System and Method to Determine Sterilization of a Device This application claims priority of U.S.
Provisional Application Serial No. 61/261,539 filed November 16, 2009, the disclosure of which is
incorporated herein by reference. Background of the Invention There are many applications in which it
is desirable, or even imperative, to sterilize the objects bell-1g used. For example, the food Industry
requires that silygpraie, SiseReRBSANEDbeteealdne UaisHs beRiedlxedo i addidendaere is a
requirement that pharmaceutical and medical devices also be sterilized. For example, scalpels and other
medical Instruments must all be sterilized prior to each use. In other cases, there are single use
applications, whereimthe depise te beistarilized isnenlypused-onge kefore disposatolenscsuch as needles
used to draw blood, and syringes used for injections, must b ,steriuized rior to use, In (}hitéon to the
medical fieldéﬁ?eﬁé%% Jsﬁ‘ﬁila%gdﬁﬂenlﬂe%ts giﬁ %%;%%%cé%ﬁﬂc% Ingﬁg?ﬁ[ﬁlferg,%ou%l " and
disposable componerits cSuchuasbagsfbloreactars anicstubes, mst dessterlizedh prierito usey
Sterilization can beé)erformed in a number of ways. For example, sterilization using heat, such as
autoclaving,?seoﬁé commion practice. In other embodiments, sterilization is performed by subjecting the
object to radiation, such as gamma or beta radiation. Chemical reactions, such as those

Background of the Invention

There are many applications in which it is desirable,
or even 1mperative, to sterilize the objects being used.
For example, the food industry requires that silverware,
dishes, pots and other cooking utensils be sterilized. 1In
addition, there 1is a requirement that pharmaceutical and
medical devices also be sterilized. For example, scalpels
and other medical instruments must all be sterilized prior

to each use.

In other cases, there are single use applications,
wherein the device to be sterilized is only used once
before disposal. Items, such as needles used to draw blood,
and syringes used for injections, must be sterilized prior
to use. In addition to the medical field, there are similar
requirements in the pharmaceutical industry. Filters,
housings, and disposable components, such as bags,

bioreactors and tubes, must be sterilized prior to use.

Sterilization can be performed in a number of ways.
For example, sterilization using heat, such as autoclaving,
is one common practice. In other embodiments, sterilization
is performed by subjecting the object to radiation, such as

gamma or beta radiation. Chemical reactions, such as those



involving ethylene oxide, are another method used to sterilize a component. Often, the manufacturing
process of these pharmaceutical components Includes a sterilization step. Therefore, the manufacturer
can guarantee customers that the selected component has undergone a sterilization procedure.
Recently, there has been a growing demand by pharmaceutical and medical device customers for

Independentiverification thas erdeviceshasheen corregtly praeesseshduringraigeclavisgagarnma
sterilization, freezing, or shipping. Knowing that a device, such as a filter, bag, tube, or drug compound,
has been pr(?fees]éég CofrelilySHIBRERE cusfOhteito bEMord He8GATthaL THe dRRESSHh 5 used
directly. Typisally,as-described above, thisiassuianee is pravided with process engineesng controls
whereby a linear man factur'n% sequence moves the device Into and out of a process.However, there are
VaHOUS\NayfﬁﬁRhel? %ggéo e, the manufacturer can guarantee customers

that the selected component has undergone a sterilization

procedure.

Recently, there has been a growing demand by
pharmaceutical and medical device customers for independent
verification that a device has been correctly processed
during autoclaving, gamma sterilization, freezing, or
shipping. Knowing that a device, such as a filter, bag,
tube, or drug compound, has been processed correctly allows
the customer to be more assured that the device can be used

directly.

Typically, as described above, this assurance 1is
provided with process engineering controls whereby a linear
manufacturing sequence moves the device into and out of a
process. However, there are various ways for the process
to fail while still fulfilling the process controls. For
instance, equipment performing the process, such as a gamma
irradiator, may malfunction and not dose a filter
correctly. Other devices may obscure the gamma rays,
therefore reducing the dosage below the minimum level where

bacteria may be killed.

Several attempts have Dbeen made to address this
problem. For example, common to prepackaged medical
devices, manufacturers use chemical color changing dyes to

indicate a successful exposure to radiation.



to fail while still fulfilling the process controls.For Instance, equipment performing the process, such as a
gamma irradiator, may malfunction and not dose a filter correctly. Other devices may obscure the gamma
rays, therefore reducing the dosage below the minimum level where bacteria may be killed. Several
attempts have been made to address this problem. For example, common to prepackaged medical

devices, manufactusgrstiserchemicab golor changingAyes terindicate asugeassiul expgsurg to radiation.
Another method is a semifonductor component can be produced having minimal or fifilted protective
coating on thE SGbktte. TIFthid BasB §amina radiatibh perietrales We SEhiConGribr-package and
affects the unpeotegied postian. of the tHegrated sculy arhesefiect ob thectadiationtnray be te ghange a
parameter of the =cult, such as threshold voltage or_leakage current. The protected and unaffected
bortion of the COMPOREHEMLRIEE & SERGinG SOUIEthat Cars detBimiMeRAY ERAIGE in these. farameters as
a result of radiatioheThentiserrcarcsthen access thistintormatien tsuch astay using wifeless nawired means.
However, th'g é)r_%%esskgg%uires that thg n%)eratog Ltmd&ehrgtand the mcethod ggd Q[Q,Ot%‘f&o]l for communication

i

used by the device. For exg(renpf1 ,ﬁwaeroper%%r must nowcvv%éiun%emorsyulocatlon within %ilfe(:D evice

contains thevnfotragtionaelevard ta ¢lee radiatien testifindn additien, tthis irdornation fifachedtored in

different Iocatigpg and usirng 1g_zlﬂ‘l‘eerent rotocol\sr, de%@%di(ﬁlgson atlhe Sparticular compongnt %nd
ITt

manufacturer, J“I%nere?ore, it would be beneficial if there were anﬁﬁgéagndgrllt r%%fﬁ:od tcl)1 %gnfirm that a

component hm:h_be@tpnopieml@r sterilized avigeh Wag simple toaseranidareguied Ao kaewledgefof the
underlying iy $ueh a methord should determine yallier tbe Compopeatas propetly axposed to

the elevated temperatures, depressed temperatures or radiation required to sterilize It. It would also be
beneficial if theréweres arsysteny thatcouft-be easily aeploged and provide this confirmation without
requiring the customer or user to perform difficult or cumbersome procedures.

However, this ©process requires that the operator
understand the method and protocol for communication used
by the device. For example, the operator must know what
memory location within the device contains the information
relevant to the radiation testing. In addition, this
information may be stored in different locations and using
different protocols, depending on the particular component

and manufacturer.

Therefore, it would be beneficial if there were an
independent method to confirm that a component had been
properly sterilized which was simple to use and required no
knowledge of the underlying circuitry. Such a method should
determine whether the component was properly exposed to the
elevated temperatures, depressed temperatures or radiation
required to sterilize it. It would also be beneficial if
there were a system that could be easily deployed and
provide this confirmation without requiring the customer or

user to perform difficult or cumbersome procedures.



Summary of the Invention The problems of the prior art are overcome by the system and method of
the present invention. Rather than store information concerning the occurrence and/or success of the
sterilization process, the present invention modifies the wireless transmission characteristics of the
device. In some embodiments, the bandwidth of the wireless transceiver is altered as a result of
undergoing sterilization. In other emkwshrarts, §® rasenanc fegoancy of the =cult is affected. In other
embodiments, one or more of these parameters are affected based on other environmental conditions,
such as shock or vibration. Brief Description of the Drawings Figure 1 is a first embodiment of the present
invention; Figure 2arisca second entbodimentref thepresentinvension; Figuse 2bris a Hijrd eawodiment of
the present invention; Fi r%i[re 2b i{s? another embodiment of th?n%resent invention; Figure 3 js another

F
embodiment®ofIHE Pre8dit inlehfic Fijure 45 ani 4b &re lembdtiféntdts détact o diffétént

environmentatearditionfantlation concerning the occurrence and/or success

of the sterilization process, the present invention
modifies the wireless transmission characteristics of the
device. In some embodiments, the bandwidth of the wireless
transceiver is altered as a result of undergoing
sterilization. In other embodiments, the resonance
frequency of the circuit is affected. In other embodiments,
one or more of these parameters are affected based on other

environmental conditions, such as shock or wvibration.

Brief Description of the Drawings

Figure 1 is a first embodiment of the present invention;
Figure 2a is a second embodiment of the present invention;
Figure 2b is a third embodiment of the present invention;
Figure 2b is another embodiment of the present invention;
Figure 3 is another embodiment of the present invention;
Figure 4a and 4b are embodiments to detect two different
environmental condition; and

Figure 5 is another embodiment of the present invention.

Detailed Description of the Invention

As described above, there is a need for quick, simple
independent wverification that a specific environmental
condition has (or has not) occurred. Several examples of
this include the need to verify that a medical or

pharmaceutical device has been radiated, the need to verify



Figure 5 is another embodiment of the present invention. Detailed Description of the Invention As

described above, there is a need for quick, simple Independent verification that a specific environmental
condition has (or has not) occurred. Several examples of this Include the need to verify that a medical or
pharmaceutical device has been radiated, the need to verify that a particular drug has not been shaken,

the need to verify that g.device has beenradtoclavedn rsomesgases,devices exist wiveh pravide visual
verification of these environmental conditions. For example, shipping dots that change color are used to

monitor the &RTperdture’6ftandte MK trmsit: mitaR siotk¥ehsbrsexist WintiisoBrodide visual

confirmationdhatitbedterm:hiastor has cpt heessubjecteddoexcessivershacki on Qe cerwren method to

track assets and Inventory is_through the use of RFID tags. These t%gsbs are affixed to the i%em, and can be

remotely Int&Pogated By B RFIDYeddsr FHe RFIB tad tSEIPIhTIudES ARBAGSbIE GNY oft8f rewrfiable)

memory devides iywinehlinformation abauttibe partiis stored <Theinfernationecanfinelude @egescription of

the item, its date of manufacture, ot number, magufagturing process. expiration date, and plher pertinent
provide wvisual confirmation that the item has or has not

been subjected to excessive shock.

One common method to track assets and inventory is
through the use of RFID tags. These tags are affixed to the
item, and can be remotely interrogated by an RFID reader.
The RFID tag itself includes a readable (and often
rewritable) memory device, in which information about the
part is stored. The information can 1include a description
of the item, its date of manufacture, lot number,
manufacturing process, expiration date, and other pertinent

data.

The RFID tag also includes an antenna, tuned to
operate at a particular frequency. In some embodiments,
transmission occurs at 13.56 MHz, in others transmission is
between 902 and 928 MHz, while in other embodiments, 2.4
GHz 1is used. Other frequency ranges are also possible and

within the scope of the invention.

In the design of any RFID tag, there are often
requirements to optimize the resonant frequency according
to the RFID reader circuit. The radio frequency resonance
is based on the fundamental equations for an LRC (inductor-
resistor-capacitor) circuit. For an LRC «circuit, the

resonant frequency is defined as:



The RFID tag also Includes an antenna, tuned to operate at a particular frequency. In some
embodiments, transmission occurs at 13.56 MHz, in others transmission is between 902 and 928 MHz,
while in other embodiments, 2.4 GHz is used. Other frequency ranges are also possible and wfilfin the
scope of the invention. In the design of any RFID tag, there are often requirements to optimize the
resonant frequency according to the RFID reader =cult. The radio frequency resonance is based on the
fundamental equations for an LRC (inductorresistor-capacitor) =cult. For an LRC =cult, the resonant
frequency is defined as: Fres - where L is, the inducthnce of the inductor in Henries and C is the
capacitance in Farads. Additionally, the bandwitith of hegieeuit is defined

where L 1s the inductance of the inductor in Henries
and C is the capacitance in Farads.
Additionally, the bandwidth of the circuit is defined

as:

. R
Bandwidth=——-

where R 1s the resistance in Ohms and L 1is the
inductance of the inductor in Henries.

Generally, the RFID microchip has certain electrical
characteristics that require slight modification to tune it
to the reader. The natural addition of the RF antenna to
the RFID microchip will further change the overall tuning
of the circuit. As is commonly done, an out-board circuit

may be added to compensate for the changes and re-tune the

circuit. Thus, the use of an external circuit is common in
RFID tags.
In some embodiments, the out-board (or external)

circuit contains a combination of passive components (such
as inductors, capacitors, and resistors) to modify the

overall bandwidth or resonance frequency of the RFID tag.

In one embodiment, shown in Figure 1, the out-board
circuit 100 is a combination of resistors 120, 125, 130 in
a Wheatstone bridge configuration where one component 140

is chosen to intentionally change its wvalue based on the



as: Bandwidth 2F1L where R is the resistance in Ohms and L is the inductance of the inductor in
Henries. Generally, the RFID microchip has certain electrical characteristics that require slight
modification to tune it to the reader. The natural addition of the RE antenna to the RFID microchip will
further change the overall tuning of the circuit. As is commonly done, an out-board circuit may be added

to compensajg farithe changes pndde-tyne the gircuitnldwisathe ussefian external.circyitissgommon in
RFID tags. In some embodiments, the out-board (or external)_circuit contains a combination of

passive compohefts (U asindRiors S it6rRVand TESEbFs) tadiy 18 overdif Bardvidth or

resonance frequergy ofdhe-RflEdtagtemperature or radiation, occurs, the
variable component’s initial or default wvalue will Dbe
altered. In the case of a resistor, this change will affect
the Dbandwidth of the tag without affecting its resonant
frequency. The RFID chip 105 is in electrical communication
with a capacitor 115 and an inductor 110, which are
arranged 1in series. In other embodiments, these two
components can be arranged in parallel. The LC circuit is
also 1in series with the Wheatstone configuration. This
Wheatstone configuration has two possible equivalent

resistances, based on the value of variable component 140.

In a second embodiment, shown in Figure 2a, a switch
170 is placed in series with one of the resistors 120 such
that the particular environmental condition opens the
switch 170. The switch has two states, closed whereby the
branch of the circuit in series with the switch (i.e.
Resistor 120) 1s connected to the «circuit, and open,
whereby the series Dbranch 1is disabled. Thus, when the
switch 170 is closed, the overall resistance i1s lower since
a resistor 120 in parallel with resistors 125, 130 causes
the resulting equivalent resistance to be lower than that
of the resistor 125, 130 alone. Thus, the bandwidth of the
circuit increases when the switch 170 is open, as the

resistance is higher in that state.

The switch could be chosen from a wvariety of
components such as a thermal switch for analyzing an
autoclave cycle or a simple classic transistor diode for

analyzing radiation sterilization. Again, this



In one embodiment, shown in Figure 1, the out-board circuit 100 is a combination of resistors 120, 125,
130 in a Wheatstone bridge configuration where one component 140 is chosen to intentionally change its
value based on the quality and kind of environmental condition. In other words, when a particular
environmental condition, such as shock, elevated temperature or radiation, occurs, the variable

component'sigitiad grdefaulvaluerwillthe altered.dndhe gase efa resister, thisichange wilbaffect the
bandwidth of the tag without affecting its resonant frequency. The RFID chip 105 is in electrical

communicatitPRFitT A tapatRor P 8AG 8R indGIBFLEY, which are arranged in series. In other

embodiments, these two components can be arranged in parallel. The LC circuit is also in series with the
Wheatstone configuration. This Wheat toge configuraﬁﬂion has.two possible equivalent resistances, based
o the valus of vai ble forBatEnt THBO0 LT SecoAd BudtmEng o rigurd Sh &lowitch 170 i
placed in serig®with onecf the resistors 2nsuchethat the partieulae environsaentakcondittonsopens the

switch 170. Tshe S\Illvgchcga%1 tvg s'g_ﬁatg_s7 glos;—gg wl e£esbyetg Obéagl%h gf thghcérc%ilci&p %erie§ Wti h the switch
(i.e. Resistor ff(?) IS cOected o the ‘circuit, an open, w erelby he’series branch is disabléd. Thus,

when the switelnt 1701is closedethe aveéfallkresistanteds towerssirseua vesistor 120 raparalelwith resistors
125, 130 causes the resulting equivalent resistance to be oweré an that.of the resistor 125, 130 alone.
Ths, e hanmiie of 6 et in oAt her e Sviteh L7 opa. B8 e resiSties K higher i
that state. thEhecswitchicould bechbsek fromma vafetycof contponehis sichrasia teatmah switch for

analyzing a togl cle or a simpl Si i i fo ing.radiati rilization.
Again, this (?ct)%%gu%r%gﬁg gffgcs?s ﬁ]peé Eén?v%%%h %fgzﬁgﬁc(iﬁr%#\%?t%ou% ?rﬁ%ggt%ggl?sgr?s%%i}%eﬂ |1fzrequency.
frequency, but not the bandwidth.

Of course, other configurations are possible and
within the scope of the invention. In some embodiments, an
external tunable LRC circuit 1s employed. A variable
component capable of two different states is used in this
external circuit. The component changes from its default
state to 1its altered state based on an environmental
condition of 1interest, such as shock, temperature or

radiation.

In other embodiments, the external tunable circuit may
consist of only some portions of the LRC circuit. For
example, certain elements of the circuit may be integrated
into the RFID integrated circuit (such as the capacitor or
inductor. In these embodiments, one or more external
components may be used to affect the wireless parameters of
the device and may include an inductor, capacitor, resistor
or any combination thereof. The same techniques described
above can be used to vary the behavior of this external

circuitry.



In a third embodiment, shown in Figure 2b, a switch 1700r other variable component is inserted in series
with a second capacitor 175. In this embodiment, the state of the variable element 170 will affect the
equivalent capacitance of the circuit. In this case, when the switch is closed, the capacitance will be
increased, and will be reduced when the switch is open. This configuration affects the resonant

frequency, but not thedandwidth.chaRfecourse, sthes configuratiens areqossiblgsand withig the scope of
the invention, In some embodiments, an external tunable LRC circuit is employed. A variable component

capable of 1/ Bifferent sTAE8 isATsed Pl extRinal BRAGE TAY tbhiponent thangesTPorh f8 default
state to its altered statehaseddnan egvieonmentalgeonsiioniafdnterest.ssugheasisiiocki temperature or
radiation. In other embodiments, the external tunable circuit may cqnsist of only some portions of the
LRC circuit, EoF SXAMBIAC c&ftain efemert of (e Xiroutt ay BRATSHraté ifth HE HEID inteGrated cirou
(such as thetdapaditor axtiénductosulndthesaiembadiments 1 oe on moreextetnal campenents may be used
to affect the Wirelecss paraftpleetgrs %fnthe d(—‘%\ﬂce a urnpa%/.include an jnductor, cggacitor, resisﬁ%r or any

combinationtfiereof, The samie te ln]ﬁues described above can be Gsed o var§n fﬁ%nbejh%lglor of this

external circoitrybs Ghodlkuesan chiange therelectrical stetélof @ vanety opdevicespsudreasatphysical

impact switctjé§g§g as itg ésé Eons%uckt)ed %sig% atfienog gauge filarlnrtlent %%%oe&gileg V}/ligehsi)n aor%ounting
device. An impactin a direction ortﬁogonaﬁ to the filament would ¢ause it to loosen from the suspension

points. Thesétike this fumetion sinmlartioccometorsligrttilbs for fuse whicheretsusteptiblettbdmpact.
Different levels é{g &Qg%gag De detected by varying the thickness of the filament and the robustness of its
connection to the suspension points. Temperature variations can cause irreversible changes to
devices, such as certain resistors or thermal fuses. Resistors made of oxidizable components, such as

carbon, will oxidize \WIIDCLAaSES Intemparatiie ineyarsibly, Qtharresisiars fhatare copsfructed of

non-oxidizable materials, such as metal oxides, or packed to be impervious to the environmental changes
remain stableand'@g hetehangesalués csufficightly Erdrgefe Fadiationterrises khdriged3e devices

SUC_h as reSi%@E&%‘E@EEm%QQ@UC@f jUBSétiQITLSZ M@t@%ﬁ%%%%aﬂg%&% registapcg-ualye of a
resistor by further oxidizing the base material or modifying the crystafllne or polymer structure.

SemiconductBrijtincigisisaeh a8 &p ot AT §pefiodes, afCafEctad byFadidtioh’die iddianges in the
crystalline stesature and thesdisledging-afidopant matgrialwithin die cerductance,hasd.zaple

materials, such as metal oxides, or packed to be impervious
to the environmental changes remain stable and do not

change wvalue.

Sufficiently energetic radiation causes changes to
devices such as resistors and semiconductor Jjunctions.
Radiation causes change the resistance value of a resistor
by further oxidizing the base material or modifying the
crystalline or polymer structure. Semiconductor Jjunctions,
such as n-p or p-n type diodes, are affected by radiation
due to changes 1in the <crystalline structure and the

dislodging of dopant material within the conductance band.

The variable component may be one such that its state
is irreversibly altered by the environmental condition of

interest. Therefore, the effect can be measured after the



The variable component may be one such that its state is irreversibly altered by the environmental
condition of interest. Therefore, the effect can be measured after the condition has passed.It is
advantageous to choose a circuit design that will change in a predictable way in response to the condition
while still retaining a general operability where the bandwidth or resonant frequency can be measured. In

some embodigeats; Boepompepenpiiat éhangesits defaulta@iug butdeassnot-beceme @sdirely inoperable
can be used in a simple LRC circuit, Figure 2c shows a simple RLC circuit where the value of the gamma
sensitive reststorts7 varies 18ftivedlits Bxposufd i §amma radiafidit 3 thig 3EEnafidY the Bandwidth of
the circuit variesmsna Bunetiontefdhe-exposeddavel vl radiation] However; forraycompgsgat-that changes
catastrophicallg, su(%%h as a theﬁnal fuse, a heaistone brid%e or aré}/ parallel arrangement can be used.
In either cas8F e Gthér SippBRig componErR Ehblid préferabfi®be 8Rbsehts B raSHieri1d the
environmentakcaonslition:ced . InTothercetmabedimentsyeconponants dhataeversibiyhar predictaldy change
their conditioPgscageb usletd. %giggo%ggnents incIHg% regséstors or ca a%itolrs that meert arl’%iﬂtary,

radiation-hard, or hig %%rformance standards, Stich'as from Presidio 5m%oﬁenjt§1,ol}|%8 Another

embodimentdsshdven i séglreld. Irthisiempbedinm&at, therecaretparallebresistor brasches, where one of
these branches cq_ntaiﬁi@ resistor 120 agd one or more giodes %80C The other branch includes one or

. S1m .C1lIXC ere e, value O he ma ,Sensltive .
more resistors, ch as resistors 125, 130. I normal operation, no currert flows throug?ﬁ the path with the
diodes, as one of tHeodiode§ s alwaysaeverselbinsed. However, the @xposurecof gamnzaradiation often

affects one r acterjsti adi h as ifs foyward hi oltage, its reyer ias voltage, or
its leakage gu%r%%?%%%?gzby %ﬁov&%gg %urgégﬁﬁ)%\%%fh ussc,lltltsﬁe %Vé%%gﬁv%ﬁ%eé?ﬁ tét (1;:}()e nd%%t]? %l%\;%ving the
second resisterirancha® affectthecédguivalent resistaneg o frdciréaivethisschamgeliveresistance causes

a correspondigg.change inbandwidih, which.can beemotely detected. o+ s st rophically,

such as a thermal fuse, a Wheatstone bridge or any parallel
arrangement can be used. In either case, the other
supporting components should preferably be chosen to be

resilient to the environmental condition.

In other embodiments, components that reversibly or
predictably change their conditions can be used. Such
components include resistors or capacitors that meet
military, radiation-hard, or high performance standards,

such as from Presidio Components, Inc.

Another embodiment is shown in Figure 3. 1In this
embodiment, there are parallel resistor branches, where one
of these branches contains a resistor 120 and one or more
diodes 180. The other Dbranch includes one or more
resistors, such as resistors 125, 130. In normal operation,
no current flows through the path with the diodes, as one
of the diodes 1is always reverse biased. However, the
exposure of gamma radiation often affects one or more

characteristics of a diode, such as its forward Dbias

10



As stated above, other environmental conditions can be detected using the present invention. For
example, to detect temperature, devices can be fabricated which irreversibly change as a result of
exposure to low temperature. Generally, standard electrical components do not change irreversibly at
depressed temperatures, such as -80C. However, such devices could be constructed that irreversibly
physically coptraet ge dlissipate arasistive material shatayill cause such a desirrgbchangedn its electrical
value. Other low temperature devices can be constructed similar to a thermal fuse, whereby the joint
between the T8 EoRIUCOICEIAPactE BéToHd the Yastié Pofit ahlSepardtEShBreby dpedity the circuit,
Such components saae-ysedin epnfiguratiens ssuehhds these shewn KrEigurest2a aneifdaThe
description of such an irreversible low temgerature evice does not |imit tq;?)emboc%iments to this device
as others aré iHelud84 1Y i Thveritfont © “ 27 HE mRhsur8merit'of Shok can B adeoriisiichet by using
one or more resistor shoek fusessarranged in@-paraielhcbinfiguratiom e thei casecafral singtenfuse, the
device can onkl}/. d%tect Whgther the 1QTJe\iice as betenoﬁubjected to shock over a certain threshold. The use
of two fuses,whalvclng Gitferent shock threshofds allows the detection of 3 levels (low, where neither fuse
breaks, medium where one fuse breaks and high where both fuses break). The use of more shock fuses
obviously allows greater. granularit, fequired, £ shosk fuse can be constiyeted by.a resistiye member
suspended across an opening where thé en connection breaks accoralng {o correlated impacts. A
lightbulb filasienereptesents ong suchemipodisment. Alterrativelyran aétetferometepdéemponent
represents agseoéig-csgate @%o iment. eS,uch aggpgggnts gan be ysed i@é@{igggbggaﬁg%@p&?, such as
that shown in Figures 2a and 2b. In'some embodiments, this invention can be used to measure two
independentignsironntentadl)conditionssForaxample, agamima radiatigksensithiee componkePt 158 can be
introduced tq the cifcuit, as shows, in Eigyte 42, SLigh a configuration creates a.change in bapdwidth. A
second variable component 178, such as one sensitive to depressed temperature, can be introduced in
the circuit, SROWn &8 & SRoW IRFgUREL 8. YT his coTRPEIRTt A 8 Wolle AffeEhE resviant f€quency of

_the Cir_CUit- Thys, two diffqyg@é@g@gon@ggﬁl Q%‘Qit@é@ C%Q%ndgg_enggg@g%t@g@g’{p@@i@g this
invention. In some embodiments, as shown in Figure 4b, the two independent environmental

conditions carf B&tRetected By Payi ety @ sifjle parametsr. Forekaniite, sappoeifite’Sarallel

resistor branghes are usednwhere,each branchhas adifferentresiesdgsistansey d heifirst branch includes
a series variable device 203, such as a gamma sensitive device, and a first resistor 210, having a first

resistance. Thee&edohtranthifBudes 2'sBBondVafiabtE BBATONBRE213S¥ddREs diseRSitive to

depressed terpperaturer and @ sRe0Ra-resiston 220, baving asesend resistange. The thiyd branch is
impervious to environmental conditions and therefore has a constant resistance 230. If no environmental

conditions af*oBSEed Hie edUiPalert PESISIERES of IAR it Git Wil BeYbAked 6RThe S TESistance
values 210,226 280. H.gammapadiatien ocelsy theyresistancenaf thisneircuitiwihbedasesh@mthe second
resistance value 220 and third resistance vzgue,ZBO. If d%Eressed tem eraturezoccur, th}? resistance of

the circuit will BEIASEE Sh e firstresistiice vhlle 910 and thitd r8istance value®>30 1 Bdth gamma

and depressetddemperatureisyoccil, the reststanee of thetiscuiianilt berequahtodhie thirdiresistance value

230. irreversible low temperature device does not limit the
embodiments to this device as others are included in this

invention.

The measurement of shock can be accomplished by using
one or more resistor shock fuses arranged in a parallel
configuration. In the case of a single fuse, the device can
only detect whether the device has been subjected to shock
over a certain threshold. The use of two fuses, having

different shock thresholds allows the detection of 3 levels
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In another embodiment, it may be important to know whether sterilization, such as by autoclaving or
gamma radiation, has been performed, but not important to know which process was used. In this
scenario, as shown in Figure 5, two variable components 223, 233, each sensitive to at least one of the
environmental conditions, can be placed in series, such that the failure or alteration of either affects the
circuit. In ong embodimentdhercompenents.can be placed,in sesiesiwith resister 230e anghibese
components are in parallel with resistor 230. Thus, the occurrence of either condition removes resistor
210 from thePGRAUTE arft fhe byBivalbREresisBice isiffply theFasistandé 6 ré§’toP 23¢7° T € Analysis of
the tag to detersuire if it lhasexpesiencedshe conditiervean igelude eletermindng:changss in frequency,
bandwidth, or read distance. However, any of these may be modified by the electrical interference in the
environmentdUANGRE andlySETRE aldlySis YOriet CSHBRGAEA b5 vaRations bEWeBNYHE original
reference readertcitcuii anokthe«n-sitercikctlita Somecoriallbofithese variations ¢an dernaccommodated by

recording specific setup and mgasurement values qn tche RFID taaq to be read py tife olg-%ite rgader. In
reaks ~accordin O .cgorrelated = 1m TS, 1ghtbul
some embodiments, the cﬁanges b the Variable component séhe 1o iImprove the pa?ameters of the

circuit, wheréas thespre-coaditionsof tise corapcanent withtict dieneptimallfy ttieedh afhis ¢dchniqere allows the
analysis to be coanGUrs(iD\{[(lae%réd correlated to the condition andsgoi;ct%e confoundeg V\ﬁ!th tg%g gg%anges to the

L . t .
circuit. Faﬁﬁgrmore, itis ﬁlghly desirable that the gﬁ*?errecorﬁlponents in the overal circuit, such as the
remaining capaeitdrspénductorsand resistorseberirisensitive to the enviesrimental conditioefinterest. In

addition, the 5P iptearated drcult b used:shauid pis preferably oe. ablg Joyfhstand the
environmental condition, whether elevated or depressed temperatures, s ocﬁ or radiation. In the case of
radiation, the RFID integrated circuit 105 can be produced based on a non-change based storage

technology, such as FRAM or MRANM, Alternatively. ja process dhatiis, highly insgnsitiye 1 ragiation, such

as Silicon on Insulator (SOI) can be employed to produce the RFID integrated circuit 105. Various
means can BemTatifed torstcomphstPRAsiotecti6n Bi thie repidinihg irsensitivé YofmponéRts can be

made this way, ineliding shieldipng from.theheatradiafian.-and shogk Eaeinstance, ahgat sensitive
component can be thermally insulated by the use of foam, vacuum or mechanical isolation. Radiation
senstecoﬁBEﬁ@%%%%ﬁ to the circuit, as shown 1in Figure 4a. Such a

configuration creates a change 1in bandwidth. A second
variable component 178, such as one sensitive to depressed
temperature, can be introduced in the circuit, shown as is
shown in Figure 4a. This component 178 would affect the
resonant frequency of the «circuit. Thus, two different
environmental conditions can be independently determined

using this invention.

In some embodiments, as shown in Figure 4b, the two
independent environmental conditions can Dbe detected by
varying only a single parameter. For example, suppose three
parallel resistor branches are used, where each branch has
a different series resistance. The first branch includes a
series wvariable device 203, such as a gamma sensitive
device, and a first resistor 210, having a first
resistance. The second branch includes a second variable

component 213, such as one sensitive to depressed
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be shielded by the use of dense materials, such as lead, or by perpendicular orientation thereby reducing
the incident radiation. Shock sensitive components can be isolated from the impact by use of absorptive
materials, such as foam or springs. What is claimed is: 1. A wireless identification device, comprising: An
RFID integrated circuit, and An external circuit, adapted to tune the frequency of wireless transmissions,

said circuit coansising-an-énductay and ascapacHor rand avarable ggmponentgvhereiesaid yariable
component has at least two states, wherein said state is determined based upon exposure to_an

environmentaFEiRO Gnd Wherdif Shfd iRGGEGR chpaditBrand VaHAbICJSBIMTRHE Wifktess

characteristies atisaidsleyicend therefore has a constant resistance 230. If
no environmental conditions are observed, the equivalent
resistance of this circuit will be based on the three
resistance values 210,220, 230. If gamma radiation occurs,
the resistance of this circuit will be based on the second
resistance wvalue 220 and third resistance wvalue 230. If
depressed temperatures occur, the resistance of the circuit
will be based on the first resistance wvalue 210 and third
resistance value 230. If Dboth gamma and depressed
temperatures occur, the resistance of the circuit will be

equal to the third resistance value 230.

In another embodiment, it may be important to know
whether sterilization, such as by autoclaving or gamma
radiation, has been performed, but not important to know
which process was wused. In this scenario, as shown in
Figure 5, two variable components 223, 233, each sensitive
to at least one of the environmental conditions, can be
placed in series, such that the failure or alteration of
either affects the circuit. In one embodiment, the
components can be placed in series with resistor 210, and
these components are in parallel with resistor 230. Thus,
the occurrence of either condition removes resistor 210
from the circuit, and the equivalent resistance is simply

the resistance of resistor 230.

Analysis of the tag to determine if it has experienced
the condition can include determining changes in frequency,
bandwidth, or read distance. However, any of these may be

modified by the electrical interference in the environment

13



2. The wireless identification device of claim 1, wherein said external circuit further comprises a resistor. 3
The wireless identification device of claim 2, wherein said wireless characteristics comprise resonant
frequency and bandwidth. 4. The wireless identification device of claim 1, wherein said variable
component has a plurality of states and wherein said states are related to the duration of said exposure. 5

The wirelessydentificatior devieg otclaim 1, wherein saigkvariable companent hasna plurality of states and
wherein said states are related to the intensity of said exposure. 6 The wireless identification device of

claim 2, wherdin Said-Gariabie compBRERt i IiF séfewith Saiti Sk Hhd <id 8Xtefiidl Ciredit comprises

asecond and the on-site circuit. Some or all of these wvariations
can be accommodated by recording specific setup and
measurement values on the RFID tag to be read by the on-
site reader. 1In some embodiments, the changes to the
variable component serve to improve the parameters of the
circuit, whereas the pre-condition of the component will
not be optimally tuned. This technique allows the analysis
to be conclusive and correlated to the condition and not be

confounded with other changes to the circuit.

Furthermore, it is highly desirable that the other
components in the overall circuit, such as the remaining
capacitors, inductors and resistors, be insensitive to the
environmental condition of interest. In addition, the RFID
integrated circuit 105 used should also preferably be able
to withstand the environmental condition, whether elevated
or depressed temperatures, shock or radiation. In the case
of radiation, the RFID integrated circuit 105 <can be
produced based on a non-change based storage technology,
such as FRAM or MRAM. Alternatively, a process that is
highly insensitive to radiation, such as Silicon on
Insulator (SO1I) can be employed to produce the RFID

integrated circuit 105.

Various means can be 1imagined to accomplish the
protection of the remaining insensitive components can be
made this way including shielding from the heat, radiation,
and shock. For instance, a heat sensitive component can be
thermally insulated by the use of foam, vacuum Or

mechanical isolation. Radiation sensitive components can

14



resistor, in parallel with said variable component and said resistor. 7. The wireless identification device of
claim 6, wherein one of said two states comprises an open circuit. 8. The wireless identification device of
claim 1, wherein said variable component is in series with said capacitor and said external circuit
comprises a second capacitor, in parallel with said variable component and said capacitor. 9. The
wireless idengificatiar: dewige 9% claim 1, whersin saickenvironmenialconglition is setested, from the group
consisting of shock, elevated temperature, depressed temperature and radiation. 10. A method of
verification tfat anSerT hds Debhsubfetfdd- e Bnvironhiental E5AHItIOR Jconitising® Affiing an RFID
device on sait dean; saifl. RFIEnhdevices €osiprising apRidDdntegratad ciseuit; andansexternahcircuit,
adapted to tune the frequency of wireless transmissions, said circuit comprising an inductor, a capacitor,
and a variablg'‘€onif&iient, \ﬁlgfer@ﬁwesa?; vfﬁasn% %r]n%%nglﬁttﬁarsl&il@ast?t%gétaﬁés, Stein’said state is
determined kasethujzon exposure to said environmental condition and wherein said inductor, capacitor
and variable component determine the wireless characteristics of said device;
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interrogating said RFID device with an external RFID reader; comparing at least one wireless
characteristic to a predetermined value; and verifying said item has been subjected to said environmental
condition based on the result of said comparison. 11.The method of claim 10, wherein said environmental
condition is selected from the group consisting of shock, elevated temperature, depressed temperature
and radiation. 12.The method of claim 10, wherein said external circuit further comprises a resistor.
13.The method of claim 12, wherein said wireless characteristics comprise resonant frequency and
bandwidth.

What i1is claimed is:

1. A wireless identification device, comprising:

An RFID integrated circuit, and

An external circuit, adapted to tune the frequency
of wireless transmissions, said circuit comprising
an inductor, and a capacitor, and a variable
component, wherein said variable component has at
least two states, wherein said state is determined
based upon exposure to an environmental condition
and wherein said inductor, capacitor and variable
determine the wireless characteristics of said
device.

2. The wireless identification device of claim 1, wherein
said external circuit further comprises a resistor.

3. The wireless identification device of claim 2, wherein
said wireless characteristics comprise resonant
frequency and bandwidth.

4. The wireless identification device of claim 1, wherein
said wvariable component has a plurality of states and
wherein said states are related to the duration of
said exposure.

5. The wireless identification device of claim 1, wherein
said variable component has a plurality of states and
wherein said states are related to the intensity of
said exposure.

6. The wireless identification device of claim 2, wherein
said wvariable component is in series with said

resistor and said external circuit comprises a second
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14.The method of claim 10, wherein said variable component has a plurality of states and wherein said
states are related to the duration of said exposure. 15.The method of claim 10, wherein said variable
component has a plurality of states and wherein said states are related to the intensity of said exposure.
16.The method of claim 12, wherein said variable component is in series with said resistor and said

external circuit comprisessa segondresistar insparatiewith, saidwariable conpengiitand said resistor.
17.The method of claim 16, wherein one of said two states comprises an open circuit. 18.The method of
claim 10, wherein s&ia VariabR'corfifonent is in series with said capacitor and said external circuit

comprises a secondeapaciter ir parallebwith saickvariableieompenertt arichsaid €apacitore in
one of said two states comprises an open circuit.

8. The wireless identification device of claim 1, wherein
said wvariable component is in series with said
capacitor and said external circuit comprises a second
capacitor, 1in parallel with said variable component
and said capacitor.

9. The wireless identification device of claim 1, wherein
said environmental condition 1is selected from the
group consisting of shock, elevated temperature,
depressed temperature and radiation.

10. A method of wverification that an item has been
subjected to an environmental condition, comprising:

Affixing an RFID device on said item, said RFID
device, comprising an RFID integrated circuit, and
an external circuit, adapted to tune the frequency
of wireless transmissions, said circuit comprising
an inductor, a capacitor, and a variable component,
wherein said wvariable component has at least two
states, wherein said state is determined based upon
exposure to said environmental condition and wherein
said inductor, capacitor and variable component
determine the wireless <characteristics of said
device;

interrogating said RFID device with an external RFID
reader;

comparing at least one wireless characteristic to a

predetermined value; and
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verifying said item has been subjected to said
environmental condition based on the result of said

comparison.

.The method of claim 10, wherein said environmental

condition 1s selected from the group consisting of
shock, elevated temperature, depressed temperature and

radiation.

.The method of claim 10, wherein said external circuit

further comprises a resistor.

. The method of claim 12, wherein said wireless

characteristics comprise resonant frequency and

bandwidth.

. The method of c¢laim 10, wherein said variable

component has a plurality of states and wherein said

states are related to the duration of said exposure.

. The method of c¢laim 10, wherein said variable

component has a plurality of states and wherein said
states are related to the intensity of said exposure.

The method of c¢claim 12, wherein said wvariable
component 1is in series with said resistor and said
external circuit comprises a second resistor, in
parallel with said variable component and said

resistor.

.The method of claim 16, wherein one of said two states

comprises an open circuit.

.The method of c¢laim 10, wherein said wvariable

component 1s in series with said capacitor and said
external circuit comprises a second capacitor, in
parallel with said wvariable component and said

capacitor.
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