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Application No. Applicant(s)
14/657,101 KOEBLER, MARTIN

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
JONATHAN JELSMA 1721 f(t;tsus

-- 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) Responsive to communication(s) filed on 03/13/2015.
[] 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)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction 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) 1-21 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5a) Of the above claim(s) is/are withdrawn from consideration.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) 1-21 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/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 03/13/2015 is/are: a)[_] accepted or b)[X] 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)[] Some** ¢)[] 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.

Attachment(s)
1) IZI Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 I:l oth
Paper No(s)/Mail Date ) ther
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Application/Control Number: 14/657,101 Page 2
Art Unit: 1721

1) The present application, filed on or after March 16, 2013, is being examined under
the first inventor to file provisions of the AlA.
DETAILED ACTION
Summary
1. This is the initial Office Action based on Application 14/657,101 filed 03/13/2015

by Martin Koebler.

2. Claims 1-21 are currently pending and have been fully considered.
Drawings
3. The drawings are objected to because the writing in the drawings is not clear,

and in many cases cannot be clearly determined. See for example Figures 14-29 and
33-49, where details in the drawings cannot be clearly distinguished. Corrected drawing
sheets in compliance with 37 CFR 1.121(d) are required in reply to the Office action to
avoid abandonment of the application. Any amended replacement drawing sheet should
include all of the figures appearing on the immediate prior version of the sheet, even if
only one figure is being amended. The figure or figure number of an amended drawing
should not be labeled as “amended.” If a drawing figure is to be canceled, the
appropriate figure must be removed from the replacement sheet, and where necessary,
the remaining figures must be renumbered and appropriate changes made to the brief
description of the several views of the drawings for consistency. Additional replacement
sheets may be necessary to show the renumbering of the remaining figures. Each

drawing sheet submitted after the filing date of an application must be labeled in the top
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Application/Control Number: 14/657,101 Page 3
Art Unit: 1721

margin as either “Replacement Sheet” or “New Sheet” pursuant to 37 CFR 1.121(d). If
the changes are not accepted by the examiner, the applicant will be notified and
informed of any required corrective action in the next Office action. The objection to the

drawings will not be held in abeyance.

Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a)(1) the claimed invention was patented, described in a printed publication, or in public use,
on sale or otherwise available to the public before the effective filing date of the claimed
invention.

5. Claim(s) 1-10 and 12-20 is/are rejected under 35 U.S.C. 102(a1) as being
anticipated by KOEBLER (US 2013/0241498 A1).

6. KOEBLER teaches a starter battery for a starter motor of an internal combustion
engine (paragraph 0017). The battery pack may include four cells of lithium iron
phosphate cells as one example (paragraph 0017). Each of the cells may be larger
cells from 1 Ah to 5000 Ah, and specific examples have 5 Ah, 10 Ah, 20 Ah, 50 Ah, 100
Ah, 400 Ah, and 500 Ah (paragraph 0017). The battery pack includes a housing for the
lithium based cells, and a protection circuit board such as a balancing board (paragraph
0020). The pack may further include a solid state switch (paragraph 0021). Such as
witch prevent overdischarging the battery pack (paragraph 0021). There may further be
a separate cell balancing circuit, the solid state switch can be used on each individual

cell (paragraph 0021). The battery may include lithium containing lithium iron
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Application/Control Number: 14/657,101 Page 4
Art Unit: 1721

phosphate batteries having a nominal cell voltage of 3.2V-3.3V, and four cells may be
connected in series to have a nominal voltage of 13.2 V (paragraph 0060). The
protection circuit board may be included (paragraph 0070). Such a board may include a
solid state switch such as an FET (paragraph 0080). The solid state switch is
connected to the positive pole of the battery (Figure 8). Further such switches are
connected to the positive terminal and controlled by the electronic circuit (paragraph
0022). The switches can be transistors, FET, JFET, BJT, CMOS, VMOS, TMOS,
vertical DMOS or HEXFET (paragraph 0093). The cells may be lithium containing,
LiFePO, LiFePO4, LiFeMgPO4, LiFeYPO4, LiCoO2, LiMn204, LiNiCoAIO2,
LiINiMnCo0O2, and Li4Ti5012 as examples (paragraphs 0060-0061). The battery pack
is encased in a housing, the battery pack having a positive terminal and a negative
terminal, each cells having a positive pole and a negative pole, the solid state switches
are in the housing, the switches being connected to the positive pole of the cell and to
the positive terminal, the negative pole of the cells being connected to the negative
terminal (claim 12). The solid state switch may include a MOSFET arrangement
(paragraph 0086). The system includes at least a processor and a circuit board

(paragraph 0078).

Claim Rejections - 35 USC § 103
7. The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have

PETITIONERS Ex. 1004
204 of 304



Application/Control Number: 14/657,101 Page 5
Art Unit: 1721

been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

8. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148
USPQ 459 (1966), that are applied for establishing a background for determining
obviousness under 35 U.S.C. 103 are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating
obviousness or nonobviousness.
9. Claims 11 and 21 is/are rejected under 35 U.S.C. 103 as being unpatentable
over KOEBLER (US 2013/0241498 A1) in view of GRANT (US 4,166,241).
10.  Claim 11 is dependent upon claim 1, which is rejected above under 35 U.S.C.
102(a1) in view of KOEBLER. However, KOEBLER does not explicitly teach a battery
pack further including a pair of cables, or a cable housing that includes a MOSFET,
diode, or relay.
11.  GRANT teaches an apparatus for jumpering a first battery to a second battery
using jumper cables (column 2 lines 30-36). The jumpering cable includes first and
second cables J1 and J2 connected to the batteries (column 2 lines 49-54). The jumper
cables are connected into a case, and connected to at least a relay (column 3 lines 5-
26). The case includes a cover, a switch in the case, as well as the relay (see Figures
1-3). The end of the cables include a first and second clamps (Figure 1). The other end

of the cable is connected to the terminal of a battery B1 (Figure 1).
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Application/Control Number: 14/657,101 Page 6
Art Unit: 1721

12.  Atthe time of the invention one having ordinary skill in the art would have been
motivated to include the cable and cable housing with the relay as taught by GRANT to
connect to the battery of KOEBLER in order to have the beneficial result of charging a
dead battery without harmful sparks being created at the terminals of the battery
(column 2 lines 30-54).

13.  With respect to claim 21. The rejection above in view of KOEBLER under 35
U.S.C. 102(a1) as applied to claims 1-10 and 12-20 above is repeated here. Further

the combination of KOEBLER with GRANT as applied to claim 11 is also repeated here.

Conclusion
14.  The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.
15.  BROCKMAN (US 2015/0318582 A1) — BROCKMAN teaches a battery 12
including a battery management system 50, the battery includes an array of battery
cells, the battery cells may be lithium iron phosphate cells (paragraph 0023). The
battery management system may include integrated circuits or circuit boards, the
system being disposed in a battery housing (paragraph 0026). The system may monitor
the operation of the battery, as well as perform cell balancing (paragraph 0027). The
battery management system may include a solid state switch such as a FET or
MOSFET (paragraph 0045).
16.  MIYASHITA (US 2006/0087280 A1) — MIYASHITA teaches a battery pack for an

electric motor of a compact engine starting device (paragraph 0022). The battery pack
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Application/Control Number: 14/657,101 Page 7
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is provided with lithium based secondary battery comprising at least two cells
(paragraph 0022). The pack further includes an overcharge preventing circuit
(paragraph 0022). The total discharging mount of the battery in the battery pack is 500-
2000 mAh, and charging voltage per one cell is 3 to 4.2 V (paragraph 0024). There
may further include an overcharge preventing circuit (paragraph 0027). A battery
protection circuit is incorporated into the battery pack (paragraph 0079).

17. THOMASON (US 2005/0110467 A1) — THOMASON teaches a jump starter that
includes jumper cables, and a controller (paragraph 0013). The jump starter includes a
housing, a pair of cables, an internal battery, and appropriate circuitry (paragraph 0026).
The housing includes at least a switch, and may include a microcontroller and a
MOSFET (paragraph 0029).

18.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JONATHAN JELSMA whose telephone number is
(5671)270-5127. The examiner can normally be reached on Monday to Thursday 8:00
a.m. - 5:00 p.m.

19.  If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Mark Huff can be reached on (571) 272-1385. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 14/657,101 Page 8
Art Unit: 1721

20. 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.

/JONATHAN JELSMA/

Primary Examiner, Art Unit 1721

JGJ
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| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/657,101 03/13/2015 Martin Koebler 5094
CONFIRMATION NO. 6889
162 PUBLICATION NOTICE
RALPH H. DOUGHERTY
4219 Kronos Place IR A O AR
000000085821645

CHARLOTTE, NC 28210

Title:LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE SWITCH
THEREFOR

Publication No.US-2016-0268645-A1
Publication Date:09/15/2016

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
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Dear Sirs:

Please forward the attached documents to the Clerk of Art Unit 2859.

Thank you for your prompt attention to this matter.
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Ralph H. Dougherty
Ralph H. Dougherty
Registration No. 25,851

Ralph H. Dougherty, P.A.

Patent, Trademark, Copyright Law
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are hereby notified that any dissemination, distribution or copying of this
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collecton of information unless it containg a valid OMB contrgl nunber.

Attorney Docket Number | 5094

Application Data Sheet 37 CFR 1.76

Application Number

LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE SWITCH

Title of lnvention THEREFOR

The application data sheet is pant of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed elactronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a papar filed application.

Secrecy Order 37 CFR 5.2

[] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1
Legal Name

Prefix| Given Name Middle Name Family Name Suffix
MARTIN KOEBLER
Residence Information (Select One) (® US Residency (O Non US Residency (O Active US Military Service
City | DAVIDSON | state/Province | NC | Country of Residencd | US
City lCountry of Residence |

Mailing Address of inventor:

Address 1 530 Portside Drive

Address 2 '

City l Davidson l State/Province NC
Postal Code l 28036 l Countryi us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[] An Address is being provided for the correspondence Information of this application.

Customer Number 00162

Name 1 Name 2
Address 1

Address 2

City State/Province
Country | Postal Code
Phone Number Fax Number
Email Address ralph@pralphdougherty.com

EFS Web 2.2.12
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COWMERCE
Under the Paperwork Reduction Act of 1995, no persuns are required to respond to a collection of information untess it contains a valid OMB contral number,

Attorney Docket Number | 5094

Application Data Sheet 37 CFR 1.76

Application Number

R R LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE SWITCH
Title of Invention THEREFOR

Application Information:

Title of the Invention ;I\"rvl'-!ll_gll\_‘ll TS'ITIQEEE?)RJUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE
Attorney Docket Number| 5094 Small Entity Status Claimed [X]
Application Type Nonprovisional
Subject Matter Utility ,
Total Number of Drawing Sheets (if any) 24 Suggested Figure for Publication (if any)
Plant Submissions Only:
Latin Name Variety Denomination Name [

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information*).

For the purposes of a filing date under 37 CFR 1.53(b), the description and any drawings of the present application are replaced by this

reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).
i

Application number of the previcusly Filing date (YYYY-MM-DD) Inteliectual Property Authority or Country 7
filed application

Publication Information:
[[1 Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. 1 hereby request that the attached application not be published under

] 35 U.5.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral interational agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this infarmation in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number l (O Us Patent Practitioner I (O Limited Recognition (37 CFR 11.9)

Customer Number 00162
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Approved for use through 04/30/2017. OMB 0551-0032
U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Raduction Act of 1985, no persons are required to respond to a collection of information unless it contains a valid OM8 contral number.

Attorney Docket Number | 5094

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention %:'SA%R;S;ARTER, JUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE SWITCH

Prefix Given Name Middle Name Family Name Suffix

Registration Number

Prefix Given Name Middle Name Family Name Suffix

Registration Number

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

Domestic Benefit/National Stage Information:

This section allows far the applicant to either claim benefit under 35 US.C. 119(e), 120, 121, 365(c), or 386(c) or indicate National

Stage entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference
required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the application number blank.

Prior Application Stalus | Pending > :
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
14657101 Continuation in part of 13989273 2013-05-23
Application - Prior Application Filing Date Issue Date
Number Continuity Type Nurnber (YYYY-MM-OD) Patent Number (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.5.C. 118(b) and 37 CFR 1.55. When priority is claimed to a foreign application
that is eligible for retrieval under the priornity document exchange program (F’DX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i){(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number Countryi Filing Date (YYYY-MM-DD)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. .
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Attorney Docket Number | 5094

Application Data Sheet 37 CFR 1.76

Application Number

LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY. WITH SOLID STATE SWITCH

Title of Invention THEREFOR .

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
7] 16, 2013. .

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

[[] Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPQ), the Korean Intellectual Property Office (KIPQO), the Warld Intellectual Property Office (W PQO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPQ, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)}-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1,14(c), access may be provided to information concerning the date o f filing this Authorization,

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.
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R AUG 2015 PTO/AIAIN 4 (07-14)
0 6 Approved for use through 04/30/2017, OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, na persons are required to respond to a collection of information untess it contains 8 valid OMB control number.

Attorney Docket Number | 5094

Application Data Sheet 37 CFR 1.76

Application Number

LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE SWITCH

Title of Invention THEREFOR

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee. person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

(O Assignee (O Legal Representative under 35 U.S.C. 117 (O Joint Inventor

(O Person to whom the inventor is obligated to assign. (O Person who shows sufficient proprietary interest

if applicant is the legal representative, indicate the authority to file the patent application. the inventor is:

Name of the Deceased or Legally Incapacitated Inventor ;

If the Applicant is an Organization check here. D

Organization Name

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Applicant:

Address 1 530 Portside Drive

Address 2

City Davidson State/Province NC
Country [ us ' Postal Code 28036
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecling the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of part 3 of Title 37 of CFR to
have an assignment recorded by the Office.
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’

PTO/AIA/14 (07-143

. AUG 0 6 2015 Approved for use through 04/30/2017. OMRB 0651-0032

U.S_ Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwark Reduction Act of 1935, na persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 5094

Application Data Sheet 37 CFR 1.76

Application Number

LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE SWITCH

Title of Invention THEREFOR

Assignee 1

Complete this section if assignee information, induding non-applicant assignee information, is desired to be induded on the patent
application publication . An assignee-applicant identified in the "Applicant Information” section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is aiso desired on the
patent application publication.

if the Assignée or Non-Applicant Assignee is an Organization check here. l:]

Organization Name WILLIAM GOODYEAR COMPANY

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

Additional Assignee ar Non-Applicant Assignee Data may be generated within this form by
selecting the Add button.

Signature:

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

Signature [/RALPHH. DOUGHERTY/ ’ Date (YYYY-MM-DD)| 2015-08-06

First Name | RALPH lLast Name | DOUGHERTY Registration Number | 25851

Additional Signature may be generated wi}hin this form by selecting the Add button.

Thig collection of information is required by 37 CFR 1.76. The infarmation is required to abtain 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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,
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»

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 1o a patent application or patent. I you do niot
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
resilt in termination of proceedings nr 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 informatian on this farm will be treated confidentially 1o the extent allowed under the Freedom of Information Act (5 U.S.C. §52)
and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the Department of Juslice to determine
whether the Freedom of information Act requires disclosure of these records.

2 A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a count, 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 ot
the record.

4, A record in this system of records may be disclosed, as a roufine use, to a contractor of the Agency having need for the information in

ofder to perform g contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant o 5 U.8.C. §52a(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 C o o p eration 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 far review pursuam 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 uss, 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, tnder authority of 44 U.S.C. 2904 and 2806, 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) orissuance 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 inspections or an issued
patent.

8. A record fiom this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, it the
USPTO becomes aware of a vialation or potential violation of law or regulation.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/657,101
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
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 21 minus 20= 1 40 - 40 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 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 770 TOTAL
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
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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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
14/657,101 03/13/2015 2859 770 5094 21 3
CONFIRMATION NO. 6889
162 FILING RECEIPT
RALPH H. DOUGHERTY
4219 Kronos Place R AR
00000007422070

CHARLOTTE, NC 28210
Date Mailed: 03/25/2015

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 00162

Domestic Applications for which benefit is claimed - None.
A proper domestic benefit claim must be provided in an Application Data Sheet in order to constitute a claim for
domestic benefit. See 37 CFR 1.76 and 1.78.

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: 03/25/2015

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/657,101

Projected Publication Date: 09/15/2016
Non-Publication Request: No
Early Publication Request: No

** SMALL ENTITY **
page 1 of 3
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Title

LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY, WITH SOLID STATE
SWITCH THEREFOR

Preliminary Class
320
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).
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PETITIONERS Ex. 1004
232 of 304



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
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.
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SPECIFICATION

LITHIUM STARTER, JUMP STARTER, AND DEEP CYCLE BATTERY,
WITH SOLID STATE SWITCH THEREFOR

MARTIN KOEBLER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application is a Continuation-in-part of US Patent Application No. 13/989,273, filed
May 23, 2013, and also claims the benefit of priority of the following applications: PCT
Application No. 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 an 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). In addition, the invention is useful for

powering an electric motor for starting an internal combustion engine, and as a dep cycle battery.

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
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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.

[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
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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.

[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)
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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 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
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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
[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
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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
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
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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.

[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.
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[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.

[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.
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[0027] Another object of the invention is to provide a jump starter for internal combustion engines
of all sizes, including large engines such as those used in over the road tractors (18 wheelers),

compressors, and generators.

[0028] Another object of the invention is to provide a deep cycle battery for use in wheel chairs,
boats, hospital beds, campers and recreational vehicles, golf carts, and solar panels for remote

arecas.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] The foregoing and other objects will become more readily apparent by referring to the

following detailed description and the appended drawings in which:

[0030] Figure 1 is an exploded isometric view of one embodiment of the invention, in which 4

cells are arranged into a starter battery pack.

[0031] Figure 2 is an exploded isometric view of another embodiment of the invention, in which 8

cells are arranged into a starter battery pack.

[0032] 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.

[0033] Figure 4 is a front view of the assembled battery pack of Figure 3, the rear view being

identical.
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[0034] Figure 5 is a top view of the assembled battery pack of Figure 3.

[0035] Figure 6 is a right end view of the assembled battery pack of Figure 3, the left end view

being a mirror image thereof.

[0036] Figure 7 is a schematic diagram of a block of 4 lithium prismatic cells in series connected

to a balancing circuit board.

[0037] Figure 8 is a schematic diagram of a block of 4 lithium prismatic cells in series connected

to a balancing and cutoff circuit board

[0038] Figure 9 is an isometric view of an alternative embodiment of a housing showing contacts

for switches.

[0039] Figure 10 is a top view of the housing of Figure 9 showing the contact locations.

[0040] Figure 11 is a front view of the housing of Figure 9, the rear view being identical.

[0041] Figure 12 is an end view of the housing of Figure 9, the opposite end being identical.

[0042] 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.

10
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[0043] Figure 14 is a schematic diagram of a Solid State Switch with "Drain" connection.

[0044] Figure 15 is a schematic diagram of a Solid State Switch with "Source" connection.

[0045] 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.

[0046] 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.

[0047] 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.

[0048] 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.

[0049] 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.

[0050] 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.

11
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[0051] 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.

[0052] 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.

[0053] Figure 24 is a schematic diagram illustrating the invention utilized in engine restarting.

[0054] Figure 25 is a schematic diagram illustrating short circuit protection of a battery.

[0055] Figure 26 is a schematic diagram illustrating a circuit with diodes on the negative side to

prevent overcharging of a battery.

[0056] Figure 27 is a schematic diagram illustrating an alternative circuit with diodes on the

positive side for preventing battery overcharging.

[0057] Figure 28 is a schematic diagram illustrating another alternative circuit for preventing

battery overcharging, utilizing a series of relays on the negative side..

[0058] Figure 29 is a schematic diagram illustrating another alternative circuit for preventing

battery overcharging, utilizing a series of relays on the positive side..

[0059] Figure 30 is an isometric drawing of a battery clamping arrangement with a diode in one

lead and a fuse in the other lead to prevent overcharging of a battery.

12
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[0060] Figure 31 is an isometric drawing of a battery clamping arrangement with a diode in one

lead to prevent overcharging of a battery.

[0061] Figure 32 is an isometric drawing of a battery clamping arrangement with both leads

connected to a MOSFET arrangement to prevent overcharging of a battery

[0062] Figures 33 through 40 are schematic diagrams illustrating circuits having various

MOSFET arrangements for providing under-voltage protection to a battery.

[0063] Figure 41 through 48 are schematic diagrams illustrating circuits having various MOSFET

arrangements for providing under-voltage protection to a battery.

[0064] Figure 49 is a schematic control circuit diagram illustrating short circuit protection, as well
as protection from reverse polarity, high temperature, overvoltage, over-discharge voltage, and

having an audible alarm.

DETAILED DESCRIPTION
[0065] 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.

[0066] 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

13
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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,,).

[0067] 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.

[0068] 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.

[0069] 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
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allow charging or discharging in all conditions and not be restricted by any suggested or specified

operating range.

[0070] 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.

[0071] 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.

[0072] 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.

[0073] 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.
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[0074] 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.

[0075] 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.

[0076] Starter battery systems can utilize a greater number of lithium cells as desired for greater

capacity.

[0077] 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.
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[0078] Lithium cell self discharge rate is less than 2% monthly, whereas the self discharge rate for

a lead-acid cell is 10% monthly.

[0079] 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.

[0080] Lithium cells are 98% energy efficient (energy going in and out of the cell), whereas lead-

acid cells are only 90% energy efficient.

[0081] 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:

TABLE I
Nominal LiFePO, (LiCo0,), (LiMn,0,),
Lead-Acid (3.3V nominal) (LiNiCoAlQ,), (LiNiMnCo0,), or
Voltage (Li,Ti50,,)
(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
48V 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
17
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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

[0082] 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.

[0083] 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.

[0084] 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.
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[0085] 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.

[0086] 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.
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[0087] 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.

[0088] 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.

[0089] 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.

[0090] 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.

[0091] 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.
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[0092] 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.

[0093] 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.

[0094] 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
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
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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.

[0095] 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.

[0096] 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.

[0097] Current monitor A monitors the voltage drop across the drain-source ON resistance

(R ) of power MOSFET Q1 and sources a current into node B that is proportional to the

DS(on)

MOSFET current. R1 converts this current to a voltage that is compared to VREF at comparator
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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.

[0098] 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).

[0099] 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.

[0100] The solid state devices all need to be the same (N) or (P) type used in the same circuit, as

illustrated.

[0101] The present invention is a battery pack for powering an electric motor for starting an

internal combustion engine in which the electric motor is in a 6 volt to 48 volt operating system.
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The battery pack consists of a battery pack housing and at least one lithium-based rechargeable cell
within the housing. A total discharging amount of each lithium-based cell in the battery pack is
from 3 Ah to 2000 Ah, and the charging voltage per single cell is 2.0 to 4.2 V. Preferably, the
battery pack consists of from three to sixteen lithium-based rechargeable cells in series in the

battery housing.

[0102] The following Table shows the peak current developed at room temperature in amperes per
pound of lithium cell weight at the indicated amp-hour (Ah) capacities of the lithium battery. The

peak current is less at lower temperatures.

TABLE 2
Capacity Lithium Cell Weight Peak Current
1 Ah 0.171b 160 A
2Ah 0.51b 400A
4Ah 0.71b 600A
8Ah 1.5 1bs 1200A
15Ah 3.3 1bs 2400A

[0103] The circuit arrangement shown in Figure 26 prevents overcharging of a battery, as the
diode 66 on the positive side allows the lithium battery to be discharged. The circuit of Figure 27
has the diode 68 on the negative side, which allows the lithium battery to discharge, but not to
accept a charge from battery clamps 72 (See Figure 30). In either of these circuits, multiple diodes

may be used in parallel.

[0104] The circuits of Figures 28 and 29 utilize relays 70 in the place of diodes, and operate

generally in the same manner as the circuits of Figures 26 and 27. Relays can prevent acceptance
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of a charge, and prevent discharging to an unacceptably low level.

[0105] Figure 30 shows jumper cables 74 with attached battery clamps 72 for starting (or jump
starting) an engine, the cables being connectable to a lithium battery pack by a connector 76, with
one cable having a diode within it, and the other cable containing a fuse. This prevents back
charging of the lithium battery from the output of an alternator or magneto after an engine is
started. Figure 31 shows an alternative jumper cable arrangement in which there is no fuse.
Figure 32 shows a jumper cable arrangement in which MOSFETs 82 are employed within the

cable housing, which can be in any electrical configuration shown in Figures 14 through 23.

[0106] When undervoltage protection is desired, the circuit of Figure 33 may be utilized, with
either a single MOSFET or multiple MOSFETs in parallel. Figures 34 through 40 show
alternative circuits with different source and drain arrangements to provide the same
protection. Multiple lithium based cells are shown in Figures 26 through 29 and in Figures 33

through 49 which form battery pack 10 as depicted in Figure 35.

[0107] When overvoltage protection is desired, the circuit of Figure 41 may be utilized, with either
a single MOSFET or multiple MOSFETS in parallel. Figures 42 through 48 show alternative

circuits with different source and drain arrangements to provide the same protection.

[0108] The invention also comprehends a jump starter battery pack for driving a battery device in a
12 volt to 120 volt internal combustion engine, the battery pack being situated in a battery pack
housing, and having at least one lithium-based rechargeable cell within the housing, the total

discharging amount of each lithium-based cell in the battery pack being from three (3) Ah to 5000
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Ah, and charging voltage per one single cell being 3.0 to 4.2 V, a pair cables, each cable having a
cable housing in which it is situated, one end of each cable being provided with and being
connected to a respective terminal clamp, the opposite end of each cable having a connector for
connecting to the battery pack, and at least one of a solid state switch, MOSFET, diode, or relay

being situated within one of the cable housings.

[0109] As shown in Figure 49, short circuit protection can be provided by the control circuit
depicted. An audible alarm such as a buzzer can be provided, which will sound when the lithium
base battery is outside its operating range of either voltage or temperature. This circuit will protect
against reverse polarity, overvoltage, over-discharge voltage, and excessively high temperature by
opening the circuit to terminate the charging. Either single MOSFETSs can be employed, or
multiple MOSFETs in parallel. There are 8 different configurations that can be employed in this
circuit, with with either the Sources or Drains connected using either the N type or P type
MOSFETs. Using different types of MOSFETSs requires them to be either on the Positive or
Negative side of the battery. Figures 16 through 23 show the variations of the control circuit board,

which can be located within either the battery housing or the cable housing.

[0110] Figure 35 indicates that the battery pack 10 includes only the lithium based cells, whereas
Figure 36 shows that the battery pack 10A includes one or more solid state switches within the
battery pack. The solid state switches can also be located within a cable housing, or connected to a

cable.

[0111] The invention also comprehends a deep cycle battery for use in wheel chairs, boats,

hospital beds, campers and recreational vehicles, golf carts, solar panels for remote areas, and
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other uses. A deep cycle battery in a 6 volt to 800 volt operating system consists of a battery pack
housing, at least one lithium-based rechargeable cell within the housing, and a battery management
system including a processor and a circuit board which includes at least one of a solid state switch,
MOSFET, diode, or relay, the arrangement of which protects against at least one of overvoltage,
undervoltage, reverse polarity, and extremes of temperature. A total discharging amount of each
lithium-based cell in the battery pack is from 3 Ah to 2000 Ah, and the charging voltage per one
cell is 2.0 to 4.2 V. The lithium-based cell can be any of LiFePO, LiFePO,, LiFeMgPO,,
LiFeYPO,, LiC00,, LiMn,0,, LiNiCoAlO,, LiNiMnCoO,, and Li,Ti;O,, cells. The deep cycle
battery can have from two to 250 lithium-based rechargeable cells in series in one or more of said

housings.

[0112] It should be noted that MOSFETSs can function as solid state switches having an ON/OFF
function. MOSFETs, diodes, and relays can be positioned in a battery housing, as well as in a

cable housing.

SUMMARY OF THE ACHIEVEMENT

OF THE OBJECTS OF THE INVENTION
[0113] 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
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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.

[0114] 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 powering an electric motor for starting an internal combustion engine in
which the electric motor is in a 6 volt to 48 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 3

Ah to 2000 Ah, and charging voltage per one cell is 2.0 to 4.2 V.

2. A battery pack according to claim 1 wherein the lithium-based cell is selected from the group
consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiC00O,, LiMn,0,, LiNiCoAlO,,

LiNiMnCoOQ,, and Li,Ti;O, cells.

3. A battery pack according to claim 1, wherein said battery pack comprises from three to

sixteen lithium-based rechargeable cells in series in said housing.

4. A battery pack according to claim 1, further comprising a protection circuit board within said
battery housing, said protection circuit board including at least one of a solid state switch,
MOSFET, diode, or relay, which protects against temperature, reverse polarity, undervoltage or

overvoltage.
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5. A battery pack according to claim 1, further comprising a solid state switching apparatus for one
or more of said lithium based cells in said battery pack encased in said 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 one solid state switch within said battery pack housing, such switch being connected
between the battery pack and a terminal;

said solid state switch 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.

6. Apparatus according to claim 5, wherein the solid state switches are transistors, FET, MOSFET,

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

7. Apparatus according to claim 5, wherein said one or more cells are selected from the group
consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiC00O,, LiMn,0,, LiNiCoAlO,

LiNiMnCoO,, Li,Ti50,,, lead-acid, NiCd, and nickel metal hydride (NiMH) batteries.
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8. A battery pack according to claim 1, further comprising a solid state switching apparatus for
one or more of said lithium based cells in said battery pack encased in said 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 one solid state switch within said battery pack housing, such switch being
connected between the battery pack and a terminal;

said solid state switch 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.

9. Apparatus according to claim 8, wherein the solid state switches are transistors, FET,

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

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

LiNiMnCoO,, Li,Ti;0,,, lead-acid, NiCd, and nickel metal hydride (NiMH) batteries.
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11. Apparatus according to claim 1, wherein the operating system of said internal combustion
engine includes a battery, said apparatus further comprising a pair cables, each cable situated in a
cable housing, one end of each cable connecting to a respective terminal clamp, the opposite end
of each cable having a connector for connecting to said battery pack, and at least one of a

MOSFET, diode, or relay being situated within one of said cable housings.

12. A deep cycle battery in a 6 volt to 800 volt operating system, comprising:

a battery pack housing;

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

a battery management system including a processor and a circuit board having a MOSFET
arrangement which protects from one of overvoltage, undervoltage, reverse polarity, short circuit,
and extremes of temperature;

wherein a total discharging amount of each lithium-based cell in the battery pack is from 3

Ah to 2000 Ah, and charging voltage per one cell is 2.0 to 4.2 V.

13. A deep cycle battery according to claim 12 wherein the lithium-based cell is selected from the
group consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiC0O,, LiMn,0,, LiNiCoAlQO,,

LiNiMnCoOQ,, and L1,Ti;O, cells.

14. A deep cycle battery according to claim 12, wherein said battery comprises from two to

250 lithium-based rechargeable cells in series in one or more of said housings.

32

PETITIONERS Ex. 1004
298 of 304



10

Attorney Docket 5094

15. A deep cycle battery according to claim 12, further comprising a solid state switching
apparatus for one or more of said lithium based cells in said battery pack encased in said 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 one solid state switch within said battery pack housing, such switch being connected
between the battery pack and a terminal;

said solid state switch 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.

16. Apparatus according to claim 15, wherein the solid state switches are transistors, FET,

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

17. Apparatus according to claim 15, wherein said one or more cells are selected from the group
consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiC00O,, LiMn,0,, LiNiCoAlO,

LiNiMnCoO,, Li,Ti50,,, lead-acid, NiCd, and nickel metal hydride (NiMH) batteries.
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18. A deep cycle battery according to claim 12, further comprising a solid state switching
apparatus for one or more of said lithium based cells in said battery pack encased in said 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 one solid state switch within said battery pack housing, such switch being
connected between the battery pack and a terminal;

said solid state switch 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;0,,, lead-acid, NiCd, and nickel metal hydride (NiMH) batteries.
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21. A battery pack for driving a battery device in a 12 volt to 120 volt internal combustion engine,
said battery pack comprising:

a battery pack housing;

at least one lithium-based rechargeable cell within said housing, the total discharging
amount of each lithium-based cell in the battery pack being from three (3) Ah to 5000 Ah, and
charging voltage per one cell being 3.0 to 4.2 V;

a pair cables, each cable having a cable housing in which it is situated;
one end of each cable being provided with and connected to a respective terminal clamp, the
opposite end of each cable having a connector for connecting to said battery pack; and

at least one of a solid state switch, MOSFET, diode, or relay being situated within one of

said cable housings.

35

PETITIONERS Ex. 1004
301 of 304



Attorney Docket 5094

ABSTRACT OF THE DISCLOSURE

[0115] 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. The invention is also useful as a Deep Cycle

battery.
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