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Abstract

The standards of the capacitance arc measured and
analyzed by the dry nitrogen or mica film as a dielectric,
In this paper, respectively the standard capacitors of 10
pl and 100 pF for the cstablishment of the diclectric
loss tangent arc made by AlO; crystal disc with the
low diclectric loss tangent, and then measured the
diclectric loss tangent with precision. To regard for the
cxistence of capacitances just in the diclectric, 3~terminal
configuration clectrode is used. With using the 2D
clectric ficld simulator, precise design values are derived
in addition to stray capacitance. As stated above method,
respoctively the standards of the capacitances with 10 pFF
and 100 pI¥ arc made with the low dielectric loss tangent

less than 10,

1. Introduction

The capacitor, which is simply defined two conductors
cmbedded in a diclectric, has function of the encrgy stored.
The stored cnergy of the capacitor is proportioned to an
arca of the diclectric, but has inverse proportion to the
2L The
capacitor has been focused on diclectric propertics which

thickness  of the  diclectric study of the
arc a diclectric constant, loss tangent and stability with
varicty diclectric, The dry nitrogen or mica film as a
arc generally used the standards of the
1000 Hz. In the
lcapacitances, the diclectric loss tangent (tand) must be
for lack of the standard

diclectric loss tangent, the basic property of the variable

diclectric,
capacitance at reforming  of the

‘also  reformed. Practically,
air capacitor is cmployed thce primary standard of the
diclectric loss tangent. Futhcrmore, the processes of the

complicated measurements are needed at any standards of

cach ranges.

ALOs crystal is corundum structure, which show the
hexapgonal closest  packing  with the oxygen and the
stratiform  structure ~ABABA. A" jon is located on
interstice with 6 oxygen between layers. In the paper,
with using the AbQ; crystal with low loss tangent and
almost stability to frequency, the standard capacitors
for the cstablishment of the diclectric loss tangent is
designed and produced. As using the high quality
AkDy erystal disc with parallel structure and protecting
the clectromagncetic  effects, the standard  capacitors
with Jow loss cleetrode are produced with 3-terminal

structurc in the metal construction.

[I. Electrode property and design
The

configuration to obtain the measurement with the

clectrode  is designed as  a  3-terminal
trustworthy. To produce the precise 10 pl and 100 pt
capacitors, the dependences of the diclectric constant,
the clectrode dimension, the thickness of diclectric and
the steay capacitance are oxisted respectively.

The basic ecquation for a capacitance is cxpressed

as follow;

coe .S 8.84x10 “e,S
d = i

and d

the surface arca of the clectrode and the thickness of

C= {Fl

In the above cquation, S are respectively

the dielectric,. egand e, are the diclectric constant of

air and diclectric material.

which
conductor, is suitable for screen printing ,comains the
75 % silver and is dried during 5 ~ 10 min. at 150

~ 200 T, is used.

As the clectrode, the silver, is solderable
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And to reduce the loss in the clectrode, the thickness of

the clectrode is limited by below 0.02 mmt.

M. Experiment and result

Before the prototype fabricating, the design values of
prototype arc simulated in R-Z coordinate system with
the clectric ficld simulator. The simulated results are
respectively 9.967 pF and 99.83 pFf in 10 pF and 100 pF
when 10V ois biased. Practically, the considering about
an augmentation of the capacitance must be caused by
the stray capacitance. So, the simulated values of needed
capacitances must not the above quantity.

In the TFig. 1. and Fig. 2, respectively the
cquipotential line and the mesh-plot with using the
simulated values in the metal construction are shown.
From the line,

cquipotential the stray capacitance,

which are located on the gap, between main and

guard clectrode, and the cdge of electrode, are known.

Fig. 1. Equipotential line in

electric field simulator

Fig. 2. The mesh-plot in metal construction

In the metal construction, the lcad line, which is
flexible, coated with Ag and shiclded the teflon with
low loss tangent from ALO; crystal disc to output port
is used. The connection method to a measuring
instrument is A-terminal pair, being the potential sensing
cable scparated [rom the current signal path and being
inductance, resistance

BPO

reduced the related crrors  from

and  stray  capacitance  in coaxial  cable.
Simultancously, the capacitance and loss tangent arc
in 100 ~ 5000 Hz and 1000 ilz with 1IP

A1MA Impedance/Gain-1’hase Analyzer. ‘The capacitance

measurcd

of 10 pIF and 100 pI* ALQOs; crystal disc capacitor is
shown as follow table. The accurate valucs are obtained
by clipping main clectrode. In this progress, capacitance
is reduced but loss tangent still is fixed.

In the Fig. 3. and Fig. 4. respectively, capacitances
of AlLOs crystal for 10 pl¥ are measured at 1000 [z and
from 100 to DOOO ilz. With the same configuration,
capacitances of ALOy crystal for 100 pl° are measured

in Iig. 5. and Fig. 6.

10 pl° 100 pl
C [p¥l tan & C IpF] tan &
] L5 [36751x10'] 10127 13652110 °
o 113 [36603x10°] 10098 {3.6587x 10"
3 109 [36681x10") 100.12 }3.6524%10 "
1 1005 [3.6650X10 7] 100004 [3.6555X 107

Tabic 1. Results of 10 pF and 100 p¥ at 1000 11z

V. Conclusion
In this paper, respectively the standard capacitors of
10 pl¥ and 100 p¥¥

dielectric loss tangent are made by Al:Ox crystal disc

for the ecstablishment of the

with the low diclectric loss tangent, and then measured
the diclectric loss tangent with precision.

1) ALOs crystal is difficult to process but is given to
lower diclectric  loss  tangent than general  diclectric
material and has stable frequency of 10 *and less.

2) In clectrode design on ALOy crystal dise, 2D clectric
field simulator is determined most  suitable  clectrode
valucs.

3} The quality of material and manufacture of clectrode
using  silver, also dried as being made to  high
temperature hardening are ascertained to bhe superior to
mechanical property or soldering.

4) 'The connection method to a measuring instrument is
A-tecrminal pair, being reduced the related crrors from
resistance  and capacitunce  in BPO

inductance, stray

coaxial cable.
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5) Through above methods, the results is gained that
diclcetric loss tangents of 3.6650%10* and 3.6555%10
arc showed in 10.05 pl° and 100.001 pl respectively. So,
ALO: crystal disc capacitors can be used for diclectric

property measurement and cvaluation.
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Fig. 3. The capacitance and loss tangent of AlOs
crystal capacitor for 10 pIF at 1000 Hz
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Fig. 4. "T"he capacitance and loss tangent of AlOs

crystal capacitor for 10 pF from 100 to 5000 tiz
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Fig. 5. The capacitance and loss tangent of AlOs

crystal capacitor for 100 plF at 1000 llz

D MiKR
A MAX. 180, 0 pf Cp
3 MAX . 10.08 i i
7 s 1 T 7
K N
— \A .
i
- :
- .
i : : i i L
$ ! i 1 | I.. i i |
AZDIV 20,00 aF STARY L1090, 200 e
IV 1. G0 G STor 8

BT D06, O00 FHx
ADRGe 10 .

Fig. 6. The capacitance and loss tangent of Al:O;
crystal capacitor for 100 pF from 100 to 5000 iz
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