8ol it Z1ch7t A1 2 glct.

VVCE 371U OhE EAnpE oAl A8 SR uaE



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 3, pp. 232-240, May 2022: Cha et al. 233

EZt Ao Zof A =2 AW
W, ZPUALE AAIZ o 24 tjHst 9
A SHAA & Fo] R & 7Iwo] 7hs
FR of] vlsl AR digh AR 2
oYL, AR, AAVE, AlR7]&,
B = 5 UYst 7l=o] Qs O‘Ur ESHAE 24
of igt Q7149 AddHo] =1 AlE 7idof ojst
o] of YA FRN7HA| J%W 4ol ojE sl Q.

Aol A= AR RF matcher& 0 & AREE| 1 Ql+=
oﬂﬂ AZIALe] VVCE HIX|u7)sto] &5 o]t 452
AT 2 e AlES skt §39], 227149 &
Q QAR A71A £ E 71AIR /ol tigh A
719 A 2o I A FULE Foll Y EY A
83} 715782 Eelstnt.

>
> oo
_O'E
o M
)
|o
|o
HU
2 o
J_Fé

-
° %
mE
rE.

o o )
=
©)
< £
- rOL'

i)

Oll
o

o}

2.VVC A

2.1 JHEALY

VVCE SHERE Z3F oA =2 A 9 ZATAIRIA
Rg 7 AEl = ATjA B A7} ARG RE Aafja 1 9 7Pl 7t stoz =9 A7} ul¢ S sttt
7‘383 X127 W A € (fixed vacuum capacitor, FEVC)e} A 531 F2 500llA 500 pFo] =2 AIAIH A S THEA]
L VAR 152 Eaf AmjAE A} pHg s 717] HSHAME tiskE A= A o] 0 Fotof shal,
vvcg FEEnh B Ao 2 29 AR Ao A= T efotor 5t o2 Ho] A=SE AAMA ALE
go| =ony, Fx] ulEA U C]AZ o] 1jdo] Al aApu] OHOF T Ao = VVCO A=fe O 29 #ol =
o] A RF matcher80 8 =& A}8E| 11 9l CAHALA) 7RIS YAl A&7 QIt} [9,10].

o] VVCE 2 @(X&%: CVUN-500BC/12-BAJA)2 A% —LBlU & 7HA1 A Be r A=59 st A s 7
510 A=< Jfulstadct. E5], VVCE 71Eo] Aegp  AlAIZIAL o5 IAZ]7] sl o] o] Hast
ol REZES Alg w2 thA] A] 1jd R EA| o] Aaty] W, 2 D e FR2] oA AFo] HgE & e
L x0] AAQL AJoF ¥ 7o] Malglojof slog gy TACl donz OhE AS LSttt ok YAl
Ao 71 & nlat £t PAre @ patn Qict wrep  1E 3¢ &2 cup Y AF02, A= stdF 2
N UG EL 71E 2o s ol P e sUF Py U = BOMARIA HE A A5 e Ads s FoR
Afo]l=g sl on] YL poo] pag MAste m 1 A A AT ARAeR &Y R S fAISHH B
7} o] EE o|Ato] Mt 1AL By stgict o 20| glole 20| 7heet YAoltt. Cup FFo=
Table 1. Target specification of VVC.
Item Sample spec. Target spec. Unit
Max. voltage 12 12 kV.rms
Min. capacitance 50 <50 pF
Min. capacitance 500 =500 pF

Linearity of capacitance change
v of capacitance chang <5 <s %
(standard deviation)

Rotating torque <0.2 <0.18 Nm
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() (b)
Fig. 2. Normal electrode structure of VVC. (a) Pipe-type and (b)
Spiral-type.

Fig. 3. New electrode design of VVC (2D, 3D).
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Table 2. Structure analysis of bellows.
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Stress analysis

Plastic deformation analysis

SOLID STRESS
EQUIVALENT , Njmm~2
+2.9434124002
* +2 698477e+002
7 2.453542 4002
5.2%
< ot 2:208606+002
e 1.96367164+002
4%

-+1.718735e+002

0,

+1.47379%e+002
%
— +1 228864e+002

4.7%
3.4%

2.3%
+2.491217e+001
8%

+4.186187e-001

SOLID STRAIN

PLASTIC , None
+9 124953e-003
+3 364541e-003
+? 604128e-003
Yo
+6.843715e-003

6%

+6.083302e-003
fo
+5.322889%e-003

5.8%

r 7f+4 562477e-003

/+3 .802064e-003

3%
+2.281238e-003

11.3%

+1.520826e-003

10.2%

+7 604128e-004

Stress: 294.34 N/mm?
Standard yield strength: 289.9 N/mm?

0.009%
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Fig. 5. Electric field and capacitance analysis on electrode part. (a) Electric field analysis at min (capacitance) and (b) electric field analysis at

max (capacitance).
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Fig. 7. Mid-temp brazing (1st step) [sub-assembly and brazing temperature].
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Fig. 11. AC withstand voltage test.

Fig. 10. Prototype VVC.
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Fig. 12. Capacitance test.
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Table 3. Measurement results of capacitance.
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Table 4. Measurement results for linearity of capacitance change.

Measurement results

Sample no. Measurement results (pF) Sample no.  Average rate of change of  Standard deviation (%)
Min. capacitance Max. capacitance capacitance (pF/turn)
#1 VVC 20.2 515.0 #1 VVC 42.40 0.32
#2VVC 19.8 510.8 #2 VVC 42.06 0.44
#3VVC 19.3 517.3 #3 VVC 4232 0.64
#4VVC 21.7 516.4 #4 VVC 42.29 0.27
#5VVC 21.2 514.0 #SVVC 42.33 0.58
#6 VVC 23.0 514.8 #6 VVC 42.16 0.28
#7VVC 21.3 512.2 #7 VVC 42.17 0.27
#8 VVC 25.0 514.5 #8 VVC 42.34 1.08
#9VVC 20.7 520.3 #9 VVC 4241 1.10
#10 VVC 18.6 512.2 #10 VVC 4222 0.17
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Fig. 13. Rotating torque test on movable part.

Table 5. Measurement results of torque.

Max. torque (Nm)

Sample no- Clockwise Counterclockwise
#1VVC 0.065 0.094
#2VVC 0.046 0.079
#3VVC 0.061 0.086
#4VVC 0.043 0.150
#5VVC 0.045 0.082
#6 VVC 0.039 0.073
#7VVC 0.022 0.085
#8VVC 0.024 0.139
#YVVC 0.036 0.064

#10 VVC 0.036 0.068
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