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1 || Erik J. Halverson (SBN 333492)
K&L GATES LLP

2 || 4 Embarcadero Center, Suite 1200
San Francisco, CA 94111

3 || Telephone: (415) 882-8200

Fax: (415) 882-8220

4 | erik.halverson@klgates.com

5 || Attorneys for Plaintiff LS Cable & System Ltd.

6
7
8 UNITED STATES DISTRICT COURT
9 NORTHERN DISTRICT OF CALIFORNIA
10
11 || LS CABLE & SYSTEM LTD., Case No. 4:24-cv-09194
12 Plaintiff, COMPLAINT FOR PATENT
INFRINGEMENT OF U.S. PATENT
13 V. NO. 8,013,568
14 || APPLE INC., DEMAND FOR JURY TRIAL
15 Defendant.
16
17 Plaintiff LS Cable & System Ltd. (“Plaintiff” or “LS Cable”) by and through its undersigned

18 || counsel, file this Complaint for Patent Infringement against Defendant Apple Inc. (“Apple”) and
19 || allege on knowledge as to their actions, and upon knowledge and information and belief as to the
20 || actions of others, as follows:

21 NATURE OF THE ACTION

22 1. This action arises under the patent laws of the United States, 35 U.S.C. §§ 1, et

23 || seq., from Apple’s infringement of U.S. Patent No. 8,013,568 (the “’568 Patent” or “Asserted

24 || Patent”).
25 THE PARTIES
26 2. Plaintiff LS Cable is a foreign corporation organized under the laws of the Republic

27 || of Korea with its principal operating business located at the LS Tower, 1026-6 Hogye-dong,
28 || Dongan-gu, Anyang-si Gyeonggi-do, Republic of Korea 431-080.
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3. Defendant Apple is a corporation incorporated under the laws of California with its
principal place of business at One Apple Park Way, Cupertino, California 95014. Apple may be
served through its registered agent for service, 1505 Corporation, CT Corporation System at 330
N. Brand Blvd., Glendale, California 91203.

4. Apple manufactures, imports, offers for sale, and sells devices with wireless
charging capabilities to resellers, distributors, and consumers throughout the United States,
including in this District.

JURISDICTION AND VENUE

5. Subject matter jurisdiction is proper in this Court under 28 U.S.C. §§ 1331 and
1338(a) because the claims arise under the patent laws of the United States, 35 U.S.C. § 1 et seq.

6. This Court has personal jurisdiction over Apple insofar as Apple is incorporated in
this District, and maintains a regular and established place of business at One Apple Park Way,
Cupertino, California 95014, located in this District.

7. As to Apple, venue is proper in this Judicial District under 28 U.S.C. § 1400(b)
because Apple is incorporated in California, and has a regular and established place of business at
One Apple Park Way, Cupertino, California 95014, located in this District.

LS CABLE AND ITS INNOVATIONS

8. LS Cable was established in 1962 and has been contributing to building power grids
and communication networks first in the Republic of Korea, and more recently in countries all over
the world.

0. LS Cable develops, produces, and provides cables and related solutions used in daily
life and throughout many industries.

10. LS Cable set the stage for industrial and economic development by capitalizing on
innovative technology to supply various special industrial cables and industrial materials.

1. In the mid-2000s, LS Cable embarked on a wireless power transfer project that led
to a number of pioneering developments and a large international patent portfolio. In this regard,
LS Cable invested significant time and money to develop technology for efficient and safe transfer

of power for an array of devices, such as smartphones.
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12. In 2011, for example, LS Cable introduced a “Chaver” (charger+cover) capable of
wirelessly charging the iPhone 4. LS Cable’s first and second generation Chavers proved to be
very popular with consumers.

13. LS Cable was again ahead of this trend as, in early 2013, LS Cable launched the

world’s thinnest wireless charging module:

= |

14. LS Cable owns numerous other relevant U.S., Korean, Chinese, and Japanese
patents related to wireless power, and the *568 Patent is one of the core patents in LS Cable’s
wireless power portfolio. LS Cable’s strong portfolio of patents, including the *568 Patent, protect
LS Cable’s investment in its innovative wireless power transfer solutions.

THE PATENT-IN-SUIT

15.  On September 6, 2011, the U.S. Patent and Trademark Office (“USPTO”) issued
the *568 Patent, titled “Contact-Less Chargeable Battery and Charging Device, Battery Charging
Set, and Charging Control Method Thereof,” and with a claimed priority date of July 29, 2005. A
true and correct copy of the *568 Patent is attached as Exhibit 1.

16.  The ’568 Patent is presumed valid under 35 U.S.C. § 282(a).

17. LS Cable is the owner and assignee of all substantial rights, title, and interest in the

’568 Patent.
-3- COMPLAINT FOR PATENT
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18. On March 12, 2021, LS Cable requested supplemental examination of the *568
Patent by the USPTO.

19. On September 28, 2023, the USPTO issued a Reexamination Certificate for the 568
Patent, confirming that claims 1, 3, 4, 7-13, 15-19, 21, and 23 were patentable as amended over
the prior art. Exhibit 2. Claims 5, 6, 14, 20, 22, and 24, dependent on an amended claim, were
also determined to be patentable over the prior art. /d. Additionally, new claims 25-58 were added
and determined to be patentable. Id.

APPLE’S INFRINGING ACTIVITY

20.  Apple entered the wireless charging market, including the market for wireless
charging in the United States at least as of 2017, with its release of the AirPower charging pad.
AirPower suffered from overheating issues, ultimately leading to Apple withdrawing the product
from the market.

21.  However, rather than develop its own technology, Apple relies on LS Cable’s
patented technology and has incorporated LS Cable’s patented technology into its wireless charging
solutions. Apple thus unfairly competes with LS Cable in the marketplace by offering for sale and
selling these infringing products throughout the United States, including in California.

22. Apple has sold infringing products to customers throughout the United States and in
this District, including to LS Cable’s own customers. Apple has sold or offered for sale infringing
products to certain distributors who comprise an important part of LS Cable’s own supply chain.

23.  Asaresult of these infringing activities, Apple has caused direct injury to LS Cable

throughout the United States.

COMPLAINT FOR PATENT
INFRINGEMENT




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Page 5 of 56

Case 4:24-cv-09194 Document 1 Filed 12/18/24 Page 5 of 10

THE ACCUSED PRODUCTS

24. Apple makes, uses (including by testing), sells, offers for sale within the United
States, and imports into the United States, a variety of devices utilizing wireless charging
capabilities.

25.  One such capability includes wireless charging capabilities that comply with the
Wireless Power Consortium Qi Wireless Power Transfer System Power Class 0 Specification (“the
Qi Standard”).

26. In particular, Apple makes, uses (including by testing), sells, offers for sale within
the United States, and imports into the United States, multiple devices that utilize wireless charging
chips from, for example Broadcom Inc. (“Broadcom”), including the Broadcom 59355 chip and
variants thereof. For example, at least Apple’s iPhone 8, iPhone 8 Plus, iPhone X, iPhone XS,
iPhone XS Max, iPhone XR, iPhone 11, iPhone 11 Pro, iPhone 12, iPhone 12 Mini, iPhone 12 Pro,
iPhone 12 Pro Max, iPhone 13, iPhone 13 Mini, iPhone 13 Pro, iPhone 13 Pro Max, iPhone 14,
iPhone 14 Plus, iPhone 14 Pro, iPhone 14 Pro Max, iPhone 15, iPhone 15 Plus, iPhone 15 Pro,
iPhone 15 Pro Max, iPhone 16, iPhone 16Plus, iPhone 16 Pro, iPhone 16 Pro Max, the various
iPhone SE generations, and any similarly situated iPhone (collectively, “the iPhone Devices”)
utilize these chips and have been certified with the Wireless Power Consortium as compliant with
the Qi Standard.

27.  Further, the Apple S1 System in Package utilized in at least the first-generation
Apple Watch utilizes the P9022 wireless charging chip, along with subsequent versions of the
Apple Watch utilizing updated Packages, including Apple S3, Apple S4, Apple S5, Apple S6,
Apple S7, Apple S8, Apple S9, and Apple S10, and other similarly structured Packages. And, all
versions of the Apple Watch, including the first-generation Apple Watch and the Apple Watch
Series 1 through Series 10 (collectively, “the Apple Watch Devices”), utilize similar wireless

charging.
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28.  Additionally, Apple’s product line of AirPods, including at least the Apple AirPods
first-generation, AirPods second-generation, AirPods third-generation, AirPods Pro 2, AirPods 3,
and AirPods 4 (the “Apple AirPods Devices”) and other similarly structured AirPods products,
include similar wireless charging capabilities, for example, by utilizing a wireless charging case.

29. Based on at least their inclusion of the above-certified wireless charging chips and
compliance with the Qi Standard, the iPhone Devices infringe at least claim 7 of the 568 Patent.

30.  Based on at least their inclusion of the above-certified wireless charging chips and
wireless charging capabilities, the Apple Watch Devices infringe at least claim 7 of the *568 Patent.

31.  Based on at least their inclusion of the above-certified wireless charging chips and
wireless charging capabilities, the Apple AirPods Devices infringe at least claim 7 of the ’568
Patent.

32.  The iPhone Devices, the Apple Watch Devices, and the Apple AirPods Devices
(collectively, the “Accused Products”) independently infringe one or more claims of the *568
Patent.

33.  On or about March 2019, LS Cable sent Apple a letter notifying Apple that Apple’s
products with wireless charging capabilities infringed LS Cable’s intellectual property, citing
specific LS Cable patents (including the *568 Patent) in the United States for Apple’s review and
investigation.

34. LS Cable continued to communicate directly with Apple about LS Cable’s concerns
surrounding the potential infringing activity, including Apple’s manufacture, use, marketing, and
sale of the Accused Products repeatedly since the initial March 2019 letter. LS Cable provided
Apple a claim chart outlining Apple’s infringement in early 2020. Exhibit 3.

35.  Apple engaged with LS Cable by responding to LS Cable’s letters, yet did not
articulate any basis for its infringement or any explanation as to why it did not infringe the *568
Patent.

36.  Apple has continued to sell the Accused Products in this district and in this country
from 2019 through today, and continues to sell the Accused Products today.

37.  Apple does not have a license to the *568 Patent.
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38.  Apple has not sought a license to the 568 Patent.
39, LS Cable has, therefore, been forced to file this suit to seek this Court’s protection
of its valuable intellectual property rights.

COUNT I: APPLE’S INFRINGEMENT OF THE ’568 PATENT

40. LS Cable realleges and incorporates by reference each of its allegations in
paragraphs 1-39 of this Complaint.

41.  Asshown in the attached non-limiting claim chart (Exhibit 4), by making, using (at
least by testing), selling, offering for sale, or importing the Accused Products in this Judicial District
and throughout the United States without license or authorization, Apple is now and has been
directly infringing at least claim 7 of the ’568 Patent, either literally or under the doctrine of
equivalents, as proscribed by 35 U.S.C. § 271, et seq.

42.  Exhibit 4 is intended solely to satisfy the notice requirements of Federal Rule of
Civil Procedure 8(a)(2), and does not represent LS Cable’s preliminary or final infringement
contentions or preliminary or final claim construction positions. LS Cable reserves the right to
modify its infringement theories reflected in Exhibit 4 as discovery progresses in this case,
including through contentions disclosures and claim construction in accordance with the Patent
Local Rules in this District.

43.  As adirect and proximate result of Apple’s direct infringement of the *568 Patent,
LS Cable has been and continues to be damaged. Apple’s infringing activities will continue unless
enjoined by this Court or until the patent expires, whichever is sooner.

44, Since at least September 28, 2023, Apple has known that the Accused Products
directly infringe one or more claims of the 568 Patent.

45.  Apple has additionally indirectly infringed and continues to indirectly infringe at
least claim 7 of the *568 Patent by actively inducing its customers and users of the Accused Products
or functionally equivalent products by, among other things, providing the Accused Products to
users along with instructions on how to use the Accused Products in a manner that Apple knew

would directly infringe each element of at least claim 7 of the 568 Patent.

46. Apple has engaged and will continue to engage in such inducement, having actual
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knowledge of the *568 Patent since at least March 2019. Furthermore, Apple knew or should have
known that its actions would and will continue to induce direct infringement by the users of the
Accused Products or functionally equivalent products, and have intended and will continue to
intend that its actions would induce direct infringement by such users.

47.  Asadirect and proximate result of Apple’s indirect infringement by inducement of
the *568 Patent, LS Cable has been and continues to be damaged. Apple’s infringing activities will
continue unless enjoined by this Court or until the patent expires, whichever is sooner.

48. By engaging in the conduct described herein, Apple has injured LS Cable and is thus
liable for infringement of the *568 Patent, pursuant to 35 U.S.C. § 271.

49. Apple has committed these acts of infringement without license or authorization.

50.  Aspreviously described, Apple’s infringement has been done with full, express, and
actual knowledge of the 568 Patent since at least September 28, 2023, and Apple’s infringement
is therefore deliberate, willful, and wanton.

51.  Asaresult of Apple’s willful infringement of the *568 Patent, LS Cable has suffered
monetary damages and is entitled to a monetary judgment in an amount at least adequate to
compensate for Apple’s infringement.

52. LS Cable will continue to suffer damages in the future unless this Court enjoins
Apple’s infringing activities or the patent expires, whichever is sooner. As such, LS Cable is
entitled to compensation for any continuing and/or future infringement up until the date that Apple
is finally and permanently enjoined from further infringement or the patent expires, whichever is
sooner.

PRAYER FOR RELIEF

WHEREFORE, LS Cable prays for the following relief:

A. Apple be adjudged to have infringed the *568 Patent directly and by way of induced
infringement, either literally or under the doctrine of equivalents;

B. That Apple, and each of their officers, directors, agents, servants, employees, attorneys,

affiliates, divisions, branches, parents, and those persons in active concert or participation
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with any of them, be preliminarily and permanently restrained and enjoined from directly
or indirectly infringing the *568 Patent;

An award of damages pursuant to 35 U.S.C. § 284 sufficient to compensate LS Cable for
Apple’s past infringement and any continuing or future infringement up until the date that
Apple is finally and permanently enjoined from further infringement or the patent expire,
whichever is sooner, including compensatory damages;

An assessment of pre-judgment and post-judgment interest and costs against Apple,
together with an award of such interest and costs, in accordance with 35 U.S.C. § 284;
That Apple be directed to pay enhanced damages under 35 U.S.C. § 284 and LS Cable’s
attorneys’ fees incurred in connection with this lawsuit pursuant to 35 U.S.C. § 285; and
Such other and further relief as this Court may deem just and proper.

JURY DEMAND

Pursuant to Federal Rule of Civil Procedure 38(b), LS Cable hereby demands a trial by jury

on all issues triable of right by a jury.
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1
CONTACT-LESS CHARGEABLE BATTERY
AND CHARGING DEVICE, BATTERY
CHARGING SET, AND CHARGING
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C.371 based on and claiming the benefit of International
Application Serial No. PCT/KR2006/001713 filed on May 8,
2006 and the benefit of priority from Korean Application No.
10-2005-69871 filed on Jul. 29, 2005 and Korean Application
No. 10-2006-38960 filed on Apr. 28, 2006, the entire contents
of each of which are incorporated herein by reference.

TECHNICAL FIELD

The present invention relates to a contact-less chargeable
battery and a charging device using electromagnetic induc-
tion phenomenon, and its charging control method, and more
particularly to a contact-less chargeable battery capable of
solving an overvoltage state by means of a wireless feedback
control though an overvoltage is applied to both ends of a
circuit part that supplies a constant voltage or a constant
current when charging a battery, a contact-less charging
device for charging the battery, a battery charging set includ-
ing them, and a charging control method thereof.

BACKGROUND ART

A personal portable device such as a cellular phone and a
notebook is supplied with power through a chargeable bat-
tery. If a voltage of the battery is lowered than a pre-deter-
mined level, a user of the personal portable device charges the
battery using a charging device and then uses the portable
device again.

A battery of a general personal portable device has a con-
tact terminal exposed out so that it may be electrically con-
nected to a charging terminal prepared to a charging device.
When charging the battery, the charging terminal of the
charging device and the contact terminal of the battery are
connected with each other and keep their electrically con-
nected state.

However, since the charging terminal and the contact ter-
minal are exposed out for their connection, they are easily
contaminated by impurities and also easily worn away due to
frictions between both terminals when the charging terminal
and the contact terminal are connected. In addition, the charg-
ing terminal and the contact terminal easily corrode due to
moisture in the art, so a contact between the charging terminal
and the contact terminal becomes inferior. Also, if moisture is
penetrated into the battery through a fine gap of the contact
terminal while using the battery, the battery may be com-
pletely discharged due to a short circuit of its internal circuit,
which may cause a fatal problem.

In order to solve these problems, a contact-less charging
technique capable of charging a battery of a personal portable
device while the battery is coupled with a charger in a wireless
method by means of electronic induction phenomenon is
recently proposed. The contact-less charging technique is
currently widely utilized for daily goods such as electric
toothbrushes and electric shavers.

FIG. 1 is a schematic view showing a battery and a charger
adopting the conventional contact-less charging method.

Referring to FIG. 1, the charger 10 includes a high fre-
quency power driving means 30 for receiving power from a
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common AC power source 20 to output a high frequency AC
current, and a primary coil 40 supplied with the high fre-
quency AC current from the high frequency power driving
means 30 to form a magnetic field M.

Inaddition, the battery 50 includes a battery cell 60 charged
with electric energy, a secondary coil 70 to which a high
frequency AC current is induced according to the linkage of
the magnetic field M generated in the primary coil 40, a
rectifier 80 for converting the high frequency AC current
induced in the secondary coil 70 into a DC current, and a
constant voltage/constant current supplier 90 for applying the
AC current rectified in the rectifier 80 to the battery cell 60.

Here, the constant voltage/constant current supplier 90 is a
well-known circuit element widely used in a battery charging
device. The constant voltage/constant current supplier 90
plays a role of supplying current to the battery cell 60 con-
stantly at an initial charging stage, and then decreasing supply
of current but keeping voltage constantly if a charging voltage
of the battery cell 60 slowly increases and then exceeds a
certain criterion level.

According to the charger 10 and the battery 50 adopting the
contact-less charging method of the prior art, an intensity of
the high frequency AC current induced to the secondary coil
70 is proportional to an intensity of the magnetic flux linked
to the secondary coil 70. In addition, the intensity of the
magnetic flux linked to the secondary coil 70 is changed
according to a relative position with the primary coil 40. That
is to say, as the secondary coil 70 is positioned closer to the
primary coil 40 of the charger 10, an intensity of the magnetic
flux linked to the secondary coil 70 is increased, and as a
result an intensity of the high frequency AC current induced
by the secondary coil 70 is also increased.

Meanwhile, standards of the constant current/constant
voltage supplier 90, which is an essential element of a charg-
ing circuit module provided to the contact-less chargeable
battery 50, are defined according to an intensity of the high
frequency AC current induced by the secondary coil 70. How-
ever, the intensity of the AC current induced by the secondary
coil 70 is changed according to a relative position between the
primary coil 40 and the secondary coil 70 as mentioned
above.

Thus, if standards of the constant current/constant voltage
supplier 90 are defined using a small high frequency AC
current, in case the battery 50 is positioned at a position where
a large high frequency AC current is induced, overvoltage
exceeding the standards may be applied to both ends of the
constant current/constant voltage supplier 90 while charging
the battery 10, thereby possibly causing a damage on parts.

Considering the above, the charger 10 and the battery 50
adopting the contact-less charging method of the prior art
generally employs a structure capable of relatively fixing
positions between them at a position where the standards of
the constant current/constant voltage supplier 90 are defined.

FIG. 2 is a perspective view showing a coupling state of an
electric toothbrush 100 adopting the conventional contact-
less charging method.

Referring to FIG. 2, the electric toothbrush 100 includes a
toothbrush body 110 having a battery 115 mounted to its
lower end, and a charger 120 for charging the battery 115 ina
contact-less method. A main groove 130 and an auxiliary
groove 140 are prepared at a lower end of the toothbrush body
110, and a main protrusion 150 and an auxiliary protrusion
160 are respectively prepared to an upper portion of the
charger 120 with shapes to be matched with the main groove
130 and the auxiliary groove 140.

The toothbrush body 110 and the charger 120 are closely
fixed with each other by means of matching of the grooves



Case 4:24-cv-09194

Document 1-1

Filed 12/18/24 Page 10 of 22

US 8,013,568 B2

3

130, 140 and the protrusions 150, 160, and as a result relative
positions of the charger 120 and the battery 150 provided to
the toothbrush body 110 are also closely fixed.

Standards of a constant voltage/constant current supplier
170 provided to the battery 115 are defined with the assump-
tion that the toothbrush body 110 and the charger 120 are
closely coupled. Thus, an overvoltage exceeding the stan-
dards is not applied to both ends of the constant voltage/
constant current supplier 170, and as a result it may be pre-
vented that the constant voltage/constant current supplier 170
is damaged due to an unexpected overvoltage.

However, relative positions of the battery 115 and the
charger 120 are strictly restricted as mentioned above, any
inconvenience may be caused to a user. That is to say, when-
ever charging the battery 115 provided to the toothbrush body
110, the user should repeatedly struggle for fixing the tooth-
brush body 110 at a fixed position based on the charger 120.
Thus, in order to maximize the convenience of the user, a new
technical alternative capable of overcoming the restriction of
relative positions of the battery 115 and the charger 120 is
needed.

DISCLOSURE OF INVENTION
Technical Problem

The present invention is designed in consideration of the
above problems, and therefore it is an object of the invention
to provide contact-less chargeable battery and charging
device capable of preventing any damage of an internal bat-
tery circuit together with solving a restriction for relative
positions between the chargeable battery and the charging
device when charging the battery in a contact-less charging
method, and a battery charging set including them.

Another object of the present invention is to provide a
battery charging control method capable of preventing any
damage of an internal battery circuit together with solving a
restriction for relative positions between the battery and the
charger that employ a contact-less charging method.

Technical Solution

In order to accomplish the above object, the present inven-
tion provides a contact-less chargeable battery including a
charging circuit module for receiving a charging power from
an external contact-less charging device by means of electro-
magnetic induction phenomenon and then charging an elec-
tric energy to a battery cell.

Specifically, the charging circuit module includes a high
frequency AC current inducing unit to which a high frequency
AC current is induced by means of a magnetic field generated
from an external contact-less charging device; a rectifier for
receiving the induced high frequency AC current and convert-
ing the induced high frequency AC current into a DC current;
a constant voltage/constant current supplier for receiving the
DC current from the rectifier and supplying a charging power
to the battery cell in a constant voltage/constant current mode;
and an overvoltage monitoring unit for monitoring voltages at
both ends of the constant voltage/constant current supplier
and transmitting a monitoring result to the external contact-
less charging device by means of wireless communication so
as to induce a change of intensity of the magnetic field.

In order to accomplish the above object, the present inven-
tion provides a contact-less charging device that transmits a
charging power to a contact-less chargeable battery by means
of electromagnetic induction phenomenon. For this purpose,
the charging device includes a magnetic field generating unit
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for receiving an AC current and forming a magnetic field in an
outer space; a high frequency power driving unit for applying
a high frequency AC current to the magnetic field generating
unit; and a charging power adjusting unit for receiving the
monitoring result from the contact-less chargeable battery by
means of wireless communication and controlling the high
frequency power driving unit to adjust a power of the high
frequency AC current applied to the magnetic field generating
unit so that a charging power transmitted to the battery is
adjusted.

Preferably, the high frequency power driving unit intermit-
tently applies a high frequency AC current to the magnetic
field generating unit. In addition, the overvoltage monitoring
unit of the battery wirelessly transmits the monitoring result
to the charging power adjustment unit while a magnetic field
is not generated through the magnetic field generating unit.

Preferably, the monitoring result is a charging power
adjustment request signal, a difference of voltages at both
ends of the constant voltage/constant current supplier, voltage
values at both ends, or a code indicating that the voltages at
both ends are in an overvoltage state.

Preferably, the high frequency AC current inducing unit is
a coil to which a magnetic flux of a magnetic field generated
from the external contact-less charging device is linked, and
the magnetic field generating unit is a coil to both ends of
which a high frequency AC current is applied.

Preferably, the overvoltage monitoring unit includes a
wireless transmitting unit for wirelessly propagating the
monitoring result through an antenna; first and second volt-
age detectors for respectively detecting voltages at front and
rear ends of the constant voltage/constant current supplier; a
voltage comparator for comparing first and second voltages
detected by the first and second voltage detectors and outputs
a voltage comparison result; and a microprocessor for out-
putting a monitoring result according to the voltage compari-
son result to the wireless transmitting unit.

Preferably, the overvoltage monitoring unit further
includes a charging pause detection unit for receiving the high
frequency AC current output from the high frequency AC
current inducing unit to detect a time point when the induction
of high frequency AC current ends, and then outputting the
end time point to the micro-processor. In this case, the micro-
processor outputs the monitoring result to the wireless trans-
mitting unit after the end time point is input.

Preferably, the charging power adjusting unit includes a
wireless receiving unit for wirelessly receiving the monitor-
ing result through an antenna; and a microprocessor for
receiving the monitoring result from the wireless receiving
unit and controlling the high frequency power driving unit to
adjust a power of the high frequency AC current applied to the
magnetic field generating unit.

Preferably, the chargeable battery further includes a con-
stant voltage supplier for converting a common AC current,
converting the common AC current into a DC current, and
then supplying a constant-voltage current to the high fre-
quency power driving unit, and the high frequency power
driving unit includes a pulse signal generator for receiving a
pulse driving signal from the microprocessor and outputting a
pulse signal; and a power driving part for receiving the pulse
signal to rapidly switch the constant-voltage current input
from the constant voltage supplier, thereby generating a high
frequency AC current in a pulse pattern.

Preferably, the charging power adjusting unit adjusts a
charging power by modulating a width of a pulse current, a
frequency of the pulse current, an amplitude of a pulse, or the
number of pulses.
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Preferably, the constant voltage supplier includes an over-
voltage filter for receiving a common AC current and inter-
cepting an overvoltage current; a rectifier for rectifying the
AC current passing through the filter to convert the AC current
into a DC current; and a constant voltage supplying part for
receiving the converted DC current and outputs a constant
voltage current.

In another aspect of the present invention, there is also
provided a method for controlling charging of a contact-less
chargeable battery using a contact-less charging device by
means of electromagnetic induction phenomenon, which
includes the steps of: intermittently applying a high fre-
quency AC current to a primary coil provided to the charging
device so as to intermittently generate a magnetic field in an
outer region; linking a magnetic flux of the generated mag-
netic filed to a secondary coil provided to the battery so as to
intermittently output an electromagnetically-induced high
frequency AC current; rectifying the output high frequency
AC current to be converted into a DC current; applying the
DC current to a battery cell through a constant voltage/con-
stant current element so as to charge the battery cell in a
constant voltage/constant current mode; monitoring voltages
at both ends of the constant voltage/constant current element
and transmitting a monitoring result to the charging device by
means of wire less communication while a high frequency AC
current is not induced in the secondary coil; and adjusting a
power of the high frequency AC current applied to the pri-
mary coil according to the transmitted monitoring result.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of pre-
ferred embodiments of the present invention will be more
fully described in the following detailed description, taken
accompanying drawings. In the drawings:

FIG. 1 is a schematic block diagram showing a charging
device and a battery adopting a conventional contact-less
charging method;

FIG. 2 is a perspective view showing a coupling state of an
electric toothbrush adopting the conventional contact-less
charging method;

FIG. 3 is a schematic block diagram showing contact-less
chargeable battery and charging device according to a pre-
ferred embodiment of the present invention;

FIG. 4 is a detailed block diagram showing the contact-less
charging device of FIG. 3;

FIG. 5 is a detailed block diagram showing the contact-less
battery of FIG. 3;

FIG. 6 is a graph showing that a charging power is inter-
mittently output from a secondary coil of the contact-less
chargeable battery; and

FIG. 7 shows a use state of the contact-less chargeable
battery and charging device according to the present inven-
tion.

BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings. Prior to the description, it should be under-
stood that the terms used in the specification and the appended
claims should not be construed as limited to general and
dictionary meanings, but interpreted based on the meanings
and concepts corresponding to technical aspects of the
present invention on the basis of the principle that the inventor
is allowed to define terms appropriately for the best explana-
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tion. Therefore, the description proposed herein is just a pref-
erable example for the purpose of illustrations only, not
intended to limit the scope of the invention, so it should be
understood that other equivalents and modifications could be
made thereto without departing from the spirit and scope of
the invention.

FIG. 3 is a schematic block diagram showing a contact-less
charging device C and a contact-less chargeable battery B
according to a preferred embodiment of the present invention.

Referring to FIG. 3, the contact-less charging device C of
this embodiment includes a primary coil 200, a high fre-
quency power driving unit 210, a primary antenna 220, a
wireless receiving unit 230, a microprocessor 240, and a
power supply 260.

The high frequency power driving unit 210 applies a high
frequency AC current of several tens KHz to the primary coil
200 by means of rapid switching operation to generate a
magnetic field. For example, the high frequency power driv-
ing unit 210 applies a high frequency AC current 0of 80 KHz to
the primary coil 200. If a magnetic field is generated to the
primary coil 200 by the high frequency AC current, a charging
power is transferred to the chargeable battery B in a contact-
less method by means of electromagnetic induction phenom-
enon.

Preferably, the high frequency power driving unit 210
employs a known SMPS (Switching Mode Power Supply),
but not limitedly.

The wireless receiving unit 230 receives an adjustment
request signal of charging power transmitted from the charge-
able battery B through the antenna 220, and then inputs the
signal to the microprocessor 240.

The adjustment request signal is transmitted when an
excessive charging power is transferred to the battery to prob-
ably cause a damage on circuit parts that supply constant
voltage/constant current. The adjustment request signal is
modulated and transmitted from the chargeable battery B, and
thus the wireless receiving unit 230 demodulates the adjust-
ment request signal and than inputs it to the microprocessor
240.

Preferably, a carrier in a frequency band of 10to 15 MHz is
used for wireless transmission of the adjustment request sig-
nal. In addition, the wireless receiving unit 230 is configured
using a photo coupler. However, the present invention is not
limited to such frequency band of the carrier and such ele-
ments for configuring the wireless receiving unit 230.

When the adjustment request signal is wirelessly transmit-
ted from the chargeable battery B, it is preferred that a high
frequency AC current is not applied to the primary coil 200. If
an adjustment request signal is wirelessly transmitted while a
magnetic field is generated in the primary coil 200 due to the
application of a high frequency AC current in several tens
KHz band, the adjustment request signal may be screened due
to the magnetic field and thus the adjustment request signal
may not be properly received through the wireless receiving
unit 230.

Thus, the high frequency power driving unit 210 periodi-
cally has suspension times, not applying the high frequency
AC current continuously to the primary coil 200. For
example, the high frequency power driving unit 210 does not
apply a high frequency AC current to the primary coil 200 for
50 ms whenever 3 seconds passes while transmitting a charg-
ing power to the chargeable battery B. In this case, the adjust-
ment request signal is wirelessly transmitted within 30 ms
when a high frequency AC current is not applied to the pri-
mary coil 200.

The microprocessor 240 controls the whole operation of
the charging device C, and particularly it controls the high
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frequency power driving unit 210 to adjust a power of the high
frequency AC current applied to the primary coil 200 if an
adjustment request signal of the charging power is received
from the wireless receiving unit 230.

Preferably, the microprocessor 240 controls the high fre-
quency power driving unit 210 for high frequency pulse width
modulation, pulse frequency modulation, pulse number
modulation, or pulse amplitude modulation so as to adjust the
power of the high frequency AC current. Then, a level of the
charging power transmitted to the chargeable battery B is
adjusted to prevent any damage of circuits in the chargeable
battery B.

The power supply 260 receives a common AC current 250,
then converts it into a DC current, and then supplies an oper-
ating power to the high frequency power driving unit 210 and
the microprocessor 240.

The contact-less chargeable battery B of this embodiment
includes a charging circuit module composed of a secondary
coil 270, a rectifier 280, a constant voltage/constant current
supplier 290, a microprocessor 310, a wireless transmitting
unit 320 and an antenna 330, and a battery cell 300 that is
charged by the charging circuit module.

The secondary coil 270 generates a high frequency AC
current by means of electromagnetic induction phenomenon
while a high frequency AC current is applied to the primary
coil 200 provided to the charging device C. At this time, the
high frequency AC current induced to the secondary coil 270
has an intensity proportional to a magnetic flux linked to the
secondary coil 270.

The rectifier 280 smoothes the high frequency AC current
induced to the secondary coil 270 to convert it into a DC
current.

The constant voltage/constant current supplier 290 applies
the rectified DC current to the battery cell 300 according to
the control of the microprocessor 310 so as to charge the
battery cell 300. At this time, the constant voltage/constant
current supplier 290 charges the battery cell 300 in a constant
current mode at an initial charging stage, but, if a charging
voltage exceeds a predetermined criterion, the constant volt-
age/constant current supplier 290 charges the battery cell 300
in a constant voltage mode, which keeps a charging voltage
constantly instead of decreasing a current.

The microprocessor 310 controls the constant voltage/con-
stant current supplier 290 to charge the battery cell 300,
monitors whether an excessive voltage is applied to both ends
of the constant voltage/constant current supplier 290, and
outputs an adjustment request signal of the charging power to
the wireless transmitting unit 320 if an excessive voltage is
applied.

Preferably, the operation of monitoring voltages at both
ends of the constant voltage/constant current supplier 290 is
conducted in a way of measuring a front end voltage V,,, and
arear end voltage V , of the constant voltage/constant current
supplier 290 and then checks whether a difference between
them exceeds a criterion value.

The wireless transmitting unit 320 receives the adjustment
request signal of the charging power output from the micro-
processor 310, and then modulates the adjustment request
signal and wirelessly transmits it to the antenna 220 of the
wireless receiving unit 230 provided to the charging device C
through the antenna 330. At this time, a carrier of 10 to 15
MHz is used, and the wireless transmitting unit 320 is realized
using a photo coupler, like the wireless receiving unit 230.

If the adjustment request signal is transmitted to the charg-
ing device C, a power ofthe high frequency AC current output
through the high frequency power driving unit 210 is reduced
according to the control of the microprocessor 240. As a
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result, a power of the high frequency AC current induced to
the secondary coil 270 by means of electronic induction phe-
nomenon is decreased. Accordingly, a voltage applied to both
ends of the constant voltage/constant current supplier 290 is
also decreased. Preferably, the feedback control for the power
of the high frequency AC current applied to the primary coil
200 is continued until an overcurrent is not applied to both
ends of the constant voltage/constant current supplier 290.

FIG. 4 is a block diagram showing the contact-less charg-
ing device C according to the embodiment of the present
invention in more detail.

Referring to FIG. 4, the power supply 260 includes an
overvoltage filter 260a for intercepting an overvoltage
applied from the common AC power source 250, a rectifier
2605 for converting an AC current passing through the over-
voltage filter 260a into a DC current, and a constant voltage
supplier 260c for receiving the rectified DC current and sup-
plying a constant voltage DC current to the microprocessor
240 and the high frequency power driving unit 210.

Thehigh frequency power driving unit 210 includes a pulse
signal generator 210a for receiving a pulse driving signal
from the microprocessor 240 to generate a pulse signal, and a
power driving part 2105 for rapidly switching a constant
voltage DC current input from the constant voltage supplier
260c¢ using the pulse signal output from the pulse signal
generator 210a to generate a high frequency AC current and
then applying the high frequency AC current to the primary
coil 200.

FIG. 5 is a block diagram showing the contact-less charge-
able battery B according to the embodiment of the present
invention in more detail.

Referring to FIG. 5, the contact-less chargeable battery B
of this embodiment further includes a first voltage detector
350 and a second voltage detector 360 respectively provided
to front and rear ends of the constant voltage/constant current
supplier 290 to monitor whether an overvoltage is applied to
both ends of the constant voltage/constant current supplier
290, and a voltage comparator 380 for inputting a comparison
result of a first voltage V,,, and a second voltage V, respec-
tively measured by the first and second voltage detectors 350,
360 to the microprocessor 310.

The voltage comparison result is a difference value of the
first and second voltages, or a state of voltages at both ends,
which indicates whether an overvoltage is applied. In the later
case, the voltage comparator 380 compares a reference volt-
age difference for an overvoltage state with a difference
between the first and second voltages.

Meanwhile, if it is determined that an overvoltage is
applied after monitoring voltages at both ends of the constant
voltage/constant current supplier 290, the microprocessor
310 uses the wireless transmitting unit 320 to transfer an
adjustment request signal of the charging power to the charg-
ing device C in wireless.

However, if the adjustment request signal is wirelessly
propagated while a charging power is transmitted from the
primary coil 200 of the charging device C to the secondary
coil 270 of the battery B, the adjustment request signal is
screened by the magnetic field generated from the primary
coil 200.

Thus, in order to solve the above problem, when a charging
power is transmitted from the charging device C to the battery
B, the transmission of charging power is temporarily inter-
rupted in a regular cycle.

That is to say, as shown in FIG. 6, a charging region At in
which a high frequency AC current is induced to the second-
ary coil 270 by means of electromagnetic induction phenom-
enon to charge electricity, and a pause region Atz in which



Case 4:24-cv-09194

Document 1-1

Filed 12/18/24 Page 13 of 22

US 8,013,568 B2

9

application of high frequency AC current to the primary coil
200 is intentionally intercepted to pause charging are periodi-
cally repeated. In addition, while the induction of high fre-
quency AC current in the secondary coil 270 is interrupted to
pause charging, an adjustment request signal of charging
power is transmitted to the charging device C.

For this purpose, the battery B of this embodiment includes
a charging pause detection unit 390 for receiving the high
frequency AC current induced in the secondary coil 270 and
detecting a time pointt, (see FIG. 6) when the charging region
ends.

The charging pause detection unit 390 detects the end time
point t; (see FIG. 6) of the charging region and then inputs it
to the microprocessor 310. Then, the microprocessor 310
wirelessly transmits an adjustment request signal for adjust-
ing the charging power to the charging device C through the
wireless transmitting unit 320 while the charging power is not
transferred. Thus, it is possible to prevent the adjustment
request signal of the charging power is screened due to the
magnetic field generated by the primary coil 200.

If the adjustment request signal of the charging power is
wirelessly transmitted to the charging device C, the power of
high frequency AC current applied to the primary coil 200 is
controlled by means of the feedback control mentioned
above, so voltages at both ends of the constant voltage/con-
stant current supplier 290 may be controlled to a suitable
level.

The contact-less charging device and chargeable battery
according to the present invention as described above reduce
a charging power in real time by means of the feedback
control though an overvoltage is applied to both ends of the
constant voltage/constant current supplier 290, thereby
capable of instantly solving the overvoltage state.

Thus, the contact-less charging device and chargeable bat-
tery of the present invention need not be fixed to a certain
relative position as in the prior art so as to constantly keep an
intensity of magnetic flux linked to the secondary coil 270. In
addition, since the charging device C is designed in a pad
shape as shown in FIG. 7, a user may conveniently charge a
battery just by placing a subject such as a cellular phone
coupled with a battery B onto a predetermined position of the
pad, thereby allowing to make a convenient charger and bat-
tery set.

Hereinafter, a contact-less charging control method
according to the present invention will be described in detail
with reference to FIGS. 4 and 5.

First, in case of a non-charging mode, the high frequency
power driving unit 210 of the charging device C applies a high
frequency AC current to the primary coil 200 at regular time
intervals according to the control of the microprocessor 240.
For example, a high frequency AC current of 80 KHz is
applied for 50 ms at 1 second intervals. Then, the primary coil
200 forms a magnetic field around it whenever a high fre-
quency AC current is applied thereto.

A user places the battery B on the charging device C for the
purpose of charging the battery B. After the battery B is
positioned, if a high frequency AC current is applied to the
primary coil 200 of the charging device C for a predetermined
time, amagnetic field is generated to the primary coil 200, and
as a result a magnetic flux is linked to the secondary coil 270
of the battery B. Accordingly, a high frequency AC current is
induced to the secondary coil 270 for a predetermined time,
and then the induction of high frequency AC current is tem-
porarily intercepted due to disappearance of the magnetic if
the high frequency AC current is not applied to the primary
coil 200.
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Meanwhile, the charging pause detection unit 390 detects a
time point when the induction of high frequency AC current is
temporarily intercepted, and then inputs it to the micropro-
cessor 310. In response to that, the microprocessor 310 out-
puts a response signal to the wireless transmitting unit 320.
Here, the response signal is a signal used for informing the
microprocessor 240 of the charging device C that the second-
ary coil 270 provided to the battery B is coupled with the
magnetic field generated by the primary coil 200 of the charg-
ing device C. If the response signal is output to the wireless
transmitting unit 320, the wireless transmitting unit 320
modulates the response signal and then wirelessly transmits it
to the charging device C through the antenna 330.

Ifthe response signal is wirelessly transmitted, the wireless
receiving unit 230 of the charging device C demodulates the
response signal and then inputs it to the microprocessor 240.
Then, the microprocessor 240 starts transferring a charging
power to the battery B. That is to say, the microprocessor 240
controls the high frequency power driving unit 210 to repeat
operations of applying a high frequency AC current to the
primary coil 200 at predetermined time intervals and pausing
application of the high frequency AC current for a predeter-
mined time. For example, a high frequency AC current of 80
KHz is applied for 3 seconds and then this application is
paused for 50 ms.

While the high frequency AC current is applied to the
primary coil 200, a high frequency AC current is induced to
the secondary coil 270 of the battery due to the electromag-
netic induction phenomenon. The time during which high
frequency AC current keeps induced as mentioned above is
substantially identical to the dime during which the high
frequency AC current keeps applied to the primary coil 200.

The high frequency AC current induced to the secondary
coil 270 is converted into a DC current by the rectifier 280,
and then applied to the battery cell 300 via the constant
voltage/constant current supplier 290. Then, as the battery
cell 300 is gradually charged, voltages at both ends of the
battery cell 300 are raised till a full-charging state.

The microprocessor 310 controls the constant voltage/con-
stant current supplier 290 to charge the battery cell 300 in a
constant current mode until a charging voltage of the battery
cell is increased to a certain level and also charge the battery
cell 300 in a constant voltage mode if a voltage of the battery
cell 300 is increased over a predetermined level.

Meanwhile, if the high frequency AC current applied to the
primary coil 200 is paused, the induction of high frequency
AC current in the secondary coil 270 is also temporarily
intercepted, and this the charging process is temporarily
stopped. Then, the charging pause detection unit 390 detects
atime point when the induction of high frequency AC current
is intercepted, and then inputs it to the microprocessor 310.
This process is repeated whenever it comes to time points
when the induction of high frequency AC current is tempo-
rarily intercepted.

Separately from the charging process of the battery cell 300
as mentioned above, the microprocessor 310 monitors
whether an overvoltage is applied to both ends of the constant
voltage/constant current supplier 290.

For this purpose, the voltage comparator 380 periodically
receives voltages measured by the first and second voltage
detectors 350, 360 respectively provided to the front and rear
ends of the constant voltage/constant current supplier 290 to
compare the voltages with each other, and then inputs a volt-
age comparison result to the microprocessor 310. Here, the
voltage comparison result is a voltage state signal indicating
a difference value of both measured voltages or indicating
whether or not in an overvoltage state.
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The microprocessor 310 receives the voltage comparison
result from the voltage comparator 380 and then determines
whether an overvoltage is applied to both ends of the constant
voltage/constant current supplier 290.

As aresult, if it is determined that an overvoltage is applied
to both ends of the constant voltage/constant current supplier
290, the microprocessor 310 refers to the time point when the
induction of high frequency AC current is temporarily inter-
cepted, which is input by the charging pause detection unit
390, so as to determine whether or not a pause period at which
a high frequency AC current is not currently applied to the
primary coil.

As aresult, if it is determined as a pause period, the micro-
processor 310 outputs an adjustment request signal of charg-
ing power to the wireless transmitting unit 320. Then, the
wireless transmitting unit 320 modulates the adjustment
request signal of charging power and then wirelessly trans-
mits it to the charging device C through the antenna 330.

Inresponse to that, the wireless receiving unit 230 provided
to the charging device C receives and demodulates the adjust-
ment request signal of the charging power through the
antenna 220, and then inputs it to the microprocessor 240.
Then, the microprocessor 240 controls the high frequency
power driving unit 210 to lower the power of the high fre-
quency AC current applied to the primary coil 200 as much as
a predetermined level.

Ifthe power of the high frequency AC current applied to the
primary coil 200 is decreased as mentioned above, the power
of high frequency AC current induced to the secondary coil
270 by means of the electromagnetic induction phenomenon
is also decreased.

Meanwhile, separately from the feedback control for the
power of high frequency AC current, the microprocessor 310
periodically repeats monitoring an overvoltage state at both
ends of the constant voltage/constant current supplier 290. As
a result, if it is determined that an overvoltage state at both
ends of the constant voltage/constant current supplier 290 is
not yet solved through the first feedback control, the micro-
processor 310 wirelessly transmits an adjustment request sig-
nal of charging power to the charging device C again so that
the power of high frequency AC current applied to the pri-
mary coil 200 is lowered as much as a predetermined level
once again. This process is continued until an overvoltage is
not applied to both ends of the constant voltage/constant
current supplier 290 through the feedback control.

A voltage difference at both ends of the constant voltage/
constant current supplier 290 is kept in a suitable level
through the above feedback control, so it is possible to pre-
vent the constant voltage/constant current supplier 290 from
being damaged due to an overvoltage while the battery B is
charged in a contact-less method.

In the above embodiment, in order to prevent an overvolt-
age from being applied to both ends of the constant voltage/
constant current supplier 290 of the contact-less chargeable
battery B, the microprocessor 310 of the battery B monitors
voltages measured at both ends of the constant voltage/con-
stant current supplier 290 to directly check whether or not in
an overvoltage state. In addition, if in an overvoltage state, the
microprocessor 310 of the battery B transmits a charging
power adjustment request signal to the microprocessor 240 of
the charging device C by means of wireless communication.
Then, the microprocessor 240 of the charging device C
adjusts a power of the high frequency AC current applied to
the primary coil 200 on the condition of receipt of the charg-
ing power adjustment request signal.

However, there may be another alternative. Specifically,
referring to FIGS. 4 and 5, the microprocessor 310 of the
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battery B periodically monitors voltages at both ends of the
constant voltage/constant current supplier 290 to obtain a
voltage state.

Here, the voltage state is voltages at both ends of the
constant voltage/constant current supplier 290, or a differ-
ence ofthe voltages. This voltage state may be input from the
voltage comparator 380, or obtained by operating measured
voltages V,,,, V,, input from the first and second voltage
detectors 340, 360.

The microprocessor 340 of the battery B refers to a time
point when the charging pause detection unit 390 inputs a
signal whenever a voltage state is obtained, and then transmits
a voltage state of both ends of the constant voltage/constant
current supplier 290 to the microprocessor 240 of the charg-
ing device C by means of wireless communication while a
high frequency AC current is not induced to the secondary
coil 270.

Then, whenever receiving a voltage state, the microproces-
sor 240 of the charging device C checks whether the voltage
state is in an overvoltage state. This checking process is
realized in a way of examining whether a difference of volt-
ages at both ends of the constant voltage/constant current
supplier 290 exceeds a predetermined reference value.

As aresult, if the voltage state of both ends of the constant
voltage/constant current supplier 290 corresponds to an over-
voltage state, the high frequency power driving unit 210 is
controlled to adjust a power of high frequency AC current
applied to the primary coil 200, thereby adjusting a charging
current transmitted to the battery B.

If a required number of such charging current adjustment
processes are repeated, though an overvoltage is applied to
both ends of the constant voltage/constant current supplier
290, the overvoltage state may be solved within a short time,
thereby preventing the constant voltage/constant current sup-
plier 290 from being damaged.

The present invention has been described in detail. How-
ever, it should be understood that the detailed description and
specific examples, while indicating preferred embodiments
of the invention, are given by way of illustration only, since
various changes and modifications within the spirit and scope
of the invention will become apparent to those skilled in the
art from this detailed description.

INDUSTRIAL APPLICABILITY

According to the present invention, though an overvoltage
is applied to both ends of the constant voltage/constant cur-
rent supplier during the contact-less battery charging process,
a charging power is adjusted in real time by means of the
wireless feedback control, so it is possible to prevent the
constant voltage/constant current supplier from being dam-
aged due to the overvoltage applied to both ends thereof.

Accordingly, a limitation of relatively positions between a
charging device and a battery adopting the contact-less charg-
ing method, and as a result the convenience of a user may be
maximized.

The invention claimed is:

1. A contact-less chargeable battery including a charging
circuit for charging an electric energy to a battery cell, the
contact-less chargeable battery comprising:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by means of a magnetic
field generated from an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;
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a constant voltage/constant current supplier for receiving
the DC current from the rectifier and supplying a charg-
ing power to the battery cell in a constant voltage/con-
stant current mode; and

an overvoltage monitoring unit for monitoring voltages at
both ends of the constant voltage/constant current sup-
plier and transmitting a monitoring result to the external
contact-less charging device by means of wireless com-
munication so as to induce a change of intensity of the
magnetic field.

2. The contact-less chargeable battery according to claim 1,

wherein the high frequency AC current inducing unit is a
coil to which a magnetic flux of a magnetic field gener-
ated from the external contact-less charging device is
linked.

3. The contact-less chargeable battery according to claim 1,

wherein the overvoltage monitoring unit includes:

a wireless transmitting unit for wirelessly propagating the
monitoring result through an antenna;

first and second voltage detectors for respectively detecting
voltages at front and rear ends of the constant voltage/
constant current supplier;

a voltage comparator for comparing first and second volt-
ages detected by the first and second voltage detectors
and outputs a voltage comparison result; and

a microprocessor for outputting a monitoring result
according to the voltage comparison result to the wire-
less transmitting unit.

4. The contact-less chargeable battery according to claim 3,

wherein a magnetic field generated by the contact-less
charging device is generated intermittently,

wherein the overvoltage monitoring unit further includes a
charging pause detecting unit for receiving the high fre-
quency AC current output from the high frequency AC
current inducing unit to detect a time point when the
induction of high frequency AC current ends, and then
outputting the end time point to the microprocessor, and
wherein the monitoring result is transmitted to the exter-
nal contact-less charging device by means of wireless
communication while a high frequency AC current is not
induced after the end time point is input.

5. The contact-less chargeable battery according to claim 1,

wherein the monitoring result is a charging power adjust-
ment request signal.

6. The contact-less chargeable battery according to claim 1,

wherein the monitoring result is a difference of voltages at
both ends of the constant voltage/constant current sup-
plier, voltage values of both ends, or a code indicating
that the voltages at both ends are in an overvoltage state.

7. A contact-less charging circuit module electrically con-

nected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the con-
tact-less charging circuit module comprising:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by means of a magnetic
field generated from an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier for receiving
the DC current from the rectifier and supplying a charg-
ing power to the battery cell in a constant voltage/con-
stant current mode; and

an overvoltage monitoring unit for monitoring voltages at
both ends of the constant voltage/constant current sup-
plier and transmitting a monitoring result to the external

Page 25 of 56

5

10

20

25

30

40

45

50

55

60

65

14

contact-less charging device by means of wireless com-
munication so as to induce a change of intensity of the
magnetic field.

8. The contact-less charging circuit module according to
claim 7,

wherein the high frequency AC current inducing unit is a
coil to which a magnetic flux of a magnetic field gener-
ated from the external contact-less charging device is
linked.

9. The contact-less charging circuit module according to

claim 7, wherein the overvoltage monitoring unit includes:

a wireless transmitting unit for wirelessly propagating the
monitoring result through an antenna;

first and second voltage detectors for respectively detecting
voltages at front and rear ends of the constant voltage/
constant current supplier;

a voltage comparator for comparing first and second volt-
ages detected by the first and second voltage detectors
and outputs a voltage comparison result; and

a microprocessor for outputting a monitoring result
according to the voltage comparison result to the wire-
less transmitting unit.

10. The contact-less charging circuit module according to

claim 9,

wherein a magnetic field generated by the contact-less
charging device is generated intermittently,

wherein the overvoltage monitoring unit further includes a
charging pause detecting unit for receiving the high fre-
quency AC current output from the high frequency AC
current inducing unit to detect a time point when the
induction of high frequency AC current ends, and then
outputting the end time point to the microprocessor, and

wherein the monitoring result is transmitted to the external
contact-less charging device by means of wireless com-
munication while a high frequency AC current is not
induced after the end time point is input.

11. The contact-less charging circuit module according to
claim 1, wherein the monitoring result is a charging power
adjustment request signal.

12. The contact-less charging circuit module according to
claim 1, wherein the monitoring result is a difference of
voltages at front and rear ends of the constant voltage/con-
stant current supplier, voltage values of the front and rear
ends, or a code indicating that the voltages at both ends are in
an overvoltage state.

13. A contact-less charging device for transmitting a charg-
ing power by means of electromagnetic induction phenom-
enon to a contact-less chargeable battery that has a constant-
voltage/constant current supplier to be capable of being
charged in a constant voltage/constant current mode and
wirelessly transmits a monitoring result for voltages at both
ends of the constant voltage/constant current supplier, the
contact-less charging device comprising:

amagnetic field generating unit for receiving an AC current
and forming a magnetic field in an outer space;

a high frequency power driving unit for applying a high
frequency AC current to the magnetic field generating
unit; and

a charging power adjusting unit for receiving the monitor-
ing result from the contact-less chargeable battery by
means of wireless communication and controlling the
high frequency power driving unit to adjust a power of
the high frequency AC current applied to the magnetic
field generating unit so that a charging power transmit-
ted to the battery is adjusted.



Case 4:24-cv-09194

Document 1-1

Filed 12/18/24 Page 16 of 22

US 8,013,568 B2

15

14. The contact-less charging device according to claim 13,

wherein the magnetic field generating unit is a coil to both
sides of which a high frequency AC current is applied.

15. The contact-less charging device according to claim 13,
wherein the charging power adjusting unit includes:

awireless receiving unit for wirelessly receiving the moni-
toring result through an antenna; and

a microprocessor for receiving the monitoring result from
the wireless receiving unit and controlling the high fre-
quency power driving unit to adjust a power of the high
frequency AC current applied to the magnetic field gen-
erating unit.

16. The contact-less chargeable battery according to claim
15, further comprising a constant voltage supplier for con-
verting a common AC current, converting the common AC
current into a DC current, and then supplying a constant-
voltage current to the high frequency power driving unit,

wherein the high frequency power driving unit includes:

apulse signal generator for receiving a pulse driving signal
from the microprocessor and outputting a pulse signal;
and

a power driving part for receiving the pulse signal to rap-
idly switch the constant-voltage current input from the
constant voltage supplier, thereby generating a high fre-
quency AC current in a pulse pattern.

17. The contact-less charging device according to claim 16,

wherein the charging power adjusting unit adjusts a charg-
ing power by modulating a width of a pulse current, a
frequency of the pulse current, an amplitude of a pulse,
or the number of pulses.

18. The contact-less charging device according to claim 16,

wherein the constant voltage supplier includes:

an overvoltage filter for receiving a common AC current
and intercepting an overvoltage current;

arectifier for rectifying the AC current passing through the
filter to convert the AC current into a DC current; and

a constant voltage supplying part for receiving the con-
verted DC current and outputs a constant voltage cur-
rent.

19. The contact-less charging device according to claim 13,

wherein the high frequency power driving unit intermit-
tently applies a high frequency AC current to the mag-
netic field generating unit, and

wherein the charging power adjusting unit receives the
monitoring result while a high frequency AC current is
not applied to the magnetic field generating unit.

20. The contact-less charging device according to claim 13,

wherein the monitoring result is a difference of voltages at
both ends of the constant voltage/constant current sup-
plier, voltage values at both ends, a code indicating that
the voltages at both ends are in an overvoltage state, or a
charging power adjustment request signal.

21. A battery charging set including a contact-less charge-

able battery and a contact-less charging device,

wherein the battery includes:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by means of a magnetic
field intermittently generated from an external contact-
less charging device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;
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a constant voltage/constant current supplier for receiving
the DC current from the rectifier and supplying a charg-
ing power to a battery cell in a constant voltage/constant
current mode;

and an overvoltage monitoring unit for monitoring volt-
ages at both ends of the constant voltage/constant cur-
rent supplier and transmitting a monitoring result to the
external contact-less charging device by means of wire-
less communication while a high frequency AC current
is not induced,

wherein the charging device includes:

amagnetic field generating unit for receiving an AC current
and forming a magnetic field in an outer space;

a high frequency power driving unit for intermittently
applying a high frequency AC current to the magnetic
field generating unit; and

a charging power adjusting unit for, while a high frequency
AC current is not applied to the magnetic field generat-
ing unit, receiving the monitoring result by means of
wireless communication and controlling the high fre-
quency power driving unit to adjust a power of the high
frequency AC current applied to the magnetic field gen-
erating unit so that a charging power transmitted to the
battery is adjusted.

22. The battery charging set according to claim 21,

wherein the monitoring result is a difference of voltages at
both ends of the constant voltage/constant current sup-
plier, voltage values at both ends, a code indicating that
the voltages at both ends are in an overvoltage state, or a
charging power adjustment request signal.

23. A method for controlling charging of a contact-less
chargeable battery using a contact-less charging device by
means of electromagnetic induction phenomenon, the
method comprising:

(a) intermittently applying a high frequency AC current to
a primary coil provided to the charging device so as to
intermittently generate a magnetic field in an outer
region;

(b) linking a magnetic flux of the generated magnetic filed
to a secondary coil provided to the battery so as to
intermittently output an electromagnetically-induced
high frequency AC current;

(c) rectifying the output high frequency AC current to be
converted into a DC current;

(d) applying the DC current to a battery cell through a
constant voltage/constant current supplier so as to
charge the battery cell in a constant voltage/constant
current mode;

(e) monitoring voltages at both ends of the constant volt-
age/constant current supplier and transmitting a moni-
toring result to the charging device by means of wireless
communication while a high frequency AC current is not
induced in the secondary coil; and

() adjusting a power of the high frequency AC current
applied to the primary coil according to the transmitted
monitoring result.

24. The method according to claim 23,

wherein the monitoring result is a difference of voltages at
both ends of the constant voltage/constant current sup-
plier, voltage values at both ends, a code indicating that
the voltages at both ends are in an overvoltage state, or a
charging power adjustment request signal.

#* #* #* #* *
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7 ABSTRACT

The present invention relates to a wireless charger for a
mobile communication terminal, which allows charging a
plurality of batteries in a conveniently way without any
terminal connection of the batteries to chargers for various
mobile communication terminals such as a cellular phone
and PDA and also allows intercepting electromagnetic
waves while the charger is used, by means of Faraday’s law.
The wireless charger of the present invention includes a
charger body having an electromagnetic wave intercepting
means; a charging pad received in the charger body; and at
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H02J 7/00 (2006.01) electromotive force generated by the charging pad, wherein
HO02J 50/80 (2016.01) the charger body includes a power supply means, a housing
H02J 5090 (2016.01) having a receiver for receiving the charging pad and con-
H02J 50/10 (2016.01) nected to the power supply means, and a cover hinged to the
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EX PARTE
REEXAMINATION CERTIFICATE

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claim 2 is cancelled.

Claims 1, 3, 4, 7-13, 15-19, 21 and 23 are determined to
be patentable as amended.

Claims 5, 6, 14, 20, 22 and 24, dependent on an amended
claim, are determined to be patentable.

New claims 25-58 are added and determined to be
patentable.

1. A contact-less chargeable battery including a charging
circuit for charging an electric energy to a battery cell, the
contact-less chargeable battery comprising:

a high frequency AC current inducing unit that includes a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil of an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier [for] receiv-
ing the DC current from the rectifier and supplying a
charging power to the battery cell in a constant voltage/
constant current mode; and

an overvoltage monitoring unit [for monitoring] that
includes first and second voltage detectors respectively
detecting first and second voltages at both ends of the
constant voltage/constant current supplier and a
microprocessor monitoring the detected voltages at
both ends of the constant voltage/constant current sup-
plier and transmitting a monitoring result to the exter-
nal contact-less charging device by means of wireless

communication so as to induce a change of intensity of

the magnetic field,
wherein the monitoring rvesult includes a wireless feed-
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back control signal to induce the change of intensity of 50

the magnetic field by adjusting a power applied to the
primary coil of the external contact-less charging
device based on relative positions of the contact-less
chargeable battery and the external contact-less charg-
ing device.
3. The contact-less chargeable battery according to claim
1, wherein:
the overvoltage monitoring unit includes:

a wireless transmitting unit for wirelessly propagating
the monitoring result through an antenna; [first and
second voltage detectors for respectively detecting
voltages at front and rear ends of the constant
voltage/constant current supplier;] and

a voltage comparator for comparing ke first and second
voltages detected by the first and second voltage
detectors and [outputs] outputting a voltage compari-
son result; and [a] #ke microprocessor [for outputting

Page 28 of 56

55

60

65

2

a] outputs the monitoring result according to the
voltage comparison result to the wireless transmit-
ting unit.

4. The contact-less chargeable battery according to claim
3, wherein [a] the magnetic field generated by the external
contact-less charging device is generated intermittently,

wherein the [overvoltage monitoring unit further includes
a charging pause detecting unit for receiving the high
frequency AC current output from the high frequency
AC current inducing unit to detect] microprocessor
receives an end time point signal indicating a time
point when the induction of high frequency AC current
ends,[and then outputting the end time point to the
microprocessor, and] wherein the monitoring result is
transmitted to the external contact-less charging device
by means of wireless communication while a high
frequency AC current is not induced after the end time
point is input.

7. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by[means of] a mag-
netic field generated from an external contact-less
charging device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier [for] receiv-
ing the DC current from the rectifier and supplying a
charging power to the battery cell in a constant voltage/
constant current mode; and

[an overvoltage monitoring unit for] a microprocessor
monitoring voltages at both ends of the constant volt-
age/constant current supplier and wirelessly transmit-
ting a monitoring result to the external contact-less
charging device[by means of wireless communication]
so as to induce a change of intensity of the magnetic
field,

wherein the change of intensity of the magnetic field is
based on relative positions of the contact-less charging
circuit module and the external contact-less charging
device.

8. The contact-less charging circuit module according to
claim 7, wherein the high frequency AC current inducing
unit is a coil to which a magnetic flux of [a] #he magnetic
field generated from the external contact-less charging
device is linked.

9. The contact-less charging circuit module according to
claim 7,[wherein the overvoltage monitoring unit includes a
wireless transmitting unit for wirelessly propagating the
monitoring result through] firther comprising:

an antenna;

first and second voltage detectors for respectively detect-
ing first and second voltages at front and rear ends of
the constant voltage/constant current supplier; and

a voltage comparator for comparing tke first and second
voltages detected by the first and second voltage detec-
tors and [outputs] outputting a voltage comparison
result[;] , and

[2] wherein the microprocessor [for outputting a] outputs
the monitoring result according to the voltage compari-
son resultfto the wireless transmitting unit] using the
antenna.
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10. The contact-less charging circuit module according to
claim 9, wherein [a] the magnetic field generated by the
external contact-less charging device is generated intermit-
tently,

wherein the[overvoltage monitoring unit further includes

a charging pause detecting unit for receiving the high
frequency AC current output from the high frequency
AC current inducing unit to detect] microprocessor
receives a time point indicating when the induction of
high frequency AC current ends, and then [outputting]
outputs the end time point to the microprocessor, and
wherein the monitoring result is wirelessly transmitted to
the external contact-less charging device[by means of
wireless communication] while a high frequency AC
current is not induced after the end time point is input.

11. The contact-less charging circuit module according to
claim [1] 7, wherein the monitoring result is a charging
power adjustment request signal.

12. The contact-less charging circuit module according to
claim [1] 7, wherein the monitoring result is a difference of
voltages at front and rear ends of the constant voltage/
constant current supplier, voltage values of the front and rear
ends, or a code indicating that the voltages at both ends are
in an overvoltage state.

13. A contact-less charging device for transmitting a
charging  power by[means of] electromagnetic
induction[phenomenon] to a contact-less chargeable battery
that has a constant-voltage/constant current supplier to be
capable of being charged in a constant voltage/constant
current mode and wirelessly transmits a monitoring result
for voltages at both ends of the constant voltage/constant
current supplier, the contact-less charging device compris-
ing:

a magnetic field generating unit for receiving an AC

current and forming a magnetic field in an outer space;

a high frequency power driving unit for applying a high

frequency AC current to the magnetic field generating
unit; and

a[charging power adjusting unit for] microprocessor wire-

lessly receiving the monitoring result from the contact-
less chargeable battery[by means of wireless commu-
nication] and controlling the high frequency power
driving unit to adjust a power of the high frequency AC
current applied to the magnetic field generating unit so
that [a] ¢he charging power transmitted to the contact-
less chargeable battery is adjusted,

wherein the adjustment to the power of the high frequency

AC current applied to the magnetic field generating
unit is based on relative positions of the contact-less
chargeable battery and the contact-less charging
device.

15. The contact-less charging device according to claim
13, [wherein the charging power adjusting unit includes a
wireless receiving unit for wirelessly receiving the monitor-
ing result through] further comprising:

an antenna[; and a microprocessor for receiving the

monitoring result from the wireless receiving unit and
controlling the high frequency power driving unit to
adjust a power of the high frequency AC current
applied to the magnetic field generating unit.] coupled
to the microprocessor and used to receive the monitor-
ing result.

16. The contact-less [chargeable battery] charging device
according to claim 15, further comprising a [constant volt-
age supplier for converting] power supply receiving a com-
mon AC current, converting the common AC current into a
DC current, and then supplying a constant-voltage current to
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the high frequency power driving unit, wherein the high
frequency power driving unit includes:

a pulse signal generator for receiving a pulse driving
signal from the microprocessor and outputting a pulse
signal; and

a power driving part for receiving the pulse signal to
rapidly switch the constant-voltage current input from
the constant voltage supplier, thereby generating a high
frequency AC current in a pulse pattern.

17. The contact-less charging device according to claim
16, wherein the[charging power adjusting unit] micropro-
cessor adjusts [a] the charging power by modulating a width
of a pulse current, a frequency of the pulse current, an
amplitude of a pulse, or [the] @ number of pulses.

18. The contact-less charging device according to claim
16, wherein the [constant voltage supplier] power supply
includes:

an overvoltage filter for receiving a common AC current
and intercepting an overvoltage current;

a rectifier for rectifying the AC current passing through
the filter to convert the AC current into a DC current;
and

a constant voltage [supplying part for receiving] supplier
that receives the converted DC current and outputs a
constant voltage current.

19. The contact-less charging device according to claim
13, wherein the high frequency power driving unit intermit-
tently applies a high frequency AC current to the magnetic
field generating unit, and

wherein the[charging power adjusting unit] microproces-
sor receives the monitoring result while a high fre-
quency AC current is not applied to the magnetic field
generating unit.

21. A battery charging set including a contact-less charge-

able battery and a contact-less charging device,

wherein the contact-less chargeable battery includes:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by[means of] a mag-
netic field intermittently generated from an external
contactless charging device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier [for] receiv-
ing the DC current from the rectifier and supplying a
charging power to a battery cell in a constant voltage/
constant current mode; and

[an overvoltage monitoring unit for] a first microproces-
sor monitoring voltages at both ends of the constant
voltage/constant current supplier and wirelessly trans-
mitting a monitoring result to the external contact-less
charging device[by means of wireless communication]
while a high frequency AC current is not induced,
wherein the contact-less charging device includes:

a magnetic field generating unit for receiving an AC
current and forming [a] ke magnetic field in an outer
space;

a high frequency power driving unit for intermittently
applying a high frequency AC current to the magnetic
field generating unit; and

a [charging power adjusting unit for] second micropro-
cessor, while a high frequency AC current is not
applied to the magnetic field generating unit, wirelessly
receiving the monitoring result[by means of wireless
communication] and controlling the high frequency
power driving unit to adjust a power of the high
frequency AC current applied to the magnetic field
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generating unit so that a charging power transmitted
from the contact-less charging device to the contact-
less chargeable battery is adjusted, wherein the adjust-
ment to the power of the high frequency AC current
applied to the magnetic field generating unit is based
on relative positions of the contact-less chargeable
battery and the contact-less charging device.

23. A method for controlling charging of a contact-less
chargeable battery using a contact-less charging device
by[means of] electromagnetic induction[phenomenon], the
method comprising:

(a) intermittently applying a high frequency AC current to

a primary coil provided to the charging device so as to
intermittently generate a magnetic field in an outer
region;

(b) linking a magnetic flux of the generated magnetic field
to a secondary coil provided to the battery so as to
intermittently output an electromagnetically-induced
high frequency AC current;

(c) rectifying the output high frequency AC current to be
converted into a DC current;

(d) applying the DC current to a battery cell through a
constant voltage/constant current supplier so as to
charge the battery cell in a constant voltage/constant
current mode;

(e) monitoring voltages at both ends of the constant
voltage/constant current supplier and wirelessly trans-
mitting a monitoring result to the charging device[by
means of wireless communication] while a high fre-
quency AC current is not induced in the secondary coil;
and

(f) adjusting a power of the high frequency AC current
applied to the primary coil according to the transmitted
monitoring result,

wherein the adjusting the power of the high frequency AC
current applied to the primary coil is based on relative
positions of the contact-less chargeable battery and the
contact-less charging device.

25. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier includes circuitry controlled by at least one micropro-
cessor.

26. The contact-less chargeable battery according to
claim 1, wherein the microprocessor controls, through wire-
less feedback control of the charging of the battery cell, the
voltages at both ends of the constant voltage/constant cur-
rent supplier by inducing the change of intensity of the
magnetic field.

27. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier has a front end and a rear end, wherein the constant
voltage/constant current supplier receives the DC current at
the front end from the vectifier and supplies the charging
power at the rear end to the battery cell.

28. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier supplies the charging power in a constant current mode
at an initial charging stage and then supplies the charging
power in a constant voltage mode at a later charging stage.

29. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier charges the battery cell in a constant voltage mode
based on a charging voltage of the battery cell exceeding a
predetermined level.
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30. The contact-less charging circuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier includes circuitry controlled by at least one micropro-
cessor.

31. The contact-less charging circuit module according to
claim 7, wherein the microprocessor controls, through wire-
less feedback control of the charging of the battery cell, the
voltages at both ends of the constant voltage/constant cur-
rent supplier by inducing the change of intensity of the
magnetic field.

32. The contact-less charging circuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier has a front end and a rear end, wherein the constant
voltage/constant current supplier receives the DC current at
the front end from the vectifier and supplies the charging
power at the rear end to the battery cell.

33. The contact-less charging circuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier supplies the charging power in a constant current mode
at an initial charging stage and then supplies the charging
power in a constant voltage mode at a later charging stage.

34. The contact-less charging circuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier charges the battery cell in a constant voltage mode
based on a charging voltage of the battery cell exceeding a
predetermined level.

35. The contact-less chargeable battery according to
claim 13, wherein the constant voltage/constant current
supplier includes circuitry controlled by at least one micro-
processor.

36. The contact-less charging device according to claim
13, wherein the constant voltage/constant current supplier
has a front end and a rear end, and wherein the constant
voltage/constant current supplier receives a DC current
from a rectifier at the front end and supplies a charging
power at the rear end.

37. The contact-less charging device according to claim
13, wherein the constant voltage/constant current supplier
charges the battery in a constant current mode at an initial
charging stage and then charges the battery in a constant
voltage mode at a later charging stage.

38. The contact-less charging device according to claim
13, wherein the constant voltage/constant current supplier
charges the battery in a constant voltage mode based on a
charging voltage of the battery exceeding a predetermined
level.

39. The battery charging set according to claim 21,
wherein the constant voltage/constant current supplier
includes circuitry controlled by at least one microprocessor.

40. The battery charging set according to claim 21,
wherein the microprocessor controls, through wireless feed-
back control of charging the battery cell, the voltages at both
ends of the constant voltage/constant currvent supplier by
inducing the change of intensity of the magnetic field.

41. The battery charging set according to claim 21,
wherein the constant voltage/constant current supplier has a
front end and a rear end, wherein the constant voltage/
constant current supplier receives the DC current at the
front end from the rectifier and supplies the charging power
at the rear end to the battery cell.

42. The battery charging set according to claim 21,
wherein the constant voltage/constant current supplier sup-
plies the charging power in a constant current mode at an
initial charging stage and then supplies the charging power
in a constant voltage mode at a later charging stage.

43. The battery charging set according to claim 21,
wherein the constant voltage/constant currvent supplier
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charges the battery cell in a constant voltage mode based on
a charging voltage of the battery cell exceeding a predeter-
mined level.

44. The method of claim 23, further comprising:

receiving, by the constant voltage/constant current sup-
plier, the DC current at a front end of the constant
voltage/constant current supplier; and

supplying, by the constant voltage/constant current sup-
plier, the DC current at a rear end of the constant
voltage/constant current supplier to the battery cell.

45. The method of claim 23, further comprising:

supplying, by the constant voltage/constant current sup-
plier, the DC current to the battery cell in a constant
current mode during an initial charging stage and then
in a constant voltage mode at a later charging stage.

46. The method of claim 23, further comprising:

charging, by the constant voltage/constant current sup-
plier, the battery cell in a constant voltage mode based
on a charging voltage of the battery cell exceeding a
predetermined level.

47. The method of claim 23, further comprising:

controlling, through wireless feedback control of the
charging of the battery cell, the voltages at both ends
of the constant voltage/constant current supplier by
inducing a change of intensity of the magnetic field.

48. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit that includes a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil of an external contact-less charging
device;

a rectifier receiving the induced high frequency AC cur-
rent and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode, wherein the constant voltage/constant
current supplier supplies the charging power in a
constant current mode at an initial charging stage and
then supplies the charging power in a constant voltage
mode at a later charging stage; and

an overvoltage monitoring unit that includes first and
second voltage detectors respectively detecting volt-
ages at both ends of the constant voltage/constant
current supplier, and a microprocessor monitoring the
detected voltages at both ends of the constant voltage/
constant current supplier and transmitting a monitor-
ing result to the external contact-less charging device
by means of wireless communication so as to induce a
change of intensity of the magnetic field,

wherein the microprocessor transmits the monitoring
result to induce the change of intensity of the magnetic
field by adjusting a power applied to the primary coil
of the external contact-less charging device to solve an
overvoltage state according to relative positions of the
primary coil and the secondary coil.

49. The contact-less charging circuit module according to
claim 48, wherein a magnetic flux of the magnetic field
generated from the external contact-less charging device is
linked to the secondary coil of the high frequency AC current
inducing unit.

50. The contact-less charging circuit module according to
claim 48, wherein:

Page 31 of 56

20

25

40

45

65

8

the overvoltage monitoring unit further comprises:

a wireless transmitting unit wirelessly propagating the
monitoring result through an antenna; and

a voltage comparator for comparing the first and
second voltages detected by the first and second
voltage detectors and outputting a voltage compari-
son result, and

the microprocessor outputs the monitoring result
according to the voltage comparison vesult to the
wireless transmitting unit.

51. The contact-less charging circuit module according to
claim 50, wherein the magnetic field generated by the
contact-less charging device is generated intermittently,

wherein the overvoltage monitoring unit further includes
a charging pause detecting unit rveceiving the high
frequency AC current output from the high frequency
AC current inducing unit to detect a time point when
the induction of high frequency AC currvent ends, and
then outputting the end time point to the microproces-
sor, and

wherein the monitoring vesult is transmitted to the exter-
nal contact-less charging device by means of wireless
communication while a high frequency AC current is
not induced afier the end time point is input.

52. The contact-less charging circuit module according to
claim 48, wherein the monitoring result is a charging power
adjustment request signal.

53. The contact-less charging circuit module according to
claim 48, wherein the monitoring result is a difference of
voltages at front and rear ends of the constant voltage/
constant current supplier, voltage values of the front and
rear ends, or a code indicating that the voltages at both ends
are in an overvoltage state.

54. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by means of a mag-
netic field generated from an external comtact-less
charging device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier veceiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit that includes: a micro-
processor monitoring voltages at both ends of the
constant voltage/constant current supplier, and a wire-
less transmitting unit transmitting a monitoring result
to the external contact-less charging device by means
of wireless communication so as to induce a change of
intensity of the magnetic field,

wherein the change of intensity of the magnetic field is
based on relative positions of the contact-less charging
circuit module and the external contact-less charging
device.

55. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit including a

secondary coil to which a high frequency AC current is
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induced by means of a magnetic field generated from a
primary coil in an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit that includes: a micro-
processor monitoring voltages at both ends of the
constant voltage/constant current supplier, and a wire-
less transmitting unit transmitting a monitoring result
to the external contact-less charging device by means
of wireless communication so as to induce a change of
intensity of the magnetic field,

wherein the secondary coil is movable relative to the
primary coil during the charging of the battery cell by
the contact-less charging circuit module, and

wherein the monitoring vesult includes an adjustment
request signal being transmitted repeatedly during the
battery charging process for adjusting the intensity of
the magnetic field.

56. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit including a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil in an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit detecting first and second
voltages at both ends of the constant voltage/constant
current supplier, monitoring the detected voltages at
both ends of the constant voltage/constant current
supplier and transmitting a monitoring vesult to the
external contact-less charging device by means of
wireless communication so as to induce a change of
intensity of the magnetic field,

wherein the monitoring vesult includes an adjustment
request signal being transmitted repeatedly during the
battery charging process for adjusting a power applied
to the primary coil of the external contact-less charging
device based on relative positions of the contact-less
chargeable battery and the external contact-less charg-
ing device.

57. A contact-less charging device for transmitting a

charging power by means of electromagnetic induction
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phenomenon to a contact-less chargeable battery that has a
constant-voltage/constant current supplier to be capable of
being charged in a constant voltage/constant current mode
and wirelessly transmits a monitoring result for voltages at
both ends of the constant voltage/constant current supplier,
the contact-less charging device comprising:

a magnetic field generating unit for receiving an AC
current and forming a magnetic field in an outer space;

a high frequency power driving unit for applying a high
frequency AC current to the magnetic field generating
unit; and

a charging power adjusting unit that includes: a wireless
receiving unit receiving the monitoring result from the
contact-less chargeable battery by means of wireless
communication, and a microprocessor controlling the
high frequency power driving unit to adjust a power of
the high frequency AC current applied to the magnetic
field generating unit so that the charging power trans-
mitted to the contact-less chargeable battery is
adjusted,

wherein the adjustment to the power of the high frequency
AC current applied to the magnetic field generating
unit is based on relative positions of the contact-less
chargeable battery and the contact-less charging
device.

58. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit that includes a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil of an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit that includes a micropro-
cessor, the microprocessor monitoring voltages at both
ends of the constant voltage/constant current supplier
and transmitting a monitoring result to the external
contact-less charging device by means of wireless
communication so as to induce a change of intensity of
the magnetic field,

wherein the change of intensity of the magnetic field
includes a change of intensity of the magnetic field by
adjusting a power applied to the primary coil of the
external contact-less charging device based on relative
positions of the contact-less charging circuit module
and the external contact-less charging device.

#* #* #* #* *
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EX PARTE
REEXAMINATION CERTIFICATE

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

Claim 2 is cancelled.

Claims 1, 3, 4, 7-13, 15-19, 21 and 23 are determined to
be patentable as amended.

Claims 5, 6, 14, 20, 22 and 24, dependent on an amended
claim, are determined to be patentable.

New claims 25-58 are added and determined to be
patentable.

1. A contact-less chargeable battery including a charging
circuit for charging an electric energy to a battery cell, the
contact-less chargeable battery comprising:

a high frequency AC current inducing unit that includes a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil of an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier [for] receiv-
ing the DC current from the rectifier and supplying a
charging power to the battery cell in a constant voltage/
constant current mode; and

an overvoltage monitoring unit [for monitoring] that
includes first and second voltage detectors respectively
detecting first and second voltages at both ends of the
constant voltage/constant current supplier and a
microprocessor monitoring the detected voltages at
both ends of the constant voltage/constant current sup-
plier and transmitting a monitoring result to the exter-
nal contact-less charging device by means of wireless
communication so as to induce a change of intensity of
the magnetic field,

wherein the monitoring rvesult includes a wireless feed-
back control signal to induce the change of intensity of
the magnetic field by adjusting a power applied to the
primary coil of the external contact-less charging
device based on relative positions of the contact-less
chargeable battery and the external contact-less charg-
ing device.

3. The contact-less chargeable battery according to claim

1, wherein:

the overvoltage monitoring unit includes:

a wireless transmitting unit for wirelessly propagating
the monitoring result through an antenna; [first and
second voltage detectors for respectively detecting
voltages at front and rear ends of the constant
voltage/constant current supplier;] and

a voltage comparator for comparing #e first and second
voltages detected by the first and second voltage
detectors and [outputs] outputting a voltage compari-
son result; and [a] #ke microprocessor [for outputting
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a)] outputs the monitoring result according to the
voltage comparison result to the wireless transmit-
ting unit.

4. The contact-less chargeable battery according to claim
3, wherein [a] #he magnetic field generated by the external
contact-less charging device is generated intermittently,

wherein the [overvoltage monitoring unit further includes
a charging pause detecting unit for receiving the high
frequency AC current output from the high frequency
AC current inducing unit to detect] microprocessor
receives an end time point signal indicating a time
point when the induction of high frequency AC current
ends,[and then outputting the end time point to the
microprocessor, and] wherein the monitoring result is
transmitted to the external contact-less charging device
by means of wireless communication while a high
frequency AC current is not induced after the end time
point is input.

7. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by[means of] a mag-
netic field generated from an external contact-less
charging device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier [for] receiv-
ing the DC current from the rectifier and supplying a
charging power to the battery cell in a constant voltage/
constant current mode; and

[an overvoltage monitoring unit for] a microprocessor
monitoring voltages at both ends of the constant volt-
age/constant current supplier and wirelessly transmit-
ting a monitoring result to the external contact-less
charging device[by means of wireless communication]
so as to induce a change of intensity of the magnetic
field,

wherein the change of intensity of the magnetic field is
based on relative positions of the contact-less charging
circuit module and the external contact-less charging
device.

8. The contact-less charging circuit module according to
claim 7, wherein the high frequency AC current inducing
unit is a coil to which a magnetic flux of [a] #ke magnetic
field generated from the external contact-less charging
device is linked.

9. The contact-less charging circuit module according to
claim 7,[wherein the overvoltage monitoring unit includes a
wireless transmitting unit for wirelessly propagating the
monitoring result through] further comprising:

an antenna,

first and second voltage detectors for respectively detect-
ing first and second voltages at front and rear ends of
the constant voltage/constant current supplier; and

a voltage comparator for comparing tke first and second
voltages detected by the first and second voltage detec-
tors and [outputs] outputting a voltage comparison
result[;] , and

[2] wherein the microprocessor [for outputting a] outputs
the monitoring result according to the voltage compari-
son result[to the wireless transmitting unit] using the
antenna.
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10. The contact-less charging circuit module according to
claim 9, wherein [a] the magnetic field generated by the
external contact-less charging device is generated intermit-
tently,

wherein the[overvoltage monitoring unit further includes

a charging pause detecting unit for receiving the high
frequency AC current output from the high frequency
AC current inducing unit to detect] microprocessor
receives a time point indicating when the induction of
high frequency AC current ends, and then [outputting]
outputs the end time point to the microprocessor, and
wherein the monitoring result is wirelessly transmitted to
the external contact-less charging device[by means of
wireless communication] while a high frequency AC
current is not induced after the end time point is input.

11. The contact-less charging circuit module according to
claim [1] 7, wherein the monitoring result is a charging
power adjustment request signal.

12. The contact-less charging circuit module according to
claim [1] 7, wherein the monitoring result is a difference of
voltages at front and rear ends of the constant voltage/
constant current supplier, voltage values of the front and rear
ends, or a code indicating that the voltages at both ends are
in an overvoltage state.

13. A contact-less charging device for transmitting a
charging  power by[means of] electromagnetic
induction[phenomenon] to a contact-less chargeable battery
that has a constant-voltage/constant current supplier to be
capable of being charged in a constant voltage/constant
current mode and wirelessly transmits a monitoring result
for voltages at both ends of the constant voltage/constant
current supplier, the contact-less charging device compris-
ing:

a magnetic field generating unit for receiving an AC

current and forming a magnetic field in an outer space;

a high frequency power driving unit for applying a high

frequency AC current to the magnetic field generating
unit; and

a[charging power adjusting unit for] microprocessor wire-

lessly receiving the monitoring result from the contact-
less chargeable battery[by means of wireless commu-
nication] and controlling the high frequency power
driving unit to adjust a power of the high frequency AC
current applied to the magnetic field generating unit so
that [a] ¢he charging power transmitted to the contact-
less chargeable battery is adjusted,

wherein the adjustment to the power of the high frequency

AC current applied to the magnetic field generating
unit is based on relative positions of the contact-less
chargeable battery and the contact-less charging
device.

15. The contact-less charging device according to claim
13, [wherein the charging power adjusting unit includes a
wireless receiving unit for wirelessly receiving the monitor-
ing result through] further comprising:

an antenna[; and a microprocessor for receiving the

monitoring result from the wireless receiving unit and
controlling the high frequency power driving unit to
adjust a power of the high frequency AC current
applied to the magnetic field generating unit.] coupled
to the microprocessor and used to receive the monitor-
ing result.

16. The contact-less [chargeable battery] charging device
according to claim 15, further comprising a [constant volt-
age supplier for converting] power supply receiving a com-
mon AC current, converting the common AC current into a
DC current, and then supplying a constant-voltage current to
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the high frequency power driving unit, wherein the high
frequency power driving unit includes:

a pulse signal generator for receiving a pulse driving
signal from the microprocessor and outputting a pulse
signal; and

a power driving part for receiving the pulse signal to
rapidly switch the constant-voltage current input from
the constant voltage supplier, thereby generating a high
frequency AC current in a pulse pattern.

17. The contact-less charging device according to claim
16, wherein the[charging power adjusting unit] micropro-
cessor adjusts [a] #he charging power by modulating a width
of a pulse current, a frequency of the pulse current, an
amplitude of a pulse, or [the] a number of pulses.

18. The contact-less charging device according to claim
16, wherein the [constant voltage supplier] power supply
includes:

an overvoltage filter for receiving a common AC current
and intercepting an overvoltage current;

a rectifier for rectifying the AC current passing through
the filter to convert the AC current into a DC current;
and

a constant voltage [supplying part for receiving] supplier
that receives the converted DC current and outputs a
constant voltage current.

19. The contact-less charging device according to claim
13, wherein the high frequency power driving unit intermit-
tently applies a high frequency AC current to the magnetic
field generating unit, and

wherein the[charging power adjusting unit] microproces-
sor receives the monitoring result while a high fre-
quency AC current is not applied to the magnetic field
generating unit.

21. A battery charging set including a contact-less charge-

able battery and a contact-less charging device,

wherein the contact-less chargeable battery includes:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by[means of] a mag-
netic field intermittently generated from an external
contactless charging device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier [for] receiv-
ing the DC current from the rectifier and supplying a
charging power to a battery cell in a constant voltage/
constant current mode; and

[an overvoltage monitoring unit for] a first microproces-
sor monitoring voltages at both ends of the constant
voltage/constant current supplier and wirelessly trans-
mitting a monitoring result to the external contact-less
charging device[by means of wireless communication]
while a high frequency AC current is not induced,
wherein the contact-less charging device includes:

a magnetic field generating unit for receiving an AC
current and forming [a] ke magnetic field in an outer
space;

a high frequency power driving unit for intermittently
applying a high frequency AC current to the magnetic
field generating unit; and

a [charging power adjusting unit for] second micropro-
cessor, while a high frequency AC current is not
applied to the magnetic field generating unit, wirelessly
receiving the monitoring result[by means of wireless
communication] and controlling the high frequency
power driving unit to adjust a power of the high
frequency AC current applied to the magnetic field
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generating unit so that a charging power transmitted
from the contact-less charging device to the contact-
less chargeable battery is adjusted, wherein the adjust-
ment to the power of the high frequency AC current
applied to the magnetic field generating unit is based
on relative positions of the contact-less chargeable
battery and the contact-less charging device.

23. A method for controlling charging of a contact-less
chargeable battery using a contact-less charging device
by[means of] electromagnetic induction[phenomenon], the
method comprising:

(a) intermittently applying a high frequency AC current to

a primary coil provided to the charging device so as to
intermittently generate a magnetic field in an outer
region;

(b) linking a magnetic flux of the generated magnetic field
to a secondary coil provided to the battery so as to
intermittently output an electromagnetically-induced
high frequency AC current;

(c) rectifying the output high frequency AC current to be
converted into a DC current;

(d) applying the DC current to a battery cell through a
constant voltage/constant current supplier so as to
charge the battery cell in a constant voltage/constant
current mode;

(e) monitoring voltages at both ends of the constant
voltage/constant current supplier and wirelessly trans-
mitting a monitoring result to the charging device[by
means of wireless communication] while a high fre-
quency AC current is not induced in the secondary coil;
and

(f) adjusting a power of the high frequency AC current
applied to the primary coil according to the transmitted
monitoring result,

wherein the adjusting the power of the high frequency AC
current applied to the primary coil is based on relative
positions of the contact-less chargeable battery and the
contact-less charging device.

25. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier includes circuitry controlled by at least one micropro-
cessor.

26. The contact-less chargeable battery according to
claim 1, wherein the microprocessor controls, through wire-
less feedback control of the charging of the battery cell, the
voltages at both ends of the constant voltage/constant cur-
rent supplier by inducing the change of intensity of the
magnetic field.

27. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier has a front end and a rear end, wherein the constant
voltage/constant current supplier receives the DC current at
the front end from the vectifier and supplies the charging
power at the rear end to the battery cell.

28. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier supplies the charging power in a constant current mode
at an initial charging stage and then supplies the charging
power in a constant voltage mode at a later charging stage.

29. The contact-less chargeable battery according to
claim 1, wherein the constant voltage/constant current sup-
plier charges the battery cell in a constant voltage mode
based on a charging voltage of the battery cell exceeding a
predetermined level.
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30. The contact-less charging civcuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier includes circuitry controlled by at least one micropro-
cessor.

31. The contact-less charging civcuit module according to
claim 7, wherein the microprocessor controls, through wire-
less feedback control of the charging of the battery cell, the
voltages at both ends of the constant voltage/constant cur-
rent supplier by inducing the change of intensity of the
magnetic field.

32. The contact-less charging civcuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier has a front end and a rear end, wherein the constant
voltage/constant current supplier receives the DC current at
the front end from the rectifier and supplies the charging
power at the rear end to the battery cell.

33. The contact-less charging circuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier supplies the charging power in a constant current mode
at an initial charging stage and then supplies the charging
power in a constant voltage mode at a later charging stage.

34. The contact-less charging civcuit module according to
claim 7, wherein the constant voltage/constant current sup-
plier charges the battery cell in a constant voltage mode
based on a charging voltage of the battery cell exceeding a
predetermined level.

35. The contact-less chargeable battery according to
claim 13, wherein the constant voltage/constant current
supplier includes circuitry controlled by at least one micro-
processor.

36. The contact-less charging device according to claim
13, wherein the constant voltage/constant current supplier
has a front end and a rear end, and wherein the constant
voltage/constant current supplier veceives a DC current
from a rectifier at the front end and supplies a charging
power at the rear end.

37. The contact-less charging device according to claim
13, wherein the constant voltage/constant current supplier
charges the battery in a constant current mode at an initial
charging stage and then charges the battery in a constant
voltage mode at a later charging stage.

38. The contact-less charging device according to claim
13, wherein the constant voltage/constant current supplier
charges the battery in a constant voltage mode based on a
charging voltage of the battery exceeding a predetermined
level.

39. The battery charging set according to claim 21,
wherein the constant voltage/constant current supplier
includes circuitry controlled by at least one microprocessor.

40. The battery charging set according to claim 21,
wherein the microprocessor controls, through wireless feed-
back control of charging the battery cell, the voltages at both
ends of the constant voltage/constant current supplier by
inducing the change of intensity of the magnetic field.

41. The battery charging set according to claim 21,
wherein the constant voltage/constant current supplier has a
front end and a rear end, wherein the constant voltage/
constant currvent supplier receives the DC current at the
front end from the rectifier and supplies the charging power
at the rear end to the battery cell.

42. The battery charging set according to claim 21,
wherein the constant voltage/constant current supplier sup-
plies the charging power in a constant current mode at an
initial charging stage and then supplies the charging power
in a constant voltage mode at a later charging stage.

43. The battery charging set according to claim 21,
wherein the constant voltage/constant current supplier
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charges the battery cell in a constant voltage mode based on
a charging voltage of the battery cell exceeding a predeter-
mined level.

44. The method of claim 23, further comprising:

receiving, by the constant voltage/constant current sup-
plier, the DC current at a front end of the constant
voltage/constant current supplier; and

supplying, by the constant voltage/constant current sup-
plier, the DC current at a vear end of the constant
voltage/constant currvent supplier to the battery cell.

45. The method of claim 23, further comprising:

supplying, by the constant voltage/constant current sup-
plier, the DC current to the battery cell in a constant
current mode during an initial charging stage and then
in a constant voltage mode at a later charging stage.

46. The method of claim 23, further comprising:

charging, by the constant voltage/constant current sup-
plier, the battery cell in a constant voltage mode based
on a charging voltage of the battery cell exceeding a
predetermined level.

47. The method of claim 23, further comprising:

controlling, through wireless feedback control of the
charging of the battery cell, the voltages at both ends
of the constant voltage/constant current supplier by
inducing a change of intensity of the magnetic field.

48. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit that includes a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil of an external contact-less charging
device;

a rectifier receiving the induced high frequency AC cur-
rent and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode, wherein the constant voltage/constant
current supplier supplies the charging power in a
constant current mode at an initial charging stage and
then supplies the charging power in a constant voltage
mode at a later charging stage; and

an overvoltage monitoring unit that includes first and
second voltage detectors respectively detecting volt-
ages at both ends of the constant voltage/constant
current supplier, and a microprocessor monitoring the
detected voltages at both ends of the constant voltage/
constant current supplier and transmitting a monitor-
ing result to the external contact-less charging device
by means of wireless communication so as to induce a
change of intensity of the magnetic field,

wherein the microprocessor transmits the monitoring
result to induce the change of intensity of the magnetic
field by adjusting a power applied to the primary coil
of the external contact-less charging device to solve an
overvoltage state according to relative positions of the
primary coil and the secondary coil.

49. The contact-less charging circuit module according to
claim 48, wherein a magnetic flux of the magnetic field
generated from the external contact-less charging device is
linked to the secondary coil of the high frequency AC current
inducing unit.

50. The contact-less charging circuit module according to
claim 48, wherein:
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the overvoltage monitoring unit further comprises:

a wireless transmitting unit wirelessly propagating the
monitoring result through an antenna; and

a voltage comparator for comparing the first and
second voltages detected by the first and second
voltage detectors and outputting a voltage compari-
son result, and

the microprocessor outputs the monitoring result
according to the voltage comparison rvesult to the
wireless transmitting unit.

51. The contact-less charging civcuit module according to
claim 50, wherein the magnetic field generated by the
contact-less charging device is generated intermittently,

wherein the overvoltage monitoring unit further includes
a charging pause detecting unit receiving the high
frequency AC current output from the high frequency
AC current inducing unit to detect a time point when
the induction of high frequency AC current ends, and
then outputting the end time point to the microproces-
sor, and

wherein the monitoring result is transmitted to the exter-
nal contact-less charging device by means of wireless
communication while a high frequency AC current is
not induced after the end time point is input.

52. The contact-less charging civcuit module according to
claim 48, wherein the monitoring result is a charging power
adjustment request signal.

53. The contact-less charging circuit module according to
claim 48, wherein the monitoring result is a difference of
voltages at front and rear ends of the constant voltage/
constant current supplier, voltage values of the front and
rear ends, or a code indicating that the voltages at both ends
are in an overvoltage state.

54. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit to which a high
frequency AC current is induced by means of a mag-
netic field generated from an external comtact-less
charging device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit that includes: a micro-
processor monitoring voltages at both ends of the
constant voltage/constant current supplier, and a wire-
less transmitting unit transmitting a monitoring result
to the external contact-less charging device by means
of wireless communication so as to induce a change of
intensity of the magnetic field,

wherein the change of intensity of the magnetic field is
based on relative positions of the contact-less charging
circuit module and the external contact-less charging
device.

55. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit including a

secondary coil to which a high frequency AC current is
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induced by means of a magnetic field generated from a
primary coil in an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit that includes: a micro-
processor monitoring voltages at both ends of the
constant voltage/constant current supplier, and a wire-
less transmitting unit transmitting a monitoring result
to the external contact-less charging device by means
of wireless communication so as to induce a change of
intensity of the magnetic field,

wherein the secondary coil is movable relative to the
primary coil during the charging of the battery cell by
the contact-less charging circuit module, and

wherein the monitoring result includes an adjustment
request signal being transmitted repeatedly during the
battery charging process for adjusting the intensity of
the magnetic field.

56. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit including a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil in an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier receiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit detecting first and second
voltages at both ends of the constant voltage/constant
current supplier, monitoring the detected voltages at
both ends of the constant voltage/constant current
supplier and transmitting a monitoring result to the
external contact-less charging device by means of
wireless communication so as to induce a change of
intensity of the magnetic field,

wherein the monitoring result includes an adjustment
request signal being transmitted repeatedly during the
battery charging process for adjusting a power applied
to the primary coil of the external contact-less charging
device based on relative positions of the contact-less
chargeable battery and the external contact-less charg-
ing device.

57. A contact-less charging device for transmitting a

charging power by means of electromagnetic induction
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phenomenon to a contact-less chargeable battery that has a
constant-voltage/constant current supplier to be capable of
being charged in a constant voltage/constant current mode
and wirelessly transmits a monitoring result for voltages at
both ends of the constant voltage/constant current supplier,
the contact-less charging device comprising:

a magnetic field generating unit for receiving an AC
current and forming a magnetic field in an outer space;

a high frequency power driving unit for applying a high
Jfrequency AC current to the magnetic field generating
unit; and

a charging power adjusting unit that includes: a wireless
receiving unit receiving the monitoring result from the
contact-less chargeable battery by means of wireless
communication, and a microprocessor controlling the
high frequency power driving unit to adjust a power of
the high frequency AC current applied to the magnetic
field generating unit so that the charging power trans-
mitted to the contact-less chargeable battery is
adjusted,

wherein the adjustment to the power of the high frequency
AC current applied to the magnetic field generating
unit is based on relative positions of the contact-less
chargeable battery and the contact-less charging
device.

58. A contact-less charging circuit module electrically
connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method, the
contact-less charging circuit module comprising:

a high frequency AC current inducing unit that includes a
secondary coil to which a high frequency AC current is
induced by means of a magnetic field generated from a
primary coil of an external contact-less charging
device;

a rectifier for receiving the induced high frequency AC
current and converting the induced high frequency AC
current into a DC current;

a constant voltage/constant current supplier veceiving the
DC current from the rectifier and supplying a charging
power to the battery cell in a constant voltage/constant
current mode; and

an overvoltage monitoring unit that includes a micropro-
cessor, the microprocessor monitoring voltages at both
ends of the constant voltage/constant current supplier
and transmitting a monitoring result to the external
contact-less charging device by means of wireless
communication so as to induce a change of intensity of
the magnetic field,

wherein the change of intensity of the magnetic field
includes a change of intensity of the magnetic field by
adjusting a power applied to the primary coil of the
external contact-less charging device based on relative
positions of the contact-less charging circuit module
and the external contact-less charging device.

* * #* #* #*
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Exemplary Infringement Claim Chart

Claim 7 of U.S. Patent 8,013,568 versus Apple’s iPhone 11 Pro

A contact-less Apple’s iPhone 11 Pro includes a charging circuit module.

chargmg circuit Your iPhone & or later features integrated wireless charging that allows for an easy and intuitive charging

mOdu.Ie experience. Your iPhone works with Qi-certified chargers that are available as accessories and in cars,
eleCtncally cafes, hotels, airports, and furniture. Qi is an open, universal charging standard created by the Wireless
connected to a Power Consortium (WPC).

battery cell and

used for https://support.apple.com/en-us/HT208078
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contact-less Nl >
method, the e . /)
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charging circuit AN T =L S
module N .
comprising:

https://support.apple.com/en-us/HT208078

Specifically, Apple’s iPhone 11 Pro’s charging circuit module includes at least the PRx
coil (discussed below) and the STPMBO integrated circuit.
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https://www.techinsights.com/blog/apple-iphone-11-pro-max-teardown

Apple’s iPhone 11 Pro’s charging circuit module is electrically connected to a battery
cell and used for charging an electric energy to the battery cell in a contact-less method.
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Claim 7 of U.S. Patent 8,013,568 versus Apple’s iPhone 11 Pro

a high
frequency AC
current
inducing unit to
which a high
frequency AC
current is
induced by
means of a
magnetic field
generated from
an external
contact-less
charging
device;

Apple’s iPhone 11 Pro includes a high frequency AC current inducing unit to which a
high frequency AC current is induced by way of a magnetic field generated from an
external contact-less charging device.

« Wireless charging uses magnetic induction to charge your iPhone. Don't place anything between your
iPhone and the charger. Magnetic mounts, magnetic cases, or other objects between your iPhone and
the charger might reduce performance or damage magnetic strips or RFID chips like those found in
some credit cards, security badges, passports, and key fobs. If your case holds any of these sensitive
items, remove them before charging or make sure that they aren’t between the back of your iPhone and
the charger.

https://support.apple.com/en-us/HT208078:

The Qi wireless power transfer system uses magnetic induction to transfer power to a power receiver (PRx)

subsystem contained within the mobile device when it is placed on top of a power transmitter (PTx).

(See Introduction to the Power Class 0 Specification Version 1.2.3, page 8)

Both the PTx and PRx subsystems contain coils, as shown in the conceptual diagram in Figure 5, as well as

circuitry that handles the communication and power transfer between them.

Figure 5. Coils in charger and smartphone

Power cable

PRx coil

(See Introduction to the Power Class 0 Specification Version 1.2.3, page 8)

When charging begins, the power transmitter runs an alternating electrical current through its coil(s),
which generates an alternating magnetic field in accordance with Faraday's law. This magnetic field is in
turn picked up by the coil inside the power receiver and transformed by a power converter back into an

alternating electrical current that can be used to charge the battery.

(See Introduction to the Power Class 0 Specification Version 1.2.3, page 9)
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Claim 7 of U.S. Patent 8,013,568 versus Apple’s iPhone 11 Pro

a rectifier for Apple’s iPhone 11 Pro includes a rectifier for receiving the induced high frequency AC
receiving the current and converting the induced high frequency AC current into a DC current.
induced hlgh = A rectification circuit that provides full-wave rectification of the AC waveform using, for example, four
frequency AC diodes in a full-bridge configuration or a suitable configuration of active components (see Section
current and 3.1.2, Rectification circuit). The rectification circuit may perform output smoothing as well. In this

example, the rectification circuit provides power to both the Communications and Control Unit of the

converting the - ,
Power Receiver and the output of the Power Receiver

induced high
frequency AC (See Qi Specification Parts 1 and 2, Version 1.2.3, page 25)
current mnto a Figure 4. Functional block diagram for a Baseline Power Profile Power Receiver
DC current;

Power Pick-up Unit

Rectification

Secondary Coil ——
circuit

Voltage sense

Communications
modulator ] Communications

& Control Unit

Output
disconnect

Sensing & control

(See Qi Specification Parts 1 and 2, Version 1.2.3, page 24)

3.1.2 Rectification circuit

The rectification circuit shall use full-wave rectification to convert the AC waveform to a DC power level.

(See Qi Specification Parts 1 and 2, Version 1.2.3, page 29)

The STPMBO integrated circuit includes a rectifier that converts a received high
frequency AC current into a DC current, output at a voltage VRrecT.
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Claim 7 of U.S. Patent 8,013,568 versus Apple’s iPhone 11 Pro

a constant
voltage/constant
current supplier
for receiving

the DC current
from the
rectifier and
supplying a
charging power
to the battery
cellina
constant
voltage/constant
current mode;
and

Apple’s iPhone 11 Pro includes a constant voltage/constant current supplier for receiving
the DC current from the rectifier and supplying a charging power to the battery cell in a
constant voltage/constant current mode.

Qi compatible power receivers include circuitry (i.e., post-regulation circuitry) that
controls output current and voltage from the rectification circuit to ensure that the
charging profile for the connected Li-ion battery is consistent with common constant
current to constant voltage transitions.

(See Qi Specification Part 4, version 1.2.3, pages 317-331)

In this regard, the STPMBO integrated circuit includes circuitry that provides post-
regulation of the output of the rectification circuit to supply charging power to the iPhone
11 Pro battery in a constant voltage/constant current mode.

The iPhone 11 Pro includes a Li-ion battery (https://www.apple.com/batteries/why-
lithium-ion/) and the post-regulation circuitry in the iPhone 11 Pro supplies either
constant current or constant voltage to the battery in accordance with a Li-ion battery
charging profile.

an overvoltage
monitoring unit
for monitoring
voltages at both
ends of the
constant
voltage/constant
current supplier
and transmitting
a monitoring
result to the
external
contact-less
charging device
by means of
wireless
communication
so as to induce
a change of
intensity of the
magnetic field

Apple’s iPhone 11 Pro includes an overvoltage monitoring unit for monitoring voltages
at both ends of the constant voltage/constant current supplier and transmitting a
monitoring result to the external contact-less charging device by way of wireless
communication so as to induce a change of intensity of the magnetic field.

Vour is an output voltage to the battery after the post-regulation circuitry that provides
a steady output voltage and/or a steady output current, depending on the desired
characteristic necessary for the Li-ion battery charging profile. In this regard, both Vrecr
and Vour are constantly monitored in the STPMBO integrated circuit.. The STPMBO
integrated circuit uses voltage measurement(s) to create a Control Error Value, part of
the Control Error Packet that is wirelessly transmitted from the PRx to the PTx. The
Control Error Packet therefore includes a charging power adjustment request signal (i.e.,
a monitoring result). (See ‘568 Patent, 4:17-18) (“Preferably, the monitoring result is a
charging power adjustment request signal, a difference of voltages at both ends of the
constant voltage/constant current supplier, voltage values at both ends, or a code
indicating that the voltages at both ends are in an overvoltage state.”). The STPMBO
integrated circuit wirelessly communicates via an ASK modulated signal to the PTx
information necessary to ensure the received power at the PRx is at the desired power
level.
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Claim 7 of U.S. Patent 8,013,568 versus Apple’s iPhone 11 Pro

Throughout the power transfer phase, the Power Transmitter and Power Receiver control the amount of
power that is transferred. Figure 17 illustrates a schematic diagram of the power transfer control loop,
which basically operates as follows: the Power Receiver selects a desired Control Point: a desired output
current and/or voltage, a temperature measured somewhere in the Mobile Device, etc. In addition, the
Power Receiver determines its actual Control Point. The Power Receiver may use any approach to
determine a Control Point. Moreover, the Power Receiver may change this approach at any time during
the power transfer phase. Using the desired Control Point and actual Control Point, the Power Receiver
calculates a Control Error Value—for example, by simply taking the (relative) difference of the two output
voltages or currents. The result is negative if the Power Receiver requires less power in order to reach its
desired Control Point and positive if the Power Receiver requires more power in order to reach its
desired Control Point. Subsequently, the Power Receiver transmits this Control Error Value to the Power

Transmitter.

(See Qi Specification Parts 1 and 2, Version 1.2.3, pages 46, 134)
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Exemplary Infringement Claim Chart

Claim 7 of U.S. Patent 8,013,568 C1 versus Apple’s iPhones, Apple Watches, and Apple AirPod Cases

A contact-less
charging circuit
module electrically
connected to a battery
cell and used for
charging an electric
energy to the battery
cell in a contact-less
method, the contact-
less charging circuit
module comprising:

Apple’s iPhones, including the models released since Apple iPhone 8, include a charging circuit module. Related
Apple iPhones, including iPhone 8 and later, include similar circuitry. Moreover, Apple Watches and AirPod cases
include similar circuity.

Your iPhone 8 or later features integrated wireless charging that allows for an easy and intuitive charging
experience. Your iPhone works with Qi-certified chargers that are available as accessories and in cars,
cafes, hotels, airports, and furniture. Qi is an open, universal charging standard created by the Wireless
Power Consortium (WPC).

https://support.apple.com/en-us/HT208078

https://support.apple.com/en-us/HT208078

By way of example, Apple’s iPhone 11 Pro’s charging circuit module includes at least the PRx coil (discussed below)
and the STPMBO integrated circuit.
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Claim 7 of U.S. Patent 8,013,568 C1 versus Apple’s iPhones, Apple Watches, and Apple AirPod Cases
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Apple’s other accused wireless charging products have similar circuitry.

Apple’s iPhone’s charging circuit module is electrically connected to a battery cell and used for charging an electric
energy to the battery cell in a contact-less method. Apple’s other wireless charging devices include similar circuitry.

a high frequency AC
current inducing unit
to which a high
frequency AC current
is induced by a
magnetic field
generated from an
external contact-less
charging device;

Apple’s iPhones, and other wireless chargeable devices, include a high frequency AC current inducing unit to which
a high frequency AC current is induced by a magnetic field generated from an external contact-less charging device.

« Wireless charging uses magnetic induction to charge your iPhone. Don't place anything between your
iPhone and the charger. Magnetic mounts, magnetic cases, or other objects between your iPhone and
the charger might reduce performance or damage magnetic strips or RFID chips like those found in
some credit cards, security badges, passports, and key fobs. If your case holds any of these sensitive
itemns, remove them before charging or make sure that they aren't between the back of your iPhone and
the charger.

https://support.apple.com/en-us/HT208078:
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Claim 7 of U.S. Patent 8,013,568 C1 versus Apple’s iPhones, Apple Watches, and Apple AirPod Cases

The Qi wireless power transfer system uses magnetic induction to transfer power to a power receiver (PRx)

subsystem contained within the mobile device when it is placed on top of a power transmitter (PTx).

(See Introduction to the Power Class 0 Specification Version 1.2.3, page 8)

Both the PTx and PRx subsystems contain coils, as shown in the conceptual diagram in Figure 5, as well as

circuitry that handles the communication and power transfer between them.

Figure 5. Coils in charger and smartphone

Power cable

PRx coil

(See Introduction to the Power Class 0 Specification Version 1.2.3, page 8)

When charging begins, the power transmitter runs an alternating electrical current through its coil(s),
which generates an alternating magnetic field in accordance with Faraday's law. This magnetic field is in
turn picked up by the coil inside the power receiver and transformed by a power converter back into an

alternating electrical current that can be used to charge the battery.

(See Introduction to the Power Class 0 Specification Version 1.2.3, page 9)

Page 49 of 56




= —————————

Claim 7 of U.S. Patent 8,013,568 C1 versus Apple’s iPhones, Apple Watches, and Apple AirPod Cases

a rectifier for Apple’s iPhones, and other wireless chargeable devices, include a rectifier for receiving the induced high frequency
receiving the induced | AC current and converting the induced high frequency AC current into a DC current.
high frequency AC .

A rectification circuit that provides full-wave rectification of the AC waveform using, for example, four

current and converting diodes in a full-bridge configuration or a suitable configuration of active components (see Section
the induced hlgh 3.1.2, Rectification circuit). The rectification circuit may perform output smoothing as well. In this
frequency AC current example, the rectification circuit provides power to both the Communications and Control Unit of the

. Power Receiver and the output of the Power Receiver
into a DC current;

(See Qi Specification Parts 1 and 2, Version 1.2.3, page 25)
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Figure 4. Functional block diagram for a Baseline Power Profile Power Receiver

Power Pick-up Unit

) Rectification
Secondary Coil
econdary Coi St _I

Voltage sense

Communications
modulator

Communications
& Control Unit

Qutput
disconnect

Sensing & control

(See Qi Specification Parts 1 and 2, Version 1.2.3, page 24)

3.1.2 Rectification circuit

The rectification circuit shall use full-wave rectification to convert the AC waveform to a DC power level.

(See Qi Specification Parts 1 and 2, Version 1.2.3, page 29)
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The STPMBO integrated circuit, and other Apple used wireless charging circuitry, includes a rectifier that converts a
received high frequency AC current into a DC current, output at a voltage Vrecr.

a constant
voltage/constant
current supplier
receiving the DC
current from the
rectifier and supplying
a charging power to
the battery cell in a
constant
voltage/constant
current mode; and

Apple’s iPhones, and other wireless chargeable devices, include a constant voltage/constant current supplier that
receives the DC current from the rectifier and supplies a charging power to the battery cell in a constant
voltage/constant current mode.

Qi compatible power receivers include circuitry (i.e., post-regulation circuitry) that controls output current and voltage
from the rectification circuit to ensure that the charging profile for the connected Li-ion battery is consistent with
common constant current to constant voltage transitions.

(See Qi Specification Part 4, version 1.2.3, pages 317-331)

For example, the STPMBO integrated circuit and other Apple wireless charging circuitry, includes circuitry that
provides post-regulation of the output of the rectification circuit to supply charging power to the device battery in a
constant voltage/constant current mode.

The iPhones and other wirelessly chargeable devices include a Li-ion battery (https://www.apple.com/batteries/why-
lithium-ion/) and the post-regulation circuitry in the devices supplies either constant current or constant voltage to the
battery in accordance with a Li-ion battery charging profile.

a microprocessor
monitoring voltages at
both ends of the
constant
voltage/constant
current supplier and
wirelessly transmitting
a monitoring result to
the external contact-
less charging device
so as to induce a

Apple’s iPhones, and other wireless chargeable devices, include a microprocessor for monitoring voltages at both ends
of the constant voltage/constant current supplier and wirelessly transmitting a monitoring result to the external contact-
less charging to induce a change of intensity of the magnetic field.

Vour is an output voltage to the battery after the post-regulation circuitry that provides a steady output voltage and/or
a steady output current, depending on the desired characteristic necessary for the Li-ion battery charging profile. In
this regard, both Vrect and Vour are constantly monitored in the STPMBO integrated circuit. The STPMBO integrated
circuit uses voltage measurement(s) to create a Control Error Value, part of the Control Error Packet that is wirelessly
transmitted from the PRx to the PTx. The Control Error Packet therefore includes a charging power adjustment request
signal (i.e., a monitoring result). (See ‘568 Patent, 4:17-18) (‘“Preferably, the monitoring result is a charging power
adjustment request signal, a difference of voltages at both ends of the constant voltage/constant current supplier,
voltage values at both ends, or a code indicating that the voltages at both ends are in an overvoltage state.”). The
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change of intensity of
the magnetic field;

STPMBO integrated circuit wirelessly communicates via an ASK modulated signal to the PTx information necessary
to ensure the received power at the PRx is at the desired power level.

Throughout the power transfer phase, the Power Transmitter and Power Receiver confrol the amount of
power that is transferred. Figure 17 illustrates a schematic diagram of the power transfer control loop,
which basically operates as follows: the Power Receiver selects a desired Control Point: a desired output
current and/or voltage, a temperature measured somewhere in the Mobile Device, etc. In addition, the
Power Receiver determines its actual Control Point. The Power Receiver may use any approach to
determine a Control Point. Moreover, the Power Receiver may change this approach at any time during
the power transfer phase. Using the desired Control Point and actual Control Point, the Power Receiver
calculates a Control Error Value—for example, by simply taking the (relative) difference of the two output
voltages or currents. The result is negative if the Power Receiver requires less power in order to reach its
desired Control Point and positive if the Power Receiver requires more power in order to reach its
desired Control Point. Subsequently, the Power Receiver transmits this Control Error Value to the Power

Transmitter.

(See Qi Specification Parts 1 and 2, Version 1.2.3, pages 46, 134)

wherein the change of
intensity of the
magnetic field is based
on the relative
positions of the
contact-less charging
circuit module and the
external contact-less
charging device.

Apple’s iPhones, and other wireless chargeable devices, receives different intensity of magnetic field based on the
relative position of the contact-less charging circuit module and the external contact-less charging device.

The wireless charging circuitry in the iPhone and other wirelessly chargeable devices use voltage measurement(s) to
create a Control Error Value, part of the Control Error Packet that is wirelessly transmitted from the PRx to the PTx.
The Control Error Packet therefore includes a charging power adjustment request signal (i.e., a monitoring result).
(See ‘568 Patent, 4:17-18) (“Preferably, the monitoring result is a charging power adjustment request signal, a
difference of voltages at both ends of the constant voltage/constant current supplier, voltage values at both ends, or a
code indicating that the voltages at both ends are in an overvoltage state.”). The integrated circuit wirelessly
communicates, via an ASK modulated signal, to the PTx information necessary to ensure the received power at the
PRx is at the desired power level and if not, to change the intensity of the transmitted power.
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Throughout the power transfer phase, the Power Transmitter and Power Receiver control the amount of
power that is transferred. Figure 17 illustrates a schematic diagram of the power transfer control loop,
which basically operates as follows: the Power Receiver selects a desired Control Point: a desired output
current and/or voltage, a temperature measured somewhere in the Mobile Device, etc. In addition, the
Power Receiver determines its actual Control Point. The Power Receiver may use any approach to
determine a Control Point. Moreover, the Power Receiver may change this approach at any time during
the power transfer phase. Using the desired Control Point and actual Control Point, the Power Receiver
calculates a Control Error Value—for example, by simply taking the (relative) difference of the two output
voltages or currents. The result is negative if the Power Receiver requires less power in order to reach its
desired Control Point and positive if the Power Receiver requires more power in order to reach its
desired Control Point. Subsequently, the Power Receiver transmits this Control Error Value to the Power

Transmitter.

(See Qi Specification Parts 1 and 2, Version 1.2.3, pages 46, 134)
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