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AN ICPT SYSTEM, COMPONENTS AND DESIGN METHOD

FIELD OF THE INVENTION

This invention relates to methods of designing power transmitters and receivers

of an inductively coupled power transfer (ICPT) system and transmitters,

receivers and systems produced by the methods.

BACKGROUND OF THE INVENTION

Contactless power system definition

Contactless power systems comprise a contactless power transmitter that

includes a conductive path supplied with alternating current from a power supply

and one or more contactless power receivers. These contactless power receivers

are adjacent to, but galvanically isolated from, the conductive path. A contactless

power receiver includes a pick-up coil in which a voltage is induced by the

alternating magnetic field generated by the conductive path, and supplies an

electric load via power conditioning. The pick-up coil is usually tuned using a

tuning capacitor to increase the power transfer capacity of the system.

Traditional coupling design disadvantages

ICPT systems commonly have a conductive element called a track that is

supplied with alternating current from a high frequency converter; this is called a

power transmitter. One or more secondary devices (which may be referred to as

power receivers) are provided adjacent to, but galvanically isolated from, the

track. The power receivers have a pick-up coil in which a voltage is induced by

the alternating magnetic field associated with the track, and supply a load such

as batteries or electronic devices. The pick-up coil is usually tuned using a tuning

capacitor to increase the power transfer capacity of the power receiver.

A problem with existing ICPT systems is in the design of the track and pick-up

coil coupling when the system is used in metallic environments. ICPT systems

need to have the track and pick-up coil tuned to match the system frequency to

optimize the power transfer capacity of the system. This tuning can be passive
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(i.e. done solely by reactive component selection) or active (i.e. tuned by

component selection and further compensation using reactive elements).

When a track and a pick-up coil are placed in a metallic environment their

effective inductance and tuning capacitance required to maintain maximum

power transfer changes. This can be compensated for if the system is actively

tuned and the variation is within the active tuning bandwidth of the system. The

disadvantage of actively tuned systems is that they require additional reactive

elements which can be quite large depending on the tuning bandwidth and

required power rating.

Passively tuned systems can be compensated for changes, however the level of

compensation depends on the level of magnetic field disrupted by the mechanical

surrounding, which may change during system operation.

Current state of the art ICPT systems are generally closely coupled (ie »60%)

and are affected by the introduction of metallic objects nearby. Due to this close

coupling requirement these systems have very restrictive ranges and

misalignment tolerances, which also requires complex mechanical mounting

(see: http://www.vahleinc.com/contactless power supplv.html and US

2007/0188284).

It would be desirable to provide an ICPT system, components and a method of

design that reduces these problems or at least provides the public with a useful

choice.

EXEMPLARY EMBODIMENTS

According to one exemplary embodiment there is provided a method of designing

an power transmitter for an inductively coupled power transfer system including

the steps of:

a . determining the inductance of a transmitting coil having an associated

metallic casing; and
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b. designing a transmitter circuit for the transmitting coil based on the

inductance determined in step a .

According to another exemplary embodiment there is provided a method of

designing an power receiver for an inductively coupled power transfer system

including a power transmitter and a power receiver, the method including the

steps of:

a . determining the inductance of a receiving coil having an associated

metallic casing; and

b. designing a receiver circuit based on the resonant frequency of the

transmitter and the determined inductance in step a.

According to a further exemplary embodiment there is provided a power

transmitter for an inductively coupled power transfer system comprising:

a . a transmitting coil having an associated metallic casing; and

b. a transmitter circuit for the transmitting coil wherein the transmitter

circuit is designed for operation of the transmitting coil taking into

account the effect of the associated metallic casing.

According to a further exemplary embodiment there is provided a power receiver

for an inductively coupled power transfer system comprising:

a . a receiving coil having an associated metallic casing; and

b. a receiving circuit for the receiving coil wherein the receiving circuit is

designed for operation of the receiving coil taking into account the

effect of the associated metallic casing.

There is also provided an inductively coupled power transfer system including

such a power transmitter and/or receiver.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings which are incorporated in and constitute part of the

specification, illustrate embodiments of the invention and, together with the
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general description of the invention given above, and the detailed description of

embodiments given below, serve to explain the principles of the invention.

Figure 1 shows a generalized schematic diagram of an inductively

coupled power transfer system;

Figure 2 shows a top perspective view of a transmitting coil in a metallic

casing; and

Figure 3 shows a rear perspective view of the transmitting coil shown in

figure 2.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

This specification describes a design method that can be used for coupling

design (tuned track and pick-up coil) of ICPT systems. This method is particularly

suitable when the system is to be used in a metallic environment.

According to the invention the power transmitter and/or power receiver of an

inductively coupled power transfer system are designed by determining the

inductance of the associated coil when within an associated metallic casing and

then designing a transmitter and/or receiver circuit based on the determined

inductance of the coil(s) when within the associated casing(s).

Referring to figure 1 there is shown a generalized schematic diagram of an

inductively coupled power transfer system including a power transmitter circuit 1

driving a transmitting coil 2 and a receiving coil 3 , inductively coupled to the

transmitting coil 2 , supplying power received to receiver circuit 4 . Whilst a wide

variety of transmitter and receiver circuit topologies may be employed a

transmitter circuit employing a push pull stage followed by a boost converter that

is parallel tuned with the transmitting coil 2 and receiver circuit employing a buck

converter that is series tuned have been found to be effective.
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Figures 2 and 3 show a transmitting coil 5 having a metallic casing 6 thereabout

and terminals 7 . In this case metallic casing 6 is in the form of a metal cylinder

having an end plate 8 , although a simple cylinder, or only partially enclosing

casing may be employed. The casing may be formed of aluminium, copper or

other suitable metal. The transmitting coil 5 may be a spiral wound coil which

provides a good form factor or a lumped coil which provides better directionality

and less interference but has a higher profile.

The transmitting coil 5 is designed to have a coil inductance value which is

determined based on:

i . the optimum voltage and current capacity for the system ;

ii. the coupling coefficient between transmitting and receiving coils at

the required distance; and

iii. the spatial constraints of the application.

The impedance of the transmitting coil 5 within the metallic casing 6 is measured

and used to calculate the capacitive compensation required to generate the

correct frequency in the transmitting coil. The transmitter circuit may be designed

to operate at a resonant frequency or the transmitter circuit may be designed to

operate at a non-resonant frequency. The transmitter circuit may be designed so

as to have a transfer function that facilitates control of power transfer.

The receiving coil may be of the same form as the transmitting coil shown in

figures 2 and 3. Once the inductance of the receiving coil within its associated

metallic casing is determined, the receiver circuit is designed based on the

resonant frequency of the power transmitter and the determined inductance of

the receiving coil. The circuit may be designed to operate at resonance or it may

be designed to operate over a frequency range about the resonant frequency of

the power transmitter so as to control power transfer.

Example Design Methodology

A table setting out a non-limiting exemplary design process according to one

embodiment is shown below:
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Ste Details

1 Description

Select coil design for application

Requirements

Power transmission metrics (power; orientation; distance)

Requirements (example)

Power: 240W

Orientation: Point to point

Distance: 0- 0mm with a tolerance to misalignment in the other axes of 0-

10mm

Key Design Parameters

Coil/wire thickness; number of turns; layers

Key Design Parameters (example)

0 114mm x 3mm (both transmitting and receiving coils)

03mm wire, 19 turns and 1 layer.

2 Description

Select electronics for application

Requirements

Power; efficiency

Requirements (example)

Power: 240W

Efficiency: 70%+

Key Design Parameters

Rating of components and topology

Key Design Parameters (example)

0140mm x 35mm
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Description

Select suitable shielding casing for design

Requirements

Meet dimensional requirements for design

Shield coil and electronics from effects of metal in surrounding

environment / application

Requirements (example)

Have internal dimensions of 0 0mm x 38mm+

Hollow aluminium cylinder with one face open (to accommodate

transmitting / receiving coil).

The stack is:

■ Aluminium(closed face)

■ Electronics

■ Coil (open face)

The sides of the cylinder to run all the way to the bottom so it is adjacent

to the coil as opposed to ending at the electronic stack which is the

traditional method used.

Key Design Parameters

Coil; electronic

Key Design Parameters (example)

Same as steps 1 and 2
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4 Description

Select power transmitter capacitor / frequency

Requirements

Generate correct frequency for system

Requirements (example)

Frequency of ~90-100kHz required

Key Design Parameters

Capacitance value to compensate step 1 primary coil installed in step 3

Cts is practically selected to be a standard value (150nF or 220nF in this

case) and minimize no. of components depending on system sensitivity

Key Design Parameters (example)

L =16uH(unshielded)

Lts=14uH(shielded)

Based on required frequency

C s(ideal)=181nF

Requirements only allow 1 cap therefore

C
s
(practical)=220nF

Ft (practical)=90kHz

5 Description

Select power receiver capacitor / frequency

Requirements

Must match transmitter frequency (practical) for resonance when coupled

Requirements (example)

Frequency of 90kHz required

Key Design Parameters

Capacitance value to compensate step 1 secondary coil installed in step 3

Key Design Parameters (example)

Rough indication from simulation by modelling system and entering

coupling co-efficient

Actual value for system is determined by practical test

C
s
(practical)=267nF

Where:

l_t is the inductance of the unshielded transmitting coil

s is the inductance of the shielded transmitting coil
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C s is the capacitance in parallel with the transmitting coil forming a tuned circuit

Ft is the nominal operating frequency of the power transmitter

L
re

is the inductance of the receiving coil (which is the same as L
ts

in this case)

C
s

is the capacitance of the tuned circuit of the receiving circuit

The design method disclosed eliminates effects from metallic surroundings as the

coupling itself is designed in a metallic casing and the design includes tuning the

system for metallic environments. This approach is counter intuitive as it

introduces a loss in performance through the introduction of the metallic casing.

However, whilst incurring some loss in performance this design eliminates the

variability due to different metallic influences in an operating environment.

This method can also be applied in conjunction with ferrite material when

implementing parallel IPT systems with multiple coupling coils which need to be

decoupled from adjacent coils and coupled with the intended pick-up coils.

While the present invention has been illustrated by the description of the

embodiments thereof, and while the embodiments have been described in detail,

it is not the intention of the Applicant to restrict or in any way limit the scope of the

appended claims to such detail. Additional advantages and modifications will

readily appear to those skilled in the art. Therefore, the invention in its broader

aspects is not limited to the specific details, representative apparatus and

methods, and illustrative examples shown and described. Accordingly,

departures may be made from such details without departure from the spirit or

scope of the Applicant's general inventive concept.
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CLAIMS:

1. A method of designing a power transmitter for an inductively coupled

power transfer system including the steps of:

a . determining the inductance of a transmitting coil having an

associated metallic casing; and

b. designing a transmitter circuit for the transmitting coil based on the

inductance determined in step a .

2 . A method as claimed in claim 1 wherein the power transmitter is designed

to operate at a resonant frequency.

3 . A method as claimed in claim 1 wherein the power transmitter is designed

to operate at a frequency other than a resonant frequency.

4 . A method as claimed in claim 3 wherein the transfer function of the power

transmitter is selected to facilitate control of power transfer of the power

transmitter.

5 . A method as claimed in any preceding claim wherein the transmitting coil

is generally cylindrical and the metallic casing includes a ring about the

periphery of the transmitting coil.

6 . A method as claimed in claim 5 wherein the metallic casing includes a

metallic end plate at one end of the transmitting coil.

7 . A method as claimed in any one of the preceding claims wherein the

transmitting coil is a spiral wound coil.

8 . A method as claimed in any one of claims 1 to 6 wherein the transmitting

coil is a lumped coil.
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9 . A method as claimed in any one of the preceding claims wherein the

transmitter circuit includes a boost converter.

10 . A method of designing a power receiver for an inductively coupled power

transfer system including a power transmitter and a power receiver, the

method including the steps of:

a . determining the inductance of a receiving coil having an

associated metallic casing; and

b. designing a receiver circuit based on the resonant frequency of the

transmitter and the determined inductance in step a .

11. A method as claimed in claim 10 wherein the power transmitter is

designed in accordance with the method of any one of claims 1 to 9 .

12. A method as claimed in claim 10 or claim 11 wherein the power receiver

is designed to operate at the resonant frequency of the power transmitter.

13. A method as claimed in claim 10 or claim 11 wherein the power receiver

is designed to operate over a frequency range about the resonant

frequency of the power transmitter so as to control power transfer.

14. A method as claimed in any one of claim 10 to 3 wherein the receiving

coil is generally cylindrical and the metallic casing includes a ring about

the periphery of the receiving coil.

15. A method as claimed in claim 14 wherein the metallic casing includes a

metallic end plate at one end of the receiving coil.

16. A method as claimed in any one of claims 0 to 15 wherein the receiving

coil is a spiral wound coil.
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A method as claimed in any one of claims 0 to 5 wherein the receiving

coil is a lumped coil.

A method as claimed in any one of the preceding claims wherein the

receiving circuit includes a buck converter.

A power transmitter for an inductively coupled power transfer system

comprising:

a . a transmitting coil having an associated metallic casing; and

b. a transmitter circuit for the transmitting coil wherein the transmitter

circuit is designed for operation of the transmitting coil taking into

account the effect of the associated metallic casing.

A power transmitter as claimed in claim 19 wherein the transmitter circuit

is designed to operate at a resonant frequency when driving the

transmitting coil.

A power transmitter as claimed in claim 19 wherein the transmitter circuit

is designed to operate at other than a resonant frequency when driving

the transmitting coil.

A power transmitter as claimed in claim 2 1 wherein the transfer function of

the power transmitter is selected to facilitate control of power transfer of

the power transmitter.

A power transmitter as claimed in any one of claims 19 to 22 wherein the

transmitting coil is generally cylindrical and the metallic casing includes a

ring about the periphery of the transmitting coil.

24. A power transmitter as claimed in claim 23 wherein the metallic casing

includes a metallic end plate at one end of the transmitting coil.
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25. A power transmitter as claimed in any one of claims 19 to 24 wherein the

transmitting coil is a spirally wound coil.

26. A power transmitter as claimed in any one of claims 19 to 24 wherein the

transmitting coil is a lumped coil.

27. A power receiver for an inductively coupled power transfer system

comprising:

a . a receiving coil having an associated metallic casing; and

b. a receiving circuit for the receiving coil wherein the receiving circuit

is designed for operation of the receiving coil taking into account

the effect of the associated metallic casing.

28. A power receiver as claimed in claim 27 wherein the power transmitter is

designed in accordance with the method of any one of claims 10 to 18.

29. A power receiver as claimed in claim 27 or claim 28 wherein the power

receiver is designed to operate at the resonant frequency of the power

transmitter.

30. A power receiver as claimed in claim 27 or claim 28 wherein the operating

frequency of the power receiver can be adjusted over a frequency range

about the resonant frequency of the power transmitter so as to control

power transfer.

31. A power receiver as claimed in any one of claim 27 to 30 wherein the

receiving coil is generally cylindrical and the metallic casing includes a

ring about the periphery of the receiving coil.

32. A power receiver as claimed in claim 3 1 wherein the metallic casing

includes a metallic end plate at one end of the receiving coil.
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33. A power receiver as claimed in any one of claims 27 to 32 wherein the

receiving coil is a spiral wound coil.

34. A power receiver as claimed in any one of claims 27 to 32 wherein the

receiving coil is a lumped coil.

35. A power receiver as claimed in any one of the preceding claims wherein

the receiving circuit includes a buck converter.

36. A system including a power transmitter as claimed in any one of claims 19

to 26 and a power receiver as claimed in any one of claims 27 to 35.

37. A method, power transmitter, power receiver or system as claimed in any

one of the preceding claims wherein the metallic casing is formed of

aluminium.

38. A method, power transmitter, power receiver or system as claimed in any

one of claims 1 to 36 wherein the metallic casing is formed of copper.

Petitioner Samsung Ex-1341, 0015



Petitioner Samsung Ex-1341, 0016



INTERNATIONAL SEARCH REPORT International application No.

PCT/NZ20 11/000 107

A . CLASSIFICATION OF SUBJECT MATTER

Int. CI.

H02J 17/00 (2006.01) H01F 38/14 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPODOC, WPI, INTERNET (inductance, determine, housing, contactless and like terms )

c . DOCUMENTS CONSIDERED TO E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

TROYK, P.R., et al., "Closed-Loop Class E Transcutaneous Power and Data Link for
Microlmplants" IEEE TRANS, on Biomedical Engineering Vol. 39, No. 6, June 1992
pp. 589-599

X Whole document, esp. Table I, IV, figure 3 and pages 590-599 1-4
Y 5-9, 11, 13

US 2010/0066 176 A 1 (AZANCOT et al.) 18 March 20 10
X Abstract, figures, paragraphs 3-7, 36-43, 65, 66, 72, 94-99 and claim 1 19, 2 1, 22, 27,

30, 36
Y Whole document 20, 23, 24,

25,26,28, 29,
3 1-34

U S 4014346 A (BROWNLEE et al.) 29 March 1977
X Abstract, figures, 10, 12, 14, 15,

column 1 lines 30-43, 18, 35
Y column 2 line 27 to column 6 line 50 5, 6, 11, 13

column 4 lines 26-61 and claims 8, 17 and 2 1 16, 17, 23, 24,
28, 3 1, 32

US 2007/0217163 A l (GREATBATCH et al.) 20 September 2007
X Table 1, paragraphs 2, 5-1 1, 14, 27, 30, 32, 33, 35, 36, 38, 39, 40 and 42 19, 35, 37, 38
Y figures 4 and 8 23, 24, 25, 26

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents:
"A" document defining the general state of the art which is not later document published after the international filing date or priority date and not in

considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention

"E" earlier application or patent but published on or after the "X" document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken

alone
"L" document which may throw doubts on priority claim(s) or Ύ " document of particular relevance; the claimed invention cannot be considered to

which is cited to establish the publication date of another involve an inventive step when the document is combined with one or more other
citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O" document referring to an oral disclosure, use, exhibition
or other means "&" document member of the same patent family

"P" document published prior to the international filing date
but later than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

10 November 201 1 22/1 1/201 1

Name a d mailing address of the ISA/AU Authorized officer
DALE E. SIVER

AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA AUSTRALIAN PATENT OFFICE

E-mail address: pct@ipaustralia.gov.au (ISO 9001 Quality Certified Service)
Facsimile No. +61 2 6283 7999 Telephone No : +61 2 6283 2196

Form PCT/ISA/210 (second sheet) (July 2009)

Petitioner Samsung Ex-1341, 0017



INTERNATIONAL SEARCH REPORT International application No.

PCT /NZ20 11/000107

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.

US 72391 10 B2 (CHENG et al.) 3 July 2007
Abstract, paragraphs 50-55, 220 and claims 7, 16, 25, 35

WO 2010/036980 A l (WITRICITY CORPORATION [US/US]) 1 April 20 10
Abstract, paragraphs 14 , 148, 293 and 373 8, 9, 17, 20,

26, 29, 34

US 2009/0303693 A l (MAO) 10 December 2009
Abstract, paragraphs 5-8, 2 1, 24, 25

WO2009/055856 A 1(COCHLEAR LIMITED [AU/AU]) 7 May 2009
Page 6 line 17 to page 7 line 1

WO 2007/012272 A l (CITY UNIVERSITY OF HONG KONG [CN/CN]) 1 February
2007
Abstract, figures, paragraphs 5,53, magnetic material

SU, Y.P., et al. "Extended Theory on the Inductance Calculation of Planar Spiral
Windings Including the Effect of Double-Layer Electromagnetic Shield" IEEE
Transactions on Power Electronics Volume 23, No. 4, July 2008
Abstract, Conclusions

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

Petitioner Samsung Ex-1341, 0018



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT7NZ201 1/000107

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report

US 2010066176 AU 2008353278 CA 2718901 CN 102084442

EP 2266123 P 201 1514801 KR 20100130215

US 2009257259 u s 201 1062793 WO 2009116025

US 4014346 NONE

US 2007217163 NONE

US 7239110 A U 2003233895 AU 2003240999 AU 2003282214

AU 2008255158 AU 2010210006 CN 1653669

CN 101699708 CN 101699709 CN 101699710

CN 101699711 CN 101714767 CN 101714768

CN 101714788 EP 1506554 EP 1506605

GB 2398176 GB 2388715 GB 2388716

GB 2399225 GB 2399226 GB 2399227

GB 2399228 GB 2399229 GB 2399230

JP 2005525705 JP 2009010394 JP 201 1040769

JP 2011 155835 KR 20050016879 KR 20100080572

K 20100080867 KR 20100080952 KR 20100082038

KR 20100082039 KR 20100082040 KR 20100082041

US 2003210106 u s 6906495 US 2005140482

US 7042196 u s 2005135122 US 2006076922

US 7248017 u s 20051 16683 US 7525283

US 2006061323 u s 7622891 US 2009189565

US 7714537 u s 2010219791 U S 7863861

US 2010320963 u s 7952324 u s 2009096414

WO 03096361 WO 03096512 wo 2004038888

ZA 200408863

WO 2010036980 AU 2009296413 CA 2738654 CA 2752573

CN 102239633 EP 234061 1 u s 2010109445

US 8035255 U S 2010141042 s 2010164296

US 2010164297 US 2010164298 u s 2010171368

US 2010181843 u s 2010181845 u s 2010201203

U S 2010219694 u s 2010231340 u s 2010237709

u s 2010259108 u s 2010259110 u s 2010264747

Form PCT/ISA/210 (patent family annex) (July 2009)

Petitioner Samsung Ex-1341, 0019



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/NZ201 1/000107

US 2010277121 US 2010308939 US 201 1043047

US 201 1043048 US 201 1043049 US 201 1074346

US 201 1095618 u s 20 11121920 US 201 11934 16

O 2010093997 w o 201 1112795

US 2009303693 TW 200952304

WO 2009055856 CN 101663570 CN 101981425 EP 2 132545

EP 2260280 JP 2010521692 JP 201 1516858

US 73771 76 u s 2008223 140 US 7591 184

US 20103 123 10 w o 2008 1153 17 WO 2009123743

WO 2007012272 CN 101228678 EP 1908 59 US 2007029965

US 7495414

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX

Form PCT/ISA/210 (patent family annex) (July 2009)

Petitioner Samsung Ex-1341, 0020


	abstract
	description
	claims
	drawings
	wo-search-report



