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sistance), X+v #|HElA(reactance), C¥ A&
2 (capacitance), G &%El 2 (conductance), w +
#Agate-g oeldct. R34 G= A71A vz} 4
2 o dolvtx Xo} Cu &40 & AAdYE ¥
B At oW d ouk AlElv)H (em®) E 22 E
G7} ohm 22 33 5ty G= A8 Kohm'em™
7} Bl CE C=eXC, Aol Uk A7H C.24
F%# 7t (free space) ol 4] 7] s A]el 2 0]} (C,—C. 0884
puf/em). e kel e A Ao A Znt
Aol dafide wimz FHHZ Falg
A dAE o5 kst £
L 7] el Al +43 2AE
Hel s},
AR F2o QoA ozl olud Aol
Aoz oAU oW HeelA k& Helz
gt olwl, e ko Fe Fajfol uiet wHstst

v o]g]g T2 AlAE A 7HAM4 (time constant) Tol
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S8 BHRATE ole o) Aztel EEE AFE 7L
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Ze AAZE YT LAk o9 Feo] A[7bel| &3}
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I 104 & & e A o] A e W

4
A @ A7l elEate oRWAL ¥ 4 Utk
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e t{time)
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231 ()e A 24 45 Jeple A5 493
(electrode area), em®ol] Wit Q=f; idee] ¥ 3}l
s Hogck Y 1E BAA D(+)=cE+
(eo—eu) 1—e™MEZ AW 4 9lch. =@ 4YA
o3 o A 4o TAHL S o ofo] wle
8led A (principle of superposition) 2] ©o]2}# A&
do7lch Dinger®t Rajewsky(1938)+ o]} Z2
A (linear) & 4 4 A5H A A& n8sle o}
e} e WAL FEsch

* _ €06
e¥=¢,1+ 1+HjwT (1)

o714 e*v 4 FALFE dolg

A1) elefigl o] g 4+ ek

e=em+—1i_‘ﬁ%f[—.§, (2)
kot (k= ko) T4 (3)

714 T=1/2rf,% A ZAFolrh. foe ol4tdisper-
sion) o] FAlof ¥ &4 F34-(characteristic fre~
quency) ole}. (Schwan, 1957). fooll v e=(eo+c.)/
29} k=(kotk.) /28] BA 7 4= Aol dFE
upo} 7o) e, . ko, ket ool ¥]¥w) FAY e
Falol A9 gholrh. A(2)9k A(3)ell s HAMEE
Aladel t= 004 24T Zel 4, VE L o
(eo—ew) = (ka—ka) TS BAAE n2jdhd shie] A
AeE 22T Wl oj=rnelA A4 o] ofalel
ol =€ 4 Urh

I/V=ko+ (ka—ko) (1—e™T) (4)

B AL Aol ALl A2} Zo] 3hig
Az 248" £ dF Holth. 244 B4
(molecular characteristics) % ©]A A (heteroge-
noity) 52 Zel® de oMY AA4sE WL
o 4] (1) ojafe} e A ez A seel &
Holct,

*=ct (eo—ea) HT)dT

TFiaT (5)
o714 &4 f(T) = Al7HA42 ¥ Z (distribution) &
£ ofo|gch ey Add ARE 2FE = 4 (1)
2 %35t o] oJdAE F o] A A
ofhel AL Fod A4S wAT & Yok

1. 2-AA & F Aesl 2ol oYL +
Adse g dogld TERl2 F71E AL
A ok olgh e 4T F o FAFLE Y2
of & vehfiglel. zelm o] 2FL shig A
A4, T=1/2xf, 49 c|gA4E AAe & Holoh
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2. FA4 () 289 ¥4
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F& xFo 4 FEE yHez s x—yH ol
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AA A4 4o FAL A4F o7k obdlo] AA =
ot oleh e & dehile £ o dubE< WA
& ot FL Pz Folzth

. T S
TFi= (@) (6)

i

*=et

.

2% 3.

A, av 7YPH L ZA4 (empirical distribution
parameter)o|® 0 <e< 1ot} 28lx, (1—a)n/2&
a83)el4 A" A48 545 (e FI4
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Aot o] FEelch
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T e 7
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Bl HY = (gg—e) I+ (oD ™ (9)
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27,

sion), o] o5 FHAHoA &

Tz2E 23 o4 g4 olsiEct

A1)} 7o) A2 AAgrz solde ol%
49 714 (mechanism) & 53 AL A4 3
T‘:‘E“L" 2709 714d (mechanism) o] £x)gtc}, = 3}
o] &3 ¥ ol ¥ET EFFoezr AAYL
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2 A~ (chemical rate process) 8 W& E9]3%H
o2l d A T4 tHAA (symmetrical phenomenon) &
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A Arslgdon]  “Maxwell-Wagner ol 2" olgtx
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H3. (0 544%
A B c D E F G H I

o4 | 2% | 2 A | A | A% | % | Avzd |29 24| a4
1
2 100H 1060 166
3
4 800 800 1000 1500~5000 166
5 1KHz 970 400~850 1700~2500 147
6 980 700~ 1300 260~430 450~550 130~ 180
7
8 10KHz | 880 850 147
9
10 460
11 100KHz| 170~250 | 220~550 | 165~200 | 250~500 | 150~270 | 460~850 147
12 520 550~800
13
14 IMHz | 160~210 | 210~420 | 150~180 | 230~380 | 140~250 | 430~700 140
15 250 400~550
16
17 10MHz| 150~170 | 180~260 | 110~150 | 150~170 | 120~170 | 300~450 90
18
19 100~130 | 120~145 | 95~130| 85~105] 100~120 | 160~230 | 1170~ 1250 82
20 100MHz| 130~160 | 150~200 | 100~140 | 110~150 | 100~150 | 200~300 | 1500 | 4100~5300
21 140~200 { 180~210 150 | 130~160 | 220~260 | 2200~4300 120~150
22 75~ 79| 98~100 700~140 | 1000~2300 | 64—72
23 1,000MHz| 81~ 84| 92~100 | 137 81~82 1100~3500 80
24 77| 100 2500
25 2| 15~17 240~370 | 60~200 I
25 WOOMHZL 0 13 210 | 100~130 | 9.5

b FA A4
A B C D E F G H I

04 | =% | % A | A% | A | 99 | Avzd % 9 24| A4
1 800-10°
2 100H2 900-10° | 450-10° 150-10°
3 1000-10°
4 130-10° | 150-10° | 90-10° 50-10°
5 1KHz | 170-10° 2900
6 100-10°
7 50-10' | 50-10° | 30-1¢° 20-10°
8 10KHz | 90-10° 2810
9 50-10°

(2

19)
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A B C D E F G H I
F 34 =8 43 E A 2 A A By | Awza [ YEs | AY
10
11 100KHz| 30-10° 2740
12 20-10° | (7~12) -10°
13
14 IMHz 2040
15 2-10° | (12~2) -10°
16
17 10MHz 200
18
19 65~75 8~13
20 100MHz
21 69~73| 72~74 88~90 | 83~84 | 70~75 72~74
22 49~52 46~47 4.3~7.8 | 4.3~7.8 58~62
23 1,000MHz | 53~55 45~52 35 53~56 3.2~% 63
24 61 50 9.5
25 10,000MHz| 40~42 34~38 3.5~3.9 | 4.4~6.6 50~52
26 29 3.6 6 45
H4.
Data Data Data
Coordinates fReferences Coordinates Reference Coordinates l References
1 A-C,G [1} 6 1 [161] 14 A-F [4]
11 [3] 7 A-C,G [1] 141 [6]
2 A {2] 8 A [2] 15 A {7}
2 B [1] 8 B [1] 15 B [8, 9]
4 A-C,G [1] 81 [61] 17 A-F [4)
41 [3] 9 A [71 17 1 [6]
5 A [2] 10B [4] 19 A-G,1 [ 10, 11)
5 B 1] 11 A-F (Resist.) [1] 20 A-G [4]
5 C,G [5] 11 A (Diel, const.) [2] 21 A,B,D-I [12]
5 1 [ 6] 111 [6] 22 A,B,G-1 [13}
6 A [7] 12 A [7] 23 A-C,E,G,1 [14]
6 B,D,F [8,9 12 B [8,9] 24 A, B,G [17]
25 A,B,G-I,1 [13]
26 A,G,H,I [15]
TAE o]Fel tiF o)EH TAFE AFIHA F 43 £49 289 849 Aa Asrllo A7 AY A
£ Reloh AL Mslgdn Falgdd ozt witsle ojtdA
(relaxation phenomenon) ] dojwydrls AAlo] AF
V. & g

A FAH 849 AE g 2HF

(220)

siict, =3 o] d4F 34 F238 o|4k(disper-
sion) o] glehiz AMAE HA sk o)y ojAd4
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2 AZEA < (time delay) & ulahe 7442
4 Az EASCY 4 UeH o WAL AW
Qe Adel AetebAl AEsge g A 3
Rael 33 AR gedds I8 Wite
Hefol & BT E3 @), bel £4 3t
25e 842 9 24 %ol @ 2 233
el 4 o) WEel £ o g A4 24 7
A8l A 2324 A8s Aokl A okl 3
A dFRel £l 4t FAL AR
Hgolot & Aolch Anol sl

£ e Bagel ded % ¥e AdHe waf’
AR, o) Falel dal B4R o)dle Fat
o 48 Be AFAY xdoz we 2
A%z e Aol T ARE o
LS

3

o
£

X i

dictionary) "%

2 Fzbo oal AATEE AN oln] Ex
Ediz 3] AEF Aoz o4gA44
AFAETAA Favtel 23] =HA
YA B =R Fa Lojgl A7)
% wAAs olgtdA "]ﬂ(dlelectrlc relaxa-
tion time) ¢l AYE olalslr] A $ EAEL 93
A, AAr AA7Ie 39 xE (note) & E_\:ﬂi 5a
(circui) v #(field) el HeAH 2 AdE L3 4
AstaA gt

VI. 2

=]
e

-1. Dielectric Relaxation Time from circuit point
of view

Let us consider a conductor which we shall

model as a leaky ‘“parallel plate capacitor”
whose geometry is shown in Fig. 1.

+Qo

Area A

Fig1

(221)

We charge this conductor by connecting to
it a voltage source.

The total charge on the plates of the capa-
citor is then given by : Q=
where C is the capacitance.

Now if we remove the voltage source, the
charge will decay exponentially, since the
dielectric is loosy (i.e. it has a finite conducti-
vity a).

The circuit model for this situation is shown
in Fig. 2.

Fig. 2.

Initially, let’s say at time t=0,
Q (t:;t=0) = Qo=

The capacitor will discharge in the resitance
with a time constant 7= RC. The charge at any
time t will therefore be given by :

Q(t) =Qee™**
where T=RC=¢/o

The time constant 7, is known as the
dielectric relaxation time.
It is exceedingly small i.e for, Cu and Al,

0 ~10% ohm™1 Cm™ and € ~ 10*? farad Cm!

= 7= 1048 sec.
So any charge imbalance is eliminated
within 5 or ~ 1017 sec

2. Dielectric Relaxation Time from field point
of view.

Consider a neutral conductor with no con-
ducting electrons Cm™3 and an equal concentra-
tion of positive charges. Now let us disturb
charge neutrality by introducing n’ extra
conducting electron Cm™3
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This unneutralized charge distribution will
produce an electric field inside the conductor.
This follows directly from Gauss’s law.

Consider a surface S, enclosing the un-
neutralized charge, Qu. From Gauss’s law

we have:
Surface
S\ l
{normal fz . hds = &.
to surface S) . £
volume V ®

The net current crossing the surface S is related
to the total charge Qu, by the law of conserva-
tion of charges.

7. » __dQu
st nds= at )
~—————t e

Rate at which
charge is leaving

Rate at which charge
is diminishing inside volume
enclosed volume V. V.

To simplying algebra, let us consider the one-
dimensional case.

The & full is
in the x-direction
and L to faces a

@ and @ of the cube

Applying the integral law to the above
system we obtain:

fe‘- nds 1€ —e —c,
=ley xtd) e ()]A @) A= —* &
and?—" = pd—XeA @

X p——e x+dx

Note: p is used for charge density ( C Cm™3)
in eq.@®
It is also used for resistivity Equaling
®and @, we obtain

[ex (xtd) — ex () JA= 22X
e ex(xtdx) —ex(x) _p
simplifying; — ®

(222)

In the limit when dx—0 , eq. & becomes

L2 ®

[

similarly, eq.(® gives us;
(note that J=ge=>J /s E)

[ Get) —Jx (0] A= — -0,
d
=—q A

simplifying the above and in the limit
when dx- 0, we have :

d dp
EX_JX (X) = _“(F @

We can now combine eq.(® and @) to obtain
a 1st order differential equation in n’.

Now remember that J=o¢ (ohm’s law)
negative because of e~

also p=charge density= —n’q

density of extra e~

from ® %i—=—ge—q
and from @ gx—J=a:x—E=+—;Tn'q

. dn’
substituting ® in @) yields; Qg =" ;Ln'q

’ ’
simplifying eq.® - g—?— + i'_ -0 ®
Eq.© is

whose solution is given by

n’(t)=n’"(o)e "

a first order differential equation

£ . . . .
where r= 74__} dielectric relaxation time

note again that the excess charge exponentially
with, time constant z.

Now we might ask ourselves where does this
extra charge go?

Suppose we had disturbed an electrically
neutral spherical conductor by injecting extra
mobile electrons in the center of the sphere.
The excess charge produce an e-field which in
turn causes a current. The injected electron
thus appear as a surface charge on the surface
of the sphere.
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- neutral

extra e” sphere
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