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Electromagnetic Field - Circuit Interaction Analysis of an Antenna in a Radio-Controlled Watch
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Radio-controlled watches that synchronized to standard time automatically by magnetic
antennas are becoming popular. A leakage field from a magnetic antenna degrades receiving
sensitivity because it induces eddy current loss in a metallic frame. A sub-core which plays a
role of additional flux path is an effective way to overcome this problem. The influence of it
has been simulated numerically using electromagnetic field — circuit interaction analysis. It
was found that the sub-core increased output voltage by suppressing the leakage field. This
effect depended on size and arrangement of the sub-core in a cabinet. By optimizing them, we
showed the examples that would be expected to rise output voltage by 20 — 60 %. The quality
factor (Q factor) of antennas was also evaluated. It was revealed that higher Q factor might
not always lead to higher output voltage in the case of radio-controlled watches made of
metallic enclosures, because signal convergence into antenna would be affected by eddy

current loss in a metallic frame.
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Fig. 1 Simulation model of the antenna in a radio-controlled watch
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Table 1 Parameters for calculation

Characteristics Value

Relative permeability of

30,000
core and sub-core

Conductivity of case 2.34 X108 (1/Qm)

Winding number of turns 2,000

0.32 pT,,, 40 kHz

External magnetic field .
(sine wave)
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Fig. 2 Simulation model for various types of antenna
(a) type A : simple antenna, (b) type B : with a ring-type sub-core
using a flat gap
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Fig. 3 Equivalent circuit used for an interaction analysis (L, Rca, Rco,
C and 1 M Q correspond to the inductance of the antenna
system, the alternating current resistivity of the case, the
resistivity of the coil, the tuning capacitance and the input
resistance of the receiver, respectively)
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Fig. 4 Output voltage of the antenna in a watch case (The dashed
and solid lines represent the voltages for metallic and non-
conductive cases, respectively. The voltage is normalized by the
external magnetic field)

3.2 ULUREWERZERWET7 TR TOHAERE
B — AN LGE, Ty T FHNBEINEL 2D
DI, 7T FHLORMEBHICE ) &y — A IZRER
WHFRE SN THEIREL LLIENERNEEZ NS,
L7225 T2 BT 57012137 ¥ 7 F 5 5 Ol
WERIHT 2%, $2VIETRHEBERAER 7 — ACEE L
BWEHIZTIUT LV, TOEZHITHKDNTERINT
OVEIGEMN E 0T v 7FFTHY, 77 FIfHT D%
KEEAHR ZFE L TRy — AR T 2B 28
Hl3 2R oo TV Do ARRFZEDEERI I3\ TR
OB MRS H720type A &type BOT U5+ %%
AWTEHE L7z By — AMITRM LR gEE, &
X > CHRESNIRERBLAHEOS M 2K 5 12K T,
K5 (a) idtype ARIKOBE OBREE 4, K5
(b) iFtype BIRROBEOBHBE A TH Do A —
VTR IT ERRBE BAOYK &, Bl TBIZ027 pT
Vb, Rz &/hE CHWHST0.03 pT R & &> T
5o I TIRMBHEEEIL, BRo—-HilgohTtryr
FCTOBEIIRAK L B BAANTOWT, BHNZ MV
WKIEAE S a2 R LTwb, $7K5 (c) 13X 5
(a) IR LIRS X o CoE LM B iR % e
W DG AT RLTWD, AT —VIZEWERSG T W, 1345
fW/m3 DLk, REIZe/hE ) AnEks s fW/mék
& 2o TWnb, T THIREEIZINED S O

Magnetic flux
density (pT)

I 0.3

M5 2B/ —XEICHTZRBERBE S SVRERBR
(a) type AICH T ZiRHEEER (b) type B (G=0.03 mm) (Z&F
ZimiEEER (c) type AICH T B18% (d) type B (Gi=0.03 mm)
ICHB T 2HE%

Fig. 5 Distribution of the leakage magnetic flux density and eddy
current loss (a) leakage magnetic flux density of type A, (b)
leakage magnetic flux density of type B (Gi=0.03 mm), (c) loss of
type A and (d) loss of type B (Gi=0.03 mm)
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Fig. 6 Dependence of the quality factor and output voltage on the
gap length in a type B model (a) quality factor and (b) voltage
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Fig. 7 Dependence of the eddy current loss, coil current and
inductance on the gap length of a type B model (a) eddy current
loss, (b) coil current and (c) inductance
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Fig. 9 Output voltage of the antenna in a watch case. The dashed
and solid lines represent the voltages for type A and type C,
respectively.
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