UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/989,273 08/09/2016 9412994 4984 4437
68151 7590 07/20/2016

RALPH H. DOUGHERTY
4219 KRONOS PLACE
CHARLOTTE, NC 28210

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 598 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Martin Koebler, Davidson, NC;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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To:

.

Page 1 of 6

2016-07-01 00:03:43 (GMT) 17046314996 From: Ralph H Dougherty PA
RECEIVED
CENTRAL FAX CENTER
JUN 3 0 2016
FAX COVER SHEET
TO
COMPANY
FAXNUMBER 16712738300
FROM Ralph H Dougherty PA
DATE 2016-07-01 00:03:27 GMT
RE Dkt 4984 - Issue Fee
COVER MESSAGE
FAX TO: US Patent and Trademark Office
FAX NO: 1-571-273-8300
FROM: RalphH.Dougherty
No. of Pages: 4 (counting cover sheet)
Art Unit: 2859 (Examiner: Nathaniel PELTON )
Applicant: MARTIN KOEBLER
Serial No: 13/989,273
Filed: May 23, 2013
Title: LITHIUM STARTER BATTERY AND SOLID STATE SWITCH THEREFOR

Our File: Docket 4984

PLEASE CONFIRM RECEIPT OF THIS TRANSMISSION

Dear Sirs:

WWW . MYFAX.COM
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To: Page20f6 2016-07-01 00:03:43 (GMT) 17046314996 From: Ralph H Dougherty PA

RECEIVED
CENTRAL FAX CENTER

JUN 30 2016

Please forward the attached document to Mail Stop ISSUEFEE.

Thank you for your prompt attention to this matter.

Very truly yours,

Ralph H. Dougherty
Ralph H. Dougherty

Reg. No. 25,851

Ralph H. Dougherty, P.A.

Patent, Trademark, Copyright Law

4219 Kronos Place

Charlotte, NC 28210 USA

Phone: 704-940-3988

Fax:704-631-4996

E-Mail: <mailto:ralph@ralphdougherty.com> ralph@ralphdougherty.com

CONFIDENTIALITY NOTE: The information contained in this transmission is
privileged and confidential information intended only for the use of the
individual or entity named above. If you are not the intended recipient, you
are hereby notified that any dissemination, distribution or copying of this
communicationis strictly prohibited. Ifyouhavereceived thistransmission

in error, please immediately reply to the senderthat youhave received this
communicationinerrorandthendeleteit. Thankyou.

WWW.MYFAX.COM
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
68151 7590 06/27/2016
RALPH H. DOUGHERTY PELTON, NATHANIEL R
4219 KRONOS PLACE
CHARLOTTE, NC 28210 | ART UNIT PAPER NUMBER |
2859
DATE MAILED: 06/27/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/989,273 05/23/2013 Martin Koebler 4984 4437

TITLE OF INVENTION: LITHIUM STARTER BATTERY AND SOLID STATE SWITCH THEREFOR

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0 $0 $480 09/27/2016

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3

PTOL-85 (Rev. 02/11) PETITIONERS Ex. 1004
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

68151 7590 06/27/2016

RALPH H. DOUGHERTY
4219 KRONOS PLACE

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

CHARLOTTE, NC 28210
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/989,273 05/23/2013 Martin Koebler 4984 4437
TITLE OF INVENTION: LITHIUM STARTER BATTERY AND SOLID STATE SWITCH THEREFOR
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 09/27/2016
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
PELTON, NATHANIEL R 2859 320-135000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/989,273 05/23/2013 Martin Koebler 4984 4437
68151 7590 06/2712016 | EXAMINER |
RALPH H. DOUGHERTY PELTON, NATHANIEL R
4219 KRONOS PLACE
CHARLOTTE, NC 28210 | ART UNIT PAPER NUMBER |

2859

DATE MAILED: 06/27/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

PETITIONERS Ex. 1004
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Application No. Applicant(s)
13/989,273 KOEBLER, MARTIN
H HH i i AlA (First Inventor to File)
Notice of Allowability EJX?FEXISJTEL PELTON gég " Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to amdt on 04/06/2016.

Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 10-16 and 21-36. As a result of the allowed claim(s), you may be eligible to benefit from the Patent

Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see htlp://www,uskpto.gov/patenis/inil _svenis/ph/index. jsp or send an inquiry to PPHfecdback@usplo.aoy .

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)[d Al b)[] Some *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [] Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [X] Other see detailed action.

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/NATHANIEL PELTON/
Examiner, Art Unit 2859

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20160623
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Application/Control Number: 13/989,273 Page 2
Art Unit: 2859

DETAILED ACTION

Notice of Pre-AlA or AIA Status
The present application is being examined under the pre-AlA first to invent

provisions.

Response to Amendment
Acknowledgement is made of the amendments/arguments filed 04/06/2016 in
which claims 1-7 and 10-16 were amended claims 8, 9, 17-20 canceled, and claims 21-

36 added. Claims 1-7, 10-16, and 21-36 are pending for examination below.

EXAMINER’S AMENDMENT

An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner’'s amendment was given in a telephone interview
with Ralph Dougherty on 06/22/2016.

The claim set filed on 04/06/2016 has been amended as follows:

In the claims:

Claim 1 (Canceled).

Claim 2 (Canceled).

PETITIONERS Ex. 1004
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Application/Control Number: 13/989,273 Page 3
Art Unit: 2859

Claim 3 (Canceled).
Claim 4 (Canceled).
Claim 5 (Canceled).
Claim 6 (Canceled).

Claim 7 (Canceled).

Allowable Subject Matter

Claims 10-16 and 21-36 are allowed.

The following is an examiner’s statement of reasons for allowance:

With respect to claims 12 and 27, the prior art of record does not suggest or
disclose the claimed combination of elements or steps as recited, most particularly the
claimed, “at least one lithium-based rechargeable cell within said housing, said cell
having a positive pole and a negative pole, a circuit board within said housing having a
cutoff function incorporated therein, said circuit board including a plurality of pairs of
solid state switches with each pair of solid state switches connected in a parallel
configuration to another pair of solid state switches, each switch having a source and a
drain, the switches of a pair of solid state switches being configured such that either the
drains of the switches are connected or the sources of the switches are connected; and
said parallel configuration of the plurality of solid state switches being connected in
series with said one or more cells between said positive and negative terminals of the

battery pack.”

PETITIONERS Ex. 1004
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Application/Control Number: 13/989,273 Page 4
Art Unit: 2859

Claims 10, 11, 13-16, 21-26, and 28-36 depend from claims 12 and 27 and are
allowed for the same reasons.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NATHANIEL PELTON whose telephone number is
(671)270-1761. The examiner can normally be reached on M-F 9:00-5:00 and by e-mail
at nathaniel.pelton@uspto.gov (please include authorization to communicate via e-
mail).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Richard Isla-Rodas can be reached on 571-272-5056. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.

PETITIONERS Ex. 1004
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Application/Control Number: 13/989,273 Page 5
Art Unit: 2859

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/NATHANIEL PELTON/
Examiner, Art Unit 2859
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CPC
Symbol Type Version
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h01m2/34.cpc. IBM_TDB
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OR
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S39
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(S34 or S37) and ((source or drain)
near5 connect$3)
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OR
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$40

3406

(h01m10/052.cpc. or
h01m10/4207.cpc. or
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A7 19 ((batter$3 or cell or accumulat$3 or storage) us- AND ON 2016/06/23
(volt or voltage or potential) (lithium or PGPUB; 17:06
lithium$1based)(positive) (negative) (switch$3) HUSPAT
(parallel) (seri$4)(drain)(source)).clm.
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CENTRAL FAX CENTER
APR 26 2016
FAX COVER SHEET
TO
COMPANY
FAXNUMBER 15712738300
FROM Ralph H Dougherty PA
DATE 2016-04-26 16:28:13 GMT
RE Dkt 4984 - Examiner Nathaniel R. PELTON, Art Unit 2859
COVER MESSAGE
FAX TO: US Patent and Trademark Office
FAXNO: 1-571-273-8300
FROM: Ralph H. Dougherty
No. of Pages: 3 (counting cover sheet)
Art Unit: 2859 (Examiner: Nathaniel PELTON )
Applicant: MARTIN KOEBLER
Serial No: 13/989,273
Filed: May 23, 2013
Title: LITHIUM STARTER BATTERY AND SOLID STATE SWITCH
THEREFOR
Our File: Docket 4984
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REC
CENTRAL 5\2\(/ EIEDNTEH

APR 26 2016

Please forward the attached document to Examiner Nathaniel R. PELTON, Art
Unit 2859.

Thank you for your prompt attention to this matter.

Very truly yours,

Ralph H. Dougherty
Ralph H. Dougherty

Reg. No. 25,851

Ralph H. Dougherty, P.A.

Patent, Trademark, Copyright Law

4219 Kronos Place

Charlotte, NC 28210 USA

Phone: 704-940-39838

Fax:704-631-4996

E-Mail: <mailto:ralph@ralphdougherty.com> ralph@ralphdougherty.com

CONFIDENTIALITY NOTE: The information contained in this transmission is
privilegedandconfidential information intended only for the use of the
individual or entity named above. If you are not the intended recipient, you
are hereby notified that any dissemination, distribution or copying of this
communicationis strictly prohibited. If you havereceived this transmission

in emor, please immediately reply to the sender that you have received this
communicationinerrorandthendeleteit. Thankyou.

WWW . MYFAX.COM
PAGE 2/5 * RCVD AT 4/26/2016 12:28:46 PM [Eastern Daylight Time] * SVR:W-PTOFAX-001/43 * DNIS:2738300 * CSID:17046314996 * DURATION (mm-s5):02-35

PETITIONERS Ex. 1004
30 of 214



.

To: Page3of5 2016-04-26 16:28:42 (GMT) 17046314996 From: Ralph H Dougherty PA

THIS PAGE BLANK (u3e10)

PAGE 3/5 * RCVD AT 4/26/2016 12:28:46 PM [Eastern Daylight Time} * SVR:W-PTOFAX-001/43 * DNIS:2738300 * CSID: 17046314996 * DURATION (mm-55):02-35

PETITIONERS Ex. 1004
31 of 214



UNITED STATES PATENT AND TRADEMARK OFFICE
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United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
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Application No. Applicant(s)

) .. ) 13/989,273 KOEBLER, MARTIN
Applicant-Initiated Interview Summary i i
Examiner Art Unit
NATHANIEL PELTON 2859

All participants (applicant, applicant’s representative, PTO personnel):

(1) NATHANIEL PELTON. (3)GUY GOSNELL (34.610).

(2) MARTIN KOEBLER (INVENTOR). (4) .

Date of Interview: 13 April 2016.

Type: [X Telephonic [] Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed []101 [J112 [J102 X103 XOthers
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 1 and 12.

Identification of prior art discussed: Miyashita US2006/0087280 and Smith US5,635,821.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant described the invention in detail and presented further amendments to distinguish from the prior art.
Examiner stated an updated search would need to be performed since the amendments were extensive and changed
the scope of the claims. No agreementis were made.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

/NATHANIEL PELTON/
Examiner, Art Unit 2859

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20160413
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 13/989,273 05/23/2013 I:l To be Mailed
ENTITY: []LArRGE [X] smALL [] MICRO

APPLICATION AS FILED — PART |

AMENDMENT

(37 CFR 1.16(h))
P—

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b}, or (c))
[ searcH Fee N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|:| EXAMINATION FEE
{37 CFR 1.16(0), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS . N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS . N
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
ASF;PC';;%U?N SIZE FEE for small entity) for each additional 50 sheets or
( 16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
|_ 04/06/2016 /F:E#"EAF'KN'NG EE&EA\%E%SLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
g I?ggl) (37 CFR « 30 Minus | = 20 - 10 x $40 = 400
- T B inus | -3 -0 x 5210~ 0
<§E I:l Application Size Fee (37 CFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD'L FEE 400
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . ; .
1.16(i)) &7 Minus = X $ =
Independent . Minus ek _ X $ _

] Application Size Fee (37 GFR 1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

TOTAL ADD’L FEE

LIE
IVIKKI GRAY/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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ce]I is thhm tha housmp, and that 4 ce}lwbalancmg cxrcua boa:td 1s present wnhm the housmg

) Rﬁconmderauon of thxs re;ecuon ;s respectfullv requested for the followmg reasons The preaeut;' L

» apphcanon retates to an apparams for mcreasmg the efﬁc:ency ofa starter battery f_ ,l a starter motor L

. ".'cf‘an mn.rnal combustxox n,,mc in nbattervpacL mms.emem Wlth om. or morc hthmmbascd cells e

C ialm 1 now remtes that thc battezy pack has ' 'housmg wnh 2 posmve 1emmxai and a. negztfve s

B ‘.‘.-~termmal thereon ﬁlat one or :more recharg,eab]e hﬁnum-based celi(s) are w1t1un the housmg, and that o A

g ag mmt board 1> p1 owdnd wnhm xhe housmg whlth balances the cells ”{ hese featunes are spemﬁcal]y . L
E ",depxued in anurcs 1 2 3, 7 and 13 of t’ne apphcanon, as, ﬁled I’hxs i3 not 'shown in M1)ash1taor m““' 2

B -.( asnllo

Reconmderanon of this rejecnon 15 rcspccttullv mquess,cd farthc tollowmgxeasons ’[he present: e
. j._ apphcatxon relateb to an apparaius tor mmeamng thc efﬁuency of a starter batten tor a qtaner motor'.:_ o

RS .'.oi an nmemal cc:mbusucm u Q,mc. m a: bauc.ry paok arrangemz.m wnh one or more hthmm b‘tscd r.clls
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S Semal Nurber 13999373+ L

. R RN S T Attorne}*s Docket 4984, Car :

- : AI‘!Umt .359 ._" RS T
f.‘.ofthchxhxum«bascdﬂecondmvbamry mthcbattcrv pack xs oniy :(}Ot'\ _ODOmAh a.na charg.mg voltage_ S

B pex one cell xs 3.0 to 4 ?V MJ} asbua sxarts only ¥ er) smali engmes with very e all batter} packsand_ "'.j:?;ﬁ_"}

L -.j_f_only pmwdes a nmmal protecnon cu'cult such 252 self dxscharge;pre\: entt,f '_g cwcmz and an chr cumantf o o

~

o preventmg(. cm:um ln the prescnt apphcanon, a cen-balancmg <. cuit board is placed vmhmthe casmgf T

Regardmg, Clann 6 the Iixarhmes smtes that_ Mlyashzia dzscloses wherem smd bauerv pack i

: "pempnses an cven number of mm um-based tec.hargeable cell saxﬂ housmg !n dctuahtja M xvasluta;.' o -

R dxscloses a~bai’tew pack_.' ar dnvmg a compact electn . motor of a compact engme Startmg dewce L

A ; mounbed ona workmg machmc. compl :smg hthmm-based Aecondary battery comprnsmg J ust twa cells S

' B '..‘}n contrast the apph‘:: t's i o i = :
Do _of 1 3 2V Fur each 12 volt mcremcr:t four LaF ePO4 cells arc reqmred m saxcs. The current apphcanon o L

' '4,'.'-15 expandab!e 10 dnv even number of cells Wltlun the baﬁerv pack For at Ieast thJs reason Clazm 6 is g

':"_;».»b;aheved to be allowab]e In addmon. clalm b depends :tmm claxm 1 and 1s thus equall; allowable wﬂh

- claxm ] for rhe reasons set tonh abov¢

Regardmg Clmm 7 the Exammer mdu,atusthat the Abstract of Mx} ashlta dxscloses wherem smd e

N Selectrlcai dcwce is an mtema'l combusnon enrvme startmo devu.e connec,ted to an mtemal combustxon“' e

T ',enume Mxyash:ta actualiy teaches a compact battery havmg}ar&e output \ahtch dm'es an ulmi-wmpact S ;

¥ ecimc: motor ior startmg acompact engme mountud i vanous wor&mg machmes such as a can'ymg MRS

b fha.rvester a. cham saw Alamnmower 4 plbg)bdcktype harvestex apower spmy mg mdx,hme dn cngme L S
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Ser;al Nuiber 13!989,;27; e
e T Attomeysl)o;keMSSA;: L
R B '\rt Lnu .,859'

g blowe:g aduster a,nd ahedge mmmer, an engme stamng devxce dm'en b} a battery pazk and a manual ':,'f_‘ e

mail engmes. In wmxast the -

- _."v«.ry small engmes : ‘,"nh verv small ba,tterv pdC s The presen: mvcnnon start large mtemal combusnon” L x

. e engmes, as: raﬁected in amended C hnm 7, For ﬂxeae reasons, Clmm 7 is behe»ed to be allowable as well.l L _—

PR as lhe reason 1hat 11 dc.pends ﬁom an allowable vclann’ Cialm 1

< Claims 8.8nd'9 have beencancelled. © -1+ "o

- __ ?7006/0087280) ;.mci Lasnilo et ai (082010 03”0961) as apphed above and further m wew of Chxang_'f‘-‘ T

el (US7009!0}2~81.>} Regadu1g£lam152-4 the: Exammeradm tsm Mlya;shmfaubwdlbciose}f: L

- ';Apphcams types of lathxum ceii« Th ""Exammer deCdteS that bhxang dtsc!oses wherem the“;'; D

- J.thlum-based c;:ll :s a hthmm m)n phosphaie celL wheteln lhe hthzum mm phosphate uell is belected?- L

. &Qm the group conssstmg of LthPO. LiF ePO,,, kaeMgPO_,, and.l 1 eYPO,, celis [par,0066a0069} and oo B

L “wherem the hthxmn-based cell. is selected from the g.roup C()nSlStmg of LxCoO 2 L1Mn,04, 1C0A102. i S

- . LtNanLool, ancl':L ..“:i.sOp cells Chiang d!scloses electro actl\ e composxtmns tor use m ]rthnml xon L

. "i’ibatlery e]ectmdes . Fhe bomposﬂmns such as muln~functmnal mmed metal o]wmes prowde an B
”."'?‘felec,tmchenmal Leﬂ havmg a plurahw of open urum vollages 1& dxfterem stau:s Qi chdrg,e Tbe:.. B
compomnons affordnnpmved stat¢~of—charge momiormo Qvexcharge grotecnon dnd.’orovcrdlscharge
- .'- protccuon fox hthmm 1011 baueraes (,luanﬂ selecn.d hmmm xron phosphate cciis from Lx(Mn }-e)PO,,,;: _. . L
__"-jLJFePo and uMnPo, Chldng selected 11th1um-based celts fmm Ll(\l, Co)Oz and Lx(Co,Al)()u wmo ,
‘ . omrast in thc applxcantsmvennon LxFePO;,LJFcPO LxI c\‘IO“PO anc’l LxF‘cYPO are: ubed as 1nhmmlf o
'non phosphate c:lls(OOl l) thme ofwhlch dxffer trom the t.ompmuwns taug,ht by Chxang, and L]COO,., -

R ,I‘{L:Mn o‘, LNxCoAIO,,, L1N1MnCoOa,and Lx,.'nso,, 60061 )areusedashzhmmbasedgens,an ofw%nch LR
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e T T T e T A e T T Ser:al NmnbcrlB/)bQ,Z?S
' T e T e e T T Anumwss‘?,_

dxffcx from thosc taught b} C}uano FQr at least thxs reason, Claxms 2 ﬂuough 3 are’bchevud io bc-'. o

allowabfe

Claun 3 is rejected underpn,-A . 35 U S C 10-9&1) as. lmpatentable oyer M“t}ashna et al. (US .
”01 0’0320961) a: apphcd abovx, ami furthcr v 1ew of T: a.kano‘ T 4

2{)06/00872803 and: Casul]o et al (

et al (LS 2{)12/0139436)._ _-.Regardmg Clalm i j:the Dzam mcr adrmts t}xat M' Vi bh;ta faxls to dxsdosa-' -

whwcm sald baxtcry packcompmas fourhthwm,"ba%ed rechargeablecells in seneq ih. s:aud he Sing. “The RN

htammc:r ﬁmher mdtcatcs ﬂlat Takano tcaehee. a batten' paLk compnsc.s tour hthtum-baﬁed_'.,"‘ e
rechargeable L-CHSID senes m smd housm g Takano teaches an electm, operatmg machtne such asan e ‘,
‘..' d;ctnc Iax\nmower tha.t can comrol Qr change thc: roiahon spccd of th» motor r%ardles:: oi thc. Qutput- C
of the batten mountcd and allow for mountmg/dtsmounung of battenes of mfferent outputs and L
L esrcelleztt in: opetab:hty Takano s: reach mgs axe from a non-analngaus art and are nat teachmas to" R

wmch a, person of ordmaw ﬂxﬁ! mthe art vsou,ld seek but to. learn how to dnve an elecmgal de\nce i o

- “a 12 volt to l20 »o}t operatmg .sVstem, _pamcularly for mg an mtemal combusnon cngme In" '." P

contrast to T akano 5 e:ght hd‘uum ion battery celIs compmmg\ fom‘ batt.,rv q'«.cumected in senes S

| Winle connected in paraliel thh another four vermily—commcbed baﬁterv celIs Apph&dnt battery pack e

comprxses faur lxlhxum based recha:geable cells in Senes w:thm the bam, i pack housmg and a “u:\ -
balancmg c1rcmt board mhmh is: conﬁgured IO balance out each mdxwdual cell Both Mlyasmta and }4 ERR
‘ Takano faxl to explam ceu balancmg L‘or each mdmdual ceIl and thc Strucmra,l ar, ange mem 0 fthe cells' TR
. s m A.pphcants casc dnd in szmhna and Takano zue dxﬂ”emnt l‘urther dmm 5 &epends from Llalm i, ;"I'__-_ -
N and is thus equauy allowable w1th clalm l Ior the reasons set fonh above ; R .

Lo

Claxm 10 1s re Jcclcd undcr pn.-ALA. 5 U.S C 103( a) asbem;, unpatemable over Mwash:ta ct _

al (US '7006/0087280) and Cashllo et al. (L’S 70 10’0 3‘90961) as. apphcd abuve and further in- vu:w oi } E

i
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Atmmey . Dockut 4984
.. Ar£ Um! ’839

?A.ya,shjta fa.gls to dxsclosc a pretcctxon cu i . ".' T

(US 2007/0080662) Thc Exammcr adnnts tha

- hoard as descnbed - clam; 10. but alleges t.'mt Wu teaches [l 14 Fxg 4 par 0070—0076] a protex,tmn

e cxrcmt board bemg a cut‘_:‘ ~board compnsmg a c.ontn)llcr vmh asch;axed mcan ) for pcnodlcally

L mcasunnc 2 load o detect a change m }oad 1;mpedance, and B ,swﬁch between the baltery pack and rhe

i 'jfelectncal dev:cc, and mcans for tummg on thc SW u:ch to prowde powex 1o theclccmcal dev iceto restart

et ‘A'the cngme. Wu 15 not refen mqw measurmg 1he loadxmpedance whw the hattery is disconnectedfrem

L the Ioad thn Wu speai\s ofmomtormg, "the batte ;pack chargeidzscharge current and hxgh Vohage

bus dx-eleclmz unpedance levei (Ohm). 2 ?&Vu is: rctemng to measurmg those parameters bgg ;_h

e ,bdtt&' s wnnected to the 'I 0 ad_ F urthermore, W v makes no mentxon ot measuung the load 1mpedance

o whenthe battery 1s dJscomec&,d and such maasm'ement bemg used to detemnne vihen to mconnectth;

. _‘ batter» to !he ioad Il should be noted ﬂmt Wu ssystem compr :,es a complcx numbex af Cil'CLut boards

S on a CAN (contro] er- area nerwork) bus locatecLextemalIy to the battexy ;)ack Each cxremt board xs

S lJm connnumcat:on w1th a complex commumcduon nierw ork that lS powered by a separate sourLe Wu
o f."_'_ . does nm mtmduce cut-off protectlon by sohd statc smtches such as M’OSFETa msnde abatteryhousmu B
: C!early, therctorc. Claxm 10 1s patcmablc over thc cucd reh.rence: R : ‘j ST :_' "-I'."". o

C’]mm } i 13 re_]ectt:d under pre~AIA 35 U S C IUB(a) as. bemg unpatemable ove1 ijashlta et

. f. al (US 2006.’0087280) and Castmo et al (us 2010/0;20961) as apphed above and furiher in view of

L ..‘.A’Smith(US Pdtem 5\635 8?1 )

] 1; but states 1ha1 Smnh lcachcs a protachon »n‘cult board that isa cutotf board havmc an asscmatcd S H
R f. ; cnnm)ller. smd banery pack bemg eonnected ?o a currcnt mommr smd currcmmomtorbeing cnnnectcd :
.'ﬁ_'reset lntch mli xum off dn asuoclarcd swuch {Lol 3 lmes 9 4() col 7 lmes 39-471 Ln acmahty, Smlth

- _has nothmg to do mth an c‘(cesswe dtschargc currunt ora shori cxrcmt condxtlon, nor to dxsconnectmg

e ~:"1he bzmery from the loaa under theie condmons Rather Smuh provxdus mcans tor dlsconncctmg the
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' ';enal Number ‘13/989,273
Attomev‘s Docket 4984 "
ERTAN TtUﬂIt "859

""jnventlon,muhlple(thzu.t'tw ‘_a“'itg‘ofsgl‘.i‘dfsta"tgs 't&.hes(e g., MOSFETs)areconnected 1x1parallel -

I‘ he mvenuon ot claim 17 dlffers from Smxth and Mlvasmta by havmg abalancmg functxan provxdt,d ST

the cxrcun boards that ha»e a; plurahty ot pmrs ot sohd state swnches arranged m a. parallel -:, 4

g ;' canﬁgutanon and cannectcd as now Set for:th m the amended mdepcndem ciaxm ';Each solzd state-. -

e :smtch has a sourcc and a dr, n thh exthcr“lhe drams or thc souxces connccted and Lhe pdrallel

' ”“.-fjconﬁguratlon of the p]umhty of solid state smu.hes 1s connectcd m :mes wltb the one or more ceils B

;hetween the posmve and negatn‘ s ermmals of the batter> pack As me sohd szah. sthches are

. 4;;connectadm paral] l, the prasem mventmn as de;med m Claxm ]_' ' can mcrease the current capabllmes :

. N Note that in Smnh iha gatﬁs 'arc connectt:d Logether-' eo, Smltb 8 swuch 1sn't dlrectlul‘ial ms ztth(,r Qpen L '. .

o 1 thex cbv pzcvenung currem ﬂo»\ m mther dlrecuon, or ms dose_ thm"ebyallowmg‘ : urrentﬂow i elthexf . "' S

R d;rectlon The present :mcm}on a]lo\\s contro{ of thg: gates separatel:, and mdupendenuv, thu*eby -

e givmn mdependent pontml of chargmg and d:schargmg To'te rate "th resem mvet _1on eh tTers from e
. the teachmgs of‘ bmsth by havmg a balancmg c1rcmt on thc uut-oﬂ“boards and hawng muhlplc pzurs of -
- '.swuchee m paralle) m a soume—to-eoune or dram-to-dram eonF gurahou I‘hus, 1t m submxtted that

L ".,: Ctalms 1'3 i: are aliowable over ths: referunceq mthm t}xe mcanma of‘ 35 USC 103 - k
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Regardmg Clalms 13 15. and cancelk,d (,laun 19 ﬁ}e E‘(ammer admns zhat Mxyashma faﬁs to;, :

o 'd;sclose the type nf sohd :"'ate sw:.tch of ,anL The anmmer a_ rs that Smxth d:scloses Wherem

L _(the sohd;statc mnches are MOSFETs or’ I(xB T S wherem the whd btdtﬁ swnches are uansnswrs I'ET , L

N -.": ..'"j:'JFET BJT CMOS VMO_ ; TMOS vezncal D\’iOS or HFX"FET wherem 1he sqhd state swrtches are..'. R

sald one or mcme celis,","‘

E-{:-,‘velther n—type or p—cype [col 4 lmes 1 5} tm'{her compnsmﬂ a housmg“' or-

B :}{bancncs wherem saxd sahd state swntches & :th smd housmg {col 9‘; me 56 to col 10 ]me 7~ see{_._"“: -

S - - aﬁso Fxg 6] Mlyashlta teaches two electrmuc swm:hes an ,engme stamﬂlg swwtch and an engl ne stop : R

o _'jf,smtcb But Mlyashna fanlsw dxsclosc the 1Vpe oi sohd state sthch In Smnh thc sohd state swnches S

used are trans:slors l”P'I' BJT and CMO§ '{n the applicant 'xemmn, the sohd qtate smtcheq‘ sed-‘.f_f“
o muans;smrs,FFT JFE’I‘ BIT, \Jos' VMOS TMO", vermalDMOS andHE‘CFET Tbesohdatate T

: sthc.hes hke JI‘ET V'\/fQS, I‘MO \‘ cmcal DMOS HEX.

b’f and IGBT arc not mentmned m: -

. : Mwas}nta nor m Sxmth in Snmh, ‘he PQW“ %w:tch mcludes TWO power N—channel MO SFETs Whlch. R
o "‘:are conne(.ted bacl\-to back in 5enes and connected a a common scmrce node cmd 1he gates of twof AR
o ~:MO%ET“° cmmec,ted a a common gare node, but m the Applu,cmt 5. mventlon, the paxr; of p-type or':':" -

- _ n-typesohd aute smts.has a:c connected in para}lei thhm the bmtenf housmg B)« ccmnectmg pmrs of L i. '._.",_4 .

S :'sohd statc sw ltches in parallel the presem mvennon Lan mcrease the currem capabxhhes Clearly, S

e Clmms 13 Hare also allowabie _»'.._‘,;.-_i _ﬂ'i..f. BT R

" Clmm 16 and qa are rejected undar Prc~AIA 33 U 9 .. IOJ(a) as bcmt-_. unpatemable over -

B :, _-.Mtya.shzta etaL (US 7006}0037')3@) and Srmth (US Patent 5 ,5 _,b 821) as apph ed above and further .

5 vxew Of(-»hlang et al (Ub 7()09/01”38 13) Claun 20 has been cancelled F he I:xammer admxts thal."

S ‘ Mnashxta taJls to dzsdose tha.t wxd one, ormme celis are beleued from the groupconglstxngofl 1FePO -
LfLP(): LLFCMUPO,; LlFeYP(L L1C002, 1.1\/11:1204 LtNJCoAJOz, ulNIMnCOO L14 F;S(), ,1eadac1d SRS

e '_;'_;"Nl(‘d and mckel m@tal h) dnde (NzMH) batrcnes F he Exammer stdtes That Snmh chsclosas wherem o

B ;'..Ihe hthxmn-based ce]l IS a hth:um sron phmphate ceiI whersm the luhxum ;ron phosPhate caII xs :7-
-19 ' ~ \ . .. N ‘
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o Smal Nmnber 13:989,273 Lol R
Anome;/s Dockepd984. = " - ]
T Artt}mt 859‘ el

S _-selected £rom the g;l‘oup conszsnng oi LxI‘ePO ‘L1bePO FcMaP@.,, and LlFeYPO,gcells. and w’herem.,‘ _ L

'.".'.' the lnhxum-baqed wll 1s sdected from the gmup conslstmg of LlCOOQ, LiMnZO,,, LtNlCOAiO.,,. .‘

EL‘NiM”‘C"O’v L‘4 ang tion, :

’_:.‘-::LanPOh LI(NI CQ)O»&MLA(CO,ADO_‘ ‘--"'mhe pzesem mventwn medlfferen'ccells usedare "\FePO " :

i -LiPePOQ,, LlF(:MgPO;,L eYPO4, LlCOO» LanoQ‘;,LlNJCOAJOn. L:NzM.nCoQ,, Lx4 '1"150,1, leadac;d, L :
. '.‘~-'~.N1'Cd and mckelmetal h\,dndc (N:MH) banenes As perthc above omy the LlFﬁPOs cell is conunon‘-:-‘ . S

cells used am Lz{Mn Fc)PO4, Lll“c

: m the (ltuaug am'i mthe pre_ nt ’case but cm of the other ceﬂs used axc dlfferenl. Forﬂns reasom and:'.:__'

' '___,_because Clgum 16 depends fmm C‘lalm,. .cleatiy dllowablc,

By the present response 1he App]‘ :,ant has amended Clmms 1 and 1” 10 dlsmxgursb the nove]. 3

: -'ﬁ__-teatures oi thxs appl‘ ; Anon from Casulio, Chlang :Murashlta, Smxth, lakano and W u. Wxth respect to=_ o e

o ",.',;‘:';.depcndt.nt cla:ms'z.—.? 9—10 and 13 16 thes«.\clal”" each depend dxrec:ly or. mduecdy from Clanm 1-,' g

L i"or 17 and are thus equal]y allowable wnh Cimms 1' and. 12 fm the reasons set rorth above

Newcla:unq 2 1 through .:6 are: presamed, _Claxms 91 throueh”6 cach depend from cl:um 1 2 and‘ . e

B :-~'pmvxde funher hmttatxons 1heve:to and thus ar¢ cqually patentable xmh Claun 12 for the reasons seL:..’ "";i' %

.:. ' - ‘tonh dbOVE

Ciaxms 27 through 36 arf: lllustratcd m T 1ourc516-93 Ciaxms 27 through 36 each rcquire', " .N - A\

S '~~~"4,‘mujnpic palrs ot sohd state sthches i parallel m a banerw pack housmg, and sources and dramq. ~'~'._: e

o connect::d m a. mnque cmm"uranon wiuch are not taught b} the reterences -i‘ L
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Application No. Applicant(s)
13/989,273 KOEBLER, MARTIN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
NATHANIEL PELTON 2859 ,S\l*gt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)[X Responsive to communication(s) filed on 05/23/2013.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5)[X Claim(s) 1-20 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) is/are allowed.
7) X Claim(s) 1-20 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[X] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 05/23/2013 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome** c)[] None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.
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1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date. .
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PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20151228
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DETAILED ACTION

Notice of Pre-AIA or AIA Status
The present application is being examined under the pre-AlA first to invent

provisions.

Claim Objections
Claims 12-20 are objected to because of the following informalities: the claims do

not begin with “A/An” or “The”. Appropriate correction is required.

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claims 1 and 6-9 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Miyashita et al. [US 2006/0087280] in view of Castillo et al. [US
2010/0320961].

With respect to claim 1, A battery pack for driving an electrical device in a 12 volt

to 120 volt operating system, said battery pack comprising: a battery pack housing [16

Figs 1-3; par. 0068-0069]; and at least one lithium-based rechargeable cell within said
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housing [abstract];and charging voltage per one cell is 3.0 to 4.2 V [par. 0080].
However, fails to explicitly disclose wherein a total discharging amount of each lithium-
based cell in the battery pack is from three (3) Ah to 5000 Ah.

It is well-known in the art to for lithium-based cells to discharge 3Ah, for
example, Castillo teaches wherein a total discharging amount of each lithium-based cell
in a battery pack is from three (3) Ah to 5000 Ah [par. 0063]

Therefore it would have been obvious to a person having ordinary skill in the art
at the time the invention was to modify Miyashita to discharge 3Ah for the benefit of

using a lithium based cell that can store/provide more power.

With respect to claim 6, Miyashita further discloses wherein said battery pack
comprises an even number of lithium-based rechargeable cells in said housing

[abstract].

With respect to claim 7, Miyashita further discloses wherein said electrical device
is an internal combustion engine starting device connected to an internal combustion

engine [abstract].

With respect to claim 8, Miyashita further discloses a protection circuit board

within said housing [par. 0067-0070; circuits formed on boards].
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With respect to claim 9, Miyashita further discloses wherein said protection circuit

board is a cut-off board or a cell balancing circuit board [i.e., see claim 6].

Claims 2-4 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Miyashita et al. [US 2006/0087280] and Castillo et al. [US
2010/0320961] as applied above and further in view of Chiang et al. [US
2009/0123813].

With respect to claims 2-4, Miyashita as applied above fails to explicitly disclose
the types of lithium cells, However, Chiang further discloses wherein the lithium-based
cell is a lithium iron phosphate cell, wherein the lithium iron phosphate cell is selected
from the group consisting of LiFePO, LiFePO4, LiFeMgPO4, and LiFeYPO4 cells [par.
0066-0069], and wherein the lithium-based cell is selected from the group consisting of
LiCoQ2, LiMn204, LiNiCoA102, LiNiMnCo0O2, and Li4TisO12 cells [par. 0066-0069].

Therefore, it would have been obvious to a person having ordinary skill in that art
at the time the invention was made to modify Miyashita as applied above to include the
lithium-based cells selected from the above groups for the benefit of improving the

desired operating ranges of the battery pack.

Claim 5 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over Miyashita et al. [US 2006/0087280] and Castillo et al. [US 2010/0320961] as

applied above and further in view of Takano et al. [US 2012/0139456].
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With respect to claim 5, Miyashita as applied above fails to explicitly disclose
wherein said battery pack comprises four lithium-based rechargeable cells in series in
said housing. However, this is well-known, for example Takano teaches a battery pack
comprises four lithium-based rechargeable cells in series in said housing [par. 0189].

Therefore it would have been obvious to a person having ordinary skill in the art
at the time the invention was made to modify Miyashita to include four cells as taught by
Takano for the benefit of providing a higher potential battery pack [i.e. holds more

power and/or supplying power to a higher operating system such as 12-120V].

Claim 10 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over Miyashita et al. [US 2006/0087280] and Castillo et al. [US 2010/0320961] as
applied above and further in view of Wu [US 2007/0080662].

With respect to claim 10, Miyashita fails to explicitly disclose wherein said
protection circuit board is a cut-off board comprising a controller, said controller having
associated means for periodically measuring a load to detect a change in load
impedance, further comprising a switch between said battery pack and said device, and
means for turning on said switch to provide power to the electrical device to restart the
device.

Wu teaches a protection circuit board is a cut-off board comprising a controller,
said controller having associated means for periodically measuring a load to detect a

change in load impedance, further comprising a switch between said battery pack and
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said device, and means for turning on said switch to provide power to the electrical
device to restart the device [114 Fig. 4; par. 0070-076)].

Therefore it would have been obvious to a person having ordinary skill in the art
at the time the invention was made to modify Miyashita to have the controller as claimed
above as and as taught by Wu for the benefit of achieving safe operation from the

battery pack.

Claim 11 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable
over Miyashita et al. [US 2006/0087280] and Castillo et al. [US 2010/0320961] as
applied above and further in view of Smith [US 5,635,821].

With respect to claim 11, Miyashita fails to explicitly disclose wherein said
protection circuit board is a cut-off board comprising a controller, said battery pack
being connected to a current monitor, said current monitor being connected to a current
comparator and a set-reset latch, whereby upon the occurrence of a short circuit, the
set-reset latch will turn off an associated switch.

Smith teaches a protection circuit board is a cut-off board comprising a controller,
said battery pack being connected to a current monitor, said current monitor being
connected to a current comparator and a set-reset latch, whereby upon the occurrence
of a short circuit, the set-reset latch will turn off an associated switch [col. 1 lines 24-37;
col. 3 lines 9-40; col. 7 lines 39-42).

Therefore it would have been obvious to a person having ordinary skill in the art

at the time the invention was made to modify Miyashita to have the controller as claimed
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above as and as taught by Smith for the benefit of achieving safe operation from the

battery pack and insuring the circuit has an adequate power supply.

Claims 12-15, 18, and 19 are rejected under pre-AlA 35 U.S.C. 103(a) as
being unpatentable over Miyashita et al. [US 2006/0087280] in view of Smith [US
5,635,821].

With respect to claims 12 and 18, Miyashita discloses a switching apparatus for

one or more cells in a battery pack encased in a battery pack housing, said battery pack
having a positive terminal and a negative terminal, each of said cells having a positive
pole and a negative pole, said apparatus comprising: at least a pair of switches within
said battery pack housing [par. 0066-0069; batteries inherently have positive and
negative pole; see also 20,23 Fig. 1]. However, Miyashita fails to explicitly disclose the
switches are solid state switches, each switch having a source and a drain with drains
connected, said solid state switches being connected to the positive/negative pole of
said one or more cells in series and to said positive/negative terminal, the
negative/positive pole of said one or more cells being connected to said
negative/positive terminal.

Smith teaches a switching apparatus for a battery pack wherein the switches are
solid state switches [abstract, FETS], each switch having a source and a drain with
drains/sources connected [col. 9 line 64 to col. 10 line 8; col. 3 lines 40-64]; said solid
state switches being connected to the positive pole of said one or more cells in series

[140 Fig. 6; col. 9 lines 58-62; col. 10 lines 45-62; col. 5 lines 4-9], and to said

PETITIONERS Ex. 1004
71 0of 214



Application/Control Number: 13/989,273 Page 8
Art Unit: 2859

positive terminal [col. 8 lines 30-42; Figs. 5-6], the negative pole of said one or more
cells being connected to said negative terminal [col. 5 lines 4-9].

It would have been obvious to a person having ordinary skill in the art at the time
the invention was made to modify Miyashita as taught by Smith for the benefit of
providing circuitry in order to insure that the power protection circuit has an adequate

power supply as disclosed by Smith [col. 1 lines 23-37].

With respect to claims 13-15, 17, and 19, Miyashita fails to explicitly disclose the

type of solid state switch, however, this is well-known in the art. For example, Smith
further discloses wherein the solid state switches are MOSFETs or IGBTs, wherein the
solid state switches are transistors, FET, JFET, BJT, CMOS, VMOS, TMOS, vertical
DMOS or HEXFET, wherein the solid state switches are either n-type or p-type [col. 4
lines 1-5], further comprising a housing for said one or more cells, batteries, wherein
said solid state switches are within said housing [col. 9 line 56 to col. 10 line 7; see
also Fig. 6].

Therefore, it would have been obvious to a person having ordinary skill in the art
at the time the invention was made to modify Miyashita as taught by Smith for the
benefit of providing circuitry in order to insure that the power protection circuit has an

adequate power supply as disclosed by Smith [col. 1 lines 23-37].
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Claims 16 and 20 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Miyashita et al. [US 2006/0087280] and Smith [US 5,635,821] as
applied above, and further in view of Chiang et al. [US 2009/0123813].

With respect to claims 16 and 20, Miyashita fails to explicitly disclose wherein

said one or more cells are selected from the group consisting of LiFePO, LiFePO4,
LiFeMgPO4, LiFeYPO4, LiCoO2, LiMn204, LiNiCoA102, LiNiMnCoO2, Li4TisO12, lead-
acid, NiCd, and nickel metal hydride (NiMH) batteries. However, Chiang further
discloses wherein the lithium-based cell is a lithium iron phosphate cell, wherein the
lithium iron phosphate cell is selected from the group consisting of LiFePO, LiFePO4,
LiFeMgPO4, and LiFeYPO4 cells [par. 0066-0069], and wherein the lithium-based cell
is selected from the group consisting of LiCoO2, LiMn204, LiNiCoA102, LiNiMnCoO2,
and Li4TisO12 cells [par. 0066-0069].

Therefore, it would have been obvious to a person having ordinary skill in that art
at the time the invention was made to modify Miyashita as applied above to include the
lithium-based cells selected from the above groups for the benefit of improving the

desired operating ranges of the battery pack.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NATHANIEL PELTON whose telephone number is

(5671)270-1761. The examiner can normally be reached on M-F 9:00-5:00 and by e-mail
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at nathaniel.pelton@uspto.gov (please include authorization to communicate via e-
mail).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Richard Isla-Rodas can be reached on 571-272-5056. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/NATHANIEL PELTON/
Examiner, Art Unit 2859
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4564797 81
4583036 81
4590385 81
4594669 81
4604565 81
4766580 81
4769586 81
4812670 81
4858587 81
4881371 81
4911116 81
4912416 81
4932387 81
4937528 81
4943777 81
4963856 81
4969099 81
4968942 81
4968941 81
4990836 81
5013994 81
5015899 81
5024082 81
5179340 81
5184109 81

5204672 81
5264301 81

PETITIONERS Ex. 1004
87 of 214



13989273

PLUS Search Results for S/N 13989273, Searched Tue Jan 20 12:54:06 EST 2015

The Patent Linguistics Utility System (PLUS) is a USPTO automated search system
for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which
produces a list of patents that are most closely related linguistically to the application
searched. This search was prepared by the staff of the Scientific and Technical Information

Center, SIRA.

4433278 99
4484130 99
5550861 99
5652502 99
5773958 99
5874825 99
5883498 99
6020721 99
6181103 99
6215274 99
6215281 99
6225778 99
6225780 99
6320389 99
6397965 99
6486636 99
6495991 99
6565836 99
6639385 99
6683440 99
6759034 99
6871410 99
6963359 99
6998819 99
7004289 99
7012406 99
7026788 99
7190171 99
7253588 99
7283230 99
7324902 99
7354677 99
7381066 99
7419744 99
7501797 99
7550949 99
7570017 99
7582386 99
7592815 99
7595134 99
7656125 99
7659692 99
7679873 99
7688038 99
7768233 99
7803483 99
7811707 99
7811708 99
7834589 99

7858234 99
7880432 99
7881737 99
7887949 99
7923152 99
7927740 99
7969120 99
7972730 99
8003255 99
8018182 99
8039151 99
7880432 99
7881737 99
7887949 99
7923152 99
7927740 99
7969120 99
7972730 99
8003255 99
8018182 99
8039151 99
8102152 99
8114535 99
8133619 99
8137843 99
8153301 99
8207740 99
8247101 99
8271060 99
8274261 99
8318351 99
8334074 99
8334676 99
8344675 99
8349495 99
8358099 99
8404387 99
8415053 99
8420262 99
8427105 99
8431272 99
8445124 99
8519674 99
8541137 99
8557443 99
8573683 99
8574762 99
8580421 99
8604749 99

8643991 99
8647774 99
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/989,273 05/23/2013 Martin Koebler 4984
CONFIRMATION NO. 4437
68151 PUBLICATION NOTICE
RALPH H. DOUGHERTY
4219 KRONOS PLACE IR LT

CHARLOTTE, NC 28210

Title:LITHIUM STARTER BATTERY AND SOLID STATE SWITCH THEREFOR

Publication No.US-2013-0241498-A1
Publication Date:09/19/2013

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. |
13/989,273 Martin Koebler 4984
68151 | INTERNATIONAL APPLICATION NO. |
RALPH H. DOUGHERTY PCT/US11/01937
4219 KRONOS PLACE LA. FILING DATE PRIORITY DATE
CHARLOTTE, NC 28210 11/28/2011 11/29/2010

CONFIRMATION NO. 4437
371 ACCEPTANCE LETTER

R

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.495), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

05/23/2013 05/29/2013
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), DATE OF COMPLETION OF ALL
(¢)(2) and (c)(4) REQUIREMENTS 35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35
U.S.C. 371 (c)(1), (¢)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the
international application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

+ Indication of Small Entity Status

+ Copy of the International Application filed on 05/23/2013

+ Copy of the International Search Report filed on 05/23/2013
+ Oath or Declaration filed on 05/23/2013

+ U.S. Basic National Fees filed on 05/23/2013

+ Priority Documents filed on 05/23/2013

« Power of Attorney filed on 05/23/2013

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

FREDERICK SMITH

Telephone: (571) 272-8679
page 1 of 1

FORM PCT/DO/EO/903 (371 Acceptance Notice)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/989,273 05/23/2013 560 4984 20 3
CONFIRMATION NO. 4437
68151 FILING RECEIPT
RALPH H. DOUGHERTY
4219 KRONOS PLACE IR OO TRE O
000000061853498

CHARLOTTE, NC 28210
Date Mailed: 06/12/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Martin Koebler, Davidson, NC;
Applicant(s)

Martin Koebler, Davidson, NC;

Power of Attorney: The patent practitioners associated with Customer Number 68151

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/US11/01937 11/28/2011
which claims benefit of 61/458,657 11/29/2010
and claims benefit of 61/463,736 02/22/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

If Required, Foreign Filing License Granted: 06/10/2013

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/989,273

Projected Publication Date: 09/19/2013
Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **
page 1 of 3

PETITIONERS Ex. 1004
91 of 214



Title
LITHIUM STARTER BATTERY AND SOLID STATE SWITCH THEREFOR

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where

page 2 of 3
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3

PETITIONERS Ex. 1004
93 of 214



PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/989,273
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .00 0) N/A N/A N/A 140 N/A
SEARCH FEE
(37 CFR 1.16(K), (i), of (m)) N/A N/A N/A 60 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 360 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= 40 = 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 3 minus 3 = 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 560 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
> a7 CF% ?.16(i)) Minus = OR
% Independent * Minus | *** = _ OR
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = _ OR
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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PTO/SB/8T (G1-09)

Approved for use through 14/30/2011. OMB 0851-0035

.8, Patent and Trademarx Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond 1o a ceftsction of information uniess it displays a valid OMB control number.

// POWER OF ATTORNEY A‘;}!;siicaéif:ﬂs; Number ™
OR Filing Date
REVOCATION OF POWER OF ATTORNEY | LostNamediovetsy | OEBLER, Harto
WITH A NEW POWER OF ATTORNEY Tiie LiTHIUM STARTER BATTERY AND SOLID STATE SWA
AND St UnR
! Examiner Name
\?HA?@GE OF CORRESPONDENCE ADDRESS Atorney Drocket Number | 4553 7

| heraby revoke ait previous powers of altorney given inthe above-identified application.

™ . . 5 .
i § A Power of Atlomey is subraitted herewith.
OR
;23 { hereby appoint Practitioner(s) associated with the follewing Customer 858151
AL Number as myfowr attormeyis) or ageni(s) to prosecuie e application
identified above, and ¢ fransact alf business ia the United States Patertt

and Tradermnark Office connected therewilty
OR
D { hereby appoird Practitionsr{s} named Salow as gwdour atoreey(s) or agevi(s) io prosecule the application enfifed above, and
o transant al business in the United Siates Patent and Trademark Office connscied thewith:

Praciitioner(s} Name Regisiration Number

Please racognize or change the correspondence addrass for the abova-identifisd application to:
. The address associated with the asbove-meniionad Customer Number.
OrR

F)Z The address associated with Customer Numben 88151
OF

™ Fimeor
L1 individual Name

Addeess

City [ Swte | zm%
Country
Telephone | Emal

tamthe:

Applicant/invertor.
oR
Assignze of record of the entire interest. See 37 CFR 371
Staterment under 37 OFR 3.73¢(8 {Forma BTOSEBE; submitted herawith or fled on

SIGNATURE of Applicant or 8ssignes of Record

Signature Aot HeddS Date
Name MARTIN KOEBLER Tefephone
Title and Company Applicantiinventor

NOTE: Signatwes of ali the lventors or assignees of record f the eatire bnterest o thelr reprasentativels) are required. Submil muitiple forms ¥ move than one
signature is required, see balow™,

3 *Totai of 1 forms ave subenitled.
This coliection of information is required by 37 CFR 1.31, 1.32 and 1.33. The information is requirsd 1o obtain or ratain a benefit by the public which is fo file {and by the
USPTO to process) an application. Confidentiaiity is govemned hy 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated 1o lake 3 minutes o complete,
including gathering, preparing, and subnutting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on
the amount of time you require to complete this form andfor suggestions for reducing this burdsn, should be sent to the Chief information Officer, U.5. Patent and
Trademark Office, 1 S. Depariment of Commercs, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETEDR FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 223131450,

f you heed assistanos in completing the form, call 1-800-PT0O-81398 and sefect option 2.
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

LITHIUM STARTER BATTERY AND SOLID STATE SWITCH THEREFOR

First Named Inventor/Applicant Name:

MARTIN KOEBLER

Filer:

Ralph Dougherty

Attorney Docket Number:

4984

Filed as Small Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Basic National Stage Fee 2631 1 140 140
Natl Stage Search Fee - U.S. was the ISA 2641 1 60 60
Natl Stage Exam Fee - all other cases 2633 1 360 360

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 560
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Electronic Acknowledgement Receipt

EFSID: 15857085
Application Number: 13989273
International Application Number: PCT/US11/01937
Confirmation Number: 4437

Title of Invention:

LITHIUM STARTER BATTERY AND SOLID STATE SWITCH THEREFOR

First Named Inventor/Applicant Name:

MARTIN KOEBLER

Customer Number:

68151

Filer:

Ralph Dougherty

Filer Authorized By:

Attorney Docket Number: 4984
Receipt Date: 23-MAY-2013
Filing Date:
Time Stamp: 16:02:21

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment

yes

Payment Type

Credit Card

Payment was successfully received in RAM

$560

RAM confirmation Number

2911

Deposit Account

Authorized User

File Listing:

Document

Number Document Description

Multi
Part /.zip

File Size(Bytes)/

File Name Message Digest

Pages
(if appl.)
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783207

1 Transmittal Letter Transmittal.pdf no 1
al7efeb47e14453fca62fb105eeb40389d04)
2148
Warnings:
Information:
89651
2 Application.pdf yes 26
d32a5ae842ea5d6ffa2al 330b7fa8798f492
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 21
Claims 22 25
Abstract 26 26
Warnings:
Information:
2914063
Drawings-only black and white line .
3 . Drawings.pdf no 10
drawings
b0b77d9efd544c81df7b6359f2caef82e57a)
7915
Warnings:
Information:
1543432
4 Oath or Declaration filed Declaration.pdf no 2
851a4fb82¢743d0b236a3ec435bb51f084
65d5e
Warnings:
Information:
767287
5 Power of Attorney Power.pdf no 1
<0503f7a9ff16f6128e330118fd82c010d32b)
Warnings:
Information:
33178
6 Fee Worksheet (SB06) fee-info.pdf no 2
0e4689410338559864bfe9fa68eb5e5d6114}
7e6f
Warnings:
Information:
Total Files Size (in bytes); 6130818
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PO BIS/ 15 {6313
Approved for use through 01/33/2014. OMB 08510032
Traddemark OF 3. DEPARTMENT GF COMMERCE
crmation wiess B displavs s valid OMB controf number

15, Patent a¢
w0 8 sofiecticnof

0. 14984

s are requised to res,

@Tg LITY Attorney Doc
PATENT APPLICATION First Nemed foventor LKOEBLER, Martin
TRANSMITTAL Title

Unger the Paperwark Redudion Ad of 3385 o

.

PO STARTER BATTERY ARD SOUD STATE SWITCR THEREFOR

k\\ {Onfy for new paaprovisional cppficotions under 37 CFR 3.53{8}} Express Mall Label Mo #
APPLICATION ELERMENTS Conwnissionet for Patents
See MPEP chapter 600 conceming uality potent applitatics contents. AS Q R ES§ ?-G P.0. Box 1450
Alexandria, V& 23313-1850
L.if | FeeTransmittal Form ACCOMPANYING APPLICATION PAPERS

{PTO/SBI17 or eyvivalent)

T . N a1 Asek
2.iv | Applicant asserts small entity statss. 10,0 | Assignment Papars
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PATENT
SPECIFICATION

LITHIUM STARTER BATTERY
AND SOLID STATE SWITCH THEREFOR

MARTIN KOEBLER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of priority of the following applications:
PCT Application PCT/US2011/001937, filed 28 November 2011; US Provisional Patent
Application Serial No. 61/458,657, filed 29 November 2010; and US Provisional Patent

Application Serial No. 61/463,736, filed 22 February 2011.

FIELD OF THE INVENTION
[0002] The present invention relates to a method and apparatus for starting an internal combustion
(IC) engine. More particularly, the invention is a lithium-based cell for starting such engines. The
invention includes a solid state switching configuration for high powered battery systems for
protecting against over-charging, over- discharging and short circuiting of batteries, especially

starter batteries for internal combustion engines (ICE).

BACKGROUND OF THE INVENTION
[0003] Presently, internal combustion engines use a starter battery comprised of lead-acid to turn
over an electric motor to start an IC engine. Lead-acid batteries are heavy, bulky, and have short
cycle life, short calendar life, and low turn around efficiency. Lead-acid batteries also have a high
internal impedance (resistance) that is greater in cold weather making it more difficult to start an

IC engine in cold weather with less current available. To overcome these variables, lead-acid

1
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starter batteries are provided with oversized battery capacity in order to produce the necessary
current needed for an electric starter to start an IC engine. The oversized lead-acid battery

increases the weight, space requirement, and cost needed to start an IC engine.

[0004] In order to turn off power terminals in presently known starter batteries, expensive
electronic/electrical components are required to handle the high current loads that a starter motor
needs to turn over an IC engine. These embody electronic protection circuitry for upper voltage
cut-off (overcharging), lower level voltage cut-off (over discharging) and temperature
measurements. These circuits also induce heat losses and electrical losses that can be large, as
well as taking up additional space. (Noise) spikes can trigger false voltage, temperature or current
readings that can terminate the battery system’s operation, when in fact all the cells are working
within safe specifications. Some of these protection circuits are temperamental and difficult to
reactivate once they have been triggered. For example, if an under-voltage condition happens and
the cells are still in under-voltage condition with a relay approach, current can not be provided to
the cells since a path has been broken thus another button needs to be pressed to activate the
system for a short duration in order to allow the cells to charge. Also, in some cases such as a
military application or racing application, every last bit of energy needs to be extracted, even if it

damages the battery.

[0005] With any type of rechargeable (secondary) battery used, the battery does not operate well
in a low state of charge (SOC), which in most cases is a low battery voltage. Whenever a battery
is at a low voltage level, the battery can suffer internal damage permanently or the battery life can
be drastically reduced. With battery chemistries such as lithium, over- charging a battery can be
even more dangerous, potentially leading to an exothermal runaway reaction, which can create a

fire. With a solid state switch placed in-line with the battery output power terminals, the solid
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state switch can be electronically controlled to open or close the current pathway leaving or
entering the battery. This can prevent battery damage from happening if the battery voltage is
brought too low or too high. This can be applied to any type of battery chemistry at any voltage.
An example is to apply the solid state switch to a 12V car battery that starts a vehicle. A vehicle
might have a voltage drain source left on, in which case the solid state switch would automatically

turn off the current flow from the battery before the battery is damaged.

[0006] A relay or contactor could be used as well, but has the following disadvantages:

1) A relay or contactor continuously needs current to keep the contactor open or closed.
That requires energy to do so.

2) A relay or contactor having a closed pathway allows current to flow in both directions
and can not be controlled for a single direction.

3) A relay or contactor can only be ON or OFF. During a switching process for large
currents large arcing can occur inside the relay or contactor, and that can cause the relay or
contactor to "weld" shut. Once a relay or contactor is welded shut, no switching can occur at that
point, which can be a safety issue, i.e., by not allowing switching to occur when needed.

4) Relays and contactors are large and bulky for larger current applications.

[0007] A better approach is to use a solid state switch either a FET, a MOSFET
(metal-oxide—semiconductor field-effect transistor), or IGBT (insulated gate bipolar transistor)
format, but not limited to these, in a unique configuration. The unique configuration involves
connecting two solid state devices such as MOSFET or IGBT with the "Sources" or "Drains"” tied
together electrically. These solid state devices can be either N or P type. A doped semiconductor
containing excess holes is called "p-type", and when it contains excess free electrons it is known as

"n-type", where p (positive for holes) or n (negative for electrons) is the sign of the charge of the
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majority mobile charge carriers. This arrangement simplifies the control electronics needed and
also allows current to flow in one direction but not the other with the internal diode. An FET
(field-effect transistor) is a majority-charge-carrier device having an active channel through which
majority charge carriers, electrons or holes, flow from the source to the drain. Source and drain
terminal conductors are connected to semiconductor through ohmic contacts. The majority charge
carriers enter the channel through the source and leave the channel through the drain. Figure 15
shows the "Drain" of each terminal being connected, and Figure 16 shows the "Source" of each

terminal being connected.

[0008] The advantages of a solid state switch are:

1) A solid state switch needs very little energy to activate an allowed pathway to be open or
close.

2) A solid state device can gradually increase current, controlling inrush current that might
occur switching ON large power applications or providing instant short circuit protection if the
current is too high.

3) A solid state switch can be very compact and light for higher power applications.

DESCRIPTION OF THE PRIOR ART
[0009] Applicant is aware of the following U. S. Patent concerning battery packs for starting
engines:

US Patent No. Issue Date Inventor Title

7,525,287 April 28,2009 Miyashi BATTERY PACK FOR DRIVING ELECTRIC
MOTOR OF COMPACT ENGINE STARTING
DEVICE, ENGINE STARTING DEVICE DRIVEN
BY THE BATTERY PACK, AND MANUAL
WORKING MACHINE HAVING THE ENGINE
STARTING DEVICE
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SUMMARY OF THE INVENTION
[0010] The invention provides means for increasing the efficiency of a starter battery for a starter
motor of an internal combustion engine. By replacing a lead-acid starter battery with a lithium
base or lithium-iron-phosphate (LiFePO, or LiFePO) or LiFeMgPO, or LiFeYPO, cell, the needed
capacity, weight and size is drastically reduced while increasing the cycle life, calendar life and
turn around efficiency for a starter battery. The lithium iron phosphate (LiFePQO,) cell is a type of
rechargeable cell, specifically a lithium ion cell, which uses LiFePO, as a cathode material. It may
also include magnesium or yttrium in the lithium iron compound. Connecting four cylindrical
cells in series, each of which has a standard industry cell format size of both 18650 (less than 3Ah)
or 26650 (less than 4Ah), or prismatic flat or other type cells, enough current is available to
penetrate to a starter motor rated for 12V system to start large IC engines that use 1, 2, 3,4, 5, 6, 8,
or 12 cylinders. Larger cells may be utilized in the invention, from 1 Ah to 5000 Ah, common

sizes being SAh, 10Ah, 20 Ah, 50Ah, 100Ah, 400Ah, and 500 Ah.

[0011[ With a configuration of 4 cells in series, no protection circuit board is needed to protect the
individual cells from over-voltage or undervoltage, unlike larger system using more cells which
require a protection circuit board in them for safety protection. Individual cell balancing is also
not needed for such a small starter battery but may be included to increase the product life. A
smaller and lighter starter battery increases the performance of mobile systems that use starter

batteries. The resulting increase of cycle life and calendar life reduces user costs.

[0012] No separate nor special charging system is needed with the invented system

[0013] The invention also comprises a housing for the lithium-based cells, with upper and lower

mating casings, a contoured pad within the lower casing for receiving at least one lithium-based
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cell, and electrical connections from the at least one lithium-based batter to the exterior of the
housing. Optionally, an upper battery pad may be placed in the upper casing, and, if desired, a
protection circuit board, such as a balancing board or a cut-off circuit, may be placed within the

upper casing for safety protection.

[0014] The invented solid state switch apparatus allows current to flow in one direction and not
the other. A minimum of two solid state switches are arranged in a unique configuration, which
allows current to flow in a controlled manner bidirectionally when needed. This is particularly
useful for preventing overcharging or over- discharging an entire battery pack. A separate cell
balancing circuit is used to balance out the individual cells. The solid state switch can be used on
each individual cell, if desired, to prevent overcharging or over-discharging of the individual cell.
It can be used with any battery application in which charging and discharging is required, and is
particularly useful with lithium-based batteries. It can also be used with lead-acid batteries, nickel-
cadmium (NiCd) batteries, and low self-discharge nickel metal hydride (NiMH) batteries. More
sophisticated items of equipment to which a battery may be attached have programmable shut-off
settings, but less sophisticated equipment does not have shut-off parameters in place. Using a
battery in a starter applications (for instance, to start an IC engine) will prevent the battery from
overcharging, as well as prevent the battery from being discharged to too low a level if a current

drain (leakage) is present in the system, even though everything is turned off.

[0015] By connecting the "Sources" or the "Drains" together using a minimum of two solid state
devices allows for automation and simplification to fully and partially switch the batteries power
terminals ON and OFF. The two solid state devices can either be N or P type and connected either
on the Positive or Negative side of the battery terminal and controlled by simple electronic circuit

to control the drivers of the solid state devices.
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[0016] This invented switch configuration also allows for short circuit protection across the

battery power terminals, along with allowing the maximum current control when charging.

OBJECTS OF THE INVENTION
[0017] The principal object of the present invention is to provide means for increasing the

performance of a starter battery for a starter motor of an internal combustion engine.

[0018] Another object of the invention is to provide a starter battery for an internal combustion
engine that is lighter, more reliable, has less bulk, longer cycle life, longer calendar life, and higher

turn around efficiency than lead-acid batteries.

[0019] A further object of this invention is to provide a starter battery system for an internal

combustion engine that is easy to assemble, waterproof, and maintenance free.

[0020] Another object of the invention is to provide a starter battery for an internal combustion

engine that can be used in existing vehicles.

[0021] Another object of the invention is to provide a starter battery for an internal combustion
engine that has a wide operating temperature range with exceptional cold-weather cranking

performance.

[0022] Another object of the invention is to provide an improved apparatus for protecting a single

cell or battery from being overcharged or over-discharged.

PETITIONERS Ex. 1004
108 of 214



10

15

[0023] Another object of the invention is to provide apparatus for charging a cell having a very

low charge.

[0024] Another object of the invention is to provide apparatus for short circuit protection for one

or more cells or batteries.

[0025] Another object of the invention is to provide apparatus for discharging a cell having too

high a charge.

[0026] A further object of the invention is to provide an apparatus for short circuit protection in

case a metal object causes a short circuit across the terminals.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027] The foregoing and other objects will become more readily apparent by referring to the

following detailed description and the appended drawings in which:

[0028] Figure 1 is an exploded isometric view of one embodiment of the invention, in which 4

cells are arranged into a starter battery pack.

[0029] Figure 2 is an exploded isometric view of another embodiment of the invention, in which 8

cells are arranged into a starter battery pack.

[0030] Figure 3 is an exploded isometric view of another embodiment of the invention, in which a

prismatic cell is arranged into a starter battery pack.
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[0031] Figure 4 is a front view of the assembled battery pack of Figure 3, the rear view being

identical.

[0032] Figure 5 is a top view of the assembled battery pack of Figure 3.

[0033] Figure 6 is a right end view of the assembled battery pack of Figure 3, the left end view

being a mirror image thereof.

[0034] Figure 7 is a schematic diagram of a block of 4 lithium prismatic cells in series connected

to a balancing circuit board.

[0035] Figure 8 is a schematic diagram of a block of 4 lithium prismatic cells in series connected

to a balancing and cutoff circuit board

[0036] Figure 9 is an isometric view of an alternative embodiment of a housing showing contacts

for switches.

[0037] Figure 10 is a top view of the housing of Figure 9 showing the contact locations.

[0038] Figure 11 is a front view of the housing of Figure 9, the rear view being identical.

[0039] Figure 12 is an end view of the housing of Figure 9, the opposite end being identical.

[0040] Figure 13 is an exploded isometric view of an alternative embodiment of the invention of

Figure 3, in which 2 blocks of prismatic cells and a control board of cutoff switch are arranged into
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the housing of Figure 9.

[0041] Figure 14 is a schematic diagram of a Solid State Switch with "Drain" connection.

[0042] Figure 15 is a schematic diagram of a Solid State Switch with "Source" connection.

[0043] Figure 16 is a schematic diagram showing a preferred embodiment of the invention in

which the "Drain" of each gate is connected together using N type MOSFET or IGBT with the

cells being above the solid state switches.

[0044] Figure 17 is a schematic diagram example of connecting the "Drain" of each gate together

using N type FET, MOSFET, or IGBT with the cells being below the solid state switches.

[0045] Figure 18 is a schematic diagram illustrating connecting the "Source" of each gate together

using N type FET, MOSFET or IGBT with the cells being above the solid state switches.

[0046] Figure 19 is a schematic diagram illustrating connecting the "Source" of each gate together

using N type FET, MOSFET or IGBT with the cells being below the solid state switches.

[0047] Figure 20 is a schematic diagram illustrating connecting the "Drain" of each gate together

using P type FET, MOSFET or IGBT with the cells being above the solid state switches.

[0048] Figure 21 is a schematic diagram illustrating connecting the "Drain" together using P type

FET, MOSFET or IGBT with the cells being below the solid state switches.

10
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[0049] Figure 22 is a schematic diagram illustrating connecting the "Source" together using P type

FET, MOSFET or IGBT with the cells being above the solid state switches.

[0050] Figure 23 is a schematic diagram illustrating connecting the "Source" together using P type

FET, MOSFET or IGBT with the cells being below the solid state switches.

[0051] Figure 24 is a schematic diagram illustrating the invention utilized in engine restarting.

[0052] Figure 25 is a schematic diagram illustrating short circuit protection of a battery.

DETAILED DESCRIPTION
[0053] Lithium containing LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells have a low
nominal cell voltage (3.2V-3.3V) that match directly with existing 12V lead-acid equivalent
systems. Four LiFePO cells in series have a nominal voltage of 13.2V. Thus they can directly

replace existing 12V lead-acid equivalent systems without requiring any electrical modification.

[0054] Other lithium chemistries have a higher nominal voltage, such as: lithium-cobalt (3.6V),
lithium-manganese (3.7V-3.8V), lithium-nickel-cobalt-manganese (3.7V). Each of these thus have
a higher system voltage when 4 cells are used in series. With the higher cell voltages, most
existing 12V direct replacement systems will not be able to charge other lithium cell chemistries
above 60% of their capacity. Other lithium-based cells that can be utilized in this invention are
lithium-cobalt-oxide (LiC00Q,), lithium-manganese-oxide (L.iMn,0,), lithium-nickel-cobalt-
manganese-oxide (LiNiCoAlQ,), lithium-nickel-manganese-cobalt-oxide (LiNiMnCoOQ,), and

lithium-titanate (Li,Ti;0,,).

11
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[0055] LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells also have a higher thermal runaway
condition than lead-acid cells. For a thermal runaway to occur, the cell temperature must be
extremely hot (over 200°C). When a cell reaches a certain temperature, mostly caused by
overcharging, then the cell will start producing more heat by an internal reaction that fuels itself in
most cases with a fire, which phenomenon is known as “thermal runaway”. All other Lithium cell
chemistries have a lower thermal runaway temperature making those cells more prone to catch on

fire.

[0056] A thermal venting cap is usually placed inside each individual cylindrical cell casing to
minimize the chances of explosion. The venting cap allows the electrolyte of a cell to leak out

before an internal fire can occur.

[0057] Although it is advantageous to use protective circuitry, it is possible to operate the present
invention without protective circuitry, which simplifies the system to allow charging or
discharging. Omitting all of the electronic protection circuitry for upper voltage cut-off
(overcharging), lower level voltage cut-off (over discharging) and temperature measurements
reduces the overall manufacturing cost of the starter battery. This also simplifies the system to
allow charging or discharging in all conditions and not be restricted by any suggested or specified

operating range.

[0058] By using lithium cells, a battery housing structure is both smaller and lighter than with
lead-acid cells. Any time less internal mass is involved the housing structure size can be reduced,

which also results in reducing cost.

[0059] The housing structure of the embodiment of Figures 1 and 2 may vary in depth to

12
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accommodate varying numbers of cells which provides for different capacity. The lid structure of
the housing (or casing) for cylindrical cells is the same for most battery packs, as shown. Such
cells can be stacked in parallel to allow for larger capacity for different battery packs to be
assembled. The lid of the housing also incorporates a threaded bushing made from aluminum to
minimize weight, but that has similar electrical properties to aluminum, copper or brass, or an

internally threaded hole to receive an electrical connector screw.

[0060] Referring now to the drawings, and particularly to Figure 1, the invented battery pack 10
comprises a housingl2, having a lower receptacle 14 and a mating top 16, at least one lithium-
based rechargeable battery 18, or cell, within the housing, with appropriate electrical connections.
The total discharging amount of each lithium-based cell in the battery pack is one (1) to 5000 Ah,

and charging voltage per one cell is 3.0to 4.2 V.

[0061] The lower portion of the housing 16 can be provided with bottom padding 20 which fits
therein, receives the cell or cells, and mates with the lower receptacle 14. A top pad 22 can be

provided in the top 16 of the housing, as desired.

[0062] Electrical connections 24 are provided between the cells, as shown, positive to negative,
with screws 26 connecting the cells through holes 28 the bottom of the housing to electrical leads,
not shown, but which leads connect to bottom screws 30. Alternatively, a welded connection can

be used instead of screws.

[0063] Optionally, a protection circuit board 32 may be placed within the upper casing or top 14
for safety protection. Such a protection circuit board may be a cutoff board or a cell-balancing

circuit board. A cell-balancing circuit board may include a cutoff function. A lithium iron battery

13
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having two or more cells in series has a battery voltage equal to the sum of the individual cell
voltages. Over the life of the battery, it may be charged and discharged for hundreds or thousands
of cycles. The individual cells may age differently. Some cells may become mismatched with
respect to the others. This phenomenon is corrected, by balancing. Balancing is the process of

forcing all of the cells to have identical voltages. This is accomplished by a balancing circuit.

[0064] Starter battery systems can utilize a greater number of lithium cells as desired for greater

capacity.

[0065] Lithium cells have substantially less weight than a lead-acid cell, and are 80% smaller. A
lithium cell will last about 3 times as long as a lead-acid cell with 100% full discharge cycles.
Lithium cells are maintenance free, whereas lead-acid cells need to be refilled with distilled water
to maintain the acid level above the plates. Lithium cells do not freeze. They have a discharge

power 8 times that of lead-acid. Their charging time is less than 2 hours.

[0066] Lithium cell self discharge rate is less than 2% monthly, whereas the self discharge rate for

a lead-acid cell is 10% monthly.

[0067] Lithium cells can operate at very high temperature, up to 70°C without major degradation.
They can also operate at very low temperature, down to -30°C with slight capacity degrade at that

temperature, but power is available.

[0068] Lithium cells are 98% energy efficient (energy going in and out of the cell), whereas lead-

acid cells are only 90% energy efficient.

14
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[0069] For each 12 volt increment, four LiFePO, cells are required in series, and some cases fewer

cells with other lithium chemistries. The following Table compares the lead-acid battery voltages

to the LiFePO, cell requirements and for other lithium-based battery cells:

Nominal
Lead-Acid
Voltage

12V
24V
36V
48V
60V
2V
84V
96V
108V

120V

TABLE I

LiFePO,
(3.3V nominal)

3 to 4 cells in series

5 to 9 cells in series

8 to 13 cells in series
11 to 17 cells in series
14 to 22 cells in series
16 to 26 cells in series
19 to 31 cells in series
22 to 35 cells in series
25 to 39 cells in series

27 to 44 cells in series

(LiCo00,), (LiMn,0,),

(LiNiCoAlQ,), (LiNiMnCo0,), or

(Li,Ti50,,)

(3.7V nominal)

2 to 4 cells in series
5 to 8 cells in series
7 to 12 cells in series
10 to 16 cells in series
12 to 19 cells in series
15 to 23 cells in series
17 to 27 cells in series
19 to 31 cells in series
22 to 35 cells in series

24 to 39 cells in series

[0070] As shown in Figures 3 through 6, a block 40 formed of one or more flat prismatic cells

connected in series is fitted into a housing 12, each block of cells having a common set of

electrical connections 42A and 42B. A protection circuit board 30 is provided within the housing,

and is electrically connected to the block. Figures 4 through 6 show the assembled housing with

the electrical connections 24A and 24B in the top thereof.

15
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[0071] Figure 7 shows a block of 4 flat lithium based prismatic cells connected to a balancing
circuit board 46, which has a balancing controller or microprocessor 60. Figure 8§ shows a block of
4 flat prismatic cells connected to a balancing and cutoff circuit board 48, which includes a
controller 60 and a solid state cutoff switch 62, such as an FET. Figures 9 through 12 show the

housing 12 for the battery pack 10 with positive terminal 34 and negative terminal 36.

[0072] Figure 13 shows multiple blocks 40 of flat cells along with bottom padding, packing, or
spacers 50, flat packing 52, and large packing blocks 54, all of which packing is optional. The
upper portion or top section 56 of the housing is advantageously provided with three contacts on

each end thereof, as shown.

[0073] An auto-detect restart feature is especially useful for a motorcycle: "IQ Restart technology”
protects the battery from a deep cycle discharge by monitoring battery voltage level and shutting
the battery power off prior to a full discharge, such as in the case of leaving a headlight or
electrical component on for an extended period of time while the engine is off. Enough reserve
power is left in the battery, to automatically detect (by measuring a change in resistivity) a starting
effort and allow the user to start the engine again. This avoids the cyclist being stranded or the
headache of replacing a battery. The auto-detect apparatus has at least one lithium-based cell, a
voltage detector, an associated switch such as a cutoff board, or a micro-controller in a balancing
circuit connected to a solid state switch, such as an FET. One function turns off an FET in the
circuit when the voltage drops to a preselected level, leaving sufficient reserve capacity for starting
the engine. A second function detects a “keying cycle” or the resistance change upon attempting
to start the engine, which turns on the FET. This resistance change is a reaction to a key turn, push

button, or remote activator.

16
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[0074] To control the solid state switches, electronic controls are needed for the different
voltages, currents and/or temperature with specified parameters in which cells work to prevent
damage. The control electronics used in battery systems are often referred to a Battery
Management System (BMS) or Battery Management Unit (BMU). The BMS or BMU can
individual monitor all the cell or battery voltages, and/or temperatures. To protect a single cell or
battery from being over charged, that might lead to an exothermal runaway reaction creating a fire
and/or to prevent the cell from damaging when discharging them too low, the solid state switch

would close or open the current pathway to prevent cell damage from occurring.

[0075] The arrangement of devices shown in Figures 15 and 16 are examples of how solid state
switches can be configured to connect the "Drains" or "Sources" together which is an
unconventional approach. The solid state switches in parallel are examples to increase the current

capabilities.

[0076] Referring particularly to Figure 17, under normal operations both T1 and T2 are ON
allowing power pathway to go in both directions: discharge and charge. Should a cell be outside
of its specified working specification (cell voltage), both D1 and D2 can be turned off but current

can still flow through the internal diode to allow for added functionality.

[0077] In the event that the cell voltage drops too low, below the set voltage configuration, from a
drain on the battery, T1 will turn off, preventing further discharge from occurring. However, with
the internal diode in place of T1, and T2 still on, the circuit will allow charging to occur.

[0078] If the cell voltage goes too high, above the set voltage configuration, T2 will turn off,
preventing further over charging from occurring. However, with the internal diode in place of T2,

and T1 still on, the circuit will allow discharging to occur.
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[0079] Using solid state switching in the configuration shown in Figure 17 allows for user
friendly reactivation of the circuit without any pushbuttons or reset buttons. Both Charge and
Discharge current can go through the internal MOSFET or IGBT diode to bring the cell back to the

specified operating voltage.

[0080] Alternative switch and gate arrangements are set forth in Figures 18 through 23. Each

such arrangement works in a similar manner as that describing the Figure 17 operation.

[0081] The invention’s restart function is illustrated by Figure 24. Controller 60 is connected to a
battery pack having a block of cells 64 and to MOSFETs Q1 and Q2. After a low voltage cutoff,
the controller periodically tests the load to detect a change in the load impedance. When an abrupt
change in the load impedance is detected, for example connecting or disconnecting a load such as
the headlight(s), the ignition switch, or the starter switch, the controller 60 turns on power
MOSFETs Q1 and Q2, which reconnects the battery to the vehicle and allows the vehicle to be

restarted.

[0082]When the controller drives the base of Q3 high through R1, Q3 and Q4 turn on. When Q4
turns on, it connects the battery to the load through R4 and D1. R4 and the load impedance form a
voltage divider, and the resulting voltage at node A will depend on the load impedance. D2 steers
the node A voltage to the R5/R6 voltage divider which scales down the voltage at node B to a
level that the controller can read using an analog-to-digital converter (ADC). The ADC may be of
the type commonly included as a built-in peripheral in a micro-controller or a digital signal
processor; alternatively the ADC may be a standalone device. After turning on Q4, the controller
may make one or more ADC readings after one or more fixed or variable delay periods. By

reading the ADC at different times after turn-on, the controller can infer not only the resistive, but

18
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also the inductive and/or capacitive components of the load impedance. By tracking the periodic
ADC readings and applying the appropriate digital filtering, abrupt changes in the load impedance
can be determined. Gradual changes in the ADC readings, which may be caused for example by
temperature changes or battery charge depletion, are disregarded (i.e., filtered out). Immediately
after making the required ADC reading(s) the Controller turns off Q3 and Q4 to minimize battery
drain. It should be noted that while Q3 and Q4 are shown here as bipolar junction transistors, a
number of other types of electronic devices could be used to accomplish the switching function of

Q4, including but not limited to one or more MOSFETS or a relay.

[0083] In order to conserve battery charge as long as possible in low voltage cutoff mode, the
controller tests the load impedance only as often as necessary. The testing period is determined by
the application, and is approximately 1 to 5 seconds. In a vehicle application, this period
represents the maximum time that a user would have to hold a starter switch in the start position in
order to effect a restart after a low voltage cutoff. To further reduce drain on the battery, the
testing period may be extended if the battery remains in low voltage shutdown mode for a long

time, or if the battery voltage (in one or more cells) continues to drop.

[0084] The invention is useful for short circuit protection as shown in Figure 25. Cross-coupled
NAND gates E and F form a set-reset (SR) latch that controls the gate drive of power MOSFET
Q2. The latch is set when the controller 60 drives Q2 ENABLE low. When Q2 ENABLE is
driven high again, the output of NAND gate G is low and NAND gate H turns on Q3, which turns
on Q4, which supplies the boosted gate drive voltage to turn on Q2. C3 and C4 help ensure fast
turn-on of Q2 even with the relatively high value resistors for R4, RS, and R8 required to satisfy

the application’s low power requirements.
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[0085] Current monitor A monitors the voltage drop across the drain-source ON resistance
(Rps(on)) Of power MOSFET Q1 and sources a current into node B that is proportional to the
MOSFET current. R1 converts this current to a voltage that is compared to VREF at comparator
D. When a short circuit occurs, the voltage at node B will exceed VREF (at least momentarily)
and cause the output of D to go low, resetting the S-R latch. When the S-R latch is reset the output
of G will go high, and C2 will differentiate a positive going pulse into the base of QS, causing Q5
to turn on for a few microseconds and rapidly discharge the gate of Q2. Rapid turn-off of Q2 is
essential to limiting the energy associated with a short circuit event. By monitoring the status of
the S-R latch, the controller 60 can determine when a short circuit cut-off event has occurred. Cl1
low pass filters the signal at node B so that extremely short duration overcurrent conditions can be
tolerated if desired. The controller 60 may adjust VREF to compensate for Q2’s Ry, variation

with temperature if desired, or to adjust the over current trip threshold.

[0086] The solid state switches can be transistors, FET (field-effect transistors), JFET or JUGFET
(Junction gate field-effect transistors), BJT bipolar junction transistors, CMOS (complementary
metal-oxide—semiconductors), VMOS (Vertical Metal Oxide Silicon), TMOS transistors, vertical

DMOS (Double-Diffused MOS), or HEXFET.(hexagonal shape MOSFET).

[0087] It should be noted that the invented solid state switch apparatus can also be used in any
battery system that requires charging and discharging in order to extend the battery life, and for
safety. This is extremely useful and is a first for starter batteries.

[0088] The solid state devices all need to be the same (N) or (P) type used in the same circuit, as

illustrated.
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SUMMARY OF THE ACHIEVEMENT

OF THE OBJECTS OF THE INVENTION
[0089] From the foregoing, it is readily apparent that I have invented an improved means for
increasing the performance of a starter battery for a starter motor of an internal combustion engine,
and a starter battery for an internal combustion engine that is lighter, more reliable, has less bulk,
longer cycle life, longer calendar life, and higher turn around efficiency than lead-acid batteries.
The starter battery system for an internal combustion engine is easy to assemble, waterproof, and
maintenance free, can be used in existing vehicles, and has a wide operating temperature range
with exceptional cold-weather cranking performance. The invention also apparatus for protecting a
single cell or battery from being over charged, as well as providing apparatus for charging a cell
having a very low charge, more effectively, and more economically than heretofore has been

possible.

[0090] It is to be understood that the foregoing description and specific embodiments are merely
illustrative of the best mode of the invention and the principles thereof, and that various
modifications and additions may be made to the apparatus by those skilled in the art, without
departing from the spirit and scope of this invention, which is therefore understood to be limited

only by the scope of the appended claims.
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What is claimed is:

1. A battery pack for driving an electrical device in a 12 volt to 120 volt operating system, said
battery pack comprising:

a battery pack housing; and

at least one lithium-based rechargeable cell within said housing;

wherein a total discharging amount of each lithium-based cell in the battery pack is from

three (3) Ah to 5000 Ah, and charging voltage per one cell is 3.0to 4.2 V.

2. A battery pack according to claim 1 wherein the lithium-based cell is a lithium iron phosphate

cell.

3. A battery pack according to claim 2, wherein the lithium iron phosphate cell is selected from

the group consisting of LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells.

4. A battery pack according to claim 1 wherein the lithium-based cell is selected from the group

consisting of LiCo0O,, LiMn,0,, LiNiCoAlO,, LiNiMnCoO,, and Li,Ti;O,, cells.

5. A battery pack according to claim 1, wherein said battery pack comprises four lithium-based

rechargeable cells in series in said housing.

6. A battery pack according to claim 1, wherein said battery pack comprises an even number of

lithium-based rechargeable cells in said housing.
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7. A battery pack according to claim 1 wherein said electrical device is an internal combustion

engine starting device connected to an internal combustion engine.

8. A battery pack according to claim 1, further comprising a protection circuit board within said

housing.

9. A battery pack according to claim 8, wherein said protection circuit board is a cut-off board or a

cell balancing circuit board.

10. A battery pack according to claim 9, wherein said protection circuit board is a cut-off board
comprising a controller, said controller having associated means for periodically measuring a load
to detect a change in load impedance, further comprising a switch between said battery pack and
said device, and means for turning on said switch to provide power to the electrical device to

restart the device.

11. A battery pack according to claim 9 wherein said protection circuit board is a cut-off board
comprising a controller, said battery pack being connected to a current monitor, said current
monitor being connected to a current comparator and a set-reset latch,

whereby upon the occurrence of a short circuit, the set-reset latch will turn off an

associated switch.
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12. Solid state switching apparatus for one or more cells in a battery pack encased in a battery
pack housing, said battery pack having a positive terminal and a negative terminal, each of said
cells having a positive pole and a negative pole, said apparatus comprising:

at least a pair of solid state switches within said battery pack housing, each switch having a
source and a drain, with drains connected;

said solid state switches being connected to the positive pole of said one or more cells in
series, and to said positive terminal, the negative pole of said one or more cells being connected to

said negative terminal.

13. Apparatus according to claim 12, wherein the solid state switches are MOSFETs or IGBTs.

14. Apparatus according to claim 13, wherein the solid state switches are transistors, FET, JFET,

BJT, CMOS, VMOS, TMOS, vertical DMOS or HEXFET.

15. Apparatus according to claim 12, wherein the solid state switches are either n-type or p-type.

16. Apparatus according to claim 12, wherein said one or more cells are selected from the group
consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiC00O,, LiMn,0,, LiNiCoAlO,,

LiNiMnCoO,, Li,Ti;0O,,, lead-acid, NiCd, and nickel metal hydride (NiMH) batteries.

17. Apparatus according to claim 12, further comprising a housing for said one or more cells,

batteries, wherein said solid state switches are within said housing.
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18. Solid state switching apparatus for one or more cells in a battery pack encased in a battery
pack housing, said battery pack having a positive terminal and a negative terminal, each of said
cells having a positive pole and a negative pole, said apparatus comprising:

at least a pair of solid state switches within said battery pack housing, each switch having a
source and a drain, with sources connected;

said solid state switches being connected to the negative pole of said one or more cells in
series, and to said negative terminal, the positive pole of said one or more cells being connected to

said positive terminal.

19. Apparatus according to claim 18, wherein the solid state switches are transistors, FET,

MOSFET, IGBT, JFET, BJT, CMOS, VMOS, TMOS, vertical DMOS or HEXFET.

20. Apparatus according to claim 18, wherein said one or more cells are selected from the group
consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiC00O,, LiMn,0,, LiNiCoAlO,,

LiNiMnCoO,, Li,Ti;0O,,, lead-acid, NiCd, and nickel metal hydride (NiMH) batteries.
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ABSTRACT OF THE DISCLOSURE

[0091] Apparatus for increasing the efficiency of a starter battery for a starter motor of an internal
combustion engine in a battery pack arrangement with one or more lithium based cells. The
invention includes a solid state switching configuration for high powered battery systems for
protecting against over-charging, over-discharging and short circuiting of batteries, especially

starter batteries for internal combustion engines.
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PATENT

SPECIFICATION
MARTIN KOEBLER

LITHIUM STARTER BATTERY

FIELD OF THE INVENTION
The present invention relates to a method and apparatus for starting an internal combustion
(IC) engine. More particularly, the invention is a lithium-based cell arrangement for starting such

engines.

BACKGROUND OF THE INVENTION

Presently, internal combustion engines (ICE) use a starter battery comprised of lead acid to
turn over an electric motor to start an IC engine. Lead acid batteries are heavy, bulky, and have short
cycle life,.short calendar life, and low turn around efficiency. Lead acid batteries also have a high
internal impedance (resistance) that is greater in cold weather making it more difficult to start an IC
engine in (cold weather with less current available. To overcome these variables, lead acid starter
batteries are provided with oversized battery capacity in order to produce the necessary current needed
for an electric starter to start an IC engine. The oversized lead acid battery increases the weight, space

requirement, and cost needed to start an IC engine.
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In order to turn off power terminals in presently known starter batteries, expensive
electronic/electrical components are required to handle the high current loads that a starter motor
needs to turn over an IC engine. These embody electronic protection circuitry for upper voltage cut-
off (ovércharging), lower level voltage cut-off (over discharging) and temperature measurements.
These circuits also induce heat losses and electrical losses that can be large, as well as taking up
additional space. Often (noise) spikes falsely trigger false voltage, temperature or current readings
that can terminate the battery system’s operation, when in fact all the cells are working within safe
specifications. Some of these protection circuits are temperamental to reactivate once they have been
triggered. For example, if an under-voltage condition happens and the cells are still in under-voltage
condition with a relay approach, current can not be provided to the cells since a path has been broken
thus another button needs to be pressed to activate the system for a short duration in order to allow
the cells to charge. Also, in some cases such as a military application or racing application, every last

bit of energy needs to be extracted, even if it damages the battery.

DESCRIPTION OF THE PRIOR ART
Applicant is aware of the following U. S. Patent concerning battery packs for starting engines:

US Patent No. Issue Date Inventor Title

7,525,287 April 28,2009 Miyashi BATTERY PACK FOR DRIVING ELECTRIC
MOTOR OF COMPACT ENGINE STARTING
DEVICE, ENGINE STARTING DEVICE DRIVEN
BY THE BATTERY PACK, AND MANUAL
WORKING MACHINE HAVING THE ENGINE
STARTING DEVICE
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SUMMARY OF THE INVENTION

The invention provides means for increasing the efficiency of a starter battery for a starter
motor of an internal combustion engine. By replacing a lead acid starter battery with a lithium-iron-
phosphate (LiFePO, or LiFePO) cell, the needed capacity, weight and size is drastically reduced while
increasing the cycle life, calendar life and turn around efficiency for a starter battery. The lithium iron
phosphate (LiFePO,) cell is a type of rechargeable cell, specifically a lithium ion cell, which uses
LiFePO, as a cathode material. Connecting four cells in series, each of which have a standard industry
cell format size of both 18650 (< 3Ah) or 26650 (< 4Ah), enough current is available to penetrate to
starter motor rated for 12V system to start large IC engines thatuse 1, 2, 3,4, 5, 6, 8, or 12 cylinders.

Stronger cells up to SAh may be utilized in the invention.

With a configuration of 4 cells in series, no protection circuit board is needed to protect the
individual cells form overvoltage or undervoltage, unlike larger system using more cells which require
the protection circuit board in them for safety protection. Individual cell balancing is also not needed
for such a small starter battery but may be included to increase the product life. A smaller and lighter
starter battery increases the perfonﬁa.nce of mobile systems that use starter batteries. The resulting

increase of cycle life and calendar life reduces user costs.

No separate nor special charging system is needed with the invented system
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The invention also comprises a housing for the lithium-based cells, with upper and lower
mating casings, a contoured pad within the lower casing for receiving at least one lithium-based cell,
and electrical connections from the at least one lithium-based batter to the exterior of the housing.
Optionally, an upper battery pad may be placed in the upper casing, and, if desired, a protection circuit

board may be placed within the upper casing fore safety protection.

OBJECTS OF THE INVENTION

The principal object of the present invention is to provides means for increasing the

performance of a starter battery for a starter motor of an internal combustion engine.

Another object of the invention is to provide a starter battery for an internal combustion engine
that is lighter, more reliable, has less bulk, longer cycle life, longer calendar life, and higher turn

around efficiency than lead acid batteries.

A further object of this invention is to provide a starter battery system for an internal

combustion engine that is easy to assemble, waterproof, and maintenance free.

Another object of the invention is to provide a starter battery for an internal combustion engine

that can be used in existing vehicles..
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Another object of the invention is to provide a starter battery for an internal combustion engine

that has a wide operating temperature range with exceptional cold-weather cranking performance.

BRIEF DESCRIPTION OF THE DRAWINGS

5 The foregoing and other objects will become more readily apparent by referring to the

following detailed description and the appended drawings in which:

Figure 1 is an exploded isometric view of one embodiment of the invention, in which 4 cells

are arranged into a starter battery pack.

Figure 2 is an isometric bottom view of an assembled starter battery pack of the embodiment

10 of Figure 1..

Figure 3 is a front of the assembled battery pack of Figure 2, the rear view being identical.

Figure 4 is a bottom view of the assembled battery pack of Figure 2..

Figure S is a right end view of the housing for the invented battery pack, the left end view

being a mirror image thereof.
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Figure 6 is an exploded isometric view of another embodiment of the invention, in which 8

cells are arranged into a starter battery pack.

Figure 7 is a top view of the housing for the battery pack of Figure 6.

Figure 8 is a front view of the housing for the battery pack of Figure 6 (omitting the bottom

5 screws), with the top and bottom of the housing mated, the rear view being identical.

Figure 9 is a right end view of the housing for the invented battery pack of Figure 6, the left

end view being identical.

Figure 10 is an exploded isometric view of another embodiment of the invention, in which 16

cells are arranged into a starter battery pack

10 Figure 11 is a an exploded isometric view of another embodiment of the invention, in which

40 cells are arranged into a starter battery pack

Figure 12 is an exploded isometric view of another embodiment of the invention, in which 56

cells are arranged into a starter battery pack

The wording and decoration on the top of the battery pack form no part of the invention.
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DETAILED DESCRIPTION

Lithium containing LiFePO and LiFePO, cells have a low nominal cell voltage (3.2V-3.3V)
that match directly with existing 12V lead acid equivalent systems. Four LiFePO cells in series have
anominal voltage of 13.2V. Thus they can directly replace existing 12V lead acid equivalent systems

without requiring any ¢lectrical modification.

Other Lithium chemistries have a higher nominal voltage, such as: Lithium-Cobalt (3.6V),

‘ Lithium Manganese (3.7V-3.8V), Lithium-Nickel-Cobalt-Manganese (3.7V). Each of these thus have

a higher 12V system voltage when 4 cells are used in series. With the higher cell voltages, most
existing 12V direct replacement system will not be able to charge other Lithium cell chemistries above

60% of their capacity.

LiFePO, and LiFePO cells also have a higher thermal runaway condition. For a thermal
runaway to occur, the cell temperature must be extremely hot (over 200°C). When a cell reaches a
certain temperature, mostly caused by overcharging, then the cell will start producing more heat by
an internal reaction that fuels itself in most cases with a fire, which phenomenon is known as “thermal
runaway”. All other Lithium cell chemistries have alower thermal runaway temperature making those

cells more prone to catch on fire.

A thermal venting cap is placed inside each individual cylindrical cell casing (flat prismatic
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cells also exist) to minimize the chances of explosion. The venting cap allows the electrolyte of a cell

to leak out before an internal fire can occur.

The present invention can operate without protective circuitry, which simplifies the system to
allow charging or discharging. Omitting all of the electronic protection circuitry for upper voltage cut-
off (overcharging), lower level voltage cut-off (over discharging) and temperature measurements
reduces the overall manufacturing cost of the starter battery. This also simplifies the system to allow
charging or discharging in all conditions and not be restricted by any suggested or specified operating

range.

By using lithium cells, a battery housing structure is both smaller and lighter than with lead
acid cells. Any time less internal mass is involved the housing structure size can be reduced, which

also results in reducing cost.

The housing structure of the invention varies in depth to accommodate varying numbers of
cells which provides for different capacity. The lid structure of the housing (or casing) is the same for
most battery packs, but cells can be stacked in parallel to allow for larger capacity for different battery
packs to be assembled. The tooling cost is minimized for plastic mold injection casing to be formed
by only having one or two top tools. The lid of the housing also incorporates a threaded bushing
made from aluminum to minimize weight, but that has similar electrical properties to copper or brass,

or an internally threaded hole to receive an electrical connector screw.
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The lower casing is divided into sections that allows different casings to be manufactured from
the same tooling. The tooling is simply stacked to the appropriate height needed for the correct cell
capacity. The assembled batter pack has a height H, a width W, and a depth D as shown in Figures

4,5,7, and 8.

Referring now to the drawings, and particularly to Figure 1, the invented battery pack 10
comprises a housing, having a lower receptacle 12 and a mating top 14, at least one lithium-based
rechargeable battery 16, or cell, within the housing, with appropriate clectrical connections. The total
discharging amount of each lithium-based cell in the battery pack is 500 to 5000 mAh, and charging

voltage per one cell is 3.0 to 4.2 V.

The lower portion of the housing can be provided with a bottom padding 18 which fits therein,
receives the cell or cells, and mates with the lower receptacle. A top pad 20 can be provided in the

top 14 of the housing, as desired.

Electrical connections 22 are provided between the cells, as shown, positive to negative, with
screws 24 connecting the cells through holes 26 the bottom of the housing to electrical leads, not
shown, but which leads connect to bottom screws 28. Alternatively, a welded connection can be used

instead of screws 24.
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Optionally, a protection circuit board 30 may be placed within the upper casing or top 14 for

safety protection.

The starter battery systems utilizing a greater number of lithium cells as shown in Figures 6,
10, 11, and 12, operate in the same way as the starter battery system of Figure 1. Although not shown,
12 lithium cells could be assembled into a battery pack, and higher numbers of cells depending on the
number desired for a particular application. The cells can be oriented horizontally as in Figure 10 or

vertically as in Figure 11.

Lithium cells have substantially less weight than a lead-acid cell, and are 80% smaller. A

lithium cell will last about 3 times as long as a lead acid cell with 100% full discharge cycles.

Lithium cells are maintenance free, whereas lead acid cells need to be refilled with distilled
water to maintain the acid level above the plates. Lithium cells do not freeze. They have a discharge

power 8 times that of lead acid. Their charging time is less than 2 hours.

Lithium cell self discharge rate is less than 2% monthly, whereas the self discharge rate for

lead acid is 10% monthly.

Lithium cells can operate at very high temperature, up to 70°C without major degradation.

They can also operate at very low temperature, down to -30°C with slight capacity degrade at that

10
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temperature, but power is availabie.

Lithium cells are 98% energy efficient (energy going in and out of the cell), whereas lead acid

is only 90% energy efficient.

SUMMARY OF THE ACHIEVEMENT

5 OF THE OBJECTS OF THE INVENTION

From the foregoing, it is readily apparent that I have invented an improved means for
increasing the performance of a starter battery for a starter motor of an internal combustion engine,
and a starter battery for an internal combustion engine that is lighter, more reliable, has less bulk,
longer cycle life, longer calendar life, and higher turn around efficiency than lead acid batteries. The

10 starter battery system for an internal combustion engine is easy to assemble, waterproof, and
maintenance free, can be used in existing vehicles, and has a wide operating temperature range with

exceptional cold-weather cranking performance.

It is to be understood that the foregoing description and specific embodiments are merely
15 illustrative of the best mode of the invention and the principles thereof, and that various modifications
and additions may be made to the apparatus by those skilled in the art, without departing from the

spirit and scope of this invention.

11
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What is claimed is:

1. A battery pack for driving an internal combustion engine starting device connected to an internal
combustion engine, said battery pack comprising:

a housing; and

at least one lithium-based rechargeable cell within said housing;

wherein a total discharging amount of each lithium-based cell in the battery pack is 500 to

5000 mAh, and charging voltage per one cell is 3.0t0 4.2 V.

2. A battery pack according to claim 1 wherein the lithium-based cell is a lithium iron phosphate

(LiFePO, or LiFePO) cell.

3. A battery pack according to claim 1, wherein said battery pack comprises four lithium-based

rechargeable cells in said housing.

4. A battery pack according to claim 1, wherein said battery pack comprises eight lithium-based

rechargeable cells in said housing.

5. A battery pack according to claim 1, wherein said battery pack comprises twelve lithium-based

rechargeable cells in said housing.

12
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6. A battery pack according to claim 1, wherein said battery pack comprises sixteen lithium-based

rechargeable cells in said housing.

7. A battery pack according to claim 1, wherein said battery pack comprises forty lithium-based

rechargeable cells in said housing.

8. A battery pack according to claim 1, wherein said battery pack comprises fifty-six lithium-based

rechargeable cells in said housing.

9. A battery pack according to claim 1 wherein said housing comprises a lower receptacle for

receiving said cell and a top cover for mating with said lower receptacle.

10. A battery pack according to claim 1, wherein said housing includes a bottom pad within said

lower receptacle for receiving said cell.

11. A battery pack according to claim 9 wherein said housing includes a top pad arranged within said

top cover above said cell.

12. A battery pack according to claim 9 further comprising means for connecting said cell to said

lower receptacle.

13
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13. A battery pack according to claim 1 having no protection circuit board.

14. A battery pack according to claim 1 further comprising a protection circuit board within said

housing.

14
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PATENT

SPECIFICATION

MARTIN KOEBLER

SOLID STATE SWITCH

FIELD OF THE INVENTION

The present invention relates to a solid state switching configuration for high powered
battery systems, and more particularly to a method and apparatus for protecting against
over-charging, over- discharging and short circuiting of batteries, especially starter batteries for

internal combustion engines (ICE).

BACKGROUND OF THE INVENTION

With any type of rechargeable (secondary) battery used, the battery does not operate
well in a low state of charge (SOC) which in most cases is a low battery voltage. Whenever a
battery is at a low voltage level, the battery can suffer internal damage permanently or the
battery life can be drastically reduced. With other battery chemistries such as Lithium, over-
charging a battery can be even more dangerous potentially leading to an exothermal runaway

reaction, which can create a fire.

With a solid state switch placed in-line with the battery output power terminals, the
solid state switch can be electronically controlled to open or close the current pathway leaving
or coming into the battery. This can prevent battery damage from happening if the battery
voltage is brought too low or too high. This can be applied to any type of battery chemistry at

any voltage. An example would be to apply the solid state switch to a 12V car battery that

1

PETITIONERS Ex. 1004
171 of 214



Docket 4997-P

starts a vehicle. A vehicle might have a voltage drain source left on, thus the solid state switch

would automatically turn off the current flow leaving the battery before the battery is damaged.

A relay or contactor could be used as well ,but has the following disadvantages:

1) A relay or contactor continuously needs current to keep the contactor open or closed.
That requires energy to do so.

2) A relay or contactor having a closed pathway allows current to flow in both
directions and can not be controlled for a single direction.

3) A relay or contactor can only be ON or OFF. During a switching process for large
currents large arcing can occur inside the relay or contactor, and that can cause the relay or
contactor to “‘weld” shut. Once a relay or contactor is welded shut, no switching can occur at
that point, which can be a safety issue, i.e., by not allowing switching to occur when needed.

4) Relays and contactors are large and bulky for larger current applications.

A better approach would to use a solid state switch either as MOSFET
(metal-oxide—semiconductor field-effect transistor) or IGBT (insulated gate bipolar transistor)
format but not limited to those two, in a very unique configuration. The unique configuration
involved connecting two solid state devices such as MOSFET or IGBT with the “Sources” or
“Drains” tied together. These solid state devices can be either N or P type. A doped
semiconductor containing excess holes is called "p-type", and when it contains excess free
electrons it is known as "n-type", where p (positive for holes) or n (negative for electrons) is the
sign of the charge of the majority mobile charge carriers. This arrangement simplifies the
control electronics needed and also allows current to flow in one direction but not the other
with the internal diode. Figure 1 shows the “Drain” of each gate being connected, and Figure

2 shows the “Source” of each gate being connected.
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The advantages of a solid state switch are:

1) A solid state switch needs very little energy to activate an allowed pathway to be
open or close.

2) A solid state device can gradually increase current, controlling inrush current that
might occur switching ON large power applications or providing instant short circuit protection
if the current is too high.

3) A solid state switch can be very compact and light for higher power applications.

SUMMARY OF THE INVENTION

The invention provides solid state switch apparatus for allowing current to flow in one
direction and not the other. A minimum of two solid state switches are arranged in a unique

configuration, which allows current to flow in a controlled manner bidirectionally when needed.

The present invention is particularly useful for preventing overcharging or over-
discharging an entire battery pack. A separate cell balancing circuit is used to balance out the
individual cells. The solid state switch can be used on each individual cell, if desired, to

prevent overcharging or over-discharging of the individual cell.

The invention can be used with any battery application in which charging and
discharging is required. More sophisticated equipment, that a battery may be attached to, have
programmable shut-off settings, but less sophisticated equipment does not have shut-off
parameters in place. Using a battery in a starter applications (for instance, to start an IC engine)
will prevent the battery from overcharging, as well as prevent the battery from being discharged
to too low a level if a current drain (leakage) is present in the system, even though everything is

turned off.
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By connecting the "Sources" or the "Drains" together using a minimum of two solid
state devices allows for automation and simplification to fully and partially switch the batteries
power terminals ON and OFF. The two solid state devices can either be N or P type and
connected either on the Positive or Negative side of the battery terminal and controlled by

simple electronic circuit to control the drivers of the solid state devices.

This invented configuration also allows for short circuit protection across the battery

power terminals, along with allowing the maximum current control when charging.

OBJECTS OF THE INVENTION

The principal object of the present invention is to provide an improved apparatus for

protecting a single cell or battery from being overcharged or over-discharged.

Another object of the invention is to provide apparatus for charging a cell having a very

low charge.

Another object of the invention is to provide apparatus for short circuit protection for

one or more cells or batteries.

Another object of the invention is to provide apparatus for discharging a cell having too

high a charge.

A further object of the invention is to provide an apparatus for short circuit protection if

the battery terminals are too short.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects will become more readily apparent by referring to the

following detailed description and the appended drawings in which:

Figure 1 is a schematic diagram ofa Solid State Switch with "Drain" connection.

Figure 2 is a schematic diagram of a Solid State Switch with "Source" connection.

Figure 3 is a schematic diagram showing a preferred embodiment of the invention in
which the "Drain" of each gate is connected together using N type MOSFET or IGBT with the
cells being above the solid state switches.

Figure 4 is a schematic diagram example of connecting the "Drain" of each gate together
using N type MOSFET or IGBT with the cells being below the solid state switches.

Figure 5 is a schematic diagram illustrating connecting the "Source" of each gate
together using N type MOSFET or IGBT with the cells being above the solid state switches.

Figure 6 is a schematic diagram illustrating connecting the "Source" of each gate
together using N type MOSFET or IGBT with the cells being below the solid state switches.

Figure 7 is a schematic diagram illustrating connecting the "Drain" of each gate together
using P type MOSFET or IGBT with the cells being above the solid state switches.

Figure 8 is a schematic diagram illustrating connecting the "Drain" together using P type
MOSFET or IGBT with the cells being below the solid state switches.

Figure 9 is a schematic diagram illustrating connecting the "Source" together using P
type MOSFET or IGBT with the cells being above the solid state switches.

Figure 10 is a schematic diagram illustrating connecting the "Source" together using P

type MOSFET or IGBT with the cells being below the solid state switches.
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DETAILED DESCRIPTION

A battery pack is formed from individual cells put together of any chemistry. Cells are
usually placed in series or in parallel inside a battery housing to make a battery. More cells can
be connected to form larger system, in the form of connecting more batteries or modules to

reach a system target operating voltage and capacity.

To control the solid state switches, electronic controls are needed for the different
voltages, currents and/or temperature with specified parameters in which cells work to prevent
damage. The control electronics used in battery systems are often referred to a Battery
Management System (BMS) or Battery Management Unit (BMU). The BMS or BMU can
individual monitor all the cell or battery voltages, and/or temperatures. To protect a single cell
or battery from being over charged, that might lead to an exothermal runaway reaction creating
a fire and/or to prevent the cell from damaging when discharging them too low, the solid state

switch would close or open the current pathway to prevent cell damage from occurring.

The arrangement of devices shown in Figures 1 and 2 are examples of how solid state
switches can be configured to connect the "Drains" or "Sources" together which is an
unconventional approach. The solid state switches in parallel are examples to increase the

current capabilities.

Referring particularly to Figure 3, under normal operations both T1 and T2 are ON
allowing power pathway to go in both directions: discharge and charge. Should a cell be
outside of its specified working specification (cell voltage) both D1 and D2 can be turned off

but current can still flow through the internal diode to allow for added functionality.
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In the event that the cell voltage drops too low, below the set voltage configuration,
from a drain on the battery, T1 will turn off, preventing further discharge from occurring.
However, with the internal diode in place of T1, and T2 still on, the circuit will allow charging

to occur.

If the cell voltage goes too high, above the set voltage configuration, T2 will turn off,
preventing further over charging from occurring. However, with the internal diode in place of

T2, and T1 still on, the circuit will allow for discharging to occur.

Using solid state switching in the configuration shown in Figure 3 allows for user
friendly reactivation of the circuit without any pushbuttons or reset buttons. Both Charge and
Discharge current can go through the internal MOSFET or IGBT diode to bring the cell back to

the specified operating voltage.

ALTERNATIVE EMBODIMENTS

Alternative switch and gate arrangements are set forth in Figures 4 through 10. Each

such arrangement works in a similar manner as that describing the Figure 3 operation.

The solid state switches can be transistors, FET (field-effect transistors), JFET or
JUGFET (junction gate field-effect transistors), BJT bipolar junction transistors, CMOS
(complementary metal-oxide—semiconductors) VMOS (Vertical Metal Oxide Silicon), TMOS
transistors, vertical DMOS (Double-Diffused MOS), or HEXFET.(hexagonal shape MOSFET).

It should be noted that the invented solid state switch apparatus can also be used in any

battery system that requires charging and discharging in order to extend the battery life, and for
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safety. This is extremely useful and is a first for starter batteries.

The solid state devices all need to be the same (N) or (P) type used in the same circuit,

as illustrated.

SUMMARY OF THE ACHIEVEMENT
OF THE OBJECTS OF THE INVENTION

From the foregoing, it is readily apparent that I have invented an improved method and
apparatus for protecting a single cell or battery from being over charged, as well as providing
apparatus for charging a cell having a very low charge, more effectively, and more

economically than heretofore has been possible.

It is to be understood that the foregoing description and specific embodiments are
merely illustrative of the best mode of the invention and the principles thereof, and that various
modifications and additions may be made to the apparatus by those skilled in the art, without

departing from the spirit and scope of this invention.
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What is claimed is:

1. Solid state switching apparatus for one or more batteries, comprising:

at least a pair of solid state switches with drains connected;

said solid state switches being connected to the negative pole of one or more cells in
series;

and a source of power for transmission from the positive through the one or more cells,

and through the solid state switches to the negative source of power.

2. Apparatus according to claim 1, wherein the solid state switches are MOSFETs or IGBTs.

3. Apparatus according to claim 2, wherein the solid state switches are transistors, FET, JFET,

BJT, CMOS, YVMOS, TMOS, vertical DMOS or HEXFET.

4. Apparatus according to claim 1, wherein the solid state switches are either n-type or p-type.
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ABSTRACT OF THE DISCLOSURE

An improved solid state switch apparatus arranged in a unique configuration, which

allows current to flow in a controlled manner bidirectionally.

10
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LITHIUM STARTER BATTERY
AND SOLID STATE SWITCH THEREFOR

FIELD OF THE INVENTION
The present invention relates to a method and apparatus for starting an internal
combustion (IC) engine. More particularly, the invention is a lithium-based cell for starting
such engines. The invention includes a solid state switching configuration for high poWered
battery systems for protecting against over-charging, over- discharging and short circuiting

of batteries, especially starter batteries for internal combustion engines (ICE).

BACKGROUND OF THE INVENTION

Presently, internal combustion engines use a starter battery comprised of lead-acid to
turn over an electric motor to start an IC engine. Lead-acid batteries are heavy, bulky, and
have short cycle life, short calendar life, and low turn around efficiency. Lead-acid batteries
also have a high internal impedance (resistance) that is greater in cold weather making it more
difficult to start an IC engine in cold weather with less current available. To overcome these
variables, lead-acid starter batteries are provided with oversized battery capacity in order to
produce the necessary current needed for an electric starter to start an IC engine. The
oversized lead-acid battery increases the weight, space requirement, and cost needed to start
an IC engine.

In order to turn off power terminals in presently known starter batteries, expensive
electronic/electrical components are required to handle the high current loads that a starter
motor needs to turn over an IC engine. These embody electronic protection circuitry for upper
voltage cut-off (overcharging), lower level voltage cut-off (over discharging) and temperature
measurements. These circuits also induce heat losses and electrical losses that can be large,
as well as taking up additional space. (Noise) spikes can trigger false voltage, temperature
or current readings that can terminate the battery system’s operation, when in fact all the cells
are working within safe specifications. Some of these protection circuits are temperamental
and difficult to reactivate once they have been triggered. For example, if an under-voltage
condition happens and the cells are still in under-voltage condition with a relay approach,
current can not be provided to the cells since a path has been broken thus another button needs
to be pressed to activate the system for a short duration in order to allow the cells to charge.

Also, in some cases such as a military application or racing application, every last bit of
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energy needs to be extracted, even if it damages the battery.

With any type of rechargeable (secondary) battery used, the battery does not operate
well in a low state of charge (SOC), which in most cases is a low battery voltage. Whenever
a battery is at a low voltage level, the battery can suffer internal damage permanently or the
battery life can be drastically reduced. With battery chemistries such as lithium, over-
charging a battery can be even more dangerous, potentially leading to an exothermal runaway
reaction, which can create a fire. With a solid state switch placed in-line with the battery
output power terminals, the solid state switch can be electronically controlled to open or close
the current pathway leaving or entering the battery. This can prevent battery damage from
happening if the battery voltage is brought too low or too high. This can be applied to any
type of battery chemistry at any voltage. An example is to apply the solid state switch to a
12V car battery that starts a vehicle. A vehicle might have a voltage drain source left on, in
which case the solid state switch would automatically turn off the current flow from the
battery before the battery is damaged.

A relay or contactor could be used as well, but has the following disadvantages:

1) A relay or contactor continuously needs current to keep the contactor open or
closed. That requires energy to do so.

2) A relay or contactor having a closed pathway allows current to flow in both
directions and can not be controlled for a single direction.

3) A relay or contactor can only be ON or OFF. During a switching process for large
currents large arcing can occur inside the relay or contactor, and that can cause the relay or
contactor to "weld" shut. Once a relay or contactor is welded shut, no switching can occur at
that point, which can be a safety issue, i.e., by not allowing switching to occur when needed.

4) Relays and contactors are large and bulky for larger current applications.

A better approach is to use a solid state switch either a FET, a MOSFET
(metal-oxide—semiconductor field-effect tramsistor), or IGBT (insulated gate bipolar
transistor) format, but not limited to these, in a unique configuration. The unique
configuration involves connecting two solid state devices such as MOSFET or IGBT with the
"Sources"” or "Drains” tied together electrically. These solid state devices can be either N or
P type. A doped semiconductor containing excess holes is called "p-type", and when it
contains excess free electrons it is known as "n-type", where p (positive for holes) or n
(negative for electrons) is the sign of the charge of the majority mobile charge carriers. This
arrangement simplifies the control electronics needed and also allows current to flow in one

direction but not the other with the internal diode. An FET (field-effect transistor) is a
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majority-charge-carrier device having an active channel through which majority charge
carriers, electrons or holes, flow from the source to the drain. Source and drain terminal
conductors are connected to semiconductor through ohmic contacts. The majority charge
carriers enter the channel through the source and leave the channel through the drain. Figure
15 shows the "Drain" of each terminal being connected, and Figure 16 shows the "Source" of
each terminal being connected.

The advantages of a solid state switch are:

1) A solid state switch needs very little energy to activate an allowed pathway to be
open or close.

2) A solid state device can gradually increase current, controlling inrush current that
might occur switching ON large power applications or providing instant short circuit
protection if the current is too high.

3) A solid state switch can be very compact and light for higher power applications.

DESCRIPTION OF THE PRIOR ART
Applicant is aware of the following U. S. Patent concerning battery packs for starting
engines:
US Patent No. Issue Date Inventor  Title

7,525,287 April 28,2009 Miyashi BATTERY PACK FOR DRIVING ELECTRIC
MOTOR OF COMPACT ENGINE
STARTING DEVICE, ENGINE STARTING
DEVICE DRIVEN BY THE BATTERY
PACK, AND MANUAL WORKING
MACHINE HAVING THE ENGINE
STARTING DEVICE

SUMMARY OF THE INVENTION

The invention provides means for increasing the efficiency of a starter battery for a
starter motor of an internal combustion engine. By replacing a lead-acid starter battery with
a lithium base or lithium-iron-phosphate (LiFePO, or LiFePO) or LiFeMgPO, or LiFeYPO,
cell, the needed capacity, weight and size is drastically reduced while increasing the cycle life,
calendar life and turn around efficiency for a starter battery. The lithium iron phosphate
(LiFePO,) cell is a type of rechargeable cell, specifically a lithium ion cell, which uses
LiFePO, as a cathode material. It may also include magnesium or yttrium in the lithium iron

compound. Connecting four cylindrical cells in series, each of which has a standard industry

PETITIONERS Ex. 1004
190 of 214



0 N o0 oW N

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

WO 2012/074548 PCT/US2011/001937

cell format size of both 18650 (less than 3Ah) or 26650 (less than 4Ah), or prismatic flat or
other type cells, enough current is available to penetrate to a starter motor rated for 12V
system to start large IC engines that use 1, 2, 3, 4, 5, 6, 8, or 12 cylinders. Larger cells may
be utilized in the invention, from 1 Ah to 5000 Ah, common sizes being 5SAh, 10Ah, 20 Ah,
50Ah, 100Ah, 400Ah, and 500 Ah.

With a configuration of 4 cells in series, no protection circuit board is needed to
protect the individual cells from over-voltage or undervoltage, unlike larger system using
more cells which require a protection circuit board in them for safety protection. Individual
cell balancing is also not needed for such a small starter battery but may be included to
increase the product life. A smaller and lighter starter battery increases the performance of
mobile systems that use sta.ﬁer batteries. The resulting increase of cycle life and calendar life
reduces user costs.

No separate nor special charging system is needed with the invented system

The invention also comprises a housing for the lithium-based cells, with upper and
lower mating casings, a contoured pad within the lower casing for receiving at least one
lithium-based cell, and electrical connections from the at least one lithium-based batter to the
exterior of the housing. Optionally, an upper battery pad may be placed in the upper casing,
and, if desired, a protection circuit board, such as a balancing board or a cut-off circuit, may
be placed within the upper casing for safety protection.

The invented solid state switch apparatus allows current to flow in one direction and
not the other. A minimum of two solid state switches are arranged in a unique configuration,
which allows current to flow in a controlled manner bidirectionally when needed. This is
particularly useful for preventing overcharging or over- discharging an entire battery pack.
A separate cell balancing circuit is used to balance out the individual cells. The solid state
switch can be used on each individual cell, if desired, to prevent overcharging or
over-discharging of the individual cell. It can be used with any battery application in which
charging and discharging is required, and is particularly useful with lithium-based batteries.
It can also be used with lead-acid batteries, nickel-cadmium (NiCd) batteries, and low
self-discharge nickel metal hydride (NiMH) batteries. More sophisticated items of equipment
to which a battery may be attached have programmable shut-off settings, but less sophisticated
equipment does not have shut-off parameters in place. Using a battery in a starter applications
(for instance, to start an IC engine) will prevent the battery from overcharging, as well as
prevent the battery from being discharged to too low a level if a current drain (leakage) is
present in the system, even though everything is turned off.

4
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By connecting the "Sources” or the "Drains” together using a minimum of two solid
state devices allows for automation and simplification to fully and partially switch the
batteries power terminals ON and OFF. The two solid state devices can either be N or P type
and connected either on the Positive or Negative side of the battery terminal and controlled
by simple electronic circuit to control the drivers of the solid state devices.

This invented switch configuration also allows for short circuit protection across the

battery power terminals, along with allowing the maximum current control when charging.

OBJECTS OF THE INVENTION

The principal object of the present invention is to provide means for increasing the
performance of a starter battery for a starter motor of an internal combustion engine.

Another object of the invention is to provide a starter battery for an internal
combustion engine that is lighter, more reliable, has less bulk, longer cycle life, longer
calendar life, and higher turn around efficiency than lead-acid batteries.

A further object of this invention is to provide a starter battery system for an internal
combustion engine that is easy to assemble, waterproof, and maintenance free.

Another object of the invention is to provide a starter battery for an internal
combustion engine that can be used in existing vehicles.

Another object of the invention is to provide a starter battery for an internal
combustion engine that has a wide operating temperature range with exceptional cold-weather
cranking performance.

Another object of the invention is to provide an improved apparatus for protecting a
single cell or battery from being overcharged or over-discharged.

Another object of the invention is to provide apparatus for charging a cell having a
very low charge. '

Another object of the invention is to provide apparatus for short circuit protection for
one or more cells or batteries.

Another object of the invention is to provide apparatus for discharging a cell having
too high a charge.

A further object of the invention is to provide an apparatus for short circuit protection

in case a metal object causes a short circuit across the terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects will become more readily apparent by referring to the

5
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following detailed description and the appended drawings in which:

Figure 1 is an exploded isometric view of one embodiment of the invention, in which
4 cells are arranged into a starter battery pack.

Figure 2 is an exploded isometric view of another embodiment of the invention, in
which 8 cells are arranged into a starter battery pack.

Figure 3 is an exploded isometric view of another embodiment of the invention, in
which a prismatic cell is arranged into a starter battery pack.

Figure 4 is a front view of the assembled battery pack of Figure 3, the rear view being
identical.

Figure 5 is a top view of the assembled battery pack of Figure 3.

Figure 6 is a right end view of the assembled battery pack of Figure 3, the left end
view being a mirror image thereof.

Figure 7 is a schematic diagram of a block of 4 lithium prismatic cells in series
connected to a balancing circuit board.

Figure 8 is a schematic diagram of a block of 4 lithium prismatic cells in scries
connected to a balancing and cutoff circuit board

Figure 9 is an isometric view of an alternative embodiment of a housing showing
contacts for switches.

Figure 10 is a top view of the housing of Figure 9 showing the contact locations.

Figure 11 is a front view of the housing of Figure 9, the rear view being identical.

Figure 12 is an end view of the housing of Figure 9, the opposite end being identical.

Figure 13 is an exploded isometric view of an alternative embodiment of the invention
of Figure 3, in which 2 blocks of prismatic cells and a control board of cutoff switch are
arranged into the housing of Figure 9.

Figure 14 is a schematic diagram of a Solid State Switch with "Drain" connection.

Figure 15 is a schematic diagram of a Solid State Switch with "Source” connection.

Figure 16 is a schematic diagram showing a preferred embodiment of the invention
in which the "Drain” of each gate is connected together using N type MOSFET or IGBT with
the cells being above the solid state switches.

Figure 17 is a schematic diagram example of connecting the "Drain" of each gate
together using N type FET, MOSFET, or IGBT with the cells being below the solid state
switches.

Figure 18 is a schematic diagram illustrating connecting the "Source" of each gate
together using N type FET, MOSFET or IGBT with the cells being above the solid state

6
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switches.

Figure 19 is a schematic diagram illustrating connecting the "Source" of each gate
together using N type FET, MOSFET or IGBT with the cells being below the solid state
switches.

Figure 20 is a schematic diagram illustrating connecting the "Drain" of each gate
together using P type FET, MOSFET or IGBT with the cells being above the solid state
switches.

Figure 21 is a schematic diagram illustrating connecting the "Drain" together using P
type FET, MOSFET or IGBT with the cells being below the solid state switches.

Figure 22 is a schematic diagram illustrating connecting the "Source" together using
P type FET, MOSFET or IGBT with the cells being above the solid state switches.

Figure 23 is a schematic diagram illustrating connecting the "Source" together using
P type FET, MOSFET or IGBT with the cells being below the solid state switches.

Figurc 24 is a schematic diagram illustrating the invention utilized in engine restarting.

Figure 25 is a schematic diagram illustrating short circuit protection of a battery.

DETAILED DESCRIPTION

Lithium containing LiFePO, LiFePQ,, LiFeMgPO,, and LiFeYPO, cells have a low
nominal cell voltage (3.2V-3.3V) that match directly with existing 12V lead-acid equivalent
systems. Four LiFePO cells in series have a nominal voltage of 13.2V. Thus they can directly
replace existing 12V lead-acid equivalent systems without requiring any electrical
modification.

Other lithium chemistries have a higher nominal voltage, such as: lithium-cobalt
(3.6V), lithium-manganese (3.7V-3.8V), lithium-nickel-cobalt-manganese (3.7V). Each of
these thus have a higher system voltage when 4 cells are used in series. With the higher cell
voltages, most existing 12V direct replacement systems will not be able to charge other
lithium cell chemistries above 60% of their capacity. Other lithium-based cells that can be
utilized in this invention are lithium-cobalt-oxide (LiCo0,), lithium-manganese-oxide
(LiMn,0,), lithium-nickel-cobalt-manganese-oxide (LiNiCoAlQ,), lithium-nickel-manganese-
cobalt-oxide (LiNiMnCoQ,), and lithium-titanate (Li,Ti;0,,).

LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells also have a higher thermal
runaway condition than lead-acid cells. For a thermal runaway to occur, the cell temperature
must be extremely hot (over 200°C). When a cell reaches a certain temperature, mostly

caused by overcharging, then the cell will start producing more heat by an internal reaction
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that fuels itself in most cases with a fire, which phenomenon is known as “thermal runaway™.
All other Lithium cell chemistries have a lower thermal runaway temperature making those
cells more prone to catch on fire.

A thermal venting cap is usually placed inside each individual cylindrical cell casing
to minimize the chances of explosion. The venting cap allows the electrolyte of a cell to leak
out before an internal fire can occur.

Although it is advantageous to use protective circuitry, it is possible to operate the
present invention without protective circuitry, which simplifies the system to allow charging
or discharging. Omitting all of the electronic protection circuitry for upper voltage cut-off
(overcharging), lower level voltage cut-off (over discharging) and temperature measurements
reduces the overall manufacturing cost of the starter battery. This also simplifies the system
to allow charging or discharging in all conditions and not be restricted by any suggested or
specified operating range.

By using lithium cells, a battery housing structure is both smaller and lighter than with
lead-acid cells. Any time less internal mass is involved the housing structure size can be
reduced, which also results in reducing cost.

The housing structure of the embodiment of Figures 1 and 2 may vary in depth to
accommodate varying numbers of cells which provides for different capacity. The lid structure
of the housing (or casing) for cylindrical cells is the same for most battery packs, as shown.
Such cells can be stacked in parallel to allow for larger capacity for different battery packs to
be assembled. The lid of the housing also incorporates a threaded bushing made from
aluminum to minimize weight, but that has similar electrical properties to aluminum, copper
or brass, or an internally threaded hole to receive an electrical connector screw.

Referring now to the drawings, and particularly to Figure 1, the invented battery pack
10 comprises a housingl2, having a lower receptacle 14 and a mating top 16, at least one
lithium-based rechargeable battery 18, or cell, within the housing, with appropriate electrical
connections. The total discharging amount of each lithium-based cell in the battery pack is
one (1) to 5000 Ah, and charging voltage per one cell is 3.0t0 4.2 V.

The lower portion of the housing 16 can be provided with bottom padding 20 which
fits therein, receives the cell or cells, and mates with the lower receptacle 14. A top pad 22
can be provided in the top 16 of the housing, as desired.

Electrical connections 24 are provided between the cells, as shown, positive to
negative, with screws 26 connecting the cells through holes 28 the bottom of the housing to

electrical leads, not shown, but which leads connect to bottom screws 30. Alternatively, a
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welded connection can be used instead of screws.

Optionally, a protection circuit board 32 may be placed within the upper casing or top
14 for safety protection. Such a protection circuit board may be a cutoff board or a cell-
balancing circuit board. A cell-balancing circuit board may include a cutoff function. A
lithium iron battery having two or more cells in series has a battery voltage equal to the sum
of the individual cell voltages. Over the life of the battery, it may be charged and discharged
for hundreds or thousands of cycles. The individual cells may age differently. Some cells may
become mismatched with respect to the others. This phenomenon is corrected, by balancing.
Balancing is the process of forcing all of the cells to have identical voltages. This is
accomplished by a balancing circuit.

Starter battery systems can utilize a greater number of lithium cells as desired for
greater capacity.

Lithium cells have substantially less weight than a lead-acid cell, and are 80% smaller.
A lithium cell will last about 3 times as long as a lead-acid cell with 100% full discharge
cycles. Lithium cells are maintenance free, whereas lead-acid cells need to be refilled with
distilled water to maintain the acid level above the plates. Lithium cells do not freeze. They
have a discharge power 8 times that of lead-acid. Their charging time is less than 2 hours.

Lithium cell self discharge rate is less than 2% monthly, whereas the self discharge
rate for a lead-acid cell is 10% monthly.

Lithium cells can operate at very high temperature, up to 70°C without major
degradation. They can also operate at very low temperature, down to -30°C with slight
capacity degrade at that temperature, but power is available.

Lithium cells are 98% energy efficient (energy going in and out of the cell), whereas
lead-acid cells are only 90% energy efficient.

For each 12 volt increment, four LiFePO, cells are required in series, and some cases
fewer cells with other lithium chemistries. The following Table I compares lead-acid battery

voltages to the LiFePO, cell requirements and for other lithium-based battery cells:
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TABLE]1
Nominal LiFePO, (LiCo00,), (LiMn,0,),
Lead-Acid (3.3V nominal) (LiNiCoAlQ,), (LiNiMnCo00Q,),
Voltage (()[r,i4Ti5012)
(3.7V nominal)

12V 3 to 4 cells in series 2 to 4 cells in series
24V 5 to 9 cells in series 5 to 8 cells in series
36V 8 to 13 cells in series 7 to 12 cells in series
43V 11 to 17 cells in series 10 to 16 cells in series
60V 14 to 22 cells in series 12 to 19 cells in series
72V 16 to 26 cells in series 15 to 23 cells in series
84V 19 to 31 cells in series 17 to 27 cells in series
96V 22 to 35 cells in series 19 to 31 cells in series
108V 25 to 39 cells in series 22 to 35 cells in series
120V 27 to 44 cells in series 24 to 39 cells in series

As shown in Figures 3 through 6, a block 40 formed of one or more flat prismatic cells
connected in series is fitted into a housing 12, each block of cells having a common set of
electrical connections 42A and 42B. A protection circuit board 30 is provided within the
housing, and is electrically connected to the block. Figures 4 through 6 show the assembled
housing with the electrical connections 24A and 24B in the top thereof.

Figure 7 shows a block of 4 flat lithium based prismatic cells connected to a balancing
circuit board 46, which has a balancing controller or microprocessor 60. Figure 8 shows a
block of 4 flat prismatic cells connected to a balancing and cutoff circuit board 48, which
includes a controller 60 and a solid state cutoff switch 62, such as an FET. Figures 9 through
12 show the housing 12 for the battery pack 10 with positive terminal 34 and negative
terminal 36.

Figure 13 shows multiple blocks 40 of flat cells along with bottom padding, packing,
or spacers 50, flat packing 52, and large packing blocks 54, all of which packing is optional.
The upper portion or top section 56 of the housing is advantageously provided with three
contacts on each end thereof, as shown.

An auto-detect restart feature is especially useful for a motorcycle: "IQ Restart
technology" protects the battery from a deep cycle discharge by monitoring battery voltage

level and shutting the battery power off prior to a full discharge, such as in the case of leaving
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a headlight or electrical component on for an extended period of time while the engine is off.
Enough reserve power is left in the battery, to automatically detect (by measuring a change
in resistivity) a starting effort and allow the user to start the engine again. This avoids the
cyclist being stranded or the headache of replacing a battery. The auto-detect apparatus has
at least one lithium-based cell, a voltage detector, an associated switch such as a cutoff board,
or a micro-controller in a balancing circuit connected to a solid state switch, such as an FET.
One function turns off an FET in the circuit when the voltage drops to a preselected level,
leaving sufficient reserve capacity for starting the engine. A second function detects a “keying
cycle” or the resistance change upon attempting to start the engine, which turns on the FET.
This resistance change is a reaction to a key turn, push button, or remote activator.

To control the solid state switches, electronic controls are needed for the different
voltages, currents and/or temperature with specified parameters in which cells work to prevent
damage. The control electronics used in battery systems are often referred to a Battery
Management System (BMS) or Battery Management Unit (BMU). The BMS or BMU can
individual monitor all the cell or battery voltages, and/or temperatures. To protect a single
cell or battery from being over charged, that might lead to an exothermal runaway reaction
creating a fire and/or to prevent the cell from damaging when discharging them too low, the
solid state switch would close or open the current pathway to prevent cell damage from
occurring.

The arrangement of devices shown in Figures 15 and 16 are examples of how solid
state switches can be configured to connect the "Drains" or "Sources"” together which is an
unconventional approach. The solid state switches in parallel are examples to increase the
current capabilities.

Referring particularly to Figure 17, under normal operations both T1 and T2 are ON
allowing power pathway to go in both directions: discharge and charge. Should a cell be
outside of its specified working specification (cell voltage), both D1 and D2 can be turned off
but current can still flow through the internal diode to allow for added functionality.

In the event that the cell voltage drops too low, below the set voltage configuration,
from a drain on the battery, T1 will turn off, preventing further discharge from occurring.
However, with the internal diode in place of T1, and T2 still on, the circuit will allow charging
to occur.

If the cell voltage goes too high, above the set voltage configuration, T2 will turn off,
preventing further over charging from occurring. However, with the internal diode in place

of T2, and T1 still on, the circuit will allow discharging to occur.
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Using solid state switching in the configuration shown in Figure 17 allows for user
friendly reactivation of the circuit without any pushbuttons or reset buttons. Both Charge and
Discharge current can go through the internal MOSFET or IGBT diode to bring the cell back
to the specified operating voltage.

Alternative switch and gate arrangements are set forth in Figures 18 through 23. Each
such arrangement works in a similar manner as that describing the Figure 17 operation.

The invention’s restart function is illustrated by Figure 24. Controller 60 is connected
to a battery pack having a block of cells 64 and to MOSFETs Q1 and Q2. Afteralow voltage
cutoff, the controller periodically tests the load to detect a change in the load impedance.
When an abrupt change in the load impedance is detected, for example connecting or
disconnecting a load such as the headlight(s), the ignition switch, or the starter switch, the
controller 60 turns on power MOSFETs Q1 and Q2, which reconnects the battery to the
vehicle and allows the vehicle to be restarted.

When the controller drives the base of Q3 high through R1, Q3 and Q4 turn on. When
Q4 turns on, it connects the battery to the load through R4 and D1. R4 and the load
impedance form a voltage divider, and the resulting voltage at node A will depend on the load
impedance. D2 steers the node A voltage to the RS/R6 voltage divider which scales down the
voltage at node B to a level that the controller can read using an analog-to-digital converter
(ADC). The ADC may be of the type commonly included as a built-in peripheral in a micro-
controller or a digital signal processor; alternatively the ADC may be a standalone device.
After turning on Q4, the controller may make one or more ADC readings after one or more
fixed or variable delay periods. By reading the ADC at different times after turn-on, the
controller can infer not only the resistive, but also the inductive and/or capacitive components
of the load impedance. By tracking the periodic ADC readings and applying the appropriate
digital filtering, abrupt changes in the load impedance can be determined. Gradual changes
in the ADC readings, which may be caused for example by temperature changes or battery
charge depletion, are disregarded (i.e., filtered out). Immediately after making the required
ADC reading(s) the Controller turns off Q3 and Q4 to minimize battery drain. It should be
noted that while Q3 and Q4 are shown here as bipolar junction transistors, a number of other
types of clectronic devices could be used to accomplish the switching function of Q4,
including but not limited to one or more MOSFETsSs or a relay.

In order to conserve battery charge as long as possible in low voltage cutoff mode, the
controller tests the load impedance only as often as necessary. The testing period is

determined by the application, and is approximately 1 to 5 seconds. In a vehicle application,
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this period represents the maximum time that a user would have to hold a starter switch in the
start position in order to cffcct a restart after a low voltage cutoff. To further reduce drain on
the battery, the testing period may be extended if the battery remains in low voltage shutdown
mode for a long time, or if the battery voltage (in one or more cells) continues to drop.

The invention is useful for short circuit protection as shown in Figure 25. Cross-
coupled NAND gates E and F form a set-reset (SR) latch that controls the gate drive of power
MOSFET Q2. The latch is set when the controller 60 drives Q2 ENABLE low. When Q2
ENABLE is driven high again, the output of NAND gate G is low and NAND gate H turns
on Q3, which turns on Q4, which supplies the boosted gate drive voltage to turn on Q2. C3
and C4 help ensure fast turn-on of Q2 even with the relatively high value resistors for R4, RS,
and R8 required to satisfy the application’s low power requirements.

Current monitor A monitors the voltage drop across the drain-source ON resistance
(Rpseony) of power MOSFET Q1 and sources a current into node B that is proportional to the
MOSFET current. R1 converts this current to a voltage that is compared to VREF at
comparator D. When a short circuit occurs, the voltage at node B will exceed VREF (at least
momentarily) and cause the output of D to go low, resetting the S-R latch. When the S-R
latch is reset the output of G will go high, and C2 will differentiate a positive going pulse into
the base of Q5, causing Q5 to turn on for a few microseconds and rapidly discharge the gate
of Q2. Rapid turn-off of Q2 is essential to limiting the energy associated with a short circuit
event. By monitoring the status of the S-R latch, the controller 60 can determine when a short
circuit cut-off event has occurred. C1 low pass filters the signal at node B so that extremely
short duration overcurrent conditions can be tolerated if desired. The controller 60 may adjust
VREF to compensate for Q2’s Ry, variation with temperature if desired, or to adjust the
over current trip threshold.

The solid state switches can be transistors, FET (field-effect transistors), JFET or
JUGFET (junction gate field-effect transistors), BJT bipolar junction transistors, CMOS
(complementary metal-oxide—semiconductors), VMOS (Vertical Metal Oxide Silicon),
TMOS transistors, vertical DMOS (Double-Diffused MOS), or HEXFET.(hexagonal shape
MOSFET).

It should be noted that the invented solid state switch apparatus can also be used in any
battery system that requires charging and discharging in order to extend the battery life, and
for safety. This is extremely useful and is a first for starter batteries.

The solid state devices all must be the same (N) or (P) type used in the sare circuit,

as illustrated.
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SUMMARY OF THE ACHIEVEMENT
OF THE OBJECTS OF THE INVENTION

From the foregoing, it is readily apparent that I have invented an improved means for
increasing the performance of a starter battery for a starter motor of an internal combustion
engine, and a starter battery for an internal combustion engine that is lighter, more reliable,
has less bulk, longer cycle life, longer calendar life, and higher turn around efficiency than
lead-acid batteries. The starter battery system for an internal combustion engine is easy to
assemble, waterproof, and maintenance free, can be used in existing vehicles, and has a wide
operating temperature range with exceptional cold-weather cranking performance. The
invention also apparatus for protecting a single cell or battery from being over charged, as
well as providing apparatus for charging a cell having a very low charge, more effectively, and
more economically than heretofore has been possible.

It is to be understood that the foregoing description and specific embodiments are
merely illustrative of the best mode of the invention and the principles thereof, and that
various modifications and additions may be made to the apparatus by those skilled in the art,
without departing from the spirit and scope of this invention, which is therefore understood

to be limited only by the scope of the appended claims.
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What is claimed is:

1. A battery pack for driving an electrical device, said battery pack comprising:
a housing; and
at least one lithium-based rechargeable cell within said housing;
wherein a total discharging amount of each lithium-based cell in the battery pack is

from one (1) Ah to 5000 Ah, and charging voltage per one cell is 3.0 to 4.2 V.

2. A battery pack according to claim 1 wherein the lithium-based cell is a lithium iron

phosphate cell.

3. A battery pack according to claim 2, wherein the lithium iron phosphate cell is selected
from the group consisting of LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells.

4. A battery pack according to claim 1 wherein the lithium-based cell is sclected from the
group consisting of LiCoO,, LiMn,0,, LiNiCoAlO,, LiNiMnCo0O,, and Li,Ti;O,, cells.

5. A battery pack according to claim 1, wherein said battery pack comprises four lithium-

based rechargeable cells in series in said housing.

6. A battery pack according to claim 1, wherein said battery pack comprises an even number

of lithium-based rechargeable cells in said housing.

7. A battery pack according to claim 1 wherein said electrical device is an internal

combustion engine starting device connected to an internal combustion engine.

8. A battery pack according to claim 1, further comprising a protection circuit board within

said housing.

9. A battery pack according to claim 8, wherein said protection circuit board is a cut-off board

or a cell balancing circuit board.
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10. A battery pack according to claim 9, wherein said protection circuit board is a cut-off
board comprising a controller, said controller having associated means for periodically
measuring a load to detect a change in load impedance, further comprising a switch between
said battery pack and said device, and means for turning on said switch to provide power to

the electrical device to restart the device.

11. A battery pack according to claim 9 wherein said protection circuit board is a cut-off
board comprising a controller, said battery pack being connected to a current monitor, said
current monitor being connected to a current comparator and a set-reset latch,

whereby upon the occurrence of a short circuit, the set-reset latch will turn off an

associated switch.

12. Solid state switching apparatus for one or more cells in a battery pack having a positive
terminal and a negative terminal, each of said cells having a positive pole and a negative pole,
said apparatus comprising:

at least a pair of solid state switches, each switch having a source and a drain, with
drains connected;

said solid state switches being connected to the positive pole of said one or more cells
in series, and to said positive terminal, the negative pole of said one or more cells being

connected to said negative terminal.

13. Apparatus according to claim 12, wherein the solid state switches are MOSFETSs or
IGBTs.

14. Apparatus according to claim 13, wherein the solid state switches are transistors, FET,
JFET, BJT, CMOS, VMOS, TMOS, vertical DMOS or HEXFET.

15. Apparatus according to claim 12, wherein the solid state switches are either n-type or

p-type.

16. Apparatus according to claim 12, wherein said one or more cells are selected from the
group consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiCoO,, LiMn,0O,,
LiNiCoAlQO,, LiNiMnCoO,, Li,Ti;O,,, lead-acid, NiCd, and nickel metal hydride (NiMH)

batteries.
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17. Apparatus according to claim 12, further comprising a housing for said one or more cells,

batteries, wherein said solid state switches are within said housing.

18. Solid state switching apparatus for one or more cells in a battery pack having a positive
terminal and a negative terminal, each of said cells having a positive pole and a negative pole,
said apparatus comprising:

at least a pair of solid state switches, each switch having a source and a drain, with
sources connected;

said solid state switches being connected to the negative pole of said one or more cells
in series, and to said negative terminal, the positive pole of said one or more cells being

connected to said positive terminal.

19. Apparatus according to claim 18, wherein the solid state switches are transistors, FET,

MOSFET, IGBT, JFET, BJT, CMOS, VMOS, TMOS, vertical DMOS or HEXFET.

20. Apparatus according to claim 18, wherein said one or more cells are selected from the
group consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiCoO,, LiMn,0O,,
LiNiCoAlO,, LiNiMnCo0O,, Li,Ti;0,,, lead-acid, NiCd, and nickel metal hydride (NiMH)

batteries.
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