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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/848,246 02/20/2007 7180403 038P0401 4526
7590 01/31/2007

Rodney F. Brown
3365 Baltimore Street
San Diego, CA 92117

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 340 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

Ralph W. Quan, Broomfield, CO;
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\P E PART B - FEE(S) TRANSMITTAL

Co ple?e and send(&i form, together with applicable fee(s), to: Mail Mhail Stop ISSUE FEE
-& Commissioner for Patents
P.0. Box 1450
Alexandria, Virginia 22313-1450
4 or Fax (571)-273-2885
uld be used for tmmsmiding the ISSUE FEE and PUBLICATION FEE (if roquircdk Blocks 1 through 5 should be completrd where
[+

Gndenee including the Patcat, advance orders and notification of maintenance fees will be mailed 1o the current correspondence address a3
or dirceted otherwise in Block 1, by (2) specifying a new correspondence address; and/or (b) indicuting & scparaie *FEE ADDRESS" for

RRENT CORRESFONDENCE ADDRESS (Notce Usc Block 1 horuge of add Note: A certificate of mailing can anly be used tor domestic mailings of the

v (ot U i =) Fee(s) Transmittal. This ccrt’r}!:cmc canzot be used for any other ncconrﬁpanying

Rodney F. Brown Eapet_s. Each ndtrlix}_xonal %apq.l‘such as un assignment or formal drawing, must
3365 Baltimore Street ave its own certisicate of mailing or gansmission. -

San Diego, CA 92117 . Cecrtificate of Mailing or Transmission
Il certify that this Fer(s) Transmittal is being deposited with the United
States Postal Scrvice with sufficient postagc for first chass mail in an envclope
addressed to the Mail Sto,j) ISSUE_FEE address above, or being facsimile
transmitted to the USPTO (571) 272-2885, on the date indicated belfow.

Rodney F. Brown (Depositer's nume)
ﬂ"“—:? %‘-.. (Sigosture)
January 8, 2007 (Do)
I APPLICATION NO. l FILING DATE I FIRST NAMED INVENTOR l ATTCRNEY DOCKET NO. I CONFIRMATION NO. l
40/848,246 05/18/2004 Ratph W, Quan 038P0401 4526

TITLE OF INVENTION:

RFID Reader Utilizing an Analog to Digital Converterfor Data Acquisition and Power
Monitoring Functions ) : .

| APPLN. TYPE l SMALL ENTITY I 1SSUE FEE DUE IPUBLICATION FEE DUE I PREV. PAID ISSUE FEE I TOTAL FEE(S) DUE ' DATE DUE I
nonprovisional NO $1400 $300 5& /68/208 $1700 02/20/2007
l e [ —— l T l ol re lsa7 TBESHAH 56698@3‘8 624245 10848046
11381
Au, Scott D. 2612 340-~010300 B2 FC:1584 1‘3?93@. Bn

&Chalmfg’z):f correspondence address or indication of "Fee Address” (37 2, For printing on the patent front page. list
R 1.363). '

(1) the names of up to 3 regisicred patent attomeys J-Rodney E Beown
{J Change of comespondence address (or Change of Corrcspondence or agents OR, alternatively,

Address farm PTO/SB/122) altached. (2) the name of a single firm (baving 08 a member a

(5]

=) "Fee Addross” indication (or "Fee Address” [ndication form registered attorncy or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more cocent) attnched. Use of a Customer 2 registered potent aitorneys or agents. Ifno nameis 5
Number is required. listed, no name will be printed.

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

PLEASE NOTE; Unlcss an nssi[fncc is identificd below, no assigoce data will appear on the patent. If an assignoee is identificd below, the document hus been filed for
recordution as sot forth in 37 CFR 3,11, Complction of this form is NOT a substitute for filing an assignmont.

(A) NAME OF ASSIGNEE (B) RESIDENCE; (CITY and STATE OR COUNTRY)
Assa Abloy Identification Technology Group AB Stockholm, Sweden

Please check the appropriate assignoe catcgory or catogorics (will not be printed on the patent) : D Individual @ Corporation or other private group entity () Government

4a, The folkowing foe(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previounsly paid issue fee shown above)
I 1ssue Fee 0 A chock is enclosed.
A Publication Fee {No small entity discount permiteed) O Payment by credit card, Form PTO-2038 is attached.
] Advance Order - #of Copics 43 The Diroctor is horcby authorized ta charge tire required foc%ﬁ). any deficiency, or credit un
overpayment, to Deposit Account Number ___02-4245 enclosce ar extra copy of this fgnn).

5. Change in Entity Status (from stows indicated above)
Da. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Qv Applicant is no longer claiming SMALL ENTITY stolus. Sce 37 CFR 1.27(eX2).

NOTE: The Issue Fec and Publication Fee (if required) will not be accopted from anyone other than the applicant; a registered attorncy or agent; or the assignes or other party i
interest as shown by the reconds of the United rggtm )annt and decm?xrk Office. Y i o8 il & pary in

Authorized Sig %#ﬂﬁ ?g—v-—u ‘ Date _January 8, 2007

Typed or prinicd name _Rodney F. Brown Registration No. 30,450

This collection of infermation is required b%B'] CFR | 311. Tix information is required to obtam or retain a bcncﬁtb{ the public which is to filc (and by the USPTO to process,
an application. Confidentinlity is governed by 35 U.S.C. 122 and 37 CFR L.14. This collection is estimated to take 12 minvies o compicte, including 2athering, preparing, a
submitting the completed application form to the USPTO. Time will ending upoo the individual casc. Any comments on the amount of timc you roquire to complcte
this form and’or suggestions for reducing this burden, should be sent to the Chief lnformation Officer, U.S. Patent and Trademark OfTice, U.S. Department of Commeae, P.O.
B(lm I431(’){ A‘I,cxamfrm,z\)/;?glm%gﬁ 13-1350, DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioncr for Patents, P.O. Box 1450,
Alexandriz, Virginia 2 - .

Under (he Paperwork Reduction Act of 1995, no persons aro roquired to respond to a collection of information unless it displays a valid OMB control number.

PTOL-85 (Rev. 07706) Appraved for usc through 043072007, OMB 0651-0033 U.S. Patent snd Tradomark Office: U.S, DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLO.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 11/17/2006 I EXAMINER |
Rodney F. Brown _ AU, SCOTTD
3365 Baltimore Street L ART UNIT PAPER NUMBER |

San Diego, CA 92117 2612

DATE MAILED: 11/17/2006

l APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO.

10/848,246 05/18/2004 Ralph W. Quan 038P0401 4526

TITLE OF INVENTION: RFID READER UTILIZING AN ANALOG TO DIGITAL CONVERTER FOR DATA ACQUISITION AND POWER
MONITORING FUNCTIONS

I AFPPLN, TYPE l SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE { PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional NO $1400 $300 $0 $1700 02/20/2007

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:
L. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above. .

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

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

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

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

Page 1 of 3 WAVELYNX EX. 1002, Pg. 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where

apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

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

Eaper_s. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

7590 1111712006 - i
Certificate of Mailing or Transmission
Rodney F. Brown . Ishereb cerltigy that thi,sﬁfce s) Transmittal i.} befi_ng dclposith lvs_/ith the Ur}ited
M tates Postal Service with sutficient postage for first class mail 1n an envelope
3365 Baltlmore Street . addressed to the Mail Stog ISSUEpFE address above, or bein; facsimﬁe
San Diego, CA 92117 transmitted to the USPTO (571) 273-2885, on the date indicated below.
(Depositor's name)
(Signature)
(Do)
L APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. | CONFIRMATION NO. I
10/848,246 05/18/2004 Ralph W. Quan " 038P0401 4526
TITLE OF INVENTION: RFID READER UTILIZING AN ANALOG TO DIGITAL CONVERTER FOR DATA ACQUISITION AND POWER
MONITORING FUNCTIONS
I APPLN. TYPE | SMALL ENTITY I ISSUE FEE DUE I PUBLICATION FEE DUE I PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE "DATE DUE I
nonprovisional NO $1400 $300 . $0 $1700 02/20/2007
| EXAMINER [ ART UNIT | CLASS-SUBCLASS |
AU, SCOTTD 2612 340-010300

1. Chan3gé:3<))f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR1 (1) the names of up to 3 registered patent attorneys 1
(] Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

(] "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/A7; Rev 03-02 or more recent) attached. Use of a Customer | 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : U Individual Corporation or other private group entity (3 Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
(J Issue Fee (J A check is enclosed.
() Publication Fee (No small entity discount permitted) QA Payment by credit card: Form PTO-2038 is attached.
(J Advance Order - # of Copies [ The Director is hereby authorized to charge the required feess), any deficiency, or credit any
overpayment, to Deposit Account Number enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
(Y Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Clo. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name ] _ Registration No.

This collection of information is required by 37 CFR 1.311, The information is rc(Luircd to obtain or retain a benefit b{ the public which is to file (and by the USPTO to process)

an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and

submitting the completed application form to the USPTO. Time will vary de ;nding 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.

i?x Mcsl?i' A\l/qxap i 3,2\3/{r iln4i% 323 13-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
exandria, Virginia - .

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

PTOL-85 (Rev. 07/06) Approved for use through 04/30/2007. OMB 0651-0033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. B

Alcxan‘:!’:'m, Vlrgmla 22313-1450

WWW.usplo.gov
r APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. ] CONFIRMATION NO. l
10/848,246 05/18/2004 , . Ralph W. Quan 038P0401 4526
7590 11/17/2006 l EXAMINER |
Rodney F. Brown AU, SCOTT D
3365 Baltimore Street I ART UNIT PAPER NUMBER |
San Diego, CA 92117 Py

DATE MAILED: 11/17/2006

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

The Patent Term Adjustment to date is 340 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 340 day(s).

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

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

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

Page 3 of 3 WAVELYNX EX. 1002, Pg. 5
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o

Application No. Applicant(s)
. o 10/848,246 QUAN, RALPH W.
Notice of Allowability Examiner Art Unit
Scott Au 2612

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

1. X This communication is responsive to 9/29/2006.
2. [ The allowed claim(s) is/are 1-43.

3. [] Acknowledgment is made of a claim for foreign'priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[(J Al b)[J Some* c¢)[]None ofthe:
1. [ Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No.
3:[] Copies of the certified copies of the priority documents have been received in this national stage application from the’
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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

4. [} A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as ‘replacement sheets”) must be submitted.
(a) [] including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date .

{b) [] including changes required by the attached Examiner's Amendment / Comment or in the Office action of

Paper No./Mail Date
Identifying indicia such as the application number {see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [] Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .

3. |X Information Disclosure Statements (PTO/SB/08), 7. X} Examiner's Amendment/Comment

Paper No./Mail Date
4, ] Examiner's Comment Regarding Requirement for Deposit 8. [] Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other .

U.S. Patent and Trademark Office
PTOL-37 (Rev, 08-06) Notice of Allowability Part of Paper No./Mail Date 20061106

WAVELYNX EX. 1002, Pg. 6
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



Application/Control Number: 10/848,246 Page 2
Art Unit: 2612

Allowable Subject Matter

This communication is in response to applicant’s Amendment which filed September 29,
2006 in the application of Quan for a “RFID reader utilizing an analog to digital converter for
data acquisition and power monitoring ‘funcfions” filed May 18, 2004.

The amgndment has been entered and made of record.

Claims 44-46 are cancelled.

Claims 1-43 are allowed as evident by applicant’s amendment.

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

Allowance.”

Any inquiry concerning this communication or earlier communications form the
examiner should be directed to Scott Au whose telephone number is (571) 272-3063. The
examiner can lnormally be reached on Mon-Fri, 8:30AM - 5:00PM.
| If attempté to reach the exathinér by telephone are unsuccessful, the examiner’s
supervisor, Jeffrey Hofsass can be reached at (571) 272-2981. The fax phone numbers for the
organization where this application or proceeding is assigned are (571)-273-8300.

Any inquiry of a geﬁeral nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703

=0

WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



PTO/SBIOBA (09-06)
Approved {or use through 03/31/2007. OMB 0651-0031
.8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGCE

"‘-.‘: i erwork Reduction Act of 1895, no persons are required to respond to a collection of information untess it containg a valid OMB control number,
27 ubstitute for fomm 1449/PTO Complete if Known

) :Bplication Number 10/848,246
'INFORMATION DISCLOSURE oo R v G
STATEMENT BY APPLICANT AR Unit 2612
{Use as many sheets as necessary) Examiner Name Scott Au
(...Shﬁﬂ [1 1 of 11 Attomey Docket Number [038P0401
U. S. PATENT DOCUMENTS
Examiner | Cite Document Number Publication Date Name of Patentee or Pag'es Columns Unes Where
inivals* | No.' MM-DD-YYYY Applicard of Cited Document orR
Number-Kind Cade? " =~ ’ F igures Appear
éﬂ— U5 2004/0195324-A1 10/07/2004 " [Uchiyama et ai.

US- 2003/0137404-A1 07/24/2003 _[Bonneau, Jr. et al.
\\|/ US-2004/0256460-A1 12/23/2004  |Chamat

us-

us-.

U5 :

Us-

us-

us-

Us-

us-

Us-

Us-

Us-

us-

us-

us-

v
us-
FOREIGN PATENT DOCUMENTS

Examiner Cna Foreign Patenl Document . - Publication Name of Patentee or Pages, Columns Unes
Initials* No.! Date Apglicant of Cited D Where Rel

MM-DD-YYYY Or Relevant Figures A T
Country Code® Number ¢ "Kind Code® (if knowr) ‘ gu ppear

<A GB-2305074-A 03/26/1997 |Howelletal. Fig. 6
p.151.26-p.16,1.23

Examiner
Signature

Date
Considered
“EXAMINER: werenceLonsicered, whether or bt citation is in conformanoe With MPEP 609, Draw line (hcough noi 1 not

considered, mdude copy of this form with next communication to appﬂwnt ' Applicant's unique citation designation number (opﬂonal) ?See Kinds Cod& of
USPTO Patent Documents at www.usplo.gov of MPEP 901.04, ? Erter Office that issued the document, by the two-etter code (WIPO S(andam ST.3). * For
Japangse patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. *Kind of docurment by
the appropriate symbaots as indicated on the document under WIPO Standard ST.16 if possitle, 8 Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The intormation is required to oblain or retain 8 benefit by the pubixc 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 2 hours 1o complete,
inctuding gathering, preparing, and submitting the completad application form to the USPTO. Time will vary depending upon the individual case, Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.5. Patent
and Trademark Ofiice, P.O. Box 1450, Alexandnia, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
T0: © i for P. ts, P.O. Box 1450, Aloxandria, VA 22313-1450.

1f you need assistance in completing the form, call 1-800-PTO-9189 (1-800-786-9199) and sslect option 2.

WAVELYNX EX. 1002, Pg. 8
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epr  as icati . i s)/P
Issue Classification Application/Control No ' Sgg)'::r?:i‘;(at)io :tent under
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Sir:
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Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

The following listing of claims replaces all prior versions and listings of claims in the

application:

Listing of Claims:

Claim 1 (currently amended): A reader for an RFID system comprising:

a sighal generator for generating a detection signal containing analog data and for
generating an excitation signal; ’

a transmitting antenna coupled with said signal generator for transmitting said
detection signal and said excitation signal into a space surrounding said transmitting
antenna,;

a receiving antenna for receiving a transponder data signal at a voltage value
containing received digital data from a transponder in said space;

receiver electronics coupled with said receiving antenna for conditioning said
transponder data signal to ptace-said a conditioned transponder data signal in-a-condition
forreading including said received digital data;

an internal power source for supplying eiectrical operating powerto said reader, said

internal power source having a declining power level as a function of use; and

a single-chip microcontroller coupled with said internal power source and said
receiver electronics, said single-chip microcontroller including an analog to digital converter
to acquire said analog data from said detection signal and said received digital data from
said conditioned transponder data signal and to convert said analog data from said
detection signal to converted digital data, wherein said microcontroller further includes a

detection means for evaluating said converted digital data to detect a transponder

presence in the space surrounding said transmitting antenna and _said microcontroller

further includes a reading means for demodulating said conditioned transponder data

signal to read said received digital data.

Claim 2 (original): The reader of claim 1, wherein said receiver electronics includes

a receiver electronics input from said receiving antenna, a receiver electronics output to

Page 2 of 18

WAVELYNX EX. 1002, Pg. 13
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

said single-chip microcontroller, and a plurality of relatively low-cost simple electrical
components selected from the group cbnsisting of resistors, diodes, capacitors, and
electrical switches, and excludes relatively high-cost complex multi-stage band pass
amplifiers.

Claim 3 (currently amended): The reader of claim 1, wherein said singte=chip
microcontrofterfurther—includes reading means is a software and/or firmware-based
demodulator ferdemodutating-satc-transponder-data-signat-to-read-said-digital-data-from

: terd .

Claim 4 (original): The reader of claim 1, wherein said receiving antenna and said

transmitting antenna are both included in a sihgle dual-function antenna.
Claim 5 (currently amended): Fhereaderof-claim2 A reader for an RFID system

comprising:
a signal generator for generating a detection signal containing analog data and for

generating an excitation signal:
a transmitting antenna coupled with said signal generator for transmitting said

detection signal and said excitation _signal into a space surrounding said transmitting

antenna;

a receiving antenna for receiving a transponder data signal at a voltage value

containing digital data from a transponder in said space;

receiver electronics coupled with said receiving antenna for conditioning said

transponder data signal to place said transponder data signal in a condition for reading

said digital data;

an internal power source for supplying electrical operating power to said reader, said
internal power source having a declining power level as a function of use: and

a single-chip microcontroller coupled with said internal power source and said

receiver electronics, said single-chip microcontroller including an analog to digital converter

to acquire said analog data from said detection signal and said digital data from said

transpondér data signal and to convert said analog data from said detection signal to
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Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

converted digital data, wherein said receiver electronics includes a resistor divider section

comprising first and second series resistors at said receiver electronics input forming a
voltage divider to reduce said voltage value of said transponder data signal and third and
fourth series resistors downstream of said first and second series resistors positioned
between ground and said power supply and a blocking capacitor positioned in parallel with
the second series resistor upstream of said third and fourth series resistors to maintain
said transponder data signal at said receiver electronics output in a voltage range between
about ground and said power sﬁpply, inclusive.

Claim 6 (currently amended): Fheteaderof-ctaim2 A reader for an RFID system

comprising:.
a signal generator for generating a detection signal containing analoq data and for

generating an excitation signal:

a transmittinq antenna coupled with said signal generator for transmitting said

detection signal and said excitation signal into a space surrounding said transmitting

antenna;

a _receiving antenna for receiving a transponder data signal at a voltage value

containing digital data from a transponder in said space;

receiver electronics coupled with said receiving antenna for conditioning said

transponder data signal to place said transponder data signal in a condition for reading

said diqital data;:

an internal power source for supplying electrical operating power to said reader, said

internal power source having a declining power level as a function of use; and

a_single-chip microcontroller coupled with said internal power source and said

receiver electronics, said single-chip microcontroller including an analoq to digital converter

to acquire said analog data from said detection signal and said diqgital data from said

transponder data signal and to convert said analog data from said detection'simal to

converted digital data, wherein said receiver electronics includes a peak detector section

comprising a rectifier at said receiver electronics input to rectify said voltage value of said
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Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

transponder data signal and a pair of series resistors downstream of said rectifier
positioned between ground and said power supply and a blocking capacitor positioned
between said rectifier and said pair of series resistors to maintain said transponder data
signal at said receiver electronics outputin a voltage range between about ground and said
power supply, inclusive.

Claim 7 (original): The reader of claim 6, wherein said rectifier includes a diode and
said peak detector section further comprises a detector capacitor and a detector resistor,
said detector capacitor and detector resister positioned in parallel with one another and in
parallel with said blocking capacitor downstream of said diode and upstream of said pair
of series resistors.

Claim 8 (currently amended): Fhereaderofetaim2 A reader for an RFID system

comprising:
a signal generator for generating a detection signal containing analog data and for

generating an excitation signal;

a_transmitting antenna coupled with said signal generator for transmitting said

detection signal and said excitation signal into a space surrounding said transmitting

antenna;

a receiving antenna for receiving a transponder data signal at a voltage value

containing digital data from a transponder in said space;

receiver electronics coupled with said receiving antenna for conditioning said

transponder data signal to place said transponder data signal in a condition for reading

said digital data;

an internal power source for supplying electrical operating power to said reader, said
internal power source having a declining power level as a function of use; and

a single-chip microcontroller coupled with said internal power source and said

receiver electronics, said single-chip microcontroller including an analog to digital converter
to acauire said analog data from said detection signal and said digital data from said

transponder data signal and to convert said analog data from said detection signal to
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Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

converted digital data, wherein said receiver electronics includes an integrator section

comprising a rectifier and an integrator in series at said receiver electronics input and
coupled with said receiver electronics output, said receiver electronics output coupled with
said analog to digital converter.

Claim 9 (original): The reader of claim 8, wherein said rectifier includes a diode and
said integrator includes an integrator resistor and integrator capacitor in series with said
diode, said integrator section further comprising a paired grounding switch resistor and
grounding switch in series with one another and in parallel with said integrator capacitor
downstream of said integrator resistor, said paired grounding switch resistor and grounding
switch coupling said integrator capacitor with ground when said grounding switch is closed
and coupling said integrator capacitor with said analog to digital converter when said
grounding switch is open.

Claim 10 (original): The reader of claim 8, wherein said rectifier includes a diode
and said integrator includes an integrator resistor and integrator capacitor in series with
said diode, said integrator section further comprising a charging switch in series with said
integrator capacitor and ground, said charging switch coupling said integrator capacitor
with said receiving antenna when said charging switch is closed and decoupling said
integrator capacitor from said receiving antenna when said charging switch is open.

Claim 11 (currently amended): The reader of claim 1, wherein said reader further
comprises a sample and hold circuit having one or more sample times for isolating points
on said detection signal where said analog data is to be acquired and for isolating points
on said transponder data signal where said received digital data is to be acquired.

Claim 12 (original): The reader of claim 11, wherein said sample and hold circuit
is included in said analog to digital converter of said single-chip microcontroller.

Claim 13 (original). The reader of claim 11, wherein said microcontroller controls
said one or more sample times of said sample and hold circuit and adjusts said one or
more sample times in response to different values of carrier frequency, data rate, and/or

modulation type of said transponder data signal.
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Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

Claim 14 (original): The reader of claim 11, wherein said microcontroller controls
said one or more sample times of said sample and hold circuit and adjusts said one or
more sample times to enable detection of a transponder from a limited sampling of
detection signals.

Claim 15 (original): The reader of claim 5, wherein said receiver electronics further
includes a peak detector section comprising a rectifier at said receiver electronics input to
rectify said voltage value of said transponder data signal and a pair of series resistors
downstream of said rectifier positioned between ground and said power supply and a
blocking capacitor positioned between said rectifier and said pair of series resistors to
maintain said transponder data signal at said receiver electronics output in a voltage range
between about ground and said power supply, inclusive.

Claim 16 (original): The reader of claim 15, wherein said rectifier includes a diode
and said peak detector section further comprises a detector capacitor and a detector
resistor, said detector capacitor and detector resister positioned in parallel with one another
and in parallel with said blocking capacitor downstream of said diode and upstream of said
pair of series resistors.

Claim 17 (original): The reader of claim 5, wherein said receiver electronics further
includes an integrator section comprising a rectifier and an integrator in series at said
receiver electronics input and coupled with said receiver electronics output, said receiver
electronics output coupled with said analog to digital converter. _

Claim 18 (original): The reader of claim 17, wherein said rectifier includes a diode
and said integrator includes an integrator resistor and integrator capacitor in series with
said diode, said integrator section further comprising a paired grounding switch resistorand
grounding switch in series with one another and in parallel with said integrator capacitor
downstream of said integrator resistor, said paired grounding switch resistor and grounding
switch coupling said integrator capacitor with ground when said grounding switch is closed
and coupling said integrator capacitor with said analog to digital converter when said

grounding switch is open.
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Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

Claim 19 (original): The reader of claim 17, wherein said rectifier includes a diode
and said integrator includes an integrator resistor and integrator capacitor in series with
said diode, said integrator section further comprising a charging switch in series with said
integrator capacitor and ground, said charging switch coupling said integrafor capacitor
with said receiving antenna when said charging switch is closed and decoupling said
integrator capacitor from said receiving antenna when said charging switch is open.

Claim 20 (original): The reader of claim 6, wherein said receiver electronics further
includes an integrator section comprising an integrator at said receiver electronics input
and coupled with said receiver electronics output, said receiver electronics output coupled
with said analog to digital converter.

Claim 21 (original): The reader of claim 15, wherein said receiver electronics further
includes an integrator section comprising an integrator at said receiver electronics input
and coupled with said receiver electronics output, said receiver electronics output coupled
with said analog to digital converter. - |

Claim 22 (original): The reader of claim 1 further comprising a transmitting tuning
capacitor paired with said transmitting antenna and a receiving tuning capacitor paired with
said receiving antenna. |

Claim 23 (original): The reader of claim 22, wherein said receiving tuning capacitor
and said transmitting tuning capacitor are both included in a single dual-function tuning
capacitor.

Claim 24 (original): The reader of claim 22, wherein said transmitting tuning
capacitor and/or said receiving tuning capacitor is a first tuning capacitor for tuning a first
reader antenna to a higher carrier frequency, said reader further comprising a second
tuning capacitor for tuning a second reader antenna to a lower ca'rrier frequency,

Claim 25 (currently amended): A reader for an RFID system comprising:

a signal generator for generating a detection signal containing analog data and for
generating an excitation signal;

a transmitting antenna coupled with said signal generator fdr transmitting said
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detection signal and said excitation signal into a space surrounding said transmitting
antenna;

a receiving antenna for receiving a transponder data signal at a voltage value
vcontaining received digital data from a transponder in said space;

receiver electronics coupled with said receiving antenna for conditioning said
transponder data signal to ptace-said a conditioned transponder data signal inracondition
forreading including said received digital data; and

a single-chip microcontroller coupled with said receiver electronics, said single-chip

microcontroller including an analog to digital converter to acquire said analog data from
said detection signal and said received digital data from said transponder data signal and
to convert said analog data from said detection signal to converted digital data, said single- .
chip microcontroller further including a demodulator for demodulating said conditioned

transponder data signal to read said received digital data from-saidtransponderdatasignat

and still further including a detection means for evaluating said converted digital data to

detect a transponder presence in the space surrounding said transmitting antenna.

Claim 26 (original): The reader of claim 25, wherein said receiver electronics
includes a receiver electronics input from said receiving antenna, a receiver electronics
output to said single-chip microcontroller, and a plurality of relatively low-cost simple
electrical components selected from the group consisting of resistors, diodes, capacitors,
and electrical switches, and excludes one or more relatively high-cost complex multi-stage
band pass amplifiers.

Claim 27 (original): The reader of claim 25, wherein said receivin‘g antenna and said
transmitting antenna are both included in a single dual-function antenna.

Claim 28 (currently amended): A method for operating a reader for an RFID system
comprising:

generating a detection signal containing analog data ir—a—detection—mode—of
operation,

transmitting said detection signal from a transmitting antenna into a space
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Amendment dated September 26, 2006
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surrounding said transmitting antenna to-detect-aproximattransponder,;

acquiring said analog data from said detection signal with an analog to digital

converter _included within _a single-chip microcontroller and coupled with receiver

electronics;

converting said analog data to converted digital data with said analog to digital

converter:

evaluating said converted digital data with said microcontroller to detect a proximal

transponder in said space surrounding said transmitting antenna:

generating an excitation signal in-an-exeitation-mode-of-operation;

transmitﬁng said excitation signal from said transmitting antenna into said space to

power up said proximal transponder;

generating a transponder data signal at said proximal transponder in response to
said excitation signal and propagating said transponder data signal through said space
from said proximal transponder,

receiving said transponder data signal with a receiving antenna, wherein said

transponder data signal is at a voltage value and contains received digital data;

conditioning said transponder data signal with said receiver electronics cotpted-with

saidreceivingantennato-placesaid to a conditioned transponder data signal in-acendition
X i id-cheitat-data:

acquiring said received digital data from said conditioned transponder data signal

with said analog to digital converter foruse-in-a-signatreading-mode-of- operation,_and

Page 10 of 18

WAVELYNX EX. 1002, Pg. 21
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



Application No. 10/848,246
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Reply to Office Action of June 26, 2006

demodulating said conditioned transponder data signal with said microcontroller to

read said received digital data.

Claim 29 (original): The method of claim 28, wherein said receiver electronics
includes a pIurélity of relatively low-cost simple electrical components selected from the
group consisting of resistors, diodes, capacitors, and electrical switches, and excludes one
or more relatively high-cost complex muiti-stage band pass amplifiers.

Claim 30 (currently amended): The method of claim 28 further—comptising
demodutating, wherein said conditioned transponder data signal is_demodulated with
software and/or firmware contained in said single-chip microcontroller to-read-said-digitat

Claim 31 (original): The method of claim 28, wherein said receiving antenna and
said transmitting antenna are both included in a single dual-function antenna.

Claim 32 (original): The method of claim 28, wherein said transponder data signal
is conditioned with said receiver electronics by reducing said voitage value of said
transponder data signal and maintaining said transponder data signal in a voltage range
between about ground and a power supply for said reader, inclusive.

Claim 33 (original): The method of claim 28, wherein said transponder data signal
is conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and maintaining said transponder data signal in a voltage range
between about ground and a power supply for said reader, inclusive.

Claim 34 (original): The method of claim 28, wherein said transponder data signal
is conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and integrating said transponder data signal over one or more
cycles of a carrier frequency of said transponder data signal.

Claim 35 (original): The method of claim 28, further comprising isolating points on
said detection signal where said analog data is to be acquired with a sample and hold
circuit having one or more sample times.

Claim 36 (currently amended): The method of claim 28, further comprising isolating
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points on said transponder data signal where said received digital data is to be acquired
with a sample and hold circuit having one or more sample times.

Claim 37 (origi'nal): The method of claim 35, wherein said sample and hold circuit
is included in said analog to digital converter of said single-chip microcontroller.

Claim 38 (original): The method of claim 36, wherein said sample and hold circuit
is included in said analog to digital converter of said single-chip microcontroller.

Claim 39 (original): The method of claim 35, wherein said microcontroller controls
said one or more sample times of said sample and hold circuit and adjusts said one or
more sample times to enable detection of said proximal transponder from a limited
sampling of detection signals.

Claim 40 (original): The method of claim 36, wherein said microcontroller controls
said one or more sample times of said sample and hold circuit and adjusts said one or
more sample times in response to different values of carrier frequency, data rate, and/or
modulation type of said transponder data signal.

Claim 41 (original): The method of claim 32, wherein said transponder data signal
is conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and maintaining said transponder data signal in a voltage range
between about ground and a power supply for said reader, inclusive.

Claim 42 (original): The method of claim 41, wherein said transponder data signal
is conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and integrating said transponder data signal over one or more
cycles of a carrier frequency of said transponder data signal.

Claim 43 (original): The method of claim 32, wherein said transponder data signal
is conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and integrating said transponder data signal over one or more
cycles of a carrier frequency of said transponder data signal.

Claims 44-46 are canceled without prejudice.
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REMARKS / ARGUMENTS
Claims 1-46 were pending in the above-captioned patent application at the time of
the Office Action. Claims 1-4, 11-14, and 22-46 are rejected. Claims 5-10 and 15-21 are
objected to but would be allowable if rewritten in independent form. In response to the
objections and rejections, applicant amends claims 1, 3, 5, 6, 8, 11, 25, 28, 30, and 36 and

cancels claims 44-46. Each specific ground of rejection is addressed below.

Rejections Under 35 U.S.C. §103

Claims 1, 3, 4, 11-14, 25, 27, 28, and 30-46 have been rejected under 35 U.S.C.
§103(a) as being unpatentably obvious over U.S. Patent 6,467,708 to Johnson in view of
U.S. Patent 5,347,263 to Carroll et al. In particular, the Office Action asserts that Johnson
discloses every limitation of claim 1, 25, or 28 with the exception of a single-chip
microcontroller including an analog to digital converter to acquire analog data from the
detection signal and digital data from the transponder data signal and convert the analog
data to converted digital data. However, the Office Action asserts that Carroll et al.
discloses the above-recited microcontroller limitations at col. 7, lines 1-8 and col. 9, lines
14-39. Thus, the Office Action concludes that the teaching of Carroll et al. in combination
with Johnson renders claims 1, 25, and 28 obvious.

It is respectfully submitted that claim 1 as amended traverses the instant ground of
rejection. Amended claim 1 requires that the single-chip microcontroller include an analog
to digital converter (ADC), a detection means and a reading means. The ADC requires the
capability to acquire both the analog data from the detection signal and the received digitai
data from the conditioned transponder data signal and to convert the analog data to
converted digital data. The detection means requires the capability to evaluate the
converted digital data to detect a transponder presence in the space surrounding the
transmitting antenna. The reading means requires the capability to demodulate the
conditioned transponder data signal to read the received digital data.

Carroll et al. discloses a prior art single-chip microprocessor 31 at Figure 2 and col.

Page 13 of 18

WAVELYNX EX. 1002, Pg. 24
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



Application No. 10/848,246
Amendment dated September 26, 2006
Reply to Office Action of June 26, 2006

7, lines 1-26. The microprocessor 31 is positioned downstream of a band pass amplifier
29 and detector 30 to receive an output signal from the detector 30. Itis apparent from the
disclosure of Carroll et al. that the band pass amplifier 29 functions as a conditioner to
condition (in this case, filter and amplify) the transponder data signal received from the
transponder which includes digital data to be read by the reader. The band pass amplifier
29 outputs a conditioned transponder data signal (termed the received signal and
characterized as a raw carrier signal) to the detector 30. The detector 30 functions as a
demodulator to convert the conditioned transponder data signal to a digital bit stream,
thereby “reading” the digital data contained in the transponder data signal. The detector
30 outputs the digital data to the microprocessor 31 for further processing before outputting
the digital data as a serial bit stream to peripheral equipment. The microprocessor output
directs some appropriate action by the peripheral equipment, such as opening a door,
triggering an alarm, enabling a piece of machinery, etc.

Col. 7 of Carroll et al. only contains teaching with respect to processing the
transponder data signal. There is no teaching at col. 7 of Carroll et al. with respect to
processing a detection signal as recited in the instant claim 1. Accordingly, col. 7 of Carroll
et al. lacks teaching of an ADC in the reader microcontroller having the capability of
acquiring analog data from the detection signal and converting the analog data to
converted digital data. Col. 7 of Carroll et al. also lacks teaching of a detection means in
the microcontroller having the capability to evaluate the converted digital data to detect a
transponder presence in the space surrounding the transmitting antenna. Furthermore,
col. 7 of Carroll et al. lacks teaching of a reading means in the microcontroller having the
capability to demodulate the conditioned transponder data signal to read the received
digital data. Instead col. 7 of Carroll et al. teaches demodulation of the transponder data
signal in the detector 30 rather than the microcontroller as required by claim 1.

Carroll et al. discloses certain inventive features of a microprocessor 42 at Figures
3 and 5 and col. 8, line 50 through col. 9, line 39. The microprocessor 42 has a number
of parallel 1/0 pin circuits 50 and associated I/0 pins 52 wired directly to the antenna coil
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43 of the reader 40. However, the above-cited section of Carroll et al. only discloses the
output function of the I/O pin circuits 50 and associated 1/0 pins 52 . In particular, the
microprocessor 42 outputs signals through the parallel 1/0 pin circuits 50 and associated
I/O pins 52 to the antenna coil 43, which in combination function as drivers for the
excitation signals on the antenna coil 43. Carroll et al. claims to achieve significant savings
in circuit complexity by using the microprocessor 42 to drive the excitation signals on the
antenna coil 43 rather than using a separate driver circuit as is commonly done in the prior
art. See col. 9, lines 14-39.

As such, cols. 8 and 9 of Carroll et al. only contain teaching with respect to
generating excitation signals for transmission by the reader into the space surrounding the
antenna coil. Cols. 8 and 9 of Carroll et al. lack any teaching with respect to processing
a detection signal as recited in the instant claim 1. Accordingly, cols. 8 and 9 of Carroli
et al. lack teaching of an ADC in the reader microcontroller having the capability of
acquiring analog data from the detection signal and converting the analog data to
converted digital data. Cols. 8 and 9 of Carroll et al. also lack the required teaching of a |
detection means in the microcontroller having the capability to evaluate the converted
digital data to detect a transponder presence in the space surrounding the transmitting
antenna. Furthermore, cols. 8 and 9 of Carroll et al. lack the required teaching of a reading
means in the microcontroller having the capability to demodulate the conditioned
transponder data signal to read the received digital data. Thus, the teaching of Carroll et
al. in combination with Johnson is insufficient to render claim 1 obvious and claim 1 is
allowable over the references.

Amended claim 25 includes similar limitations to claim 1 with respect to the
microcontroller.  In particular, amended claim 25 requires that the single-chip
microcontroller include an analog to digital converter (ADC), a detection means and a
reading means. The ADC requires the capability to acquire both the analog data from the
detection signal and the received digital data from the conditioned transponder data signal
and to convert the analog data to converted digital data. The detection means requires the
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capability to evaluate the converted digital data to detect a transponder presence in the
space surrounding the transmitting antenna. The reading means requires the capability
to demodulate the conditioned transponder data signal to read the received digital data.
Accordingly, it is respectfully submitted that claim 25 is allowable over the cited references
for substantially the same reasons as set forth above with respect to claim 1.

Amended claim 28 is a process claim which requires a number of limitations with
respect to operation of the microcontroller. In particular, claim 28 recites the steps of
transmitting a detection signal from the transmitting antenna of the reader into a space
surrdunding said transmitting antenna. The analog to digital converter included within the
microcontroller acquires the analog data from the detection signal and converts it to
converted digital data. The microcontroller e\)aluates the converted digital data to detect
a proximal transponder in the space surrounding the transmitting antenna.

Claim 28furtherrecites the steps of receiving the transponder data signal containing
received digital data with the receiving antenna of the reader. The receiver electronics
condition the transponder data signal to a conditioned transponder data signal. The analog
todigital converter acquires the received digital data from the conditioned transponder data
signal and the microcontrollerdemodulates the conditioned transponder data signal to read
the received digital data.

Claims 3, 4, 11-14, 27, and 30-43 are likewise allowable as depending directly or
indirectly on allowable claim 1, 25, or 28. Claims 44-46 are canceled without prejudice and
are no longer at issue.

Claims 2, 26, and 29 have been rejected under 35 U.S.C. §103(a) as being
unpatentably obvious over U.S. Patent 6,467,708 to Johnson in view of U.S. Patent
5,347,263 to Carroll et al. and further in vieW of U.S. Patent 6,367,697 to T'urne.r et al.
Claims 2, 26, and 29 are allowable as depending directly or indirectly on allowable claim
1, 25, or 28.

Claims 22-24 have been rejected under 35 U.S.C. §103(a) as being unpatentably
obvious over U.S. Patent 6,467,708 to Johnson in view of U.S. Patent 5,347,263 to Carroll
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etal. and further in view of U.S. Patent 6,354,468 to Riek et al. Claims 22-24 are allowable
as depending directly or indirectly on allowable claim 1.

Objectionable claims 5, 6, and 8 have been amended to recite all the limitations of
original claim 1. Although claims 5, 6, and 8 as filed depended on original claim 2 which
in turn depended on original claim 1, it is resbectfully submitted that the patentability of
claims 5, 6, and 8 is not contingent on any limitations recited in original claim 2.
Accordingly, the limitations of original claim 2 have been omitted from amended claims 5,
6, and 8. Nevertheless, it is respectfully submitted that amended claims 5, 6, and 8
traverse the objection and are allowable as amended. Claims 7, 9, and 10 are likewise
allowable as depending directly on allowable claim 6 or 8. Objectionable claims 15-21 are
likewise allowable as depending directly or indirectly on allowable claim 5 or 6.

The remaining prior art references made of record and not relied upon have been
considered by applicant, but are not deemed sufficient to render the instant pending claims
unpatentably obvious. The newly cited references in the Supplemental Information
Disclosure Statement filed concurrently herewith disclose some additional limitations of
claims 1, 25, and 28 which are not disclosed by the earlier references of record. The newly
cited references, nevertheless, lack sufficient disclosure to render the present claims
unpatentably obvious. Forexample, U.S. PaténtAppIication Publication 2004/0256460 to
Charrat discloses a detection mode for a reader at Fig. 10 and 11 and paragraphs 0083-
0085, wherein analog data is acquired from a detection signal (termed an envelop pulse)
and converted to digital data by an ADC distinctly separate from the downstream
microcontroller MP of the reader. The microcontroller MP receives the digital data output
by the ADC (DETC3) via the microcontroller input ports PT and evaluates the digital data
to detect a transponder presence in the space surrounding the transmitting antenna of the
reader.

Charrat, as noted above, lacks disclosure of an ADC integrated within the single-
chip microcontroller. Charrat further lacks disclosure of an ADC having the capability to
acquire the received digital data from the conditioned transponder data signal. Charrat still
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further lacks disclosure of the reading means integrated within the microcontroller having
the capability to demodulate the conditioned transponder data signal to read the received
digital data.

Applicant’s claimed integration of the ADC within the single-chip microcontroller is
not an obvious design choice to reduce the number of discrete circuit components in the
reader merely for purposes of economy and simplicity. Microcontrollers in general have
a relatively high level of internal digital noise. Therefore, one skilled in the art would expect
the digital noise level of the microcontroller to disrupt operation of an integral ADC which
could in turn undesirably reduce the operating range of the reader. As such, the current
state of the art teaches the skilled artisan to design away from the present invention of inter

alia integrating the ADC within the microcontroller.

Conclusion
In conclusion, applicant respectfully asserts that all pending claims 1-43 in the
instant patent application are allowable for the reasons set forth above. Accordingly, an
early notice of allowance is earnestly solicited. The Examiner is requested to call the
undersigned at (858) 272-8705 for any reason that would advance the instant application
to issue.
Respectfully submitted,

Zs &

Rodney F. Brown
Attorney for Applicant
Registration No. 30,450

3365 Baltimore Street
San Diego, California 92117
Telephone: (858) 272-8705

RFB:038P0401A
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-1 -
APPARATUS AND METHOD FOR REMOTELY READING

DATA STORAGE DEVICES

This invention relates to an apparatus and method
5 for remotely reading data storage devices.

Remotely readable data storage devices are
particularly attractive for use in enabling
identification and tracking of items to which the data
storage devices are attached, either permanently or

10 temporarily. One recently developed system for enabling
remote reading or interrogation of a data storage device
is a radio frequency identification (RF/ID) system in
which the data storage device is in the form of a low
(LF) or high (HF) frequency tag or transponder with which

15 a reader or interrogator communicates via low frequency
radio signals. These tags are passive devices (that is
they have no internal power source) and rely on the
interrogator or reader to supply the necessary energy to
enable operation of the tag.

20 Figure 1 of the accompanying drawings illustrates
a schematic block diagram of a typical example of a tag
or transponder 1. The transponder 1 comprises an
integrated circuit 2 which is generally formed of
silicon. The integrated circuit 2 comprises a non-

25 volatile memory 3, generally a read only memory (ROM) or
a non-volatile random access memory (RAM) or FRAM (ferro-

electric RAM), for storing data. The memory 3 is
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Figure 2 is a block diagram illustrating very
schematically the main functional components of a reader
or interrogator 9 for reading data stored in the

5 transponder 1. The reader 9 comprises an RF antenna 10
couéied via an RF modulator 11 and a demodulator 12 to

a microprocessor control unit 13 which itself may be
coupled via an appropriate interface 14 (for example an
RS232 interface) to a host computer (not shown). In

10 order to enaﬁle data to be read from the tag or
transponder 1, the tag or transponder 1 should be placed
within a given distance of the antenna 10 of the reader

9 with its RF coil or receiver 6 in an appropriate
orientation. The distance depends upon the precise

15 characteristics of the transponder, the strength of the
transmitted RF signal and the environment in which it is
placed. Typically, this distance may range from about
i1-2mm (millimetres) to 1-2 metres. The reader 9
transmits an RF signal of the appropriate frequency which

20 induces an alternating current in the resonant circuit
6’ (which as shown by the dashed box consists of the RF

coil 6 and the capacitor Cl1) of the transponder 1 causing

the charge storage capacitor C2 to be charged via the
rectifier 7. "Charging of the charge storage capacitor

25 C2 causes the logic control unit 4 to reset itself and
to initiate transmission of an RF signal carrying the

data stored in the memory 3 via the modulating circuit
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connected to a sequencer or logic control unit 4 which
controls the reading or writing of data from the memory

3 and also controls operation of a radio frequency
modulation unit 5 for modulating the data for

5 transmission via an RF transmitter in the form of a coil
6 coupled to the integrated circuit 2. The coil 6 also
forms the receiver of the transponder 1 and is generally
connected to a capacitor Cl to form a parallel resonant
circuit tuned to a transmission frequency of a reader

10 compatible with the tag or transponder 1. The output of
the resonant circuit 6 is coupled to a rectifier 7 which
provides a rectified output for charging a charge storage
capacitor C2. The charge storage capacitor C2 is coupled
between the positive and negative power supply lines of

15 the integrated circuit. The capacitors Cl and C2 may be
integrated in or on the integrated circuit 2 or may be
separate components. The RF coil 6 is also coupled to

a clock extraction circuit 8 which extracts from an RF
signal transmitted to the RF coil a clock control signal

20 for the logic control unit 4. The transponder 1 is
provided within an insulating, generally plastics or
glass, encapsulation. Typically, the transponder 1 has
dimensions ranging from several centimetres down to a few
millimetres and may even be as small as, for example, a

25 grain of rice. Such a transponder 1 may easily be
incorporated into the packaging or outer casing of

products which require identification for stocktaking or

BNSDOOID: <GB_____2305074A_1_> WAVELYNX EX. 1002, Pg. 45
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



- 4 -
5 and the RF coil 6 for reception by the reader antenna

10.
Currently, there is no common carrier modulation and
data transmission system agreed between manufacturers for
5 such transponders and the systems chosen by different
manufacturers of tags and readers vary widely and are
generally incompatible with one another. This
incompatibility means that a reader made by one
manufacturer for reading a particular type of tag or
10 transponder will not normally be able to read tags or
transponders manufactured by another supplier. This
incompatibility is hindering the widespread adoption of
the technology because, currently; it is necessary for
a customer. who wishes to incorporate the tags or
15 transponders into his products to rely on a single source
for the transponders and readers. Thus, if the
customer’'s requirements subseguently change or there are
commercial reasons for changing to transponders or tags
available from different sources, then a severe cost
20 penalty will be incurred in duplicating the reader
hardware and software support. In addition, there are
many applications for such transponders or tags where it
may not be possible to predict in advance the type of tag
which will be required to be read by the reader. Such
25 applications include, for example, the identification of
lost or stolen property by the police or the tracking or

identification of 1luggage or goods in transit, for
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example at airports or across borders.

According to one aspect of the present invention,
there is provided apparatus for remotely reading data
from a number of data storage devices such as radio

) frequency identification transponders, which apparatus
comprises means for determining the modulation system
and/or data transmission system of a data storage device
thereby allowing data stored by the data storage device
to be read by the apparatus.

10 In another aspect, the present invention provides
a method of remotely reading data from a number of data
storage devices such as radio frequency identification
transponders which determines the modulation system
and/or data transmission system of a data storage device

15 thereby allowing data stored by different manufacturer’s
data storage devices to be read.

As used herein the term "data transmission system®
refers to, for example, the format of the data
transmission by the data storage device, that is whether,

20 for example, the data is divided into blocks of data, the
relationship between the data and the carrier frequency,
the actual carrier frequency and any modulation
fregquencies where a frequency modulation system is used,
whether the data includes headers, parity check bits,

25 block separators and so on and possibly also to any
encoding of the data.

Means may be provided for identifying whether the
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response signal uses any one of a number of different
types o©f carrier modulation systems by, for example,
processing the response signal as if it were using a
given one of the different modulation systems and then

5 deciding from the processed signal whether that
modulation system was in fact used. If not, the process
may be repeated. The decision as to whether a particular
modulation system was used may be based on whether or not
the processed signal represents a binary data stream of

10 one of the possible carrier modulation and data
transmission systems, possibly after suitable decoding.
Specific features of the possible data transmission
systems may be looked for to enable identification of the
actual data transmission system of the data storage
15 device. If no response signal has been received, a
signal may be transmitted by the apparatus to the data
storage device for a predetermined period to charge the
data storage device to see if the data storage device is
of a type which reguires full charging before it can be
20 read. Also, the frequency of the transmission means may
be changed if no response is received at the end of the
predetermined period and a determination then made as to
whether there is a response. from the data storage device
to the new frequency. 1In order to check for data storage
25 devices which require a separate exciter signal after
charging, periodic exciter signal bursts may be generated

if there is no response after the charging period and a
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determination then made as to whether a response signal
is received in response to an exciter signal burst.

The apparatus may be housed within a hand-holdable
casing. A communications interface may be provided for

5 communication with a host computer. A bar code reader
may be incorporated in the apparatus.

Embodiments of apparatus and a method in accordance
with the present invention enable a number of different
data storage devices, each using a different modulation

10 and/or data transmission system, to be interrogated and
read using the response signal transmitted by the data
storage device in response to an interrogation signal
from the apparatus to identify the modulation and data
transmission system of the data storage device and thus

15 enable retrieval of the data transmitted by the data
storage device.

Embodiments of the present invention will now be
described, by way of example, with reference to the
accompanying drawings, in which:

20 Figure 1 is a block schematic diagram of a typical
radio frequency identification tag or transponder;

Figure 2 is a block schematic diagram of a typical
radio frequency identification tag reader;

Figure 3a 1is a block schematic diagram for

25 illustrating the data format for one particular
modulation and data transmission system and Figures 3b

to 3d are wave form diagrams for that particular

BNSDOGID: <GB 220807481 WAVELYNX EX. 1002, Pg. 49
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730




- 8 -
modulation and data transmission system for enabling
transmission of data from one type of radio frequency
identification tag;

Figure 4 illustrates wave form diagrams for another

5 modulation and data transmission system for transmitting
data from another type of radio frequency identification
tag or transponder;

Figure 5 illustrates wave form diagrams of another
modulation and data transmission system for transmitting

10 data from another type of radio frequency identification
transponder;

Figure 6 shows ‘a block schematic diagram of one
example of apparatus in accordance with the invention;

Figure 7 shows a  functional block diagram for

15 illustrating the operation of a first digital signal
processor of the apparatus shown in Figure 6;

Figure 8 shows a functional block diagram for
illustrating the operation of one example of a second
digital signal processor of the apparatus shown in Figure

20 6;

Figure 9 shows a functional block diagram for
illustrating the operation of another example of the
second digital signal processor of the apparatus shown
in Figure 6;

25 Figure 10 shows a block diagram of another example
of apparatus in accordance with the invention;

Figure 11 is a diagrammatic view of one possible
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form of apparatus in accordance with the invention;
Figures 12a to 12e are flow charts for explaining
the operation of an embodiment of apparatus in accordance
with the invention.

S It should, of course, be understood that the
drawings are only schematic and are not to scale. Like
reference numerals are used throughout to refer to like
comﬁonents.

Referring now to the drawings, Figures 3a to 3d

10 illustrate schematically components of the modulation and
coding scheme used by Philips Semiconductors (a division

of Philips Electronics NV of the Netherlands) in its PIT
family of radio frequency identification tags or
transponders. In the carrier modulation and data

15 transmission system shown in Figures 3a to 3d, the radio
frequency identification tag or transponder is responsive

to a radio frequency signal at 125kHz and transmits a
response signal at the same frequency using amplitude
shift key (ASK) modulation. The data is encoded by a

20 diphase coding technique as illustrated schematically in
Figure 3b where the interval T, represents 16 cycles of

the 125kHz carrier signal. As shown in Figure 3b, a
binary zero is represented by a change of phase half way
through the interval T, while a binary 1 is represented

25 by no change of phase within the interval T,. The data

is transmitted in blocks B,, B,,,, B:., etc. separated by
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program mode check (PMC) sections. Each of the PMC
sections incorporates a unique PMC code. There are two
types of PMC code depending on whether the last bit of
the previous block was of high or low amplitude. Figure

5 3c shows‘the situation where the 1last bit b, of the
previous block ended on a high amplitude. 1In this case,
the PMC code is low for a period T, representing 16
cycles of the carrierﬂfrequency, is then high for a
period T, representing 32 cycles of the carrier frequency
10 is then low for a period T; representing 128 cycles of
the carrier frequency and is then high for a period T,
representing 127 + 16 cycles of the carrier frequency.
As shown in Figure 3d, where the last bit b‘’, is or
terminates on a low amplitude, the PMC code is high for
15 a period T,, then low for a period T,, high again for a
period T,, then low for a period T, and high again for

the period T,.
The H4000 ASK family of radio frequency
identification transponders manufactured by the Swiss
20 company EM Microelectronic Marin SA also uses an ASK
modulation system with a carrier frequency of 12S5kHz.
In this case, however, each bit of the data stream is
represented by 64 cycles of the carrier frequency and the
data is encoded using Manchester coding so that a logical
25 1 is represented by modulating the amplitude of the 64

cycles representing the bit so that the amplitude is high
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for 32 cycles and then low for 32 cycles and a logical
zero is represented by modulating the carrier frequency
so that the amplitude is low for 32 cycles and then high
for 32 cycles.

5 The H4000 PSK series of transponders manufactured
by EM Microelectronic Marin SA also uses 125kHz carrier
frequency but uses a phase shift key (PSK) modulation
scheme rather than an ASK modulation scheme. Figure 4
shows wave forms illustrating this modulation scheme.

10 In this case, a bit of the data stream is represented by
16 cycles of the carrier frequency CF shown as waveform
a in Figure 4. A 180° change in phase at the end of the
16 cycle period represents, as shown, at b in Figure 4,
a logical zero while no change in phase at the end of the
15 16 cycles represents a logical 1.
In the EM Microelectronic Marin SA modulation and
coding systems, the data is represented as 64 bits with
a 9 bit header consisting only of logical ones and 40
bits of data arranged as ten columns and four rows with
20 ten row parity check bits, four column parity check bits
and one stop bit.
AEG of Germany also produce two families of radio
frequency identification (RF/ID) transponders, using 180°
PSK and ASK modulation respectively, with the ASK version
25 adopting a Manchester coding system. AEG use a similar
scheme data coding to the above-described EM

Microelectronic Marin SA system.
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Texas Instruments of the United States use a
different modulation and coding system which operates on
a frequency shift key (FSK) modulation scheme. 1In this
case, the transponder responds to the reader or
5 interrogator only when the transponder detects that its
charge storage capacitor has .been fully charged.
Typically, this takes from 15 to 50 milliseconds. Once
the charge storage capacitor has been charged, the
transponder transmits its data using a frequency of
10 typically 123.2kHz to represent a logical zero and
typically 134.4kHz to represent a logical 1. Each bit
is represented by 16 cycles and the identification code
carried by the transponder is a 64 bit identification

(ID) plus an error check code.
15 Another transponder which uses an FSK modulation
system is manufactured by the Finnish company IDESCO.
The data communication system used by this transponder
differs from those discussed above in that the
transponder must first be charged and then requires a
20 separate exciter signal to be supplied by the reader or
interrogator before it will transmit its data. Figure
5a shows the exciter signal ES which consists of a,
generally, eight microsecond pulse P which is repeated
every 50 microseconds with a 180° phase change in the
25 carrier signal every other pulse. The 180° phase change
in the pulse instructs the transponder to send the part

of the data bit. Each data bit is thus represented by
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a signal supplied by the transponder in response to each
of two successive exciter pulses. A logical 1 is
represented by a high frequency (300kHz) response to one
exciter pulse followed by a low frequency (250kHz)
5 response to the next exciter pulse while a logical zero
is represented by a low fregquency response to one exciter
pulse followed by a high frequency response to the next
exciter pulse. The data may be provided as a 64 or 256
bit stream. Figure 5b illustrates part of a data signal
10 DS. The same number of cycles of the high and the low

frequency modulation is provided.

Figure 6 illustrates one example of apparatus 20 in
accordance with the present invention which is capable
of reading at least the transponders described above with

15 reference to Figures 3 to 5.

As shown in Figure 6 the apparatus 20 comprises a
microprocessor or microcontroller 21 with associated
memory 210 (for example ROM and/or RAM) which controls
the overall operation of the apparatus and stores

20 information relating to the carrier modulation and data
transmission systems of the various tags or transponders
which the apparatus is designed to read.

The apparatus 20 comprises a numerically controlled
oscillator (NCO) 22 which, under the control of the

25 microprocessor 21, outputs a digital signal which has a
frequency four times that of the desired carrier

frequency. The output of the NCO 22 is supplied to a
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programmable logic device or scaler 23 which has first
and second outputs D; and D,. The first output D; is a
binary digital signal which changes state (i.e. changes
between 0 and 1) at the leading (or trailing) edge of
5 every fourth pulse from the NCO 22 to provide a digital
binary signal of the required carrier fregquency. The
second output Dy, of the scaler 23 similarly changes state
at the same frequency. However, the change of state of
the output Dy is 90° out of phase with the output D;, that
10 is the second output D, changes phase on the leading (or
trailing) edges of the first, fifth, ninth, etc. output
pulses from the NCO 22. The outputs D; and Dy are
supplied by respective one bit data buses 23a and 23b to
a 16 bit data bus 30. The data bus 23a is also coupled
15 to the microprocessor to provide to the microprocessor
a signal representing the clock frequency of the tag or
transponder. The output D; of the scaler 23 is also
supplied via a switch SW1l to a power amplifier 24 which
is coupled via an RF directional coupler 25 to an RF

20 antenna 26.

The antenna 26 may comprise a single RF coil with
an inductance of, typically, 186 milli Henrys. Although
not shown, as another possibility, the antenna 26 may
consist of a number of RF coils (which may be provided

25 by connecting tap points to a single coil) with the

particular coil or combination of coils being selected
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by switches controlled by the microprocessor 21. This
enables the RF coil characteristics to be optimised for
transmission of signals to and reception of signals from
different transponders or tags 1.

5 The power amplifier 24 and RF antenna 26 provide a
resonant circuit for generating an RF sinusoidal signal
from the binary digital signal supplied via the scaler
23. As an alternative to using the scaler 23 to provide
the RF signal for transmission by the transmitter 26, a

10 digital to RF converter 230 may be coupled between the
NCO 22 and the switch SW1 to convert the digital output
signal from the NCO 22 into an RF sinusoidal signal of
a guarter the frequency.

As indicated above, the actual fregquency supplied

15 by the NCO 22 is controlled by the microprocessor 21 via
data and clock lines 2la and 21b. The microprocessor 21
may also enable switching on or off of the NCO for power
saving reasons.

The RF directional coupler 25 prevents, as is known

20 in the art, an RF signal received by the antenna 26 from
being supplied back to the power amplifier 24. This
enables the same antenna 26 to be used for both
transmission and reception of RF signals. Of course, if
desired, separate transmission and reception aerials

25 could be provided.

An RF signal received via the antenna 26 is supplied

via the directional coupler 25 to an analog-to-digital
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converter (ADC) 28 via a conditioning circuit 27 which
comprises conventional filters for removing noise
components from the received RF signals. The analog-to-
digital converter (ADC) 28 has a 12 bit parallel output

5 data bus 2Ba which is coupled to the 16 bit parallel data
bus 30 with the one bit data buses 23a and 23b. The data
bus 30 is coupled to the input of a first digital signal
processing unit DSPl. As will be explained below, the
first DSPl serves to mix or multiply each of the binary

10 digital output signals D; and Dy with the data carrying
digital output signal of the ADC 28 to provide an in-
phase data carrying signal I and a quadrature out-of-
phase data carrying signal Q. The data carrying digital
signals I and Q are supplied one after another to a first
15 latch or FIFO buffer 31 which is coupled via a 16
parallel bit data bus 3la to a second digital signal
processor DSP2 which, as will be explained below, affects
appropriate demodulation processing of the I and Q data
carrier signals to enable data extraction. The output
20 of DSP2 is coupled via a second 1latch 32 to the
microprocessor 21. Typically, the DSPs may be TMS 320C
52 or possibly TMS 320C 25 DSPs produced by Texas
Instruments.
Figure 7 is a functional block diagram for
25 explaining the operation of the DSPl.
As shown in Figure 7, the 16 bit parallel data bus

30 is divided upon input into the DSP1 so that the 12 bit

ENSDOCID: <GB_____2505078A_1_> WAVELYNX EX. 1002, Pg. 58
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730




- 17 -

data carrying digital signal from the DAC 28 is mixed by

the in-phase binary digital signal D, and the quadrature
out-of-phase binary digital signal Dy, respectively.
This process is illustrated by mixers M1 and M2 in Figure

S 7. The mixing process represented by the mixer Ml
provides an in—phasé data carrying signal I‘ while the
mixing process illustrated by the mixer M2 provides a
gquadrature out-of-phase data carrying signal Q°’. The
data carrying signals I’ and Q' are then low-pass

10 filtered by finite impulse response filter functions of
the DSP1 which are designed to remove the carrier
frequency and would, in the absence of any data signal,
output a signal of constant amplitude representing the
amplitude of the carrier frequency. Although the filter

15 functions applied to each of the signals I’ and Q' will
be the same, the particular filter required to remove the
carrier freguency may depend upon the particular type of
transponder being read. For this reason, Figure 7 shows
each of the signals I’ and Q° as being coupled to the

20 input of two low-pass filters F1l; and F2; for the signal
I' and Fly, and F2, for the signal Q°’. The filters
produce output signals I,, I,, Q, and Q, which are
selectable under the control of signals input to the DSP1

via a control 1line 21c of the microprocessor. This

25 function of the DSPl1l is represented by a multiplexing

switch SWM in Figure 7 which provides, via amplifiers 31
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and 32, an in-phase data carrying signal I and a
guadrature out-of-phase data carrying signal Q selected
from the signals I, and I, and Q;, and Q,, respectively.

As explained above, the in-phase and quadrature out-

5 of-phase signals I and Q are supplied one after anocther
via the latch 31 to the second DSP2. The latch 31 is
provided to control the data flow rate between DSP1 and
DSP2 toc enable DSP2 to carry out its data processing.
1f, however, the DSP2 1is —capable . of operating

10 sufficiently quickly, then it may be possible to dispense
with the latch 31. The flow of data between DSPl and
DSP2 and-the microprocessor 20 may also be controlled by
signals from the microprocessor on line 2id.

The DSP2 is programmed to extract the data from the

15 in-phase and gquadrature. out-of-phase data carrying
signals I and Q and to provide the microprocessor, via
the latch 32, with a demodulated digital data stream of
noughts and ones which the microprocessor can then
identify or decode as will be described below with

20 reference to Figure 12.

Figure 8 is a block diagram for illustrating one way
in which the DSP2 may be programmed so as to obtain the
raw binary data (which may or may not. be coded) from the
in-phase and quadrature out-of-phase data carrying

25 signals I and Q which may be ASK, PSK or FSK modulated.
The DSP2 carries out different data extraction routines

depending upon whether the incoming data carrying signals
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are assumed to be ASK, PSK or FSK modulated. Selection
of the data extraction routine of the DSP2 is under
microprocessor control via the control line 21c and this
is illustrated functionally in Figure 8 by means of
5 microprocessor-controlled switches SW2 to SW5 which
control supply of the input data carrying signals I and

Q to the various data extraction routines of the DSP2.
In order to extract the raw binary data from an ASK
modulated data carrying signal, the DSP2 performs a
10 running average (over, for example, 50 milliseconds) of
the in-phase data carrying signal I (as illustrated
functionally in Figure 8 by the averaging circuit 33) to
provide an average signal I,y. The DSP2 then compares
this average signal I,y with each bit of the input in-
15 phase data carrying signal I as represented by the
comparator 34 in Figure 8 and provides an output signal
which is 1 when the bit of the input data carrying signal
I is greater than the average I,y and is zero when the
bit of the input data carrying signal I is smaller than
20 the average I,y,. The average I,, is constantly updated by
the DSP2 and a hysteresis circuit is included so as to
avoid hunting or cycling. ASK demodulated data is output
on output line 32a to the latch or FIFO buffer 32 for
supply to the microprocessor. As another possibility,
25 the DSP2 may also perform the averaging and comparison

steps on the quadrature out-of-phase data carrying signal
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Q to provide the ASK demodulated binary data. This may
be done additionally or in place of the processing of the
in-phase data carrying signal I. If the averaging and
subsequent comparison are carried out on both the in-

5 phase and the guadrature out-of-phase data carrying
signals I and Q, the DSP2 may then select whichever of
the two ASK demodulated binary data streams is less noisy
or otherwise provides the stronger signal or may
vectorally add them.

10 Where the modulation used to transmit the data is
the 180° PSK system discussed above with reference to
Figure 4, then the effect of mixing the output of the ADC
28 with the quadrature out-of-phase digital signal Dy is
to provide a signal which goes positive or negative

15 depending upon whether the PSK modulated carrier
undergoes a 180° phase shift or not. The raw binary data
can therefore be derived from the quadrature out-of-phase
data carrying signal Q simply by appropriate threshold
and level detecting as indicated by the circuit 35 in

20 Figure 8 to provide an output which is 0 when the
quadrature out-of-phase data carrying signal Q is high
and 1 when the quadrature out-of-phase data carrying
signal is low. Again, the PSK demodulated binary data
is supplied from the DSP2 to the latch 32 on output line

25 32a. The in-phase data carrying signal I could also be

used to extract PSK modulated data but is less sensitive
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because the signal changes only between zero and a
positive value in accordance with the PSK modulated data.

Figure 8 illustrates by functional components one
possible data extraction routine which may be used by the

5 DSP2 to demodulate FSK modulated data. As discussed
above, in the FSK modulated data, zeros and ones are
represented by different frequency modulations of the
carrier signals. Where the carrier signal frequency is
intermediate to modulation frequencies or, as will be

10 described below, the frequency supplied by the scaler 23
for mixing with the output of the ADC 28 is adjusted so
as to be between the two modulation fregquencies, then the
fact that the phase difference between the carrier
frequency and the higher modulation freguency will change

15 in one direction with time whereas the phase difference
between the carrier frequency and the lower frequency
modulation signal will change in the other direction with
time means that the modulation frequency can be detected
by determining the direction of phase change in the I and

20 Q data carrier signals. Thus, by comparing, as indicated
functionally in Figure 8 by the comparators 36 and 40,
the amplitudes of the in-phase and quadrature data
carrying signals I and Q with zero (indicated by the
earth or ground symbols in Figure 8) output signals can

25 be obtained which increase or decrease with time
depending upon the direction in which the phase is

changing. To increase the accuracy of this approach, the

23050748 _1_> WAVELYNX EX. 1002, Pg. 63
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730

BNSDOCID: <GB,




- 22 -
in-phase data carrying signal may be compared with the
gquadrature data carrying signal as illustrated by the
comparator 37 in Figure 8 and the inverted (as indicated
functionally in Figure 8 by the inverter 38) in-phase
5 data - carrying- signal 1 may be compared with the
quadrature out-of-phase data carrying signal Q as
indicated by the comparator 39. The results of these
comparisons are used by the DSP2 to determine whether the
phase is increasing or decreasing with time. and so to
10 determine whether the modulation frequency is higher or
lower than the carrier frequency. DSP2 outputs a logical

1 when the modulation frequency is higher than the

carrier frequency and a logical zero when the modulation

frequency is lower than the carrier frequency. This
15 function is illustrated in Figure 8 by logic circuitry
41.

Figure 9 illustrates a functional block diagram for
illustrating different possible data extraction processes
for the DSP2. The functional block diagram shown in

20 Figure 9 differs from that shown in Figure 8 only in
respect of the data processing routine used to extract
the FSK binary data. 1In the example shown in Figure 8,
when the microprocessor 21 instructs the DSP2 to carry
out FSK modulated data extraction, the in-phase data
25 carrying signal 1 is supplied to two band pass filters
F3 and F4 which may be implemented using Goetzel's

algorithm in. . the DSP2. The filters F3 and F4 each pass
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one of the two modulation frequencies. The DSP2 outputs,
as indicated by logic circuitry 42 in Figure 9, a logical
zero when there is an output from one of the filters F3
and F2 and a logical 1 when there is an output from the
5 other of the filters F3 and F4. Although this approach
may be simpler in terms of processing complexity than the
arrangements shown in Figure 8, it does require that the
filters F3 and F4 have narrow well-defined band pass
regions.

10 In the example described above with reference to
Figures 6 to 7, the apparatus is implemented as a digital
circuit. It is, however, possible to implement at least
some of the components of the apparatus as analog
circuits. Figure 10 is a block diagram illustrating

15 apparatus embodying the invention which is implemented
at least in part by analog circuits.

As shown in Figure 10, in this example the apparatus
20’ comprises a conventional voltage controlled tunable
oscillator 22° in which the operating frequency is

20 controlled by voltage variable capacitors (varactors)
with the voltages applied to the varactors from a
controllable voltage source 22a being controlled by the
microprocessor 21. The output of the oscillator 22’ is
applied to a digital signal processor 23’ which performs

25 similar functions to the scaler 23 in the apparatus shown
in Figure 6. Thus, the oscillator 22’ is controlled to

provide a frequency four times that of the desired
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carrier fregquency and the digital processor 23‘ provides
the in-phase and quadrature out-of-phase digital signals
D; and Dy at the carrier frequency. The in-phase digital
signal D; is supplied via a variable gain amplifier stage
5 24a to the power amplifier 24 as in Figure 6. The gain
of the variable gain amplifier stage 24a may be
controlled by a digital-to-analog converter 50 which is
controlled by the microprocessor 21. The variable gain
amplifier stage 24a may be used to boost or reduce the
10 power of the carrier frequency signal if the
microprocessor determines that a tag or transponder is

not responding correctly.
As in the example described with reference to Figure
6, the output of the power amplifier 24 is supplied to
15 the RF antenna 26 via an RF directional coupler 25. Wwhen
an incoming data carrying RF signal is received by the
antenna 26, the directional coupler 25 supplies the data
carrying signal to each of first and second mixers M3 and
M4, The first mixer M3 also receives the in-phase
20 digital signal D; while the second mixer M4 also receives
the guadrature out-of-phase digital signal Dj. In this
example, the mixers M3 and M4 may be in the form of
comparators or differential amplifiers with one of the
positive and negative inputs of each comparator receiving
25 the data carrying RF signal from the antenna 26 and the

other receiving the appropriate one of the digital
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signals D; and Dy. The outputs of the mixers M3 and M4
are supplied to respective programmable filters F5 and
F6 via decoupling capacitors C3 and C4 which act to
remove reader transmit signal leakage appearing as DC at

S5 the output of the mixers. Although not described above
with reference to Figures 6 to 9, the DSP1l may include
functions analogous to the decoupling capacitors C3 and
c4. The filters F5 and F6 are arranged to pass the
modulated data without the carrier signal. That is, if

10 no data were present on the signal received by the
antenna 26, the outputs of the band-pass filters F5 and
F6 would have a constant level dependent upon the
amplitude of the carrier.. Although not shown in Figure
10, as in the example described with reference to Figure

15 6, each of the filters F5 and F6 may comprise a number
of separate individual filters with the actual filters
used to filter the outputs of the mixers M3 and M4 being
determined in accordance with instructions from the
microprocessor 21. The outputs of the filters F5 and Fé6

20 are supplied via amplifiers 52 and 53 to a data
extraction circuit 54. The data extraction circuit may
comprise respective analog-to-digital converters (not
shown) for the outputs of the amplifiers 52 and 53
together with a digital signal processor similar to the

25 DSP2 shown in Figures 6 and 8 or 9.

The binary in-phase and quadrature out-of-phase

signals D; and Dy and the in-phase and quadrature out-of-
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phase data carrying signals I and Q may also be supplied
on respective lines S5la, 51b, 51c and 51d to a clock
extraction circuit 51 which is in the form of a digital
signal processor which determines from these signals the

5 clock frequency of the transponder 1. This circuit may,
although not shown, also be provided in the apparatus
shown in Figure 6. The clock extraction circuit 51 is
generally not needed except in the cases of transponders
such as the Texas family of TIRIS transponders in which

10 the clock frequency changes with the high and low
frequency modulation so as to enable the high and low
frequency modulation sections of a bit each to consist
of the same number of cycles.
The apparatus 20 shown in Figure 6 or the apparatus
15 20’ shown in Figure 10 would generally be mounted onto
a single printed circuit board using surface mounted
components where available.
The apparatus may, as shown in Figure 11, be mounted
in a compact plastics case 60 which, as shown in Figure
20 11, is preferably in the form of a tube so that the
apparatus can be handled conveniently. Indeed, the
apparatus 20 may, as illustrated schematically in Figure
6, be provided with a light emitting device (generally
a laser) 67 and a photosensitive device 68 to enable, by
25 incorporation of suitable software into . the
microprocessor’s programming, the apparatus also to be

used to read conventional bar codes. The bar code
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reading may be carried out simultaneously with the RF tag
reading by using time share processing or an interrupt
protocol, for example.

The microprocessor or microcontroller is provided

S with a serial interface 211 generally an RS232 interface.
Power supply to the apparatus and connection of serial
data to the RS232 interface is by way of a flexible cable

61 coupling the apparatus to a commercially available
portable computer for example a laptop or palmtop

10 personal computer or a portable data terminal (that is
a small hand held computer which has been made rugged for
use in industrial environments) such as a Psion organiser
62 with a liquid crystal or similar display screen 63 and
an input or input devices in the form of a keyboard 64

15 and possibly also a track ball or similar pointing
device. Such an arrangement allows the apparatus to be
fully portable enabling it to be moved to the location
of the tag or transponders to be identified. This should
be of particular advantage where, for example, it is

20 necessary to check the tags or transponders carried by
a large consignment of goods or to check the tags or
transponders of heavy or bulky items which are difficult
to move.

Of course, the apparatus may be connected via the

25 RS232 interface to other suitable host computers, for
example a desktop personal computer in appropriate

circumstances. Also, the apparatus may be built into a
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portal or like device through which a conveying belt
carrying items to be identified or luggage to be checked
passes.

As shown in Figure 11, the antenna 26 of the

5 apparatus is provided at one end of the housing 60 and
might be of any suitable conventional design. In
addition, the housing 60 carries a green LED 65 and a red
LED 66, both of which are actuable by the microprocessor.
The green LED is designed to be 1lit to indicate that

10 power is being supplied to the apparatus 1 while the red
LED may be illuminated to indicate that a tag has been
read. One or both of the LEDs or a separate LED may be
actuated or caused to flash by the microprocessor 21 in
the event of a fault condition such as a short or open

15 circuit in the antenna.

The portion 60a of the housing carrying the antenna
26 is detachable and may be replaced by an electrically
equivalent antenna of smaller physical dimensions to
allow more versatile searching in confined spaces.

20 In use of the apparatus shown in Figure 11, a tag
or transponder 1 to be read and the antenna 26 should be
positioned so as to be a maximum distance of 50mm apart
where the tag has a nominal diameter of 25mm. The wand
is designed so that optimum coupling should occur when,

25 in the case of a disk-like tag, the major surfaces of the
tag are parallel to the end of the cylindrical housing

60 as shown in Figure 1. The user may then operate the
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keyboard 64 to instruct the microprocessor 21 via the
RS232 interface that it is desired to read the data
stored in the tag or transponder 1. Alternatively, the
microprocessor 21 may be programmed or instructed to

5 search or seek for tags or transponders. This latter

option is particularly suitable for use where the tags

or transponders are carrxried by goods conveyed past a
station at which the apparatus is located.

The following description relates to the digital

10 implementation of the apparatus shown in Figures 6 to 9.
However, it will be appreciated by those skilled in the
art that the operation of the apparatus shown in Figure
10 is similar.

Once the microprocessor has been instructed via the

15 RS232 interface that a tag or transponder 1 is to be read
or has been instructed to search or seek for tags, the
microprocessor 21 sends signals via the control lines 21la
and 21b to switch on the numerically controlled
oscillator 22 and to cause the numerically controlled

20 oscillator to generate a signal with a frequency of four
times 125kHz so that the scaler 23 provides a 125kHz
digital signal to the amplifier 24 via the switch SWwl.
The antenna 26 therefore transmits a sinusoidal RF signal
at 125kHz to the tag or transponder 1 as indicated at

25 step S1 in Figure 1l2a. As indicated above, where the
antenna 26 comprises a selectable RF coil arrangement,

the microprocessor 21 will also select the RF coil or
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coils most suitable for transmitting signals to and
receiving signals from the particular tag or transponder
1 which the microprocessor initially assumes is present.
Any return signal transmitted by the tag or
5 transponder 1 is supplied via the antenna 26, directional
coupler 25, conditioning circuit 27 and ADC 28 to the
DSP1l which is controlled by the microprocessor 21 produce
the in-phase and guadrature out-of-phase data carrying
signals I and Q from which the 125kHz carrier frequency
10 has been filtered out. The in-phase and quadrature out-
of -phase data carrying signals I and Q are written into
the latch 31 under the control of write signals supplied
via a write line WR from the DSP1. Data is supplied from
the latch 31 up to the DSP2 on the 16 parallel bit data
15 bus 31a in response to a read instruction received from
the DSP2 along the read line RE. The microprocessor 21
first assumes that the data transmitted by the tag or
transponder 1 is ASK modulated ;nd therefore controls the
DSP2 to process the incoming in-phase data carrying
20 signal I as ASK modulated data at step S2. The ASK
demoduléted binary data is supplied via the DSP2 to the
latch 32 under control of a read signal RE1l from the DSP2
and thence to the microprocessor 21. The microprocessor
initially assumes, in this example, that the tag or
25 transponder being read is produced by EM Microelectronic
Marin SA and therefore assumes that the digital data

stream supplied by the DSP2 is Manchester code encoded.
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The microprocessor thus decodes the received data as if
it were Manchester encoded data at step S3 and then
checks to see if a valid 0 or 1 data bit at a frequency
of 32 or 64 cycles per second has been received at step

5 S4. If the answer is yes, the microprocessor stores the
bit in RAM (not shown) at step S5 and then checks to see
whether 64 bits of data have been received at step S6.
If the answer is no, the microprocessor repeats steps S4,
S5 and S6 until 64 bits of data have been received. The

10 microprocessor then looks at step S7 for a valid start
sequence in the 64 bits of received data. That is, the
microprocessor looks for the characteristic 9 logical 1
bits header of the EM Microelectronic¢c Marin SA data
storage format. If a valid start sequence is not

15 detected, the microprocessor indicates at step S8 that
an error has occurred and may cause one or both of the
LEDs on the wand to flash. In addition, the
microprocessor may supply signals via the RS232 interface
to cause an error message to be displayed on the LCD 63

20 of the host computer 62. Assuming a valid start sequence
is detected, the microprocessor then checks the parity
bits at step S9 in accordance with the stored information
regarding this type of tag to determine whether there are
any errors in the received data. 1If the error check is

25 not OK, that is if an error is detected, the
microprocessor causes an error message to be generated.

Again, for example, one or more of the LEDs 65 and 66 may
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be caused to flash and a message may be displayed on the

LCD screen 63. Assuming the error check does not

indicate any errors in the data, the microprocessor

determines that the tag or transponder 1 was indeed of

5 the EM Microelectronic Marin SA ASK modulated family and

transmits the decoded data or ID at step S11 to the host
computer 62 for display on the screen 63.

If the microprocessor does not detect receipt of a

valid bit at step S4, a check is carried out step S12 to

10 determine whether the received data has been analysed on

the basis of all types of tag or transpohders known to

the microprocessor. If the answer is yes, . then the

microprocessor determines that the tag or transponder 1

cannot be identified and the identification process is

15 terminated at step S13. The microprocessor 21 may also

instruct the host computer to display a message

indicating that the tag could not be identified. If it

is determined at step S12 that the apparatus has not

checked for all possible types of tag or transponder

20 known to the apparatus, then the microprocessor first

checks at step S14 whether a maximum time T; set for the

identification process by the user has been exceeded.

If the answer is yes, then the microprocessor proceeds

to step S13 and indicates that the tag or transponder 1

25 could not be identified. 1If the answer at step S14 is

no, the microprocessor then checks whether the tag or

transponder 1 is another type of tag or transponder 1
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using ASK modulation. If desirable, where the antenna
26 has a selectable RF coil arrangement, the
microprocessor 21 may modify the RF coil selection to
optimise transmission of signals to and reception of
5 signals from the next type of transponder. In
particular, in the example shown in Figure 12b, the
microprocessor 21 checks the data received from the DSP2
to determine whether it can identify the PMC sequence
unique to the Philips PIT family of transponders. If the
10 answer is yes at step S15 and it is determined that a
valid PMC was received in the requisite time at step S16,
then the microprocessor stores the 128 bits of a block
of the PIT data format at step S17 and checks at step S18
to determine whether there is any bit error in accordance
15 with the information stored in its memory concerning this
particular type of tag. If the answer 1is no, the
microprocessor 21 determines that the tag has been
identified at step S19% and proceeds to decode the data
from the DSP2 assuming that the tag is a Philips PIT
20 family tag and supplies the decoded data via the RS§232
interface to the host computer to enable the tag ID to
be displayed. If a bit error is detected at step 519
then an error signal is generated at step S20 by the
microprocessor and an error message displayed on the

25 display 63.
If the answer at step S15 is no, the microprocessor

then carries out steps S12 and S14 again to see if the
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received data signal has been analysed for all Kknown
types of tags or transponders and if not to determine
whether the maximum time To allowed for the
identification process has been exceeded. Again, if the

5 answer to either of those questions is yes, the
microprocessor proceeds to step S13. If the answer to
both gquestions is no, then the microprocessor proceeds
to analyse: the incoming data stream in accordance with
the modulation and data transmission system of the next

10 known type of tag or transponder stored in the memory of
the microprocessor. Again, the microprocessor 21 may
adjust the selection of RF coil or coils where the
antenna 26 comprises a microprocessor selectable RF coil
arrangement. In this example, as shown in Figure 12c,
15 the " microprocessor 21 then checks to see if the
transponder or tag is an EM Microelectronic Marin SA tag
in which a 180° PSK rather than ASK modulation is used.
Thus,: the microprocessor controls the DSP2 at step S21
to provide PSK demodulated Dbinary data. The
20 microprocessor then carries out the same steps as S4 to
S11 in Figure 12a and, if the tag or transponder is
correctly identified as a : PSK modulated tag or
transponder produced by EM Microelectronic Marin SA, the
decoded  data is supplied to the host computer to enable
25 the' ID to be displayed. Again, i1f the answer at step S4
is no, ‘the microprocessor repeats steps S12 and S14 to

determine whether the incoming data stream has been
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analysed according to the characteristics of all tags or
transponders known to the microprocessor and, if not,
whether the maximum time limit set for the interrogation

has been exceeded. If the answer is in both cases no,

5 the microprocessor assumes, in this example, that the tag
or transponder is of the TIRIS family produced by Texas
Instruments and supplies the 125kHz signal to the tag or
transponder for the time known from the information
stored in its memory to be required to charge the TIRIS

10 tag, that is for a period of up to 50 milliseconds, at
step S24. Again, where a microprocessor selectable RF

coil arrangement is provided for the antenna, the
microprocessor 21 may adjust the RF coil selection- top
optimise communication with the Texas TIRIS tag family.

15 After a period of 50 milliseconds has expired, the
microprocessor 21 controls the DSP2 to cause the incoming
in-phase and quadrature data carrying signals to be
processed as if they were FSK modulated in accordance
with the TIRIS modulation and data transmission system.

20 The FSK demodulation may be carried out at step S25
either by the filtering method described above with
reference to Figure 9 in which, effectively, one of the
in-phase or gquadrature out-of-phase data carrying signals

is filtered so as to pass only signals at the two

25 modulation frequencies of the TIRIS tag or transponder
or by using the comparison process described with

reference to Figure 8. The microprocessor then checks
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at step S26 to see if a valid FSK demodulated bit of the
TIRIS data format has been received. If the answer is
yes, the microprocessor stores the received bit at step
S27. Steps S26 and S27 are repeated until the
5 microprocessor determines at step S28 that 128 bits have
been received. Once this is the case, the microprocessor
checks to see if the received data contains any error in
accordance with the error determining protocol of the
TIRIS tag or transponder modulation and coding system.
10 If the answer is..yes at step S29, the microprocessor
outputs an error message at step S30 to be displayed on
the LCD of the host computer. If the answer is no at
step S29, the microprocessor determines at step S31 that
the tag or transponder is indeed a TIRIS type tag or
15 transponder and transmits the decoded identification to

the host computer.
If the answer at step S26 is no, the microprocessor
may optionally change the interrogation frequency at step
S32 by controlling the output frequency of the NCO 22.
20 In particular, althouéh it should be possible to charge
a TIRIS tag or transponder using a 125kHz RF signal, the
RF signal may be .changed to the optimum charging
frequency for the. TIRIS. tag, system, namely 134.2kHz.
Also, in this example, the microprocessor may control the
25 clock extraction circuit 51, if provided, to enable
extraction of the clock frequencies from the data

carrying signals I and Q. Once the frequency has been
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changed at step S32, the microprocessor waits for 50
milliseconds at step S32a to ensure that the tag or
transponder is charged and then instructs the DSP2 to
carry out the FSK demodulating procedure as discussed
5 above at step S33. If the microprocessor determines that
a valid FSK bit has been received at step S34, the
process proceeds to step S27 and continues as discussed
above. If, however, the microprocessor does not detect
an FSK bit at step S34, steps S12 and S14 are again
10 carried out. If the microprocessor determines that
either all known types of tag have been checked for or
the maximum time limit allowed for the interrogation has
been exceeded, then the microprocessor determines that
the interrogation is at an end at step S13 and supplies
15 data to the host computer indicating that the tag cannot
be identified. If the answers at steps S12 and S14 are
no, the microprocessor 21 then proceeds to check for the
next type of tag, in this example the IDESCO MICROLOG
type of tag or transponder. Thus, the microprocessor 21
20 controls the NCO 22 to cause the antenna 26 to transmit
the exciter pulses for the charging time known from the
information stored in its memory to be required by the
IDESCO tag or transponder at step S35. Again, the
microprocessor 21 may adjust the RF coil selection to
25 optimise communication between the antenna 26 and the tag
1 where the antenna comprises a microprocessor-selectable

RF coil arrangement. Once the maximum required charging
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time has expired, the microprocessor looks for a response
to the exciter pulses (RSB) as described above with
reference to Figure 5, as indicated by step S36 in Figure
12e. The DSP2 processes the in-phase and quadrature

S phase data carrier signals I and Q as if they were FSK
modulated. If the DSP2 operates in the manner described
above with reference to Figure 9, then the microprocessor
controls the DSP2 to adjust the band-pass frequencies of
the filters F3 and F4 to the two modulation frequencies

10 used by the IDESCO modulation and coding system. The
microprocessor then checks at step S37 whether a valid
bit has been received. If the answer :is yes, :the bit is
stored at step S38 and steps S37 and S38 repeated until
the microprocessor determines at step S39 that all the

15 bits known to be required for the IDESCO identification
have been. received. The microprocessor then checks at
step S40 to see if there is any error in the received
data in accordance with +the IDESCO error checking
procedure. If so, the microprocessor supplies a signal

20 at step S41 to the host computer to indicate that the ID
is invalid. If no error 1is detected, then the
microprocessor determines at step S42 that the ID has
been identified and supplies the ID to the host computer
for display on the LCD display.

25 Although not shown 1in Figure 1l2e, if the
microprocessor determines at step S$37 that a valid bit

has not been received, optionally the microprocessor may
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operate the switch SW1 to prevent transmission of any RF
signal between the exciter pulses and then control the
NCO 22 to provide a substitute carrier frequency for the
scaler 23 which is intermediate to the two modulation
5 frequencies of the IDESCO tag and then instruct and DSP2
to repeat the FSK data processing routine.

If the answer at step S37 is no even after the above
optional steps have been carried out, the microprocessor
again carries out steps S12 and S14. If the answer at

10 both steps S12 and S14 is no, then the microprocessor
will proceed to analyse the incoming data for
characteristics unique to the next type of tag stored in
its memory. Alternatively, if the answer at either of
steps S12 and S14 is yes, then the microprocessor sends

15 a signal to the host computer indicating that the
identification process has ended without the tag being
identified and, if the user does not instruct the host
computer that another tag is to be checked within a
predetermined time limit, the microprocessor will power

20 down the apparatus.

Of course, the order in which the apparatus checks
for the various different types of tags or transponders
may be now modified as desired.

Although particular examples of existing available

25 transponders or tags have been described above, it should
be appreciated that the present invention can be applied

to any commercially available transponders or tags using
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ASK or 180° PSK and responsive to an RF freguency within

the range available to the apparatus which may be, for
example, from 50 to 250kHz, depending upon the
characteristics of the NCO 22 and possibly also of the

5 antenna 26, although the use of & microprocessor-
" ‘'controllable RF coil arrangement would increase the
flexibility of the apparatus. In addition, if the FSK
data processing routine shown in Figure 8 is used, then
tags or transponders using FSK modulation with different

10 frequencies from those described above may also be
identified. Of course, if the band-pass of the filtering

in the example shown in Figure 9 can be controlled by the
microprocessor, then the filtering processing could also

be used to analyse for FSK modulation schemes using other

15 freguencies. Also, the PSK demodulation process may be
adaptable to other PSK modulation schemes. Similarly,.

by reprogramming the DSPs in the apparatus shown in
Figure 6, other modulation schemes may be aqcommodated

as and when their use becomes known, for example, QPSK

20 or spread spectrum modulation schemes may be
incorporated. 1In addition, other methods for trying to
identify a particular tag may be used. For example, a

digital signal processor may be programmed to carry out
a Fast Fourier Transform (FFT) on the response signal
25 from the transponder 1 and the microprocessor 21 may then
compare the resulting spectrum with stored data, for

example the microprocessor 21 may be provided with a look
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up table containing information on characteristic
features of the spectrum of different tags or
transponders 1 and may then compare the FFT spectrum from
the DSP with the information in the look up table to

5 identify the particular tag, so as to enable its data to
be decoded, if necessary, and retrieved.

It should be appreciated that the above described
types of tags or transponders are only examples and that
the present invention could also be applied to other

10 types of tags with different modulation and data
transmission systems provided that the microprocessor has
access to the information necessary to enable
characteristic features of a tag’s modulation and data
transmission system, for example characteristic features

15 of its data format, to be identified and the identified
tag then to be read. As new types of tag or transponder
become known the programming of the DSPs, the
microprocessor and the information stored in memory may
be changed or updated by coupling the apparatus to a host

20 computer. Updating may even, for example, be carried out
by a user installing updated software and information
supplied on a suitable data carrier by the supplier of
the apparatus via a host computer coupled to the
apparatus. The digital signal processors may, where

25 necessary, be modified to cope with different carrier
modulation and data transmission systems as these arise.

It may also be possible for the apparatus microprocessor
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to have access to information regarding common carrier
modulation techniques and data format/coding systems not
currently used for tags or transponders to allow the
apparatus to attempt to read an unknown tag by using its

5 information regarding commonly known carrier modulation
techniques and format/coding systems.

Although in the ekamples described above, digital
signal processors have been used to increase the speed
with which 'a tag can be read, where speed is not

10 essential or when faster more powerful microprocessors
become available, it may be possible to replace the
digital signal processors with microprocessors to
facilitate mbdification of_ihe processing operations.

Although the above description has been directed to

15 passive data storage tags in the form of low radio
frequency identification tags or transponders, it should-
be appreciated that the present invention may be applied
to, for example, passive data storage tags which operate
at other electromagnetic frequencies, for example

20 frequencies in the Megahertz and Gigahertz (for example
2.45GHz) ranges and including microwave frequencies, with
appropriate modification of the antenna structure and
operating frequencies. It may also be possible to apply
the present invention to passive data storage devices

25 where activation and data transmission is carried out by
some form of opto-electronic coupling. In addition, the

present invention could be applied to remotely readable
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data storage devices such as so-called active tags which
have some form of internal power source, for example a

battery backed up RAM.
Also, once the data storage device has been
5 identified as described above apparatus embodying the
present invention may be used to enable data to be
written to a data storage device where the data storage
device is designed to allow data to be written to the

device.

10 Other modifications and variations will be apparent

to those skilled in the art.
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CLAIMS:

1. Apparatus for remotely reading data from a number
of different manufacturer’s data storage devices such as
5 radio frequency identification <transponders, which
apparatus comprises means for determining the modulation
system used by such a data storage device to transmit
data and for checking for features charécteristic of the
data transmission system of a particular manufacturer’s
10 data storage devices in a response signal transmitted by
the data storage device to the apparatus and means for
analysing the response signal in accordance with the
identified features to determine the data stored by the
data storage device.
15
2. Apparatus for remotely reading data from a number
of data storage devices each designed to communicate data
to a corresponding compatible reader in response to an
interrogation signal from that reader and using a carrier
20 modulation and data transmission system designed for that
data storage device and corresponding reader, the
apparatus comprising means for storing information
relating to different possible carrier modulation and
data transmission systems, means for interrogating a data
25 storage device by transmitting a signal to the data
storage device, means for receiving a response signal

from the data storage device, means for determining using
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information stored by the storing means and the response
signal the particular carrier modulation and data
transmission system of the data storage device, and means
for analysing the response signal in accordance with the

5 identified carrier modulation and data transmission

system to determine the data stored by the data storage

device.
3. Apparatus according to claim 1 or 2, wherein the
‘10 determining means comprises means for identifying whether

the response signal uses any one of a number of different

types of carrier modulation systems.

4. Apparatus according to claim 3, wherein the
15 identifying means comprises means for processing the
response signal as if it were using a given one of the
different modulation systems to produce a processed
signal, means for deciding from the processed signal
whether the response signal used that modulation system
20 and means for causing the processing means to repeat the
processing for another of the different modulation
‘systems if the deciding means decides that modulation

system was not used.

- 25 5. Apparatus according to claim 4, wherein the

processing means comprises a digital signal processor.
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6. Apparatus according to claim 4 or 5, wherein the

deciding means comprises a microprocessor.

7. Apparatus according to claim 4, 5 or 6, wherein the
5 deciding means comprises means for checking whether the
processed signal represents a binary data stream of one
of the possible carrier modulation and data transmission

systems.

10 8. Apparatus according to claim 7, wherein the deciding
means comprises means for decoding the processed signal
in accordance with a coding system used by one of the
possible different carrier modulation and data
transmission systems having the given modulation scheme.

15
9. Apparatus according to any one of claims 4 to 8,
wherein the deciding means comprises data format
comparison means for comparing the processed signal with
information stored by the storing means relating to

20 possible data format systems of the different possible
carrier modulation and data transmission systems to
determine whether the processed signal has a valid data

format.

25 10. Apparatus according to any one of claims 4 to 9,
wherein the identifying means comprises means for mixing

a response signal received by the receiving means with
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an in-phase carrier signal and with a quadrature out-of-
phase carrier signal to provide in-phase and guadrature

out-of-phase data carrying signals.

5 11. Apparatus according to claim 10, further comprising
analog-to-digital conversion means for converting the
response signal to a digital response signal and wherein
the generating means are adapted to provide binary in-
phase carrier and quadrature out-of-phase carrier signals

10 for mixing with the digital response signal.

12. Apparatus according to claim 10 or 11, wherein the
identifying means comprises means for filtering the in-
phase and quadrature out-of-phase data carrying signals

15 to remove the carrier signal.

13. Apparatus according to any one of claims 10 to 12,
wherein the identifying means comprises means for
comparing one of the in-phase and quadrature out-of-phase
20 signals with an average over time of the one of the in-
phase and quadrature out-of-phase signals to provide an
amplitude modulation demodulated output signal to the

deciding means.

25 14. Apparatus according to any one of claims 10 to 13,
wherein the identifying means comprises means for

supplying the waveform of the guadrature out-of-phase
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data carrying signal to the deciding means.

15. Apparatus according to any one of claims 10 to 14,
wherein the identifying means comprises first and second
5 band pass filtering means for each filtering one of the
in-phase and quadrature out-of-phase signals and

supplying an output signal to the deciding means.

16. Apparatus according to any one of claims 10 to 15,
10 wherein the identifying means comprises comparing means
for providing outputs dependent on the change of
amplitude of the in-phase and guadrature out-of-phase

signals with time to the deciding means.

15 17. Apparatus according to any one of the preceding
claims, further comprising control means for causing,
when the determining means determines that no response
signal has been received by the receiving means, the
transmitting means to send a signal for a predetermined

20 period to charge the data storage device and for causing
the determining means to determine whether a response
signal has been received at the end of the predetermined

period.

25 18. Apparatus according to claim 17, wherein the control
means is adapted to change the frequency of the

transmission means if no response is received at the end
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of the predetermined period and then to cause the
determining means to determine whether a response signal

is received within another predetermined period.

5 19. Apparatus according to claim 17 or 18, wherein, when
no response is received within the predetermined or a
further predetermined period, the control means causes
the transmitting means to generate periodic excitor
signal bursts and causes the determining means to

10 determine whether a response signal is received in

response to an excitor signal burst.

20. Apparatus according to any one of the preceding
claims, wherein the apparatus is housed within a hand-

15 holdable casing.

21. Apparatus according to any one of the preceding
claims, further comprising a communications interface for

communicating with a host computer.

20
22. Apparatus according to any one of the preceding
claims, further comprising means for reading bar codes.
23. Apparatus according to any one of the preceding
25 claims, further comprising means for modifying the signal
transmitted to the data storage device.
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24. Apparatus according to any one of claims 1 to 22
adapted to read data remotely from radio frequency

identification tags or transponders.

5 25. Apparatus according to claim 24, wherein the
transmitting means comprises an RF coil arrangement and

means for selecting an RF coil or coil combination.

26. A method for remotely reading data from a number of
10 different manufacturer’s data storage devices such as
radio frequency identification transponders, which method
comprises determining the modulation system used by such
a data storage‘device to transmit data and checking for
features characteristic of the data transmission system
15 of a particular manufacturer’'s data storage devices in
a response signal transmitted by the data storage device
to the apparatus and analysing the response signal in
accordance with the identified features to determine the
data stored by the data storage device.
20
27. A method for remotely reading data from a number of
data storage devices each designed to communicate data
to a corresponding compatible reader in response to an
interrogation signal from that reader and using a carrier
25 modulation and data transmission system designed for that
data storage device and corresponding reader, the method

comprising storing information relating to different
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possible carrier modulation and data transmission
systems, interrogating a data storage device by
transmitting a signal to the data storage device,
receiving a response signal from the data storage device,

5 determining using stored information and the response
signal the particular carrier modulation and data
transmission system of the data storage device, and
analysing the response signal in accordance with the
identified carrier modulation and data transmission

10 system to determine the data stored by the data storage

device.

28. A method according to claim 26 or 27, which

comprises identifying whether the response signal uses

15 any one of a number different types of carrier modulation
systems.
29. A method according to claim 28, which comprises

identifying the modulation system by processing the
20 response signal as if it were using a given one of the
different modulation systems to produce a processed
signal, deciding from the processed signal whether the
response signal used that modulation system and repeating
the processing for another of the different modulation

25 systems if that modulation system was not used.
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30. A method according to claim 29, wherein the deciding
step comprises checking whether the processed signal
represents a binary data stream of one of the possible

carrier modulation and data transmission systems.

5
31. A method according to claim 30, wherein the deciding
step comprises decoding the processed signal in
accordance with a coding system used by one of the
possible different carrier modulation and data
10 transmission system having the given modulation scheme.

32. A method according to any one of claims 29 to 31,
wherein the deciding step comprises comparing the
processed signal with information stored by the storing
15 means relating to possible data format systems of the
different possible carrier modulation and data
transmission systems to determine whether the processed

signal has a valid data format.

20 33. A method according to any one of claims 26 to 32,
which comprises, when no response is received within a
predetermined period, continuing transmission of a signal
to the data storage device for a predetermined time to
charge the device and then determining whether a response

25 is received.
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34. A method according to claim 33, which comprises,
after the predetermined period, if no response signal is
received, generating periodic excitor signal bursts and
determining whether a response signal is received in

5 response to an excitor signal burst.

35. A method according to any one of claims 26 to 32 for
reading data remotely from radio frequency identification
tags or transponders.

10
36. Apparatus for remotely reading data from a number
of data storage devices substantially as hereinbefore

described with reference to the accompanying drawings.

15 37. A method for remotely reading data from a number of
data storage devices substantially as hereinbefore

described.
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Page 2

DETAILED ACTION
The application of Quan for a “RIFD reader utilizing an analog to digital
converter for data acquisition and power monitoring functions” filed May 18, 2004
has been examined.

Claims 1-46 are pending.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all
obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the

invention was made to a person having ordinary skill in the art to which said subject matter pertains,
Patentability shall not be negatived by the manner in which the invention was made.

Claims 1,3-4,11-14,25,27-28, and 30-46 are rejected under 35 U.S.C. 103(a) as

being unpatentable over Johnson (US# 6,476,708) in view of Carroll et al. (US#
5,347,263).

Referring to claims 1, 25 and 28, Johnson discloses a reader for an RFID system

and method comprising:

a signal generator (16) (i.e. excitation signal generator circuit) for generating a

detection signal containing analog data and for generating an excitation signal;
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a transmitting antenna (28) (i.e. transmitting antenna) coupled with said signal
generator for transmitting said detection signal and said excitation signal into a space
surrounding said transmitting antenna;

a receiving antenna (30) (i.e. receiving antenna) for receiving a transponder data
signal at a voltage value containing data from a transponder in said space;

receiver electronics (22 ) (i.e. response signal conditioner circuit) coupled with
said receiving antenna for conditioning said
transponder data signal to place said transponder data signal in a condition for reading
said digital data;

an internal power source (26) (i.e. power source) for supplying electrical
operating power to said reader,
said internal power source having a declining power level as a function of use; and

a microcontroller (24) (i.e. demodulation circuit and detection circuit) coupled with
said internal power source and receiver electronics (col. 3 lines 35-63).

However, Johnson did not explicitly disclose a single-chip microcontroller
including an analog to digital converter to acquire said analog data from said detection
signal and said digital data from said transponder data signal and to convert said
analog data from said detection signal to converted digital data.

In the same field of endeavor of communication system, Carroll et al. disclose a

single-chip microcontroller (42) (i.e. single chip) including an analog to digital converter

to acquire said analog data from said detection signal and said digital data from said
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transponder data signal and to convert said analog data from said detection signal to
converted digital data (col. 7 lines 1-8 and col. 9 lines 14-39).
One ordinary skill in the art understands that a single-chip microcontroller (42)

(i.e. single chip) including an analog to digital converter to acquire said analog data
from said detection signal and said digital data from said transponder data signal and
to convert said analog data from said detection signal to converted digital data of
Carroll et al. is desirable in the communication system of Johnson because Johnson
teaches circuit 24 for demodulating and detecting the signal is received from the
receiving circuit 22 (col. 3 lines 35-64) and Carroll et al. teach the single
microprocessor 42 processes the signal into digital signal in order to identify the

transponder.

Referring to claims 3 and 30, Johnson in view of Carroll et al. disclose the system
and method of claims 1 and 28, Carroll et al. disclose wherein said single-chip
microcontroller further includes a software and/or firmware-based demodulator for
demodulating said transponder data signal to read said digital data from said

transponder data signal (col. 10 lines 3-19).

Referring to claims 4, 27 and 31, Johnson in view of Carroll et al. disclose the
system and method of claims 1, 25 and 28, Carroll et al. disclose wherein said
receiving antenna and said transmitting antenna are both included in a single dual-

function antenna (col. 9 lines 8-12 and 40-45).
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Referring to claims 11-14, and 35-40, Johnson in view of Carroll et al. disclose
the system and method of claims 1 and 28, it is conventional in the art that the single-
chip microcontroller having utility herein is Model MSP430 available from Texas
Instruments, Inc., 12500 T1 Boulevard, Dallas, Tex. 75243-4136. The reader
microcontroller 28 also contains an analog to digital converter (ADC) module 42, which
preferably includes a conventional sample and hold circuit as disclose by the applicant

specification paragraph 47, and also see Johnson, col. 6 line 62 to col. 7 line 19.

Referring to claim 32, Johnson in view of Carroll et al. disclose the method of
claim 28, Johnson discloses wherein said transponder data signal is conditioned with
said receiver electronics by reducing said voltage value of said transponder data signal
and maintaining said transponder data signal in a voltage range between about ground

and a power supply for said reader, inclusive (col. 10 lines 1-23).

Referring to claim 41, Johnson in view of Carroll et al. disclose the method of
claim 32, Johnson discloses wherein said transponder data signal is conditioned with
said receiver electronics by rectifying said voltage value of said transponder data signal
and maintaining said transponder data signal in a voltage range between about ground

and a power supply for said reader, inclusive (col. 10 lines 1-23).
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Referring to claim 42, Johnson in view of Carroll et al. disclose the method of
claim 41, Johnson discloses wherein said transponder data signal is conditioned with
said receiver electronics by rectifying said voltage value of said transponder data signal
and integrating said transponder data signal over one or more cycles of a carrier

frequency of said transponder data signal (col. 9 lines 22-45 and col. 10 lines 1-23).

Referring to claim 43, Johnson in view of Carroll et al. disclose the method of
claim 32, Johnson discloses wherein said transponder data signal is conditioned with
said receiver electronics by rectifying said voltage value of said transponder data signal
and integrating said transponder data signal over one or more cycles of a carrier

frequency of said transponder data signal (col. 9 lines 22-45 and col. 10 lines 1-23).

Referring to claim 33, Johnson in view of Carroll et al. disclose the method of
claim 28, Johnson discloses wherein said transponder data signal is conditioned with
said receiver electronics by rectifying said voltage value of said transponder data signal
and maintaining said transponder data signal in a voltage range between about ground

and a power supply for said reader, inclusive (col. 10 lines 1-23).

Referring to claim 34, Johnson in view of Carroll et al. disclose the method of
claim 28, Johnson discloses wherein said transponder data signal is conditioned with

said receiver electronics by rectifying said voltage value of said transponder data signal
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and integrating said transponder data signal over one or more cycles of a carrier

frequency of said transponder data signal (col. 9 lines 22-45 and col. 10 lines 1-23).

Referring to claim 44, Johnson in view of Carroll et al. disclose the method of
claim 28, further comprising terminating said detection mode and initiating said
excitation mode when said proximal transponder is detected (col. 4 lines 44-51) in

order to reduce the used of power.

Referring to claim 45, Johnson in view of Carroll et al. disclose the method of
claim 28, Johnson discloses wherein said detection mode of operation has a reduced
power state and said excitation mode of operation has an increased power state (col. 4

lines 44-51).

Referring to claim 46, Johnson in view of Carroll et al. disclose the method of
claim 28, Carroll et al. disclose measuring said declining power level of said internal

power source with said analog to digital converter (col. 9 lines 14-39).

Claims 2, 26 and 29 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Johnson (US# 6,476,708) in view of Carroll et al. (US# 5,347,263) as applied to

claims 1, 25 and 28 above, and further in view of Turner et al. (US# 6,367,697).
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Referring to claims 2, 26 and 29, Johnson in view of Carrol et al. disclose the
system and method of claims 1, 25 and 28, Johnson in view of Carroll et al. disclose
said receiver electronics includes a receiver electronics input from said receiving
antenna, a receiver electronics output to said single-chip microcontroller. However,
Johnson in view of Carroll et al. did not explicitly disclose wherein the reader includes a
plurality of relatively low-cost simple electrical components selected from the group
consisting of resistors, diodes, capacitors, and electrical switches, and excludes
relatively high-cost complex multi-stage band pass amplifiers.

In the same field of endeavor of communication system, Turner et al. teach
wherein the reader includes a plurality of relatively low-cost simple electrical
components selected from the group consisting of resistors, diodes, capacitors, and
electrical switches, and excludes relatively high-cost complex multi-stage band pass
amplifiers (col. 5 lines 13-23; see Figure 4).

One ordinary skill in the art understands that the reader includes a plurality of
relatively low-cost simple electrical components selected from the group consisting of
resistors, diodes, capacitors, and electrical switches, and excludes relatively high-cost
complex multi-stage band pass amplifiers of Turner et al. is desirable in the reader
system of Johnson in view of Carroll et al. because Johnson and Turner et al. teach
interrogating transponders system and Turner et al. teach the used of components from
the group consisting of resistors, diodes, capacitors, and electrical switches, is obvious

of low costs.
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Claims 22-24 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Johnson (US# 6,476,708) in view of Carroll et al. (US# 5,347,263).

Referring to claim 22, Johnson in view of Carroll et al. disclose the system of
claim 1. However, Johnson in view of Carroll et al. did not explicitly disclose a
transmitting tuning capacitor paired with said transmitting antenna and a receiving
tuning capacitor paired with said receiving antenna.

In the same field of endeavor of communication system, Riek teaches a
transmitting tuning capacitor paired with said transmitting antenna and a receiving
tuning capacitor paired with said receiving antenna (col. 5 line 51 to col. 6 line 3; see
Figure 5).

One ordinary skill in the art understands that the transmitting tuning capacitor
paired with said transmitting antenna and the receiving tuning capacitor paired with
said receiving antenna of Riek is desirable in the reader of Johnson in view of Carroll et
al. because Johnson et al. teach the transmitting and receiving antennas (28,30) of the
reader 12 (i.e. see Figure 1A) and Riek teaches the transmitting tuning capacitor paired
with said transmitting antenna and the receiving tuning capacitor paired with said
receiving antenna in order to communicate with the transponders (col. 5 line 51 to col.

6 line 3; see Figure 5).
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Referring to claim 23, Johnson in view of Carroll et al. and Riek disclose the
system of claim 22, Carrol et al. discloses a dual function antenna 43 (col. 9 lines 8-12
and 40-45) and Riek teaches the transmitting tuning capacitor paired with said
transmitting antenna and the receiving tuning capacitor paired with said receiving
antenna in order to communicate with the transponders (col. 5 line 51 to col. 6 line 3;
see Figure 5). It is obvious one skill in the art understands that one can combine the
idea of Carrol et al. and Riek in order to produce the receiving tuning capacitor and
said transmitting tuning capacitor are both included in a single dual-function tuning

capacitor.

Referring to claim 24, Johnson in view of Carroll et al. and Riek disclose the
system of claim 22, Johnson teaches wherein said transmitting tuning capacitor and/or
said receiving tuning capacitor is a firsttuning capacitor for tuning a first reader antenna
to a higher carrier frequency, said reader further comprising a second tuning capacitor

for tuning a second reader antenna to a lower carrier frequency (col. 9 lines 30-45).

Claim Objections
Claims 5-10 and 15-21 are objected to as being dependent upon a rejected base
claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.

Referring to claim 5, the following is a statement of reasons for the indication of

allowable subject matter: the prior art fail to suggest limitations that wherein said
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receiver electronics includes a resistor divider section comprising first and second
series resistors at said receiver electronics input forming a voltage divider to reduce
said voltage value of said transponder data signal and third and fourth series resistors
downstream of said first and second series resistors positioned between ground and
said power supply and a blocking capacitor positioned in parallel with the second series
resistor upstream of said third and fourth

series resistors to maintain said transponder data signal at said receiver electronics

output in a voltage range between about ground and said power supply, inclusive

Referring to claim 6, the following is a statement of reasons for the indication of
allowable subject matter. the prior art fail to suggest limitations that wherein said
receiver electronics includes a peak detector section comprising a rectifier at said
receiver electronics input to rectify said voltage value of said transponder data signal
and a pair of series resistors downstream of said rectifier positioned between ground
and said power supply and a blocking capacitor positioned between said rectifier and
said pair of series resistors to maintain said transponder data signal at said receiver
electronics output in a voltage range between about ground and said power supply,

inclusive.

Referring to claim 8, the following is a statement of reasons for the indication of
allowable subject matter: the prior art fail to suggest limitations that wherein said

receiver electronics includes an integrator section comprising a rectifier and an
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integrator in series at said receiver electronics input and coupled with said receiver
electronics output, said receiver

electronics output coupled with said analog to digital converter.

Conclusion

The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

Ueda (US# 6,731,199) discloses an interrogation system.

Bradin (US# 6,650,227) discloses a reader for a reader for a radio frequency
identification system having automatic tuning capability.

Any inquiry concerning this communication or earlier communications form the
examiner should be directed to Scott Au whose telephone number is (571) 272-3063.
The examiner can normally be reached on Mon-Fri, 8:30AM — 5:00PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Jeffrey Hofsass can be reached at (571) 272-2981. The fax phone numbers
for the organization where this application or proceeding is assigned are (571)-272-
1817.

Any inquiry of a general nature or relating to the status of this application or
proceeding should be directed to the receptionist whose telephone number is 571-272-
3050.

Scott Au

S
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RFID READER UTILIZING AN ANALOG TO DIGITAL CONVERTER
FOR DATA ACQUISITION AND POWER MONITORING FUNCTIONS

TECHNICAL FIELD
The present invention relates generally to RFID systems, and more particularly
to the construction and operation of a reader in an RFID system.

BACKGROUND OF THE INVENTION

Radié frequency identification (RFID) systems generally consist of at least one
host reader and a plurality of transponders, which are commonly termed credentials.
The transponder is an active or passive radio frequency communication device, which
is directly attached to or embedded in an article to be identified or otherwise
characterized by the reader, or which is alternatively embedded in a portable substrate,
such as a card, keyfob, tag, or the like, carried by a person or an article to be identified
or otherwise characterized by the reader.

A passive transponder is dependent on the host reader as its power supply. The
host reader “excites” or powers up the passive transponder by transmitting high voltage
excitation signals into the space surrounding the reader, which are received by the
transponder when it is near, but not necessarily in contact with, the reader. The
excitation signals from the reader provide the operating power for the circuitry of the
recipient transponder. In contrast, an active transponder is not dependent on the
reader as ité power supply, but is instead powered up by its own internal power source,
such as a battery. Once the transponder is powered up, the transponder
communicates information, such as identity data or other characterizing data stored in
the memory of the transponder, to the reader and the reader can likewise communicate
information back to the transponder without the reader and transponder coming in
contact with one another.

The powered up transponder communicates with the reader by generating
transponder data signals within the circuitry of the transponder and transmitting the
transponder data signals in the form of electromagnetic waves into the surrounding
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space occupied by the reader. The reader contains its own circuitry to “read” the data
contained in the transponder data signals received from the transponder. Exemplary
RFID systems communicating in this manner are disclosed in U.S. Patents 4,730,188
to Milheiser (the ‘188 Patent), 5,541,574 to Lowe et al. (the ‘574 Patent), and 5,347,263
to Carroll et al. (the ‘263 Patent), all of which are incorporated herein by reference.

RFID systems are generally characterized by a number of parameters relating
to transmission and processing of the data signals. Such parameters include the
carrier frequency of the data signals, the transfer rate of the data in the data signals,
and the type of modulation of the data signals. In particular, data signals
communicated between the transponder and reader of a given RFID system are usually
at a specified standard carrier frequency, which is characteristic of the given RFID
system. For example, RFID systems, which employ transponders of the type
conventionally termed proximity cards or proximity tags, typically communicate by
means of data signals at a carrier frequency within a range of 100 to 150 kHz. This
carrier frequency range is nominally referred to herein as 125 kHz carrier frequency and
is deemed a low frequency. In contrast, RFID systems, which employ transponders of
the type conventionally termed smart cards, typically communicate by means of data
signals at a higher frequency of 13.56 MHz.

The transfer rate of digital data communicated between the transponder and
reader of a given RFID system via the data signals is commonly at one of a number of
specified standard data rates, which is also characteristic of the given RFID system.
The specified data rates are usually a function of the carrier frequency for the given
RFID system. For example, RFID systems operating at the 125 kHz carrier frequency
typically employ a relatively low data rate on the order of a few kilobits per second. For
RFID systems operating at the 13.56 MHz carrier frequency, one particular industry
standard specifies a low data rate of about 6 kilobits per second and a high data rate
of about 26 kilobits per second. Another industry standard specifies an even higher
data rate of 106 kilobits per second for RFID systems operating at the 13.56 MHz
carrier frequency.

Finally, the type of modulation applied to data signals in a given RFID system
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is also characteristic of the given RFID system. Among the different modulation types
available to RFID systems are frequency shift keying (FSK), phase shift keying (PSK)
and amplitude shift keying (ASK).

As a rule, the circuitry of the reader is more extensive and complex than the
circuitry of the transponder because the reader requires a higher degree of functionality
relative to the transponder, particularly in the case of a passive transponder. Whereas
most of the functionality of the transponder can normally be contained within a single
integrated circuit, the diverse functionality of the reader typically requires a plurality of
separate and discrete non-integrated (i.e., external) electronic components. For
example, Figures 1-3 and 6 and the associated text of the ‘188 Patent disclose
separate specific hardware for generating an excitation signal transmitted into the
surrounding space from a reader antenna which enables powering up of nearby
passive transponders. The ‘188 Patent also discloses separate specific hardware for
detecting transponder data signals from among the signals received from the
surrounding space on the reader antenna, for conditioning the transponder data signals
received from the surrounding space when detected, and fordemodulating the resulting
conditioned transponder data signals, respectively, to read the data contained in the
transponder signal.

The ‘263 Patent refines the reader circuitry of the ‘188 Patent by integrating
certain electronic components of the reader circuitry of the ‘188 Patent, such as
decoders and drivers, into a single-chip microcontroller. In accordance with the 263
Patent, operation of the reader comprises receiving a transponder data signal on the
reader antenna and feeding the transponder data signal to a multi-stage band pass
amplifier downstream of the reader antenna and upstream of the microcontroller. The
multiple stages of the band pass amplifier condition, i.e., filter and amplify, the
transponder data signal. The resulting conditioned transponder data signal is passed
to the microcontroller where the data contained in the transponder data signal is read.

Although the design of the reader disclosed in the ‘263 Patent realizes some
economies of size and cost over the prior art by integrating a plurality of electronic
components and their functionalities into the microcontroller of the reader, the use of
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an external multi-stage band pass amplifier limits the practicality of the reader for
universal applications. In order to universally adapt the reader of the ‘263 Patent to the
multiplicity of different available carrier frequencies, data rates, and modulation types
recited above, the reader would require a separate external multi-stage receiver for
each variation of carrier frequency, data rate, and modulation type, respectively. Itis
readily apparent that a universal reader based on the reader design of the ‘263 Patent.
would require many additional external receiver components, thereby offsetting any
advantage gained by integrating other reader components and functionalities into the
reader microcontroller.

The present invention disclosed hereafter recognizes the particular desirability
of eliminating the external multi-stage band pass amplifier in the circuitry of the reader -
or at least reducing the number of stages of the band pass amplifier so that the reader
more efficiently accommodates a range of carrier frequencies, data rates, and
modulation types for signals received by the reader. The present invention also
recognizes the desirability of integrating the functionalities of other electrical
components into the microcontroller of the reader in addition to or in the alternative to
those disclosed in the ‘263 Patent. For example, the present invention recognizes the
specific desirability of integrating power conservation functionalities into the
microcontroller of the reader.

U.S. Patent 6,476,708 to Johnson (the ‘708 Patent) discloses a reader having
relatively low power consumption requirements. Low power consumption is a
particularly advantageous characteristic for a reader, which is powered by a self-
contained portable power source within the reader, such as a small disposable or
rechargeable battery. Use of the self-contained power source enables a user to
position the reader in a remote location which lacks access to an ac power line or an
ac power outlet. A battery, however, has a finite life necessitating replacement of the
battery in the reader at the end of its useful life, which is both costly and time
consuming. Accordingly, it is desirable to reduce the power demands on the battery
during operation, thereby extending the useful life of the battery.

The reader of the ‘708 Patent includes an excitation signal generator circuit,

4

WAVELYNX EX. 1002, Pg. 129
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



10

15

20

25

30

038P0401

transponder detection circuit coupled to the excitation signal generator circuit, and a
power source in the form of a small portable battery. The excitation signal generator
circuit unit initially operates in a reduced power state effected by drawing reduced
electrical current from the power source. The excitation signal generator circuit
generates ring signals containing analog data in response to the reduced electrical _
current. The ring signals are transmitted from a reader antenna and the ring signals
propagate into the space surrounding the reader, but are insufficient to power operation
of any transponders residing in the surrounding space.

The transponder detection circuit consists of hardware which monitors the level
of a transponder detection parameter embodied in the analog data of the ring signals.
When the transponder detection circuit determines that the transponder detection
parameter has passed a threshold level due to the presence of a transponder in the
surrounding space, the transponder detection circuit switches the excitation signal
generator circuit from the reduced power state to an increased power state and
generation of the ring signals is terminated. The excitation signal generator circuit
draws increased electrical current from the power source in the increased power state
to generate an excitation signal which is sufficient to power the transponder. The
excitation signal is transmitted by the reader and received by the transponder to power
the transponder circuitry. The transponder circuitry in turn generates a transponder
data signal containing digital data, which is transmitted to the reader. The reader reads
the digital data contained in the transponder data signal and the excitation signal
generator circuit switches back to the reduced power state, resuming generation of the
ring signals while terminating generation of the excitation signal. Itis apparent that the
duty cycle of the excitation signal generator circuit is significantly lower when operating
in the reduced power state than when operating in the increased power state. As a
result, the life of the power source is greatly extended and more electrical power is
available to the other operations of the reader.

As such, the present invention recognizes a need for a reader which integrates
many reader functionalities, including reader power conservation and other analog and

digital data acquisition and processing, into a reader microcontroller to realize
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economies of size and/or cost while maintaining or enhancing reader performance.
Accordingly, it is generally an object of the present invention to integrate a plurality of
reader functionalities into a reader microcontroller. It is generally another object of the
present invention to realize economies of size and/or cost over prior art reader designs
while maintaining or enhancing reader performance. More particularly, it is an object
of the present invention to integrate certain power conservation functionalities of the
reader into a reader microcontroller. It is a further object of the present invention to
integrate other analog and digital data acquisition and processing functionalities of the
reader into a reader microcontroller. It is another object of the present invention to
eliminate the external multi-stage band pass amplifier altogether or to at least reduce
the number of stages of the external multi-stage band pass amplifier in the circuitry of
the reader. It is yet another object of the present invention to substitute lower cost and
simpler electronics for the external multi-stage band pass amplifier in the circuitry of the
reader, which produce suitable input signals for processing by an integrated
microcontroller of the reader. Itis a still further object of the present invention to readily
accommodate a range of carrier frequencies, data rates, and modulation types for
signals received by the reader. These objects and others are accomplished in
accordance with the invention described hereafter.

SUMMARY OF THE INVENTION

The present invention is a reader for an RFID system. The reader includes a
signal generator for generating a detection signal containing analog data, preferably
when operating in a reduced power state, and for generating an excitation signal,
preferably when operating in an increased power state. A transmitting antenna is
coupled with the signal generator for transmitting the detection signal and the excitation
signal into a space surrounding the transmitting antenna. A receiving antenna is
provided for receiving a transponder data signal from a transponder in the space,
wherein the transponder data signal is at a voltage value and contains digital data. The
receiving antenna and the transmitting antenna can both be included in a single dual-
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function antenna if desired.

The reader preferably further includes a transmitting tuning capacitor paired with
the transmitting antenna and a receiving tuning capacitor paired with the receiving
antenna to tune the respective paired antenna to a predetermined carrier frequency.
When the receiving antenna and transmitting antenna are both included in a single
dual-function antenna, the receiving tuning capacitor and transmitting tuning capacitor
are likewise both preferably included in a single dual-function tuning capacitor paired
with the single dual-function antenna.

In accordance with one embodiment, two or more receiving and transmitting
antenna pairs or dual-function antennas are provided in the reader. Each antenna pair
or dual-function antenna has a corresponding receiving and transmitting tuning
capacitor pair or dual-function tuning capacitor, respectively, which tunes the
associated antenna pair or dual-function antenna to a carrier frequency different than
the carrier frequencies to which the remaining antenna pairs or dual-function antennas
are tuned.

Receiver electronics are coupled with the receiving antenna for conditioning the
transponder data signal to place the transponder data signal in a condition for reading
the digital data. An internal power source, which has a declining power level as a
function of use, is provided for supplying electrical operating power to the reader. The
reader further includes a single-chip microcontroller coupled with the internal power
source and the receiver electronics. The single-chip microcontroller includes an analog
to digital converter to measure the declining power level of the internal power source,
to acquire the analog data from the detection signal and the digital data from the
transponder data signal and to convert the analog data from the detection signal to
converted digital data. The single-chip microcontroller preferably further includes a
demodulator, which is more preferably software and/or firmware based, for
demodulating the transponder data signal to read the digital data from the transponder
data signal.

The reader preferably further includes a sample and hold circuit having one or
more sample times for isolating points on the detection signal where the analog data
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is to be acquired and for isolating points on the transponder data signal where the
digital data is to be acquired. In accordance with one embodiment, the sample and
hold circuit is included in the analog to digital converter of the single-chip
microcontroller. The microcontroller controls the one or more sample times of the
sample and hold circuit and adjusts the one or more sample times in response to
different values of carrier frequency, data rate, and/or modulation type of the
transponder data signal. The microcontroller also adjusts the one or more sample
times to enable transponder detection from a limited sampling of detection signals.

The receiver electronics preferably includes a receiver electronics input from the
receiving antenna, a receiver electronics output to the single-chip microcontroller, and
a plurality of relatively low-cost simple electrical components selected from the group
consisting of resistors, diodes, capacitors, and electrical switches, and preferably
excludes relatively high-cost complex multi-stage band pass amplifiers. In accordance
with a first embodiment, the receiver electronics includes a resistor divider section
comprising first and second series resistors at the receiver electronics input forming a
voltage divider to reduce the voltage value of the transponder data signal. The resistor
divider section also comprises third and fourth series resistors downstream of the first
and second series resistors positioned between ground and the power supply and a
blocking capacitor positioned in parallel with the second series resistor upstream of the
third and fourth series resistors to maintain the transponder data signal at the receiver
electronics output in a voltage range between about ground and the power supply,
inclusive.

In accordance with a second embodiment, the receiver electronics includes a
peak detector section comprising a rectifier at the receiver electronics input to rectify
the voltage value of the transponder data signal. The peak detector section further
comprises a pair of series resistors downstream of the rectifier, which are positioned
between ground and the power supply, and a blocking capacitor, which is positioned
between the rectifier and the pair of series resistors, to maintain the transponder data
signal at the receiver electronics output in a voltage range between about ground and
the power supply, inclusive. The rectifier preferably includes a diode. The peak
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detector section preferably further comprises a detector capacitor and a detector
resistor, wherein the detector capacitor and detector resister are positioned in parallel
with one another and in parallel with the blocking capacitor downstream of the diode
and upstream of the pair of series resistors.

In accordance with a third embodiment, the receiver electronics includes an
integrator section comprising a rectifier and an integrator in series at the receiver
electronics input and coupled with the receiver electronics output. The receiver
electronics output is coupled with the analog to digital converter. The rectifier
preferably includes a diode. The integrator preferably includes an integrator resistor
and integrator capacitor in series with the diode. The integrator section preferably
further comprises a paired grounding switch resistor and a grounding switch in series
with one another and in parallel with the integrator capacitor downstream of the
integrator resistor. The paired grounding switch resistor and grounding switch couple
the integrator capacitor with ground when the grounding switch is closed and couple the
integrator capacitor with the analog to digital converter when the grounding switch is
open. The integrator section preferably still further comprises a charging switch in
series with the integrator capacitor and ground. The charging switch couples the
integrator capacitor with the receiving antenna when the charging switch is closed and
decouples the integrator capacitor from the receiving antenna when the charging switch
is open.

All three of the above-recited embodiments can be utilized together in
combination as the reader receiver electronics. Alternatively, any two selected
embodiments can be utilized in combination as the reader receiver electronics while
excluding the remaining embodiment from the receiver electronics. In yet another
alternative, only one selected embodiment can be utilized as the reader receiver
electronics while excluding the remaining two embodiments from the receiver
electronics.

The present invention is also a method for operating a reader for an RFID
system. The method is initiated by generating a detection signal containing analog data
during a detection mode of operation which preferably has a reduced power state. The
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detection signal is transmitted from a transmitting antenna into a space surrounding the
transmitting antenna to detect a proximal transponder. The detection mode is
preferably terminated when the proximal transponder is detected and an excitation
mode of operation is initiated which preferably has an increased power state. An
excitation signal is generated in the excitation mode and transmitted from the
transmitting antenna into the surrounding space to power up the proximal transponder.
A transponder data signal is generated by the proximal transponder in response to the
excitation signal and propagated through the space from the proximal transponder.
The transponder data signal is received at the reader with a receiving antenna. The
transponder data signal is at a voltage value and contains digital data.

The transponder data signal is conditioned with receiver electronics coupled with
the receiving antenna to place the transponder data signal in a condition for reading the
digital data. The receiving antenna and transmitting antenna can both be included in
a single dual-function antenna.

An analog to digital converter in a single-chip microcontroller is coupled with the
receiver electronics and with an internal power source supplying electrical operating
power to the reader. The analog to digital converter measures the power level of the
internal power source, which is declining as a function of use. The analog to digital
converter additionally acquires the analog data from the ldetection signal and converts
the analog data to converted digital data for use in the detection mode. The analog to
digital converter also acquires the digital data from the transponder data signal for use
in a signal reading mode of operation. The single-chip microcontroller preferably
contains specific software and/or firmware to demodulate the transponder data signal
and read the digital data from the transponder data signal in the signal reading mode
of operation. '

In accordance with a first embodiment, the transponder data signal is
conditioned with the receiver electronics by reducing the voltage value of the
transponder data signal and maintaining the transponder data signal in a voltage range
between about ground and a power supply for the reader, inclusive. In accordance with
a second embodiment, the transponder data signal is conditioned with the receiver
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electronics by rectifying the voltage value of the transponder data signal and
maintaining the transponder data signal in a voltage range between about ground and
a power supply for the reader, inclusive. In accordance with a third embodiment, the
transponder data signal is conditioned with the receiver electronics by rectifying the
voltage value of the transponder data signal and integrating the transponder data signal
over one or more cycles of a carrier frequency of the transponder data signal.

The method may further include isolating points on the detection signal where
the analog data is to be acquired from the detection signal with a sample and hold
circuit having one or more sample times. The sample and hold circuit can also isolate
points on the transponder data signal where the digital data is to be acquired. The
sample and hold circuit is preferably included in the analog to digital converter of the
single-chip microcontroller. The microcontroller controls the one or more sample times
of the sample and hold circuit and adjusts the one or more sample times to enable
transponder detection from a limited sampling of detection signals. The microcontroller
also adjusts the one or more sample times in response to different values of carrier
frequency, data rate, and/or modulation type of the transponder data signal.

The present invention will be further understood from the drawings and the
following detailed description. ‘

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of an RFID system employing the reader of the
present invention.

Figure 2 is a schematic view of a first conditioning circuit having utility in the
receiver electronics of the reader of Figure 1.

Figure 3 is a schematic view of a second conditioning circuit having utility in the
receiver electronics of the reader of Figure 1.

Figure 4 is a schematic view of a third conditioning circuit having utility in the
receiver electronics of the reader of Figure 1.
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DESCRIPTION OF PREFERRED EMBODIMENTS

Referring initially to Figure 1, a conceptualized embodiment of an RFID system
is shown and generally designated 10. The RFID system 10 comprises a transponder
12 and a reader 14. The reader 14 is a preferred embodiment of a reader of the
present invention and is described in greater detail hereafter.

The embodiment of the transponder shown herein is a passive device. As such,
the transponder 12 is not physically coupled with an electrical power supply. The
electrical power required to operafe the transponder 12 is indirectly supplied to the
transponder 12 by electromagnetic waves, which are periodically propagated through
open space 16 to the transponder 12 from the reader 14. The transponder 12 is only
operational when it is receiving electromagnetic waves from the reader 14 of a specific
frequency and of sufficient strength to power up the transponder 12.

The transponder 12 includes a transponder integrated circuit (IC) 18 and a
transponder antenna 20 coupled with the transponder IC 18. The transponder antenna
20 is a single conventional coil which performs both the receiving and transmitting
functions of the transponder 12. Thus, the transponder antenna 20 is termed a “dual-
function antenna.” However, the present invention is not limited to an RFID system
having a transponder with a single dual-function transponder antenna. The present
invention alternately encompasses an RFID system having a transponder with separate
receiving and transmitting antennas, which separately perform the receiving and
transmitting functions of the transponder.

The transponder IC 18 is preferably a custom IC which satisfies essentially all
remaining required transponder functionalities, such as disclosed in the ‘188 and ‘574
Patents. The transponder 12 may optionally include an external transponder tuning
capacitor 22 coupled with the transponder IC 18 and transponder antenna 20. The
term “external” is used herein to designate electronic components which are not
physically or functionally included within an integrated circuit. The transponder antenna
20, in cooperation with the transponder tuning capacitor 22, if present, determines the
carrier frequency of the transponder 12. In particular, the practitioner sets the carrier
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frequency of the transponder 12 by selecting an antenna and optionally a tuning
capacitor for the transponder 12, which are tuned to either 125 kHz or 13.56 MHz.

The present transponder 12 is but one example of a type of transponder having
utility in the RFID system 10. It is understood that the present invention is not limited
to any one specific type of transponder, but is generally applicable to most conventional
types of transponders having utility in RFID systems including the different transponder
types shown and described in the 188, ‘574, and ‘263 Patents. Thus, for example, the
transponder 12 can be selected from proximity cards, proximity tags, smart cards, or
the like. Itis further understood that the RFID system 10 is not limited to RFID systems
having only one transponder and one reader as shown. The present RFID system 10
is shown as such primarily for ease of description. In practice, RFID systems having
utility in the present invention typically include any number of compatible transponders
and can also include a plurality of compatible readers.

The reader 14 comprises a reader signal generator 24, reader receiver
electronics 26, a reader microcontroller 28, a reader input/output (I/0) interface 30, and
a reader power supply 32. The reader 14 further comprises a reader low frequency
antenna 34 and correspondingly paired reader low frequency tuning capacitor 36 and
a reader high frequency antenna 38 and correspondingly paired reader high frequency
tuning capacitor 40.

The reader power supply 32 is preferably a finite electrical power source which
is self-contained (i.e., internal) within the reader 14, such as a relatively small portable
battery consisting of one.or more disposable dry cells or rechargeable cells. It is noted
that the reader 14 is alternatively operable with a power supply which is hard wired to
an essentially infinite remote electrical power source, such as an electric utility.

The signal generator 24 includes conventional electronic components similar to
those disclosed in the ‘188 Patent and the ‘708 Patent for generating relatively low
energy electromagnetic waves termed “ring signals” or “detection signals” and for
generating relatively high energy electromagnetic waves termed “excitation signals”.
The signal generator 24 preferably includes electronic components for generating low
frequency detection and excitation signals having a frequency of 125 kHz and high
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frequency detection and excitation signals having a frequency of 13.56 MHz.

The signal generator 24 is coupled with the reader low frequency antenna and
paired low frequency tuning capacitor 34, 36 to transmit low frequency detection and
excitation signals from the signal generator 24 through the open space 16 for reception
by any nearby transponders which are tuned to 125 kHz. The signal generator 24 is
similarly coupled with the reader high frequency antenna and paired high frequency
tuning capacitor 38, 40 to transmit high frequency detection and excitation signals from
the signal generator 24 through the open space 16 for reception by any nearby
transponders which are tuned to 13.56 MHz.

The excitation signals transmitted from the reader 14 typically have a limited
range due to size and power constraints of the reader 14. Thus, the reader 14 and
transponder 12 of the RFID system 10 are simultaneously operational only when the
transponder 12 is within the range of the reader 14 and, more particularly, when the
reader 14 and transponder 12 are positioned in relative proximity to one another such
that the transponder 12 receives excitation signals of sufficient strength and an
appropriate frequency from the reader 14 to power up the transponder 12.

In most conventional RFID systems, the position of the reader is stationary (i.e.,
constant) relative to the surrounding environment, while the position of the transponder
is portable (i.e., variable) within the surrounding environment. In such cases, the user
of the RFID system moves the portable transponder into relative proximity with the
stationary reader to enable simultaneous operation of the both the transponder and
reader. In some conventional RFID systems, however, the position of the reader may
be portable relative to the surrounding environment, while the position of the
transponder is either portable or stationary. In the case of a portable reader and a
statidnary transponder, the user moves the portable reader into relative proximity with
the stationary transponder to enable simultaneous operation of the both the
transponder and reader. In the case of a portable reader and a portable transponder,
the user may move both the portable reader and the portable transponder into relative
proximity with one another to enable simultaneous operation of the both the
transponder and reader. The present invention is not limited to any one of the above-
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recited RFID system configurations.

The signal generator 24 initially operates in a transponder detection mode. The
transponder detection mode is a reduced power state of operation which is effected by
periodically drawing reduced electrical current from the reader power supply 32 under
the direction of the reader microcontroller 28. The signal generator 24 periodically
generates both 125 kHz and 13.56 MHz detection signals containing analog data in
response to the reduced electrical current. The 125 KHz detection signals are

periodically transmitted from the reader 14 on the reader low frequency antenna 34 and

the 13.56 MHz detection signals are periodically transmitted from the reader 14 on the

reader high frequency antenna 38. The detection signals are of insufficient strength to
power operation of any transponders 12 residing in the surrounding open space 16, but
nevertheless propagate into the open space 16 surrounding the reader 14. Propagated -
detection signals returned to the reader 14 via the reader low and/or high frequency
antennas 34, 38 are monitored and evaluated by the reader 14 when operating in the
transponder detection mode. '

The monitoring and evaluating functionalities are integrated into the reader
microcontroller 28, which is preferably a single-chip device. An exemplary single-chip
microcontroller having utility herein is Model MSP430 available from Texas Instruments,
Inc., 12500 Tl Boulevard, Dallas, TX 75243-4136. The reader microcontroller 28 also
contains an analog to digital converter (ADC) module 42, which preferably includes a
conventional sample and hold circuit (not shown). The ADC module 42 has a first ADC
input 44 and a second ADC input 46. The first ADC input 44 couples the ADC module
42 with the reader power supply 32. The second ADC input 46 couples the ADC
module 42 with the reader receiver electronics 26. The reader receiver electronics 26
are in turn coupled with the reader low frequency antenna and paired low frequency
tuning capacitor 34, 36 and with the reader high frequency antenna and paired high
frequency tuning capacitor 38, 40 via first and second receiver electronics inputs 48
and 50, respectively. ’

The transponder detection mode functionalities are enabled at least in part by
the ADC module 42 and specific software and/or firmware included in the reader
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microcontroller 28. In particular, the ADC module 42 is used to convert the analog data
of the detection signals to digital data. The firmware included in the reader
microcontroller 28 is then used to identify changes in degree and/or changes in kind
within the digital data. The firmware further recognizes which changes in the digital
data correspond to changes in one or more selected detection parameters, such as the
decay rate or voltage of the detection signals. Changes in one or more of the selected
detection parameters indicates the presence of a transponder 12 having a given
frequency in the open space 16. It is noted that the firmware of the reader
microcontroller 28 preferably does not utilize the relation between analog values of a
single detection parameter embodied in the detection signals and a fixed threshold
value of the detection parameter as the criteria for determining the presence of a
transponder. Instead, the firmware, in cooperation with the ADC module 42 of the
reader microcontroller 28, preferably utilizes data trends over time in the digital data
extracted from the detection signals, which can correlate to one or more detection
parameters, to more efficiently determine the presence of a transponder. Thus, the
firmware monitors digital data changes with reference to the preceding digital data to
detect a transponder rather than with reference to a fixed threshold value of a detection
parameter.

When the reader microcontroller 28 detects a transponder 12 in the above-
recited manner, the reader microcontroller 28 switches the signal generator 24 from the
transponder detection mode at the reduced power state to a transponder excitation
mode at an increased power state of operation. Switching the signal generator 24 to
the excitation mode terminates periodic generation of the detection signals of the given
frequency and causes the signal generator 24 to draw increased electrical current from
the reader power supply 32. The increased draw of electrical current in the excitation
mode enables the signal generator 24 to generate an excitation signal of the given
fréquency under the direction of the reader microcontroller 28. The excitation signal is
in the form of an electromagnetic wave, which has sufficient strength to power up the
transponder 12.

The transponder antenna 20 has an excitation signal reception range which is
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generally about 4 to 5 inches when the reader and transponder antennas are coaxially
aligned. When the transponder 12 and/or reader 14 is moved to a proximal position
such that the distance between reader 14 and transponder 12 is within the excitation
signal reception range of the transponder antenna 20, the transponder antenna 20
receives the excitation signal at a sufficient strength to power up the transponder IC 18,
thereby activating the transponder 12.

Upon activation, the transponder IC 18 generates a communication signal
termed a transponder data signal, which contains readable information (i.e., digital
data) copied or otherwise derived from the memory of the transponder IC 18. The
transponder data signal is in the form of an electromagnetic wave like the excitation
signal. It is noted that communication signals of RFID systems (i.e., excitation and
transponder data signals) are typically termed radio frequency signals. However, the
excitation and transponder data signals of the present invention are not limited
exclusively to signals having specific frequencies within the narrow “radio frequency”
range, as “radio frequency” is commonly defined for the radio communication industry.
The transponder 12 transmits the transponder data signal into the open space 16 of the
external environment via the transponder antenna 20.

Each of the reader antennas 34, 38 shown is a conventional coil acting as a
single dual-function antenna, which performs both the receiving and transmitting
functions of the reader 14. In particular, the reader antennas 34, 38 receive the low
and high frequency detection signals and the low and high frequency transponder data
signals, respectively, from the open space 16 and transmit the low and high frequency
detection and excitation signals into the open space 16. However, the present
invention is not limited to an RFID system having a reader with dual-function antennas.
The present invention alternately encompasses an RFID system having a reader with
separate receiving and transmitting antennas, which separately perform the
transponder data signal and detection signal receiving functions of the reader and the
detection signal and excitation signal transmitting functions of the reader, respectively.
In yet another alternative, where a reader is provided with separate receiving and
transmitting antennas, the reader transmitting antennas are capable of being adapted
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to act as dual-function antennas (i.e., receiving and transmitting) only with respect to
the detection signals while the reader transmitting and receiving antennas function
separately with respect to the transponder data signals.

Transponder data signal reading components and their corresponding
functionality are integrated into the reader microcontroller 28 along with the transponder
detection components and the components for activating the excitation mode and their
corresponding functionalities described above. The transponder data signal reading
functionalities are enabled in part by specific firmware included in the reader
microcontroller 28. The receiver electronics receive the low and high frequency
transponder data signals for any of a plurality of data rates and modulation types, from
the reader antennas 34, 38, via the first and second receiver electronics inputs 48, 50,
respectively. The reader receiver electronics 26 “condition” the low and high frequency
transponder data signals and thereafter convey them to the ADC module 42 via the
second ADC input 46.

The reader microcontroller 28 demodulates the conditioned transponder data
signals in accordance with the respective modulation type of the signal to read the data
on the signals. The demodulator which performs the demodulation step within the
reader microcontroller 28 is preferably based in the firmware and/or software of the
reader microcontroller 28 rather than being hardware-based. The resultihg data can
then be sent to an external device (not shown), such as a central host computer, via the
reader I/O interface 30.

The signal conditioning function of the reader receiver electronics 26 places the
signals containing analog and digital data of differing carrier frequencies, data rates and
modulation types as recited above into a form which enables the integrated reader
microcontroller 28 to properly process the entire range of signals. Specific
embodiments of the reader receiver electronics 26 are shown and described hereafter
With reference to Figures 2-4, which perform the signal conditioning function.

Referring initially to Figure 2, a first conditioning circuit termed a resistor divider
section is shown and generally designated 60. The first conditioning circuit 60 has an

input node 62 which is coupled with the reader low frequency antenna and paired low
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frequency tuning capacitor 34, 36 via the first receiver electronics input 48 or with the
reader high frequency antenna and paired high frequency tuning capacitor 38, 40 via
the second receiver electronics input 50 for receiving transponder data signals. The
first conditioning circuit 60 also has an output node 64, which is coupled directly with
the second ADC input 46 for conveying transponder data signals from the first
conditioning circuit 60 to the sample and hold circuit of the ADC module 42, if the
sample and hold circuit of the ADC module 42 is fast enough to capture the peak of a
125 kHz or 13.56 MHz transponder data signal. If the sample and hold circuit of the
ADC module 42 is not sufficiently fast, an additional sample and hold circuit (not
shown) of sufficient speed is provided in series between the output node 64 and the
ADC module 42.

The first conditioning circuit 60 contains first and second series resistors 66, 68,
third and fourth series resistors 70, 72, and a blocking capacitor 74. The first and
second series resistors 66, 68 in combination form a voltage divider which reduces the
high voltage of the transponder data signal on the low or high frequency antenna and
paired tuning capacitor 34, 36 or 38, 40 to a lower voltage level, which can be input to
the ADC module 42 of the reader microcontroller 28. The third and fourth series
resistors 70, 72 are positioned in series between ground 76 (0 volts) and the reader
power supply 32, which is, for example, 3 volts. The third and fourth series resistors
70, 72 in combination with the blocking capacitor 74, which is in parallel with the second
series resistor 68, function to maintain the voltage of the transponder data signal input
to the ADC module 42 in a voltage range between ground (i.e., 0 volts in the present
example) and the voltage of the reader power supply 32 (i.e., 3 volts in the present
example), inclusive.

In a preferred embodiment, a separate first conditioning circuit 60 is provided for
each reader receiving antenna and paired tuning capacitor, which are coupled with the
first conditioning circuit 60. Since the first conditioning circuit 60 contains only four
resistors and one capacitor, while avoiding use of a multi-stage band pass amplifier, the
first conditioning circuit 60 is a simple yet effective means for conditioning the
transponder data signal. In many cases, the resulting transponder data signal has an
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acceptable voltage for inputting to the ADC module 42 of the reader microcontroller 28
and for processing by the reader microcontroller 28 in the manner recited herein.

As stated above, the first conditioning circuit 60 is effective for its intended
purpose. However, in some cases the voltage reduction of the transponder data signal
by the voltage divider can be disadvantageous. Referring to Figure 3, a second
conditioning circuit is shown and generally designated 80, which is an alternate
embodiment or a supplemental embodiment of the reader receiver electronics 26
relative to the above-recited embodiment of the reader receiving electronics designated
as the first conditioning circuit 60. The second conditioning circuit 80 avoids voltage
reduction of the transponder data signal.

Components which are common to both the first and second conditioning circuits
60, 80 are designated in Figures 2 and 3 by the same reference characters. The
second conditioning circuit 80, termed a peak detector section, differs from the first
conditioning circuit 60 by only a few components. In particular, the first series resistor
66 of the first conditioning circuit 60 is replaced in the second conditioning circuit 80
with a diode 82 and a second capacitor 84 in parallel with the second series resistor 68.
In all other respects, the first and second conditioning circuits 60, 80 are identical. The
diode 82 rectifies the voltage of the transponder data signal obtained from the low or
high frequency antenna and paired tuning capacitor 34, 36 or 38, 40 and functions in
combination with the second capacitor 84 as a peak voltage detector for the
transponder data signal. Although only a single diode 82 is shown in the present
embodiment of the second conditioning circuit 80, it is understood that in practice the
second conditioning circuit 80 can employ multiple diodes for the rectifying and peak
voltage detection functions.

In a preferred embodiment, a separate second conditioning circuit 80 is provided
for each reader receiving antenna and paired tuning capacitor, which are coupled with
the second conditioning circuit 80. Like the first conditioning circuit 60, the second
conditioning circuit 80 avoids use of a multi-stage band pass amplifier, while providing
a simple yet effective means for conditioning the transponder data signal. In many
cases, the resulting transponder data signal is acceptable for inputting to the ADC

20

WAVELYNX EX. 1002, Pg. 145
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



10

15

20

25

30

038P0401

module 42 of the reader microcontroller 28 and for processing by the reader
microcontroller 28 in the manner recited herein.

In some cases, the reader microcontroller 28 is relatively slow running, i.e., is not
fast enough to keep pace with a high frequency transponder data signal. Referring to
Figure 4, a third conditioning circuit is shown and generally designated 90, which
provides a solution to this problem. The third conditioning circuit 90 is termed an
integrator section because the third conditioning circuit 90 integrates the transponder
data signal over one or more cycles of the carrier frequency before inputting the
resulting integrated transponder data signal to the ADC module 42 of the reader
microcontroller 28.

Components which are common to the first, second and third conditioning
circuits 60, 80, 90 are designated in Figures 2-4 by the same reference characters. As
such, the third conditioning circuit 90 has an input node 62 which is coupled with the
reader low frequency antenna and paired low frequency tuning capacitor 34, 36 via the
first receiver electronics input 48 or with the reader high frequency antenna and paired
high frequency tuning capacitor 38, 40 via the second receiver electronics input 50 for
receiving transponder data signals. The third conditioning circuit 90 further comprises
in series a diode 82 and an integrator resistor 94 downstream of the input node 62. An
integrator capacitor 96, a charging switch 98, a grounding switch 100, and a grounding
switch resistor 102 are provided downstream of the integrator resistor 94. The
integrator capacitor 96 and charging switch 98 are in series with one another and the
grounding switch 100 and grounding switch resistor 102 are in series with one another,
respectively. However, the series paired integrator capacitor and charging switch 96,
98 are in parallel with the series paired grounding switch and grounding switch resistor
100, 102. Both the charging switch 98 and grounding switch 100 are preferably
electronic switches.

The charging switch 98 couples the integrator capacitor 96 with the input node
62 when the charging switch 98 is closed and decouples the integrator capacitor 96
from the input node 62 when the charging switch 98 is open. The grounding switch 100
couples the integrator capacitor 96 with ground 76 when the grounding switch 100 is
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closed and couples the integrator capacitor 96 with the output node 64 when the
grounding switch 100 is open. As recited above, the output node 64 is coupled directly
with the second ADC input 46 for conveying integrated transponder data signals from

~ the integrator capacitor 96 to the ADC module 42.

The diode 82 rectifies the voltage of the transponder data signal obtained from
the reader low or high frequency antenna and paired tuning capacitor 34, 36 or 38, 40.
Although only a single diode 82 is shown in the present embodiment of the third
conditioning circuit 90, it is understood that in practice the third conditioning circuit 90
can employ multiple diodes for the rectifying function. The integrator resistor 94 and
integrator capacitor 96 in combination form an integrator which integrates the
transponder data signal over one or more cycles of the carrier frequency. After the
sample and hold circuit of the ADC module 42 has sampled and held a voltage on the
integrator capacitor 96, the grounding switch 100 is closed to remove the charge from
the integrator capacitor 96 through the relatively small grounding switch resistor 102
and initialize the integrator 94, 96. The grounding switch 100 is then opened for the
next integration and the cycle is repeated.

The charging switch 98 controls over which cycles of the carrier frequency the -
integration is performed. The integrator capacitor 96 can only be charged when the
charging switch 98 is closed. Accordingly, the charging switch 98 is closed for cycles
of the carrier frequency over which it is desired to perform the integration and is opened
for cycles of the carrier frequency over which it is not desired to perform the integration.
Although not shown, it is within the scope of the present invention to alternatively
position the charging switch 98 between the input node 62 and the diode 82, between
the diode 82 and the integrator resistor 94, or between the integrator resistor 94 and
the integrator capacitor 96. Any of these alternate positions of the charging switch 98
will not modify its function as recited above. |

In a preferred embodiment, a separate third conditioning circuit 90 is provided
for each reader receiving antenna and paired tuning capacitor, which are coupled with
the third conditioning circuit 90. Like the first and second conditioning circuits 60, 80,

the third conditioning circuit 90 avoids use of a multi-stage band pass amplifier, while
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providing a simple yet effective means for conditioning the transponder data signal. In
many cases the resulting transponder data signal is acceptable for inputting to the ADC
module 42 of the reader microcontroller 28 and for processing by the reader
microcontroller 28 in the manner recited herein.

Alithree types of conditioning circuits, i.e., the first, second and third conditioning
circuits 60, 80, 90, can be utilized together in combination as the reader receiver
electronics 26. Alternatively, any two types of the conditioning circuits can be utilized
in combination as the reader receiver electronics 26 while excluding the remaining type
of conditioning circuit from the reader receiver electronics 26. In yet another
alternative, only one type of conditioning circuit can be utilized as the reader receiver
electronics 26 while excluding the remaining two types of conditioning circuits from the
reader receiver electronics 26. Selection of the specific conditioning circuits recited
herein for use in the reader receiver electronics 26 is within the purview of the skilled
artisan, being a function of the particular requirements of the reader microcontroller 28
and the character of the signals received by the reader antennas 34, 38.

Use of one or more of the above-recited conditioning circuits 60, 80, 90 in
combination with the integrated reader microcontroller 28 as recited herein enables the
reader 14 to effectively acquire and process analog data from detection signals having
a plurality of different frequency characteristics during a transponder detection mode
of operation, while simultaneously effectively acquiring and processing digital data from
transponder data signals having a plurality of different carrier frequency, data rate and
modulation characteristics during a signal reading mode of operation.

In accordance with the transponder detection mode, nearby transponders are
detected when specified digital data extracted from the detection signals, which are
transmitted from the reader antennas 34, 38, changes, as measured by the ADC
module 42 at a set sampling time or times. The transponder detection mode is
optimized by careful selection or adjustment of the sampling time or times of the ADC
module 42 of the reader microcontroller 28 to enable transponder detection from only
a limited sampling of detection signals.

The signal reading mode is also optimized by careful selection or adjustment of
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the sampling time or times of the ADC module 42 of the reader microcontroller 28 in
accordance with the carrier frequencies, data rates, and modulation types. Efficient
microcontroller firmware instructions are then used to locate bit transitions in the data
of the ADC module 42 and recover the bits transmitted to the reader 14 from the
transponder 12. A specific sequence of bits stored in a specific location in the
transponder 12 is received by the reader 14 and used to assist in synchronization of the
reader microcontroller 28 with bit transitions from the transponder 12. For example, a
specific bit sequence transmitted by the transponder 12 to the reader 14 is the
sequence 00110101, wherein the leftmost bit is transmitted first by the transponder 12.

As noted, all of the above-recited conditioning circuits advantageously contain
only simple and low-cost electronic components such as diodes, resistors, capacitors,
electronic switches and the like. Use of the specific reader receiver electronics 26
disclosed herein in combination with the ADC module 42 of the reader microcontroller
28 and its associated firmware enables the practitioner to preferably avoid the inclusion
of costly and complex multi-stage band pass amplifiers in the reader design or at least
reduce the number of stages in the band pass amplifiers, if a band pass amplifier is
retained. |

The conditioning circuits and integrated reader microcontroller recited herein
further enable the above-recited reader operations while efficiently conserving reader
power. Reduced power consumption is effected by reducing the number of electronic
components in the reader design and by directing the powering off of certain reader
modules or components during periods of non-use. An efficient instruction set from the
reader microcontroller 28 can also reduce power consumption by minimizing the
oscillator frequency used to process data in real time.

Another functional feature of the reader 14 is the capability of monitoring the
status of the reader power supply 32 simultaneous with the data acquisition and
processing functions so that the user can estimate the time of reliable reader operation
remaining before it is necessary to replace or recharge the power supply 32. This
feature is enabled by the ADC module 42 of the reader microcontroller 28, which
periodically measures the voltage of the reader power supply 32. The measured
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voltage value or a status message is subsequently communicated to the user or to an
external device via the reader |/O interface 30.

While the forgoing preferred embodiments of the invention have been described
and shown, it is understood that alternatives and modifications, such as those

suggested and others, may be made thereto and fall within the scope of the invention.
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GLOSSARY OF DRAWING TERMS
ATTORNEY DOCKET NO. 038P0401

10 RFID system

12 transponder

14 reader

16 open space

18 transponder integrated circuit (IC)

20 transponder antenna

22 transponder tuning capacitor

24 reader signal generator

26 reader receiver electronics

28 reader microcontroller

30 reader input/output (1/0) interface

32 reader power supply

34 reader low frequency antenna

36 reader low frequency tuning capacitor
38 reader high frequency antenna

40 reader high frequency tuning capacitor
42 analog to digital converter (ADC) module
44 first ADC input

46 second ADC input

48 first receiver electronics input

50 second receiver electronics input

60 first conditioning circuit
62 input node

64 output node

66 first resistor

68 second resistor

70 third resistor

72 fourth resistor

74 blocking capacitor

76 ground

80 second conditioning circuit
82 diode
84 second capacitor

90 third conditioning circuit
94 integrator resistor

96 integrator capacitor

98 charging switch

100 grounding switch

102 grounding switch resistor
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| claim:

1. A reader for an RFID system comprising:

a signal generator for generating a detection signal containing analog data and
for generating an excitation signal;

a transmitting antenna coupled with said signal generator for transmitting said
detection signal and said excitation signal into a space surrounding said transmitting
antenna;

a receiving antenna for receiving a transponder data signal at a voltage value
containing digital data from a transponder in said space;

receiver electronics coupled with said receiving antenna for conditioning said
transponder data signal to place said transponder data signal in a condition for reading |
said digital data;

an internal power source for supplying electrical operating power to said reader,
said internal power source having a declining power level as a function of use; and

a single-chip microcontroller coupled with said internal power source and said
receiver electronics, said single-chip microcontroller including an analog to digital
converter to acquire said analog data from said detection signal and said digital data
from said transponder data signal and to convert said analog data from said detection
signal to converted digital data.

2. The reader of claim 1, wherein said receiver electronics includes a
receiver electronics input from said receiving antenna, a receiver electronics output to
said single-chip microcontroller, and a plurality of relatively low-cost simple electrical
components selected from the group consisting of resistors, diodes, capacitors, and
electrical switches, and excludes relatively high-cost complex multi-stage band pass
amplifiers.

3. The reader of claim 1, wherein said single-chip microcontroller further
includes a software and/or firmware-based demodulator for demodulating said
transponder data signal to read said digital data from said transponder data signal.

4. The reader of claim 1, wherein said receiving antenna and said
transmitting antenna are both included in a single dual-function antenna.
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5. The reader of claim 2, wherein said receiver electronics includes a resistor
divider section comprising first and second series resistors at said receiver electronics
input forming a voltage divider to reduce said voltage value of said transponder data
signal and third and fourth series resistors downstream of said first and second series
resistors positioned between ground and said power supply and a blocking capacitor
positioned in parallel with the second series resistor upstream of said third and fourth
series resistors to maintain said transponder data signal at said receiver electronics
output in a voltage range between about ground and said power supply, inclusive.

6. The reader of claim 2, wherein said receiver electronics includes a peak '
detector section comprising a rectifier at said receiver electronics input to rectify said
voltage value of said transponder data signal and a pair of series resistors downstream
of said rectifier positioned between ground and said power supply and a blocking
capacitor positioned between said rectifier and said pair of series resistors to maintain
said transponder data signal at said receiver electronics output in a voltage range
between about ground and said power supply, inclusive.

7. The reader of claim 6, wherein said rectifier includes a diode and said
peak detector section further éomprises a detector capacitor and a detector resistor,
said detector capacitor and detector resister positioned in parallel with one another and
in parallel with said blocking capacitor downstream of said diode and upstream of said
pair of series resistors.. |

8. The reader of claim 2, wherein said receiver electronics includes an
integrator section comprising a rectifier and an integrator in series at said receiver
electronics input and coupled with said receiver electronics output, said receiver
electronics output coupled with said analog to digital converter.

9. The reader of claim 8, wherein said rectifier includes a diode and said
integrator includes an integrator resistor and integrator capacitor in series with said
diode, said integrator section further comprising a paired grounding switch resistor and
grounding switch in series with one another and in parallel with said integrator capacitor
downstream of said integrator resistor, said paired grounding switch resistor and
grounding switch coupling said integrator capacitor with ground when said grounding
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switch is closed and coupling said integrator capacitor with said analog to digital
converter when said grounding switch is open.

10.  The reader of claim 8, wherein said rectifier includes a diode and said
integrator includes an integrator resistor and integrator capacitor in series with said
diode, said integrator section further comprising a charging switch in series with said
integrator capacitor and ground, said charging switch coupling said integrator capécitor
with said receiving antenna when said charging switch is closed and decoupling said
integrator capacitor from said receiving antenna when said charging switch is open.

11.  The reader of claim 1, wherein said reader further comprises a sample
and hold circuit having one or more sample times for isolating points on said detection
signal where said analog data is to be acquired and for isolating points on said
transponder data signal where said digital data is to be acquired.

12.  The reader of claim 11, wherein said sample and hold circuit is included
in said analog to digital converter of said single-chip microcontroller.

13.  Thereader of claim 11, wherein said microcontroller controls said one or
more sample times of said sample and hold circuit and adjusts said one or more
sample times in response to different values of carrier frequency, data rate, and/or
modulation type of said transponder data signal.

14.  The reader of claim 11, wherein said microcontroller controls said one or
more sample times of said sample and hold circuit and adjusts said one or more
sample times to enable detection of a transponder from a limited sampling of detection
signals.

15.  The reader of claim 5, wherein said receiver electronics further includes
a peak detector section comprising a rectifier at said receiver electronics input to rectify
said voltage value of said transponder data signal and a pair of series resistors
downstream of said rectifier positioned between ground and said power supply and a
blocking capacitor positioned between said rectifier and said pair of series resistors to
maintain said transponder data signal at said receiver electronics output in a voltage
range between about ground and said power supply, inclusive.

16. The reader of claim 15, wherein said rectifier includes a diode and said
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peak detector section further comprises a detector capacitor and a detector resistor,
said detector capacitor and detector resister positioned in parallel with one another and
in parallel with said blocking capacitor downstream of said diode and upstream of said
pair of series resistors. '

17. The reader of claim 5, wherein said receiver electronics further includes
an integrator section comprising a rectifier and an integrator in series at said receiver
electronics input and coupled with said receiver electronics output, said receiver
electronics output coupled with said analog to digital converter.

18.  The reader of claim 17, wherein said rectifier includes a diode and said
integrator includes an integrator resistor and integrator capacitor in series with said
diode, said integrator section further comprising a paired grounding switch resistor and
grounding switch in series with one another and in parallel with said integrator capacitor
downstream of said integrator resistor, said paired grounding switch resistor and
grounding switch coupling said integrator capacitor with ground when said grounding
switch is closed and coupling said integrator capacitor with said analog to digital
converter when said grounding switch is open.

19.  The reader of claim 17, wherein said rectifier includes a diode and said
integrator includes an integrator resistor and integrator capacitor in series with said
diode, said integrator section further comprising a charging switch in series with said
integrator capacitor and ground, said charging switch coupling said integrator capacitor
with said receiving antenna when said charging switch is closed and decoupling said
integrator capacitor from said receiving antenna when said charging switch is open.

20. The reader of claim 6, wherein said receiver electronics'further includes
an integrator section comprising an integrator at said receiver electronics input and
coupled with said receiver electronics output, said receiver electronics output coupled
with said analog to digital converter. '

21.  Thereaderof claim 15, wherein said receiver electronics further includes
an integrator section comprising an integrator at said receiver electronics input and
coupled with said receiver electronics output, said receiver electronics output coupled
with said analog to digital converter.
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22.  The reader of claim 1 further comprising a transmitting tuning capacitor
paired with said transmitting antenna and a receiving tuning capacitor paired with said
receiving antenna. k

23. The reader of claim 22, wherein said receiving tuning capacitor and said
transmitting tuning capacitor are both included in a single dual-function tuning
capacitor.

24,  The reader of claim 22, wherein said transmitting tuning capacitor and/or
said receiving tuning capacitor is a first tuning capacitor for tuning a first reader antenna
to a higher carrier frequency, said reader further comprising a second tuning capacitor
for tuning a second reader antenna to a lower carrier frequency,

25.  Areader for an RFID system comprising:

a signal generator for generating a detection signal containing analog data and
for generating an excitation signal,

a transmitting antenna coupled with said signal generator for transmitting said
detection signal and said excitation signal into a space surrounding said transmitting
antenna;

a receiving antenna for receiving a transponder data signal at a voltage value
containing digital data from a transponder in said space;

receiver electronics coupled with said receiving antenna for conditioning said
transponder data signal to place said transponder data signal in a condition for reading
said digital data; and

a single-chip microcontroller coupled with said receiver electronics, said single-

chip microcontroller including an analog to digital converter to acquire said analog data

from said detection signal and said digital data from said transponder data signal and
to convert said analog data from said detection signal to converted digital data, said .
single-chip microcontroller further including a demodulator for demodulating said
transponder data signal to read said digital data from said transponder data signal.
26. The reader of claim 25, wherein said receiver electronics includes a
receiver electronics input from said receiving antenna, a receiver electronics output to

said single-chip microcontroller, and a plurality of relatively low-cost simple electrical
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components selected from the group consisting of resistors, diodes, capacitors, and
electrical switches, and excludes one or more relatively high-cost complex multi-stage
band pass amplifiers.

27. The reader of claim 25, wherein said receivihg antenna and said
transmitting antenna are both included in a single dual-function antenna.

28. A method for operating a reader for an RFID system comprising:

generating a detection signal containing analog data in a detection mode of
operation;

transmitting said detection signal from a transmitting antenna into a space
surrounding said transmitting antenna to detect a proximal transponder;

generating an excitation signal in an excitation mode of operation;

transmitting said excitation signal from said transmitting antenna into said space
to power up said proximal tranéponder;

generating a transponder data signal at said proximal transponder in response
to said excitation signal and propagating said transponder data signal through said
space from said proximal transponder;

receiving said transponder data signal with a receiving antenna, wherein said
transponder data signal is at a voltage value and contains digital data;

conditioning said transponder data signal with receiver electronics coupled with
said receiving antenna to place said transponder data signal in a condition for reading
said digital data,;

coupling an analog to digital converter in a single-chip microcontroller with an
internal power source supplying electrical operating power to said reader, said internal
power source having a declining power level as a function of use and with said receiver
electronics;

coupling said analog to digital converter with said receiver electronics;

acquiring said analog data from said detection signal with said analog to digital
converter for use in said detection mode; and

acquiring said digital data from said transponder data signal with said analog to
digital converter for use in a signal reading mode of operation.
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29. The method of claim 28, wherein said receiver electronics includes a
plurality of relatively low-cost simple electrical components selected from the group
consisting of resistors, diodes, capacitors, and electrical switches, and excludes one
or more relatively high-cost complex multi-stage band pass amplifiers.

30. Themethod of claim 28 further comprising demodulating said transponder
data signal with software and/or firmware contained in said single-chip microcontroller
to read said digital data from said transponder data signal in said signal reading mode.

31. The method of claim 28, wherein said receiving antenna and said
transmitting antenna are both included in a single dual-function antenna.

32. The method of claim 28, wherein said transponder data signal is
conditioned with said receiver electronics by reducing said voltage value of said
transponder data signal and maintaining said transponder data signal in a voltage
range between about ground and a power supply for said reader, inclusive.

33. The method of claim 28, wherein said transponder data signal is
conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and maintaining said transponder data signal in a voltage
range between about ground and a power supply for said reader, inclusive.

34. The method of claim 28, wherein said transponder data signal is
conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and integrating said transponder data signal over one or more
cycles of a carrier frequency of said transponder data signal.

35. The method of claim 28, further comprising isolating points on said
detection signhal where said analog data is to be acquired with a sample and hold circuit
having one or more sample times.

36. The method of claim 28, further comprising isolating points on said
transponder data signal where said digital data is to be acquired with a sample and hold
circuit having one or more sample times.

37. The method of claim 35, wherein said sample and hold circuit is included
in said analog to digital converter of said single-chip microcontroller.

38. The method of claim 36, wherein said sample and hold circuit is included
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in said analog to digital converter of said single-chip microcontroller.

39. The method of claim 35, wherein said microcontroller controls said one
or more sample times of said sample and hold circuit and adjusts said one or more
sample times to enable detection of said proximal transponder from a limited sampling
of detection signals.

40. The method of claim 36, wherein said microcontroller controls said one
or more sample times of said sample and hold circuit and adjusts said one or more
sample times in response to different values of carrier frequency, data rate, and/or
modulation type of said transponder data signal.

41. The method of claim 32, wherein said transponder data signal is
conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and maintaining said transponder data signal in a voltage
range between about ground and a power supply for said reader, inclusive.

42. The method of claim 41, wherein said transponder data signal is
conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and integrating said transponder data signal over one or more
cycles of a carrier frequency of said transponder data signal.

43. The method of claim 32, wherein said transponder data signal is
conditioned with said receiver electronics by rectifying said voltage value of said
transponder data signal and integrating said transponder data signal over one or more
cycles of a carrier frequency of said transponder data signal.

44, The method of claim 28, further comprising terminating said detection
mode and initiating said excitation mode when said proximal transponder is detected.

45. The method of claim 28, wherein said detection mode of operation has
a reduced power state and said excitation mode of operation has an increased power
state.

46.  The method of claim 28, further comprising measuring said declining

power level of said internal power source with said analog to digital converter.

33

WAVELYNX EX. 1002, Pg. 159
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



038P0401

ABSTRACT

A reader for an RFID system includes an internal power source, a signal
generator for generating a detection signal containing analog data and an excitation
signal, a transmitting antenna for transmitting the detection and excitation signals, and
a receiving antenna for receiving a transponder data signal from a transponder
containing digital data. Receiver electronics are coupled with the receiving antenna for
conditioning the transponder data signal before reading the digital data. The reader
further includes a single-chip microcontroller coupled with the internal power source
and the receiver electronics. The siﬁgle-chip microcontroller has an analog to digital
converter to measure the declining power level of the internal power source and to
acquire the analog data from the detection signal and the digital data from the
transponder data signal. The single-chip microcontroller also includes a firmware
and/or software-based demodulator for demodulating the transponder data signal to
read the digital data.

34

WAVELYNX EX. 1002, Pg. 160
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



- PG o o oot o o v
PTG AR SR A SRR 7 2 e cre e e

,/'10

/1 4 READER

36

38ﬁ\/\/\ [l 1 ICArO

i
3
{ /‘24 50% %48 26
34 L=

SIGNAL GENERATOR

RECEIVER
} 28 ELECTRONICS
MICROCONTROLLER 46 3|
42~} ADC 4 POWER ‘
‘ SUPPLY
+ * 30
/0
INTERFACE

L}

ﬁ},ﬁf 7
AVELYNX EX. 1002, Pg. 161

WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



R A
R e e LRI

o A A e AL T T e T

Fio. 2

o

2/3

‘/3;/‘ 60

ov

WAVELYNX EX. 1002, Pg. 162

WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



3/3

2
964' 10
98 100

oV

_/i

WAVELYNX EX. 1002, Pg. 163
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



b4

EXPRESS MAIL LABEL NO: ER 782612292 US

Attorney Docket No. 038P0401

COMBINED DECLARATION AND POWER OF ATTORNEY
FOR PATENT APPLICATION
As below named inventor, | hereby declare that:

My residence, post office address and citizenship are as stated below next to my
name.

| believe | am the original, first, and sole inventor of the subject matter which is
claimed and for which a patent is sought on the invention entitled:

RFID Reader Utilizing an Analog to Digital Converter for Data Acquisition and
Power Monitoring Functions

the specification of which is attached hereto.

. | hereby state that | have reviewed and understand the contents of the above-
identified specification, including the claims, as amended by any amendment referred to
above.

I acknowledge the duty to disclose information which is material to patentability
as defined in 37 CFR §1.56.

As named inventor, | hereby appoint the following practitioner with full power of

substitution and revocation to prosecute this application and transact all business in the
United States Patent and Trademark Office connected therewith:

Rodney F. Brown, Reg. No. 30,450

Address all correspondence to: Rodney F. Brown
3365 Baltimore Street
San Diego, CA 92117

Phone: (858) 272-8705
Fax: (858) 581-1282

Page 1 of 2

WAVELYNX EX. 1002, Pg. 164
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



| hereby declare that all statements made herein of my own knowledge are true
and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false statements
and the like so made are punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code, and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon. f

Ralph W. Quan US.A.
Full Name of Inventor Citizenship

M 7\/ :2‘\ /Mv\7 /44 'ZOO/-(-

Inventd's Signature Date ~

Broomfield, Colorado
Residence (City, State or Country)

285 Beryl Way, Broomfield, Colorado 80020
Post Office Address

RFB:0513b.038

Page 2 of 2

WAVELYNX EX. 1002, Pg. 165
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



EXPRESS MAIL LABEL NO: ER 782612292 US
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Ralph W. Quan
Title ; RFID Reader Utilizing an Analog to Digital Converter for Data
Acquisition and Power Monitoring Functions

Docket No. : 038P0401

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. §1.97 AND §1.98

Sir;

The references listed on the accompanying Form PTO-1449 may be material to the
examination of the above-captioned patent application and are therefore disclosed by the

applicant in compliance with the duty of disclosure defined in 37 CFR §1.56.

This Information Disclosure Statement, which is submitted in accordance with 37 CFR
§§1.97 and 1.98, is not to be construed as a representation that a search has been made,
that additional matter material to the examination of this application does not exist, or that
any one or more of the references listed on Form PTO-1449 constitutes prior art under 35
U.S.C. §102.

It is requested that the listed references be made of record, if appropriate, in the
prosecution of this application.

WAVELYNX EX. 1002, Pg. 166
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



Copies of all listed references are enclosed.

Respectfully submitted,

Lis ¥

Rodney F. Brown
Attorney for Applicant
Registration No. 30,450

3365 Baltimore Street
San Diego, CA 92117
Telephone: (858) 272-8705

RFB:0514d.038
enclosure

WAVELYNX EX. 1002, Pg. 167
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



Page 1 of 1

FORM PTO-1449 Docket No:

- 038P0401
INFORMATION DISCLOSURE Applicant:
STATEMENT BY APPLICANT Ralph W. Quan

U.S. PATENT DOCUMENTS

Exam. Pat./App. Issue/Pub. , Sub-
Initial Number Date Inventor Class Class
- 4,730,188 3/8/88 Milheiser -340 825.0
o 5,347,263 9/13/94 Carroll et al. 340 572
— 5,541,574 7/30/96 Lowe et al. 340 447
- 6,476,708 11/5/02 Johnson 340 10.34
20030090367 5/15/03 Carroll et al. 340 10.4

FOREIGN PATENT DOCUMENTS

Exam. Document Publication Translation

Initial Number Date Country Class Yes No
GB 2 278 631 12/7/94 UK E06B 49/00

Examiner: Date Considered:

Examiner: Initial if citation considered, whether or not citation is in conformance with MPEP §609; Draw
line through citation if not in conformance and not considered. Include copy of this form with next
communication to applicant.
WAVELYNX EX. 1002, Pg. 168
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



This Page Is Inserted by [FW Operations
and 1s not a part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of
the original documents submitted by the applicant.

Defects in the images may include (but are not limited to):

(<) BLACK BORDERS
e TEXT CUT OFF AT TOP, BOTTOM OR SIDES
e FADED TEXT
e ILLEGIBLE TEXT
o SKEWED/SLANTED IMAGES
e COLORED PHOTOS
e BLACK OR VERY BLACK AND WHITE DARK PHOTOS

e GRAY SCALE DOCUMENTS

IMAGES ARE BEST AVAILABLE COPY.

As rescanning documents will not correct images,‘
| please do not report the images to the
Image Problem Mailbox.

WAVELYNX EX. 1002, Pg. 169
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



SCIENCE RETERENCE A3

*[HE DRITISiE LIDRARY

I AORMATION SERVICE

2/l

a2 UK Patent 1o GBun2 278 631:B

154) Thie of lnvention
An identification system
(81} INT CL™ EosS ¢9/00
{23) Applicstion No {72) Inventor(s)
9408336.7 PhiNp Hall Bortenshaw
John Koblanski
(22) Dae of filing
27.08.1994 {73) Proprietor(s)
‘ Snal {UX) Limitad
€30} Priority Data .
(incomporated In tha
31 9306718 United Kingdom)
{32) 27.04.7993 Goyt Cff House
&3 Strinax Road
=3 Go Stockport
{43) Application published Cheshire
07.12.1994 S$Ks 7DV
United Kingdom
(45} Patent published
25.09.1999 (74) Agem arwdor
Addrass for Service
Mathisen Macsra & Go
Ths Coath House
6-8 Swakeleys Road
Ickenhmm
tUxbridge
Midillesex
UB10 BBZ .
{(62) Domastic classification Unked Kingdom
{Edition Q)
E2ZA ALV A220
{56} Dooumants cited
EPO2ZY589 A2
UBABBS2®> A
US4580041 A
{68) Field of search
As for publishad application
227863\ A viz:
UK CL{Editlon M) E2A ALY,
GAT TCA
INT CL* EOSB 49/00
Onfine databases: WPt
updated as appropriate

WAVELYNX EX. 1002, Pg. 170

WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



3ie

N/
1 I 12
[ wh// 4/0 i e s
| ” 10 35 v UEL
[T g N\* N
r= = 4f0
L AR T E—
_w .,_TJF " " w“ g _
=0 ldneysml.
£n — o3 &yapouiaq + 1
20SS3204001NW =N ”
(]

hyddng somog ) A—

02, Pg. 171

- ey v e cmm e G W A WP eeee e AN e e — de

WAVELYNX EX. 1

n

023-00730

2

p

WaveLynx Technologies v. ASSA Abloy, IP



(e 2278631

1D FIC N SY
Technical Field |

This invention relates to a non-contact identification system for use
in particular, although not exclusively, for personnel access control.

r Art

It is common for doors or other closures to be secured by an
electrically operated lock which can be opened by presenting a token in tﬁe
form of a card or key to a reader associated with the lock. Tt-\e reader
verifies that the key carries a code which is acceptable to allow opening of
the door and, if it is acceptable, the reader actuates opening of the door by
release of the lock. Commonly the reader and token are of the kind which
require no contact between them and therefore such a system is commonly
known as a proximity reading system.

The problem arises with such systems at the present time in that in
order to allow for reading of a token at any time for access control purposes
it is necessary to ansure that the reader is continuously powered. This
means that a significant amount of power is wasted during non-operative
periods. Furthermore it is necessary for current systems of this type to be
hardwired into a mains circujt to ansure that adequate power is supplied for

raliable operation over sustained time periods.

-

Disclosure of the igvention
It is an object of the presant invention to provide an identification

system of the abovementioned type which can be operated by a low voltage
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on-board power supply in such a manner as to substantially reduce the
amount ot power used in operation. |

Thus, and in accordance with one aspect of the present invention
therefore there is provided an' identification system comprié’ing an
. identification device and a reader, said reader including a powaer supply, said
reader being normally in a first state in which it generates low power pulses
from said supply, said reader being switchable into a second state upbn
sensing a modification 0 said pulses caused by the i.d. davico-being in
proximity thereto, in said second state said reader being capable of
generating sufficient power to read the i.d. device,

With this arrangement it is possible 1o provide an identification system 3
which can read an i.d. device presented to it and yet utilise a much reducéd
amount of power in operation. A low voltage power supply can be used..

Preferably said i.d. device includes a first coupling device and said
reader includes a second coupling device, said first and second coupling
devices being inductively linked when said i.d. device is in proximity to said
reader wheraby power from the power supply can be transferred to said
identification device via said inductively linked coupling devices. Preferably
said first and second coupling devices comprise inductive coil elements
which can be energised by way of an alternating or Mctuatim current. The
first and/or second coupling devices may form part of a tuned resonant
circult and in a preferred embodiment bo;h said coupling devices form part

of separate such circuits, one on the i.d. device end and one on the reader.
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With regard to the identification device this may be a token and may
comprise a thin plastics member having electrical circuitry embedded therein
$0 as to insulate or shield the circuitry from the environment. Said circuitry -
may includg rectification circuitry to rectify an incoming alternating cutrent,
a code memory and clock circuitry to contyol the generation of codes from
the memory.

With regard to the reader, t}xia may be mounted in or adjacent to the
controlled device and may be adapted to control operation of the device
directly os indirectly via actuating means. The reader may include a micro-
pracessor to control generation of said low power pulses and to read and
interpret incoming codes from said kay and to operate said controlled device
n accordance therewith. ‘ |

With regard té the modification of the low power pulses that are
detecred by the reader, this may comprise a change in the decaying
oscillations of a tuned circuit in response to successiva puises and the reader
may detect such change by detecting the difference in number of oscillations
beyond a predetefmined threshold. Said reader may detect the difference
in number of osciflations by comparison of stored ascillation counts between
successive single or muitiple pulses. Altematively the pulses may be
integrated over time to provide a voltage lavel for comparison with
successive lavels.

Preferably, and in accordance with a second aspect of the present

invention there is provided a reading system comprising a reader and a
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device to be read, said reader comprising a tuned circuit, an actuating device

“arranged periodically to apply an ‘actuating pulse to the tuned circuit to

R T s

produce 3 low power signal-derived from a decaying oscillaﬁon in a first
operational state of the reader, and a detection circuit connected to the
tuned circuit to detect maodification of the decaving oscillation caused by the
said device when in proximity with the reader and to switch the reader to a
second operational state in which a higher power signal is produced. _Thé
higher power gignal may be derived from continuous operation of thé tuned
circuit or otherwise. '

The second aspect of the invention may be used in conjunction with
the first aspect of the present invention. -

Typicaily the pulses may be at the rate of 10 per second at a duration

of 2us. Operating at 3V, this can draw only 5¢A cument from the power

B

source {roughly 16000 fimes less than that requived for continuous duty)}.
The rate of the pulses is chosen only to fulfil the required systeam response
time for the particular application. Preferably the tuned circuit is actuated
~or ‘ringed’ so as to oscillate for a natural decaying period (i.e. so that
oscillations terminate) béfom the next pulse is applied.

The detection circuit preferably operates by counting the number of
decaying oscillations.

In 50 far as the system is looking only for a change to the number of
decaying oscillations, then it is not important what the actual number 1s, as

long as it is stable over time. This attribute can be utilised to reduce the
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emphasis on production component tolerances and also to allow the system
1o automatically adjust for the effect of metallic materials which may be
present or subsequently introduced in proximity with the mader. In the latter -
respect, the detection circuit can act to determins the number of oscillations
or other parameter over a period of time during a period of stability to arrive
at a ‘normal’ count or refarence parameter for 'the particular environment.

Briet description of the drawings

The invention will now be described further by way of example only
and with reference 1o the accompanying drawing, the single figure of which
shows one embodiment of identiflcation system according to the present
invention,

Best mode of carrying oyt the invention

Referring now to the figure, there is shown a key or token 11 and
reader 12 adapted to control operation of a lock mechanism for a sacurity
door shown schematically at 13 via an actuating mechanism 14.

The key 11 comprises a thin rectangular plastics plate which can be
conveniently carried in a persons pocket. The plate incorporates electronic

circuitry embedded in the plate 30 as to be electsically insulated and [

physically sealed from the environment by the plastics material of the plate.
The circuitry includes a key inductive coil L2 connected in paralel to 2
oa}sacitive element C2 to form a resonant circuit and an intagrated circuit
device U2 which includes rectifying circuitry, a non-volatile code store

memory and clock circuitry 1o control the generation of the codas from the
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memory in operation {not shown}.

‘The reader 12 comprisas a reader coil L1 connected in parallel to a
capacitor C1. Thae output from the coil L1 is connected to a demodulation
‘circuit U4 and to a threshold detection eleméent U1:B via a current limit
resistor h'l. The Ouiput of the demodulation circuit U4 and the threshold
detection element U1:B are connected to inputs 16 and 17 of a
micsoprocessor 18 respectively. The microprocessor is connected 10 a low
voltage d.c. power supply integral with the reader and is clocked by crystal
19. Afirstoutput 21 of tha microprocessor 18 cannects the microprocessor
to the reader coit L1 via an inverting buffer U1 A and MOS field effect
transistor M1. Second and third outputs of the microprocessor 22, 23
provide the output via the actuating means to operate the lock mechanism ;
13 in 8 manner 1o 5e hereinafter described. A

In use, the reader is normally in 2 dormant state in which the
microprocessor 18 feeds pulses to the reader coil L1 at a frequency of one
2us pulse per 100ms via the inverting buffer U1:A and the MOS transistor !
M1. The voltage pulses applied to the gate of the MOSFET M1 cause
current pulses to be applied to the reader coil L1 at the same rate. Thus the
reader coif L1 radiates pulses of energy for the pariod that the reader is in its
dormant mode. Thus it will be apbteciated that in its dormant mode the !
}eader is consuming a minimum of power due to the fact that short frequent
low power pulses are being applied to the reader coil L2 as opposed to tha .

continuous current or continuous stream of puises of conventional systems
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of this type. Thue in the dormafit mode the reader coil L1 is providing an
intermittent magnetic field. "
When a key or .tokan 11 is brought .into close proximity with the
reader 12, the coil L2 links the intarmittent magnetic field generated by the
readsr 12 and th?s inducﬁve coupling of the two coils L1 and L2 causes a
modification of the pulses applied to the reader coil LV in the form of a
damping thereof, The modified pulses are applied via a current limnit resistor
R1 to a threshold detection element U1:8 which detects that part of the
pulse ahove a threshold limit caused by the aforementioned damping and
provides an output to input 17 of the micropracessor 18, if the pulses are
of sufficient amplituda. The output signal applied to the microprocessor in
these circumstances by the threshold detection element U1:B is counted by(

the wmicropracessaor and if the count has changed, causes the

microprocessor to switch out of its dormant mode and into an active mode
in which mode the output field of reader coil L1 is made continuous rather
than intermittent.

The inductive coupling of the two coils L1 and L2 when the key or
token 11 is in close proximity ta the reader 12 aiso provides the necessary
power 1o drive the circuitry of the infegratad circuit device U2 which
provides a signal indicative of the code identifying the key or token 11, or
pérson cartying the key or token 11, to the coil L1 via coil L2 as a
modulation of the pulsas. These modulated pulsés are fed hack to the

microprocessor 18 via a demodutated circuit to input 16 of the micro-
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processor in order that the miccoprocessor can read the code stored on the
key or token 11. The code stored on the key or token 11 can then be
compared with a store of acceptable codes in the microprocessor, or
indirectly via a separate store of acceptable codes, and if verified as an
acceptable code, the microprocessor 18 wi! generate a signal to cause
actuation of the lock mechanism 13 and opening of the door via the
actuating circuitry 14.

Furthermore, it will be appraciated that whilst the present invantién
bas been described in terms of the opsration of 2 lock mechanism 13, the
key or token 11 and reader system of the invention can be utilised to control
aperation of any device which requires to be controlied or operated on
presentation of a suitahle authority.

The presant invention has a number of advantages over conventional
systems of this type, In so far as, since the reader only uses short pulses, J
the power consumption is significantly reduced and furthermorae, since the
reader includes its own on-board d.c. power supply or battery which is
capabie of controlling operation of the lock mechanism 13, there s no need
for the device to be hardwired into a maina circuit, rendering it simple and
convenient to fit the system to all types of existing locks and other
controlled mechanisms. The token need have no on-board battery since it :
derives all necessary power from the inductive linkage as described.

it is of course to be understood that the invention is not intended to

s =) pade s 3

be restricted to the details of the above embodiment which are described by
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way of example anly.

In order further to minlmise power consumption, the clock
of the reader preferably operates at two rates - a slow {(low
power) rate during the deactuated mode and a higher (higher
power) xate on “*wake up~”. For example, the slow gpaed may he 32} |
KH.. and the high speed may be 2.5 MH,.
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1.  An’identification system comprising an identification device {11) and
a reader (12); said reader (12) including-a power supply, said reader {12}
| being normafly in a first state in wﬁich it generates fow power pulses from
said supply, said reader (12) being switchable into a second state upon
sansing a modification to said puises caused by the i.d. device {(11) being .in
proximity thereto, in said second state said reader being capable of .
generating sufficient power to read the i.d. device.
2. A system according to ¢iaim 1 charactesised in that preferably said i.d.
device (1 1) includes a first coupling device {L2} and said reader (12) includes |
a second coupling device {L.1}, said first and second coupling devices (L1,
£ 2} being inductively linked when said i.d. device (11} is in proximity 1o said
reader {(12) whereby power from the power supply can be transferved to
said identification device via sakl inductively linked coupling devices (L1,
L2).
3. A system according to claim 2 characterised in that preferably said
first and second coupling devices (L1, L2) comprise inductive coil elements
which can be energised by way of an alternating or fluctuating current.
4. A system according to claim 3 characterised in that at least one of the
first and second coupling devices (L1, L2) form part of a tuned resonant
cifcuit.
5. A system according to claim 4 characterised in that both said coupling

devices (L1, L2) form part of separate such circuits. WAVELYNX EX. 1002, Pg. 181
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6. A system according to any one of claims 1 to 6 characterised in that
the identification device (11) is a token which comprises a thin plastics
member having electrical circuitry embedded therein so as 10 insulate or‘< _
shield the circuitry from the environment. ‘
7. A system according to any one of claims 1 to 6 characterised in that
the identification device (11) comprises electrical circuitry including
rectification circuitry to rectify an incoming slternating current, a cade
memory and clock circuitry to control the generation of codes from the
memory.
B. A system according to any one of claims 1 te 7 characterised in that
the modification of the low power pulses which ars detected by the reader
comprise a change in the decaying oscillations of a tuned circuit in response
10 successive pulses.
9. A system according to claim B charactericed in that the reader (12)
detects said dange by detecting the difference in number of osciltations
beyond a predetermined threshokd.
10. A system according to claim 9 characterised in that the reader detects
the diffarence in number of oscillations by comparison of stored oscillation
counts between successive single or multiple pulses.
11. A system according to claim 8 characterised in that the pulses are
intégrated over time to provide a voltage leval for comparison with
succassive levels,

12. A reading system comprising a reader (12) and a device {11} to be

WAVELYNX EX. 1002, Pg. 182
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



2. STl

read, said reader (12) comprising a tumed circuit (L1,Cl}, an
actuating device (Ul:A,Ml) arranged periodically toc apply an
actuating pulse to the c¢ircuit (L1,Cl) to produce a loﬁ4pover
signal derived from a decaying oscillation in a first operatiomal
state of the reader, and a detection circuit {(Ul:B) connected to
the tuned cireuit {L1,C1) to detect modification of the decaying
oscillation causad by the gaid devire when in proximity with the
reader and to switch the reader to a second opexational strate in’
which a higher power signal is produced capable of powering the
reader (12) and the identcificatien device. ‘ |
13. A reading system according to claim 12 characterised in that
the higher power signal is derived from continuos c¢peration of
the tuned circuit (L1,C1).

14. A reading system according to claim 12 to 13 characterised
in that the tuned circuit (L1,CL) is ringed &0 as to oscillate
for a natural decaying period before the next pulse is applied.
15. A reading system according to any one of claims 1Z to 13
characterised in that the detection circuit {Ul:B) counts the
number of decaying ogcillations.

16. A reading system according to any omne claims 12 to 15
characterised in that the detection circuit (Ul:B) derives a
reference parameter for the decaying oscillation and responds to
changes therein, said reference parameter being derived from
multiple oscillations occurring over a period of time during a
pericd of stabilicy.

17. An identification system according to any one of claimg 1
to 11 in which the reader (12} compribes a reading system in

accordance with any one of claims 12 to 1l6.

WAVELYNX EX. 1002, Pg. 183
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



itfle

- 13 -
system of any one of claims 1 to 15.
18. A system according to any one of claims 1 to 11 or 17 when used to

cantrol operation of a door lock.

19. Asystem substantially as hareinbefore described with reference to the

accompanying drawings.
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