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UNITED STATES DISTRICT COURT
DISTRICT OF ARIZONA

SGS Technologies LLC, an Arizona Limited
Liability Company,

Plaintiff,
VS.

Bevchek Global Systems Inc. I, an unknown
Arizona entity in Arizona, Michael Fodor, an
individual, Michael and Jane Doe Fodor, husband
and wife, Bevchek Global Systems Inc. 1, an
unknown foreign corporation; Dayhu Investments
Ltd., an unknown foreign corporation, Robert
Tuthill, an individual, Robert and Jane Doe Tuthill,
husband and wife Steve Daves, an individual, Steve
and Jane Doe Daves, husband and wife, David
Creesy, an individual, David and Jane Doe Creesy,
husband and wife, Ronald M. Zien, an individual,
Ronald M. and Jane Doe Zien, husband and wife,
Stephen Anaka, an individual, Stephen and Jane
Doe Anaka, husband and wife, Robert Scragg, an
individual, Robert and Jane Doe Scragg, husband
and wife, Nart Bajj, an individual, Nart and Jane
Doe Bajj, hushand and wife, Kelli Rain, an
individual, and Kelli and John Doe Rain, wife and
husband, Kyle Zien, an individual, Kyle and Jane
Doe Zien, husband and wife; Philip Dayson, an
individual, Philip and Jane Doe Dayson, husband
and wife, Paul Tilbury, an individual, Paul and Jane
Doe Tilbury, husband and wife, John Doe Dayson
1-25, all individuals, Jane Doe Dayson 1-25, all
individuals, and John and Jane Doe Dayson 1-25,
husband and wife, and Bevchek Systems, Inc.

Defendants.

No. CV 09-1136 PHX-SRB

FIRST AMENDED
COMPLAINT

(DESIGN PATENT
INFRINGEMENT; PATENT
INFRINGEMENT, UNFAIR

COMPETITION; VIOLATION
OF LANHAM ACT, RICO
VIOLATIONS, BREACH OF
CONTRACT, TRADE
SECRET VIOLATIONS, and
THE INDUCEMENT OF ALL
CLAIMS ABOVE)

JURY TRIAL DEMANDED
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SGS Technologies LLC, through counsel, per FRCP 15(a) hereby files this

First Amended Complaint and for it alleges as follows:

JURISDICTION AND VENUE
1. This action arises under the Patent Laws of the United States, 35
U.S.C. 88271 and 281, for patent infringement and under 843(a) of the Lanham
Act, 15 U.S.C. 81125(a) for misrepresentation in commercial advertising or
promotion, and the Trademark Laws of the United States, 15 U.S.C. § 1051 et.

seq.

2. This Court has jurisdiction under 15 U.S.C. § 1121, 28 U.S.C. § 1331
and 28 U.S.C. § 1338(a) and (b).

3. This Court has jurisdiction over the unfair competition claims
asserted herein under the provisions of 28 U.S.C. § 1338(b) in that the claims are
joined with a substantial and related claim under the Trademark Laws of the
United States.

4. This Court also has jurisdiction under 28 U.S.C. § 1332, as there is a
diversity of citizenship between the parties, the matter in controversy exceeds the
sum of Seventy Five Thousand Dollars ($75,000), exclusive of interest and costs,
and it includes an action under Arizona law, for conduct within Arizona. Venue
Is proper in this District under 28 U.S.C. § 1391 and § 1391(b)(2).

5. This Court also has pendent jurisdiction over the state law claims
asserted herein in that they arise out of a common nucleus of operative fact with
Plaintiff’s federal claims.

6.  This Court also has jurisdiction over the out-of-state/out-of-country
Defendants under its long-arm statutes as these Defendants caused an event to

occur in Arizona out of which the claim arose.
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THE PARTIES
7. SGS Technologies LLC is an Arizona Limited Liability Company,

having a regular and established place of business in Phoenix, Arizona (herein
“SGS”).

8. Defendant Bevchek Global Systems Inc. | is an unknown entity with
an unknown business address in Arizona.

9. On information and belief, Defendant Michael Fodor is the Western
Regional Sales Manager of Defendant Bevchek Global Systems Inc. | in Arizona.
On information and belief, Defendant Fodor is married to Jane Doe Fodor at all
times material hereto and both were residents of Phoenix, Arizona. On
information and belief, all of his activities herein, were for his marital
community. In the alternative, Defendant Michael Fodor is the Western Regional
Sales Manager of Defendant Bevchek Global Systems Inc. I, and the latter
unlawfully conducts business in Arizona since it is not registered as foreign
corporation under Arizona law.

10. On information and belief, Defendant Bevchek Global Systems Inc. |
Is owned and operated in Arizona by Defendant Bevchek Global Systems Inc. I,
an unknown foreign corporation, whose true name also appears as Bevchek
Global Systems Inc. On information and belief, Defendant Bevchek Global
Systems Inc. | is wholly owned and operated in Arizona by Defendant Bevchek
Global Systems Inc. 11, an unknown foreign corporation. In the alternative, and,
on information and belief, Defendant Bevchek Global Systems Inc. | is part of
Defendant Bevchek Global Systems Inc. II, an unknown foreign corporation.

11. Global Systems Inc. IlI, an unknown foreign corporation does
business in this State through Defendant Bevchek Global Systems Inc. | and its

websites.
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12.  On information and belief, Defendant Dayhu Investments Ltd. an
unknown foreign entity, that owns and operates Defendant Bevchek Global
Systems Inc. | and Defendant Bevchek Global Systems Inc. I, or Bevchek Global
Systems Inc. and does business within this State via its subsidiary, Defendant
Bevchek Global Systems Inc. | or Defendant Bevchek Global Systems Inc. IlI.

13.  On information and belief, Defendant Dayhu Investments Ltd. is
managed and operated by Defendants Philip Dayson and Paul Tilbury, and/or
many other unknown members of an extended Dayson family, herein John Doe
and Jane Doe Dayson 1-25, each. On information and belief, Defendant Dayson
Is married to Jane Doe Dayson and Defendant Tilbury is married to Jane Doe
Tilbury, at all times material hereto. On information and belief a certain of John
Doe Dayson 1-25 is married to Jane Doe Dayson 1-25. On information and
belief, all of their activities herein, were for their respective marital communities.

14.  On information and belief, Defendant Robert Tuthill is Vice
President, Sales, Marketing & Strategic Relations of Bevchek Global Systems
Inc. Il and supervises Defendant Michael Fodor. On information and belief,
Defendant Tuthill is married to Jane Doe Tuthill at all times material hereto. On
information and belief, all of his activities herein, were for his marital
community.

15.  On information and belief, Bevchek Global Systems Inc. | and Il
(hereafter BGS) and/or Defendant Dayhu Investments Ltd. owns and operates

several websites it makes available in this district at http://www.bevchek.com and

at http://www.rhizome.ca/.

16.  On information and belief, BGS, makes brochures, flyers, and other
advertising of the goods and services it offers within Arizona and elsewhere,

available on its website for downloading as a PDF. Such a brochure announcing

_4 -
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Bevcheck’s Wireless Liquor Monitoring System was made available within this

district at http://www.bevchek.com. A true copy of the PDF file, free for the

download at http://www.bevchek.com is attached as Exhibit 1.

17.  On information and belief, Defendant Steve Daves is the Vice
President Sales, USA & Canada of Bevchek Global Systems Inc. Il. On
information and belief, Defendant Steve Daves supervises Defendant Michael
Fodor, the Sales Manager of Defendant Bevchek Global Systems Inc. | in
Arizona. On information and belief, Defendant Daves is married to Jane Doe
Daves at all times material hereto and whose residence is unknown. On
information and belief, all of his activities herein, were for his marital
community.

18.  On information and belief, Defendant Stephen Anaka is the Director
of Operations of Bevchek Global Systems Inc. Il. On information and belief,
Defendant Stephen Anaka supervises Defendants Steve Daves and Michael
Fodor, the Sales Manager of Defendant Bevchek Global Systems Inc. | in
Arizona. On information and belief, Defendant Anaka is married to Jane Doe
Anaka at all times material hereto and whose residence is unknown. On
information and belief, all of his activities herein, were for his marital
community.

19.  On information and belief, Defendant Robert Scragg is the Corporate
Finance officer of Operations of Bevchek Global Systems Inc. Il. On information
and belief, Defendant Stephen Anaka supervises Defendant Robert Scragg. On
information and belief, Defendant Scragg is married to Jane Doe Scragg at all
times material hereto and whose residence is unknown. On information and

belief, all of his activities herein, were for his marital community.
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20. On information and belief, Defendant Nart Bajj is the VP
Engineering & Operations of Bevchek Global Systems Inc. I1l. On information
and belief, Defendant Stephen Anaka supervises Defendant Nart Bajj. On
information and belief, Defendant Bajj is married to Jane Doe Bajj at all times
material hereto and whose residence is unknown. On information and belief, all
of his activities herein, were for his marital community.

21.  On information and belief, Defendant Kelli Rain is VP Business
Development of Bevchek Global Systems Inc. Il. On information and belief,
Defendant Kelli Rain supervises at least some employees of the corporate
Defendants, herein. On information and belief, Defendant Kelli Rain is married
to John Doe Rain at all times material hereto and whose residence is unknown.
On information and belief, all of his activities herein, were for her marital
community.

22.  On information and belief, Defendant Kyle Zien is Regional Sales
Manager of Bevchek Global Systems Inc. Il.  On information and belief,
Defendant Kyle Zien supervises at least some employees of the corporate
Defendants, herein. On information and belief, Defendant Kyle Zien is married
to Jane Doe Zien at all times material hereto and whose residence is unknown.
On information and belief, all of his activities herein, were for his marital
community.

23.  On information and belief, Defendant Ronald M. Zien was the
President as well as the Founder of Bevchek Global Systems Inc. | and Il. On
information and belief, Defendant Ronald M. Zien supervises all of the other
Bevcheck Defendants, herein. On information and belief, Defendant Ronald Zien
Is married to Jane Doe Zien at all times material hereto and whose residence is

unknown. On information and belief, all of his activities herein, including

-6 -
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binding the corporate entities to a Trade Secret Agreement, were for his marital
community.

24. In the alternative, on information and belief, Defendant David Creesy
replaced Ronald Zien in directing and controlling the affairs of Bevchek Global
Systems Inc. | and Il. On information and belief, Defendant David Creesy
supervises all of the other Bevcheck Defendants, herein. On information and
belief, Defendant David Christy is married to Jane Doe Christy, at all times
material hereto and whose residence is unknown. On information and belief, all
of his activities herein, were for his marital community.

25. On information and belief, Defendant Bevchek Systems, Inc. is an
unknown foreign corporation. Plaintiff lacks knowledge whether Bevchek
Systems, Inc. is related to Bevchek Global Systems Inc. | and Il, but alleges
Defendant Ronald M. Zien is also an officer of Defendant Bevchek Systems, Inc.
On June 12, 2008, Defendant Ronald M. Zien executed a Non-Disclosure and
Confidentiality Agreement with Nuvo Technologies, Inc., Aperio Technologies,
LLC, and their affiliates (collectively, “BarVision”) for the purpose of exploring
a potential business relationship between Recipient and BarVision. Pursuant to
this agreement, BarVision was to provide Recipient with certain Confidential
Information (defined below) of BarVision. A true copy of the Non-Disclosure
and Confidentiality Agreement executed by Defendant Ronald M. Zien for
Defendant Bevchek Systems, Inc. is attached as Exhibit 2.

DEVELOPMENT AND OWNERSHIP OF PATENTED
TECHNOLOGY
26.  An Arizona company named Nuvo Holdings, LLC had personnel that

invented novel designs with several issued patents all filed in 2004 and 2005,
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particularly, United States Patent Nos. D513,419 and D542,354, for Asset Tag
and Asset Tag for Pour Spout, respectively. Additionally Nuvo Holdings, LLC
personnel invented novel inventions that were patent under United States Patent
Nos. 7,088,258, 7,109,863, and 7,190,278 for inventions entitled, “Tilt Sensor
Apparatus and Method Therefor”, “RF Communications Apparatus and
Manufacturing Method Therefor”, and “Asset Tag with Event Detection
Capabilities”.

27. In approximately 2007, Nuvo Holdings, LLC ran into financial
difficulties and in February 2009 assigned the above patents to Nuvo
Technologies, Inc. for the sale of the assets of Nuvo Holdings, LLC. Mr. Zien
executed Exhibit 2 as a potential buyer of patented and non-patented assets of
Nuvo Holdings, LLC from Nuvo Technologies, Inc.

28. Ultimately, Plaintiff SGS bought the patented and non-patented
assets of Nuvo Holdings, LLC from Nuvo Technologies, Inc., including its
contracts and Exhibit 2. It also filed and recorded an assignment of all
aforementioned patents to Plaintiff. See Exhibit 3.

29. Recently, Plaintiff SGS learned the Defendants had designed an
Asset Tag for a pour spout, that wholly embodies the appearance of Plaintiff’s
designs, made under Nuvo Holdings, LLC and now owned by Plaintiff SGS.

COUNT1

(Design Patent Infringement I)
30. Plaintiff hereby incorporates by reference the allegations, above in

paragraphs 1-29, to the same extent as if they were fully restated herein.
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31. On January 3, 2006, United States Design Patent No. D513,419 was
duly and legally issued in the name of Christopher S. Morrison and Adam A.
Studnicki as inventor of an Asset Tag. See Exhibit 4.

32. Plaintiff, SGS, is the owner by Assignment of the entire right, title,
and interest in and to said Design Patent No. D513,419. Also see Exhibit 3.

33.  On information and belief, all of these Defendants have been and still
are infringing the aforesaid United States Design Patent No. by using, offering to
sell, and selling pour spouts utilizing the design shown and claimed in said design
patent within this District and elsewhere.

34. Plaintiff, SGS, manufactures, offers to sell, and sells goods,
including, but not limited to, pour spouts in accordance with and embodying said
design of said design patent, and on information and belief, the goods heretofore
sold by SGS and its predecessors since the issuance of said patent has borne
proper notice of said patent, pursuant to 35 U.S.C. §287.

35. Notwithstanding the issuance of this patent, the individual and
related Defendants, in complete disregard of their due diligence thereof and in
deliberate knowing and wanton disregard of the rights of the Plaintiff, proceeded
with the use, offer to sell, and sale of said infringing virtual goods, and has been,
and upon information and belief, is still using, offering to sell, or causing to be
sold, such infringing goods, thereby deriving unlawful gains and profits, and will
continue to do so by continued infringement of said patent in deliberate, knowing,
and wanton disregard of the rights of Plaintiff and to Plaintiff's irreparable
damage, unless restrained by this Court.

36. Plaintiff has been damaged by the infringing acts of the Defendant in
an amount unknown to Plaintiff, but Plaintiff asks leave to insert by amendment

the amount of damages herein when the same is ascertained.

-9-



http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=5&f=G&l=50&co1=AND&d=PTXT&s1=nuvo.ASNM.&OS=AN/nuvo&RS=AN/nuvo
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=5&f=G&l=50&co1=AND&d=PTXT&s1=nuvo.ASNM.&OS=AN/nuvo&RS=AN/nuvo

oo 0o AWDN

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

Case 2:09-cv-01136-SRB Document 28 Filed 09/08/09 Page 10 of 133

WHEREFORE, Plaintiff prays:

a. A finding by this Court that Defendants have infringed or conspired to
infringe United States Patent No. D513,419;

b. An award against Defendants for the damages suffered by Plaintiff as a
result of Defendants' acts of infringement with prejudgment interest
thereon;

c. For judgment trebling the amount of damages determined to be
attributable to acts of patent infringement by Defendant.

d. An order enjoining Defendants and their agents, servants, employees and
attorneys and all other persons acting in concert or in participation with
Defendants from infringing Plaintiff's United States Patent No.
D513,419;

e. An award to Plaintiff SGS of attorney's fees, costs and expenses in this
action; and

f. That this Court grant such other and further relief as this Court may
deem just.

COUNT 1l
(Design Patent Infringement I1)

37. Plaintiff hereby incorporates by reference the allegations, above in
paragraphs 1-36, to the same extent as if they were fully restated herein.

38. On May 8, 2007, United States Design Patent No. D542,354 was
duly and legally issued in the name of Christopher S. Morrison as inventor of an
Asset Tag for a Pour Spout. See Exhibit 5.

39. Plaintiff, SGS, is the owner by Assignment (also see Exhibit 3) of the
entire right, title, and interest in and to said Design Patent No. D542,354.

-10 -
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40.  On information and belief, all of these Defendants have been and still
are infringing the aforesaid United States Design Patent No. D542,354 by using,
offering to sell, and selling pour spouts utilizing the design shown and claimed in
said design patent within this District and elsewhere.

41. Plaintiff, SGS, manufactures, offers to sell, and sells goods,
including, but not limited to, pour spouts in accordance with and embodying said
design of said design patent, and on information and belief, all of the goods
heretofore sold by SGS and its predecessors since the issuance of said patent has
borne proper notice of said patent, pursuant to 35 U.S.C. §287.

42. Notwithstanding the issuance of this patent, the individual and
related Defendants, in complete disregard of their due diligence thereof and in
deliberate knowing and wanton disregard of the rights of the Plaintiff, proceeded
with the use, offer to sell, and sale of said infringing virtual goods, and has been,
and upon information and belief, is still using, offering to sell, or causing to be
sold, such infringing goods, or contributing to same, thereby deriving unlawful
gains and profits, and will continue to do so by continued infringement of said
patent in deliberate, knowing, and wanton disregard of the rights of Plaintiff and
to Plaintiff's irreparable damage, unless restrained by this Court.

43. Plaintiff has been damaged by the infringing acts of the Defendant in
an amount unknown to Plaintiff, but Plaintiff asks leave to insert by amendment
the amount of damages herein when the same is ascertained.

WHEREFORE, Plaintiff prays:

a. A finding by this Court that all of the Defendants have infringed or

contributed to infringe United States Patent No. D542,354;

-11 -
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b. An award against Defendants for the damages suffered by Plaintiff as a
result of Defendants' acts of infringement with prejudgment interest
thereon;

c. For judgment trebling the amount of damages determined to be
attributable to acts of patent infringement by Defendant.

d. An order enjoining Defendants and their agents, servants, employees and
attorneys and all other persons acting in concert or in participation with
Defendants from infringing Plaintiff's United States Patent No.
D542,354;

e. An award to Plaintiff SGS of attorney's fees, costs and expenses in this
action; and

f. That this Court grant such other and further relief as this Court may
deem just.

COUNT 111
(Patent Infringement I)

44.  Plaintiff hereby incorporates by reference the allegations, above in
paragraphs 1-43, to the same extent as if they were fully restated herein.

45.  On information and belief, all of the Defendants have infringed
Plaintiff’s Patent No. 7,088,258 by making, using, offering to sell, and/or selling
pour spouts with tilt sensors covered by the claims of said Patent No. 7,088,258
in the United States and specifically in this District of Arizona, and will continue
such infringement unless enjoined by this Court. A copy of said patent is
attached as Exhibit 6.

46.  As aresult of Defendants’ acts, Plaintiff has been damaged.
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WHEREFORE, Plaintiff prays:

a. A finding by this Court that all of the Defendants have infringed or
contributed to infringe United States Patent No. 7,088,258;

b. An award against Defendants for the damages suffered by Plaintiff as a
result of Defendants' acts of infringement with prejudgment interest
thereon;

c. For judgment trebling the amount of damages determined to be
attributable to acts of patent infringement by Defendant.

d. An order enjoining Defendants and their agents, servants, employees and
attorneys and all other persons acting in concert or in participation with
Defendants from infringing Plaintiff's United States Patent No.
7,088,258;

e. An award to Plaintiff SGS of attorney's fees, costs and expenses in this
action; and

f. That this Court grant such other and further relief as this Court may
deem just.

COUNT IV

(Patent Infringement I1)

47. Plaintiff hereby incorporates by reference the allegations, above in
paragraphs 1-45, to the same extent as if they were fully restated herein.

48. On information and belief, Defendants have infringed Patent No.
7,109,863 by making, using, offering to sell, and/or selling pour spouts with RF
communications apparatus and or using manufacturing methods to make a pour
spout covered by the claims of said Patent No. 7,109,863 in the United States and
specifically in this District of Arizona, and will continue such infringement unless
enjoined by this Court. A copy of said patent is attached as Exhibit 7.

49.  As aresult of Defendants' acts, Plaintiff has been damaged.

-13-



http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=4&f=G&l=50&co1=AND&d=PTXT&s1=nuvo.ASNM.&OS=AN/nuvo&RS=AN/nuvo
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=4&f=G&l=50&co1=AND&d=PTXT&s1=nuvo.ASNM.&OS=AN/nuvo&RS=AN/nuvo
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=3&f=G&l=50&co1=AND&d=PTXT&s1=nuvo.ASNM.&OS=AN/nuvo&RS=AN/nuvo
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnetahtml%2FPTO%2Fsearch-bool.html&r=3&f=G&l=50&co1=AND&d=PTXT&s1=nuvo.ASNM.&OS=AN/nuvo&RS=AN/nuvo

Case 2:09-cv-01136-SRB Document 28 Filed 09/08/09 Page 14 of 133

WHEREFORE, Plaintiff prays:
a. A finding by this Court that Defendants have infringed or conspired to
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infringe United States Patent No. 7,109,863,;

. An award against Defendants for the damages suffered by Plaintiff as a

result of Defendants' acts of infringement with prejudgment interest
thereon;

. For judgment trebling the amount of damages determined to be

attributable to acts of patent infringement by Defendant.

. An order enjoining Defendants and their agents, servants, employees and

attorneys and all other persons acting in concert or in participation with
Defendants from infringing Plaintiff's United States Patent No.
7,109,863;

. An award to Plaintiff SGS of attorney's fees, costs and expenses in this

action; and

. That this Court grant such other and further relief as this Court may

deem just.

COUNT V

(Patent Infringement I11)
Plaintiff hereby incorporates by reference the allegations, above in

paragraphs 1-49, to the same extent as if they were fully restated herein.

On information and belief, Defendants have infringed Patent No.

7,190,278 by making, using, offering to sell, and/or selling asset tags with event
detection capabilities covered by the claims of said Patent No. 7,190,278 in the
United States and specifically in this District of Arizona, and will continue such
infringement unless enjoined by this Court. A copy of said patent is attached as
Exhibit 8.
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52. As aresult of Defendants' acts, Plaintiff has been damaged.

WHEREFORE, Plaintiff prays:

a. A finding by this Court that all of the Defendants have infringed or
conspired to infringe United States Patent No. 7,190,278;

b. An award against Defendants for the damages suffered by Plaintiff as a
result of Defendants' acts of infringement with prejudgment interest
thereon;

c. For judgment trebling the amount of damages determined to be
attributable to acts of patent infringement by Defendant.

d. An order enjoining Defendants and their agents, servants, employees and
attorneys and all other persons acting in concert or in participation with
Defendants from infringing Plaintiff's United States Patent No.
7,190,278;

e. An award to Plaintiff SGS of attorney's fees, costs and expenses in this
action; and

f. That this Court grant such other and further relief as this Court may
deem just.

COUNT VI
(Unfair Competition - False Designation of Origin with Regard to Product
Designs)
53. Plaintiff hereby incorporates by reference the allegations above in
paragraphs 1-47, to the same extent as if they were fully restated herein.
54. Plaintiff, SGS, is in the business of developing, manufacturing, and
selling pour spouts with features as shown and disclosed in the aforesaid two

design patents.
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55. Plaintiff and its predecessor-in-interest have, over a period of many
years, expended time, money, and effort in promoting pour spouts under the
patented designs.

56. Upon information and belief, purchasers and potential purchasers of
these pour spouts recognize said shapes and features as those originating from
and manufactured by Plaintiff.

57. As aresult of said association by purchasers and potential purchasers,
the appearance of Plaintiff's pour spouts represents business property and
goodwill owned by Plaintiff.

58.  Upon information and belief, Defendants for a time have copied the
appearance of Plaintiff's pour spouts and have sold or offered for sale copies of
such pour spouts within this jurisdiction and elsewhere for the express purpose of
passing off these spouts as those of Plaintiff.

59. That these acts of unfair competition of Defendants fall within the
meaning of 15 U.S.C. 81125(a), were done to divert and secure to Defendants the
profits arising from Plaintiff's goodwill and have damaged Plaintiff in an amount

in excess of $75,000, exclusive of interest and costs.

WHEREFORE, Plaintiff prays:

a. For an accounting and determination of the damages Plaintiff has
suffered in consequence of Defendant's acts of patent infringement and
of the profits gained by Defendant, by copying Plaintiff's product, unfair
competition, and misappropriation.

b. For judgment treble the amount determined by said accounting to be
attributable to acts of patent infringement by Defendant.
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c. That this Court, pursuant to the power granted it under 15 U.S.C. §
1118, order that the Defendants cease use of all advertising of pour
spouts;

d. For an injunction strictly commanding Defendants, their agents,
servants, and employees, and those in active concert or participation
with it to refrain from further acts of patent infringement, unfair
competition, and unjust enrichment as aforesaid.

e. For judgment against Defendant in the sum of at least $75,000, to be
attributable to the joint acts of breach of contract by Defendants.

f. For judgment against Defendant in the amount necessary to compensate
Plaintiff for its reasonable costs, interest, and attorney fees incurred and
expended in conjunction with this action.

g. For such other and further relief as this Court shall deem proper and
necessary to adequately compensate Plaintiff.

COUNT VII
(Unfair Competition - Misrepresentation in Commercial Advertising or

Promotion of the Nature, Characteristics, Qualities, or Geographic Origin of
His or Her or Another Person's Goods, Services, or Commercial Activities)

60. Plaintiff hereby incorporates by reference the allegations above in
paragraphs 1-59, to the same extent as if they were fully restated herein.

61. Upon information and belief, Defendants for a time have copied the
appearance of Plaintiff's pour spouts and have sold or offered for sale copies of
such pour spouts within this jurisdiction and elsewhere for the express purpose of
passing off these spouts as those of Plaintiff.

62. Upon information and belief, Defendants for a time have

misrepresented the nature, characteristics, qualities, or geographic origin of his or
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her or another person's goods, services, or commercial activities in commercial
advertising or promotion, by advertising copies of Plaintiff’s patented pour spouts
asset tags, as Defendants.

63. That these acts of unfair competition of Defendants fall within the
meaning of 15 U.S.C. 81125(a), were done to divert and secure to Defendants the
profits arising from Plaintiff's goodwill and have damaged Plaintiff in an amount

in excess of $75,000, exclusive of interest and costs.

WHEREFORE, Plaintiff prays:

a. For an accounting and determination of the damages Plaintiff has
suffered in consequence of Defendant's acts of patent infringement and
of the profits gained by Defendant, by copying Plaintiff's product, unfair
competition, and misappropriation.

b. For judgment treble the amount determined by said accounting to be
attributable to acts of patent infringement by Defendant.

c. That this Court, pursuant to the power granted it under 15 U.S.C. §
1118, order that the Defendants cease use of all advertising of pour
spouts;

d. For an injunction strictly commanding Defendant, its agents, servants,
and employees, and those in active concert or participation with it to
refrain from further acts of patent infringement, unfair competition, and
unjust enrichment as aforesaid.

e. For judgment against each and every Defendant in the sum of at least
$75,000, to be attributable to acts of breach of contract by each and
every Defendant.
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f. For judgment against each and every Defendant in the amount
necessary to compensate Plaintiff for its reasonable costs, interest, and
attorney fees incurred and expended in conjunction with this action.

g. For such other and further relief as this Court shall deem proper and
necessary to adequately compensate Plaintiff.

COUNT VIII
(Violation of Lanham Act)

64. Plaintiff hereby incorporates by reference the allegations, above in
paragraphs 1-63, to the same extent as if they were fully restated herein.

65. Defendants have continued to offer their identical offerings of pour
spouts and related products and services to enter into commerce with the
appearance and designations of Plaintiff connected therewith. Defendants’
continued use of SGS’s product designs are false designations of origin, which
are likely to cause confusion, to cause mistake, and to deceive as to the affiliation,
connection or association of Defendants with Plaintiff, its products, and as to the
origin, sponsorship, or approval of such products and services by Plaintiff.

66. These acts are in violation of 15 U.S.C. § 1125(a), in that Defendants
have used in connection with goods and/or services a false designation of origin,
a false or misleading description, and representations of fact which are likely to
cause confusion, and to cause mistake, and to deceive as to the affiliation,
connection, or association of Defendants with Plaintiff and as to the origin,
sponsorship, and approval of Defendants’ services and commercial activities, by
Plaintiff.

67. By reason of Defendants’ acts as alleged herein, SGS, the current

owner and user of Nuvo Holdings, LLC’s well-known pour spout technology, has
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and will suffer damage to its business, reputation and goodwill and the loss of

fees, sales, and profits Plaintiff would have made but for Defendants’ acts.
WHEREFORE, Plaintiff SGS prays for judgment against all of the
Defendants, and each of them, as follows:

a. For an award of treble the amount of actual damages suffered by
Plaintiff pursuant to Section 43(a) of the Lanham Act;

b. For an award of punitive damages in an amount sufficient to punish
Defendants for their wrongful conduct and to deter others from engaging
in similar conduct in the future;

c. For an award of the costs incurred in pursuing this action, including
reasonable attorneys’ fees; and

d. For all other relief deemed proper by the Court under the circumstances.

COUNT 1IX
(Violation of Civil RICO Sub-Section B)

68. Plaintiff hereby incorporates by reference allegations in paragraphs
1-67 of this Complaint to the extent as if they were fully restated herein.

69. Title 18 U.S.C. 8 1962(b) states:

(b) It shall be unlawful for any person through a pattern of racketeering
activity or through collection of an unlawful debt to acquire or maintain,
directly or indirectly, any interest in or control of any enterprise which is
engaged in, or the activities of which affect, interstate or foreign
commerce.

70. Title 18 U.S.C. 8 1962(d) states:

(d) It shall be unlawful for any person to conspire to violate any of the
provisions of subsection (a), (b), or (c) of this section.

71.  On information and belief, the individual Defendants and/or one or
several of the other entities have formed a collective entity formed to fraudulently
collect monies from their sales of goods and services in connection with SGS

patented and recognizable products designs.
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72. Defendants have fraudulently misrepresented in commerce that SGS
does not hold exclusive rights to use the issued patented asset tag design in
commerce, to fraudulently collect monies from sales of its goods and services.

73.  On information and belief, Defendants, by and through their
concerted conduct, have violated both 881962 (b) and (d) of Title 18. Defendants
have operated the two BGS entities, Bevchek Systems, Inc., and/or Dayhu
Investments Ltd. in concert as an “enterprise” in violation of the Racketeer
Influenced and Corrupt Organizations Act (“RICO”), 18 U.S.C. § 1962(c).

COUNT X
(Violation of Civil RICO Sub-Section C)
74. Plaintiff hereby incorporates by reference allegations in paragraphs
1-73 of this Complaint to the extent as if they were fully restated herein.

75. Title 18 U.S.C. § 1962(c) states:

(c) It shall be unlawful for an)(] person employed by or associated with
any enterprise engaged in, or the activities of which affect, interstate or
foreign commerce, to conduct or participate, directly or indirectly, in the
conduct of such enterprise’s affairs through a pattern of racketeering
activity or collection of unlawful debt.

76. Title 18 U.S.C. 8 1962(d) states:

(d) It shall be unlawful for any person to conspire to violate any of the
provisions of subsection (a), (b), or (c) of this section.

77. On information and belief, these Defendants have attempted to
collect monies from sales of its goods and services in connection with SGS
design patented asset tags.

78. Defendants have fraudulently misrepresented in commerce that SGS
does not hold exclusive rights to use the product designs in commerce, to
fraudulently collect monies from sales of its goods and services.

79.  On information and belief, Defendants, by and through their
concerted conduct, have violated both 881962 (c) and (d) of Title 18.
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WHEREFORE, Plaintiff prays for judgment against the Defendants as

follows:

(a) Declaring that any of all of the Defendants violated subsection (a),
(b), or (c) of Title 18 U.S.C. § 1962.

(b) Civil Damages for any or all of the Defendants that violated
subsection (a), (b), or (c) of Title 18 U.S.C. 8 1962 under Title 18
U.S.C. § 1964.

(c) Criminal Penalties for any or all of the Defendants that violated
subsection (a), (b), or (c) of Title 18 U.S.C. § 1962 under Title 18
U.S.C. § 1963.

COUNT XlII
(Breach of Contract)

80. Plaintiff hereby incorporates by reference the allegations above in

paragraphs 1-79 to the same extent as if they were fully restated herein.

81. On information and belief, by releasing even a look alike of

technology shared by Nuvo Technologies, Inc. with them, Defendants Bevchek
Systems, Inc. and Zien have breached the June 12, 2008 agreement attached as
Exhibit 2.

82. As aresult of Defendants' acts, Plaintiff SGS has been damaged.

WHEREFORE, Plaintiff prays:

a. For judgment against Defendant in the sum of at least $75,000, to be
attributable to the joint acts of breach of contract by Defendants.

b. Awarding Plaintiff the costs of the action;

c. Awarding Plaintiff its reasonable attorney fees pursuant to Arizona
Revised Statutes §812-341.1.
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COUNT X111
(Trade Secret Violations)

83. Plaintiff hereby incorporates by reference the allegations above in
paragraphs 1-82 to the same extent as if they were fully restated herein.

84. On information and belief, while Defendant Zien executed Exhibit 2
for Bevchek Systems, Inc., he learned trade secrets from Nuvo Technologies, Inc.
on how to make and/or design pour spouts.

85. On information and belief, Defendant Zien shared the trade secret
material he obtained with Defendants Bevchek Systems, Inc., Bevchek Systems,
Inc., and with one or more of the individual Defendants herein in unlawful
misappropriate ways.

86. On information and belief, Defendant Zien misappropriated Nuvo
Technologies, Inc.’s trade secrets, now owned by Plaintiff SGS, with Defendants
Bevchek Systems, Inc., Bevchek Systems, Inc., and with one or more of the
individual Defendants herein.

87. All of the Defendants’ use of the information divulged violates
Arizona Revised Statutes §844-401 to 44-407.

COUNT XI

~ (Contributory Design Patent Infringement, Contributory Patent
Infringement Contributory Unfair Competition; Contributory Violation Of
Lanham Act; Contributory False Designation Of Origin; Contributory
Violation of Civil Rico Sub-Sections; Contributory Breach of Contract
Contributory Violation of Trade Secrets)
88. Plaintiff hereby incorporates by reference the allegations, above in
paragraphs 1-87, to the same extent as if they were fully restated herein.
89. Upon information and belief, the individual Defendants manage and

operate their respective company entities.
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90. Upon information and belief, the individual Defendants direct and
operate corporate Defendants.

91. Upon information and belief, and by operation of law, all of these
Defendants knew Plaintiff owned the design patents, the utility patents, and the
confidentiality agreement and had knowledge of each Defendants’ infringement,
breach, and violations of law thereof.

92.  Upon information and belief, the individual Defendants induced the
corporate Defendants to infringe Plaintiff’s design patents, to infringe Plaintiff’s
utility patents, to unfairly compete, to commit False Designation of Origin, to
fraudulently misrepresent Plaintiff’s exclusive rights in its designs, by infringing
its design patents, to misrepresent in advertising Plaintiff’s patented design(s) as
its own, to misappropriate Plaintiff’s trade secrets and they conspired together to
do all of same as an organized business, using mail, email, phone and other
interstate communications methods.

WHEREFORE, Plaintiff prays for relief against Defendants as follows:

a. Declaring that Defendants unauthorized conduct violates Plaintiff's rights
under the Patent Act in multiple counts of infringement;

b. Declaring that Defendants unauthorized conduct violates Plaintiff's trade

secret rights under the A.R.S. 844-401;

c. Awarding Plaintiff Defendants’ profits,

d. Awarding Plaintiff any damages sustained by the Plaintiff,

e. Awarding Plaintiff damages including both the actual loss caused by
misappropriation and the unjust enrichment caused by misappropriation

that is not taken into account in computing actual loss, per A.R.S. §44-

403(A).

f. Awarding Plaintiff the costs of the action;

-24 -




oo 0o AWDN

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

Case 2:09-cv-01136-SRB Document 28 Filed 09/08/09 Page 25 of 133

g. Awarding Plaintiff its reasonable attorney fees pursuant to Arizona

J-

Revised Statutes 8844-405 and/or 12-341.1;

. Awarding Plaintiff elevated and/or punitive damages to Plaintiff because

the listed Defendants’ conduct was malicious and intentional.

Declaring that Defendants trade secret violations were willful, and that
malicious misappropriation exists,

Awarding Plaintiff exemplary damages in an amount not exceeding twice
any award made under A.R.S. 844-403(A) per under A.R.S. §844-403(B);

k. Awarding Plaintiff damages for each contributory award for each judgment

of contributing to infringe Plaintiff’s design patents, to infringe Plaintiff’s
utility patents, to unfairly compete, to commit False Designation of Origin
and Misrepresentation in advertising, to fraudulently misrepresent
Plaintiff’s exclusive rights in its designs, to infringe its design patents and
conspired together to do all of same as an organized business, using mail,
email, phone and other interstate communications method.

For judgment against Defendant in the amount necessary to compensate
Plaintiff for its reasonable costs, interest, and attorney fees incurred and
expended in conjunction with this action.

. For such other and further relief as this Court shall deem proper and

necessary to adequately compensate Plaintiff.

Dated this 8" day of September, 2009

By:

s/Jordan M. Meschkow
Jordan M. Meschkow, AZ Bar No. 007454
MESCHKOW & GRESHAM, P.L.C.
5727 North Seventh Street, Suite 409
Phoenix, AZ 85014-5818
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Certificate of Service

| hereby certify that on September 8, 2009, the foregoing was electronically
transmitted to the Clerk’s Office of the United States District Court for the District
of Arizona using the CM/ECF System and for filing and transmittal of Notice of
Electronic Filing to the following CM/ECF registrants:

Sid Leach

Albert L. Underhill

SNELL & WILMER L.L.P.

One Arizona Center

400 E. Van Buren

Phoenix, AZ 85004-2202

Attorneys for Bevchek Global
Systems, Inc.

s/Jordan M. Meschkow
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\

Introducing Bevchek’s
Wireless Liquor
Monitoring System

Bevchek Global Systems Inc., the first company to introduce a
real-time, web-based Draft Beer Control System to the hospitality
industry, is introducing the Bevchek Wireless Liquor Control System,
which uses the most accurate and reliable technology available today.

The challenge in managing bar inventory has
always been implementing controls withaut
negatively impacting the guests” experience.
Bevchek's powerful new wireless liguor monitoring
system leverages the technalagy of the Bevchek
Draft Beer Control System combined with RFID-
enabled pour spouts to monitor the bartenders'
free pours then seamlessly transmils usage data
for every fraction of an ounce of liquor poured.

Real Time POS integration allows you to easily Gevchel
match your usage data with sales data from your RFID-pnabled
fig o por 5gout

paint of sale system to provide all the information
you need to pinpoint varances from over and
under-pouring, after-hour's activity, drinks not

rung in, and much mare,
beythek

MAKES EVERY QLUMNCE COUNT
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Non-Disclosure and Confidentiality Agreement

Bevchek Systems, Inc. {("Recipient”) desires to have
Nuvo Technologies, Inc., Aperio Technologies, LLC
and their affiliates {(collectively, “BarVision”) provide
Recipient with certain Confidential Information (defined
below) of BarVision for the purpose of exploring a
potential business relationship between Recipient and
BarVision.

1. "Confidential Information” means confidential and
proprietary information and trade secrets regarding
technology, business plans, ideas, concepts, drawings,
specifications, designs, processes, developments,
engineering data, manufacturing data, marketing data,
financial data, methods, improvements, and other
know-how. Confidential Information may be in writing,
in tangible form, or disclosed orally or visually. Failure
to mark an item as “Confidential” or otherwise shall not
affect its status as Confidential Information.

2. Recipient acknowledges that the Confidential
information was designed and developed by BarVision
at great expense and over lengthy periods of time, is
secret and confidential, is valuable and unique, is
critical to the livelihood of BarVision's business, and
that any unauthorized use or disclosure of such
Confidential Information would cause irreparable injury
to BarVision.

3. Recipient shall (a) use the Confidential Information
only for the purpose specified above, (b) use utmost
diligence to protect the Confidential Information, (c) not
disclose the Confidential Information to any third
parties, and (d) limit circulation of the Confidential
Information to only such employees who have a direct
“need to know".

4. All rights, title and interest in and to the Confidential
Information remain BarVision's property. No right or
license, express or implied, is granted hereunder to the
Confidential Information or to any patent or other
intellectual property right of BarVision. Recipient shall
not copy the Confidential Information without the prior
written consent of BarVision. Upon request of
BarVision, Recipient agrees to immediately return to
BarVision or destroy all Confidential Information.

5. Confidential Information shall not include
information that Recipient can prove, with clear and
convincing evidence: (a) is or becomes publicly known
through no fault of Recipient, (b) is independently
developed by or for Recipient without use of the
Confidential Information, (¢) was known to Recipient
before receipt from BarVision, as shown by its prior
records, {(d) is required to be disclosed by law or
governmental order, provided that BarVision shall be
provided as much advance written notice of such a
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disclosure as is practical under the circumstances, or (e)
is disclosed by the Recipient with BarVision's prior
written permission.

6. Recipient acknowledges and agrees that in the event
of any breach or threatened breach of this Agreement by
Recipient, its agents or employees, BarVision shall be
entitled, in addition to all other remedies available at law
or in equity, to injunctive relief to restrain such breach or
threatened breach without having to prove actual
damages, as well as an equitable accounting of all profits
or benefits arising from such violation. This Agreement
shall be governed and construed under the laws of
Arizona, USA, without regard to conflicts of laws.
Recipient agrees and consents to venue and jurisdiction
in Maricopa County, Arizona.

7. All Confidential Information is provided on as “AS IS”
basis with no warranty whatsoever.

8. This Agreement may not be amended except in
writing signed by duly authorized representatives of
Recipient and BarVision. The undersigned is an
authorized representative of Recipient.

9. The failure of BarVision to enforce any right resulting
from breach of any provision of this Agreement shall not
be deemed a waiver of any right relating to a subsequent
breach of such provision or any other right hereunder. If
any of the provisions of this Agreement are determined
to be invalid, illegal or unenforceable, the remaining
provisions shall remain in full force and effect.

10. The language of this Agreement shail be deemed to
have been approved by both parties, and no rule of strict
construction will be applied against Recipient or
BarVision. This agreement may not be assigned or
transferred by Recipient without the prior written consent
of BarVision.

11. This Agreement shall be binding upon Recipient, its
heirs, repres \ves, successors and permitted
assigns, a1d shall fun to the benefit of BarVision, its

i S, successors and assigns.

" Inc. (‘Reeipient”)

Signature™_}

(
Printed name: %UACD Zl‘é}\\
Title: |

Date: Q’OME [2/\08

Y

P/N 488 - Rev. 1.0-092705
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ASSIGNMENT OF INTELLECTUAL PROPERTY

This Assignment of Intellectual Property (the “Assignment™) is being made pursuant to
the Bill of Sale and Asset Purchase Agreement, dated as of Fébrng 2 2009 (the “Purchase
Agreement”), by and between SGS Technologies, LLC, an Arizona limited liability company
(“Buyer”) and Nuvo Technologies, Inc., an Arizona corporation (“Seller”).

RECITAL

Seller has agreed, pursuant to the Purchase Agreement, to sell, convey, transfer, assign,
and deliver to Buyer, and Buyer desires to purchase, acquire, and accept all of Seller’s
worldwide right, title, and interest in, to, and under Seller’s intellectual property rights, the
goodwill associated therewith and all prior, present, and future causes of action for infringement
and misappropriation thereof, including (a) registered and unregistered domestic and foreign
patents and patent applications including the patents and patent applications listed on Schedule A
attached to, and incorporated by reference into, this Assignment (the “Patents™), (b) registered
and unregistered domestic and foreign servicemarks, trademarks, trademark applications and
trade names, including without limitation the servicemarks, trademarks, servicemark and
trademark applications and trade names listed on Schedule B attached to, and incorporated by
reference into, this Assignment (the “Marks™), and (c) domestic and foreign domain names and
domain name applications and/or domain name rights listed in Schedule C attached to, and
incorporated by reference into, this Assignment (the “Domain Names™).

ASSIGNMENT

1. Seller, for and in exchange for the payment of the consideration set forth in the
Purchase Agreement, the receipt and adequacy of which is hereby acknowledged, does hereby
scll, convey, transfer, assign, and deliver to Buyer, and Buyer hereby purchases, acquires, and
accepts, all of Seller’s worldwide right, title, and interest in, to, and under the Seller’s intellectual
property rights, the Patents, the Marks, and the Domain Names, together with the goodwill of the
business associated therewith and which is symbolized thereby, all rights to sue for infringement
and misappropriation of any intellectual property rights, Patent, Mark, or Domain Names
whether arising prior to, at, or subsequent to the date of this Assignment, and any and all
renewals and extensions thereof that may hereafter be secured under the laws now or hereafter in
effect in the United States, Canada, Brazil, South Africa, Mexico, India, and in any other
jurisdiction, the same to be held and enjoyed by the Buyer, its successors and assigns, from and
after the date of this Assignment as fully and entirely as the same would have been held and
enjoyed by Seller had this Assignment not been made.

2. Except to the extent that federal law preempts state law with respect to the matters
covered by this Assignment, this Assignment shall be governed by and construed in accordance
with the laws of the State of Arizona without giving effect to any Arizona or other conflict-of-
law provision to the contrary.

3. For the purposes of this Assignment, all use of the word “including” shall mean
“including without limitation.”
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Dated this 2/ day of l{éﬁgég, 2009.

“Seller"

Nuvo Technologi orporation

By:

Adam @tudrﬁcki, Chief Executive Officer

State of ARIZONA )
) ss.:
County of Maricopa ) <.

On this é‘dﬂ day of I{é’ga&, 2009, before me,/u“"‘" Sh";('mf.:’}fc‘ai'sonally appeared
Adam Studnicki, Chief Executive Officer of Nuvo Technologies, Inc., personally known to me
(or proved to me on the basis of satisfactory evidence) to be the person whose name is
subscribed to the within instrument and acknowledged to me that he executed the same in his
authorized capacity and that by his signature on the instrument the person, or the entity upon
behalf of which the person acted, executed the instrument,

Witness my hand and official seal,

R QFFIC
e NICOLE J. HiNSON

j Notary Public . §4 r
; MARIC GRS ate of Anzonu

My Comm, Expxras Nov 14 2009

tary Pubfi
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SCHEDULE A
PATENTS
AE% Patent No. Title Country Filing Date ED?:%:
o Inventory System and
60/650,307 Methods USA
60/561,191 nventory System and USA  3/8/2004
7 ethods

System and Method for
PCT/US05/007 Managing the Dispensasicn ~ PCT 3/8/2005
481

of a Bulk Product

Asset Tag with Event

10/795,720 7,190,278 Detection Capabilities

USA 3/8/2004 3/13/2007

29/201,901 D513419 Asset Tag USA 3/23/2004  1/3/2006

Tilt Sensor Apparatus and

10/906,646 7,088,258 Method Therefor USA 2/28/2005 8/8/2006
PCT/US05/007 Tilt Sensor Apparatus and
575 Method Therefor PCT 3/8/2005

1738336 Tilt Sensor Apparatus and
5724988 if it had Method Therefor PCTEP  10/3/2008

issued.
10/592,098 Tilt Sensor Apparatus and PCTUS  9/7/2006

Method Therefor

RF Communications
10/906,806 7,109,863 Apparatus and Manufacturing USA 31712005 9/19/2006
Method Therefor

291227 846 D542354  Asset Tag for Pour Spout USA  4/15/2005  5/8/2007
60/705,885 Pour Spout Assembly USA  8/5/2005
E;JST" US06/003 Pour Spout Assembly PCT 2/1/2006
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Asset Monitoring Tag fo
60/728,211 Asset Monitoring System USA 10/18/2005
Communications Method

Asset Monitoring

11/583,510 Communication System and USA 10/18/2006
Method Therefor
Inventory Management

60/896,047 System with POS Integration USA 3/21/2007

Inventory Management
12/052,608 System with POS Integration
Asset-Tag Based System and
Method for Managing Assets
No Application assigned by the Estate of
Filed Christopher S. Morrison to
Nuvo Technologies, Inc. on
March 20, 2008

USA 3/20/2008
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SCHEDULE B
MARKS
Mark Country/State No.fI_RELe I.’No. Goods/Services
. Hardware and software
BAR VISION Arizona 387822 development

Hardware and software used for

BA'SE’S(';%N & | United States | 3,072,145 inventory _ tracking and/or
management, in Class 9

Hardware and software used for

BARVISION Brazil B28290695 inventory tracking and/or
management, in Class 9

Computer hardware and software

BARVISION Canada 1,297,784 used for inventory tracking and/or
management, in Class 9

Hardware and software used for

BARVISION India 1446345 inventory tracking andjor
management, in Class 9

IMn;eJEgt;:?rr;etz(lejg|strat|on Hardware and soﬁware used for

BARVISION (Australia, China, CTM, IR No. 880556 | inventory .trg'::klng‘ and/or
Japan, Russian Federation) management, in Class 9.

Hardware and software used for

BARVISION Mexico 945715 inventory tracking and/or
management, in Class 9

Hardware and software used for

BARVISION South Africa 2008/08652 inventory tracking and/or
management, in Class 9

Hardware and software used for

BARVISION United States 3,074,457 inventory tracking and/or
management, in Class 9

Hardware and software used for

NUVO United States 78/402,041 inventory tracking and/or
management, in Class 9

Hardware and software used for

RAE? !IEOSP’C\;QVE United States 3,072,146 inventory tracking and/or

management, in Class 9
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SCHEDULE C

DOMAIN NAMES

barvision.biz
barvision.com
barvision.info
barvision.net
barvision.org
beverage-controls.com
beverage-inventory.com
beverage-management.com
beverageinventory.com
liquor-control.com
liquor-dispenser.com
liquor-inventory.com
liquor-management.com
liquor-system.com
liquormanagement.com
nuvo-technologies.com
nuvo.info

nuvaing,hiz
nuvoeinc.com
nuvoinc.info
nuvoinc.net
nuvoinc.org
nuvotechnologies.biz
nuvotechnologies.info
nuvotechnologies.net
pourcontrol.com
pourspout.com
pourspouts.com
smart-pourer.com
smart-spout.net
smartpour.com
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a2 United States Design Patent (o) Patent No.:

Morrison et al.

US00D513419S

US D513,419 S

@5) Date of Patent: sz Jan. 3, 2006

(54) ASSET TAG

(75) TInventors: Christopher S. Morrison, Scottsdale,
AZ (US); Adam A. Studnicki,
Scottsdale, AZ (US)

(73) Assignee: Nuvo Hodings, LLC, Scottsdale, AZ
Us)

**) Term: 14 Years

(21) Appl. No.: 29/201,901
(22) Filed: Mar. 23, 2004

(51) LOC (8) Cl. .. ... 19-08
(52) US.ClL .o ... D20/28
(58) Field of Classification Search .................. D20/10,
D20/22, 23, 28, 40, 41, 42, 99; 40/1.5, 1.6,
40/5, 6, 124.01, 299.01, 301, 315, 331, 630,
40/633, 634, 669; D11/61, 99, 116, 204, 223,
D11/238, 221; D9/434, 438

See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS
1,063,577 A * 6/1913 Moran .......ccccoevvnerinnn 40/492
2,256,637 A * 9/1941 Anderson .... .. 439/877
3,546,023 A * 12/1970 Halter et al. .................. 429/73
3,779,610 A * 12/1973 Pansky et al. ......... 301/35.631
4,070,775 A * 1/1978 Brooks .........ccceeennnns 40/492
D322,816 S * 12/1991 Immerman ... ... D20/28
D333,109 S * 2/1993 Franklin ...... ... D11/221
5,188,424 A * 2/1993 Herron ........ceceeen. 297/195.1
5,663,009 A * 9/1997 Stocchiero ........ccceeeenen. 429/65
D422213 S * 4/2000 Sedgeley ..... ... D9/434
D431,469 S * 10/2000 Solland et al. ... D9/518
6,411,731 B1 * 6/2002 Saito ........... .. 382/173
D476,889 S * 7/2003 Fields ......ccccoovivvnnnnnnn. D9/438

* cited by examiner

Primary Examiner—Robert M. Spear

(74) Attorney, Agent, or Firm—Lowell W. Gresham; Jordon
M. Meschow; Meschow & Gresham, PL.C.

7) CLAIM

The ornamental design for an asset tag, as shown and
described.

DESCRIPTION

FIG. 1 is a perspective view of a first embodiment of the
asset tag according to the present invention;

FIG. 2 is a second perspective of the first embodiment of the
asset tag according to the present invention;

FIG. 3 is an end view of the first embodiment of the asset tag
according to the present invention;

FIG. 4 is a side view of the first embodiment of the asset tag
according to the present invention;

FIG. 5 is a top view of the first embodiment of the asset tag
according to the present invention;

FIG. 6 is a second side view of the first embodiment of the
asset tag according to the present invention;

FIG. 7 is a second end view of the first embodiment of the
asset tag according to the present invention;

FIG. 8 is a perspective view of a second embodiment of the
asset tag according to the present invention;

FIG. 9 is a second perspective view of the second embodi-
ment of the asset tag according to the present invention;
FIG. 10 is an end view of the second embodiment of the
asset tag according to the present invention;

FIG. 11 is a side view of the second embodiment of the asset
tag according to the present invention;

FIG. 12 is a top view of the second embodiment of the asset
tag according to the present invention;

FIG. 13 is a bottom view of the second embodiment of the
asset tag according to the present invention;

FIG. 14 is a second side view of the second embodiment of
the asset tag according to the present invention; and,

FIG. 15 is a second end view of the second embodiment of
the asset tag according to the present invention.

1 Claim, 4 Drawing Sheets
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. :Des. 513,419 S Page 1 of 1
DATED : January 3, 2006
INVENTOR(S) : Christopher S. Morrison et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Title page,
Item [73], Assignee, should be -- Nuvo Holdings, LLC --.

Signed and Sealed this

Twenty-eighth Day of March, 2006

o W D)

JON W. DUDAS
Director of the United States Patent and Trademark Office
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US00D5423548S

a2 United States Design Patent (o) Patent No.: US D542,354 S

Morrison

@5) Date of Patent: «» May 8, 2007

(54)

(735)

(73)

**)

@
(22)

(51)
(52)
(58)

(56)

ASSET TAG FOR POUR SPOUT

Inventor: Christopher S. Morrison, Scottsdale,
AZ (US)

Assignee: Nuvo Holdings, LL.C, Scottsdale, AZ
us)

Term: 14 Years

Appl. No.: 29/227,846
Filed: Apr. 15, 2005

LOC (8) Cl. oo 19-08
US.CL e ... D20/22
Field of Classification Search .................. D20/10,

D20/22, 23, 28, 40, 41, 42, 99; 40/1.5, 1.6,
40/5, 6, 124.01, 299.01, 331, 630, 633, 634,
40/669; D11/61, 99, 116, 204, 223, 238,
D7/397,398; D9/434, 438; D10/46.2; 705/28
See application file for complete search history.

References Cited
U.S. PATENT DOCUMENTS
1,063,577 A 6/1913 Moran

D92,321 S * 5/1934 Semon ........ccceeevvverennns D7/398
D92,322 S * 5/1934 Semon ........ccceevveerennns D7/398
2,256,637 A 9/1941 Anderson

DI183,072 S * 6/1958 WentZ .....cccevvveveeeennnnen D7/398
3,079,088 A * 2/1963 Hermann et al. ... ... 239/25
3,462,080 A * 8/1969 Demaree et al. .............. 239/27
3,546,023 A 12/1970 Halter et al.

3,779,610 A 12/1973 Pansky et al.

4,070,775 A 1/1978 Brooks

D273,837 S * 5/1984 De CoSter .......cocuvvnnenn D7/391
D286,005 S * 10/1986 Rutter ............ ... D7/398
D316,208 S * 4/1991 Griffiths et al. . .. D7/398
D322,816 S 12/1991 Immerman

D333,109 S 2/1993 Franklin

5,188,424 A 2/1993 Herron

D343,335 S * 1/1994 Bach ...cccocvvvvvveeeeinnnnn. D7/398
D369,755 S * 5/1996 Burcham et al. D10/46.2
5,663,009 A 9/1997 Stocchiero

D422,213 S 4/2000 Sedgekey

D426,746 S * 6/2000 Busick et al. ................ D7/398

D431,469 S 10/2000 Solland et al.

D446,820 S * 8/2001 Chan ......ccccovveeeeeerennnne. D20/28
D476,889 S 7/2003 Fields
D513,419 S * 1/2006 Morrison et al. ............ D20/28

D513,928 S * 1/2006 Birdsell et al.
D523,089 S * 6/2006 Kristensen ...................

* cited by examiner

Primary Examiner—Robert M. Spear
(74) Attorney, Agent, or Firm—Meschkow & Gresham,
PL.C.

(57) CLAIM

The ornamental design for an asset tag for pour spout, as
shown and described.

DESCRIPTION

FIG. 1 is a perspective view of a first embodiment of the
invention, showing my improved design;

FIG. 2 is a left elevation view of the first embodiment, and
a right elevation view (not shown) is mirror image thereof;
FIG. 3 is a front elevation view of the first embodiment of
the invention;

FIG. 4 is a rear elevation view of the first embodiment of the
invention;

FIG. 5 is a top plan view of the first embodiment of the
invention;

FIG. 6 is a bottom plan view of the first embodiment of the
invention;

FIG. 7 is a perspective view of a second embodiment of the
invention;

FIG. 8 is a left elevation view of the second embodiment,
and a right elevation view (not shown) is mirror image
thereof;

FIG. 9 is a front elevation view of the second embodiment
of the invention;

FIG. 10 is a rear elevation view of the second embodiment
of the invention;

FIG. 11 is a top plan view of the second embodiment of the
invention; and,

FIG. 12 is a bottom plan view of the second embodiment of
the invention.

The broken lines in the drawings represent unclaimed envi-
ronmental subject matter.

1 Claim, 8 Drawing Sheets
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United States Patent

Morrison

US007088258B2

US 7,088,258 B2
Aug. 8, 2006

(10) Patent No.:
45) Date of Patent:

(54) TILT SENSOR APPARATUS AND METHOD 3,845,883 A 11/1974 Johnson et al.
THEREFOR 3,935,701 A 2/1976 Yamauchi et al.
4,135,067 A 1/1979 Bitko
(75) Inventor: Christopher S. Morrison, Scottsdale, 4,168410 A 9/1979  Norris
AZ (US) 4196429 A 4/1980 Davis
4,278,854 A * 7/1981 Krause .......cccocouvueene 200/52 A
(73) Assignee: Nuvo Holdings, LL.C, Scottsdale, AZ j’jgg:ﬁg ﬁ ;;}ggg Ié;‘iﬁg
Us) 4547972 A 10/1985 Heidel ef al.
) ) o ) 4,584,885 A 4/1986 Cadwell
(*) Notice:  Subject to any disclaimer, the term of this 4,591,676 A 5/1986 Jackman et al.
patent is extended or adjusted under 35 4,628,160 A 12/1986 Canevari
U.S.C. 154(b) by 0 days. 4,686,335 A $/1987 Grant
4,751,353 A 6/1988 Stephens
(21) Appl. No.: 10/906,646
(Continued)
(22) Filed: Feb. 28, 2005
OTHER PUBLICATIONS
(65) Prior Publication Data “Microchip: ~ 14-Pin FLASH-based 8-Bit CMOS
US 2005/0195091 Al Sep. 8, 2005 Microcontroller” 2003 Microchip Technology Inc. Selected
pp. 1-30.
Related U.S. Application Data Primary Examiner—Van T. Trieu
(63) Continuation-in-part of application No. 10/795,720, (74) Attorney, Agent, or Firm—Meschkow & Gresham,
filed on Mar. 8, 2004. PL.C.
(60) Provisional application No. §0/ 650,307, filed on Feb. (57) ABSTRACT
3,2005, provisional application No. 60/551,191, filed
on Mar. 8, 2004.
A tilt sensor apparatus (36) includes one or more tilt sensors
(51) Int. Cl (42). Each tilt sensor (42) includes a conductive element
GOSB 21/00 (2006.01) (64) entrapped within an opening (46) formed through a
(52) US.CL ..o 340/689; 340/545.5; 340/571 middle planar substrate (38). The opening is surrounded by
(58) Field of Classification Search ................ 340/429, an opening wall (52) which is entirely covered by a con-
340/440, 467, 545.5, 286.13, 575, 669, 686.1, ductor (54). A conductive star pattern (100') is formed on a
340/689; 200/61.45 R, 61.52, 220; 73/862.61, top planar substrate (40), and a conductive star pattern
73/718 (100") is formed on a bottom planar substrate (44). The star
See application file for complete search history. patterns (100) are positioned at opposing ends of the open-
ing (46). The conductive element moves within the opening
(56) References Cited (46) as the apparatus (36) is tilted. An interrupt-driven
control circuit (124) is configured to indicate a change in
U.S. PATENT DOCUMENTS orientation only when a short is first detected across a
. contact pair (54/56, 54/60) that corresponds to an orientation
g:;;g:ii; i g;}gg; IS{;;}::?EEE?? opposite to a currently-indicated orientation.
3,742,478 A 6/1973 Johnson
3,748,415 A 7/1973 Suzuki 49 Claims, 7 Drawing Sheets
74
40~, 96 96 /78
98— 108, 108 100" H—98 :
100 46 g 76 76
é 080} PN/ 60 eo\iE 1l 60 60~ *
6250+ 52 | 5 544] 575 ] 54 sa-e2ligy] .o 70 }
92 ¥ \ u il 68— -—66
28 L - / A _,F_f58
8684 f00™56_se-100"~ 567 Hlaa 72y \
44 5 e o e o
82 \ \ S
42L/4 108 42.j 108 82 80

36j
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US 7,088,258 B2

Page 2
U.S. PATENT DOCUMENTS 5,900,602 A 5/1999 Bitko
5,923,263 A *  7/1999 Rodriguez .................. 340/689

jzgggzgé ﬁ ;ﬁggg y;‘l’;ezt o 5955713 A * 9/1999 Titus et al. .wooveee. 200/61.52
4,884,067 A 11/1989 Nordholm et al. 2’33?252 i Sﬁzzz Eﬁ;‘;m‘ ot al.
5,006,676 A 4/1991 Bogut et al. ’ ’
5025246 A 6/1991 Schenkel 6028275 A 2/2000 Jou
5,136,127 A 8/1992 Blair 6,036,055 A 3/2000 Mogadam et al.
5153394 A 10/1992 Abendroth et al. 6,172,357 Bl 1/2001 Sano et al.
5,252,795 A 10/1993 Su 6,198,059 Bl 3/2001 Jou
5,255,819 A 10/1993 Peckels 6,323,446 Bl  11/2001 Schnell
5,285,033 A 2/1994 Ipcinski 6,339,199 Bl 1/2002 Chou et al.
5,343,766 A 9/1994 Lee 6,341,428 Bl 1/2002 Tanazawa et al.
5,406,256 A 4/1995 Ledel et al. 6,409,046 Bl 6/2002 Peckels
5,410,113 A 4/1995 Mielke 6,442,855 Bl 9/2002 Takeuchi et al.
5,430,532 A 7/1995 Uedaetal. ................. 399/263 6,504,481 Bl 1/2003 Teller
5,457,293 A 10/1995 Breed 6,518,523 Bl 2/2003 Chou
5,460,710 A 10/1995 Williams et al. 6,559,396 Bl 5/2003 Chou
5,507,182 A 4/1996 Yamada et al. 6,630,635 Bl 10/2003 Doepner
5,507,411 A 4/1996  Peckels 6,706,978 Bl  3/2004 Wagatsuma et al.
5,543,767 A 8/1996 Elenbaas 6,800,841 Bl 10/2004 Chou
5,597,066 A 1/1997 Burmester 2003/0055589 A1 3/2003 Mogadam
5,627316 A 5/1997 De Winter et al. 2003/0110652 Al 6/2003 Greway
5,639,999 A 6/1997 Hsu 2004/0084290 A1 52004 Higgins et al.
5,669,147 A 9/1997 Nakajima et al.
5,808,254 A 9/1998 Wu * cited by examiner
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TILT SENSOR APPARATUS AND METHOD
THEREFOR

RELATED INVENTION

The present invention claims benefit under 35 U.S.C.
119(e) to “Inventory Systems and Methods,” U.S. Provi-
sional Patent Application Ser. No. 60/551,191, filed 8 Mar.
2004, and to “Inventory Systems and Methods,” U.S. Pro-
visional Patent Application Ser. No. 60/650,307, filed 3 Feb.
2005, both of which are incorporated by reference herein.

The present invention is a continuation-in-part of “Asset
Tag with Event Detection Capabilities,” Ser. No. 10/795,
720, filed 8 Mar. 2004, having at least one inventor in
common herewith, which is incorporated by reference
herein.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to tilt sensors and
more specifically to tilt sensors having conductive elements
that move under the influence of gravity and that electrically
short various contacts depending on the orientation of the
sensor.

BACKGROUND OF THE INVENTION

Many applications detect an orientation of a device rela-
tive to the acceleration of gravity. One such application is an
asset tag that detects the tilting of a container in which bulk
product is stored to signal that the bulk product is being
dispensed from the container. In this application, as in many
others, the asset tag may be battery powered and is desirably
as small as possible. Moreover, in this application, as in
many others, for a system to be effective many asset tags
may be used, and costs for a single asset tag are desirably as
low as possible because those costs are multiplied by the
number of asset tags that are used in an entire system.

In this asset tag application, as well as in other applica-
tions, tilt sensors are used to sense the orientation of the
devices in which the tilt sensors are mounted. Traditionally,
mercury switches have been adapted to serve as tilt sensors.
But mercury switches are undesirable for a variety of
reasons. Mercury switches pose a health hazard due to the
presence of mercury. Moreover, mercury switches tend to be
undesirably large and far too expensive for many applica-
tions. In applications where a need exists to sense more than
one tilt angle, the large size and excessive expense problems
are multiplied by the number of sensors that may be used in
a single device.

An alternative to mercury switches may be found in solid
sensors. Solid sensors are characterized by entrapping a
solid, non-mercurous, conductive element, typically but not
always spherically shaped, within a chamber. In one version
of a solid sensor, the conductive element operates in con-
junction with various electrical contacts that are also in the
chamber. As the sensor is tilted, the acceleration of gravity
causes the conductive element to move within the chamber,
where it occasionally electrically shorts at least some of the
contacts together. Solid sensors are highly desirably to the
extent that they solve the health hazard problem posed by
mercury switches. But the conventional solid sensors do not
include a low power, small, inexpensive, and reliable unit.

Some solid sensors include active semiconductor compo-
nents, such as optical emitters and detectors, that must
remain energized in order for orientation to be monitored.
Such devices consume far too much power for many low
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power applications. In addition, some solid sensors are
configured with power-consuming circuitry, such as pull-up
resistors, that in at least one orientation continuously con-
sume a significant amount of power. These devices also
consume too much power for many low power applications,
and are particularly undesirable for applications where the
use of more than one tilt sensor would be beneficial.

Conventional solid sensors are built using a stand-alone
housing that may be mounted on a printed wiring board
(PWB) but that extends above the printed wiring board more
than most other components. When the sensor housing is
larger than other electrical components, the sensor housing
becomes a major factor in determining the size of the device,
such as an asset tag, in which the sensor is used. This is an
undesirable size characteristic because the sensor, more than
the other components, prevents the device from being
smaller. And, this size characteristic is exacerbated where
the use of more than one tilt sensor would be desirable.

In addition, in battery-powered applications, tilt sensors
that consume too much power cause either an undesirably
large battery to be used or require the device to include
special battery compartments where replaceable batteries
are located. Larger batteries and special compartments for
replaceable batteries lead to larger devices. And, the use of
replaceable batteries, and particularly batteries that require
frequent replacement, is undesirable in many applications
due to the nuisance factor, the costs of replacement batteries,
and the excessive unreliable operational time that must be
endured when battery reserves are low.

The stability and/or reliability of conventional solid sen-
sors has been a challenging problem. The sensor’s solid
conductive element should readily move under the influence
of gravity so that desired tilt orientations may be detected.
But this feature makes a continuous, robust electrical short
between contacts difficult to make and maintain. Conse-
quently, solid sensors tend to exhibit frequent false-open
errors. False-open errors occur when the orientation of the
sensor is such that a short between certain contacts should
occur but does not. The false-open condition may appear
only momentarily.

In fact, solid sensors can be so sensitive to movement and
so unable to make and maintain a continuous robust elec-
trical short that they are often configured as motion detectors
or jitter switches rather than tilt sensors. In this configuration
mere movement, even without altering tilt angle, causes the
conductive element to produce a number of spurious shorts
and opens between contacts. Many solid sensors are con-
figured to heighten this effect. One way the spurious output
may be heightened is to miniaturize the sensor so that the
conductive element has less distance to travel within its
chamber between locations where it produces contact shorts
and opens. Unfortunately, while such miniaturization may
be desirable for motion sensing, it tends to make solid
sensors less reliable and useful when used as tilt sensors.

Some conventional solid sensors have addressed the sta-
bility and reliability problems posed for tilt sensing. But the
conventional solutions have resulted in larger, more com-
plex, more expensive components. Typically, complex struc-
tures may be included in the chamber with the conductive
element to implement internal baffles, flanges, and detents
with the aim of reducing spurious signals in the presence of
mere movement that does not amount to tilting. In many
applications where tilt sensors are needed these solutions are
undesirable due to the expense and size. And, these solutions
are particularly undesirable for applications where the use of
more than one tilt sensor would be beneficial.
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SUMMARY OF THE INVENTION

Accordingly, it is an advantage of the present invention
that an improved tilt sensor apparatus and method therefor
are provided.

Another advantage is that a tilt sensor apparatus having
one or more sensors that consume very little power is
provided.

Another advantage is that a tilt sensor apparatus having
one or more sensors and occupying only a little space is
provided.

Another advantage is that a tilt sensor apparatus having
one or more sensors and being inexpensive to manufacture
is provided.

Another advantage is that a tilt sensor apparatus having
one or more sensors and providing a reliable and robust
indication of tilt angle is provided.

A portion of these and/or other advantages are realized in
one form by a tilt sensor apparatus which includes first,
second, and third planar substrates and a conductive ele-
ment. The first planar substrate has a top surface on which
a first conductive layer resides. The first conductive layer is
formed into a bottom pattern having alternating conductive
and void regions. The conductive regions of the bottom
pattern are electrically coupled together. The second planar
substrate overlies the top surface of the first substrate. The
second substrate has an opening overlying the pattern and
surrounded by an opening wall, and the second substrate has
an inter-substrate conductor on the opening wall, where the
inter-substrate conductor continuously occupies first and
second annular tangential-contact bands in the opening wall.
The third planar substrate overlies the second substrate and
has a bottom surface on which a third conductive layer
resides. The conductive element is positioned within the
opening and configured to move within the opening to short
the first conductive layer to the inter-substrate conductor
when resting on the first substrate and in contact with the
annular tangential-contact band.

At least a portion of the above and/or other advantages are
realized in another form by a tilt sensor apparatus which
includes first, second, and third planar substrates, a conduc-
tive element, and a battery. The first planar substrate has a
top surface on which a first conductor resides. The second
planar substrate overlies the top surface of the first substrate.
The second substrate has an opening surrounded by an
opening wall, and the second substrate has a second con-
ductor on the opening wall. The third planar substrate
overlies the second substrate and has bottom surface on
which a third conductor resides. The conductive element is
positioned within the opening and is configured to move
within the opening to short the first and second conductors
together when resting on said first substrate. The battery is
vertically aligned with the second substrate and in contact
with one of the first and third conductors.

At least a portion of the above and/or other advantages are
realized in yet another form by a method of operating a low
power tilt sensor having a first pair of contacts, a second pair
of contacts, and a conductive element that moves under the
acceleration of gravity to short the first pair of contacts when
said tilt sensor is tilted in a first orientation and to short the
second pair of contacts when said tilt sensor is tilted in a
second orientation. The method calls for sensing a shorted
condition at the first pair of contacts. A first-orientation
indicator is generated in response to the sensing activity. A
power-consuming element that is coupled to the first pair of
contacts is decoupled in response to the sensing activity.
And, a power-consuming element is coupled to the second
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pair of contacts in response to the sensing activity. In
response to the coupling activity, the second pair of contacts
is monitored for a shorted condition.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be derived by referring to the detailed description and
claims when considered in connection with the Figures,
wherein like reference numbers refer to similar items
throughout the Figures, and:

FIG. 1 shows a sequence depicting the dispensing of a
bulk product from a container;

FIG. 2 shows a top view of a portion of a tilt sensor
apparatus, looking at a middle substrate, with a top substrate
shown in phantom;

FIG. 3 shows a side view of the tilt sensor apparatus of
FIG. 2, specifically depicting first and second tilt sensors;

FIG. 4 shows a side view of a third tilt sensor from the tilt
sensor apparatus of FIG. 2;

FIG. 5 shows a conductive star pattern which is used on
upper and lower substrates in the tilt sensor apparatus of
FIG. 2;

FIG. 6 shows juxtaposed conductive star patterns from
top and bottom substrates;

FIG. 7 shows a cut-away view of a cavity around which
a single tilt sensor from the tilt sensor apparatus of FIG. 2
is formed;

FIG. 8 shows a side view of a spherical conductive
element juxtaposed with conductive traces;

FIG. 9 shows a top view of middle substrate for an
alternate embodiment of a tilt sensor apparatus configured in
accordance with the teaching of the present invention;

FIG. 10 shows a schematic block diagram of a device
which includes the tilt sensor apparatus of FIG. 2 or 9;

FIG. 11 shows a state diagram which characterizes any tilt
sensor from the tilt sensor apparatus of FIG. 2 or FIG. 9; and

FIG. 12 shows a flow chart of a process the device of FIG.
10 performs in connection with the tilt sensor apparatus of
FIG. 2 or 9.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows one of many different applications where a
tilt sensor apparatus configured in accordance with the
teaching of the present invention may be used. In particular,
FIG. 1 shows a sequence of events depicting the dispensa-
tion of a bulk product 20 in the form of a liquid from a
container 22 in the form of a bottle.

In accordance with this application, product 20 is dis-
pensed by a user, such as a bartender or other product server,
when the user pours product 20 from container 22 by tilting
container 22. FIG. 1 depicts three different orientations for
a container 22 that is equipped with an asset tag 24. Asset tag
24 is a battery powered, electronic device that includes a tilt
sensor apparatus, discussed in detail below. In an upright
orientation 26, no product 20 is being dispensed from
container 22. The acceleration of gravity 27 keeps product
20 in the lower portion of container 22.

When it is desired to dispense product 20 from container
22, container 22 is tilted away from its upright orientation
26. Desirably, container 22 is quickly tilted to a pour
orientation 28, which is greater than an angle 30 of approxi-
mately 135° displaced from upright orientation 26. So long
as the tilt angle remains greater than approximately 135°,
product 20 is dispensed at a roughly consistent dispensation
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rate regardless of the precise tilt angle. Asset tag 24 is
configured to time the duration container 22 spends at a tilt
angle greater than angle 30 so that the amount of product 20
dispensed can be calculated by multiplying this duration by
a dispensation rate.

But in order for pour orientation 28 to be reached from
upright orientation 26, container 22 is first tilted to and
through an intermediate orientation 32. In the preferred
embodiment, intermediate orientation 32 begins at an angle
34 of around a 90° displacement from upright orientation 26
and extends to angle 30. Likewise, around the completion of
the dispensation of product 20, container 22 is again tilted to
and through intermediate orientation 32 as container 22 is
repositioned back to upright orientation 26.

Some product 20 may be dispensed while container 22 is
tilted in intermediate orientation 32, depending on the
amount of product 20 in container 22, its viscosity, and other
factors. But the dispensation rate is likely to be erratic and
lower than the dispensation rate when container 22 is in pour
orientation 28. Most bar-industry professionals consider a
pour to be proper only if container 22 is tilted to pour
orientation 28. In order to accurately describe the amount of
product 20 dispensed from container 22 and to gain knowl-
edge about the occurrences of improper pours, asset tag 24
detects the duration spent in intermediate orientation 32 and
the duration spent in pour orientation 28. These two orien-
tations are sensed by the tilt sensor apparatus mounted
within asset tag 24. Desirably, the timing information
describing the pour event is communicated from asset tag 24
to a central facility, where the central facility then performs
various inventory, financial, and/or management functions.

While FIG. 1 depicts a dispensation from a bottle type of
container, those skilled in the art will appreciate that dis-
pensations may also occur from other types of containers to
which asset tags 24 may be coupled. Moreover, a container
is broadly construed to mean any device or object from
which product 20 may be dispensed, and specifically
includes such devices as the tap handles associated with
containers from which on-tap beverages are dispensed.
Asset tags 24 may come in a variety of sizes and shapes and
be configured to attach to a variety of different containers 22
and to different locations on containers 22, including at the
bottom of bottles. And, tilt sensor apparatuses configured in
accordance with the teaching provided herein may be used
in a wide variety of applications other than asset tags,
whether such applications are battery-powered or not.

FIG. 2 shows a top view of a portion of a tilt sensor
apparatus 36, looking at a middle substrate 38, with an upper
substrate 40 shown in phantom. FIG. 3 shows a side view of
first and second tilt sensors from tilt sensor apparatus 36, and
FIG. 4 shows a side view of a third tilt sensor.

Referring to FIGS. 24, the specific embodiment of tilt
sensor apparatus 36 depicted in these figures includes three
individual tilt sensors 42, but that number is not a require-
ment of the present invention. Tilt sensor apparatus 36 may
include one or more tilt sensors 42. For the asset tag 24
application (FIG. 1), two individual tilt sensors 42' are
coupled in parallel and both detect an approximately 90° or
greater tilt angle, and one individual tilt sensor 42" detects
an approximately 135° or greater tilt angle. Two tilt sensors
42' are coupled in parallel to improve reliability and accu-
racy. Tilt sensors 42' are depicted in the side view of FIG. 3,
and tilt sensor 42" is depicted in the side view of FIG. 4. Due
to the small size and inexpensive nature of tilt sensor
apparatus 36, no significant disadvantage results from
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including as few or as many individual tilt sensors 42 as may
be beneficial for the application in which tilt sensor appa-
ratus 36 is being applied.

Tilt sensor apparatus 36 includes mechanical features
and/or electrical features. The mechanical features are based
around a stack of three substrates, namely a lower insulating,
planar substrate 44, middle insulating, planar substrate 38,
and upper insulating, planar substrate 40.

Those skilled in the art will appreciate that while tilt
sensor apparatus 36 is configured to be influenced by the
acceleration of gravity 27, directional terms used herein,
such as top, upper, middle, bottom, lower, upright, overlie,
underlie, over, under, vertical, horizontal, and the like, are
used in a relative sense only and that the meaning of these
terms is consistent with the views illustrated in the figures.
This relative use of directional terms is being adopted so that
the reader may readily understand the invention taught
herein. Nothing requires tilt sensor apparatus 36 to be
manufactured, used, or sold in only one orientation where
these directional terms are consistent with the direction of
gravity 27, and nothing requires tilt sensor apparatus 36 to
be manufactured, used, or sold only in an orientation con-
sistent with the views illustrated in the figures.

Substrates 44, 38, and 40 are all formed from conven-
tional printed wiring board (PWB) materials in the preferred
embodiment, and are all manufactured using conventional
printed wiring board materials and techniques. The use of
such materials and techniques promotes the inexpensive
manufacturing nature of tilt sensor apparatus 36.

For each tilt sensor 42, a through opening 46, also called
a chamber or cavity, is formed from a bottom surface 48 of
middle substrate 38 through middle substrate 38 to a top
surface 50 of middle substrate 38. An opening wall 52
surrounds opening 46 and extends between bottom and top
surfaces 48 and 50. An intra-substrate conductor 54 resides
on opening wall 52. Opening 46 overlies a conductor 56 on
a top surface 58 of lower substrate 44, and underlies a
conductor 60 on a bottom surface 62 of upper substrate 40.
A conductive element 64 is entrapped within opening 46.
When in the upright orientation 26 depicted in FIG. 1,
conductive element 64 rests on lower substrate 44 and shorts
conductor 56 to conductor 54. As tilt sensor apparatus 36 is
tilted past angle 34 (FIG. 1) for tilt sensors 42' and past angle
30 (FIG. 1) for tilt sensor 42", conductive elements 64 move
under the influence of gravity 27 (FIG. 1), where they come
to rest on upper substrate 40 and short the respective
instances of conductors 60 to conductor 54.

In the preferred embodiment, conductive element 64 is
desirably shaped substantially in the form of a sphere so that
it may freely roll along conductors 54, 56, and 60 as tilt
sensor apparatus 36 is tilted. One or more of conductive
elements 64 in tilt sensor apparatus 36 may be constructed
from a magnetic material so that a magnetic field may be
applied to tilt sensor apparatus 36 to force one or more tilt
sensors 42 into known states, regardless of tilt angle. But the
use of a magnetic conductive element 64 is not a require-
ment and may desirably be omitted in applications where it
is beneficial that tilt sensor 36 be insensitive to magnetic
fields. In the preferred embodiments, conductive element 64
is desirably gold plated to improve the likelihood of making
shorting contacts between pairs of conductors 54/56 and
54/60 and to reduce false-open errors.

In accordance with conventional PWB manufacturing
techniques, opening 46 and conductive element 64 are
desirably maintained as clean as reasonably possible during
the manufacturing process, without employing the more
expensive clean-room techniques. Thus, some small amount
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of contamination may be present with conductive element
64 in opening 46. In order to minimize the likelihood of such
contamination preventing the shorting of pairs of contacts
54/56 and 54/60 and to reduce false-open errors, it is
desirable that the kinetic energy of conductive element 64 be
as high as reasonably possible when conductive element 64
impacts contact pair 54/56 and contact pair 54/60.

Kinetic energy may be increased by making the distance
conductive element 64 can travel within opening 46 as large
as possible. Thus, in the preferred embodiment, the thick-
ness of middle substrate 38, which controls this distance, is
desirably more than three times the radius of conductive
element 64, causing conductive element to move a distance
of greater than its radius between positions where it makes
contact with contact pair 54/56 and with contact pair 54/60.
In other words, the diameter of conductive element 64 is less
than %5 of the thickness of middle substrate 38. In the
preferred embodiment, the diameter of conductive element
64 is around 1.5 mm and middle substrate 38 is around 2.4
mm thick. While conductive element 64 may be reduced in
size in alternate embodiments, such reduction in size
reduces the mass and therefore the kinetic energy of con-
ductive element 64 as it makes contact. And, the costs of
being required to handle, manipulate, and track smaller
items can increase manufacturing costs.

Tilt sensor apparatus 36 is an electrical device, which is
powered by a battery 66 in the preferred embodiment. In the
preferred embodiment, battery 66 is a single, non-replace-
able, coin or button type of lithium battery with a smallest
dimension 68 of its height at less than 8 mm, and at around
3.3 mm in the currently most-preferred embodiment. Battery
66, though small when compared to other batteries, may be
larger than other electrical components associated with tilt
sensor apparatus 36 and with asset tag 24 (FIG. 1). To the
extent that battery 66 is needed to power the electrical
circuits associated with tilt sensor apparatus 36, space is also
provided to accommodate battery 66. In the preferred
embodiment, the same space needed to accommodate the
height of battery 66 is used by middle substrate 38 so that no
additional height need be provided to accommodate the
mechanical features of tilt sensor apparatus 36. In other
words, middle substrate 38 is vertically aligned with battery
66. The vertical alignment of middle substrate 38 with
battery 66 causes the mechanical features of tilt sensor
apparatus 36 to occupy no more vertical height than battery
66 and prevents tilt sensor apparatus 36 from extending in
height beyond other electrical components that may be
associated with tilt sensor apparatus 36. Moreover, the
amount of height available to middle substrate 38 due to its
vertical alignment with battery 66 allows opening 46 to be
sufficiently long to permit conductive element 64 to travel
farther than its radius to short contact pairs 54/56 and 54/60.

Battery 66 is configured to have a negative polarity
terminal 70 on its top side and a positive polarity terminal 72
on its bottom side. One or more electrical components 74
associated with tilt sensor apparatus 36 are mounted on a top
side of upper substrate 40. Electrical components 74 elec-
trically couple to both of the opposite polarity battery
terminals 70 and 72. In the preferred embodiment, negative
terminal 70 directly contacts conductor 60 on bottom surface
62 of upper substrate 40, where it is coupled to the top
surface of upper substrate 40 through plated feed-throughs
76 and to electrical components 74 via conductors 78 on the
top surface of upper substrate 40.

A thin, conductive, metallic spring plate 80 is positioned
underneath battery 66 in contact with positive terminal 72
and has members which push battery 66 upward to hold
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negative terminal 70 in contact with conductor 60 on bottom
surface 62 of upper substrate 40. Although not shown,
portions of a rigid housing reside both underneath spring
plate 80 and above upper substrate 40 so that spring plate 80,
battery 66, and upper substrate 40 are clamped to one
another within the housing by spring plate 80.

Spring plate 80 extends laterally beyond battery 66,
underneath middle substrate 38 and lower substrate 44.
Spring plate 80 also has fingers that push lower substrate 44
and middle substrate 38 upward toward upper substrate 40.
This causes middle substrate 38 to be clamped in place
between lower substrate 44 and upper substrate 40. This
clamping causes middle substrate 38 to be closely positioned
immediately over lower substrate 44 and closely positioned
immediately under upper substrate 40. Desirably, middle
substrate 38 is spaced apart from lower substrate 44 and
from upper substrate 40 by distances of no more than the
thicknesses of conductors 56 and 60 on substrates 44 and 40,
respectively, plus any conductor which may be on top and
bottom surfaces 50 and 48 of middle substrate 38.

Spring plate 80 also contacts pads 82 located on the
bottom of lower substrate 44, which electrically couple to
pads 84 located on top surface 58 of lower substrate 44 by
feed-throughs 86. Pads 84 are formed from conductor 56,
and are in physical contact with pads 88 formed on bottom
surface 48 of middle substrate 38. Pads 88 electrically
couple to pads 90 on upper surface 50 of middle substrate 38
by feed-throughs 92, and pads 90 are in physical contact
with pads 94 on bottom surface 62 of upper substrate 40.
Pads 94 are formed in conductor 60. Pads 94 electrically
couple to pads 96 on the top side of upper substrate 40 by
feed-throughs 98 and to electrical component 74. Accord-
ingly, electrical component 74 is electrically coupled to
negative terminal 72 of battery 66 by being electrically
coupled through middle substrate 38, which simultaneously
serves to provide openings 46 for tilt sensor apparatus 36.
Tilt sensor apparatus 36 is formed using the same compo-
nents that provide an electrical connection to the far side of
battery 66 for additional space savings. Although not spe-
cifically shown in the figures, conductor 54 on opening wall
52 may alternatively be used to electrically couple one of
battery terminals 70 and 72 to the electrical component 74.

As shown in FIG. 2, middle substrate 38 has a thin central
region. Lower substrate 44 has a similar shape. These thin
central regions allow lower and middle substrates 44 and 38
to flex. Consequently, four or more conductive paths similar
to the conductive paths formed using feed-throughs 86, 92,
98 may be formed through lower and middle substrates 44
and 38 to upper substrate 40. Not all of these conductive
paths are required to directly couple to one of battery
terminals 70 and 72. Any less-than-perfect planar uneven-
ness between the substrates may be accommodated by
flexure of lower and middle substrates 44 and 38 under the
upward force provided by spring plate 80. Consequently,
adequate electrical contacts can be provided for more than
three vertical conductive paths due to the flexure of lower
and middle substrates 44 and 38.

Conductors 56 and 60 are preferably provided by thin
conductive layers on lower and upper substrates 44 and 40,
respectively. The thicknesses of these conductive layers are
exaggerated in the figures. In the preferred embodiment,
conventional techniques, such as etching, are used to remove
portions of conductors 56 and 60 and pattern conductors 56
and 60 into desired shapes, where some of the shapes in each
conductor 56 and 60 are electrically isolated from one
another.
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FIG. 5 shows a conductive star pattern 100. Star patterns
100 are used on lower and upper substrates 44 and 40 in tilt
sensor apparatus 36. Star pattern 100 is electrically isolated
from other patterns that may be formed in the conductive
layers that provide conductors 56 and 60. In particular, star
pattern 100 has a central conductive region 102 from which
a plurality of elongated conductive regions 104 radially
extend. Insulating void regions 106 reside between adjacent
pairs of elongated conductive regions 104. A feed-through
108 provides an electrically conductive path to the opposite
side of the substrate on which star pattern 100 is formed.

FIG. 5 also depicts the outline of opening wall 52 and of
conductor 54 thereon relative to star pattern 100. Star pattern
100 fits within the central portion of opening 46, which is
surrounded by wall 52, but does not extend to wall 52. In
particular the conductive layers that provide conductors 56
and 60 are absent where opening wall 52 most closely
approaches lower and upper substrates 44 and 40, respec-
tively. Due to this absence of conductors 56 and 60 in this
region, electrical shorting between conductor 54 and star
patterns 100 should occur only through the operation of
conductive element 64.

FIG. 5 also depicts an annular tangential-contact band
110. Tangential-contact band 110 is the portion of star
pattern 100 which is contacted by contact element 64 when
contact element 64 is also in contact with conductor 54 on
opening wall 52. Tangential-contact band 110 desirably
intersects each of elongated conductive regions 104 and
does not extend to central conductive region 102. Elongated
conductive regions 104 may, but need not, extend radially
farther toward opening wall 50 than tangential-contact band
110 because conductive element 64 is blocked from making
contact outside of tangential-contact band 100 by conductor
54 on opening wall 52.

FIG. 6 shows juxtaposed conductive top and bottom star
patterns 100' and 100" for an individual tilt sensor 42'.
Referring to FIGS. 2, 3, and 6, top and bottom star patterns
100" and 100" are formed on top and bottom substrates 40
and 44 from conductors 60 and 56, respectively. Star pat-
terns 100" and 100" are positioned at opposing ends of
opening 46. Star patterns 100" and 100" are also rotated
relative to one another so that elongated conductive regions
104 of top star pattern 100" overlie void regions 106 of
bottom star pattern 100", and void regions 106 of top star
pattern 100' overlie elongated conductive regions 104 of
bottom star pattern 100". In the preferred embodiment, eight
elongated conductive regions 104 are provided and equally
distributed around central conductive region 102 in approxi-
mately 45° increments. Top star pattern 100" is rotated
relative to bottom star pattern 100" approximately one-half
of this increment (i.e., 22.5°). This rotation is provided so
that conductive element 64 traverses a more complex path in
moving between star patterns 100. The more complex path
provides greater opportunities for conductive element 64 to
encounter and dislodge minute particles of contamination
that may be present in opening 46, providing a greater
likelihood of making a shorting contact between contact
pairs 54/56 and 54/60 and reducing the likelihood of false-
open errors.

FIG. 7 shows a cut-away view of cavity 46 around which
a single tilt sensor 42' from the tilt sensor apparatus 36 is
formed. FIG. 7 illustrates that in the preferred embodiment,
annular tangential-contact bands 112 are continuously occu-
pied by conductor 54 and do not exhibit a pattern of void and
conductive regions. Annular tangential-contact bands 112
represent the regions of opening wall 52 and conductor 54
where conductive element 64 makes contact when also
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resting on a star pattern 100 of a substrate 40 or 44. By
making conductor 54 continuously occupy tangential-con-
tact bands 112, tilt sensor 42' provides a more stable output.
Mere movement that is not a tilting movement has less
likelihood of producing a spurious output that might lead to
a false-open condition.

In addition, in the preferred embodiment, the entirety of
opening wall 52 is continuously occupied by conductor 54,
and conductor 54 may extend both on top of top surface 50
of middle substrate 38 and beneath bottom surface 48 of
middle substrate 38. This configuration electrically shorts
contact bands 112 together. As discussed below, the shorting
between contact bands 112 poses no problem in the pre-
ferred embodiment. The continuous occupation of opening
wall 52 by conductor 54 is also compatible with conven-
tional PWB manufacturing processes for plated-through
holes and is extremely inexpensive. Those skilled in the art
will appreciate that the thickness of conductor 54 is exag-
gerated in the figures. The use of an individual tilt sensor 42"
structure that results from an inexpensive process enables tilt
sensor apparatus 36 to include as many tilt sensors 42 as may
be beneficial to the application in which tilt sensors are being
provided. While FIG. 7 depicts only tilt sensor 42', tilt sensor
42" (FIG. 4) and/or other tilt sensors 42 that may sense still
other angles are desirably configured in a similar manner.

FIG. 4 depicts annular tangential-contact bands 112 for
tilt sensor 42". As shown in FIG. 4, walls 52 extend between
top surface 50 of middle substrate 38 and bottom surface 48
of' middle substrate 38 at a different angle (e.g., 45° or 135°,
depending on the reference) from the perpendicular depic-
tions of FIGS. 2 and 7. That different angle permits tilt
sensor 42" to sense orientation 28 (FIG. 1) while tilt sensors
42' collectively sense orientation 32 (FIG. 1). But there is no
need for walls 52 to maintain this angle outward from
annular tangential-contact bands 112 because conductive
element 64 makes no contact with walls 52 in this outer
region. Thus, FIG. 4 shows that a portion of walls 52 may
exhibit a different angle, such as perpendicular, to save space
that otherwise might be required on bottom surface 48 of
middle substrate 38. The portion of walls 52 residing
between annular tangential-contact bands 112 causes open-
ing 46 to exhibit a frusto-conical shape within annular
tangential-contact bands 112 for tilt sensors 42 that sense tilt
angles other than 90°.

Moreover, in the preferred embodiment, the frusto-coni-
cal shape of opening 46 in tilt sensor 42" and the cylindrical
shape of opening 46 for tilt sensors 42' are substantially
symmetrical about their axes, which allow each of tilt
sensors 42 in the preferred embodiment to sense a solid tilt
angle. In other words, tilt sensor apparatus 36 senses the
same tilt angles, whether the angles are to the left, right,
forward, or backward from upright orientation 26 (FIG. 1).

In the preferred embodiment, opening 46 in the vicinity of
annular tangential-contact bands 112 has a minimum diam-
eter 114 that is 1.25 times greater than the diameter of
contact element 64. Thus, for the preferred embodiment with
a 1.5 mm diameter conductive element 64, opening 46 at
annular tangential-contact bands 112 exhibits at leasta 1.875
mm diameter, and more preferably exhibits around a 2.25
mm diameter. This diameter for opening 46 gives contact
element 64 sufficient room to freely move within opening 46
and allows annular tangential-contact band 110 (FIG. 5) to
traverse both elongated conductive regions 104 and void
regions 106 in star patterns 100.

But there is no need for opening 46 to observe the
minimum diameter outside of annular tangential-contact
bands 112, and opening 46 at top surface 50 of middle
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substrate 38 may very well exhibit a somewhat smaller
diameter to save space on top surface 50 or to ease manu-
facturing processes.

FIG. 8 shows a exaggerated side view of a spherical
conductive element 64 juxtaposed with elongated conduc-
tive regions 104 and void regions 106 of a star pattern 100.
FIG. 8 applies to either top star pattern 100' or bottom star
pattern 100". Referring to FIGS. 4, 7, and 8, conductive
element 64 is urged to come to rest within opening 46 when
a contact point 115 on the surface of conductive element 64
contacts conductor 54 in an annular tangential-contact band
112. In addition, conductive element 64 comes to rest on
edges of two, adjacent elongated conductive regions 104,
with a portion of conductive element extending into the void
region 106 between the two adjacent elongated conductive
regions 104. While the outside of conductive element 64
dips into void region 106, it avoids contact with surface 58
or 62 of the respective lower or upper substrate 44 or 40.
Thus, conductive element 64 contacts two points on the star
pattern 100. In order for this arrangement to result, the
thicknesses of the conductive layers from which elongated
conductive regions 104 are patterned are mutually dimen-
sioned with the diameter of conductive element 64, and with
the diameter of opening 46 which establishes the location of
annular tangential contact band 110.

By having conductive element 64 rest on two points in
star pattern 100, the chances of making a successful elec-
trical contact are improved over a design that achieved
contact at only one point. Moreover, contamination 116
tends to have more difficulty adhering to the edges of
elongated conductive regions 104 than in the flat portions of
conductors 56 or 60, and contamination 116 is easily dis-
lodged from the edges by the movement of conductive
element 64. The use of the edges of elongated conductive
regions 104 to make contact with conductive element 64
also promotes good electrical contact between conductive
regions 104 and conductive element 64 because the edges
are more immune to contamination 116.

FIG. 9 shows a top view of middle substrate 38 for an
alternate embodiment of a tilt sensor apparatus 36 config-
ured in accordance with the teaching of the present inven-
tion. In particular, tilt sensor apparatus 36 includes two tilt
sensors 42. The two tilt sensors 42 are coupled in parallel as
were tilt sensors 42', discussed above, but each tilt sensor 42
senses a 0° tilt angle in this embodiment. The embodiment
of FIG. 9 may be useful for attachment to a tap handle which
is at a slightly negative tilt angle when the tap is closed and
at a positive angle when dispensing a beverage.

In the FIG. 9 embodiment, opening 46 is horizontally
elongated so that conductive element 64 may travel a
considerable horizontal distance. In addition, two of star
patterns 100" formed from conductor 56 are each located on
top surface 58 of lower substrate 44 and spaced apart from
one another by a distance that prevents contact element 64
(FIG. 3) from contacting both of star patterns 100" simul-
taneously. Additional star patterns 100' may, but are not
required to, be located on bottom surface 62 of upper
substrate 40 (FIG. 3). Intra-substrate conductor 54 resides on
opening wall 46 as discussed above in connection with
FIGS. 2-8, and the other features of this alternative embodi-
ment are also substantially as described above in connection
with FIGS. 2-8.

When tilt sensor apparatus 36 is tilted at a negative angle,
conductive element 64 shorts one of star patterns 100"
formed from conductor 56 to intra-substrate conductor 54.
When tilt sensor apparatus 36 is tilted at a positive angle,
conductive element 64 rolls to the other side of elongated
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opening 46, where it then shorts the other of star patterns
100" formed from conductor 56 to intra-substrate conductor
54.

In still other embodiments (not shown), star patterns 100
may be omitted from one side of opening 46. For example,
when two tilt sensors 42' are coupled in parallel, then top star
pattern 100" may be omitted from one opening while bottom
star pattern 100" may be omitted from the other. Some
reliability may be sacrificed in this embodiment, but the
redundancy achieved from operating two tilt sensors 42' in
parallel allows the same basic functionality to be provided.
Even when tilt sensors 42 are not coupled in parallel, one of
the star patterns 100 may be omitted. For example, in the
embodiment discussed above in connection with FIGS. 2-8,
bottom star pattern 100" may be omitted from tilt sensor 42".
The functionality is somewhat different, but the difference
may be of little importance in applications where other tilt
sensors, such as tilt sensors 42' are present.

FIG. 10 shows an exemplary schematic block diagram
depicting a device 118, such as an asset tag 24, which
includes a tilt sensor apparatus 36 configured generally as
discussed above in connection with FIGS. 2-9. FIG. 10
shows that exemplary device 118 includes two 90° tilt
sensors 42' and one 135° tilt sensor 42", but it might
alternatively or additionally include 0° tilt sensors. In the
preferred embodiment, the mechanical features of tilt sen-
sors 42' and 42" are similar to those discussed above in
connection with FIGS. 2-9. For convenience, FIG. 10
schematically depicts each tilt sensor 42 somewhat like a
double-pole switch. One pair of contacts, i.e., contact pair
54/56, is closed or shorted when device 118 is upright. This
pair of contacts is labeled “UC” in FIG. 10. Another pair of
contacts is provided by contact pair 54/60. Contact pair
54/60 is open when device 118 is upright, but closed or
shorted when device 118 is tilted beyond the tilt sensor’s
angle. This pair of contacts is labeled “TC” in FIG. 10.

Conductors 54 from all tilt sensors 42 and negative
terminal 70 from battery 66 couple to a terminal 120 adapted
to receive a common potential, referred to hereinafter as
ground. Thus, the shorting together of annular tangential-
contact bands 112 (FIG. 7) by conductor 54 continuously
occupying the entirety of opening wall 52 poses no problem
because the configuration of device 118 depicted in FIG. 10
does not require separate pairs of contacts in any of tilt
sensors 42.

Positive terminal 72 of battery 66 couples to an input/
output (I/O) section 122 and to a software-programmable
device 124. Within I/O section 122, power-consuming ele-
ments 126 and 128, shown in FIG. 10 as pull-up resistors,
respectively couple to first ports of controllable switching
elements 130 and 132 and through an asynchronous edge
detector circuit 133 to interrupt inputs of software-program-
mable device 124. Edge detector circuit 133 allows brief
(e.g., less than 1 microsecond), spurious indications of tilt or
no-tilt conditions to be captured and to cause an interrupt for
software-programmable device 124.

A second port of switching element 130 couples to the star
patterns 100" formed from conductor 56 for each of tilt
sensors 42', and a second port of switching element 132
couples to the star pattern 100" formed from conductor 56
for tilt sensor 42". A third port of switching element 130
couples to the star patterns 100' formed from conductor 60
for each of tilt sensors 42', and a third port of switching
element 132 couples to the star pattern 100" formed from
conductor 60 for tilt sensor 42". A control register 134
receives data from software-programmable device 124 and
provides control outputs which operate switching elements
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130 and 132. Thus, switching elements 130 and 132 selec-
tively couple their first ports to their second or third ports
under the control of data provided by software-program-
mable device 124.

A data or 1/O output of software-programmable device
124 also couples to an interface circuit 136, through which
data are communicated to a central facility 138. Interface
circuit 136 may implement any electronic communication
scheme, including radio-frequency schemes, bidirectional
schemes, optical schemes, infrared schemes, inductive
schemes, capacitive schemes, acoustic schemes, magnetic
schemes, and schemes based on direct physical connection
between contacts in device 118 and another device which
may serve as central facility 138 or which may transport data
to central facility 138. Any of the numerous types of
computer and data processing devices known to those
skilled in the art may serve as central facility 138, regardless
of location. Central facility 138 may be distributed so as to
provide functions that are performed at different devices,
and such devices may or may not be remotely located from
one another or from device 118.

FIG. 11 shows a state diagram which characterizes the
operation of any single tilt sensor 42 from tilt sensor
apparatus 36. In particular, FIG. 11 indicates that tilt sensor
42 may exist at any given moment in any one of three states,
including a first-short state 140, a no-short state 142, and a
second-short state 144. First-short state 140 occurs when
conductive element 64 shorts conductor 54 to conductor 60,
and second-short state 144 occurs when conductive element
64 shorts conductor 54 to conductor 56. No-short state 142
occurs whenever conductive element 64 fails to produce a
short at either the contact pair 54/60 or contact pair 54/56.
FIG. 11 indicates that tilt sensor 42 may transition from
first-short state 140 to no-short state 142, and vice-versa, or
tilt sensor 42 may transition from no-short state 142 to
second-short state 144, and vice-versa, but tilt sensor 42 may
not transition directly between first-short state 140 and
second-short state 144, or vice-versa. Tilt sensor 42 may not
transition between first-short state 140 and second-short
state 144 because of the large distance conductive element
64 needs to travel between the opposing ends of opening 46.

Tilt sensor 42 may spend a considerable amount of time
in no-short state 142, and the instances of no-short state 142
may occur at any time whether or not a tilt is in progress.
But, in order for tilt sensor 42 to provide a stable and reliable
indication of tilt, it is desirable that no-short state 142 be
substantially ignored. That way, tilt sensor 42 is much less
sensitive to mere movement but reliably senses tilts.

FIG. 12 shows a flow chart of a process 146 that device
118 follows under the control of software-programmable
device 124. Referring to FIGS. 10-12, in the preferred
embodiment software-programming device 124 may be pro-
vided by any of a wide variety of microcontrollers, micro-
processors, or the like. In a manner well understood by those
skilled in the art, software-programming device 124 is
configured to respond to programming instructions which
are stored in a memory portion (not shown) of software-
programming device 124.

Process 146 is configured to be invoked upon the occur-
rence of an interrupt. Those skilled in the art will appreciate
that an interrupt may cause software-programmable device
124 to cease any process currently being executed and
execute programming instructions provided for the interrupt.
In the preferred embodiment, software-programmable
device 124 is desirably in a sleep mode prior to the receipt
of'an interrupt. A sleep mode represents a lower power mode
of operation where software-programmable device 124 per-
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forms reduced levels of activity. The sleep mode may be
contrasted with an awake mode, where software-program-
mable device 124 engages in increased levels of activity and
consumes more power.

Also prior to an interrupt, switching elements 130 and 132
are controlled so that power-consuming elements 126 and
128 are coupled to the contact pair of each tilt sensor 42 that
must be open in a currently-indicated orientation for device
118. In upright orientation 26, the TC pair must be open and
the UC pair may be either shorted or open. In a tilted
orientation, the UC pair must be open and the TC pair may
be either shorted or open. Accordingly, power-consuming
elements 126 and 128 consume substantially no power
because the open contact pair to which they couple does not
conduct substantial amounts of current. Likewise, the closed
contact pair does not conduct substantial amounts of current
because power-consuming elements 126 and 128 are
decoupled from those contact pairs due to the operation of
switching elements 130 and 132.

Prior to an interrupt, power-consuming elements 126 and
128 hold the interrupt inputs in a known condition (e.g., a
logical high state). An interrupt occurs when device 118 is
tilted so that the open contact pair of a tilt sensor 42 is
shorted by its conductive element 64. When the short occurs,
the corresponding power-consuming element 126 or 128
then conducts current through the shorted contact pair to
ground terminal 120 and consumes significantly more
power.

When an interrupt occurs, process 146 first performs a
task 148 to cause software-programmable device 124 to
enter its awake mode. In the preferred embodiment, task 146
is completed within 100 microseconds following a short in
an contact pair. Task 146 may be implemented by hardware
rather than software in a manner understood by those skilled
in the art. After task 148, a task 150, which may be
performed either by hardware or software, identifies the
interrupting tilt sensor 142. For the exemplary embodiment
depicted in FIG. 10, an interrupt may be generated by either
the 90° tilt sensors 42' coupled in parallel or by 135° tilt
sensor 42". Subsequent tasks may be identical but for the
identity of the interrupting sensor 42, regardless of which
sensor 42 is identified in task 150.

Following task 150, a query task 152 determines which
orientation was last indicated by process 146 for the subject
sensor. While the subsequent tasks may be identical regard-
less of the last-indicated orientation, FIG. 12 depicts two
distinct program flow paths for ease of understanding. A task
154" or 154" is then performed to toggle an orientation-
indication flag, which causes process 146 to now indicate a
tilted state if the previous state was upright, or to indicate an
upright state if the previous state was tilted. Thus, unlike tilt
sensor 42 which exists in three states, the orientation indi-
cator exhibits only two states, each of which is the inverse
of the other.

Following task 154, a task 156' or 156" decouples the
associated power-consuming element 126 or 128 from the
circuit path of the interrupting contact pair. Due to this
decoupling, the subject power-consuming element 126 or
128 no longer consumes a significant amount of power.
Thus, power-consuming elements 126 and 128 consume
significant amounts of power only briefly and only from the
instant when a short first occurs at a given contact pair until
task 156 is performed. When the previous orientation was
upright and the current orientation is now indicated as being
tilted, the power-consuming eclement 126 or 128 is
decoupled from the contact pair 54/60. When the previous
orientation was tilted and the current orientation is now



Case 2:09-cv-01136-SRB Document 28 Filed 09/08/09 Page 73 of 133

US 7,088,258 B2

15

indicated as being upright, the power-consuming element
126 or 128 is decoupled from contact pair 54/56.

Following task 156, a task 158' or 158" is performed to
couple the associated power-consuming element 126 or 128
to the circuit path of the non-interrupting contact pair in the
subject tilt sensor 42. This circuit path now has an open
contact pair, and the power-consuming element 126 or 128
does not consume a significant amount of power. When the
previous orientation was upright and the current orientation
is now indicated as being tilted, the power-consuming
element 126 or 128 is coupled to contact pair 54/56. When
the previous orientation was tilted and the current orienta-
tion is now indicated as being upright, the power-consuming
element 126 or 128 is coupled to contact pair 54/60.

Next, an optional task 160' or 160" configures, if neces-
sary, the interrupt structure of software-programmable
device 124 to respond in the future to the non-interrupting
contact pair of the subject tilt sensor 42, but not to respond
to the interrupting contact pair. Task 160 may not strictly be
necessary in the embodiment depicted in FIG. 10 because
the decoupling and coupling of power-consuming elements
126 or 128 above in tasks 156 and 158 accomplish this
function. When the previous orientation was upright and the
current orientation is now indicated as being tilted, the
non-interrupting contact pair is contact pair 54/56. When the
previous orientation was tilted and the current orientation is
now indicated as being upright, the non-interrupting contact
pair is contact pair 54/60. At this point device 118 is set-up
to monitor the non-interrupting contact pair for a future
interrupt. The orientation-indicator flag will continue to
indicate its current state (either first-short state 140 or
second-short state 144) regardless of any excursions into and
back from no-short state 142.

Following task 160, a task 162 is performed to perform
any asset tag 24 or other functions that may be useful to the
application for which device 118 is provided. For the asset
tag 24 application, software timers are initiated and disabled
upon the detection of entry into and exit from orientations 28
and 32 (FIG. 1). These orientations are indicated by the
orientation-indicator flags discussed above. And, from time
to time various communication functions are performed to
cause data describing the durations asset tag 24 spends in
orientations 28 and 32 to be sent to central facility 138.
These and other functions may be performed during task
162. As indicated by ellipsis in FIG. 12, any number of
additional tasks may be performed by device 118 as may be
desired for the application. But, eventually device 118
completes such tasks and enters its lower power sleep mode,
at which point process 146 is considered complete.

Accordingly, 1/0 section 122 and software-programmable
device 124 (FIG. 10) collectively form a control circuit
configured to continuously indicate an upright orientation 26
until first-short state 140 is detected, then indicate a tilted
orientation 28 or 32, and to continuously indicate the tilted
orientation until the a second-short state 144 is detected,
then to indicate upright orientation 26 again.

While software-programmable device 124 may be pro-
vided by a wide variety of microcontrollers and micropro-
cessors, both /O section 122 and software-programmable
device 124 may also be implemented using a single com-
ponent, which is indicated as electrical component 74 in
FIG. 2. In one embodiment a PIC16F630 or similar micro-
controller manufactured by Microchip Technology, Inc. of
Chandler, Ariz., USA, serves as both 1/O section 122 and
software-programmable device 124. In this embodiment,
instead of switching a single power-consuming element
between two different circuit paths, separate pull-up ele-
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ments are switched in to and out from different circuit paths.
And, separate circuit paths are provided to separate /O pins
that also serve as interrupts. Those skilled in the art will
appreciate that it makes no difference whether the same or
different power-consuming elements are coupled into and
out from the various circuit paths and whether a larger or
smaller number of physical interrupt pins are used.

In summary, the present invention provides an improved
tilt sensor apparatus and method therefor. The tilt sensor
apparatus may include one or more tilt sensors. The tilt
sensor apparatus consumes very little power due, at least in
part, to the coupling and decoupling of power-consuming
elements to and from circuit paths that pass through the tilt
sensors and the use of an interrupt to wake a software-
programmable device from a sleep mode when a sensed tilt
angle is detected. The tilt sensor apparatus requires little
space due, at least in part, to the alignment of an opening in
which a conductive element is entrapped with a battery
and/or the removal of tilt sensors from the surface of a
printed wiring board (PWB) on which other circuit compo-
nents are mounted. The tilt sensor apparatus is also inex-
pensive to manufacture because it uses a single inexpensive
component in the form of a conductive element along with
features formed in PWBs using conventional PWB process-
ing techniques. And, the tilt sensor apparatus provides a
reliable and robust indication of tilt angles due to the
coupling of'tilt sensors in parallel, the use of a control circuit
which is insensitive to a no-short state, and the use of
mechanical features that increase kinetic energy in the
conductive element and which form reliable contacts with
stationary conductors.

Although preferred embodiments of the invention have
been illustrated and described in detail, it will be readily
apparent to those skilled in the art that various modifications
may be made therein without departing from the spirit of the
invention or from the scope of the appended claims. For
example, while a specific embodiment related to an asset tag
having particular requirements is disclosed herein, tilt sensor
apparatuses configured in accordance with the teaching
provided herein may be used in a wide variety of different
applications, and those tilt sensors may be configured to
sense different angles than those disclosed herein. Moreover,
those skilled in the art may devise equivalent tilt sensor
apparatuses with different dimensions than described above.
These and other changes and modifications are intended to
be included in the scope of the present invention.

What is claimed is:

1. A tilt sensor apparatus (36) comprising:

a first planar substrate (44) having a top surface (58) on
which a first conductive layer (56) resides, said first
conductive layer being formed into a bottom pattern
(100") having alternating conductive regions (104) and
void regions (106), wherein said conductive regions of
said bottom pattern are electrically coupled together;

a second planar substrate (38) overlying said top surface
of said first substrate, said second substrate having an
opening (46) overlying said pattern and surrounded by
an opening wall (52) and having a intra-substrate
conductor (54) on said opening wall, said intra-sub-
strate conductor continuously occupying an annular
tangential-contact band (112) in said opening wall;

a third planar substrate (40) having a bottom surface (62)
on which a third conductive layer resides (60), said
third substrate overlying said second substrate; and

a conductive element (64) positioned within said opening
and configured to move within said opening to short
said first conductive layer to said intra-substrate con-
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ductor when resting on said first substrate and in
contact with said annular tangential-contact band.

2. A tilt sensor apparatus as claimed in claim 1 wherein:

said third conductive layer is formed into a top pattern

(100" having alternating conductive and void regions,
wherein said conductive regions of said top pattern are
electrically coupled together;

said annular tangential-contact band is a first annular

tangential-contact band; and

said intra-substrate conductor continuously occupies a

second annular tangential-contact band in said opening
wall, said second annular tangential-contact band being
positioned on said opening wall where said conductive
element most nearly touches said opening wall when
resting on said third substrate.

3. A tilt sensor apparatus as claimed in claim 2 wherein
said top pattern is positioned relative to said bottom pattern
so that said elongated conductive regions of said top pattern
overlie said void regions of said bottom pattern.

4. A tilt sensor apparatus as claimed in claim 1 wherein
said conductive element is substantially spherical.

5. A tilt sensor apparatus as claimed in claim 1 wherein at
least a portion of said opening has a frusto-conical shape.

6. A tilt sensor apparatus as claimed in claim 1 wherein
said opening is horizontally elongated.

7. A tilt sensor apparatus as claimed in claim 6 wherein:

said bottom pattern is a first bottom pattern;

said first conductive layer is formed into a second bottom

pattern having alternating conductive and void regions,
wherein said conductive regions of said second bottom
pattern are electrically coupled together; and

said first and second bottom patterns are spaced apart to

prevent said conducting element from simultaneously
contacting both of said first and second bottom patterns
and electrically isolated from one another.

8. A tilt sensor apparatus as claimed in claim 7 wherein:

said conductive element causes said tilt sensor apparatus

to exist in a first state (140) in which a short is formed
between said first bottom pattern and said intra-sub-
strate conductor, a second state (144) in which a short
is formed between said second bottom pattern and said
intra-substrate conductor, and a third state (142) in
which no short is formed between either said first or
second bottom patterns and said intra-substrate con-
ductor; and

said tilt sensor apparatus additionally comprises a control

circuit (124) coupled to said first and second bottom
patterns, said control circuit being configured to con-
tinuously indicate a first-orientation until said second
state is detected, then indicate a second orientation, and
to continuously indicate said second orientation until
said first state is detected, then indicate said first
orientation.

9. A tilt sensor apparatus as claimed in claim 1 addition-
ally comprising a battery (66) vertically aligned with said
second substrate and in contact with one of said first and
third conductive layers.

10. A tilt sensor apparatus as claimed in claim 1 wherein:

said first conductive layer exhibits a first predetermined

thickness;

said second substrate has a conductive layer facing said

first conductive layer, said second substrate conductive
layer exhibiting a second predetermined thickness of
greater than or equal to zero; and

said second substrate is spaced apart from said first

substrate by a distance of no more than a sum of said
first and second predetermined thicknesses.
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11. A tilt sensor apparatus as claimed in claim 1 wherein
said intra-substrate conductor substantially covers said
entire opening wall.

12. A tilt sensor apparatus as claimed in claim 1 wherein
said bottom pattern is a star pattern having a central con-
ductive region and elongated conductive regions extending
radially from said central region and having said void
regions located between said elongated regions.

13. A tilt sensor apparatus as claimed in claim 12 wherein
said elongated conductive regions and said conductive ele-
ment are mutually dimensioned so that said conductive
element can simultaneously contact any adjacent two of said
elongated conductive regions and said annular tangential-
contact band of said intra-substrate conductor while avoid-
ing contact with said first substrate in said void region
between said adjacent two of said elongated conductive
regions.

14. A tilt sensor apparatus as claimed in claim 1 wherein:

said tilt sensor apparatus exists in a first state in which a

short is formed between said first conductive layer and
said intra-substrate conductor, a second state in which
a short is formed between said intra-substrate conduc-
tor and said third conductive layer, and a third state in
which no short is formed between either said first or
third conductive layers and said intra-substrate conduc-
tor; and

said tilt sensor apparatus additionally comprises a control

circuit coupled to said first, and third conductive layers
and to said intra-substrate conductor, said control cir-
cuit being configured to continuously indicate a first
orientation until said second state is detected, then
indicate a second orientation, and to continuously indi-
cate said second orientation until said first state is
detected, then indicate said first orientation.

15. A tilt sensor apparatus as claimed in claim 14 wherein
said control circuit comprises:

a power consuming element (126) selectively coupled to

said first conductive layer; and

a control element (134) coupled to said power consuming

element and configured to couple said power consum-
ing element to said first conductive layer when said
control circuit indicates said second orientation and to
decouple said power consuming element from said first
conductive layer when said control circuit indicates
said first orientation.

16. A tilt sensor apparatus as claimed in claim 1 wherein:

said opening is a first opening, and said opening wall is a

first opening wall;

said second substrate has a second opening surrounded by

a second-opening wall and has an intra-substrate con-
ductor on said second opening wall, said second open-
ing overlying said first substrate and underlying said
third conductive layer of said third substrate; and
said tilt sensor apparatus additionally comprises a second
conductive element positioned within said second
opening and configured to freely move within said
second opening to short said intra-substrate conductor
in said second opening to said third conductive layer.

17. A tilt sensor apparatus as claimed in claim 16 wherein:

said first and second opening walls exhibit substantially

identical angles;

said first conductive layer underlies said second opening;

said third conductive layer overlies said first opening;

said first conductive layer underlying said first opening is
electrically coupled to said first conductive layer under-
lying said second opening;
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said third conductive layer overlying said first opening is
electrically coupled to said third conductor overlying
said second opening; and

said intra-substrate conductors in said first and second
openings are electrically coupled together.

18. A tilt sensor apparatus as claimed in claim 17 wherein
said first and second opening walls exhibit different angles
so that said tilt sensor apparatus senses two different angles
of tilt.

19. A tilt sensor apparatus as claimed in claim 1 wherein
said conductive element has a diameter less than two-thirds
the thickness of said second substrate.

20. A tilt sensor apparatus as claimed in claim 1 wherein:

said opening exhibits a predetermined diameter at said
annular tangential-contact band; and

said conductive element has a diameter which is less than
80% of said predetermined diameter.

21. A tilt sensor apparatus (36) comprising:

a first planar substrate (44) having a top surface (58) on
which a first conductor (56) resides;

a second planar substrate (38) overlying said top surface
of said first substrate, said second substrate having an
opening (46) surrounded by an opening wall (52) and
having a second conductor (54) on said opening wall;

a third planar substrate (40) overlying said second sub-
strate and having a bottom surface (62) on which a third
conductor (60) resides; and

a conductive element (64) positioned within said opening
and configured to move within said opening to short
said first conductor to said second conductor when
resting on said first substrate, said conductive element
having a diameter less than two-thirds the thickness of
said second substrate.

22. Atilt sensor apparatus as claimed in claim 21 wherein
said third conductor and said conductive element are mutu-
ally configured so that said conductive element shorts said
third conductor to said second conductor when resting on
said third substrate.

23. A tilt sensor apparatus as claimed in claim 21 wherein
said opening is horizontally elongated.

24. A tilt sensor apparatus as claimed in claim 23 wherein:

said first conductor is formed into a first pattern (100")
and a second pattern (100"); and

said first and second patterns are spaced apart to prevent
said conducting element from simultaneously contact-
ing both of said first and second patterns and electri-
cally isolated from one another.

25. A tilt sensor apparatus as claimed in claim 21 addi-
tionally comprising a battery (66) vertically aligned with
said second substrate and in contact with one of said first and
third conductors.

26. A tilt sensor apparatus as claimed in claim 21 wherein:

said first conductor is provided by a conductive layer that
exhibits a first predetermined thickness;

said second substrate has a conductive layer facing said
first conductive layer, said second substrate conductive
layer exhibiting a second predetermined thickness of
greater than or equal to zero; and

said second substrate is spaced apart from said first
substrate by a distance of no more than a sum of said
first and second predetermined thicknesses.

27. A tilt sensor apparatus as claimed in claim 21 wherein
said first conductor is formed in a star pattern which under-
lies said opening in said second substrate, said star pattern
having a central region (102) and elongated regions (104)
extending radially from said central region.
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28. A tilt sensor apparatus as claimed in claim 27 wherein:

said star pattern is a first star pattern, said central region
is a first central region, and said elongated regions are
first elongated regions, and voids in said first conductor
reside between said first elongated regions;

said third conductor is formed in a second star pattern
(100") which overlies said opening in said second
substrate, said second star pattern having a second
central region and second elongated regions extending
radially from said second central region; and

and said second star pattern is rotated relative to said first
star pattern so that said second elongated regions of
said second star pattern overlie said voids between said
first elongated regions of said first star pattern.

29. A tilt sensor apparatus as claimed in claim 21 wherein:

said conductive element causes said tilt sensor apparatus
to exist in a first state (140) in which a short is formed
between said first and second conductors, a second
state (144) in which a short is formed between said
second and third conductors, and a third state (142) in
which no short is formed between either said first or
third conductors and said second conductor; and

said tilt sensor apparatus additionally comprises a control
circuit (124) coupled to said first and third conductors,
said control circuit being configured to continuously
indicate a first orientation until said second state is
detected, then indicate a second orientation, and to
continuously indicate said second orientation until said
first state is detected, then indicate said first orientation.

30. A tilt sensor apparatus as claimed in claim 29 wherein

said control circuit comprises:

a power consuming element (126) selectively coupled to
said first conductor; and

a control element (134) coupled to said power consuming
element and configured to couple said power consum-
ing element to said first conductor when said control
circuit indicates said second orientation and to
decouple said power consuming element from said first
conductor when said control circuit indicates said first
orientation.

31. Atilt sensor apparatus as claimed in claim 21 wherein:

said opening is a first opening, and said opening wall is a
first opening wall;

said second substrate has a second opening surrounded by
a second-opening wall and has a fourth conductor on
said second opening wall, said second opening over-
lying said first substrate and underlying said third
conductor of said third substrate;

said tilt sensor apparatus additionally comprises a second
conductive element positioned within said second
opening and configured to freely move within said
second opening to short said first and fourth conductors
together when in contact with said first conductor and
to short said fourth and third conductors together when
in contact with said third conductor.

32. Atilt sensor apparatus as claimed in claim 31 wherein:

said first and second opening walls each approach said
first substrate at substantially identical angles and said
first and second opening walls each approach said third
substrate at substantially identical angles;

said first conductor underlies said second opening;

said third conductor overlies said first opening;

said first conductor underlying said first opening is elec-
trically coupled to said first conductor underlying said
second opening;
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said third conductor overlying said first opening is elec-
trically coupled to said third conductor overlying said
second opening; and

said second conductor is electrically coupled to said
fourth conductor.

33. Atilt sensor apparatus as claimed in claim 31 wherein
said first and second opening walls extend at different angles
between annular tangential-contact bands in said first and
second opening walls so that said tilt sensor apparatus senses
two different angles of tilt.

34. A tilt sensor apparatus (36) comprising:

a first planar substrate (44) having a top surface (58) on

which a first conductor (56) resides;

a second planar substrate (38) overlying said top surface
of said first substrate, said second substrate having an
opening (46) surrounded by an opening wall (52) and
having a second conductor (54) on said opening wall;

a third planar substrate (40) overlying said second sub-
strate and having a bottom surface (62) on which a third
conductor (60) resides;

a conductive element (64) positioned within said opening
and configured to move within said opening to short
said first and second conductors together when resting
on said first substrate; and

a battery (66) vertically aligned with said second substrate
and in contact with one of said first and third conduc-
tors.

35. Atilt sensor apparatus as claimed in claim 34 wherein
said conductive element shorts said second and third con-
ductors together when resting on said third substrate.

36. A tilt sensor apparatus as claimed in claim 34 wherein:

said battery has opposing polarity terminals (70,72)
located on opposing top and bottom sides of said
battery; and

one of said terminals is electrically coupled between said
first and third substrates through said second substrate.

37. A tilt sensor apparatus as claimed in claim 36 addi-
tionally comprising a control circuit (74) physically
mounted on one of said first and third substrates and
electrically coupled to each of said opposite polarity termi-
nals of said battery and to said first, second, and third
conductors.

38. A tilt sensor apparatus as claimed in claim 37 wherein
said control circuit comprises a software-programmable
device (124) configured to operate an asset tag (24) which
times a duration a container in which bulk product (20) is
stored is tilted, said duration describing a quantity of said
product dispensed from said container (22), and which
communicates said duration to a central facility (138).

39. A tilt sensor apparatus as claimed in claim 34 wherein:

said first conductive layer exhibits a first predetermined
thickness;

said second substrate has a conductive layer facing said
first conductive layer, said second substrate conductive
layer exhibiting a second predetermined thickness of
greater than or equal to zero; and

said second substrate is spaced apart from said first

substrate by a distance of no more than a sum of said
first and second predetermined thicknesses.

40. A tilt sensor apparatus as claimed in claim 34 wherein
said first conductor is formed in a star pattern (100") which
underlies said opening in said second substrate, said star
pattern having a central region (102) and elongated regions
(104) extending radially from said central region.
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41. Atilt sensor apparatus as claimed in claim 34 wherein:

said conductive element causes said tilt sensor apparatus
to exist in a first state (140) in which a short is formed
between said first and second conductors, a second
state (144) in which a short is formed between said
second and third conductors, and a third state (142) in
which no short is formed between either said first or
third conductors and said second conductor; and

said tilt sensor apparatus additionally comprises a control

circuit (124) coupled to said first and third conductors,
said control circuit being configured to continuously
indicate a first orientation until said second state is
detected, then indicate a second orientation, and to
continuously indicate said second orientation until said
first state is detected, then indicate said first orientation.

42. A tilt sensor apparatus as claimed in claim 34 wherein:

said opening is a first opening, and said opening wall is a

first opening wall;

said second substrate has a second opening surrounded by

a second opening wall and has a fourth conductor on
said second opening wall, said second opening over-
lying said first substrate and underlying said third
conductor of said third substrate; and

said tilt sensor apparatus additionally comprises a second

conductive element positioned within said second
opening and configured to freely move within said
second opening to short said fourth and third conduc-
tors together when resting on said third substrate.

43. A method of operating a low power tilt sensor (42)
having a first pair of contacts (54/56), a second pair of
contacts (54/60), and a conductive element (64) that moves
under the acceleration of gravity (27) to short said first pair
of contacts when said tilt sensor is tilted in a first orientation
(32) and to short said second pair of contacts when said tilt
sensor is tilted in a second orientation (26), said method
comprising:

sensing (146) a shorted condition at said first pair of

contacts;

generating (154) a first-orientation indicator in response

to said sensing activity;

decoupling (156) a power-consuming clement (126)

coupled to said first pair of contacts in response to said
sensing activity;

coupling (158) a power-consuming element to said sec-

ond pair of contacts in response to said sensing activity;
and

monitoring, in response to said coupling activity, said

second pair of contacts for a shorted condition.

44. A method as claimed in claim 43 additionally com-
prising

detecting said shorting of said second pair of contacts in

response to said monitoring activity;

generating a second-orientation indicator in response to

said detecting activity;

decoupling said second power consuming element from

said second pair of contacts in response to said detect-
ing activity;

coupling said first power consuming element to said first

pair of contacts in response to said detecting activity;
and

monitoring said first pair of contacts for a shorted condi-

tion.

45. A method as claimed in claim 43 wherein said
second-orientation indicator is an inverse of said first-
orientation indicator.
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46. A method as claimed in claim 43 wherein said
monitoring activity detects, in a software-programmable
device (124), an interrupt caused by said shorted condition
on said first pair of contacts.

47. A method as claimed in claim 43 wherein said
monitoring activity comprises:

placing a software-programmable device in a sleep mode

in which said software-programmable device consumes
less power than when in an awake mode; and

placing said software-programmable device in said awake

mode in response to said shorted condition on said first
pair of contacts.

10

24

48. A method as claimed in claim 43 additionally com-
prising coupling one of said first pair of contacts to one of
said second pair of contacts and to a node adapted to receive
a common potential.

49. A method as claimed in claim 43 wherein said
generating activity comprises:

maintaining said first-orientation indicator when said first

pair of contacts becomes open; and

removing said first-orientation indicator when said moni-

toring activity encounters said shorted condition for
said second pair of contacts.
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100 160
/ /
CREATE STACKS OF TOP, MIDDLE ROUTE NOTCHES INTO BOTTOM AND MIDDLE
AND BOTTOM PANEL. PANEL STACKS AROUND EACH BOARD LOCATION
0 ROUTE COMPONENT CAVITY INTO EACH MIDDLE
P, BOARD LOCATION IN EACH MIDDLE PANEL STACK.
DRILL TOOLING HOLES INTO STACKS OF TOP, 170
MIDDLE AND BOTTOM PANELS. Z
20 (OPTIONAL)
J SEPARATE MACRO-PANELS INTO SMALLER PANEL SIZES.
PLACE STACKS OF TOP, MIDDLE AND BOTTOM 180
PANELS INTO PIN REGISTERED FRAMES. Z
0 SEPARATE PANELS FROM STACKS AND PLACE
J INDIVIDUAL SINGLE MIDDLE PANELS, BOTTOM
DRILL FLECTRICAL THROUGH CONNECTIONS DOWN, IN A PIN REGISTERED FRAME.
INTO STACKS OF TOP, MIDDLE AND BOTTOM 190
PANELS. DRILL EVENT DETECTION APERTURES Vd

AND EVENT DETECTION STRUCTION APERTURES
INTO STACKS OF MIDDLE PANELS. DRILL PLURALITY
OF SMALL ELECTRICAL CONNECTION APERTURES

STENCIL TWO-COMPONENT EPOXY ONTO TOP SURFACE
OF MIDDLE PANEL FOR EACH BOARD LOCATION

200
/

MATE TOP PANEL BOTTOM DOWN ONTO TOP OF EPOXY
COVERED MIDDLE PANEL AND PRESS FOR SURING.

210
/

INTO BOTTOM BOARDS.
125
/
ELECTROPLATE VIAS, APERTURES, AND THROUGH
CONNECTIONS
140
/

SEPARATE STACKED PANELS AND CREATE CIRCUIT
TRACES ONTO AT LEAST ONE SIDE OF EACH
INDIVIDUAL BOARD LOCATION ON EACH
INDIVIDUAL TOP, MIDDLE AND BOTTOM PANEL.

SURFACE MOUNT EVENT DETECTING AND REPORTING
CIRCUITRY ONTO EACH BOTTOM BOARD LOCATION ON
EACH BOTTOM PANEL.

220
/

120
/

RESTACK PANELS INTO TOP, MIDDLE AND BOTTOM
PANEL STACKS AND PLACE ONTO ROUTING MACHINE

PLACE EACH BOTTOM PANEL INTO A PIN REGISTERED
PROGRAMMING/TEST FIXTURE AND PROGRAM AND
TEST THE SURFACE MOUNTED EVENT DETECTING AND
REPORTING CIRCUITRY.

USING PIN REGISTERED FRAME.

B

FIG. 15
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/ /
MEASURE CAPACITANCE OF A FEATURE PLACE LOOSE PARTS (BATTERIES, MOTION SENDING
IN AT LEAST SOME PWBSS PIECE AND THE LIKE) INTO CAVITIES AND APERTURES
=55 | | N THE MDDLE BOARD LOCATIONS OF THE TOP/MIDDLE
g PANEL COMPOSITES.
ESTIMATE CAPACITANCE OF FEATURE 250
INUNVEASURED PWBSS 4
o STENCIL TWO-COMPONENT EPOXY ONTO EXPOSED
g SURFACE OF TOP/MIDDLE BOARD LOCATIONS OF
TOP/MDDLE COMPOSITE ASSEMBLIES AND
| SELECT HOLE DIAMETERS | MATE BOTTOM PANELS FOR CURING
25)6 5 53 5
I DRILL HOLES | SOLDER ELECTRICAL THROUGH CONNECTIONS
TOGETHER, THEREBY ELECTRICALLY CONNECTING
TOP/MIDDLE/BOTTOM BOARD LOCATIONS.
270
/
PLACE DOUBLE BACKED ADHESIVE ON BOTH BOTTOM
AND TOP SURFACES OF THE TOP/MIDDLE/BOTTOM
COMPOSITE ASSEMBLIES AND PLACE POLYESTER
OVERLAY ON BOTTOM AND TOP SLRFACES.

2860
/
ROUTE TOP/MIDDLE/BOTTOM COMPOSITE ASSEMBLIES
AROUND THE DEVICE LOCATIONS.

290
/

(OPTIONAL)
ROUTE ATTACHVENT STRUCTURE AT EACH DEVICE
LOCATION IN THE TOP/MIDDLE/BOTTOM COMPOSITE
ASSEMBLY AND PAINT EXPOSED AREAS.

5/00
| TEST DEVICES |

310
/
I INSTALL CONDUCTIVE MAST AND SEALER |

FIG. 10
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RF COMMUNICATIONS APPARATUS AND
MANUFACTURING METHOD THEREFOR

RELATED INVENTION

The present invention claims benefit under 35 U.S.C.
119(e) to “Inventory Systems and Methods,” U.S. Provi-
sional Patent Application Ser. No. 60/551,191, filed 8 Mar.
2004, and to “Inventory Systems and Methods,” U.S. Pro-
visional Patent Application Ser. No. 60/650,307, filed 3 Feb.
2005, both of which are incorporated by reference herein.

The present invention is a continuation-in-part of “Asset
Tag with Event Detection Capabilities,” Ser. No. 10/795,
720, filed 8 Mar. 2004, by at least one inventor in common
herewith, which is incorporated by reference herein.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to radio-frequency
(RF) apparatuses which use loop antennas and which use
tuning capacitors to tune the loop antennas. In addition, the
present invention relates to such RF apparatuses which are
configured to operate as asset monitoring tags.

BACKGROUND OF THE INVENTION

The identification, measurement and/or control of physi-
cal assets are important aspects of modern business prac-
tices. Frequently, assets are misidentified, misplaced or
incorrectly dispensed, thereby leading to incorrect inventory
and/or receivables.

A common modern method for dealing with asset control
is the use of bar codes. These bar codes can be used to both
identify a product and support the determination of the time
and location of dispensation.

Another increasingly common method for asset control is
the use of radio frequency tags (RF tags). These are tags that
are attached to assets and that include at least a radio
transmitter and identification circuit. The identification cir-
cuit continually, periodically, or after an interrogatory is sent
from a receiver, sends the identification of the product.

These systems, while excellent for product identification,
are not optimized for tracking events that may occur to the
products. These events may be movement of the asset, tilting
of'the asset, acceleration of the asset, changes in temperature
of the asset, breakage of the asset (or associated tag), button
presses, and the like.

Therefore, there is a present and continuing need for
improved asset tags used for the identification, measurement
and/or control of physical assets.

Asset tags desirably communicate data describing the
events they track to other devices for processing that data. In
many situations, it is convenient to use radio-frequency (RF)
transmissions to communicate the data. But conventional RF
communication techniques fail to address the needs of
systems that rely upon asset tags, and conventional RF
communication techniques are not well suited to other types
of RF communications apparatuses as well.

Most electronic systems benefit from lower cost compo-
nents. But systems that use asset tags as well as other types
of electronic systems have a particularly heightened need for
low cost components. The need for a low cost component is
heightened when a particular device, such as an asset tag, is
used in large numbers by a given system. In this situation,
any unnecessary costs are multiplied by the number of the
often-used device in the system.
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And, many electronic systems, including those that
include asset tags, benefit from components of smaller size.
When asset tags are associated with products, the asset tags
need to be as small as possible so that they do not detract
from the packaging and ambiance, so that they do not take
up significant space that is better used by the products with
which they are associated, and so that they do not interfere
with the operation and manipulation of the products, their
packaging, or their containers.

Likewise, most electronic systems can benefit from opera-
tion with the lowest possible power consumption. But sys-
tems that rely upon asset tags and other types of electronic
systems have a heightened need for low-power operation.
When a device, such as an asset tag, relies upon the use of
one or more batteries to provide its electrical power, the
selected battery often drives many design parameters for the
device.

Greater battery capacity can lessen the pressures for
achieving low-power operation. Greater battery capacity can
be achieved by using more expensive batteries of a given
size, larger batteries of a given battery technology, by using
a greater number of batteries, by using rechargeable batter-
ies, and/or by requiring occasional replacement of batteries.
But each of these options is undesirable. A more expensive
battery, a larger battery, or a larger number of batteries poses
a cost problem. Accordingly, these are undesirable solutions
when a heightened need exists for low cost. And, larger
batteries or a greater number of batteries cause a battery-
powered device, such as an asset tag, to be larger than it
might be. Again, these are undesirable solutions when a need
exists for making an RF apparatus as small as possible.

Rechargeable batteries are also undesirable to the extent
that they are more expensive than non-rechargeable batter-
ies. And, expenses and size requirements are further
increased by an undesirable need to recharge the batteries
and to provide the associated recharging circuits and related
paraphernalia.

The use of replaceable batteries is also undesirable in
some applications because the ongoing need to purchase
replacement batteries increases costs in many electronic
applications, such as those that rely upon asset tags. But
replaceable batteries and/or rechargeable batteries are unde-
sirable in asset tag and other electronic applications for other
reasons as well. RF apparatuses that use rechargeable and/or
replaceable batteries will be required to operate on low
battery reserves from time to time. This will result in an
unreliable operation. And, when the battery reserves are
finally exhausted, they impose a nuisance factor on the user
who is denied the services that RF apparatus should be
providing and is then required to either recharge or replace
batteries. In electronic systems that may use several battery-
powered devices, such as systems that rely upon asset tags,
this nuisance factor is a serious problem.

Accordingly, asset tags and many other electronic devices
can benefit from a capability to engage in RF communica-
tions, to be as small as possible, to be as inexpensive as
possible, and to be powered by one or more batteries that are
as small and inexpensive as possible, yet are non-replaceable
if at all possible.

Engaging in RF communications on tight cost, power, and
space budgets is an extremely challenging task. One of the
factors that exerts a substantial influence on this task is the
antenna through which RF communications takes place. A
loop antenna is a conductive loop which is tuned using a
tuning capacitor coupled to the loop to resonate at a desired
RF frequency. Conventional loop antennas exhibit many
desirable characteristics for these types of applications. For
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example, they can be formed in a small space. And, they can
be configured to exhibit a high quality factor (Q), which
allows them to operate at a somewhat greater power effi-
ciency for a given loop size.

But conventional loop antennas fail to achieve the space
and efficiency goals that would be beneficial for asset tags or
other RF communications devices. One reason for this
failure is that as loop antennas get smaller to meet tight
space requirements, they then need to be operated at as high
a Q as possible to maximize their power efficiency. This
makes a loop antenna highly sensitive to tuning. In other
words, if the tuning capacitor exhibits a capacitance as little
as a couple of percent off of the ideal value which achieves
resonance at a desired RF frequency, power efficiency can
suffer tremendously. But, RF devices on tight power budgets
cannot afford reduced power efficiency.

The sensitivity to tuning of conventional high Q antennas
poses another problem. Governmental regulatory agencies,
such as the Federal Communications Commission (FCC) in
the United States and counterparts in other countries, restrict
the amount of power that can be broadcast from an antenna.
Manufacturers are required to reduce power output based on
a worst likely case manufacturing sample. The sensitivity to
tuning of a high Q antenna means that when the antenna
cannot be consistently tuned, transmit power will need to be
reduced to meet regulations, and the radio range will be
reduced from what it might be if antennas could be more
consistently tuned. And, the regulations tend to be more
strict for high volume, mass market transmission applica-
tions. These are the same applications where cost concerns
are strongly felt.

Conventional loop antennas in these situations use dis-
crete, manually-tuned, board-mounted tuning capacitors,
discrete, high precision, board-mounted tuning capacitors,
discrete, highly stable, board-mounted tuning capacitors,
and/or discrete, pre-screened, board-mounted tuning capaci-
tors. Discrete board-mounted capacitors are leaded or sur-
face-mount capacitors that are mounted on a printed wiring
board. But, manually-tuned and pre-screened tuning capaci-
tors are simply not compatible with mass-market manufac-
turing techniques where large numbers of devices need to be
manufactured on a tight cost budget. And, high precision
and/or highly stable capacitors are so expensive that they
also are undesirable in applications on a tight cost budget. In
such situations, conventional loop antennas couple resistive
elements to the loop antenna to reduce the Q to the point
where a tuning capacitor that meets budgetary requirements
can effectively tune the antenna. But in a battery powered
device on a tight power budget, techniques that lead to such
power inefficiencies are undesirable.

SUMMARY OF THE INVENTION

It is an advantage of the present invention that an
improved RF communications apparatus and manufacturing
method are provided.

Another advantage is that an apparatus and method are
provided that are compatible with a small, low cost, RF
communications apparatus.

Another advantage is that an apparatus and method are
provided that are compatible with low cost, low power RF
communications.

Another advantage is that an apparatus and method are
provided that are compatible with maximizing RF radio
range at low cost and while meeting regulatory require-
ments.
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Another advantage is that an RF communications appa-
ratus and method are provided that are compatible with the
use of a non-replaceable battery.

At least a portion of these and/or other advantages are
realized in one form by a radio-frequency (RF) communi-
cations apparatus that includes a planar dielectric substrate.
An RF circuit is mounted on the planar dielectric substrate.
A conductive loop is formed as a first conductive trace on the
planar dielectric substrate. The conductive loop has a feed
point coupled to the RF circuit by a second conductive trace
on the planar dielectric substrate. A tuning capacitor is
formed as first and second juxtaposed conductive pads
located on opposing sides of the planar dielectric substrate.
The first conductive pad is in contact with a first portion of
the conductive loop and the second conductive pad is in
contact with a second portion of the conductive loop. The
tuning capacitor and the conductive loop together form a
loop antenna. The tuning capacitor has a hole that exhibits
size selected to tune the loop antenna.

At least a portion of the above and/or other advantages are
realized in another form by a method of manufacturing a
radio-frequency (RF) communications apparatus. The
method calls for forming conductive patterns on a printed
wiring board to include a loop antenna having a tuning
capacitor with first and second conductive pads juxtaposed
on opposing sides of the printed wiring board and a con-
ductive loop having first and second portions respectively
contacting the first and second conductive pads. Capacitance
of a feature on the printed wiring board is measured, where
the feature exhibits a capacitance proportional to the capaci-
tance of the tuning capacitor. A hole size is then selected in
response to this measured capacitance. A hole is then formed
through the tuning capacitor. The hole exhibits the hole
diameter.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be derived by referring to the detailed description and
claims when considered in connection with the figures,
wherein like reference numbers refer to similar items
throughout the figures, and:

FIG. 1 is a perspective view of a first preferred embodi-
ment of an RF apparatus configured according to the present
invention;

FIG. 2 is a top view of a bottom printed wiring board
(PWB) from the RF apparatus of FIG. 1, illustrating a
preferred electrical circuit trace for the top side of the bottom
board;

FIG. 3 is a bottom view of the bottom PWB from the RF
apparatus of FIG. 1, illustrating a preferred circuit trace for
the bottom side of the bottom PWB;

FIG. 4 is a top view of a middle PWB from the RF
apparatus of FIG. 1, illustrating a preferred electrical circuit
trace for the top side of the middle PWB;

FIG. 5 is a bottom view of the middle PWB from the RF
apparatus of FIG. 1, illustrating a preferred electrical circuit
trace for the bottom side of the middle PWB;

FIG. 6 is a top view of a top PWB from the RF apparatus
of FIG. 1, illustrating a preferred circuit trace for the top side
of the top PWB;

FIG. 7 is a bottom view of the top PWB from the RF
apparatus of FIG. 1, illustrating a preferred circuit trace for
the bottom side of the top PWB;

FIG. 8 is a simplified hardware logical block diagram of
components of the RF apparatus of FIG. 1;
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FIG. 9 is a side view of a second embodiment of an RF
apparatus configured according to the present invention;

FIG. 10 shows a sequence depicting the dispensing of a
bulk product from a container using the RF apparatus of
FIG. 9,

FIG. 11 shows an exploded side view of the RF apparatus
of FIG. 9;

FIG. 12 shows a bottom view of a printed wiring board
used in the RF apparatus of FIG. 9;

FIG. 13 shows a top view of the printed wiring board
shown in FIG. 12;

FIG. 14 shows a block diagram of an electronic circuit
used in the RF apparatus of FIG. 9;

FIG. 15 shows a flowchart describing earlier tasks in a
preferred manufacturing process for the RF apparatuses of
FIG. 1 and/or FIG. 9;

FIG. 16 shows a flowchart describing later tasks in a
preferred manufacturing process for the RF apparatuses of
FIG. 1 and/or FIG. 9;

FIG. 17 shows an example of an array of board locations
in a panel, specifically a middle panel, for the RF apparatus
of FIG. 1;

FIG. 18 is a cut-away view of the RF apparatus of FIG.
1 illustrating battery and spring contact placements;

FIG. 19 is a cut-away view of the RF apparatus of FIG.
1 illustrating the placement of movable pieces in event
detection structures; and

FIG. 20 is a flow chart of the functionality of software for
the RF apparatuses of FIG. 1 and/or FIG. 9.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a perspective view of a first preferred embodi-
ment of a radio-frequency (RF) apparatus or device 10
configured according to the present invention. Device 10 is
useful for measuring events that occur to assets. More
specifically device 10 is useful for measuring events such as
motion, tipping, acceleration, temperature changes, break-
age, button presses or the like using a transient event
detector. And, device 10 is configured as an asset tag device
10 that is removably or permanently associatable with an
asset. Device 10 functions to track physical properties of the
associated asset such as location, motion, tilting, changes in
temperature, breakage, or the like. But the present invention
is not limited only to an asset tag configuration, and can be
used in a wide variety of diverse RF apparatuses.

Device 10 according to this first embodiment is formed as
a composite body 15 that contains at the least one event
detection and reporting circuitry 50 (FIG. 2) that further
comprises at least one event detection structure 35 (FIG. 5)
and an RF circuit 54, such as a radio transmitter. In one
preferred embodiment, device 10, according to the present
invention, further includes at least one attachment structure
17. In this preferred embodiment, the attachment structure is
an aperture or opening in the body 15 that is suitably sized
to receive a projecting or elongate portion of the asset, such
as a neck of a bottle or the like. Other structures that are
capable of being received by the aperture 17, such as a
suitably sized spheres and the like, are considered to fall
within the scope of the present invention. Additionally, other
attachment structures, both chemical or mechanical, that
function to associate the body 15 to an asset may be used and
are also considered to fall within the scope of the present
invention.

In the preferred embodiment, the body 15 specifically
comprises a top section 11, a bottom section 12, and an
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intermediate section 13 that is sandwiched between the top
and bottom sections, 11 and 12, and contains at least one
cavity 14 (FIGS. 4-5) that further contains event detecting
and reporting circuitry 50. Preferably, event detecting and
reporting circuitry 50 is securely either built directly into the
cavity 14 or built separately and then attached to an interior
surface of the cavity 14 to prevent unwanted movement or
breakage of the circuitry 50.

In this embodiment, top section 11 is a top circuit board
41, as shown in FIGS. 6-7, bottom section 12 is a bottom
circuit board 21, as shown in FIGS. 2-3, and intermediate
section 13 is a middle circuit board 31, as shown in FIGS.
4-5, which are assembled to form a composite body 15.
These circuit boards, 21, 31, and 41 are preferably printed
wiring boards (PWB’s), which, together, form a complete
circuit, as detailed in the simplified hardware diagram of
electrical components presented in FIG. 8. Materials other
than PWB’s may be used for the top, bottom and interme-
diate sections, 11, 12 and 13, and circuit boards other than
printed circuit boards may be used for these sections, and
still fall within the scope of the present invention.

In order for two or more, and preferably all three PWB’s,
21, 31 and 41, to form a complete electrical circuit, each
board includes one or more electrical through connections,
referred to generally as 32 (FIGS. 3-7).

Bottom circuit board 21 includes a plurality of small
apertures or vias 28 used for electrically connecting the
event detection and reporting circuitry 50 to a circuit printed
on one or both sides of bottom board 21. In this preferred
embodiment, elements of event detection and reporting
circuitry 50 are surface mounted to a top surface of the
bottom board 21 (thereby defining which board is consid-
ered the bottom board). As can be seen from FIGS. 2-3, this
embodiment includes circuit traces on both the top and
bottom surfaces of bottom board 21. The surface mounting
of elements of event detection and reporting circuitry 50 is
accomplished using any of a number of readily available
methods well known to one of ordinary skill in the art.

Middle circuit board 31 (FIGS. 4-5) includes an aperture
or channel that forms cavity 14 and will ultimately contain
event detection and reporting circuitry 50. Middle circuit
board 31 further contains at least one event detection struc-
ture 35, which in this embodiment comprises at least one
aperture 34 that will contain a movable piece 36 for each
aperture 34. The at least one event detection structure 35
and/or aperture 34 is electrically connected to the top and
bottom circuit boards, 41 and 21, through the apertures 32
that electrically extend through the middle board 31. As can
be seen from FIGS. 4-5, the preferred embodiment includes
circuit traces on both the top and bottom surfaces of middle
board 31.

Referring to FIGS. 6-7, the preferred circuit trace on the
top surface of the top board 41 comprises a battery ground
contact 43 electrically connected to a first of the at least two
through holes 32' for electrically connecting the top, middle,
and bottom boards, 41, 31 and 21. The preferred circuit trace
on the bottom surface of the top board 41 has at least one
first printed contact pattern 44 that is electrically connected
through a trace 45 to additional printed contact pattern 44
and further electrically connected to a second of the at least
two through holes 32" for electrical connection to the middle
and bottom boards, 31 and 21.

Referring to FIGS. 2-3, the preferred circuit trace on the
top surface of bottom board 21 comprises a conductive
pattern 22 that electrically connects various elements of
event detection and reporting circuitry 50. The exact con-
figuration depends upon the exact circuitry used. However,
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in this embodiment, the printed circuit found on the top
surface further comprises at least one second contact pattern
23 that is electrically connected through a trace 24 to
conductive pattern 22. Also, there is a loop antenna 25 which
includes a conductive loop 56 and an antenna tuning capaci-
tor 26. Loop antenna 25 is tuned by antenna tuning capacitor
26 and is electrically connected to the conductive pattern 22
that forms a part of a RF circuit 54 for event detection
information transmission. These electrical connections to
the conductive pattern 22 allow second contact pattern 23
loop antenna 25 to be utilized by event detecting and
reporting circuitry 50.

Although not specifically shown in FIG. 1 a switch, such
as a button type single pole switch may be included by
electrically attaching the switch to event detecting and
reporting circuitry 50 by electrical leads that extend through
at least two of the conductive vias 28 located in bottom
board 21. Preferably, however, a second circuit 51 is created
on a bottom surface of the bottom board 21. This second
circuit 51 is in electrical contact with the circuit trace 22
through at least one of conductive vias 28. Additionally,
there may be a ground plane 29, and preferably second
circuit 51 and ground plane 29 form an independent switch
circuit, whereby the temporary electrical shorting of the
independent switch circuit (ground plane 29 to second
circuit 51), such as using an electrically conductive polymer
concave button, would constitute a measurable transient
event.

As can be seen from the simplified hardware diagram of
electrical components of the RF apparatus presented in FIG.
8, the electrical circuit is preferably powered by a battery,
most preferably a lithium coin cell. The battery is electri-
cally connected to a microprocessor/transmitter that prefer-
ably has the microcontroller and transmitter physically inte-
grated and a built in periodic wakeup mechanism, 1024
instructions of non-violate “code” memory, 41 bytes of
violate “ram” memory, an RC oscillator and an integrated
Real Time Reference. Electrically connected to the trans-
mitter portion is loop antenna 25 and its associated antenna
tuning capacitor 26. Also connected to the microcontroller
are a crystal and, optionally, a push button that is electrically
connected to an input pin of the microcontroller. Finally,
there is at least one event detection structure 35 that is
electronically connected to an input pin of the microcon-
troller. These features are discussed in more detail below in
connection with a second embodiment.

The at least one event detection structure 35 in this
embodiment may detect any of a number of individual or
multiple events. In this embodiment, event detection struc-
ture 35 is a motion/tilt sensor that includes the above-
discussed aperture 34 in the middle board 31, and the first
and second contact patterns 44 and 23 printed on the top and
bottom circuit boards 41 and 21. These form a container for
a movable, electrically conducting piece 36 such as a metal
bearing or the like. The aperture 34 may assume any number
of alternate shapes, such as a square hole, a rectangular hole,
an octagonal hole, or the like, and still fall within the scope
of the present invention so long as it is capable of forming
a container for the movable, electrically conducting piece
36. In an alternate embodiment, the aperture 34 may be
beveled, yielding a shape like a frustum. In this embodiment,
the event detection structure 35, which is a tilt detector, is
able to detect different tilt angles, depending upon the angle
of the bevel. The container may be of any suitable shape
sufficient to contain the movable piece, but is not limited to
a singe chamber, lobe or other size/waist variation. While a
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single event detection structure 35 is sufficient for event
detection, this embodiment utilizes four for statistical accu-
racy and cost efficiency.

The patterns of the first and second contact patterns 44
and 23 have at least one edge, preferably two, that are
electrically contactable with the electrically conducting
piece 36 at any given rest position. Further, this at least one
edge is positioned and sized such that the electrically
conducting piece 36 is capable of making electrical contact
between the at least one edge and conductive plating 38 on
the inside surface of aperture 34.

First and second contact patterns 44 and 23 are preferably
star type patterns having a central node with at least two, and
preferably eight, radially extending arms. In this embodi-
ment, the first contact pattern 44 is rotated by 22.5 degrees
relative to the second contact pattern 23 in order to maxi-
mize movement perturbation of electrically conducting
piece 36. Other configurations, symmetrical, non-symmetri-
cal, matching and/or non-matching, may be used for the first
and second contact patterns 44 and 23 and still fall within the
scope of the present invention.

Other event detection structures 35 may be used and still
fall within the scope of the present invention. In an alternate
embodiment the event detection structure 35 is a motion
sensor, such as can be formed by changing the contact
configurations to merely measure a simple change in state.
In another alternate embodiment, the event detection struc-
ture 35 is a temperature sensor, such as can be accomplished
by using a thermistor or monitoring for changes in a crystal
oscillator or the like.

In use, device 10, according to the this embodiment of the
present invention, is associated with an asset. This associa-
tion may be either permanent, such as by adhesive or the
like, or removable, such as placement, attachment by hook
and loop fasteners, or the like. When a transient event, such
as motion, tilting, acceleration, temperature change, break-
age, button press or the like occurs, device 10 detects the
transient event and reports the transient event using RF
communications to a remote receiver through event detec-
tion and reporting circuitry 50.

In this embodiment of event detection structure 35, which
forms a motion/tilt detector, the transient event is a change
of state that is detected when electrical continuity between
conductive plating 38 and first contact pattern 44 is removed
and replaced by electrical continuity between the conductive
plating 38 and second contact pattern 23 (or vice-versa),
such as occurs when the tag is moved or tilted.

In one embodiment, electrically conductive piece 36 is
light enough such that when it is at rest and in physical
contact with the conductive plating 38 and either first or
second contact pattern 44 or 23, there is effectively no
measurable electrical current flowing and consequently,
effectively no power consumed. Electrical currently briefly
flows when conductive piece 36 is moved across the aper-
ture 34 and stopped by the other side (the sudden reversal of
the travel direction of the conductive piece 36 allows current
to flow from the conductive plating 38 through the conduc-
tive piece 36 and to one of contact patterns 44 or 23). This
allows the detector to be made much smaller than previously
possible and lowers manufacturing costs.

Generally, event detection structure 35 is a dynamic event
detector, which is a multi-piece detector that detects a
change in state caused by the movement of one of the pieces
36. In its most general form, the dynamic event detector is
a container that has at least one event detection area within
the container. The container holds at least one movable piece
36. An event is detected when at least one of the movable
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pieces 36 moves to within a predetermined distance from at
least one of the event detection areas. Sufficient electrical
circuitry is provided to detect a dynamic event. This cir-
cuitry discriminates the difference between the state of the
movable piece at rest and bridging two contacts and the
movable piece in motion and bridging two contacts, regard-
less of whether a rest state is measured or not. A dynamic or
transient event includes, but is not limited to, a change in
resistance caused by the contact of a movable piece on or
near a suitable detection area, a current caused by the
movement of a movable piece across a detection area, a
current caused by the contact of a movable piece between
two detection areas, a magnetic spin change caused by a
magnetic movable piece moving near or across a detection
area, a temporary change in crystal structure caused by
impact of a movable piece on a detection area, a temporary
change in chemical configuration, such as a cis-trans shift,
caused by a movable piece, or the like.

Additionally, there may be multiple different event detec-
tors 35, such as an electrical event detector and a magnetic
event detector, which may utilize either the same movable
piece 36 or different movable pieces 36.

As a specific example, the following description of the
operation of various embodiments of the present invention
relates to use of the these embodiments in an environment
where alcoholic beverages are sold and consumed. This
description is not to be taken in a limiting sense but is made
merely for the purpose of describing general operating
principles. Asset tag devices 10 are physically attached to
assets, such as bottles of wine or to bottles of distilled spirits,
perhaps using an aperture type attachment structure 17. The
asset tag devices 10 are then able to detect and report
transient events that occur to the bottles, such as movement,
tipping, temperature changes or the like.

In particular, FIG. 9 is a side view of a second embodi-
ment of an RF apparatus or device 10 configured according
to the present invention. In this embodiment, not only is
device 10 configured as an RF apparatus, but device 10 is
also an asset tag that is configured to be associated with
assets in the form of bottles in which beverages are held.
And, not only is device 10 configured as an asset tag, but
device 10 in this embodiment is configured as an electronic
pour spout.

Pour spouts moderate the dispensation of liquids from
bottles. In a typical application, a pour spout is placed in the
opening of a bottle, in lieu of a bottle cap, lid, cork, or
stopper. When the bottle is tilted toward an inverted position,
liquid contained in the bottle flows out from the pour spout.
Pour spouts aim the stream of liquid exiting the bottle in a
direction that tends to be more convenient for pouring. And,
they allow air into the bottle as the liquid exits so that
pressure inside the bottle, and consequently liquid flow rate,
remain more consistent. Moreover, pour spouts tend to
reduce the rate of liquid flow exiting the bottle to a more
manageable level for pouring precise amounts. An electronic
pour spout integrates electronics with a pour spout. Gener-
ally, an electronic pour spout assembly is a battery-powered
device that detects an event, such as the tilting of the bottle,
and reports this event to a monitoring station.

Referring to FIG. 9, RF apparatus 10 includes housing 15
attached to a pour spout 58 and a hollow, resilient sealing
member 60, also called a cork. As discussed above, housing
15 includes electronics. And, as discussed above, pour spout
58 and sealing member 60 may mate with housing 15 at an
aperture type of attachment structure 17 (FIG. 1). Pour spout
58 includes a pour tube 62 and a vent tube 64. In this
embodiment, pour tube 62 and vent tube 64 are each formed
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from a conductive metal for electrical conductivity proper-
ties and for the rigidity achievable with thin walls, with
stainless steel being a preferred material for its ability to
easily maintain cleanliness. Sealing member 60 may be
molded from a suitable elastomeric material.

FIG. 10 shows a sequence depicting the dispensing of a
bulk product 66 in the form of a liquid from a container 68
in the form of a bottle using RF apparatus 10.

In accordance with this example, product 66 is dispensed
by a user when the user pours product 66 from container 68
by tilting container 68. FIG. 10 depicts three different
orientations for a container 68 that is equipped with RF
apparatus 10 configured as an electronic pour spout type of
asset tag, as shown in FIG. 9. RF apparatus 10 is a battery
powered, electronic device that includes event detection
structure 35 (FIG. 5) and an RF circuit 54 (FIG. 2). In an
upright orientation 70, no product 66 is being dispensed
from container 68. Gravity 72 keeps product 66 in the lower
portion of container 68.

When it is desired to dispense product 66 from container
68, container 68 is tilted away from its upright orientation
70. Desirably, container 68 is quickly tilted to a pour
orientation 74, which is greater than an angle 76 of approxi-
mately 135° displaced from upright orientation 70. So long
as the tilt angle remains greater than approximately 135°,
product 66 is dispensed at a roughly consistent dispensation
rate regardless of the precise tilt angle. RF apparatus 10 is
configured to time the duration container 68 spends at a tilt
angle greater than angle 76 so that the amount of product 66
dispensed can be calculated by multiplying this duration by
a dispensation rate.

But in order for pour orientation 74 to be reached from
upright orientation 70, container 68 is first tilted to and
through an intermediate orientation 77. In this embodiment,
intermediate orientation 77 begins at an angle 78 of around
a 90° displacement from upright orientation 70 and extends
to angle 76. Likewise, around the completion of the dispen-
sation of product 66, container 68 is again tilted to and
through intermediate orientation 77 as container 68 is repo-
sitioned back to upright orientation 70.

Some of product 66 may be dispensed while container 68
is tilted in intermediate orientation 77, depending on the
amount of product 66 in container 68, its viscosity, and other
factors. But the dispensation rate is likely to be erratic and
lower than the dispensation rate when container 68 is in pour
orientation 74. Most bar-industry professionals consider a
pour to be proper only if container 68 is tilted to pour
orientation 74. In order to accurately describe the amount of
product 66 dispensed from container 68 and to gain knowl-
edge about occurrences of improper pours, RF apparatus 10
detects the duration spent in intermediate orientation 77 and
the duration spent in pour orientation 74. These two orien-
tations are sensed by the event detection structures 35
contained within body 15 of RF apparatus 10. Desirably, the
timing information describing the pour event is communi-
cated from RF apparatus 10 to a monitoring station, where
the timing information may be directly processed or passed
to another data processor to perform various inventory,
financial, and/or management functions.

While FIG. 10 depicts a dispensation from a bottle type of
container, those skilled in the art will appreciate that dis-
pensations may also occur from other types of containers to
which RF apparatus 10 may be coupled. Moreover, a con-
tainer is broadly construed to mean any device or object
from which product 66 may be dispensed, and specifically
includes such devices as the tap handles associated with
containers from which on-tap beverages are dispensed. RF
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apparatuses 10 may come in a variety of sizes and shapes
and be configured to attach to a variety of different contain-
ers 68 and to different locations on containers 68, including
at the bottom of bottles. And, RF apparatuses configured in
accordance with the teaching provided herein may be used
in a wide variety of RF applications other than electronic
pour spouts or asset tags. As particular examples, RF appa-
ratuses configured in accordance with the teaching provided
herein may be used in connection with keyless entry devices,
garage door openers, tire pressure monitors, and the like.

FIG. 11 shows an exploded side view of RF apparatus 10
from FIGS. 9-10. In this embodiment, body 15 includes a
rigid, molded plastic outer shell 79 having a top section 79'
and a bottom section 79". A pliant molded plastic inner shell
80 resides inside outer shell 79 and serves to seal its interior
from the exterior environment. Inner shell 80 includes a top
section 80' and a bottom section 80" which mate together
when body 15 is assembled to form the seal.

Electronic circuits are located within inner shell 80. These
circuits include a top PWB 82 on which conductive patterns
are formed and discrete components are mounted, a middle
PWB 84, and a bottom PWB 86. Top PWB 82 serves a role
in this second embodiment similar to that served by bottom
PWB 21 in the above-discussed first embodiment; middle
PWB 84 serves a role similar to that served by middle PWB
31; and, bottom PWB 86 serves a role similar to that served
by top PWB 41. Thus, middle PWB 84 and bottom PWB 86
serve to route electrical signals upward to top PWB 82 and
to implement event detection structures 35, as discussed
above in connection with the first embodiment. In addition,
aperture 17 extends through outer and inner shells 79 and 80
and through top PWB 82. Accordingly, when assembled,
electrically conductive pour spout 58 traverses top PWB 82
and extends a considerable distance on either side of PWB
82. Since pour spout 58 extends outside of body 15 on
opposing sides of body 15, that considerable distance
exceeds the height of any components mounted on PWB 82.

A battery 88 resides underneath top PWB 82 and beside
both middle PWB 84 and bottom PWB 86, and a spring plate
90 resides under battery 88 and bottom PWB 86. In this
second embodiment, none of PWB’s 82, 84, and 86 or
battery 88 are soldered together, but spring plate 90 causes
these components to maintain physical contact and electrical
connections by applying a suitable clamping pressure within
inner and outer shells 80 and 79. Battery 88 is a single
discrete component and is desirably as small as possible. In
addition, battery 88 is non-replaceable because when body
15 is assembled top and bottom outer shell sections 78' and
78" are permanently attached to each other, using a suitable
adhesive, sonic welding, or the like. Accordingly, one of the
design goals for RF communications apparatus 10 is to
consume electrical power as sparingly as possible so that
apparatus 10 adequately performs its functions for an entire
lifetime of several years.

FIG. 12 shows a bottom view, and FIG. 13 shows a top
view, of an exemplary top PWB 82. Referring to FIGS.
12-13, top PWB 82 is formed from a planar dielectric
substrate 92 with a conductive material, such as copper, on
opposing sides. In this embodiment, RF apparatus 10 oper-
ates at an RF frequency in the range of 200-800 MHz. Over
this frequency range, planar dielectric substrate 92 desirably
exhibits a dielectric constant (€,) of greater than 4.0. And,
planar dielectric substrate 92 is desirably less than 3.2 mm
thick, and preferably around 1.6 mm thick. Tuning capacitor
26 (discussed above in connection with the first embodi-
ment) includes conductive pads 26' and 26" formed from the
conductive material on the opposing sides of planar dielec-
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tric substrate 92. Pads 26' and 26" are juxtaposed with one
another on opposing sides of planar dielectric substrate 92 so
that pad 26' directly overlies pad 26", with the material of
planar dielectric substrate 92 between. This high dielectric
constant and thin planar dielectric substrate 92 allow tuning
capacitor 26 to be relatively small, so that RF apparatus 10
need not be larger than necessary. Fire Retardant Type 4
(FR4) is a thermoset fiberglass epoxy laminate used in the
printed wiring board industry that provides one material
which is suitable for use as planar dielectric substrate 92.
The use of FR4 provides the advantage of making RF
apparatus 10 inexpensive to manufacture.

Conductive pad 26' of tuning capacitor 26 is one of many
different features formed in conductive patterns 22 on the
top side of PWB 82. Conductive patterns 22 also include
conductive loop 56. Conductive loop 56 and tuning capaci-
tor 26 together form loop antenna 25. Conductive loop 56 is
formed around the periphery of PWB 82, giving loop
antenna 25 the greatest area of coverage possible for a given
surface area of PWB 82. Greater loop areas lead to more
efficient loop antennas. Conductive loop 56 includes a first
portion 94 which directly contacts top conductive pad 26' of
tuning capacitor 26, feed points 96 where RF circuit 54
couples to loop antenna 25 through conductive traces 97,
and a second portion 98. Second portion 98 of conductive
loop 56 couples to bottom conductive pad 26" through a
conductively plated via 28 and a short transmission line 99
located on the bottom side of PWB 82.

Conductive patterns 22 and associated components and
aperture 17 reside in an interior region 25' of loop antenna
25. As discussed above, conductive pour spout 58 traverses
planar dielectric substrate 92 and PWB 82 (FIG. 11) at
aperture 17 proximate conductive loop 56. Electrically con-
ductive pour spout 58 acts as a conductive mast which
electromagnetically couples to loop antenna 25 and alters
the antenna pattern. In particular, many loop antennas
exhibit a null in their radiation pattern, and the null extends
in the plane of the loop antenna. But the inclusion of a
conductive mast in the form of pour spout 58 alters this
pattern so that improved RF coverage results. And, since this
conductive mast extends a considerable distance on either
side of planar dielectric substrate 92, the effect is greater. In
this embodiment, the conductive mast provided by electri-
cally conductive pour spout 58 extends in both directions a
distance greater than the height of any component mounted
on PWB 82, and even greater than the length of the major
diameter of conductive loop 56.

FIGS. 12-13 also show a single test capacitor 190 in
phantom, located in aperture 17. This location is proximate
antenna tuning capacitor 26. Consequently, the PWB param-
eters, such as dielectric constant €, and the thickness of
planar dielectric substrate 92, which affect antenna tuning
capacitor 26, will be nearly identical between antenna tuning
capacitor 26 and test capacitor 190. As shown in FIGS.
12-13, conductive pads 190" and 190" are juxtaposed on the
top and bottom sides of PWB 82, with planar dielectric
substrate 92 between. Short feeder lines 192 may couple to
conductive pads 190' and 190", but conductive pads 190' and
190" are desirably isolated from loop antenna 25 and the
other circuits on printed wiring board 82.

The isolated test capacitor 190 is shown in phantom in
FIGS. 12-13 because it is removed from PWB 82 when
aperture 17 is formed, and not present in the finished RF
apparatus 10. The size of conductive pads 190" and 190", and
hence the capacitance exhibited by test capacitor 190, is not
a critical factor but should bear a predetermined proportion-
ate relationship to the capacitance of antenna tuning capaci-
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tor 26. As discussed in more detail below, during the
manufacturing process, the capacitance of isolated test
capacitor 190 is measured, and that capacitance measure-
ment is used to select a specific hole size from a selection of
hole sizes. Then, a hole 27 having the selected size is formed
in antenna tuning capacitor 26, through top conductive pad
26', planar dielectric substrate 92, and bottom conductive
pad 26". While hole 27 may be formed by drilling, hole 27
need not exhibit a circular cross-sectional shape. Rather,
hole 27 may formed by other techniques, such as routing,
and exhibit any cross-sectional shape.

Hole 27 reduces the juxtaposed surface area of conductive
pads 26' and 26". And, hole 27 also reduces the dielectric
constant of the space between pads 26' and 26". As a
consequence, the capacitance of antenna tuning capacitor 26
is reduced.

As discussed above, RF apparatus 10 desirably operates at
a predetermined RF frequency in the range of 200 MHz-800
MHz. Desirably, loop antenna 25 is resonant at the prede-
termined frequency to achieve the maximum -efficiency.
With loop antenna 25 operating at nearly its maximum
efficiency, the least amount of power will be consumed in
providing RF communications within a predetermined radio
range. And, a more deterministic radiation efficiency results,
which allows a greater achieved average power while still
meeting governmental regulations. This allows RF appara-
tus 10 to operate with a small, non-replaceable battery 88
(FIG. 10). Viewed another way, RF apparatus 10 may use
only a very small amount of power and still effectively
communicate over an adequate radio range when loop
antenna 25 is tuned to the desired resonant frequency.

The size of conductive pads 26' and 26" in cooperation
with the dielectric constant €, and the thickness of planar
dielectric substrate 92 all initially cause antenna tuning
capacitor 26 to exhibit a relatively high capacitance, which
causes loop antenna 25 to be resonant at a frequency lower
than the predetermined frequency for RF apparatus 10. Hole
27 is configured to lower the capacitance exhibited by
antenna tuning capacitor 26 and increase the resonant fre-
quency of loop antenna 25 to match the predetermined
frequency as closely as reasonably possible for RF apparatus
10.

In addition, while hole 27 is formed between conductive
pads 26' and 26" juxtaposed on opposing sides of substrate
92, hole 27 is not conductively plated to form a via. Some
or all other holes or apertures 28 between conductive pads
juxtaposed on opposing sides of substrate 92 may be con-
ductively plated to form vias, if desired.

FIG. 14 shows a block diagram of an exemplary elec-
tronic circuit 400 used in this embodiment of RF apparatus
10. Circuit 400 includes a controller 402 which may be
provided at least in part by a microprocessor, microcontrol-
ler, or other programmable device. Controller 402 couples to
a clock 404, tilt sensor array 406, RF circuit 54, and a
memory 408. Battery 88 provides electrical power for con-
troller 402 and may directly or indirectly provide power for
any or all other components of circuit 400. Clock 404
provides a time base for circuit 400. Tilt sensor array 406
provides one or more tilt sensors which indicate when RF
apparatus 10 is in one or more predetermined tilted orien-
tations relative to the acceleration of gravity 72 (FIG. 10).
Using the time base established by clock 404, controller 402
determines the durations a container 68 spends in interme-
diate and pour orientations 77 and 74 (FIG. 10).

In the embodiment of circuit 400 depicted in FIG. 14, RF
circuit 54 is a transmitter. Electronic circuit 400 uses RF
circuit 54 to transmit data to monitoring stations using a
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wireless, RF communication scheme. No receiver is
included in circuit 400, so the communication scheme is
unidirectional. This communication scheme provides advan-
tages in accommodating a wide degree of freedom in the
operation of an establishment and in keeping the operation
of circuit 400 at a very low power level so that a small
battery 88 may be used and need not be replaced within a life
span for RF apparatus 10 of several years. RF circuit 54
couples to loop antenna 25 at feed points 96 through feed
traces 97 (FIGS. 12-13) and provides upconversion and
amplification functions for the data communicated by RF
apparatus 10. Data describing the durations that container 68
spends in the intermediate and pour orientations 77 and 74
(FIG. 10) are transmitted through RF circuit 54 and loop
antenna 25 for reception by a monitoring station and further
processing. In this further processing, these durations are
multiplied by variables that define pour rates to determine
the amount of product 66 (FIG. 10) dispensed from con-
tainer 68.

Memory 408 provides a variety of functions for circuit
400. For example, memory 408 provides computer program-
ming instructions to be executed by controller 402 in a
manner well known to those skilled in the art, along with
various constants and memory space for variables, tables,
and buffers used by controller 402 while executing the
programming instructions. Of course, those skilled in the art
will appreciate that one or more of memory 402, clock 404,
RF circuit 54, and the like may be included on a common
semiconductor substrate with controller 402.

Controller 402 also couples to a mount detector 410.
Mount detector 410 is implemented as a switch assembly
that indicates whether RF apparatus 10 is mounted on a
container 68 (FI1G. 10). Controller 402 also couples to a user
input section 412. User input section 412 is the portion of
circuit 400 through which user input is provided to control-
ler 402 and RF apparatus 10. In this embodiment of circuit
400, user input section 412 is configured as at least one, and
preferably two, switches. And, controller 402 also couples to
a user feedback section 414. Through user feedback section
414 controller 402 and RF apparatus 10 provide information
to a user. This embodiment of user feedback section 414
includes at least one, and preferably two, light-emitting
components.

An exemplary process for manufacturing device 10
according to the first embodiment discussed above is pre-
sented in FIGS. 15-16. The second embodiment desirably
follows a similar process, but with some tasks omitted. This
process begins with three distinct panels. Each panel
includes a planar dielectric substrate 92 clad with a conduc-
tive material, such as copper, on its opposing major sides.
Each panel will be formed into an array of several PWB’s.
FIG. 17 shows an exemplary panel 131 on which are formed
a plurality of middle circuit boards 31. Similar panels are
also provided for bottom and top PWB’s 21 and 41. Pref-
erably, for the first embodiment the bottom panels from
which bottom circuit boards 21 are formed are 30 mil, 12x9
inch (0.79 mm, 30.5 cmx22.9 cm) panels of 0.5 oz FR4 or
other materials that are commonly used as circuit boards in
the industry. Preferably, the middle panels 131 for the first
embodiment are 160 mil 12x9 inch panels (4.1 mm, 30.5
cmx22.9 cm) of 0.5 oz FR4 or other materials that are
commonly used as circuit boards in the industry. Preferably,
for the first embodiment the top panels from which top
circuit boards 41 are formed are 30 mil 12x9 inch (0.79 mm,
30.5 cmx22.9 cm) panels of 0.5 oz FR4 or other materials
that are commonly used as circuit boards in the industry.
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Preferably, multiple individual panels are manipulated
simultaneously in stacks, and multiple stacks of panels are
also manipulated simultaneously. However, individual pan-
els or individual stacks of panels may be manipulated
separately and at different times from other panels or stacks
and still fall within the scope of the present invention.

Referring to FIG. 15, the top, middle, and bottom panels
are stacked, as indicated in a task 100, and then drilled for
tooling holes, as indicated in a task 110. The tooling holes
allow stacks of panels and/or circuit boards to be registered
or aligned to the tooling holes. The stacks of panels are then
placed onto pin-registered frames for further processing, as
indicated in a task 120.

For the first embodiment discussed above, in a task 130 in
the stack of top panels at least two electrical through
connections 32 are drilled into each top board location for
electrical connection between the top, middle and bottom
circuit board locations, 41, 31, and 21. In the stack of middle
panels, the at least two electrical through connections 32 are
drilled into each middle board location for electrical con-
nection between the top, middle and bottom circuit boards.
There are also at least one, and preferably three or four
apertures 34 drilled, one for each event detection structure
35. One or more of apertures 34 may be beveled as discussed
above to permit the detecting of tilts at angles other than 90°.
In the stack of bottom panels, electrical through connections
32 are drilled into each bottom board location for electrical
connection between the top, middle and bottom circuit
boards, and a plurality of vias 28 are drilled to support
interconnection between conductive patterns 22 on the top
and bottom sides for electrical connection to event detection
and reporting circuitry 50 in each bottom board location.
The second embodiment discussed above follows a similar
process, but vias 28 may be drilled in any or all of the top,
middle, and bottom PWB’s. The above-discussed hole 27
within antenna tuning capacitor 26 is not formed in task 130.

Next, in a task 135, conventional printed wiring board
manufacturing techniques are followed to electroplate con-
ductive material on the walls of the vias 28, apertures 34,
and through connections 32 drilled above in task 130. The
electroplating task 135 causes many separate conductive
electrical connections to form between opposing sides of the
panels.

Then, in a task 140 the stacks of panels are separated into
individual panels and circuit traces, whether located on one
or both sides of the boards, are created onto individual board
locations using techniques common in the circuit board
industry. Usually, these techniques involve a patterning and
etching process, but that is not a requirement. As a result of
tasks 135 and 140, conductive patterns 22, vias 28, electrical
through connections 32, and event detection structure aper-
tures 34 are formed. The conductive patterns 22 include
conductive loop 56, antenna tuning capacitor 26, isolated
test capacitor 190, and the like. After task 140, the separated
and circuited panels are reassembled into stacks and placed
onto a routing machine using a pin registered frame in a task
150.

Next, a task 160 is performed. For the first embodiment at
least one, and preferably four, notches are routed into bottom
and middle panel stacks around each individual bottom and
middle board location, respectively. The notches in the
bottom panel stacks should match and register with the
notches in the middle panel stacks. Additionally, component
cavity 14 is routed into each middle board location in each
middle panel stack. Alternatively, this notching step could be
performed on the top and middle panels.
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After task 160, an optional task 170 may be performed.
Task 170 is performed if the above tasks were performed on
macro-panels (e.g., panels larger than 12x9 inch (0.79 mm,
30.5 cmx22.9 cm) and typically sized to accommodate four
12x9 inch panels), the stacked macro-panels are cut or
otherwise separated into 12x9 inch panel stacks.

Next, in a task 180 the top and middle panels are
re-separated from their stacks and an individual middle
panel 131 is placed bottom down in a pin registered frame,
and in a task 190 an adhesive, preferably two-component
epoxy, is stenciled onto the top surface of the middle panel
on each middle board location. Then, in a task 200 a top
panel is mated on top of the middle panel using the pin
registered frame to form a top/middle composite assembly.
Multiple top/middle composite assemblies may be stacked
and pressed for epoxy curing. After curing, the individual
composite assemblies are re-separated from the stacks for
further processing. Tasks 180, 190, and 200 may be omitted
in the second embodiment discussed above because the top,
middle, and bottom PWRB’s are held in contact with one
another by clamping rather than by adhesives.

Task 210 applies to both of the first and second embodi-
ments discussed above. Separately, whether before, simul-
taneously with, or after the top/middle composite assemblies
are formed, the event detecting and reporting circuitry 50,
including some or all of the discrete components needed by
circuit 400 (FIG. 14), is surface mounted onto each indi-
vidual bottom board location 21 of the separated bottom
panels (first embodiment) or onto each individual top PWB
82 (second embodiment). This process is accomplished
using methods that are common to the industry.

Next, in a task 220 the bottom panels (first embodiment)
or top panels (second embodiment) are then placed into a pin
registered programming/test fixture to program and test the
surface mounted event detecting and reporting circuitry 50,
including the components used by circuit 400 (FIG. 14).
Circuits 50 with bad tests are noted for exclusion from use
as ultimate product.

The manufacturing process is continued in FIG. 16. A task
230 is performed for both of the above-described first and
second embodiments to begin the subprocess of tuning
antenna tuning capacitors 26. In task 230, the capacitances
of at least some of isolated test capacitors 190 are measured.
These capacitances will vary from panel to panel and even
from PWB 82 to PWB 82 within a single panel. The variance
will result, at least in part, from small variances in dielectric
constant of planar dielectric substrate 92. If the measured
capacitance is greater than a baseline capacitance, then a
conclusion is reached that the capacitance of the associated
and proximately located antenna tuning capacitor 26 is
likewise high, and hole 27 therefore needs to have a diam-
eter or size that is greater than a baseline. In the preferred
embodiment, a table is empirically constructed that relates
capacitances measured at isolated test capacitors 190 with
sizes for hole 27 that cause loop antenna 25 to be resonate
at the desired RF frequency. Once such a table is con-
structed, then loop antenna tuning for a vast number of RF
apparatuses 10 may be accomplished merely by measuring
capacitance, selecting an appropriate hole size, and drilling
or otherwise forming hole 27 to have the selected size. And,
inexpensive capacitance test equipment may be incorporated
into an automated manufacturing process so that the mea-
surement of task 230 is performed quickly and accurately
without requiring human intervention.

In one embodiment, task 230 makes a capacitance mea-
surement at fewer than all PWB’s 82 or 21 that may be
present in a panel. It has been observed that the parameters
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that influence the capacitance of antenna tuning capacitors
26, such as dielectric constant €, and PWB thickness, tend
to vary linearly over a given panel. Accordingly, in one
embodiment, only isolated test capacitors 190 located in the
four corners of the panel, which positions are depicted in
connection with middle panel 131 in FIG. 17 at locations
192, 194, 196, and 198, are measured in task 230. These
locations, except in the top or bottom PWRB’s, are referred to
as measured PWB’s herein. In this embodiment, isolated test
capacitors 190 need not be formed for other PWB’s on the
panel, and if formed need not be tested. The other PWB’s
that are not tested for capacitance are referred to as unmea-
sured PWB’s herein. The testing of fewer than all PWB’s on
a common panel saves time in the manufacturing process.

While the preferred embodiments use an isolated test
capacitor 190 within each of at least some of the PWB’s on
a common panel as the feature formed within conductive
pattern 22 that is measured for capacitance, alternative
embodiments may select other features within conductive
pattern 22 whose capacitance bears a proportional relation-
ship to the capacitance of antenna tuning capacitor 26.

Referring back to FIG. 16, following task 230, a task 232
is performed to estimate the capacitance for the unmeasured
PWRB’s on the common panel. In the preferred embodiment,
the estimation is performed by interpolation, which pro-rata
allocates any difference in capacitance for the measured
PWB’s to the unmeasured PWB’s based on the relative
location of the unmeasured PWB’s relative to the measured
PWB’s. But those skilled in the art may devise other
algorithms for estimating capacitance of the unmeasured
PWB’s based upon the capacitances determined for the
measured PWB’s.

Then, a task 234 is performed to select a hole diameter in
response to either the measured or estimated capacitance for
the associated measured feature of conductive pattern 22,
such as isolated test capacitor 190. As discussed above, this
selection may be accomplished by a table look-up operation.
Accordingly, the hole size selection is compatible with an
automated manufacturing process. In one embodiment, task
234 is performed for each PWB in the common panel. In an
alternate embodiment, task 234 may be performed once per
panel, then a common size for hole 27 is used for all PWB’s
in the panel.

Next, a task 236 drills or otherwise forms a hole through
each of antenna tuning capacitors 26 in the common panel,
where the hole exhibits the diameter or size selected above
in task 234. A numerically controlled drill having a plurality
of drill heads may be employed in task 236 for an automated
manufacturing process, but this is not a requirement. In this
embodiment, each of the plurality of drill heads is outfitted
with a different size drill bit, and the selection from task 234
is fed to the drill to rotate the selected drill bit into place to
form hole 27. This drilling task may be performed in a
manner that is consistent with well-known PWB manufac-
turing processes and at very low cost.

Upon the completion of task 236, antenna tuning capaci-
tor 26 is tuned to cause loop antenna 25 to increase the
resonant frequency of loop antenna 25 so that loop antenna
25 now resonates at substantially the desired RF frequency.
Antenna tuning capacitor 26 exhibits a highly precise and
stable capacitance value. This precise capacitance value is
obtained at very low cost because no discrete components
are involved. Capacitor 26 is formed using conventional
printed wiring board techniques, with only the addition of
capacitance-measuring and drilling operations. The capaci-
tance-measuring and drilling operations are quick and inex-
pensive to perform.
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In one embodiment, at least two differently sized tuning
capacitors 190 may be measured above in task 230 for each
measured PWB and used to calculate the target size adjust-
ment with even further improved accuracy. This allows
compensation for PWB manufacturing variability, such as
etching differences. Etching variability effects both tuning
capacitors equally around the perimeter, but if one is larger
in area than the other this variability factor can be accounted
for.

Next, in a task 240 either simultaneously, or before or
after the event detecting and reporting circuitry 50 is surface
mounted to the bottom board locations, the re-separated
top/middle composite assemblies are turned over and
replaced in a pin registered frame, thereby exposing the
electrical component cavity 14. For each top/middle board
location in the top/middle composite assembly, battery 88 is
placed into the component cavity 14 and tilt/motion sensing
pieces 36 are placed into their appropriate positions in the at
least one aperture 34, as shown in FIGS. 18-19.

After these components are appropriately placed, a task
250 is performed so that the exposed surface of the top/
middle panel assembly is stenciled with two-component
epoxy at each top/middle board location and a bottom panel
with surface mounted circuitry 50 is mated to the top/middle
composite assembly using the pin register frame thereby
creating a top/middle/bottom composite assembly. Multiple
top/middle/bottom composite assemblies are then stacked
together and placed into a press for epoxy curing. Accord-
ingly, battery 88 is now located within body 15, and body 15
is sealed so that battery 88 is non-replaceable. Next, a task
260 re-separates, the top/middle/bottom composite assem-
blies, and the electrical through connections 32 are soldered
together, thereby creating an electrical connection between
the top, middle and bottom board locations. Then, in a task
270 a double backed adhesive sheet, stenciled epoxy, sten-
ciled adhesive, or other adhesive is used to adhere a poly-
ester overlay to both top and bottom surfaces of the top/
middle/bottom composite assemblies. Preferably, a pin
registered frame is used. The polyester overlay for the
bottom surface may include, in an alternate embodiment, a
conductive button portion for shorting (activating) a switch
circuit, such as previously described and illustrated above.
Tasks 250, 260, and 270 apply primarily to the first embodi-
ment discussed above. Some or all of tasks 250, 260, and
270 may be omitted for the second embodiment discussed
above, where spring plate 90 is used instead of soldering for
electrical connection between the top, middle, and bottom
boards.

After task 270, a task 280 performs a final routing
operation on the top/middle/bottom board assemblies. Task
280 routes everywhere except for where the notches are
located in the middle and bottom board locations, thereby
creating one or more devices 10 that are attached to the panel
matrix via at least one small tab connecting the top boards
41 sections to the top panel matrices. Task 280 defines the
perimeter of the bottom board’s 21 (first embodiment) and
top PWB’s 82 (second embodiment) in their panels. Thus
PWB’s 21 and 82 are trimmed so that loop antenna 25 then
resides at the periphery of each PWB 82.

Then, an optional task 290 may route an attachment
structure 17, such a bottle mounting hole, into the second
composite assembly at this time and any exposed interior
surface may be painted to match the exterior (rubber or
plastic inserts may be used instead of paint). As discussed
above, isolated test capacitor 190 may have been formed in
the area that is now being removed so that isolated test
capacitor 190 need not take up space in the finished article.
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Then, a task 300 is performed to test each RF apparatus
10. Each individual RF apparatus 10 in the array may be
tested by flipping the top/middle/bottom composite assem-
bly quickly several times. A test receiver (not shown)
receives and records signals for each of the RF apparatuses
10 in the array. This verifies operation of the circuitry, the
transmitter signal strength, and the operation of tilt sensors
formed from event detection structures 35. Preferably, this
may be performed on several stacked top/middle/bottom
composite assemblies simultaneously. Additional vibration
and or heat/cold cycle testing can be performed at this time.
The test date may optionally be recorded on each panel prior
to separation of the tags from the array.

After task 300, a task 310 may be performed to install the
conductive mast provided by pour spout 58 and the sealer 60
(FIGS. 9-10). But pour spout 58 and sealer 60 is not
required to be installed by the manufacturer and may be
installed by a purchaser of RF apparatus 10.

The programming of RF apparatus 10 includes several
functions, as described below. First, RF apparatus 10 desir-
ably detects each transient event, such as a pour of a bottle,
and the elapsed time of each event. Second, RF apparatus 10
relays pour information and any other predetermined infor-
mation reliably, accurately, and timely to one or more
receivers with minimum user hassle, overhead, and expense.
Third, preferably, there is a button than can be used to
indicate when an associated asset is empty. This button can
also be used during setup to assign RF apparatus 10 to a
specific asset, a receiver, or host software. Alternately, the
button can be used to transmit an information request to a
receiver or host software.

The preferred embodiment of RF apparatus 10 is designed
with a three year functional lifetime for practical and reli-
ability reasons. To support the limited functional lifetime,
RF apparatus 10 preferably comprises an internal 32-Bit
Life Timer that starts at zero and increments when RF
apparatus 10 is in an unused or untilted position. This allows
users to store currently unused devices 10 in a used/tilted
position until they are needed. After the 32-Bit Life Timer
counts little more than three years, software in RF apparatus
10 will disable functionality of RF apparatus 10. Other time
durations may be used and still considered to fall within the
scope of the present invention.

RF apparatus 10 may have at least two discrete event
detection sensors, preferably a tilt sensor and a button. To
minimize the latency of data transmission to the host, when
collecting event data RF apparatus 10 transmits the event
detection data immediately after detection. In the case of a
button press, this means as soon the button is pressed
without waiting for it to be released. For a tilt event, it is
after RF apparatus 10 is tilted and then untilted. Preferably,
event data for a tilt event includes the length of the tilt. In
alternative embodiments, only one event detection sensor
may be used. Other event detection sensors may be used,
such as motion, temperature, acceleration, breakage (of the
asset or RF apparatus 10), tire pressure, and the like. All such
options are considered to fall within the scope of the present
invention.

This immediate data transmission is called an Immediate
Mode Transmission. It may include the immediate event
data as well as a multitude of other data, which may include
but is not limited to, a unique preferably 32-bit tag identi-
fication number (ID), multiple (preferably 15) previous
events, a current event number, a life timer value (to
determine the age of RF apparatus 10), and a cyclic redun-
dancy check (“CRC”).
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When RF apparatus 10 is located within a realistic range
from a receiver, typically about 50 feet, then a large majority
(95% or more) of Immediate Mode Transmissions will be
successfully received by the receiver. Reasons for unsuc-
cessful reception include, but are not limited to, transmission
collisions with another simultaneous transmission or spuri-
ous interference from other unrelated radio energy sources.
In order to prevent the loss of data, RF apparatus 10 program
comprises an event buffer that stores a number of the most
recent, preferably 16, events. Therefore, each Immediate
Mode Transmission not only contains the most recent events
but also the previous 15.

Because there may be long time durations between
detected events, if only Immediate Mode Transmissions
were sent, then there could be a lengthy latency in transfer-
ring data if an Immediate Mode Transmission was not
successfully received. Therefore, there are Beacon Mode
Transmissions that are periodically transmitted, whether
there are new events or not. There are two types of Beacon
Mode Transmission, slow and fast, with the only difference
being the frequency of transmission. Preferably, device 10
will always transmit a Slow Beacon Transmission for a first
fixed duration, preferably every five minutes, when untilted.
However, after an event occurs (and an Immediate Mode
Transmission Occurs) RF apparatus 10 switches to Fast
Beacon Mode. RF apparatus 10 then sends a Fast Beacon
Transmission for a second, short duration, preferably every
ten seconds, for a third intermediate duration, preferably for
one minute, and then switches back to Slow Beacon Mode.
This decreases any latency of any new event data being
collected by the system. It also allows more accurate “time-
stamping” of the detected event. Lastly, it dramatically
decreases the likelihood of losing event data. Other dura-
tions may be used and still considered to fall within the
scope of the present invention.

Beacon Mode Transmissions provide another function in
addition to handling data latency problems. It also prevents
data loss from occurring when devices 10 are moved tem-
porarily out of the range of the receiver. For example, in a
single receiver system, RF apparatus 10 may be temporarily
moved out of receiver range to pour a drink. Because the
event is stored in the memory of RF apparatus 10, when RF
apparatus 10 is brought back in range, the receiver will
collect the new data during the next successful Beacon
Mode Transmission. Thus, no data will be lost as long as less
than 16 events occur before a successful Beacon Mode
Transmission. This allows an asset to be used or stored out
of range as long as it is periodically moved into receiver
range.

In order to facilitate the event buffer mechanism, RF
apparatus 10 also maintains a (preferably 24-bit) Event
Number that starts out at O when RF apparatus 10 is first
manufactured. Each time there is a new event, this Event
Number is incremented. In each transmission, Immediate
and Beacon, not only are the data for the 16 stored events
included in the transmission but also the entire 24-bit Event
Number. This serves several purposes. First, since the 16
event buffer is continually reused in a circular fashion, the
lower 4 bits of the Event Number will always be pointing to
the oldest event entry in the event buffer. For instance,
before any events have occurred, when RF apparatus 10 is
first manufactured, the Event Number will be 0 meaning
there were no events, ever, for this RF apparatus 10. After a
first event, the event data will be stored in roll-over buffer
location 0 and the Event Number will be incremented to 1.
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After the 16” new event the new data will be stored in the
16™ location and the Event Number will be 16. The 17% new
event is then stored in location 0 and the Event Number will
be 17.

Based on the Event Number, the receiver can determine
how many new events are contained in RF apparatus 10.
This is accomplished because the very first time a receiver
receives a transmission from a particular RF apparatus 10, it
records all 16 stored events and then stores the current Event
Number for that RF apparatus 10. Subsequently, every time
a transmission is successfully received by the receiver from
that RF apparatus 10, the receiver or host software compares
the Event Number in the transmission to the stored Event
Number for that device. If the Event Number does not
change, then there were no new events. If, for example, the
Event Number increases by three, then receiver records the
three new events.

The Event Number is also stored with the data for that
event in the host software. This facilitates multi-receiver
systems because in many cases more than one receiver may
store the same events from the same RF apparatuses 10.
However, the host software can determine duplicates
because it also keeps track of the Event Numbers. For
example, if device #123 has a current Event Number of 55,
and is in range of two receivers, then both receivers will
have stored that the last event for device #123 was 55. If
device #123 is then tilted, the Event Number will increment
to 56. If both receivers successfully received a transmission
from device #123, then they will both store the new event
data and both update the current Event Number for device
#123 to 56. When the host software collects data from the
first receiver, it will verify and determine that it does not
have Event Number 56 from device #123 yet. However,
when it collects the data from the second receiver, it will
know it already has that event data and not save the
duplicate.

The Event Number also allows the system to detect if
more than 16 events have occurred since a successful
transmission reception from RF apparatus 10. For example,
if an RF apparatus 10 is taken out of realistic range of any
receiver and 19 events occur and then it is brought back into
range of at least one receiver, that receiver will detect that
there are 19 new events but knows that only the latest 16 are
in the transmission and will only store those data. After the
host software collects the data from all receivers it will
detect that there are 3 missing events for that RF apparatus
10. It can then generate a warning on any reports where this
would be relevant.

The receiver stamps and records the time each transmis-
sion is received. In addition, the receiver stamps and records
a value for each event that represents the time the event
occurred or may have occurred (“Possible Age™). The Imme-
diate Mode, Slow Beacon, and Fast Beacon Transmission
may be configured the same except for an identifier at the
beginning that tells the receiver which type of transmission
is being received. The main reason for this is to allow the
receiver to time stamp the events more accurately. In order
to conserve memory in RF apparatus 10, RF apparatus 10
need not keep track of the chronological time an event
occurs but only the order. Because an Immediate Mode
Transmission is sent right after the event and it has a field
indicating to the receiver it is an Immediate Mode Trans-
mission, the receiver time stamps the new event with a
Possible Age equal to the time the transmission was
received. In rare cases, the Immediate Mode Transmission
may not be successfully received. If that occurs, then if the
next Beacon Mode Transmission a receiver receives is a Fast
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Beacon Transmission, the receiver knows the latest event
happened less than one minute ago. The receiver still time
stamps the data with the current time but also stores a value
called Possible Age indicating the event happened up to a
minute before. The receiver also checks if it had heard from
RF apparatus 10 less than a minute ago and sets the Possible
Age to whichever is less. If an Immediate Mode Transmis-
sion is not received and the next received transmission is a
Slow Beacon Transmission, then the Possible Age for the
new event is set to the length of time since RF apparatus 10
was last heard from by that receiver. If there is more than one
new event, then all the events before the newest event get
time stamped with the current time and the Possible Age of
the length of time since RF apparatus 10 was last heard from
by that receiver. The additional transmission of the chrono-
logical time of the event is an option that is considered to fall
within the scope of the present invention. In addition, the
calculation and storage of system data can be performed in
RF apparatuses 10, receivers, host software, or a combina-
tion thereof, and all such options are considered to fall
within the scope of the present invention.

RF apparatus 10 may has a 16 Event Buffer, each one byte
in length to conserve memory. This means all events are
desirably encoded in one byte (a number between 0 and
255). Preferably, RF apparatus 10 stores a Button Press
Event as the value 255. Event times are stored with a
resolution of ¥i6” seconds. This means the largest duration
of an event could be is 2*%isths or 15.875 seconds. To
support times longer than this, the value 254 is also reserved
to indicate that the time is 25¥i6ths or greater. The remainder
of 16ths is stored in the next event. Unless this is also larger
than 25¥%1eths. Preferably, events of up to 127 seconds are
cascaded in this manner. The Event Number is incremented
for each entry even though it is part of the same event. The
host software combines these cascaded events into one
record in the software database. In the preferred embodi-
ment, if the time is 127 or larger only a total of 127 is stored.
The host software considers this a special case that is stored
as 127 or more and it would be an exception noted to the user
on any relevant reports. Different numbers may be used and
would be considered to fall within the scope of the present
invention.

The system can determine when an RF apparatus 10 stops
being heard from. To allow for this, a receiver stores the last
time it heard a transmission from an RF apparatus 10 even
if no new event is transmitted. If no receiver hears from an
RF apparatus 10 for a length of time that may be predefined
or set by a user, preferably 15 minutes, then host software
can generate a warning that the RF apparatus 10 is missing.
The system may then inform the user of the last time the RF
apparatus 10 was heard from. If the RF apparatus 10 is heard
from again, the system may then indicate the time the RF
apparatus 10 was found. This allows a user to have confi-
dence that all assets are where they should be, that all RF
apparatuses 10 are functioning, and that all data has been
collected (at least all data that occurred in the last 15 minutes
or other configured warning time).

It is desirable that RF apparatus 10 last as long as possible
with as small as possible of a battery 88. Thus, RF apparatus
employs many design features to minimize power consump-
tion. One power reduction technique is that RF apparatus 10
hardware and software are designed so that, in general, RF
apparatus 10 is often “sleeping” or in a powered down mode
that minimizes power consumption. However, RF apparatus
10 has a “wake timer mechanism” that “wakes” RF appa-
ratus 10 after a predetermined duration. Preferably, this is
about Y47 of a second. If no event occurs, RF apparatus 10
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wakes about each 27" of a second and if untilted just

updates the Life Timer with the time it was sleeping. If RF

apparatus 10 is currently tilted then it increments the Tilt

Timer by how long it was sleeping.

To facilitate lower cost, lower power usage, and smaller
size, the preferred wakeup mechanism is a simple RC
(resistor-capacitor) timer or RC oscillator. By itself, the RC
timer is not very accurate and would be slightly different
between different devices 10 and would also vary for the
same device 10 based on temperature.

RF apparatus 10 preferably keeps the life timer and
determines tilt times as accurately as possible. Thus, RF
apparatus 10 occasionally adjusts the current time constant
of the RC timer. It does this by periodically comparing it to
an accurate crystal oscillator. Preferably, RF apparatus 10
does this once per hour and whenever an event is detected
(in order to calculate event times as accurately as possible in
the cases where temperature may have changed in the last
hour). This method does not increase the cost, size, or
component count of RF apparatus 10 because it already has
a crystal oscillator to support the radio transmitting function.
The crystal oscillator takes more power than the RC timer
but it only takes a few thousandths of seconds to do the
comparison (and preferably only once per hour), so the
overall power consumption is only minutely more than the
RC timer. A potentially useful function of this RC timer/
crystal synchronizing technique is RF apparatus 10 also can
measure temperature variations.

While stored, RF apparatus 10 can be turned over to a
tilted state. While in this tilted state, RF apparatus 10 does
not transmit Beacon Transmissions. In addition, after 127
seconds in a tilted state, RF apparatus 10 switches the RC
timer to wake it up less often to have even lower power
consumption, preferably every 2 seconds.

Preferably, when RF apparatus 10 wakes up, it supplies
voltage to the tilt sensor contact patterns, 23 and 44, on the
top and bottom boards in the above-discussed first embodi-
ment to determine whether a sensor is shorted. This is used
to determine static tilt. However, no static short may exist
while RF apparatus 10 is temporarily awake. Therefore, RF
apparatus 10 also determines dynamic tilt by having a short
to a sensor wake it up. Preferably, this is accomplished by
having each sensor connected to the In-Out pins of the
microcontroller in RF apparatus 10. RF apparatus 10 soft-
ware only enables the contact configuration on the opposite
side to wake it. In other words, if currently untilted, then RF
apparatus 10 only enables the contact configuration on
currently the “top” (tilted) side to wake it up. If RF apparatus
10 is flipped over, then a dynamic short will wake it up. RF
apparatus 10 knows if it was woken up by the pin change
feature so even if no static short is detected it knows it must
now be tilted. It then reverses the contact configuration so
that the one on the bottom (untilted) side will be the active
one. This saves power because the inactive contact configu-
ration will have no voltage applied to it so no power is
wasted in the case that there is a static short.

A transmission protocol for Immediate/Slow Beacon/Fast
Beacon Transmissions from RF apparatus 10 may be for-
matted as follows:

48 bit synchronization (sync) sequence composed of
“11110000 11110000 11110000 11110000 11110000
111000107,

6-bit packet type (preferably 0);

2-bit transmission type (preferably, 00 means immediate, 01
means slow beacon, and 10 means fast beacon);

32-bit device 10 ID number;

th
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8-bit life timer (only the most significant 8 bits of the 32-bit
internal value);

8-bit timer calibration value (this may be converted to
temperature by the host software because it will vary
linearly with temperature);

24-bit Event Number;

Sixteen 8-bit event buffer entries;

16-bit CRC in the CCITT-16 convention (used to make sure
the transmission was received correctly by the receiver);
and

4-bit sequence of “0011” used to be able to determine signal
strength by the receiver. It does this by taking a signal
strength sample during the 0’s and then during the 1’s and
comparing the difference.

Of course, different bit lengths, different amounts, differ-
ent numbers, and different sequences may be used and all
such options are considered to fall within the scope of the
invention.

Preferably, with the exception of the initial 48-bit sync
sequence and the last 4-bit sequence, all actual data is
Manchester Encoded. This means that each data bit is
actually converted to a 2 bit Manchester sequence of “01” or
“10”. A data bit of “0” is converted to a two bit “raw”
sequence of “01” and a data bit of “1” is converted to a two
bit “raw” sequence of “10”. This is for many reasons. First
the preferred transmission method for RF apparatus 10 is
On-Off-Keying (OOK). This means that radio frequency
energy is being generated to transmit a “1” and no radio
frequency energy is being sent to transmit a “0”. Because,
from the receiver’s point of view there is always background
radio noise even when no device 10 in range is transmitting,
the receiver “averages” the current radio frequency energy
received in the last Voo™ of a second or so and then
compares the instantaneous received RF energy to this
average. If it is greater, than it assumes a raw bit “1” and, if
lower, it assumes a raw bit “0”.

Preferably, all RF apparatus 10 transmissions contain an
equal number of “raw” 0’s versus “raw” 1’s. Converting
each data bit to a “raw” two bit balanced sequence (“01” and
“10”) accomplishes this. This is also the reason the trans-
mission starts with the 48 bit balanced (equal number of
“raw” 0’s and 1’s) sync sequence. This gives the averaging
mechanism in the receiver time to stabilize. Additionally, the
sync sequence used by the system will ensure that the
receiver will not mistake the sync sequence for valid data.

If a proper sync sequence is received, the use of Manches-
ter Encoding helps the receiver determine whether a trans-
mission is being successfully received. This is because the
only valid “raw” sequence after the synchronization
sequence will be “01” or “10” for each actual data bit.
Therefore, the receiver knows there is a reception error if
“00” or “11” occurs in any “raw” two bit sequence following
the sync sequence, and it abandons the decoding. If all the
data bits (each two bit raw sequence) are received, the
transmission is further validated by the receiver using the
16-bit CRC value.

Other methods of transmission and encoding may be used
and are considered to fall under the scope of the present
invention.

Because, in the preferred embodiment, RF apparatuses 10
transmit for a very short time period (typically Yiooths of a
second) and only every five minutes or when an event
occurs, collisions between two RF apparatus 10 transmis-
sions will be rare. If a collision does occur between two
transmissions, it would be expected that the system would
not decode either transmission. However, the present inven-
tion is designed to more likely receive a transmission from
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closer RF apparatuses 10 in the event of a collision. For
example, in one potential application, a user may have
multiple bar areas each with multiple RF apparatuses 10
attached to bottles and at least one receiver in each bar area.
Depending on how close the bar areas are to each other, a
transmission from an RF apparatus 10 may be picked up by
a receiver not only in that bar area but also in other bar areas.
If an RF apparatus 10 is transmitting and a receiver starts to
hear a transmission from another RF apparatus 10 that is
further away, depending on the strength of the signal (or
energy of the transmission) of the two RF apparatuses 10,
the receiver will continue to decode the proximate RF
apparatus 10 and ignore the distal RF apparatus 10. Con-
versely, if a distal RF apparatus 10 is picked up by a receiver
and a proximate RF apparatus 10 starts to transmit, the distal
RF apparatus’s 10 transmission will be abandoned in favor
of the proximate RF apparatus 10. The sync sequence used
guarantees that an invalid data bit sequence will occur
during the reception of the distant device when the proxi-
mate RF apparatus 10 starts to transmit. The receiver can
then stop decoding the transmission from the distal RF
appartaus 10 and instead decode the transmission from the
proximate RF apparatus 10. Advantageously, the protocol
used by the system allows a user to have more RF appara-
tuses 10 in an area by adding additional receivers in the area.

In implementing this functionality and protocol, software
with specific functionality is programmed into the circuitry
50 of the present invention.

FIG. 20 is a flow chart of such functionality for either
embodiment of RF apparatus 10 discussed above. The
preferred software begins at a task 500 upon first power-up,
which clears a 24-bit event number, clears a 32-bit Life
Timer, sets the slow beacon mode in effect, and sets the
untilted configuration or mode.

A calibration value is calculated in a task 510. Then RF
apparatus 10 goes into an untilted sleep state, depicted by a
task 520, but will wakeup upon a tilt event, a button press,
or after Y47ths of a second.

Upon a button press, event 522, the event is stored in the
first available memory location. Block 530. After the event
is stored, an Immediate Mode Transmission is triggered,
thereby transmitting event data to a receiver Block 540 and
RF apparatus returns back to untilted sleep state Block 520.

An event 524 occurs upon Y577 of a second time duration.
Upon the occurrence of this event, the Life Timer is incre-
mented in a task 550. Then, a task 560 checks the elapsed
time. If the elapsed time is 2560 or more seconds, then
program flow returns to recalculate the calibration value at
task 510. If the Slow Beacon Mode is in effect and 5 minutes
have elapsed, then RF apparatus 10 triggers a Slow Beacon
Transmission and RF apparatus 10 returns to its sleep state
at task 520. If the Fast Beacon Mode is in effect and 10
seconds have elapsed, then RF apparatus 10 checks to see if
the Fast Beacon Mode should be changed to the Slow
Beacon Mode (and, if so, unflag the Fast Beacon Mode and
flag the Slow Beacon Mode). Next, a task 570 triggers a Fast
Beacon Transmission, and RF apparatus 10 returns to its
sleep state at task 520.

Upon the occurrence of a tilt event 526, RF apparatus 10
clears the tilt time timer and sets the state to “tilted” in a task
580. Next a task 590 calculates a calibration value, and a
task 600 causes RF apparatus 10 to enter a tilted sleep state.
After Y27ths of a second has elapsed, event 602 will occur,
and in a task 610 RF apparatus 10 increments the tilt timer
by Vi6™ of a second, until the maximum time of 127 seconds
has been reached, and returns to its tilted sleep state at task
600.
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After RF apparatus 10 has been untilted, an event 604 will
occur, and the tilt time is checked in a task 620. If the time
is less than 253 Vi¢™ of a second, then RF apparatus 10
stores the number of %/16™ of a second for the event duration
in a task 630, and RF apparatus triggers an Immediate Mode
Transmission. If the time is more than 253 Vi6” of a second,
RF apparatus 10 stores a cascaded event in a task 640 (one
event for each 254 116™ seconds with the remainder in the
last event) and RF apparatus 10 then triggers an Immediate
Mode Transmission. After triggering the Immediate Mode
Transmission, RF apparatus 10 returns to its sleep state at
task 510.

This flow is followed until the Life Timer is exceeded, the
battery runs down, or the circuitry 50 is broken or destroyed.

In summary, the present invention provides an improved
RF communications apparatus and manufacturing method
therefor. An RF communications apparatus and method are
provided that are compatible with a small RF communica-
tions apparatus. And, an RF communications apparatus and
method are provided that are compatible with low power
operation. Moreover, an RF communications apparatus and
method are provided that are compatible with the use of a
non-replaceable battery. Likewise, an RF communications
apparatus and method are provided that are inexpensive.

Preferred embodiments of the invention are described
above. While these descriptions directly describe the above
embodiments, it is understood that those skilled in the art
may conceive modifications and/or variations to the specific
embodiments shown and described herein. Any such modi-
fications or variations that fall within the purview of this
description are intended to be included therein as well.

What is claimed is:

1. A radio-frequency (RF) communications apparatus (10)

comprising:

a planar dielectric substrate (92);

an RF circuit (54) mounted on said planar dielectric
substrate;

a conductive loop (56) formed as a first conductive trace
on said planar dielectric substrate, said conductive loop
having a feed point (96) coupled to said RF circuit by
a second conductive trace (97) on said planar dielectric
substrate; and

a tuning capacitor (26) formed as first and second juxta-
posed conductive pads (26', 26") located on opposing
sides of said planar dielectric substrate, said first con-
ductive pad being in contact with a first portion (94) of
said conductive loop and said second conductive pad
being in contact with a second portion (99) of said
conductive loop so that said conductive loop and said
tuning capacitor together form a loop antenna (25), said
tuning capacitor having a hole (27), said hole having a
size selected to tune said loop antenna.

2. An RF communications apparatus as claimed in claim

1 wherein said conductive loop is formed around a periphery
of said planar dielectric substrate.

3. An RF communications apparatus as claimed in claim

1 wherein said RF circuit is located in an interior region (25")
of said conductive loop.

4. An RF communications apparatus as claimed in claim

1 wherein:

said second portion of said conductive loop contacts said
second pad of said tuning capacitor by way of a
conductively plated via (28) through said planar dielec-
tric substrate;

said tuning capacitor hole passes through said first and
second conductive pads; and
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said tuning capacitor hole is not conductively plated
through said planar dielectric substrate.
5. An RF communications apparatus as claimed in claim
1 wherein:
said RF circuit extends a first distance perpendicular to
said planar dielectric substrate; and
said RF communications apparatus additionally com-
prises a conductive mast (58) positioned proximate said
conductive loop and extending greater than said first
distance perpendicular to said planar dielectric sub-
strate.
6. An RF communications apparatus as claimed in claim
5 wherein:
said conductive mast is positioned within an interior
region of said conductive loop;
said conductive mast traverses said planar dielectric sub-
strate; and
said conductive mast extends greater than said first dis-
tance on each of opposing sides of said planar dielectric
substrate.
7. An RF communications apparatus as claimed in claim
1 wherein said planar dielectric substrate has a dielectric
constant greater than 4.
8. An RF communications apparatus as claimed in claim
7 wherein said planar dielectric substrate exhibits a thick-
ness of less than 3.2 mm; and
said RF circuit is configured to process an RF signal
exhibiting a frequency between 200 MHz and 800
MHz.
9. An RF communications apparatus as claimed in claim
1 wherein said planar dielectric substrate is a fiberglass
epoxy laminate.
10. An RF communications apparatus as claimed in claim
1 wherein:
said RF circuit is a transmitter; and
said RF communications apparatus does not include a
receiver.
11. An RF communications apparatus as claimed in claim
1 additionally comprising a non-replaceable battery (88)
coupled to said RF circuit.
12. An RF communications apparatus as claimed in claim
1 wherein said RF communications apparatus is configured
as an asset tag.
13. An RF communications apparatus as claimed in claim
12 wherein:
said asset tag is configured for attachment to a bottle (68);
and
said asset tag includes a conductive pour spout (58) which
traverses said planar substrate within an interior region
of said conductive loop and serves as a mast which
electromagnetically couples to said loop antenna.
14. An RF communications apparatus as claimed in claim
12 wherein:
said asset tag is configured to be attached to a container
from which bulk product (66) is dispensed by tilting
said container;
said apparatus additionally comprises a control circuit
(402) coupled to said RF circuit;
said apparatus additionally comprises a tilt sensor (406)
coupled to said control circuit; and
said control circuit is configured to determine a duration
for which said container is tilted, said duration describ-
ing a quantity of said bulk product dispensed from said
container, and to cause data describing said duration to
be transmitted through said RF circuit and said loop
antenna.
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15. A method of manufacturing a radio-frequency (RF)
communications apparatus comprising:

forming (140) conductive patterns (22) on a printed

wiring board (82) to include a loop antenna (25) having
atuning capacitor (26) with first and second conductive
pads (26', 26") juxtaposed on opposing sides of said
printed wiring board and a conductive loop (56) having
first and second portions (94, 99) respectively contact-
ing said first and second conductive pads;

measuring capacitance (230) of a feature (190) on said

printed wiring board, said feature exhibiting a capaci-
tance proportional to a capacitance exhibited by said
tuning capacitor;

selecting (234) a hole size in response to said measuring

activity; and

forming (236) a hole through said tuning capacitor, said

hole exhibiting said hole size.

16. A method as claimed in claim 15 wherein:

said forming activity additionally forms an isolated

capacitor (190) having first and second conductive pads
(190", 190") juxtaposed on opposing sides of said
printed wiring board, said isolated capacitor being
electrically isolated from said loop antenna, and said
isolated capacitor forming said feature for which said
capacitance is measured in said measuring activity.

17. A method as claimed in claim 16 wherein said isolated
capacitor is physically located proximate said tuning capaci-
tor.

18. A method as claimed in claim 16 additionally com-
prising, after said measuring activity, trimming (290) said
printed wiring board to remove said isolated capacitor.

19. A method as claimed in claim 15 wherein:

said method additionally comprises, after said patterns-

forming activity, installing components (210) which
couple to said conductive patterns and which form an
RF circuit (54) configured to process an RF signal that
exhibits a predetermined frequency;

said printed wiring board exhibits a dielectric constant

and a thickness that, prior to said hole-forming activity,
causes said loop antenna to have a resonant frequency
lower than said predetermined frequency; and

said hole-forming activity causes said resonant frequency

to increase to said predetermined frequency.

20. A method as claimed in claim 19 wherein said
dielectric constant is greater than 4 and said thickness is less
than 3.2 mm.

21. A method as claimed in claim 19 wherein said
predetermined frequency is between 200 MHz and 800
MHz.

22. A method as claimed in claim 15 wherein:

said patterns-forming activity concurrently forms conduc-

tive patterns for a plurality of printed wiring boards on
a common panel, wherein each of said printed wiring
boards includes a tuning capacitor; and

said measuring activity measures capacitance of features

of fewer than all of said plurality of printed wiring
boards in said common panel.

23. A method as claimed in claim 15 wherein:

measured printed wiring boards are the ones of said

plurality of printed wiring boards in said common panel
for which capacitance features are measured in said
measuring activity;

unmeasured printed wiring boards are the ones of said

plurality of printed wiring boards in said common panel
for which capacitance features are not measured in said
measuring activity; and
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said method additionally comprises estimating capaci-
tances (232) of features of said unmeasured printed
wiring boards based on locations of said unmeasured
printed wiring boards relative to measured printed
wiring boards in said common panel.

24. A method as claimed in claim 15 additionally com-

prising:

drilling (130) vias (28) through said printed wiring board
prior to performing said hole-forming activity; and

plating (135) said vias to form separate conductive elec-
trical connections between opposing sides of said
printed wiring board at each of said vias, said plating
activity occurring after said drilling activity and prior to
said hole-forming activity.

25. A method as claimed in claim 15 additionally com-

prising:

making an opening (17) through said printed wiring board
within an interior region of said conductive loop; and

installing a conductive mast (58) which traverses said
printed wiring board through said opening.

26. A method as claimed in claim 25 wherein:

said feature whose capacitance is measured in said mea-
suring activity is located where said opening is formed;

said making activity occurs after said measuring activity;
and

said making activity removes said feature from said
printed wiring board.

27. A method as claimed in claim 15 additionally com-
prising trimming (280) said printed wiring board so that said
loop antenna is then located at a periphery of said printed
wiring board.

28. A radio-frequency (RF) communications apparatus
(10) for use as an asset tag configured to be attached to a
container (68) from which bulk product (66) is dispensed by
tilting said container, said apparatus comprising:

a planar dielectric substrate (92);

an RF circuit (54) mounted on said planar dielectric
substrate;

a conductive loop (56) formed as a first conductive trace
on said planar dielectric substrate, said conductive loop
having a feed point (96) coupled to said RF circuit by
a second conductive trace (97) on said planar dielectric
substrate;

a tuning capacitor (26) formed as first and second juxta-
posed conductive pads (26', 26") located on opposing
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sides of said planar dielectric substrate, said first con-
ductive pad being in contact with a first portion (94) of
said conductive loop and said second conductive pad
being in contact with a second portion (99) of said
conductive loop so that said conductive loop and said
tuning capacitor together form a loop antenna (25), said
tuning capacitor having a hole (27), said hole having a
size selected to tune said loop antenna;

a tilt sensor (406); and

a control circuit (402) coupled to said RF circuit and to
said tilt sensor, said control circuit being configured to
determine a duration for which said container is tilted,
said duration describing a quantity of said bulk product
dispensed from said container, and to cause data
describing said duration to be transmitted through said
RF circuit and said loop antenna.

29. An RF communications apparatus as claimed in claim

28 wherein:

said conductive loop is formed around a periphery of said
planar dielectric substrate; and

said RF circuit is located in an interior region of said
conductive loop.

30. An RF communications apparatus as claimed in claim
28 additionally comprising a non-replaceable battery (88)
coupled to said RF circuit.

31. An RF communications apparatus as claimed in claim
28 wherein:

said second portion of said conductive loop contacts said
second pad of said tuning capacitor by way of a
conductively plated via (28) through said planar dielec-
tric substrate;

said tuning capacitor hole passes through said first and

second conductive pads; and

said tuning capacitor hole is not conductively plated

through said planar dielectric substrate.

32. An RF communications apparatus as claimed in claim
28 additionally comprising a conductive pour spout (58)
which traverses said planar substrate within an interior
region of said conductive loop and serves as a mast which
electromagnetically couples to said loop antenna.
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Create stacks of top, middle and bottom panel.
Block 100

'

Drill tooling holes into stocks of top, middle and
bottom panels.
Block 110

!

Place stacks of top, middle and bottom panels into
pin registered frams.
Block 120

!

Drill electrical through connections into stacks of
top, middle and bottom panels.

Drill event detection apertures and event detection
struction apertures into stacks of middle panels.
Drill plurality of small etectrical connection
apertures into bottom boards.

Block 130

+

Separate stacked panels and create circuit traces
onto at least one side of each individual board
location on each individual top, middle and
bottom panel.

Block 140

!

Restack panels into top, middle and bottom panel
stacks and place onto routing machine using pin
registered frame.

Block 150

|
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Route notches into bottom and middle panel stacks
around each board location.
Route component cavity into each middle board
location in each middle panel stack.
Block 160

&

(Optional) _
Separate macro-panels into smaller panel sizes.
Block 170

+

Separate panels from stacks and place individual
single middle panels, bottom down, in a pin
registered frame.

Block 180

!

Stencil two-component epoxy onto top surface of
middle panel for each board location.
Block 190

!

Mate top panel bottom down onto top of epoxy
covered middle panel and press for suring.
Block 200

!

Surface mount event detecting and reporting
circuitry onto each bottom board location on each
bottom panel.

Block 210

!

Place each bottom panel into a pin registered
programmingftest fixture and program and test the
surface mounted event detecting and reporting
circuitry.
Block 220

|
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Tune antenna Tuning Capacitors.
Block 230

!

Place loose parts (batteries, motion sending piece and thg
like) into cavities and apertures in the Middle board
locations of the top/middle panel composites.
Block 240

!

Stencil two-component epoxy onto exposed surface of
top/middle board locations of top/middle composite
assemblies and mate bottom panels for curing.
Block 250

!

Solder electrical through connections together, thereby
electrically connecting top/middle/bottom board locations.
Block 260

!

Place double backed ashesive on both bottom and top
surfaces of the top/middle/bottom composite assemblies
and place polyester overlay on bottom and top surfaces.

Block 270

!

Route top/middle/bottom composite assemblies around
the device locations.
Block 280

!

(Optional)
Route attachment structure at each device location in the
top/middle/bottom composite assembly and paint exposed
areas.
Block 290

|

Test devices
Block 300
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Clear 24-Bit Event Number
Clear 32-Bit Life Timer
Set Slow Beacon Mode

First Time Powerup 500

L/
Fig. 9

!

Calculate Calibration Value

/510

v / 520
Untitled State Sleep

Wakeup on tilt, button press, or - 1/27s

550

/
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Clear Tilt Time Timer
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A
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Transmission

A

640
_\

Wakeup on untilt or - 1/27a
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540
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Calculate Send Immediate
Calibration Mode —
Value Transmission
\ /—570 590
Check if fast beacon
time over
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Until Max time (128s)

Check Tilt Time
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/
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VR

Store Single Tilt Event
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/
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ASSET TAG WITH EVENT DETECTION
CAPABILITIES

FIELD OF THE INVENTION

The present invention relates generally to asset tags with
event detection capabilities. More specifically, the present
invention relates to asset tags with event detection capabili-
ties wherein the events are tilt, motion, acceleration, tem-
perature, breakage, button presses, or the like.

BACKGROUND

The identification, measurement and/or control of physi-
cal assets are important aspects of modem business prac-
tices. Frequently, assets are misidentified, misplaced or
incorrectly dispensed, thereby leading to incorrect inventory
and/or receivables.

A common modem method for dealing with asset control
is the use of bar codes. These bar codes can be used to both
identify a product and support the determination of the time
and location of dispensation.

Another increasingly common method for asset control is
the use of radio frequency tags (RF tags). These are tags that
are attached to inventory and that include at least a radio
transmitter and identification circuit. The identification cir-
cuit continually, periodically, or after an interrogatory is sent
from a receiver sends the identification of the product.

These systems, while excellent for product identification,
are not optimized for tracking events that may occur to the
products. These events may be movement of the asset, tilting
of'the asset, acceleration of the asset, changes in temperature
of the asset, breakage of the asset (or associated tag), button
presses, and the like.

Therefore, there is a present and continuing need for
improved asset tags used for the identification, measurement
and/or control of physical assets.

SUMMARY OF INVENTION

It is an object of the present invention to provide a
transient event detector comprising at least one detecting
area located on or in at least one wall of the container and
at least one movable piece contained within the container,
wherein at least one of the at least one detecting areas
changes state when the movable piece enters or leaves a
predetermined distance from the detecting area and an
electronic circuit that is suitable to detect a transient change
of state of the at least one detecting area.

It is another object of the present invention to provide a
transient event detector, as above, that comprises at least one
movable piece contained within a container.

It is a yet another object of the present invention to
provide a transient event detector, as above, comprising at
least two movable pieces.

It is still yet another object of the present invention to
provide a transient event detector, as above, that has at least
one event detecting area that can interact with at least one
movable pieces.

It is a further object of the present invention to provide a
transient event detector, as above, that comprises at least two
event detection areas, at least one of the at least two event
detection areas is on or in one of the at least one wall and at
least one of the at least two event detection areas is on or in
another of the at least two walls.

It is a yet a further object of the present invention to
provide a transient event detector, as above, comprising at
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least two walls, at least two event detecting areas, at least
one of the at least two event detection areas is on or in one
of the at least one wall and at least one of the at least two
event detection areas is on or in another of the at least two
walls, at least one of the at least two event detecting areas
being different from at least one of the remaining event
detecting areas and able to detect electrical change events,
magnetic change events, chemical change events, physical
change events or structural change events, and wherein there
are at least two movable pieces and at least one of the at least
two movable pieces is electronically, magnetically, chemi-
cally, physically or structurally different from at least one of
the remaining movable pieces.

It is still yet a further object of the present invention to
provide a transient event detector comprising electrical
circuitry suitable to detect a transient event, and a container
having a wall with at least two electrically conductive
contacts that are electrically connected to the electrical
circuitry, each of the at least two electrically conductive
contacts being electrically isolated from each other, and a
movable electrically conductive piece that intermittently
connects at least two of the at least two electrically conduc-
tive contacts when the electrically conductive piece is in
motion, said movable electrically conducting piece having a
mass that is low enough such that if the movable electrically
conducting piece is at rest and bridges two of the at least two
electrically conductive contacts no transient event is
detected by the electrical circuitry.

It is an additional object of the present invention to
provide a transient event detector, as above, comprising at
least first, second and third electrically conductive contacts
and the container is configured such that there is at least one
movement barrier that prevents the movable electrically
conducting piece from freely moving between a position that
bridges first and second conductive contacts and a position
that bridges first and third conductive contacts.

It is yet an additional object of the present invention to
provide a transient event detector, as above, wherein the
movement barrier is the container’s configuration.

It is yet an additional object of the present invention to
provide a transient event detector, as above, wherein the first
electrically conductive contact is located between the second
and third electrically conductive contacts and the second and
third electrically conductive contacts are located at opposite
ends of the container.

It is still yet an additional object of the present invention
to provide a transient event detector, as above, wherein the
second and third electrically conductive contacts are parallel
to each other and substantially perpendicular to the first
electrically conductive contact.

It is another object of the present invention to provide a
transient event detector, as above, wherein the second and
third electrically conductive contacts are parallel to each
other and the first conductive contact is angled relative to at
least one of the second or third electrically conductive
contacts.

It is yet another object of the present invention to provide
a transient event detector, as above, wherein the first con-
ductive contact is angled relative to the second and third
electrically conductive contacts.

It is still yet another object of the present invention to
provide a transient event detector, as above, wherein the first
and second electrically conductive contacts are on the same
surface, the third electrically conductive contact is perpen-
dicular to both the first and second electrically conductive
contacts, and the first electrically conductive contact is
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located between the second and third electrically conductive
contacts and is raised relative to the second electrically
conductive contact.

It is another object of the present invention to provide an
improved tilt sensor.

It is yet another object of the present invention to provide
an improved event detector.

It is a further object of the present invention to provide an
asset tag that can detect the tilt each time a bottle is poured
and the elapsed time of the pour.

It is still a further object of the present invention to
provide an asset tag with a user interface for communicating
information about an asset.

It is still yet another object of the present invention to
provide an asset tag that can communicate information in a
reliable, accurate, and timely manner with minimum user
hassle, overhead, and expense.

It is another object of the present invention to provide an
asset tag that is easy and cost effective to manufacture.

It is a further object of the present invention to provide an
asset tag that is durable and can survive impacts and
exposure to water, alcohol, heat, and cold.

It is an additional object of the present invention to
provide an asset tag with a long battery life.

It is yet another object of the present invention to provide
an asset tag that will not significantly affect the ambiance of
an establishment.

The novel features that are considered characteristic of the
invention are set forth with particularity in the appended
claims. The invention itself, however, both as to its structure
and its operation together with the additional object and
advantages thereof will best be understood from the follow-
ing description of the preferred embodiment of the present
invention. Unless specifically noted, it is intended that the
words and phrases in the specification and claims be given
the ordinary and accustomed meaning to those of ordinary
skill in the applicable art or arts. If any other meaning is
intended, the specification will specifically state that a
special meaning is being applied to a word or phrase.
Likewise, the use of the words “function” or “means” in the
Description of Preferred Embodiments is not intended to
indicate a desire to invoke the special provision of 35 U.S.C.
§112, paragraph 6 to define the invention. To the contrary, if
the provisions of 35 U.S.C. §112, paragraph 6, are sought to
be invoked to define the invention(s), the claims will spe-
cifically state the phrases “means for” or “step for” and a
function, without also reciting in such phrases any structure,
material, or act in support of the function. Even when the
claims recite a “means for” or “step for” performing a
function, if they also recite any structure, material or acts in
support of that means of step, then the intention is not to
invoke the provisions of 35 U.S.C. §112, paragraph 6.
Moreover, even if the provisions of 35 U.S.C. §112, para-
graph 6, are invoked to define the inventions, it is intended
that the inventions not be limited only to the specific
structure, material or acts that are described in the preferred
embodiments, but in addition, include any and all structures,
materials or acts that perform the claimed function, along
with any and all known or later-developed equivalent struc-
tures, materials or acts for performing the claimed function.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a device according to the
present invention.
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FIG. 2a is a top view of the bottom board according to the
present invention illustrating a preferred electrical circuit
trace for the top side of the bottom board.

FIG. 2b is a bottom view of the bottom board according
to the present invention illustrating a preferred circuit trace
for the bottom side of the bottom board.

FIG. 3a is a top view of the middle board according to the
present invention illustrating a preferred electrical circuit
trace for the top side of the middle board.

FIG. 35 is a bottom view of the middle board according
to the present invention illustrating a preferred electrical
circuit trace for the bottom side of the middle board.

FIG. 4a is a top view of the top board according to the
present invention illustrating a preferred circuit trace for the
top side of the top board.

FIG. 44 is a bottom view of the top board according to the
present invention illustrating a preferred circuit trace for the
bottom side of the top board.

FIG. 5 is a simplified hardware diagram of the electrical
components for the circuit of the present invention.

FIG. 6 is a flowchart describing the preferred manufac-
turing method according to the present invention.

FIG. 6a is an example of an array of board locations in a
panel, specifically a middle panel.

FIG. 7 is a cut-away view of the device according to the
present invention illustrating battery and spring contact
placements.

FIG. 8 is a cut-away view of the device according to the
present invention clearly illustrating placement of the mov-
able pieces in the event detection structures.

FIG. 9 is a flow chart of the functionality of the software
for the device according to the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The present invention is a device 10 that is useful for
measuring events that occur to assets. More specifically the
device is useful for measuring events such as motion,
tipping, acceleration, temperature changes, breakage, button
presses or the like using a transient event detector.

With reference to the Figures, and initially FIG. 1, the
present invention is an asset tag device 10 that is removably
or permanently associatable with an asset. This device 10
functions to track physical properties of the associated asset
such as location, motion, tilting, changes in temperature,
breakage, or the like.

The device 10 according to the present invention prima-
rily comprises a body 15 that contains at the least one event
detection and reporting circuitry 50 that further comprises at
least one event detection structure 35 and an electromagnetic
transmitter, such as a radio transmitter. In one preferred
embodiment, the device 10, according to the present inven-
tion, further includes at least one attachment structure 17. In
the most preferred embodiment, the attachment structure is
an aperture or opening in the body 15 that is suitably sized
to receive a projecting or elongate portion of the asset, such
as a neck of a bottle or the like. Other structures that are
capable of being received by the aperture 17, such as a
suitably sized spheres and the like, are considered to fall
within the scope of the present invention. Additionally, other
attachment structures, both chemical or mechanical, that
function to associate the body 15 to an asset may be used and
are also considered to fall within the scope of the present
invention.

In the preferred embodiment, the body 15 specifically
comprises a top section 11, a bottom section 12, and an
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intermediate section 13 that is sandwiched between the top
and bottom sections, 11 and 12, and contains at least one
cavity 14 that further contains the event detecting and
reporting circuitry 50. Preferably, the event detecting and
reporting circuitry 50 is securely either built directly into the
cavity 14 or built separately and then attached to an interior
surface of the cavity 14 to prevent unwanted movement or
breakage of the circuitry 50.

In a more preferred embodiment, the top section 11 is a
top circuit board 41, FIGS. 4a and 45, the bottom section 12
is a bottom circuit board 21, FIGS. 24 and 24, and the
intermediate section 13 is a middle circuit board 31, FIGS.
3a and 35, which are assembled to form a composite body
15. These circuit boards, 21, 31, and 41 are preferably
printed circuit boards, which, together, form a complete
circuit, outlined in FIG. 5. Materials other than printed
circuit boards may be used for the top, bottom and inter-
mediate sections, 11, 12 and 13, and circuit boards other than
printed circuit boards may be used for these sections, and
still fall within the scope of the present invention.

In order for two or more, and preferably all three boards,
21, 31 and 41, to form a complete electrical circuit, each
board includes one or more electrical through connections,
referred to generally as 32.

The bottom circuit board 21 includes a plurality of small
apertures 28 used for electrically connecting the event
detection and reporting circuitry 50 to a circuit printed on
one or both sides of the bottom board 21. In this preferred
embodiment, elements of the event detection and reporting
circuitry 50 are surface mounted to a top surface of the
bottom board 21 (thereby defining which board is consid-
ered the bottom board). As can be seen from FIGS. 24 and
25, the preferred embodiment include circuit traces on both
top and bottom surface of the bottom board 21. The surface
mounting of elements of the event detection and reporting
circuitry 50 is accomplished using any of a number of
readily available methods well known to one of ordinary
skill in the arts.

The middle circuit board 31 includes an aperture or
channel that forms the cavity 14 that will ultimately contain
the event detection and reporting circuitry 50. The middle
circuit board 31 further contains at least one event detection
structure 35, which in this embodiment comprises at least
one aperture 34 that will contain a movable piece 36 for each
aperture 34. The at least one event detection structure 35
and/or aperture 34 is electrically connected to the top and
bottom circuit boards, 41 and 21, through the apertures 32
that electrically extend through the middle board 31. As can
be seen from FIGS. 3a and 35, the preferred embodiment
include circuit traces on both top and bottom surface of the
middle board 21.

Referring to FIGS. 4a and 44, the preferred circuit trace
on the top surface of the top board 41 comprises a battery
ground contact 43 electrically connected to a first of the at
least two through holes 32a for electrically connecting the
top, middle, and bottom boards, 41, 31 and 21. The preferred
circuit trace on the bottom surface of the top board 41 has
at least one first printed contact configuration 44 that is
electrically connected 45 to any additional printed contact
configurations 44 and further electrically connected to a
second of the at least two through holes 324 for electrical
connection to the middle and bottom boards, 31 and 21.

Referring to FIGS. 2a and 24, the preferred circuit trace
on the top surface of the bottom board 21 comprises a circuit
trace 22 that electrically connects the various elements of the
event detection and reporting circuitry 50. The exact con-
figuration depends upon the exact circuitry used. However,
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in a preferred embodiment of the present invention, the
printed circuit found on the top surface further comprises at
least one second contact configuration 23 that is electrically
connected 24 to the circuit trace 22. Also, there is a loop
antenna 25 that is tuned by an antenna tuning capacitor 26
electrically connected to the circuit trace 22 that forms a part
of a preferred radio transmitter for event detection informa-
tion transmission. These electrical connections to the circuit
trace 22 allow the second contact configuration 23 and loop
antenna 25 and antenna tuning capacitor 26 to be utilized by
the event detecting and reporting circuitry 50.

In the preferred embodiment, a switch, such as a button
type single pole switch is included by electrically attaching
the switch to the event detecting and reporting circuitry 50
by electrical leads that extend through at least two of the
through the holes 28 located in the bottom board 21.
Preferably, however, a second circuit 51 is created on a
bottom surface of the bottom board 21. This second circuit
51 is in electrical contact with the circuit trace 22 through
some of the small apertures 28. Additionally, there may be
a ground plane 29, and preferably the second circuit 51 and
the ground plane 29 form an independent switch circuit,
whereby the temporary electrical shorting of the indepen-
dent switch circuit (ground plane 29 to the second circuit
51), such as using an electrically conductive polymer con-
cave button, would constitute a measurable transient event.

As can be seen from FIG. 5, the electrical circuit is
preferably powered by a battery, most preferably a lithium
coin cell. The batter is electrically connected to a micropro-
cessor/transmitter that preferably has the microcontroller
and transmitter physically integrated and a built in periodic
wakeup mechanism, 1024 instructions of non-violate “code”
memory, 41 bytes of violate “ram” memory, an RC oscillator
and an integrated Real Time Reference. Electrically con-
nected to the transmitter portion is a loop antenna with an
antenna tuning capacitor. Also connected to the microcon-
troller are a crystal and, optionally, a push button that is
electrically connected to an input pin of the microcontroller.
Finally, there are at least one event detectors that are
electronically connected to an input pin of the microcon-
troller.

The at least one event detection structure 35 according to
the present invention may detect any of a number of indi-
vidual or multiple events. In the preferred embodiment, the
event detection structure 35 is a motion/tilt sensor that is
comprised of the above discussed aperture 34 in the middle
board 31, and the first and second contact configurations 44
and 23 printed on the top and bottom circuit boards 41 and
21. These form a container for a movable, electrically
conducting piece 36 such as a metal bearing or the like. The
aperture 34 may assume any number of alternate shapes,
such as a square hole, a rectangular hole, an octagonal hole,
or the like, and still fall within the scope of the present
invention so long as it is capable of forming a container for
the movable, electrically conducting piece 36. In an alternate
embodiment, the aperture 34 may be beveled, yielding a
shape like a frustum. In this embodiment, the event detection
structure 35, which is a tilt detector, is able to detect different
tilt angles, depending upon the angle of the bevel. The
container may be of any suitable shape sufficient to contain
the movable piece, but is not limited to a singe chamber, lobe
or other size/waist variation. While a single event detection
structure 35 is sufficient for event detection, the preferred
embodiment utilizes four for statistical accuracy and cost
efficiency.

The configuration of the first and second contact configu-
rations 44 and 23 have at least one edge, preferably two, that
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are electrically contactable with the electrically conducting
piece 36 at any given rest position. Further, this at least one
edge is positioned and sized such that the electrically
conducting piece 36 is capable of making electrical contact
between the at least one edge and conductive plating 38 on
the inside surface of the aperture 34.

The first and second contact configurations, 44 and 23, are
preferably star type configurations comprising a central node
with at least two, preferably eight radially extending arms.
In the preferred embodiment, the first contact configuration
44 is rotated by 22.5 degrees relative to the second contact
configuration 23 (in order to maximize movement pertur-
bation of the electrically conducting piece 36). Other con-
figurations, symmetrical, non-symmetrical, matching and/or
non-matching, may be used for the first and second contact
configurations 44 and 23 and still fall within the scope of the
present invention.

Other event detection structures 35 may be used and still
fall within the scope of the present invention. In an alternate
embodiment the event detection structure 35 is a motion
sensor, such as can be formed by changing the contact
configurations to merely measure a simple change in state.
In another alternate embodiment, the event detection struc-
ture 35 is a temperature sensor, such as can be accomplished
by using a thermistor or changes in a crystal oscillator or the
like.

In use, the asset tag device 10, according to the present
invention, is associated with an asset. This association may
be either permanent, such as by adhesive or the like, or
removable, such as placement, attachment by hook and loop
fasteners, or the like. When a transient event, such as
motion, tilting, acceleration, temperature change, breakage,
button press or the like occurs, the tag 10 detects the
transient event and reports the transient event to a remote
receiver through the event detection and reporting circuitry
50.

In the preferred embodiment of the event detection struc-
ture 35, the motion/tilt detector, the transient event is a
change of state that is detected when electrical continuity
between the conductive plating 38 and the first contact
configuration 44 is removed and replaced by electrical
continuity between the metallic plating 38 and the second
contact configuration 23 (or vice-versa), such as occurs
when the tag is moved or tilted.

In the most preferred embodiment, the electrically con-
ductive piece 36 is light enough such that when it is at rest
and in contact with the conductive plating 38 and either the
first or second contact configurations 44 or 23, there is
effectively no measurable conduction. Conduction only
occurs when the conductive piece 36 is moved across the
aperture 34 and stopped by the other side (the sudden
reversal of the travel direction of the conductive piece 36
allows current to flow from the conductive plating 38
through the conductive piece 36 and to the contact configu-
rations, 44 or 23). This allows the detector to be made much
smaller that previously possible and lowers manufacturing
costs.

Generally, the event detection structure 35 is a dynamic
event detector, which is a multi-piece detector that detects a
change in state caused by the movement of one of the pieces.
In its most general form, the dynamic event detector is a
container that has at least one event detection areas within
the container. The container holds at least one movable
piece. An event is detected when at least one of the movable
pieces moves to within a predetermined distance from at
least one of the event detection areas. Critically, there needs
to be electrical circuitry sufficient to detect a dynamic event.
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The circuitry must be sophisticated enough to discriminate
the difference between the state of the movable piece at rest
and bridging two contacts and the movable piece in motion
and bridging two contacts, regardless of whether a rest state
is measured or not. A dynamic or transient event includes,
but is not limited to, a change in resistance caused by the
contact of a movable piece on or near a suitable detection
area, a current caused by the movement of a movable piece
across a detection area, a current caused by the contact of a
movable piece between two detection areas, a magnetic spin
change caused by a magnetic movable piece moving near or
across a detection area, a temporary change in crystal
structure caused by impact of a movable piece on a detection
area, a temporary change in chemical configuration, such as
a cis-trans shift, caused by a movable piece, or the like.

Additionally, there may be multiple different event detec-
tors, such as an electrical event detector and a magnetic
event detector, which may utilize either the same movable
piece or different movable pieces.

As a specific example, the following description of the
operation of the present invention relates to use of the
present invention in an environment where alcoholic bev-
erages are sold and consumed. This description is not to be
taken in a limiting sense but is made merely for the purpose
of describing the general operating principles of the inven-
tion. Asset tag devices 10 are physically attached to assets,
such as bottles of wine or to bottles of distilled spirits,
typically using an aperture type attachment structure 17. The
asset tag devices 10 are then able to detect and report
transient events that occur to the bottles, such as movement,
tipping, temperature changes or the like. Such asset tags may
be used in systems including, but not limited to the one
disclosed in co-pending U.S. application Ser. No. 60/551,
191, filed simultaneously herewith, the disclosure of which
is incorporated herein by reference.

The preferred method for manufacturing the device 10,
according to the present invention, see FIG. 6, begins with
three distinct panels, top panels, bottom panels and middle
panels, 141, 121, and 131, respectively. These three distinct
panels comprise arrays of top, bottom, and middle boards,
41, 21, and 31, which are the preferred forms of the top,
bottom and intermediate sections, 11, 12, and 13 discussed
above. Preferably, top panels 141 correspond to and are used
to manufacture multiple top boards, 41, middle panels 131
correspond to and are used to manufacture multiple middle
boards, 31, and bottom panels 121 correspond to and are
used to manufacture multiple bottom boards, 21.

Preferably, the bottom panels 121 are 30 mil 12x9 inch
panels of 0.5 oz FR4 (Fire Retardant Type 4) or other
materials that are commonly used as circuit boards in the
industry. Preferably, the middle panels 131 are 160 mil 12x9
inch panels of 0.5 oz FR4 or other materials that are
commonly used as circuit boards in the industry. Preferably,
the top panels 141 are 30 mil 12x9 inch panels of 0.5 oz FR4
or other materials that are commonly used as circuit boards
in the industry. Preferably, multiple individual panels are
manipulated simultaneously in stacks, and multiple stacks of
panels are also manipulated simultaneously. However, indi-
vidual panels or individual stacks of panels may be manipu-
lated separately and at different times from other panels or
stacks and still fall within the scope of the present invention.

The top, middle, and bottom panels, 141, 131, and 121,
are stacked and then drilled for tooling holes 180. Blocks
100 and 110, FIG. 6. The stacks of panels are then placed
onto pin registered frames for further processing. Block 120,
FIG. 6.
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In the stack of top panels, at least two electrical through
connections 32 are drilled into each top board location for
electrical connection between the top, middle and bottom
circuit board locations, 41, 31, and 21. In the stack of middle
panels, the at least two electrical through connections 32 are
drilled into each middle board location for electrical con-
nection between the top, middle and bottom circuit boards.
There are also at least one, preferably four apertures 34
drilled, one for each event detection structure 35. In the stack
of bottom panels, two electrical through connections 32 are
drilled into each bottom board location for electrical con-
nection between the top, middle and bottom circuit boards
and a plurality of small apertures 28 for electrical connection
to event detection and reporting circuitry 50 in each bottom
board location. Block 130, FIG. 6.

The stacks of panels are separated into individual panels
and circuit traces, whether located on one or both sides of the
boards, are created onto individual board locations using
techniques common in the circuit board industry. These
circuit traces include at least conductive plating of the
electrical through connections 32 and event detection struc-
ture apertures 34 and are created onto each top, middle, and
bottom board location of top, middle, and bottom panels
141, 131, and 121. Block 140, FIG. 6. The separated and
circuited panels are reassembled into stacks and placed onto
a routing machine using a pin registered frame. Block 150,
FIG. 6.

At least one, preferably four, notches are routed into
bottom and middle panel stacks around each individual
bottom and middle board location, respectively. The notches
in the bottom panel stacks should match and register with the
notches in the middle panel stacks. Additionally, a compo-
nent cavity 14 is routed into each middle board location in
each middle panel stack. Block 160, FIG. 6. Alternatively,
this notching step could be performed on the top and middle
panels.

If the above steps are performed on macro-panels (panels
larger than 12x9 and typically sized to accommodate four
12x9 panels), the stacked macro-panels are cut or otherwise
separated into 12x9 panel stacks. Block 170, FIG. 6.

Next, the top and middle panels, 141 and 131, are
re-separated from their stacks and an individual middle
panel 131 is placed bottom down in a pin registered frame
and an adhesive, preferably two-component epoxy, is sten-
ciled onto the top surface of the middle panel 141 on each
middle board location. Block 180 and 190, FIG. 6. A top
panel 141 is mated on top of the middle panel using the pin
registered frame to form a top/middle composite assembly.
Block 200, FIG. 6. Multiple top/middle composite assem-
blies may be stacked and pressed for epoxy curing. After
curing, the individual composite assemblies are reseparated
from the stacks for further processing.

Separately, whether before, simultaneously or after the
top/middle composite assemblies are formed, the event
detecting and reporting circuitry 50 is surface mounted onto
each individual bottom board location 21 of separated
bottom panels 121. This process is accomplished using
methods that are common to the industry. Block 210, FIG.
6.

The bottom panels 121 are then placed into a pin regis-
tered programming/test fixture to program and test the
surface mounted event detecting and reporting circuitry 50.
Circuits 50 with bad tests are noted for exclusion from use
as ultimate product. Block 220, FIG. 6.

At least one, preferably two, test capacitors 190 located
on each of the bottom panels 121, preferably located at each
of the four corners of the bottom panels 121, are measured
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to determine proper antenna tuning capacitor target size
adjustments for the antenna tuning capacitors 26. After the
antenna tuning capacitor target size adjustments are deter-
mined, the capacitance of each of the antenna tuning capaci-
tors 26 is adjusted by drilling a hole in each of the antenna
tuning capacitors with a size that brings the antenna tuning
capacitors generally equal to the target size, thereby creating
an antenna tuning capacitor 26 that tunes the antenna 55 to
the specific frequencies used by the devices 10 according to
the present invention. The bottom panels 121 may be
stacked during this step, especially when the adjustment drill
size of each of the individual panels is the same. In a
preferred embodiment of this tuning method, there are at
least two differently sized tuning capacitors 190 that are
measured and used to calculate the target size adjustments.
In an even more preferred embodiment, there are four pairs
of two differently sized test capacitors 190, one pair located
adjacent to each corner of the bottom panel 121 (thus
allowing for compensation for dielectric, thickness and other
manufacturing variations across the board). Block 230, FIG.
6.

Either simultaneously, or before or after the event detect-
ing and reporting circuitry 50 is surface mounted to the
bottom board locations, the reseparated top/middle compos-
ite assemblies are turned over and replaced in a pin regis-
tered frame, thereby exposing the electrical component
cavity 14. For each top/middle board location in the top/
middle composite assembly, batteries are placed into the
component cavity 14 and tilt/motion sensing pieces 36 are
placed into their appropriate positions in the at least one
aperture 34. Block 240, FIG. 6, see also FIGS. 7 and 8.

After these components are appropriately placed, the
exposed surface of the top/middle panel assembly is sten-
ciled with two-component epoxy at each top/middle board
location and a bottom panel 121 with surface mounted
circuitry 50 is mated to the top/middle composite assembly
using the pin register frame thereby creating a top/middle/
bottom composite assembly. Multiple top/middle/bottom
composite assemblies are then stacked together and placed
into a press for epoxy curing. Block 250, FIG. 6.

After curing, the top/middle/bottom composite assem-
blies are reseparated and the electrical through connections
32 are soldered together, thereby creating an electrical
connection between the top, middle and bottom board loca-
tions. Block 260, FIG. 6. In an alternative embodiment,
spring contact components are used instead of soldering for
electrical connection between the top, middle, and bottom
boards, 41, 31, and 21, respectively.

Next, a double backed adhesive sheet, stenciled epoxy,
stenciled adhesive, or other adhesive is used to adhere a
polyester overlay to both top and bottom surfaces of the
top/middle/bottom composite assemblies. Preferably, a pin
registered frame is used. The polyester overlay for the
bottom surface may include, in an alternate embodiment, a
conductive button portion for shorting (activating) a switch
circuit, such as previously described and illustrated above.
Block 270, FIG. 6.

A final route on the top/middle/bottom board assemblies
is performed routing everywhere except for where the
notches are located in the middle and bottom board loca-
tions, thereby creating one or more devices 10 that are
attached to the panel matrix via at least one small tab
connecting the top boards 41 sections to the top panel
matrices. Block 280, FIG. 6.

An attachment structure 17, such a bottle mounting hole
can be routed into the second composite assembly at this
time and any exposed interior surface may be painted to
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match the exterior (rubber or plastic inserts may be used
instead of paint). Block 290, FIG. 6. Preferably, the attach-
ment structure is routed during the final route of Block 280.

Each individual device 10 in the array may be tested by
flipping the top/middle/bottom composite assembly quickly
several times. Block 300, FIG. 6. A receiver receives and
records signals for each of the devices 10 in the array. This
verifies operation of the circuitry and more specifically the
transmitter signal strength and verifies tilt sensor 35 accu-
racy. Preferably, this may be performed on several stacked
top/middle/bottom composite assemblies simultaneously.
Additional vibration and or heat/cold cycle testing can be
performed at this time. The test date may optionally be
recorded on each panel prior to separation of the tags from
the array.

Programming of the device 10 according to the present
invention includes several critical functions, as described
below. First, the device 10 must accurately be able to detect
each transient event, such as a pour of a bottle, and the
elapsed time of each event. Second, the device 10 must relay
pour information and any other predetermined information
reliably, accurately, and timely to one or more receivers with
minimum user hassle, overhead, and expense. Third, pref-
erably, there is a button than can be used to indicate when
an associated asset is empty. This button can also be used
during setup to assign the device 10 to a specific asset, a
receiver, or host software. Alternately, the button can be used
to transmit an information request to a receiver or host
software.

The preferred embodiment of the device 10 is designed
with a three year functional lifetime for practical and reli-
ability reasons. To support the limited functional lifetime,
the device 10 preferably comprises an internal 32-Bit Life
Timer that starts at zero and increments when the device 10
is in an unused or untilted position. This allows users to store
currently unused devices 10 in a used/tilted position until
they are needed. After the 32-Bit Life Timer counts little
more than three years, software in the device 10 will disable
functionality of the device 10. Other time durations may be
used and still considered to fall within the scope of the
present invention.

In the preferred embodiment, the device 10 has at least
two discrete event detection sensors, preferably a tilt sensor
and a button. To minimize the latency of data transmission
to the host, when collecting event data the device 10
transmits the event detection data immediately after detec-
tion. In the case of a button press, this means as soon the
button is pressed without waiting for it to be released. For a
tilt event, it is after the device 10 is tilted and then untilted.
Preferably, event data for a tilt event includes the length of
the tilt. In alternative embodiments, only one event detection
sensor may be used. Other event detection sensors may be
used, such as motion, temperature, acceleration, breakage
(of the asset or the device 10), and the like. All such options
are considered to fall within the scope of the present
invention.

This immediate data transmission is called an Immediate
Mode Transmission. It includes the immediate event data as
well as a multitude of other data, which may include but is
not limited to, a unique preferably 32-bit tag identification
number (ID), multiple (preferably 15) previous events, a
current event number, a life timer value (to determine the
age of the device 10), and a cyclic redundancy check
(“CRC™).

When the device 10 is located within a realistic range
from a receiver, typically about 50 feet, then a large majority
(95% or more) of Immediate Mode Transmissions will be
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successfully received by the receiver. Reasons for unsuc-
cessful reception include, but are not limited to, transmission
collisions with another simultaneous transmission or spuri-
ous interference from other unrelated radio energy sources.
In order to prevent the loss of data, the device 10 program
comprises an event buffer that stores a number of the most
recent, preferably 16, events. Therefore, each Immediate
Mode Transmission not only contains the most recent events
but also the previous 15.

Because there may be long time durations between
detected events, if only Immediate Mode Transmissions
were sent, then there could be an indefinite latency in
transferring data if an Immediate Mode Transmission was
not successfully received. Therefore, there are Beacon Mode
Transmissions that are periodically transmitted, whether
there are new events or not. There are two types of Beacon
Mode Transmission, slow and fast, with the only difference
being the frequency of transmission. Preferably, device 10
will always transmit a Slow Beacon Transmission for a first
fixed duration, preferably every five minutes, when untilted.
However, after an event occurs (and an Immediate Mode
Transmission Occurs) the device 10 switches to Fast Beacon
Mode. The device 10 then sends a Fast Beacon Transmission
for a second, short duration, preferably every ten seconds,
for a third intermediate duration, preferably for one minute,
and then switches back to Slow Beacon Mode. This
decreases any latency of any new event data being collected
by the system. It also allows more accurate “time-stamping”
of the detected event. Lastly, it dramatically decreases the
likelihood of losing event data. Other durations may be used
and still considered to fall within the scope of the present
invention.

Beacon Mode Transmissions provide another function in
addition to handling data latency problems. It also prevents
data loss from occurring when devices 10 are moved tem-
porarily out of the range of the receiver. For example, in a
single receiver system, the device 10 may be temporarily
moved out of receiver range to pour a drink. Because the
event is stored in the memory of the device 10, when the
device 10 is brought back in range, the receiver will collect
the new data during the next successful Beacon Mode
Transmission. Thus, no data will be lost as long as less than
16 events occur before a successful Beacon Mode Trans-
mission. This allows an asset to be used or stored out of
range as long as it is periodically moved into receiver range.

In order to facilitate the event buffer mechanism, the
device 10 also maintains a (preferably 24-bit) Event Number
that starts out at 0 when the device 10 is first manufactured.
Each time there is a new event, this Event Number is
incremented. In each transmission, Immediate and Beacon,
not only are the data for the 16 stored events included in the
transmission but also the entire 24-bit Event Number. This
serves several purposes. First, since the 16 event buffer is
continually reused in a circular fashion, the lower 4 bits of
the Event Number will always be pointing to the oldest event
entry in the event buffer. For instance, before any events
have occured, when the device 10 is first manufactured, the
Event Number will be 0 meaning there were no events, ever,
for this device 10. After a first event, the event data will be
stored in roll-over buffer location 0 and the Event Number
will be incremented to 1. After the 16” new event the new
data will be stored in the 167 location and the Event Number
will be 16. The 17% new event is then stored in location 0
and the Event Number will be 17.

Based on the Event Number, the receiver can determine
how many new events are contained in the device 10. This
is accomplished because the very first time a receiver



Case 2:09-cv-01136-SRB Document 28 Filed 09/08/09 Page 130 of 133

US 7,190,278 B2

13

receives a transmission from particular device 10; it records
all 16 stored events and then stores the current Event
Number for that device 10. Subsequently, every time a
transmission is successfully received by the receiver from
that device 10, the receiver or host software compares the
Event Number in the transmission to the stored Event
Number for that device. If the Event Number does not
change, then there were no new events. If, for example, the
Event Number increases by three, then receiver records the
three new events.

The Event Number is also stored with the data for that
event in the host software. This facilitates multi-receiver
systems because in many cases more than one receiver may
store the same events from the same devices 10. However,
the host software can determine duplicates because it also
keeps track of the Event Numbers. For example, if device
#123 has a current Event Number of 55, and is in range of
two receivers, then both receivers will have stored that the
last event for device #123 was 55. If the device #123 is then
tilted, the Event Number will increment to 56. If both
receivers successfully received a transmission from device
#123, then they will both store the new event data and both
update the current Event Number for device #123 to 56.
When the host software collects data from the first receiver,
it will verify and determine that it does not have Event
Number 56 from device #123 yet. However, when it collects
the data from the second receiver, it will know it already has
that event data and not save the duplicate.

The Event Number also allows the system to detect if
more than 16 events have occurred since a successful
transmission reception from the device 10. For example, if
a device 10 is taken out of realistic range of any receiver and
19 events occur and then it is brought back into range of at
least one receiver, that receiver will detect that there are 19
new events but knows that only the latest 16 are in the
transmission and will only store those data. After the host
software collects the data from all receivers it will detect that
there are 3 missing events for that device 10. It can then
generate a warning on any reports where this would be
relevant.

The receiver stamps and records the time each transmis-
sion is received. In addition, the receiver stamps and records
a value for each event that represents the time the event
occurred or may have occurred (“Possible Age™). The Imme-
diate Mode, Slow Beacon, and Fast Beacon Transmission all
are exactly the same except for an identifier at the beginning
that tells the receiver which type of transmission is being
received. The main reason for this is to allow the receiver to
time stamp the events more accurately. In order to conserve
memory in the device 10, the preferred device 10 does not
keep track of the chronological time an event occurs but only
the order. Because an Immediate Mode Transmission is sent
right after the event and it has a field indicating to the
receiver it is an Immediate Mode Transmission, the receiver
time stamps the new event with a Possible Age equal to the
time the transmission was received. In rare cases, the
Immediate Mode Transmission may not be successfully
received. If that occurs, then if the next Beacon Mode
Transmission a receiver receives is a Fast Beacon Trans-
mission, the receiver knows the latest event happened less
than one minute ago. The receiver still time stamps the data
with the current time but also stores a value called Possible
Age indicating the event happened up to a minute before.
The receiver also checks if it had heard from the device 10
less than a minute ago and sets the Possible Age to which-
ever is less. If an Immediate Mode Transmission is not
received and the next received transmission is a Slow
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Beacon Transmission, then the Possible Age for the new
event is set to the length of time since the device 10 was last
heard from by that receiver. If there is more than one new
event, then all the events before the newest event get time
stamped with the current time and the Possible Age of the
length of time since the device 10 was last heard from by that
receiver. The additional transmission of the chronological
time of the event is an option that is considered to fall within
the scope of the present invention. In addition, the calcula-
tion and storage of system data can be performed in devices
10, receivers, host software, or a combination thereof, and
all such options are considered to fall within the scope of the
present invention.

The current device 10 has a 16 Event Buffer, each one
byte in length. This means all events must be encoded in one
byte (a number between 0 and 255). Preferably, the current
device 10 stores a Button Press Event as the value 255.
Event times are stored with a resolution of Yis” seconds.
This means the largest duration of an event could be is
254/16ths or 15.875 seconds. To support times longer than
this, the value 254 is also reserved to indicate that the time
is 253/16ths or greater. The remainder of 16ths is stored in
the next event. Unless this is also larger than 253/16ths.
Preferably, events of up to 127 seconds are cascaded in this
manner. The Event Number is incremented for each entry
even though it is part of the same event. The host software
combines these cascaded events into one record in the
software database. In the preferred embodiment, if the time
is 127 or larger only a total of 127 is stored. The host
software considers this a special case that is stored as 127 or
more and it would be an exception noted to the user on any
relevant reports. Different numbers may be used and would
be considered to fall within the scope of the present inven-
tion.

The system can determine when a device 10 stops being
heard from. To allow for this, a receiver stores the last time
it heard a transmission from a device 10 even if no new event
is transmitted. If no receiver hears from a device 10 for a
length of time that may be predefined or set by a user,
preferably 15 minutes, then the host software can generate
a warning that the device 10 is missing. The system can
inform the user of the last time the device 10 was received.
If a device 10 is heard from again, the system can indicate
the time the device 10 was found. This is important because
it allows a user to have confidence that all assets are where
they should be, that all devices 10 are functioning, and that
all data has been collected (at least all data that occurred in
the last 15 minutes or other configured warning time).

Since it is important for the device 10 to last as long as
possible with as small as possible of battery, many design
features are used to minimize power consumption. One
power reduction method is that the device 10 hardware and
software are designed so that, in general, the device 10 is
always “sleeping” or in a powered down mode that mini-
mized power consumption. However, the device 10 has a
“wake timer mechanism” that “wakes” the device 10 after a
predetermined duration. Preferably, this is about 147 of a
second. If no event occurs, the device 10 wakes about each
Y7 of a second and if untilted just updates the Life Timer
with the time it was sleeping. If the device 10 is currently
tilted then it increments the Tilt Timer by how long it was
sleeping.

To facilitate lower cost, lower power usage, and smaller
size, the preferred wakeup mechanism is a simple RC
(resistor-capacitor) timer or RC oscillator. By itself, the RC
timer is not very accurate and would be slightly different
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between different devices 10 and would also vary for the
same device 10 based on temperature.

Because the device 10 needs to keep the life timer and
determine tilt times as accurately as possible, it uses a
unique method to determine the current time constant of the
RC timer. It does this by periodically comparing it to an
accurate crystal oscillator. Preferably, the current device 10
does this once per hour and whenever an event is detected
(in order to calculate event times as accurate as possible in
the cases where temperature may have changed in the last
hour). This method does not increase the cost, size, or
component count of the device 10 because it already has a
crystal oscillator to support the radio transmitting function.
The crystal oscillator takes more power than the RC timer
but it only takes a few thousandths of seconds to do the
comparison (and preferably only once per hour), so the
overall power consumption is only minutely more than the
RC timer. A potentially useful function of this RC timer/
crystal method is the device 10 also can measure tempera-
ture variations.

While stored, the device 10 can be turned over to a tilted
state. While in this tilted state, the device 10 does not
transmit Beacon Transmissions. In addition, after 127 sec-
onds in a tilted state, the device 10 switches the RC timer to
wake it up less often to have even lower power consumption,
preferably every 2 seconds.

Preferably, when the device 10 wakes up, it supplies
voltage to the tilt sensor contact configurations, 23 and 44,
on the top and bottom boards to determine whether a sensor
is shorted. This is used to determine static tilt. However, no
static short may exist while the device 10 is temporarily
awake. Therefore, the device 10 also determines dynamic tilt
by having a short to a sensor wake it up. Preferably, this is
accomplished by having each sensor connected to the In-Out
pins of the microcontroller on the device 10. The device 10
software only enables the contact configuration on the
opposite side to wake it. In other words, if currently untilted,
then the device 10 only enables the contact configuration on
currently the “top” (tilted) side to wake it up. If the device
10 is flipped over, then a dynamic short will wake it up. The
device 10 knows if it was woken up by the pin change
feature so even if no static short is detected it knows it must
now be tilted. It then reverses the contact configuration so
that the one on the bottom (untilted) side will be the active
one. This saves power because the inactive contact configu-
ration will have no voltage applied to it so no power is
wasted in the case that there is a static short.

The current device 10 transmission protocol for Immedi-
ate/Slow Beacon/Fast Beacon Transmissions is formatted as
follows:

48 bit synchronization (sync) sequence composed of
“11110000 11110000 11110000 11110000 11110000
111000107

6-bit packet type (preferably 0);

2-bit transmission type (preferably, 00 means immediate,
01 means slow beacon, and 10 means fast beacon);

32-bit device 10 ID number;

8-bit life timer (only the most significant 8 bits of the
32-bit internal value);

8-bit timer calibration value (this may be converted to
temperature by the host software because it will vary lin-
early with temperature);

24-bit Event Number;

Sixteen 8-bit event buffer entries;

16-bit CRC in the CCITT-16 convention (used to make
sure the transmission was received correctly by the
receiver); and
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4-bit sequence of “0011” used to be able to determine
signal strength by the receiver. It does this by taking a signal
strength sample during the 0’s and then during the 1°s and
comparing the difference.

Of course, different bit lengths, different amounts, differ-
ent numbers, and different sequences may be used and all
such options are considered to fall within the scope of the
invention.

Preferably, with the exception of the initial 48-bit sync
sequence and the last 4-bit sequence, all actual data is
Manchester Encoded. This means that each data bit is
actually converted to a 2 bit Manchester sequence of “01” or
“10”. A data bit of “0” is converted to a two bit “raw”
sequence of “01” and a data bit of “1” is converted to a two
bit “raw” sequence of “10”. This is for many reasons. First
the preferred transmission method for the device 10 is
On-Off-Keying (OOK). This means that radio frequency
energy is being generated to transmit a “1” and no radio
frequency energy is being sent to transmit a “0”. Because,
from the receiver’s point of view there is always background
radio noise even when no device 10 in range is transmitting,
the receiver “averages” the current radio frequency energy
received in the last Voo™ of a second or so and then
compares the instantaneous received RF energy to this
average. If it is greater, than it assumes a raw bit “1” and, if
lower, it assumes a raw bit “0”.

Preferably, all device 10 transmissions contain an equal
number of “raw” 0’s versus “raw” 1’s. Converting each data
bit to a “raw” two bit balanced sequence (“01” and “10™)
accomplishes this. This is also the reason the transmission
starts with the 48 bit balanced (equal number of “raw” 0’s
and 1’s) sync sequence. This gives the averaging mechanism
in the receiver time to stabilize. Additionally, the sync
sequence used by the system will ensure that the receiver
will not mistake the sync sequence for valid data.

If a proper sync sequence is received, the use of Manches-
ter Encoding helps the receiver determine whether a trans-
mission is being successfully received. This is because the
only valid “raw” sequence after the synchronization
sequence will be “01” or “10” for each actual data bit.
Therefore, the receiver knows there is a reception error if
“00” or “11” occurs in any “raw” two bit sequence following
the sync sequence, and it abandons the decoding. If all the
data bits (each two bit raw sequence) are received, the
transmission is further validated by the receiver using the
16-bit CRC value.

Other methods of transmission and encoding may be used
and are considered to fall under the scope of the present
invention.

Because, in the preferred embodiment, devices 10 trans-
mit for a very short time period (typically Yiooths of a
second) and only every five minutes or when an event
occurs, collisions between two device 10 transmissions will
be rare. If a collision does occur between two transmissions,
it would be expected that the system would not decode either
transmission. However, the present invention is designed to
more likely receive a transmission from closer devices 10 in
the event of a collision. For example, in one potential
application, a user may have multiple bar areas each with
multiple devices 10 attached to bottles and at least one
receiver in each bar area. Depending on how close the bar
areas are to each other, a transmission from a device 10 may
be picked up by a receiver not only in that bar area but also
in other bar areas. If a device 10 is transmitting and a
receiver starts to hear a transmission from another device 10
that is further away, depending on the strength of the signal
(or energy of the transmission) of the two devices 10, the
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receiver will continue to decode the proximate device 10 and
ignore the distal device 10. Conversely, if a distal device 10
is picked up by a receiver and a proximate device 10 starts
to transmit, the distal device’s 10 transmission will be
abandoned in favor of the proximate 10 device. The sync
sequence used guarantees that an invalid data bit sequence
will occur during the reception of the distant device when
the proximate device 10 starts to transmit. The receiver can
then stop decoding the transmission from the distal device
10 and instead decode the transmission from the proximate
device 10. Advantageously, the protocol used by the system
allows a user to have more devices 10 in an area by adding
additional receivers in the area.

In implementing this functionality and protocol, software
with specific functionality is programmed into the circuitry
50 of the present invention.

More specifically with reference to FIG. 9, the preferred
software begins upon first powerup, Block 500, which clears
a 24-bit event number, clears a 32-bit Life Timer, sets the
slow beacon mode in effect, and sets the untilted configu-
ration or mode.

A calibration value is calculated, Block 510. Then the
device 10 goes into untilted sleep state, but will wakeup
upon a tilt event, a button press, or after V27ths of a second.
Block 520.

Upon a button press, event 522, the event is stored in the
first available memory location. Block 530. After the event
is stored, an Immediate Mode Transmission is triggered,
thereby transmitting event data to a receiver Block 540 and
the device returns back to untilted sleep state Block 520.

Upon Y47™ of a second time duration, event 524, the Life
Timer is incremented Block 550. The elapsed time is
checked Block 560. If the elapsed time is 2560 or more
seconds, then return to recalculate the calibration value
Block 510. If the Slow Beacon Mode is in effect and 5
minutes have elapsed, then trigger a Slow Beacon Trans-
mission and return to the sleep state Block 520. If the Fast
Beacon Mode is in effect and 10 seconds have elapsed, then
check to see if Fast Beacon Mode should be changed to Slow
Beacon Mode (and, if so, unflag Fast Beacon Mode and flag
Slow Beacon Mode) Block 570, trigger a Fast Beacon
Transmission, and then return to the sleep state Block 520.

Upon a tilt, event 526, clear the tilt time timer and set the
state to tilted Block 580; calculate a calibration value Block
590; and enter a tilted sleep state Block 600. After Y27ths of
a second has elapsed, event 602, increment the tilt timer by
Yisths of a second, until the maximum time of 127 seconds
has been reached, Block 610 and return to the tilted sleep
state Block 600.

After the device 10 has been untilted, event 604, the tilt
time is checked Block 620. If the time is less than 253 Visths
of a second, then store the number of “isths of a second for
the event duration Block 630 and trigger an Immediate
Mode Transmission. If the time is more than 253 Yicths of
a second, store a cascaded event Block 640 (one event for
each 254 Vieths seconds with the remainder in the last event)
and trigger an Immediate Mode Transmission. After trigger-
ing the Immediate Mode Transmission, return to the sleep
state Block 510.

This flow is followed until the Life Timer is exceeded, the
battery runs down, or the circuitry 50 is broken or destroyed.

The preferred embodiment of the invention is described
above in the Detailed Description of Preferred Embodi-
ments. While these descriptions directly describe the above
embodiments, it is understood that those skilled in the art
may conceive modifications and/or variations to the specific
embodiments shown and described herein. Any such modi-
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fications or variations that fall within the purview of this
description are intended to be included therein as well.
Unless specifically noted, it is the intention of the inventor
that the words and phrases in the specification and claims be
given the ordinary and accustomed meanings to those of
ordinary skill in the applicable art(s). The foregoing descrip-
tion of a preferred embodiment and best mode of the
invention known to the applicant at the time of filing the
application has been presented and is intended for the
purposes of illustration and description. It is not intended to
be exhaustive or to limit the invention to the precise form
disclosed, and many modifications and variations are pos-
sible in the light of the above teachings. The embodiment
was chosen and described in order to best explain the
principles of the invention and its practical application and
to enable others skilled in the art to best utilize the invention
in various embodiments and with various modifications as
are suited to the particular use contemplated.

The invention claimed is:

1. An event detector comprising:

a first circuit board having a top surface on which a first
contact configuration resides, said first contact configu-
ration having radially-extending arms electrically
coupled together;

a second circuit board overlying said top surface of said
first circuit board, said second circuit board having an
aperture overlying said first contact configuration and
having conductive plating on an inside surface of said
aperture;

a third circuit board having a bottom surface on which a
second contact configuration resides, said third circuit
board overlying said second circuit board so that said
second contact configuration is at said aperture; and

a conductive movable piece positioned within said aper-
ture and configured to move within said aperture to
short said first contact configuration to said conductive
plating when resting on said first circuit board and in
contact with said conductive plating.

2. An event detector as claimed in claim 1 wherein said
second contact configuration has radially-extending arms
electrically coupled together.

3. An event detector as claimed in claim 1 wherein said
conductive moveable piece is in the shape of a sphere.

4. An event detector as claimed in claim 1 additionally
comprising a battery substantially aligned with said second
circuit board relative to at least one of said first and third
circuit boards.

5. An event detector as claimed in claim 4 wherein said
first, second, and third circuit boards have electrical through
connections to supply electrical connectivity between a
surface of one of said first and third circuit boards and
opposing sides of said battery.

6. An event detector as claimed in claim 1 wherein:

said aperture in said second circuit board is a first aperture
and said conductive movable piece is a first conductive
movable piece;

a fourth contact configuration resides on said top surface
of said first circuit board;

a fifth contact configuration resides on said bottom sur-
face of said third circuit board;

said second circuit board has a second aperture overlying
said fourth contact configuration and underlying said
fifth contact configuration, with conductive plating on
an inside surface of said second aperture; and

said event detector additionally comprises a second con-
ductive movable piece positioned within said second
aperture.
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7. An event detector as claimed in claim 6 wherein at least
one of said first and second apertures is beveled.

8. An event detector as claimed in claim 1 additionally
comprising a microprocessor supported on one of said first
and third circuit boards, coupled to said first and second
contact configurations and to said conductive plating, and
configured to cause said event detector to operate as a tilt
detector.

9. An event detector as claimed in claim 8 wherein:

said event detector additionally comprises an antenna
formed on one of said first and third circuit boards and
electrically coupled to said microprocessor; and

said microprocessor is configured in cooperation with said
antenna to report tilt events using radio frequency
transmissions.

10. An event detector as claimed in claim 8 wherein said
microprocessor is configured to measure elapsed time in a
tilted orientation.

11. An event detector as claimed in claim 1 wherein said
second circuit board is thicker than said first circuit board
and said second circuit board.

12. An event detector as claimed in claim 1 wherein each
of said first, second, and third circuit boards has conductive
traces formed thereon.

13. An event detector as claimed in claim 1 wherein said
second circuit board is in physical contact with said first and
said third circuit boards.

14. An event detector comprising:

a first circuit board having a top surface on which a first

contact configuration resides;

a second circuit board overlying said top surface of said
first circuit board, said second circuit board having an
aperture overlying said first contact configuration and
having conductive plating on an inside surface of said
aperture;

a third circuit board having a bottom surface on which a
second contact configuration resides, said third circuit
board overlying said second circuit board so that said
second contact configuration is at said aperture; and

a conductive movable piece positioned within said aper-
ture and configured to move within said aperture to
short said first contact configuration to said conductive
plating when resting on said first circuit board and in
contact with said conductive plating; and

—

0

20

25

30

35

40

20

a battery substantially aligned with said second circuit
board relative to at least one of said first and third
circuit boards.

15. An event detector as claimed in claim 14 wherein said
first, second, and third circuit boards have electrical through
connections to supply electrical connectivity between a
surface of one of said first and third circuit boards and
opposing sides of said battery.

16. An event detector as claimed in claim 14 wherein:

said aperture in said second circuit board is a first aperture
and said conductive movable piece is a first conductive
movable piece;

a fourth contact configuration resides on said top surface
of said first circuit board;

a fifth contact configuration resides on said bottom sur-
face of said third circuit board;

said second circuit board has a second aperture overlying
said fourth contact configuration and underlying said
fifth contact configuration, with conductive plating on
an inside surface of said second aperture; and

said event detector additionally comprises a second con-
ductive movable piece positioned within said second
aperture.

17. An event detector as claimed in claim 14 additionally
comprising a microprocessor supported on one of said first
and third circuit boards, coupled to said first and second
contact configurations, to said conductive plating, and to
said battery, and configured to cause said event detector to
operate as a tilt detector.

18. An event detector as claimed in claim 17 wherein:

said event detector additionally comprises an antenna
formed on one of said first and third circuit boards and
electrically coupled to said microprocessor; and

said microprocessor is configured in cooperation with said
antenna to report tilt events using radio frequency
transmissions.

19. An event detector as claimed in claim 17 wherein said
microprocessor is configured to measure elapsed time in a
tilted orientation.

20. An event detector as claimed in claim 14 wherein said
second circuit board is thicker than said first circuit board
and said second circuit board.
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