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Magnet-plated Wire (magnetic wire) is a copper conductor covered with a thin laver
of highly magnetic material, over which a polyvurethane insulating film is enameled.
When used for high-frequency coils, it reduces high-frequency losses by 10%
comparcd to conventional polvurethane enameled copper wire. The reduction is due
to the magnetic shielding, which lowers the proximity effect generally occurring in
these types of coil evenly distributes electric current in the conductor, and
decreases the effective resistance of the conductor.
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@) -characteristics of high-frequency coils are improved. @The wire is solderable.
@Components can be miniaturized, @High-performance coils can be designed.

2009
@ Applications : High frequency coils, delay lines.
OELEFEE (Range of manufacture)  BEBREROUEDH
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QIS (Structure)

B/ Copper

EEEHE  Highly magnetic material

@ Applications : High frequency coils, delay lines.
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Improved Q-characteristics of high-frequency coils
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Magnet-plated Wire (magnetic wire) is a copper conductor covered with a thin layer
of highly magnetic material, over which a polyurethane insulating film is enameled.
When used for high-frequency coils, it reduces high-frequency losses by 10%
compared to conventional polyurethane enameled copper wire. The reduction is due
to the magnetic shielding, which lowers the proximity effect generally occurring in
these types of coil, evenly distributes electric current in the conductor, and
decreases the effective resistance of the conductor.
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@ (-characteristics of high-frequency coils are improved. @The wire is solderable.
@Components can be miniaturized. @High-performance coils can be designed.

2UEFPW0.08 10.7MHzE® f-Q%%

H E @EA f-) characteristics of 2UEFPW A E M 2 {4 characteristics of 2UEFPW
Measurement example 1 0.08mm dia.for 4.5MHz Measurement example 1 0.08mm dia.for 10.7MHz
110 100
100 90
plated
80
E BO
ZUEFPWO0.08
BO
70
Q Q 2UEFPWOD.0B
70
B0
60 unplated |
/ ! 2UEW0.08 50 |
e ¢
/ 2UEWD.08
0
40 & 'Y
= g

4] 2 4 [+] ] 10 12 14 16
#EEI) 5.2 MHz
85 30TEER U—FE 35mm
Caoil used : 5.2mm dia. plastic bobhin
Winding : 30 turns close winding. Lead length, 35mm
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Cail used : 52mm dia, plastic bobhin
Winding : 22 turns clese winding. Lead length, 35mm
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« Equations for Resistance R, Inductance L and Skin Depth g,

« Single Loop Analysis for a Microscopic Understanding
- COMSOL Simulation
- Results and Discussion
- Scaling

e Coil Analysis and Comparison with Experiment
- COMSOL Simulation

- Results and Validation with Experiment

e Summary
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resistance R: R =real( L| p]
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R via geometry and o

/ loop circumference

1 D7Z"/

L
o A, o dr-d,
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effective current cross-sectional area

R_

L —imag| Vo || via electric
e =iMag . 27f potential

inductance L:

L =2 Emag. field via magnetic
mt P field energy
/Le
i : 2rf-L
quality factor Q: Q= - L
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1.E-01 5 Analytic expression for skin depth
i O skin (J.D Jackson, Classical ED):
1E-02 - \\ T |

‘5 eff 1
= q kin, C =
Eieos N {\ & e \/ﬂo'u af-o
© . o — — N r
§ 1E.04 eff, Cu \\ ™N o= 4nx10-T T-m/A
c ] . -
< i \\ U, = relative permeability
g B0 d\ o = 2nxfrequency [1/s]

1 E-06 7 o = conductivity [S/m]

€06 0 R .
T g O skin, Ni
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material and geometry
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resistance R;:

inductance L: <

guality factor Q:
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Behavior at High f

r L L 1 Dz Dlwur g
c A, o dr-o,, d
V V
Le:imag Loop | _ "Loop NE:i
1.2zf ) 1-f f Jf

"Inner" inductance, via electric potential:
depends on skin depth

L =2. Emag. field
m IZ |2

B* P
~ — = const.

"outer" inductance, via magnetic field energy:
depends on geometry only

( 0 C2afl, fef
e R \/f
R
o _2zf-L, f-const.
. " R Jf

Equations
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Ry (f = 0) ~ 2

inf

S

I—e (5 kin < fpIating) - f_%

L (f = )~ const.

L[nH] = 2[Cm]( (D”) 1.07)

(D > 20d ; Meinke, Springer, 1992)

Qe (55'4” < fplating) ~ const.

Qi (f > 00) ~ 172
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¥ Global Expressions Subdomain Integration Variables
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R realiinf(I3+14)) Subdomain selection ; ;
Fp RI*R4/(R3+R4) Mame Expression Inteqgration order
Lm 2¥2¥Wmabs(I3+14)2 1 A YWiagl
Le imagl¥in/{13+14))/{Omega) 5 Whag?
Q Omega*Le/R. _ Wiag3 2*pitrPiWray_emga |4
Crmega 2*pitfreq # 13 Iphi_ermqa 4
W Whagl+whagz +Wwhagsi+Whagd I4
Wm 1 Wiagl Wilag4
Wi Wagz . . - 5 5
y— WMagl +WHmagz Subdomain Settings - Azimuthal Induction Currents, Vector Potential (emga)
Wi Whags Equation
Wring Wiagd
WG WMag3+inwiiand O (oo - mzeuerjln + 7 = (uu'lur'l'? *A)- o = (T = A)= l{u:l‘-.-'lmp,l'znr + Jeq:u:'Eq:H A= ":"q:.Eq:.
R3 real(vin/I3)
R4 [{Min/14 P S—
EF E‘;illﬂii iﬁaS*Rj Subdomains | Groups | Infinite Elements | Forces | Imit || Element [ cal
2 subdomain selection | Magnetic Parameters | Electric Parameters
f Constants 1 v Electric material properties and current sources
z ) - s
Marne Expression Yalue _ Library material; | . | [ Load... ]
Vin 1 1 4 Constitutive relation
sigma3 1.0e7[5/m] 1e7[3im]
D=¢c¢ D=:cE+P D=:c:E+D
sigmad &.0e7[5/m] &e7[5(m] @b=55F QD=5 QOD=gsE+D,
L 0,003 0.003 Quantity Yalue/Expression Unit Description
d 0.0012 CLUO Yiggp YN | ¥ Loop potential
e 3 1000 1000 5
p—— 1 1 J'Eq:l 0 | afm= External current density
K. o |sigrmad | Sim  Electric conductivity
Group: g 11 | Relative permiktivity
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frequency f (Hz)
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- \\ surface current simulation
i for pure Ni wire: "Lm, Le" ~
1_E-09 T TTTIr AL T TTTTm T TTTTI T TTTTIT T TTTTTT

S
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frequency f (Hz)
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oy = 107S/m
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Loop inductance
(Meinke, TdHF,
Springer, 1992):
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Same results, different plating thickness - Skaling for easier meshing! Example: d,.,, =/5/%d,q4

Increase J, while | _[Blks. = 1
keeping R = constant ~ skinnew STl L NIV
° /15 /15
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mesh in the vicinity of the "coil"

real coil:

N =30 turns

£ = 2.7 mm, length of coil
D = 8.0 mm, diameter

d = 80 um, wire diameter

symmetry

axis 80 um

Ccoz cda <

40 mm

0000000000000 00000000000

2.96
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' Global Expressions Subdomain Integration Variables vV vV
: : Loop Loo 2
Marme | Expression ‘Source’| Destination | — R = real I—p = real oo 1, N
R real(vin/I3+147)* urns ™2 ) )
Subdomain selection Loo
Rp R3*R4/RI+R4) Marme Expressio P N Loop
L 2* 2% Wrnfabs(I3+14) 2 urns 2 1 A WMaal
Le imagin/I3+14 )/ (0mega) * urns 2 B b 9
0 Omega*LeR e WMagZ V
Omega |[2*pi*freg _ Whags 2RI B —tt— L — Imag Loop . NZ
W1 WiAagl+Hwiag2-+Hniag3+Hwiagd 4 I3 Iphi_emga 4 e I 2 f
Wml  whagl T4 Loop ~ &7
Wimz2 WMEQE '-.-'-.-'Mag4
Wmlz  [MMagl+Hwhmagz
Wm3  [Whiags Subdomain Settings - Azimuthal Induction Currents, Vector Potential (emga)
W it Wihag4
Wm3d  |Wihaga+Hwiagd Equation
R3 real(vin/T3h
R4 real(ving4) - (oo~ ey I+ ¥ ¢ (g 1010 % M) - 0w % (T % M) = (b f2nr + 0° e A=A e
= = [ Ok I [ Cance! —
Subdamains | Groups | Infinite Elements | Forces | Imit || Element [ cal
Subdomain seleckion | Magnetic Parameters | BlecuiciSoneLery
"r Constants i a Electric material properties and current sources
z ) - s
Mame Expression Walue _ sty ety el | vl [ Load... ]
Yin 1 1 4 Constitutive relation
sigma3 1.0e7[5/m] 1e7[3im]
D=c¢ D=z E+P D=z :E+D
sigmad 6. 0e7[5)m] 6e7[5im] ® o%f O 0 O ofE + D,
D 0,003 0,003 Quantity Yalue/Expression Unit Description
d 0.0012 0.0012 Yiggp YN | ¥ Loop potential
e 3 1000 1000 5
murd 1 1 J'Eq:l 0 | afm= External current density
K. o |sigrmad | Sim  Electric conductivity
T £, 11 | Relative permittivity
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S 1] /
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2 1.E+01 - /
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1. R, L and Q of plated loops and coils can be simulated with the classical
electrodynamics AC/DC module of COMSOL

2. For each plating thickness there exists a regime where Q is much larger
than for pure copper or pure nickel loops and coils

3. A true application of this phenomenon is not yet found, if not for the power
transfer by magnetic resonance (Science, 317, p83, 2007)

4. Excellent agreement between simulation and experiment can be found at
modest frequencies below 10 MHz

5. Comparison between simulation and experiment at higher frequncy is not
possible due to a stray capacitance and the occurence of a resonance

Milan, 16.10.2009 23





