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7 SIRAXE

(7) FEEEDEROERTSIASN-AEOLBEATICHEmIN-XEIESR
BERKEBELC TARICHATEEL G- KEHFHFLMAE2012.70095
53 15HMEE (LT, BIAXEK] &LV, ) I2E, REEEBIZ, ROE
#HNH D,
a [[0012] The transmitting unit may include a transmitting antenna circuit having a
first resonant frequency and a high quality factor. The transmitting antenna circuit may
generate an electromagnetic field for wireless transfer of power and periodically
generate a modulated time-varying signal for the transfer of data. The transmitting
antenna circuit may have a quality factor greater than 100. Preferably, the quality factor
is greater than 350. Most preferably, the quality factor is greater than 600. It is
understood that traditional inductively coupled systems utilize antennas with a quality
factor around 30.
[0013] The receiving unit is wirelessly coupled to the transmitting unit. The receiving
unit may include a receiving antenna circuit having a second resonant frequency and a
high quality factor. The second resonant frequency may be substantially equal to the
first resonant frequency. The receiving antenna circuit may detect the electromagnetic
field generated by the transmitting unit, generate an induced electric current and detect
the modulated time-varying signal periodically generated by the transmitting unit. The
receiving antenna circuit may have a quality factor greater than 100. The receiving unit
may also include a pickup antenna circuit inductively coupled to the receiving antenna
circuit. |

(BEBRR: [0012] FEE1I=y FIE1RHRARBEGVWRERKESR
TEAXETUTTERZRA S, EET7 T TRBREIENDEFEED-HIC
BHIGZERLT, ELTT—2DEEQ-HOERASN-KREES AL
[CERT %, FEE7TUTHEIKE100LYREVRERMZET S, FFEL
IF. MEFRBIEIIE0IYKREL, FYFFLLEF, mEFEKETE600LY
KEWV, EOFEHRKEVATLINIODRERBOT7 o TFHFERAWS I L
AEFBINK S,

[0013] 2Fa=y MIEETEEFEIZ=y FLERREIND, ZE2A=v k
FE2HRARBMEGVRERUEZEILOIZETUOTTIRIREZRA D, F2H#
REERITE 1 RIREEHREFEFEZELL, 2ET7VTTREBEIE EI=ZY A
AT HEMGERBLT, FEINEERZERLEEI=ZY MZE-THE
BEnF-ZHRIN-BEEELRAHBMIBRET S, 2E7VTFEIEKIEZ100
FYUXRZVWRER¥ZEZET S, ZEA=ZyY MIRET7T U TTRRIZCEEES
NBZEVO Ty IT7oTFTEBREED, )

b T[0056] When a receiving unit 14(e.g., receiving unit 14b) is placed within the near-
field of the transmitting unit 12 (e.g., transmitting unit 12a) and both the receiving unit
14b and the transmitting unit 12a resonate at the same frequency and have antennas
having high quality factors, energy will efficiently transfer from the transmitting unit
12a to the receiving unit 14b. It is understood that if additional receiving units 14c-14d
are placed in the near-field, the additional receiving units 14c-14d will also resonate at
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the same frequency and draw energy from transmitting unit 12a in the form of an
induced alternating current. The receiving units 14a-14d may include a transducer
which may use the induced alternating current to store energy in a power storage device,
such as battery or capacitor. Alternatively, the transducer may use induced alternating
current to directly power electronic components within the receiving unit 14. |
(BFB{R:N: [0056] BfEA=v 14 BIRIE REIZVYF14D)
MAEEIZY 12 BIAERE EEA=ZY b1 2a) DEESGICEMM. £L
TZE1=vb14bé#EFEIZY M1 2ad, ALEARKTHIRL. BL&
BRBEHEDOD7UTTERD2LEE, IRILF—EFEBIZY M1 2a B R(E
A=y b1 4bETHRMICERFESNDS, BMMShERELI=ZVY M1 4c—1
4 dMNEDEEZICENMM=EL, BMENZELIZYF14c—14dD
FCRAKMTHIRL, FESNEXAEROAETEREIZ=Y M1 2ahb
IRNF—Z5EHTELFEBREINES, REA=Zvb14a—14dEFH
BINERRERENYT)—HH5WEa ToH—D& 5%, ENREEE
[CRTFTHEHICAVSGERRBZEL. HHVE, ERFIEEZEI =V I
14DHFDEFHRICBENZHRET 5-OICFESN-XRERZTALD, )

c [[0081] The resonator component 122 includes a resonant structure, such as an
antenna, and a tuning circuit. The resonant structure produces electromagnetic fields
that may be used to wirelessly transfer power and/or control information from the
internal controller 104 to the internal stimulator 106. The resonant structure may be
used to convert the current received from the feed component 116 into electromagnetic
fields to convey power and control information to the internal stimulator 106.] (7 B
ZfH5 1~5917)

(BEM[RR: [0081] HIEF122FT7 o TTD& S GHIREE L BEH
REBERRZHA TS, £IREEENEI L FO—F—1 04N HNBEE 1
O BICEARVY/RIFHIEHEREZBRICLVICET IEHBEZERT D, iR
BEEEN1 16N ANSNEEREBTHIGICERL TRABEE106I(C
BARUHIEIERE LTEET 5. )

d [[0091] The internal stimulator communications processor 138 may contain signal
modulation and demodulation circuitry and connections to the load component 140 and
the pickup component 132. The internal stimulator communications processor 138 may
be used to recover any control information received by the resonator component 130
during a data transmission session. The recovered control information may be stored in
memory within the internal stimulator communications processor 138 or in memory
coupled to the internal stimulator communications processor 138.1 (8 HH#E 1 0~
1917)

(HFERKR: [009 1] ABREKEDREIETAL YY1 3 8IFESEEHAREE
ZiEA. B140, HEHKF 13 2LEHREINTLD, NBEEDRETOL
P 138 T—2EELY L a VRITHIRBE 1 30Tk TRELE-TART
DOFlEHFEREZET L. ZETSN-FHERIABEEORETO LYY 13
BHDAEY RIFNBEEDEET Oy Y 138IfEEsnf-AEYITEIE
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ENnd. )

e [[0123] As described above, the cross-sectional shape of the wire that is used to
form the resonant component 122, 130 may be circular, square, rectangular, or
triangular. Preferably, the wire has a relatively small diameter, or height relative to the
width of the wire, and may be on the order of twice the skin-depth at the operating
frequency. FIG.13A-FIG.13F illustrate cross-sections of wires that may be used in the
design of the resonant component 122, 130. FIG.13A illustrates a wire having a circular
cross section 205. FIG.13B illustrates a wire having a rectangular cross section in the
form of a square 207. FIG.13C illustrates a wire having a thin rectangular cross section
209. FIG.13D illustrates a wire having an elliptical cross section 211. FIG.13E
illustrates a cross section of a litz wire 213. FIG.13F illustrates a cross section of a
copper tube 215. The wire may be copper, gold, silver-coated copper, silver-coated gold,
or any other conductor.

[0124] It may be preferable to use a wire having a thin rectangular cross section, a wire
having an elliptical cross section, a litz wire, or a copper tube for applications in which
the frequency is greater than 100 kHz. For low volume application, it may be desirable
to use a wire having a thin rectangular cross section, a wire having an elliptical cross
section, a litz wire.

[0125] The quality factor of the resonant component 122, 130 is based, in part, on the
number of layers and the metal thickness and metal strip width of the wire in each layer.
Each layer may be a single strip of metal having a metal thickness and metal strip width.
FIG.14A illustrates cross-section of a resonant component having a first layer 217 and a
second layer 219. An insulating material 223 separates the first layer 217 from the
second layer 219. The first layer 217 and second layer 219 are connected with vias 221
which traverse the insulating material 223. The metal thickness of the first layer 217 is
identified by line A-A and the metal strip width of the first layer 219 is identified by
line B-B. In one example, the metal thickness of a layer may be approximately twice the
skin-depth. Each layer in a turn will have substantially the same metal thickness and
metal strip width. A higher quality factor may be achieved using multiple layers for a
single turn of coil. If additional layers are added to a turn of the coil, the additional
layers include insulating material and are electrically connected to the other layers in
that turn using vias through the insulating material. It is understood that by varying the
number of turns, the metal thickness, and metal strip width, a higher quality factor may
be achieved.

[0126] In one example, the resonant component 122, 130 may be a single turn coil
having multiple layers, as illustrated in FIG.14B. The single turn coil includes a single
turn and may include a metal thickness of approximately 0.03 mm, a metal strip width
of approximately 1.75 mm, and an outer radius of approximately 5 mm. The coil may
have between 10 and 60 layers; however it is understood that the coil may have less
than 10 or more than 60 layers in order to achieve a high quality factor. For example,
for a five layer single turn coil having a metal thickness of 30 pm and a metal strip
width of 1.75 mm, the quality factor at 27 MHz is approximately 242. Increasing the
number of layers from five to twenty and keeping a metal thickness of 30 pum and a
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metal strip width of 1.75 mm, the quality factor is increased to approximately 400. It is
also understood that metal strip width may be increased to achieve a higher quality
factor.

[0127] In another example, the resonant component 122, 130 may be coil having
multiple turns and multiple layers, as illustrated in FIG.14C. The coil may include two
turns and may include a metal thickness of approximately 30 wm, a metal strip width of
approximately 1.75 mm, and an outer coil radius of approximately 5 mm. Although the
illustrated coil includes two turns, it is understood that the coil may include more than
two turns. The coil preferably has between 10 and 60 layers; however it is understood
that the coil may have less than 10 or more than 60 layers in order to achieve a higher
quality factor. For example, for a ten layer two turn coil having a metal thickness of 30
um and a metal strip width of 1.75 mm, the quality factor at 27 MHz is approximately
740. It is understood that metal strip width may be increased to achieve a higher quality
factor.

[0128] It is also contemplated that other designs may be used for the resonator
components 122, 130. For example, the designs shown in FIGS.14B and 14C may be
modified by using a thinner metal strip thickness, such as for example, approximately
50 uM. The metal thickness may be approximately 30 wm and the outer coil radius may
be approximately 5 mm. Preferably, the coil has 15 layers, however it is understood that
the coil may have more layers in order to achieve a high quality factor. It is also
understood that the number of turns may be increased or decreased in order to achieve a
high quality factor.

[0129] In order for the resonant component 122, 130 to be efficient at the operating
frequency, it is preferred that the resonant component 122, 130 be resonant. The
resonant component 122, 130 may be made resonant with the addition of a capacitor.
The added capacitor may be a high quality factor capacitor. The rectifier and filter
component 134, voltage regulator 136, internal stimulator communications processor
138, and load component 140 comprise electronics and active and passive circuits that
are powered by the inductively coupled link between the resonant component 122 and
the resonant component 130, as described above. In order to achieve maximum power
transfer, it is preferred that the resonant component 130 be conjugate matched to the
rectifier and filter component 134, voltage regulator 136, internal stimulator
communications processor 138, and load component 140.] (1 2EHME@1 017~ 1
SHEM4 91T)

(HF/RRN: [0123] EEDOKLSIT, #iR&F122, 130Z2EHTH7
A —OWERREAR., EAR. RAR. HHAVF=ZABTEIL, FFLLC
(F. TAV—I(FLLBRH/NETHAIDNEIETA VY—DMREIZx L THERA/DE
EcZEEL. TNoRBERRRICETEIRKERSD2HEEEDRESTELLY,
B13A—E13F[E#REF122, 130THELNEIZTSAV—DOHEEZTRL
T, M1 3AIKARKE205%8/I 571 VY—%7r9, ®13BIXER
METE207 29274V —%2T79, M1 3CIIEVRAMME209%%F
274 ¥—%%F, M1 3DIFHEAKE21128T374VY—%5F. K
13ERYYVIR2 1 3DWEZTY, K13 FIXFAE2 1 SOMEZERY .
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