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Abstract: The characteristics of distributed capacitance and impedance of hollow coils are studied theoretically and
experimentally. The frequency characteristic, the number of turns and winding mode dependent capacitor of the coil,
and the impedance versus number of turns of hollow coils have been measured, respectively. The distributed capaci-
tance has been observed almost irrelevant to the number of turns and the winding ways of the coils when the number of
turns is greater than 10. By measuring the magneto-capacitance effect of spiral coil, it was found that the distributed
capacitance of coil relates to the coil material, suggesting the influence of skin effect. From the coil equivalent circuit,
combining with the skin effect, an approximate formula of distributed capacitance and impedance have been worked out.
Analysis showed that the distributed capacitance of coil mainly originates from line capacitance and the capacitance
between turns.

Keywords:. Spiral Coil; Distributed Capacitance; Magnetocapacitance

IRNELk BRI R R H MR A

i%% l, %}éﬁ 2, 3']‘#} la ﬂ«,‘ §ﬁ la %K r? v
VR UK S T IR A, VLA R T SR %, B
PYLIE T B A B, eI
Email: “zhangning@njnu.edu.cn

ks E . 2013 4E2 H 20 H: BRIE#: 201343 H 1 H: FHEH: 201343 H 14 H

1 E: AU OB A B ) AT A K SHGURFEREAT 1B R SEIR BT IE, IR 1 R Lk Pl 2> A LA R AR
R R 5 4 P [T AR SR 2 07 RO OR 32, DA R g 2k e REL 7 o I 25 P A A A . L2 3 2R BBl I HOR T 10
I, AT A A BUE S O 5 27 LI ook o I I B 2 Pl O (B A R L L A OB A L, £k Pl AT L R 5
LM AT, JLHLE AT A BRRONAT 2R . 2R S R et ke, & B AR O3 L oA L2 K2 LT Y
Rk iR, LRI A i s o BORYE T[] FE7

KB TOLE; DA BEE

il

1. g

WER i £ Pl 1y HL SRR B A A% A (K F T T B
WBIRL — A 2 mi Y B IRk B v LA iz
THGEIARA R B, I R EAS A, (2

T A SR W e 28 P8 (1) T T G 28 5 22 b O T i o 28
U021 TR R REE REAR 2 240 T3, TR
WS LR VB P FRILEE IN=F & 2 R MAT . (HE, WFFiHE
OV P A RRAY) R 1) BH £ BBl R AR AEAT o FE S FEL
ISR, ZEAIEAT A R, A b2
IR . X2 N2 B 45 T AT AR A

44 Copyright © 2013 Hanspub



WER e 24 ] 1Y) 73 P 7 S L R 2 RO

R 26 Pl A2 A o E, RIS B — 1)
HAHEEM MBS, X = FH RS E 1
FoRU, S, 43 A7 H 78 St 28 P 4 BELA7C A B ik 22 5%
R, RS A BEENT R C A2 RE, H
SR AE A KRB EW. LRI, /A7 A AR
AMYGIREA R, 185 S TN 2 Bl 1 5 4 7 0%
DIAHOC . SCHER[1STRRHE — 7 (1 e far T 5 5 SR 15 79 2R 1)
HIHE 22, JET S PRI A AT H 2, FIAE LSS A
b R R 2 07 R A — /N B R 9 23 A B S AR 4 A
TSRS WR LR 1) /3 A AR SCRR[ 1618 78 T 1 240
(B ) e, FH R Sy A H AN T P f 70 A 4 17 3K HE
INE AT LA . PR AT LS B TH R T VR BB,
HIARLE AT AR R ATR ()84 . SRHEEE N B 0k
OB IR P () 8 2 R 45 P [T 500t 23 A FELU S 2 i 1R AT
HHESHF RN, S5, E 100 kHz~1000 kHz 45
RICHE N, G877 AN 2 2 T B BRI 73 A1 L
2, WEFAKT 100 kHz B, A0 IR/, AUn] 20 o
SR IX — &5 S BE 75 3 10 A4 30 2% P Ay A 4 S5 7R e v
LT ER.

FRATT R FH S 00 2 AR A 43 T 1) 7 9 A R
WEZk Bl 43 A FL 2 DA BHATREAT AT At e . 1930 7
25 10 28 B 3 A P2 (10 A0 30 R e e i 48 P I 450 B 8 48
TERIAR R, PRAFFISLIR S5 R — s e A,
F i sk W 2 P P T B 2% R BELTT D DA IE

2. SKIWERRITR

AR 2 Pl ) S5 R R (B 1) Je AN B RS AT FEL A
M1 B S IEGUR R ER, TR AR 43 B HL BRI,
HLE P B ST
Zy =Ry + joLy, ()
TR it 5T R BUE Oy W2 KRR Ry =Ly [0, » TR
R L, F1Q, KM E{EAR

R L(Z,)

Qo

<

Figure 1. The effective circuit of air coil
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Figure 2. Signal frequency dependent distributed capacity of air
coil wound with copper wire

2. TR RIS

45



WER e 24 ] 1Y) 73 P 7 S L R 2 RO

LM — & Bk, 1E4 € B R
= uysin oo LB, SLARHL AT 28 O LA X
f%

C= dg _ dg /du _ 1

du dt

WMRAHFEMNEE, WA C=1/ou=1/oR . 4%
BRI £< 10 kH2)F, HFH R A—H %, (EAHRE
Ny, 0 R RN B s . AR H R, R
LI T 52 P ) R T RO N

(6)

dt  wwu,cosor’

r,—r
J =J, exp| =2 , 7

Horb r A ro 73 RN NI Z B 1 L 242, Uy

NFLRIERRERL, SBIKIRE
S = 2z , (8)
ouoc
Horb o 1w 2050 9 R SRS, o AR
o A EBRIREEBR TR iR LM ZARIE R
TR, W uat

J :Iexp(— rogrj/2n|:ro5—§2 +52 exp(—gﬂ , (9)
LERAIFAE R, TR EE R, AR
K, ERRIREERN, HFHIE N, BB —
AN H, SR ET 10 kHz BN 48O & .
IE 2 1, 10 kHz 224 IR % G B ROZ R &k
BN HIVER

3t B UE A PR RN R 73 A HL AR B e, AT
Gitl) TN FIM R RS O 2R, IR T R AR A
Nio B35 H T EY, 400 mT R 51 Tk
22 (HEGE IR ) 25 0o B e 2 Bl PR IR e P h 4 . Bk 22 23 P8
126424 0.50 mm, [ECH 30, EEHN 8 mm. K3
BoR, AHEAR R mBE S TR %MH T . BE
FRREASL, RN AMGS7 8 5 A S TG T 5% 1 PR
PR B SR SR (18 L S ) i, 0K S B0 A AR,
T U B 26 L 1) 53 A7 H 25 52 B M R R R PE . ] 3 70
SRS AT LAY I S S A TE ok, RIRT A A
RN IIAFAERE R AR N o X T 26 8 I AR MR B
ATATT R S, MRV D AR RGP AR, A B A B
BN o

46

I &) Pl 2 (KRN ECR T I R o o AN TR K e
JiER SECT IR EEANE], B LA R A 5 Se 27
XA K. BRI 520, R FAREN &
ARGELTT AR AR K 4 450 T =FA
[ S 7 12 (R 2 B 1) 3 AT r A I B e f e th 2. =
el nE D nI i Se. HER R TP Bst. =MLl
MEAE—8. 4R, 1) fELEIEHNT 10 I
i, T 52y A R EU AT R BN AN T .
Kt T, Sy A Al 2 S U Al R
MR ZS, NI SFECRRIAR; 2) L AR T
10 R, GeE 5 20 7041 A KN L3 i, T
WRASE. HoeRLFRSE, 70 7 L el 11 4
A R SE A AT [ 5 3) BE I H 080 734 i 2 {8
RN, X85 R 5 STIR[6] I 45 1 AR A .

10° | ¥
F R‘:“\v
107 3 \\

10 |

—s—H=0
—v— H=400 mT

100 F

C/mF

100k
102

10 [

10

10? 10 10* 10°
fHz
Figure 3. Signal frequency dependent distributed capacity of air

coil wound with iron wire
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Figure 5. M easured impedance as a function of turnsof air coil
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Figure 6. Calculated impedance as a function of the turns of air
coil

& 6. FEyPEHE KA THIRiL ML

U 28 P 0 43 L 2 B P A S, 3 LR
BB HE A SR T (P 3), Bt P M i
%p:%&%wU@ﬁ%é@%o%L%ﬁ,%%T
(17), (18)PHSRRE A ERH, ISR B 242 ) 40 7 L 2
F A A, ISR AR A, W
NERS AR (17)B(18) 3R HOT R, AT {15 S8 25
B DLAS)NELRMER, 121 4 digtasisk. W
I 5 9 S A — . B4, BT R()
SR, BI04 A 2 S AR R L, RS i
TR IR ARL, B A ST, TTE
BT A A SRR,

At 78 2% O 2R B I B B T 3 — P 3R UE (18) 1 & 2
Vo 2 78 BIRA TS (1 B, 020 4 £ P BEL T
FRHA

R= nDN p DNwu

- 7t<2r05—52) ) 2(1”01/26()/10' —l) ’

19)

48

X F a2, HURATRIAN L =nu, N*D*[41 5 1y
LW 2 AR AR Bl T S R B (B 1) RIS 2 BT B
£

+ jaC (20)

1
Z R+ joL

2 Jw%L—CRﬁﬁfﬁcf+R2
7| =

- @1)
(1-0’LC) +(wCR)’

F2(19) L 20)ARA 2D AT #5256 TRAPT R R IE .
T S 5600 75 %) BEL 7 B [ 5 Ay A A R an P S s
Matlab X FHAIRIEAXBAT O 5L, 151 6. XTLLE 5
ME 6, PTWPE A, IR 5L RTE KR .

4. #5ig

22 B P A HEL 2 T 2 e (T ) L A Bl (A
TSR, SR TSR RN R
WA T S5 A Y 3/2 ROT R EE . BEIA g n, A
SRR b I 10 1, ZiRliSe
75 AR BB A ORI, G 10 15
i 75 0 AR B BB A A TE R

5. B

AL TAESZ B E 5K B AR B 5 4 T H (51277098)
325 o

SEH (References)

[1T  A. P. Chattock. On a magnetic potentiometer. Philosophical Maga-
zine, 1887, 24(146): 94-96.

[2] W. Rogowski, W. Steinhaus. Die messung dermagnetischen
spannung (the measurements of magnetic potential). Archiv fiir
Elektrotechnik, 1912, 1(4): 141-150.

[3] G Dehmel. Magnetic field sensors: Induction coil (search-coil)
sensors—A comprehensive survey. New York: VCH, 1989: 205-
254.

[4] C. Cavoit. Closed loop applied to magnetic measurements in the
range of 0.1 - 50 MHz. Review of Scientific Instruments, 2006,
77(6): Article ID: 064703.

[51 S. Tumanski. Induction coil sensors—A review. Measurement
Science and Technology, 2007, 18(3): R31-R46.

[6] P. Murgatroyd. Progress with Rogowski coils. Chicago: EM-
CWA Conference, 1996: 369-374.

[7T G H. Shirkoohi, A. S. Kontopoulos. Computation of magnetic
field in Rogowski-Chattock potentiometer compensated mag-
netic tester. Journal of Magnetism and Magnetic Materials, 1994,
133(1-3): 587-590.

[8] &M, FAIR, &6, WHME BrgieE 2 0% e mil i

Copyright © 2013 Hanspub



(9]

[10]
[11]
[12]

[13]

[14]

WER e 24 ] 1Y) 73 P 7 S L R 2 RO

IRIRT]. B RG I AR, 2009, 21(4): 53-57.

I. Nishi, K. Yanagisawa and T. Toshima. Spiral resonator for
PCM-400 M system. Review of the Electrical Communication
Laboratory, 1976, 24(9-10): 776-786.

WP, R, KR, MR, SRLSLRE A BT
SO S5 R R, 2007, 19(1): 125-128.

AR, 5, B, mEk. P RE R e A R R
REFTALLI]. FLT-IeiF 5L, 2009, 28(2): 48-50.

B, WEW. YRS RO I]. IR,
2000, 19(12): 30-33.

Z.F. Jiang, P. S. Excell and Z. M. Hejazi. Calculation of distrib-
uted capacitances of spiral resonators. IEEE Transactions on
Microwave Theory and Techniques, 1997, 45(1): 139-142.

J. S. Wei. Distributed capacitance of planar electrodes in optic
and acoustic surface wave devices. IEEE Journal of Quantum
Electronics, 1977, 13(4): 152-158.

Copyright © 2013 Hanspub

[15]

[16]

[17]
(18]
[19]

[20]

TUT, FIRIR, REE. [FIE e LR R B RS 2
HI). R ET220 50 S HERE, 2000, 20(4): 425-431.

Z. Jiang, P. S. Excell and Z. M. Hejazi. Calculation of distrib-
uted capacitances of spiral resonators. IEEE Transactions on
Microwave Theory and Technology, 1997, 45(1): 139-142.

A, AT 2R 8 1R AR LA BT A S RO 0], o
B, 2010, 43(9):109-112.

Zgf, IDE, AR, WA RN I 4 UE
ST WOETF 55, 2007, 24(1): 9-14.

BHE, XEL. BRI ITRD]. WER, 2004, 4:
16-17.

N. Xi, C. R. Sullivan. An equivalent complex permeability model
for litz-wire windings. Industry Applications Conference, 2005,
3:2229-2235.

49



