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Fig. 6 Somatosensory evoked potentials recorded from our fully-implantable wireless
system. Clear phase reversal was recorded.
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Fig. 7 Neural decoding using magnetoencephalography. The relationship between the neural
decoding accuracies and the peak amplitudes of the first component after the movement onset
of the movement-related cortical field.
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EXD BUS &R 7,
F k) y LS
MS definie MS34  Scontrols (Fl4, 151 Ch radial é:ijeﬂjvgﬁﬁESanszgffﬁi
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Wafror,
¥ @ coupling A L7z &9, & Helmich 57 BT 52 2 BESHTWAEY, 2o 2ol

i, = F 2V YR THEIIERIRE R LS E o)
&, REHOBERE TH LA, #HiRRE 2 4B A4
O —E B S KO TH 5 &)
a dimmer switch model % #&1# L T 5 2%, Pollok &
DIREZDFIEE N BEA S, —F, N—=Fry
IBFE ORI L TIE, SR TE® B oscillation
PHEL o TWAI LPHSGNTEY, B
Bz k o THEETH O  oscillation 259%45 % & i)

L“C BB & R 7o D BIEFI DA TS 5
PR T AL O 8 I Ay & b d7 L o g T, Bl
ﬁ“f"T”Fi’i (SIN) DB EMN B2/ 7 4 V& —ikxib
HI L 72 Dynamic Imaging of Coherent Sources (DICS)
beamforming method & Hl W7z @EH O T —1L »
AR ATRLN 2D o 2o Litvak 5P 12k B L
SIN & ok — L ¥ ZHR0 b BRI, ﬂﬁﬁ
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ZH T 4 Wy ERIGH L7 Dynam SIN b2 — 1//;(752 3 5 IR
ic Imaging of Coherent Sources highg #71# (20-35 Hz) TR sensonmotox .
Hirschmann,

(DICS) beamforming method % Fil cortex, premotor cortex T, low g4 # (12-20 4 cr 7 20
W, IR TRORIEN L O Ho) bk o R (712 Hz) Tl

b—L R %W, B O3,

2011 Neuroimage
N HIEE
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1 kHz tone (2 & % N100m, IEHH AT BB OFHAER N100m A* DBSON 12 £ 9

% ¥ X A N20m, PR0m % 10% A Ik L7z, N20m, P60m & DBS 4 c1 iﬁfﬁm zm.if&m
DBS Hif CH Az, ON TRIIEIZEA, HETIE R D575 e
" s Evid Hedz ]
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BREBy RO oy N
BRI y WD T 1 HsHiE 4 7 7 % (CC) 1, BT ‘
BT BRI, BRIy 1 - Tecchio, .
LC, phaselocking DEES BER, MEE DIKT, Mk, R 2b C2 etal® 2008 Brain
o B L T EEHE S MR, MS TUEA S 72,
X L MS BEEET M20 O, EETREE IS
20 & DY A F— ViE e et 1 . i
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BE & RIS W TRET. NN etal Mapp
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MS Tl S1(N20m) FUSOERFEEATLIEL
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e WIEHEZR RSl (Y - T
SHE IS @ . & . T P T L Y
L . R i, [ ST & RHM SIT & oo f L A .
N2OmSI BUG & oM@ 2 R Oy~ S S | Hagiwara, ) .
Bk, R 5)s MSTHSIOH < ifE#AMET LT 2b C1 etal® 2010 Neuroimage
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h] /«..e . .
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T EENST 208k L, MS Claidk
LTw/z,
Synchronization likelihood (SL) Tk MS 8%
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WU T —FWRT, ol Lowa OBHING 88 — 213, path 2b Ci ;t3123} ©o2011 Ma
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REHRYT (OF

HHT) Lize  length & clustering coefficient B il % LWt L

7z, Ay MU RERE TR L Cnb,

o Wi (7-13 Hz) TRIEHOMBEHTEFE (STN O

FREEN) Koz vd, F—33 Y REHIOEE L0 L1,
&, SIN @ g iG8HE A% 4 Ueas, RE CEaisEn  EEiRic

BRI D B IR
LAL% A - 72, Hirschmann 5%
THELTNT,
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W (1220 Hz) TH R

TR

SRR OWE LTHBE AN, off
LR O R
STN &

low B
IO THY, o wE (7-12
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De—LryAPRD LN FBIEHEZOae—L Y AREEL TW5E I LO5R
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IEWHCTEBRBEOEME L &
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5 BUMFHEC L SMIEEEE L ZOREICHET 5H
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(MCA %50 S HHT) Neuromag % gﬁﬁ&r%&) W, IR, SR
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AT Jefili 6 7 H) BABRIZEID
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e 32 (68.0%12.0 21 28ch/180en® . e 1 e G
T gt R ( ) DA Gt SR B b BRI —
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27 (69.0£13.0 . o
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g o ET DO 0 Rch/180em® R iR GRUE9 4 H) B EB~RSEHIRD ECD H
(MCA #it8) B, 5 HHCF, 16 1 o l \
F-H ) BRI Delta Dipole Strength
il (DDS); ECD 031
23 (521+11.3) , , ] o \
, " . 122¢h e BeHFEE Delta (4E7° 3 H Delta /37— (DICS % Ji
RS 17 4 i 7 7%
9 - Stroke BL7%6 WER 0 Neuromag HoE & 4 EHITERID WURRED

M, 4T

F UV UHBEORERFHOEREIC L o T 51k
HAsd %, EHBIEEORITEL & 54 DR
OG- 2 -V Y A% E BT, BRESEOE
SR LET o T I ENFHEENS,

3. SRMELEICET 5 MEG 5H

L EEEREALAE (MS) & MEG THMESL 12H0
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o7z BT, BB IR 2 K ST, w8
Bl 10 BILLF OBFZEIZER < &, 4l 2 h /- (&
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B Rossini, et al”® 2001 Neuroimage
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B Roiha, et al™” 2011 Clin Neurophysiol
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HWOPERE IR, EBEE T &
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3 &R,

B Zappasodi, et al™® 200 Neurosci Lett
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current dipole sources; ECDs) #3542 & T hE
2% 50T, BHlo ECD MEOAL 53 LN ECD
E OB LNEZ LT 5, H5HWIIEIEE/AEO
ECD [ B % - TJn@'f}Iﬁﬁ‘M IR & A LT &
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Bibliographic survey on the clinical application of magnetoencephalography (VI):
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The scientific evidence of magnetoencephalography (MEG) is not necessarily clear
except for a diagnosis of epilepsy. In this study, we reviewed clinical MEG studies
regarding neurological diseases or neurorehabilitation based on a website bibliographic
survey. We searched MEG papers on neurological diseases or neurorehabilitation before
November 2011 using MEDLINE by keywords: (a representative diagnosis such as
amyotrophic lateral sclerosis, ALS) AND (MEG OR magnetoencephalography). Among
many papers refrieved, we further narrowed the search to 27 papers based on levels of
evidence and abstract contents; as to neurological diseases, 3 papers on ALS, 8 papers on
Parkinson disease and 4 papers on multiple sclerosis were reviewed: and as to
neurorehabilitation, 9 papers on recovery from sensorimotor deficits and 3 papers on
recovery from aphasia due to an ischemic stroke. The levels of evidence were ¢lassified as
grade 1: no paper, 2: 18 papers, 3: 3 papers, 4: 6 papers, 5: 1o paper, 6: no paper, respectively.
Most studies were confined to small number of patients. However, MEG has an advantage
of detecting spontaneous activity i a small brain region and providing functional network
activity hetween multiple brain areas or coherent activity between deep brain nuclel and
distinct cortical areas. Therefore, the MEG tells us functional changes in a certain disease
or a recovery phase from an ischemic stroke, and gives a novel insight into disease-specific
pathophysiology such as Parkinson disease.

Key Words : amyotrophic lateral sclerosis, Parkinson disease, multiple sclerosis, cerebro-
vascular disease, aphasia
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— LC booster
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Abstract — There are currently various proposals for method
of wireless power transmission. Electromagnetic induction
method has been known as a relatively efficient transmission
method for a wide variety of application. Here we report the
results of recent investigations about the “LC booster method,” a
new electromagnetic induction-based system. This method make
it possible to using Hi-Q Coil and load-matching, and enables
power transmission in bands of several hundred kilohertz under
low coupling condition.

Index Terms wireless power transfer, electromagnetic
induction, quality factor, coupling coefficient, figure-of-merit, LC
booster

I. INTRODUCTION

Wireless power transmission technology has attracted
increased market interest in recent years due to the proliferation
of small information devices such as smart phones and portable
video game consoles. This wireless technology has several
advantages over wired power supplies, such as the reduction of
wiring and the elimination of usage range restrictions imposed
by cables. Accordingly, proliferation is expected to extend
beyond consumer electronics to applications in various fields
such as electric vehicles and implantable medical devices.
There are currently various proposals for methods of wireless
power transmission, but resonant induction in particular has
been the focus of research since the report on the method by
Kurs et al.” from the Massachusetts Institute of Technology.
However, such methods implementing an open helical coil are
subject to limitations due to issues such as coil size and
frequency.

In contrast, electromagnetic induction methods have been
known for some time. Existing research into these methods
from milliwatt to kilowatt capacities has indicated
electromagnetic induction to be a relatively efficient
transmission method for a wide variety of applications. On the
other hand, electromagnetic induction has been negatively
perceived as being like a transformer, owing to the need for
high coupling between coils, and is thus considered to have
little margin for positioning. For some time now our research
group has been investigating electromagnetic induction
methods for wireless power transmission to look for ways to
create highly efficient systems, particularly for use in medical
devices, and we have shown that high efficiency can be
obtained even under relatively loose coupling.

978-1-4673-1780-1/12/$31.00 ©2012 IEEE
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Here we report the results of recent investigations into
primary-side excitation conditions in the “L.C booster method,”
a new electromagnetic induction-based system that we propose.

II. LC BOOSTER METHOD

A. LC Booster Method

A major factor in reduced efficiency under electromagnetic
induction methods is a lowered coupling coefficient due to
increased leakage flux. This is a particular problem when there
is significant distance between the primary and secondary coils,
or when the coil sizes are different. Insertion of a capacitor to
counteract leakage inductance is one method of compensating
and efficiently transmitting power. If it is possible to create
resonance from the capacitance connection and counteract the
frame impedance, an equivalent tight coupling transformer can
be made. By doing so, most of the voltage applied to the
transmission side would be applied to the transformer, making
it is possible to take a large portion of the receiver-side voltage.
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Two methods have been proposed for the realization of such
compensation, “series resonance,” in which capacitance C is
inserted in series with the coil, and “parallel resonance,” in
which it is inserted in parallel. Figure 1 shows the relationship
between efficiency and the figre-of-merit a” (the product of the
square of the coupling coefficient k between the coils and the Q
of the each coil). In this case, a and the maximum transmission
efficiency are expressed as follows:

Mivax = ! > M
1+3(1+\/1+a)
a
a=KQQ, @

As can be seen in the figure, it is possible to increase the
maximum efficiency by increasing a. As can also be seen, the
coil's O must be increased in order to perform power
transmission under conditions of low coupling. Incidentally,
there is no difference in maximum efficiency between parallel
and series resonance.

There is, however, a difference between parallel and series
resonance at the optimal load for maximum efficiency. With
series resonance, maximum efficiency is realized under a low
impedance load; with parallel resonance, maximum efficiency
is realized under a high impedance load. In real-world
situations, a variety of loads are used for power recharging,
however, so there are intermediate solutions positioned
between series and parallel resonance. In recent years there has
been increasing calls for flexibility in positioning during
wireless power transmission, inevitably resulting in reduced
coupling between the coils. This has made essential not only
high-Q coils but also load-matching. To that end, we propose
the introduction of a third coil and separation of the resonant
circuit as a method for achieving both. The third coil is inserted
on the secondary side. As shown in Fig. 2, one of the secondary
side coils has only a capacitor and the other is connected to the
load that is the target of power supply, thereby separating the
circuits. When doing so, we call the portion equivalent to the
resonant circuit an "LC booster." In this technique, capacitance
is connected to the newly introduced coil, resulting in
resonance. This enables power transmission in bands of several
hundred kilohertz, even under conditions of low coupling.

B. Theoretical formulae for the LC booster

Figure 3 shows an equivalent circuit of the LC booster system.

Derived results based on this equivalent circuit are given below
for optimal load and maximum transmission efficiency. Here,
the value of C, is set according to the resonance conditions of
Ly, and M;; is approximated as 0. This approximation is to
reduce the induced voltage from the primary coil to the third
coil, under the assumption that designing the third coil to fulfill
this approximation would result in the design of an efficient
transmission system.

2 1+ p
Rop,=r3\/1+ﬂ+Q3+m , 3)
a 4)
7711'18)( = ﬂ -
,B+(1+oz{ﬁ+2(1+\/1+ﬁ+Q32 +lié/3D
l+a
where

a= k122Q1Q27- )

ﬂ = k232Q2Q3~

Previous research” has shown that the maximum

transmission efficiency in this system is determined by the
figre-of-merit a, and that the optimal load can be freely set
according to figre-of-merit . The discussion below uses the
theoretical equations of this section, calculated using the above
formula.

C. Experimental and analytical methods

To determine the characteristics of this method in
low-binding regions, we manufactured coils for use in the
experiments and estimated the coupling coefficient through
electromagnetic simulation.

Fig. 3. LC booster equivalent circuit

Table 1 Coil specifications

Primary Secondary
Coil Ly Ly L3
Diameter [mm]
250 40 3
(outside) o 0
Di
|an?et'er [mm] 208 9 2
(inside)
Tums 10 40 2
Inducta
neucance 447 357 05
[uH]
Q 281 152 35

Frequency: 380 kHz
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Fig. 4. Binding coefficient analysis model
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Fig. 5. Distribution of binding coefficient ki, (finite element method)
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Fig. 6. Distribution of binding coefficient &;; (finite element method)

The manufactured primary coil had a strand diameter of 0.08
mm and was formed from 320-strand litz wire, while the
secondary coil had a strand diameter of 0.08 mm and was
formed from 40-strand litz wire. Table 1 shows the
specifications of each coil. Q-values include the equivalent
series resistance (ESR) of the capacitor. In the equivalent
circuit capacitor, ESR is inserted in series with the coil ESR,
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Fig. 7. Maximum transmission efficiency map and transmission efficiency
map under a 10 Q load.

allowing interpretation of r; and », as a combined ESR.
Moreover, the capacitor ESR is not negligible in comparison
with the coil ESR, making consideration of a combined ESR
more in accordance with the actual case.

Next, the finite element method was used to create a model
(Fig. 4) of the coil in the electromagnetic field simulation
software Maxwell 3D (Ansys), and field analysis was
performed to predict the coupling coefficient between the coils.
Figures 5 and 6 show the results. The reason for determining
the coupling coefficient using analysis rather than direct
measurement was to avoid an inability to detect the coefficient
due to excessive measurement error. The horizontal axis shows
deviation in the radial direction (taking the center of the
primary coil as 0 mm), and the vertical axis represents the
distance between the coils. kj, shows the lowest coupling
coefficient in the center of the coil. The coupling coefficient
rises toward the end of the coil. The coupling coefficient is
lower overall in k3 than in ky,, and it is clear that the effect of
mutual inductance Mj; is minimal. This shows the validity of
the approximation used to derive the theoretical formula.
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