1 Biological Contam nation Detection SystemField of the Invention [0001]
The present invention relates to biological contam nation detection

system |In particular, the invention relates to a RF-based bi ol ogi cal
contam nation detection systemfor food packagi ng. Background [0002] For
years, many countries around the world Have inpl enented conprehensive food
quality control policies for processed and perishable food and beverage
products ("the food products”). These policies protect consuners' health
and promote safty pramidiegicallRmAmingioR PeteOoR'SysRGHI I ement s required
by these policies is to provide information rel atin&lto t he food products
on the packagi ng, and anongst the information, shelf life and/or expiry
date of the food products. [0003] Expiry date indicates a cut-off date
after which the food product nustFieldof thsdnventiouned. 1t is often referred to
as "use by e)". e shelf lif on,the other .hand, is | engt h. of tine
that corr es!é)‘g’n s to E}‘teopléeﬁ%l 1é1v?r§go§1 f‘ﬂatasuzi?il?lﬁfog*cafﬁghtﬁm%oﬂr@%%‘f)& t

i s often reyaemed Ih adtfcul@pite BYertidatelatesab a’ RESBas&E bvldkidall *bfthmination
Generally, the fornmer has a |ater date than the latter. The food product
that has palsisetion systegnfgriood packaging.e, but is still within its expiry date
is edible, whilst there is a health risk for consum ng the food product
after the expiry date expired. For whatever reasons, nevertheless, these
dates provide the consuners a gui de Bekgoufidal i ty/ usability conditions of
the food products before purchasing it. [0004] In packagi ng processes, the
| abel s indicating the shelf life and expiry date are often pre-printed on
the packagdd®@l t he fd68 FeasHuE™EEY FoPnipey aseunds the hwerdd bayee émplemented

pre-determ ~statistigal d . pr npl i ng
Cnder pre- doBieRgte S s Bhed piRiesRY Pricest o€ B Fafe 508 Y o1
taken to rekeagupredudia(“thdfood ppodugtsthat Beesapelicies protdct cdigiimes’ héudthfapad

products are spoiled. 2 . [00051 Trg se dates, however, may only be effective
provi ded t Wé‘fm&ﬁesaﬁ%dﬁa“’ﬁ%’%d&‘ieso ﬁ‘é P pNHOR ABRBIFIEAES eauwed by (thgseoper
handl i ng OfpoIilgigs fsgtgcbrg{riﬁg li'l%ﬁnatiotnat‘gpaﬁhg (rl)‘g (tjﬁg fdod Hrbiict'oh e JiRadifi® dnd

products' seal and etc. may cause the
amongst the information, shelf life and/or expiry date of the food products.

[0003] Expiry date indicates a cut-off date after which the food product must
not be consumed. It is often referred to as “use by (date)”. The shelf life, on the other
hand, is a length of time that corresponds to a tolerable loss in quality of the food
products. It is often referred to as “sell by (date)” or “best before (date)”. Generally,
the former has a later date than the latter. The food product that has passed the shelf
life date, but is still within its expiry date is edible, whilst there is a health risk for
consuming the food product after the expiry date expired. For whatever reasons,
nevertheless, these dates provide the consumers a guide as to quality/usability

. conditions of the food products before purchasing it.

[0004] In packagihg processes, the labels indicating the shelf life and expiry
date are often pre-printed on the package of the food products. In most cases, these
dates are pre-determined based on some statistical models, and food products sampling
under pre-determined conditions. With certain quality control, measures are taken to

make sure that the expiry dates are set well before the food products are spoiled.




products to deconpose prematurely, hence the shelf |life and the expiry date
may be shortened. Further, anbient conditions changes from place to place
and tinme to tine. The change of these conditions may vary deconposition
rate of the food products. [0006] For sone food products, for exanple,
medi ci nes begin to deteriorate (e.g. i@ potency) or begin to accunul ate
toxi ¢ breakdown products inmmediately after manufacture or packagi ng.
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wi | | of t en paatygisrare pubrserkynpacked and wstired. o fimipaartee thaadlingob thieefood mutoduetsy me
dangerous to eat. Therefore, i.t.is alwa ecommended that the foo e
consumed PRTHe Wepg]ﬁ:&lqng |°¥ dhe ﬁﬂ?ié’f@m{fy Sﬁ%'nﬁ‘?‘g&curnéqys Cays§0'99] O%‘Er code
has been ugpeshivefd t6\RENMpdse Prembfldp eRbncE B shelll BESINA thE Qkfiry ddRAALY BENt
store, and mass nerchandiser. This greatly helps in keeping track ‘of the

| ar ge nunbehorgmed.t Enghern ambienbeenditionstehanges dramaplage ta plaed arditime théineacl uded
wi thin the i C incl yded wit.hin the.barcode ichis
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consuners and retailers have profited fromthe savings generated. However,
goi ng t hr ogafios} he ch&okaoihe lfbod prodies| farsetdneplgrmedisines bedin X6 adutdrivgateach
bar code on each item Further, barcode is a _read-only techngl ogy, mneaning

that it ca’h8tNSRHUENCEYET Beginita resmylatfoxic duerkoym dreductsciguaehigtely” after
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ta for product tr.ackjn but also a.theft detector.. The trend.is towards
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publ i cat i oQafirodd 5802/ OherddR, i BCAIRERS rRoMRIALLHaY BR fSRANBAEd AN
detection system The food contam nation detector associated with a double
bar code whathin theishelébifecndicated hyimrinafaggwerst o i dentify the presence of
conditions indicative of mcrobial contam nation in food, including toxic
cont am nan acteri ol.i te .0t her bial secretions. It
provi des ml@rfiw of chlgq}ﬁgﬁoﬁa h?%tgg&a%éﬁgaofﬂa%\%gg (1)&“1 ﬁlgfﬂégasgéo(rﬁo P EOTEs lsﬁofes in a
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large number of items in a store as the information required to be included within the

food packaging can be included within the barcode, which is readable a barcode
scanning machine. Since the adoption of barcodes, both consumers and retailers have
profited from the savings generated. However, going through the checkout line
involves the processes of scanning each bar code on each item. Further, barcode is a

read-only technology, meaning that it cannot send out any information.

[0008] Radio frequency identification, or RFID, is a relatively inexpensive
means with read and write capabilities for product tracking and monitoring. The
application of RFID technology in packaging industry servers not only as identification
tags for product tracking, but also a theft detector. The trend is towards replacing
barcode with RFID in the near future.

[0009] US patent publication no. US2002/0072079 discloses a barcode-type
contamination detection system. The food contamination detector associated with a
double bar code what includes coded indicia used to identify the presence of conditions

indicative of microbial contamination in food, including toxic contaminants, bacterial




[ 0010] PCT patent application publication no. WO03/044521 and US pat ent
publication no. US6,642,016 disclose an RFID based food quality detection
system Both systens detect the food quality by neasuring changes of

el ectrical properties as a direct ftinction of the degree of product

spoi | age. [0011] PCT patent application3publication no. W2004/034208

di scl oses a food safety system and nethod for providing a consuner risk
di stributi : rnj e e t.0f
cont am nat %@gﬁsbrage%?&g%ﬁ glrggﬁl ngztﬁggg%bf It em?g%dﬁlcﬂg@st ioll?bcu“%hlé' ptpgcess
accor di ng tppamomsefrindicatkr dihithr fesuits mna chaek ,in batdodeispmbdefaridemdyingns of
t he effica%a{s g}%tra e recall effort. The systemis used to nodel a food
cont ani nat i U °B§15t°1°3@f’ﬂﬁatf od production from harvest through
consunption in order to estimte the consunmer exposure to the food event.

Summary [ Gébhg] | n aeeqr Q@teﬁte%;vplic_aﬁ&ﬂ@uﬁmaﬁ&i MBNtWOH3/bi50T fRIE0E paferent i on,
there is provided an RF-based chip for detecti n? a | evel of deconposition,

t he RF-chi publitationmey LEomf2i6lé disclose an BFER dapssufapdeghality detbétinesystetabl e
materi al f LI I i.n he | ie Lekn when the IC
et s expodERdROTRAL g oy RUANGEY Resbilfe nflon S BrobfitahlE,
degr adat i omireét fuhetiodi of degdepeksdd fprodicespoilage.t he 1 C die is damaged which
causes said chip to mal function, thereby 1ndicating the | evel of
deconposition is reached. [0013]..1n the present epbodi nent, it nmay be
preferred {98 the bﬁ’ggfe@a%abmhcaﬁa% é’r“ibﬁFat&?Bn%‘isW@%\Oqﬁ)@é%Qﬁ W?Enﬁ’.se&rﬁe
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bi odegr adabl e %ﬁ?gﬁy%mn%nf @g{Hgaptgflgl(. 3- y%r{?l od%/l%gl%é;?gstke %}B#ﬁ?nshg)laeslo It
desired t havaluites Rbnspaeedisk hapedas the emdenteoftorgaininafed sfoad présenthatneagh be

configured _ bas op t.he thickness of the.biodegradabl. ri.al

encapsul at i*Fy etoﬁghq E’o(ﬁii (g.Stn?’Htéorhﬁzocﬁﬁsaé’ % mgpton‘fsfgls‘ﬂ@ercﬂgﬁg%éﬁ’ﬁfm’a&@f{’i ng a
state of cenbwifg®tdrAinARESHS He FfcRGIIA trdce reéALSRAN WHE Sy KQARATIAGoW t h
the pre-determned |ifespan. Further 'the state of contamnation nay be

i denti fi ed masehatfired gentamingtionesygainby dragioe dopd ergdustion team thaevestt theough
pre-determn i £ 0014] . 1n accordance w th_.anot her enbodi nent,
there is aﬁoﬁﬁfr@t&ogglﬁ)g&ereg eg%lfngtet@gcgwuﬂgf BROSHG &P ﬂ%‘? Hﬁﬁile‘ée " an antenna for

transmtting signals between the RFID tag

Summary

[0012] In accordance with one embodiment of the present invention, there is
provided an RF-based chip for detecting a level of decomposition, the RF-chip chip
may comprise an IC die encapsulated by a biodegradable material for environmentally
protecting the IC die, wherein when the IC die is exposed without protection of the
biodegradable material due to a degradation of the biodegradable material, the IC die is
damaged which causes said chip to malfunction, thereby indicating the level of

decomposition is reached.

[0013] In the present embodiment, it may be preferred that the biodegradable
material consists of biopolymer. The biopolymer may consist of pectin and agar. In
other example, the biodegradable material may be a poly(3-hydroxybutyrate). It is also
desired that the RF-based chip has pre-determined lifespan which may be configured
based on the thickness of the biodegradable material encapsulating the IC die. The RF-

based chip may be capable of detecting a state of contamination based on an actual



and the RFID reader; and an RF-based chip for detecting a |evel of
deconposition, the RF-based chip may conprise an I C die encapsul ated by a
bi odegradabl e material for environmentally protecting the IC die, RF-based
chip is electrically connecting to the antenna. Wen the I1C die is exposed
Wi t hout protection of the biodegradabl e4material due to a degradation of

t he bi odegradable material, the IC die may be damaged which causes said
tag to mal f; i n . de tabl e .k Fi. d
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enbodi ment conthmiration eupydutaidbntifiedt whénathe metpak hifespait is oélativrly plodriemthian thée

bi opol yner mag considstl)fFof pectin and agar. Further, the biodegradable
material mBFCOHONREd BeSHAt v ( 3- hydr oxybutyrate). It is also desired that
the RF-based chip has a pre-determned |ifespan which nmay be confi gured
based on the thickness of the biodegradable material encapsulating the IC
di e. The RE0Mdked chilpacaeedanpewithpasther anbaitiment thete ia anRAUD tag detectable

cont am nat 0 d on an actual |jfespan when. ca Iy wi Lh

o e- dot or rith B K Pireflt: Bnfididh ohient B G Ring SERA hiiheth bty 1Puee
identifiedander RFID aatergbnd ad REfRBed@hip B6r detdctihi wabyel Shasdogipokifion, thee
pre-determned |ifespan. Further, it may be desired that the antenna is a

pl anar coi REabasedship maw cempiise ax Ko disaencapsulated Prta bindegradablermaigriakelor | i t
is provided t:hat . MBI it1on . 1he
ot hod. may ol piafeefl oSACHE REMsa iR Rl ERROERARLAR 1 07, |
conpri si ng aaenhd" Whenethe 0 glid 3tegposeyt withoht prdegtian abile hiddegradable ingaterial

envi ronnent_al | rotectin he, I.C di.ie; and jdentifying the |evel of
deconposi t ABAY & @adHiion Gian bisdesnrabls gatqr@ﬂdﬁ? b‘LctdE‘dmé% Es dpagad wiieh

mal functi opgdRRLI ¢ Bo AU i PRSU I i i t ection
of the bi odegr asdableieg noat e?ﬁﬁgfleugxgeﬁtﬁoﬂ% gg‘ﬁ%ﬂgmﬁ%ﬁ}?wﬁg@é‘%ﬁam e
mat eri al . ‘ndi¢a@idg 7He [Ehel ofideccasmisiiomss reachadny f urt her conprise conparing a
pre-determined |ifespan of the RFID chip with an actual |ifespan of the
RFID chip for detecting a state of contamination. A so, the nethod may

al so conpr igsj dent i fIIY'tliwat&%aié%ﬁ%@dinféﬁﬂttﬁ@bibﬁ&%@&hﬁl‘@ﬁﬁte‘ﬁﬁﬁnﬁ tebdistloff espan
is relatively shorter than the pre-determ ned i fespan. Briet Description
of the Drakiopglyna01sTherthiepolymemnmiayn omhsist o€ pestior ankdegey wdiyrthér, the

non-limti %ﬂ)d%glg%glg%{]aagriaﬂnay consist of poly(3-hydroxybutyrate). It is also desired that
the RF-based chip has a pre-determined lifespan which may be configured based on the

thickness of the biodegradable material encapsulating the IC die. The RF-based chip
may be capable of detecting a state of contamination based on an actual lifespan when
comparing with the pre-determined lifespan. Further, the state of contamination may be
identified when the actual lifespan may be relatively shorter than the pre-determined

lifespan. Further, it may be desired that the antenna is a planar coil antenna.

[0016] In accordance with yet another embodiment, it is provided that a method
of determining a level of decomposition, the method may comprise detecting present of
an RFID tag having an RFID chip comprising an IC die encapsulated by a
biodegradable material for environmentally protecting the IC die; and identifying the
level of decomposition is reached when no RFID tag is detected as a result of
malfunctioned RFID chip due to an exposure of the IC die without protection of the

biodegradable material due to a degradation of the biodegradable material.




the present invention, with reference to the acconpanying draw ngs, in

which: [0019] FIGIla illustrates a cross sectional view of an RF-based chip
in accordance with an enbodi nent of the present invention; [0020] FIG Ib
illustrates a cross sectional view of the RF-based chip of FIG | a, wth

t he bi odegradabl e seal etched; [0021] FPG 2a illustrates an RFID tag in
accordance with one enbodi nent of the present invention; [0022] FIG 2b
i1l ustrat egoodz)f 00d PTREHfokesaINAENSE mily tilirth P @ompHSR ddthafihg BlpR-dedniald @

RFI D reader for detecting the RFID tag 1 n accordance w t% ne enbodi ment

of the prediésspan ofthaREDR;chirogitBpn Actal Ifespan| of she RFEY clip fRFddtectiag ajstate
accordance w t h. another epbodipent .of the present invention: 024] FIG 3
illustrat egwacofnfagl\%ﬂgﬁ ngsg, g o cRgthody mﬁ'&r@ﬁ%s of ”“fsgo]gleﬁtr‘%)’m?c% ¢ f¥%ed
with the Rtbidahaftion varaahdaomal Wdspard RerediRel dRkr Bfantthe ppé-asehined
invention; __and 10025] FIG 4 illustrates a flowhart of a process of a
peri odic f@i&ipfﬂﬂr-oducts st ock checking in accordance with one enbodi nent of
the present invention. 6 Detailed Description [0026] In line with the
above summary, the follow ng description of a nunber of specific and

al ternative enbodi nents are PBriefDdsdiption ofithe Dxhaingst he i nventive features
of the present invention. It shall be apparent to one skilled in the art,
however that this invention may _be practiced w thout such specific

details. SHP8f t he Thistipyqnéion ygll bg desasibed by say 9€ gonrdimitngembedimgrts @bt t o
b the i on.: FO[. - e . |
o1 be uo Sy et 0o i Gl LOHE R any L BRI CHPRERAS TUTET LD

features comon to the figures. [0027] FIG la exenplifies a
cross-sectional view a radi o frequency c¢hi .(RF-chip)_100 jn accordance
with one eM93% nent g?étlﬂeluﬁﬁté@%%ta gW%rﬁeFfé‘PﬂaP'l‘ﬂ%WR‘Pf- aghRp- A fRles a

IC die 150a&5@>¥&dﬂgeQ@thiaﬁ%hﬁ)oﬁﬁﬁ&h'iofflﬁépré’seﬁﬁhpﬁfrfﬁ%ﬂy 160 having a nol ded body
120 and a bi odegradabl e seal 110 for "encapsulating the IC die 150, and

| eads 130 extended frominner parts of the chip body 160. The RF-chip 100
IS [0020] FIG. 1b illustrates a cross sectional view of the RF-based chip of FIG.

la, with the biodegradable seal etched;

[0021] FIG. 2a illustrates an RFID tag in accordance with one embodiment of

the present invention;

[0022] FIG. 2b illustrates a food product embodied with the RFID tag of FIG.
2a and a RFID reader for detecting the RFID tag in accordance with one embodiment

of the present invention;

[0023] FIG. 2c illustrates an RFID tag in accordance with another embodiment

of the present invention;

[0024] FIG. 3 illustrates a flowchart of a process of purchasing food product
packed with the RFID tag in accordance with one embodiment of the present invention;
and

[0025] FIG. 4 illustrates a flowchart of a process of a periodic food products

stock checking in accordance with one embodiment of the present invention.




fabricated using a pre-plated lead frame in a formof stripes defining the
| eads 130. The |eads 130 are usually nmade of a copper alloy, but other
materials suitably used for sem conductor |eads are also desired. The |ead
frame is then transfer nolded, or injection nolded to formthe nol ded body
120 defining a cavity, of which, one end of the |eads 130 sticks out from
t he nol ded body 120 and the other end extends into the <cavity of the

nol ded body. The nol ded body 120 is made of any packaging materials, such
as ceramc, plastic, and etc. The IC die 150 is nmounted within the cavity
and wire bonding is perfornmed to connect the leads 130 with the IC die 150
with bond wires 140. The hollom/ﬁg ﬁ%iﬁf the cavity is then filled-up with
bi odegr adabl e encapsul ant to fornsd PSHBY?dabl e seal 110, thus
environmental |y protecting the IC die 150 mnthln the cavity. [0028] When
the RF-chip 100 is exposed to the anbient, the noisture and contam nant in
t he anbi enf0026k decodpdivesvithnthe hbodegmadaly] thefeHowihgQiestriptionrog a runeber

150" exposcd! PEIEhE Aot MG RO oo @vied W ndeeen dhe eIy e

bi odegr adalpturseaf the Hesert ink@RionCItckhgll b8 Apparert s ©APEiLE iV ihk RET BN &vek O
noi sture and contam nant in the anbient, which wll result in damage to

the | C di ethasghis mveah@tgmymﬁ mfmq@eqwhg@trwéb swlfép defailsg eSdmag O%f: detai ﬁg
d t
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the mater Icallnmanfrefelﬂﬁqcblrmﬂ&wlﬁd@lb be us&pdhrdibBoutTthe Iﬁgﬁﬁ:rs&vhdntrefeﬁrl wfter ed
that the RF-chips 100, are provided with variety thicknesses and/or
material s SiME ALSIBIIGHEgruserqomumato the figures, cater for different
requirenents. Further, as the biodegradable seal 110 deconposes as soon as

it is eXpomd][ 0t heP?GV'lé%QE‘iﬁgﬁﬁeé 4 c&%s-s&t{?ﬁlﬁr viehebLh rado! ﬁ’@lﬁleﬁé}ec}ﬁg chip

100 is stored in clean room or seale I ayer of tenporary
pr ot ect i ng (BRichipd 10060 asdtvodanice With enecirsbadimented she prede omypation.i Ghe BdFore it

i s packed i Io ood 0 ferrl back tp. Fl the RF-chip
1007 s o REMpERENRES Aufte e 19U Balind BB Atk RE e £ tedndehddiietbas e
on nol ded m@@ad KodyeRINS1dog Yiodbdrallsbls E@mm o RMpSAatink! tHS1C Ad PV, @R4Y. and
not limtation. It is understood that the present invention may be

i npl enent edeadn 13Ayextended r emdinper party of dleshsbipobydyf 860.deThec RiFrghip 100 is
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The leads 130 are usually made of a copper alloy, but other materials suitably used for
semiconductor leads are also desired. The lead frame is then transfer molded, or
injection molided to form the molded body 120 defining a cavity, of which, one end of
the leads 130 sticks out from the molded body 120 and the other end extends into the
cavity of the molded body. The molded body 120 is made of any packaging materials,
such as ceramic, plastic, and etc. The IC die 150 is mounted within the cavity and wire
bonding is performed to connect the leads 130 with the IC die 150 with bond wires
140. The hollow space of the cavity is then filled-up with biodegradable encapsulant to
form the biodegradable seal 110, thus environmentally protecting the IC die 150 within

the cavity.

[0028] When the RF-chip 100 is exposed to the ambient, the moisture and
contaminant in the ambient air decomposes the biodegradable seal 110. In time, the
biodegradable seal 110 is etched (shown in by arrows 180) until the IC die 150 exposes
to the ambient as shown in FIG. 1b. Without protection by the biodegradable seal 110,




present invention may be nade by any manufacturing nethods and processes
known in the art. [0030] FIG 2a exenplifies an RFID tag 200 in accordance
wi th one enbodinment of the present invention. The RFID tag 200 is a
passive type RFIDtag wth the RF-chip 100 of FIG | a nounted thereon.
The RFID tag 200 has a planar antenna 210 fabricated on a polyner |am nate
220 in a formof planar coils. The RF- chip 100 is electrically connected
to pl anar r 1 . 0 F- chi S
nount ed on(ﬁﬁife\(15 So ;%efs %5%1)%%{%@“%85@%&? (@%ﬁ%@%t%ﬁ %08'[ -jnga“gl‘%ﬁlgér Emge”l%g%t r odes
215 with tiwhidh odlkgesatidabldemagato hitACodiet 150. RE-dafiaped RO -dhas i1 0Q) servesnay a.
[0031] Still referring to FIG 2a, the I D tag 200 is de in planar | abel
form by wEUsstior |dPE9g'§'I&ga5%08ﬂlpsﬁP9r} leyst: ﬁﬁ?qngfh Rieperiog 1t GembRPStBORTY hat
the presenihigMemidei ;! ﬁm&qi-a&['gﬂ Pl sfioddtBbRlsekiH 18 4RUs i Sting
I n mar ket de;l)gendi ng oﬁs Hfa)eéalufgerrentsl. e%o%zih@%ﬁ%ée%a?ﬁlﬁ ﬁﬁ?t rfaat es a t?%od
product 25Matercitecf the blodegred4Riid ©at btp). ZD@erefore, #ds pretiaredehatithdRBiebips iBOdi nent

of the present inventjon.. The.food product 250 is 8. .packed wt e RFID
Cag 200" hadenoVRES B Bge i aisk o Se bt ghuieats oL i pibfreradanerseal 43 de of
the food pratitdr dMEEEANeqErentdds3 Furltlt, 8 thdBiofEdrkidbROsed0P10 decdinpbies as
functioning, it can be detected within the foodpgroduct 250 via an RFID

reader 290 S0Qmhasihés expiossd, torthe emArapmenhdeis faghergquelgared that theaRiF-shipr Ki§uency
signal wthj . cl.lon n .0 detect.for RFID tags 200.. Th detection
ange i oot R RROR o RRRE vifh £ ENEFbeleRingfiy ProiftiBe SREI GECHARED T he

food producé adBé uhsecbssaryalecompbsitich bdferedeisgntledinfooa@prodi@sr adi o frequency
signal induces electrical current in the planar antenna 210 and power is

supplied to the RFID_ tag 200 and_the RF-chip 100 is powered up. In
response t %Rk RFI DRteé"ég%g %2@?):‘0 fHe I‘F?FtPE)R-FStﬁhlEOWO(’éra REbasgel afeggated o)

transmts QHELQ?{EI% -aﬁ@ﬁ)lftﬁ(}t@tpﬁﬁagé E}gﬁrﬁég)s%e(a &nﬁﬁolﬁgﬂl Bg;sﬁcelfégﬁfolﬁz/p Vis3hbWk

pl anar ant enna The RFID r€a may then splay t acquired
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of the food pr.oduct. [0034] Under the normal conditiqgns and the food

or oduct 26§ B s 5 IMBLAPIE it 0 SR GUEBh (ERELo (R sigE

product  25Qecdnisdsitidnngvélnertbis QUR0nRRARbAI that the integrated circuit embodied the
present invention may be made by any manufacturing methods and processes known in

the art.

[0030] FIG. 2a exemplifies an RFID tag 200 in accordance with one
embodiment of the present invention. The RFID tag 200 is a passive type RFID tag
with the RF-chip 100 of FIG. 1a mounted thereon. The RFID tag 200 has a planar
antenna 210 fabricated on a polymer laminate 220 in a form of planar coils. The RF-
chip 100 is electrically connected to planar electrodes 215 of the planar antenna 210,
The RF-chip 100 is mounted on the polymer laminate 220 and connected to the planar
electrodes 215 with the biodegradable seal 110 of the RF-chip 100 facing outward.

[0031] Still referring to FIG. 2a, the RFID tag 200 is made in planar label form
by way of illustration only, not limitation. It is understood that the present invention
may be embodied in other forms of RFID tags existing in market depending on

requirements.

[0032] FIG. 2b illustrates a food product 250 packed with the RFID tag 200 in

accordance with one embodiment of the present invention. The food product 250 is




seal 110 of the RF-chip 100, deconposes gradually within the food product
250 package. The RFID tag 200 is nade to have a |ifespan at about the sane
time as the pre-determ ned expiry date of the food product 250. Shoul d
premat ure deconposition occurs within the food product 250 due to inproper
handl i ng of the package for exanple, f@reign substances contam nate the
contents of the food product and cause the biodegradable seal 110 to etch

at a higher . I ie. 150 e ses ithin the,food
paciage w PROGH St SRPD B tobihe mech ploakeRBnE S 118 PP B 16
mal f unct i ospacerd thefooRptdduttagmcReding.s no | onger detectable by the RFID
reader 290, which indicates that the food product 250 may no | onger
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pre-determ ned expiry date. achieve that, each RF-chip a, 100b and
100c i s madedugps ¢dloqiripdl swgntdtdhe plaparaintenng 210 fand ppiver isrsuppliaddk ks BFID om

each ot her { J . i) ndi tion in fo es bof-.al |
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product having _the RFID tag 280 enbedded thereto are in fresh to good
condi tion $23§e29% iz Bserlanas antenet 28fedlhenREILY reager 390wyt ther displaypheduct

is not new =1 J{E i 490 . i I st age
shows t hat at ‘ﬂ%regr‘fé{? trg %ﬁtlng&?% d%? {LS,I ﬁgé gle% Itié-g| %{}%ﬁﬁ#@éﬁﬁ&%@ﬂﬁgﬂn%ﬁ?ﬁ %(f: are.
The al |l chitlesfobdiptagldcist age shows that the product is not suitable for

further usage. The RFID reader 290 is able to show the deconposition in the
above- nentjqQned stag as . the RF-chips 100c 0Qb and 100 | functi on
consecut i vi‘}(@% Furt h@?’flerymgnn‘}rﬁlél Fglé(g‘@?nsdé‘fl@éﬁ%%?‘?fg?fotdﬂﬁt ! ChP®RY0a,
100b and/ 0kegl&end BdridWaCthe @Bntedls FRhE BSddYprol@qd 250 Sindludk the bidiRgradable
pre-determ ned expiry date, it may show that the food product Is

cont ani nat éel ¥19086 ther RE-chdp i 190p decamposts gvadunlly twithin (ke faed pgodust 280 eps a
shopper go p%l{agg.g IEl‘hie 'RFID tag 200 is made to have a lifespan at about the same time as the
pre-determined expiry date of the food product 250. Should premature decomposition
occurs within the food product 250 due to improper handling of the package for
example, foreign substances contaminate the contents of the food product and cause the
biodegradable seal 110 to etch at a higher rate. As soon as the IC die 150 exposes
within the food package without protection of the biodegradable seal 110, the IC die
150 malfunctions and the RFID tag 200 is no longer detectable by the RFID reader 290,

which indicates that the food product 250 may no longer suitable for consumption.

[0035] FIG. 2¢ is an alternative embodiment of an RFID tag 280, which
includes three individual planar antennas 285 fabricated on a polymer laminate 282.
Each of planar antennas 285 has an RF-chip 100 (also denoted as 100a, 100b and 100¢
respectively) connected to form a gauge for detecting usability condition. The RF-chip
1002 is made with a lifespan of about the pre-determined expiry date, RF-chip 100b is
made with a lifespan of about two third of the pre-determined expiry date, and RF-chip
100c is made with a lifespan of about one third of the pre-determined expiry date. To




shopping for a food product packed wth the RFID tag 200 in accordance with
one enbodi nent of the present invention. The flow chart includes the
shopper picking up a food product at step 310; reader detects presence of
RFID tag 200 at step 320; a conditional step 330 is perforned dependi ng on
the detection result; a display shows B©he detection results at either step
340 or 350; and the custoner proceeds to purchase the food product at step

360. [0037 i ' | &3 .3; r1 ol 6 f a
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200 det oot PEHCPRAT Shib Seebont hag ficypndyst i potney il i gn {©tho RFID
tag 200 carhbewd eldfineGonedichipiatdgtlshows @t HeGrbduct @ RCHiBChisesb] & Bordttbn, S
performed. If no RFID tag 200 is detected, step 350 is perfornmed. At step
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IS present S 0 rsaduct . i.s. safe r, . CONSUNDLI. Preferably,
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RFID tag 2 ay disp S a warning ssage opper that

t he food ppodiuctisicentaminatetjer fit for consunption. The shopper may then go
back to the relevant shelf to pick up another pack of the food product as
in the ste 10 and eps 320 apd 330 e repeated until the shopper

i shes. pOlRRsi ng. EIG. § BIBOoSss DaRar IDGERTTY e ERsh AR 6 RO o

al ternati V@h@ﬁﬂ@fdﬁeﬂfood&%&@@d RERAUGIthithe REERCEg 200tih ReMasdR! Wit ogt RFI D
tags 200, such as the RFID tag 290 in FIG 2c. Each of the RFID tags 200

i ncl udes asmipdimenhpthe poesericayention: dle Bpwacheitdeidudesdidshoppertnieking up a
food product at step 310; reader detects presence of RFID tag 200 at step 320; a
conditional step 330 is performed depending on the detection result; a display shows
the detection results at either step 340 or 350; and the customer proceeds to purchase

the food product at step 360.

[0037] Still in FIG. 3, the shopper picks up a food product from a shopping
shelf at the step 310. The food product is packed with the RFID tag 200. To make sure
that the food product is still safe for consumption, the shopper brings the food product
to scan for usability condition at a checking station at step 320. The checking station
may be a casher counter of the store, or a stand-alone device provided at a designated
location within the store. The checking station provides an RFID reader, suitable for
detecting the existence of the RFID tag 200. Step 330 is a conditional operation to
produce a result of “yes” or “true”, which means the RFID tag 200 detection result is
present; or “no” or “false”, which means no RFID tag 200 can be detected. If the RFID
tag 200 is detected, step 340 is performed. If no RFID tag 200 is detected, step 350 is
performed. At step 340, a display at the checking station displays that the RFID tag




having different | evel of tolerance to the contam nation from another RFID
chip 100. The nunber of RFID tags 200 serves as indication of stages of
deconposition within the food product package by detecting the nunber of
functional RFID tag(s) 200. Such tolerance |levels may be varied by using
di fferent thicknesses of sane biodegraddble material for encapsul ating the
RFI'D chip 100, or by encapsulating the RFID chips 100 with different

bi od d .
0% dlear adehl kAL Sh o, WSGHATHLARTE Dt GE S BRER! B8Rk e
det ect ed, tdader ﬁrap&unhmhnqmrs linwohnhxanﬁ @tbﬂ:df mrthe cmfﬁlmtaglm aﬂ&‘\émplay theast

one RFID ta 200, 1 s cti d not detecte it shows, that the food
product ha Blé%%w&e%% élé ay.q mﬁgpncw Anslvde & pre-ggiermingd SKPEY RFI D

tags 200 aggie W@Ha'ﬂﬁf%&hﬁﬂg dFiﬁé e ﬁﬂ% S%IQ érané;ﬁ&l‘éﬁtc&qnﬁfe dsﬁé]%[%m%a e

i ndi cates that the food uct mg y “spoi |
consunpti o proc[eﬁi)@Q]lakerpaamnmrfot thei fboah groeuctngt iseep 360t Hehpwesert sepB3dithent, a

f ood duc it h t OOtaAandtaBTtaA
e Pl O ofoadt oo BRSSPt bd REB E20 1SR R b B Btine easais Ll o
l'i fespan Ofshcﬁ?@ﬂﬁlahﬂlbffodﬁ proficttidéio AeengeR@it %rrdoﬂﬁhrﬂ%dﬁ tTheFsh&pped may théwpper

pi cks up the food tgroduct packed with tags A and B in step 310.

Subsequent B9 bagkt® hé?ip‘@:ﬂt Bqulﬁ@si’lthep erppagki 9 thet food prasluekasrig the ep on  to
f t StE 20, VW ere
chocki ng sty HEE bt 320 SR b8 le B R0 R shol B Jlie: RERPERGlelbSd, o

330, the fpﬂﬂuptr.oduct isin good condl tion. Upon detecti ng the tags A and
B, the reader acquires the relevant infornmation fromtag . The

i nformation |ncI udes_at least th determ ned expiry
manuf act ur f493%ldat e, érhepcmﬁgn Fitih ah gltemetyg %zaéodzeempaéwr\wp@%lﬁp%qkedfood
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product is condi t 1 on e acquired rnformation may al so

di spl ayed IR\FI]DHegsr 2Hmcludes an REEDst¢hop 300 'escapsulaied dryad bmdegtadai:ﬂemawﬁl When
the reader detects a en f t ags nd B at step 330, ader_ di spl ays
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tag A but not tag B, the reader further processes the acquired information

in step 33%he(fopdproduet malsage&yl detrsing the renter of ﬁexctlcbnatl RETIP dag(s)A09d beich has

been cont apinat ed The cess at. th erfo d on
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material for encapsulating the RFID chip 100, or by encapsulating the RFID chips 100

with different biodegradable materials, or the combination thereof. Accordingly, when
all the RFID tags 200 packed within the food product are functioning and detected, the
food product shall be safe for consumption. When at least one RFID tag 200 is
malfunctioned and not detected, it shows that the food product has been decomposed
and possibly contaminated. When all the RFID tags 200 are malfunctioned (no RFID
tags 200 is detected at all), it indicates that the food product might had already spoilt

and not safe for consumption.

[0039] In a non-limiting example of the present embodiment, a food product is
packed with two RFID tags 200, tag A and tag B. The tag A has a lifespan of about the
pre-determined expiry date and the tag B has a lifespan of about half of the tag A.
Referring back to FIG. 3, a shopper picks up the food product packed with tags A and
B in step 310. Subsequently, the shopper brings the food product to a checking station
to scan for the usability condition at step 320. When the reader at the checking station




functioning and mal functioned tags. It is known that, the tag B is expected
to have a |ifespan of about half of the pre-determ ned expiry date. |If the
date of scanning occurs after the expected lifespan of the tag B, it is
likely that the food package is not being contam nated, and accordingly
the pre-deternmined expiry may well stilll be applicable. If the date of
scanning occurs relatively earlier than the expected |ifespan of the tag B,
it is |ikelgytebBdthat BSth{tQIA RN W ISE ﬂl&ti%ﬁﬁ?%%t@?ggﬂ'thé FoddSprohRf & gdod hat
the reader also refers to the length of tinme fromthe date of
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step 360. her wi t he shopper, may go back to the rel evant shelf t pi ck
up anot hergpatcktele)%%@h@ef%%er I3RIES 2 Yarning (Hessageety e shoppry @%tetge fgo@).- 340
are repeatadiubihhy nb RgENGREBE i QnsifidT chasing the food product. 12
[0041] In yet another elg‘oodi ment, a packaging of a food product may include
a plurality of RFID tags 200, in conjunction with an ordinary RFID tag,
tag C, whi §0040ldoes nétilldaddipdswhem thei neader Thatectsdag @ butynot tag B, thefreadent i on

inrelatio o the food roduct .and the nunbper he RFI ags. 2 S
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step 310. The food product is packed with tag C along wt two RFID tags

h
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acquires information fromtag C and identifies the nunber of RFID tags
208 are padlegthgiexpsdied H sp%% the tag B, it is likely that the food package is not being J

contaminated, and accordingly the pre-determined expiry may well still be applicable.

If the date of scanning occurs relatively earlier than the expected lifespan of the tag B,
it is likely that the food product is contaminated. It is preferred that the reader also
refers to the length of time from the date of manufacturing to the date of scanning as a
factor for determining whether the food product has been contaminated. It is further
preferred that, the reader also estimates a new expiry date for the food product for the
shopper consideration if the food product is suspected to be contaminated.
Accordingly, at step 340 the reader displays the processed results on the display. Based
on the displayed results, the shopper may consider whether to change to another pack
of the same food product at step 345 (shown in dashed line). If the shopper decides not
to change to another pack of the food product, he may proceed with payment for that
food product at step 360. Otherwise, the shopper may go back to the relevant shelf to
pick up another pack of the food product as in the step 310, and steps 320-340 are
repeated until the shopper finishes purchasing the food product.




product. If the RFID reader detects absence of RED tags 200 at step 330, a
display of the RFID reader displays a warning nessage to the shopper that
the food product is no |onger suitable for consunption at step 350, and

t he shopper may pick up another pack of the food product (back to step
310). [0043] still in FIG 3, when the repader at the checking station
detects functioning RFID tag(s) 200, the number of functioning RFID tag(s)
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FIG 4 il efthedbed ptddectapackapisep310). a peri odi ¢ food products stock
checking perforned by a stock keeper in accordance with yet another

embodi ment [&)f43] Still in FIG. 3, when the reader at the checking station detects
functioning RFID tag(s) 200, the number of functioning RFID tag(s) 200 will be
determined. When all the RFID tags 200, tags D and E, are functioning, it shows that
the food product is in good conditions. If the reader detects only tag D but tag E, the
reader processes the information acquired from the tag C, and in step 335 to determine
if the food product has been contaminated. The processing at the step 335 is performed
based on the date of scanning the food products and the number of functioning and
malfunctioned tags. It is known that, the tag E is expected to have a lifespan of about
half of the pre-determined expiry date. If the date of scanning occurs after the expected
lifespan of the tag E, it is likely that the food package is not being contaminated, and
accordingly the pre-determined expiry may well still be applicable. If the date of
scanning occurs earlier than the expected lifespan of the tag E, it is likely that the food
product is contaminated. It is preferred that the reader also refers to the length of time
between the date of manufacturing and the date of scanning as a factor for determining

whether the food product has been contaminated. It is further preferred that, the reader




t he present invention. The stock keeper carries a handheld RFID reader for
scanning stocks of food products which are packed with the RFID tag(s)
200. The handheld RFID reader has a trigger, when pressed, the reader
sends out radio frequency signal for scanning RFID tags. At step 410, the
stock keeper initiates scanning of eachl3f the food products by pressing
the trigger. The RFID tag(s) 200 of each food product, when functioning,
responds t . r..with. ' i ' | 4 .
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bi odegr adalgbescamihg RED wa%. @Q@ﬁéfﬁtlog){he SRk e Spd MAkkiaNkY Beanningtoteadlobt (RS S(E)%) :

|1 S

Such bi odegradabl e nat erial cnown to be degradable by nmore than 2
domi nant mieedoproductsby pepsing thisitd ggara lbs RED4agin 390 ofie d gradutomwhene | C
die 110

functioning, responds to the reader with the acquired information at step 420. The
reader then processes the acquired information at step 430. At step 440, the processing
determines whether the food products are within the storage condition in accordance
with the industrial or government standards. If the storage condition is out of the
standards’ threshold, the reader notifies the stock keeper at step 450 and the stock
keeper may pick up the food products for disposal. If the storage condition is within

the standards’ threshold, the stock keeper may proceed to check the next product item.

[0045] In accordance with one embodiment of the present invention, the
biodegradable seal 110 consists of a mixture of two polysaccharides, such as pectin and
agar. In this given example, when pectin is cross linked with agar using thermal
treatment, the mixture forms an impermeable barrier, which make it a suitable material
for environmentally protecting the IC die 150. For an RFID tag X having an RF-based
chip 100 encapsulated by the mixture material above, it is suitably for packing with
food products such as fresh milk products. Both the milk products and the

polysaccharides mixture are susceptible to at least streptococcus thermophilus. When




[0047] The aforenentioned two enbodi nents are provided herewith for
illustration only, not limtation. It is understood that any materials or
the conbinations thereof are suitable for further enbodinments as |ong as
t he encapsul ant material used are biologically degradable and it is
suitable for packing with the targeted f4oood products avail able on market.
A further exanple of such encapsulant nmaterial is biopolynmer. Selections

of encapsu . ' ' ' . [ f.0od

pr oduct o, a0z Piiopls PAERENGIE e R g, o BilsBbial iSnrh BBl R
associ at ed mill prodficiad vegbloasl thg diddegiatigble s¢al 41 gradiunidy . f hoﬂhemr@dntmmplea doudh
Organi sns Pro S cet obact er, spp.. Fresh_cider. Bacillus sp Br ea oug
Bygsochl amfi¥ gjﬁlﬁ% t"’@aﬁﬁA ﬁ%iF?‘?ch.ﬁii tf’shav%aé’é‘?ﬁp% pfipRaup the lﬁﬁ?ﬂﬁné’gé@s‘@ﬁk Pradyet sour
spor es Canigd iegstalpliffe (R HEIRINIS RR: XRhidlih _tﬁ@&ﬂﬁrpyo@f'gma%&gy afractic
acid bacteria Beers and w nes Lactococcus lactis Rawrerrigerated mlk
Leuconost oREBs egader ovaldd iBdigated ( that ithg midki pedydt iPewt lovgeusuitable for
cerevisiiphilus Beers Pseudononas, putrefaciens Buffer Yeasts Fruit juice
concent r at S&BUAPY8%acchar onyces bailii Mayonnai se and ot her sal ad dressings
15 [00491 TABLE 2 exenplifies certain netabolites which associated with
food qual ifdoss] Met abah iybesndticd Butbodirkéathe HictR g idable Lb41eH0l Mgy Ve pf packed

beef Diacetyl Frozen juice concentrate Ehtanol Apple juice and fishery
product s mpé{%ﬁyqﬁr@xmﬁy@@) t(@r£3HB). Such biodegradable material is known to be

degradable by more than 290 dominant microbial strains, which makes it a good

encapsulant for the IC die 110

[0047] The aforementioned two embodiments are provided herewith for
illustration only, not limitation. It is understood that any materials or the combinations
thereof are suitable for further embodiments as long as the encapsulant material used
are biologically degradable and it is suitable for packing with the targeted food
products available on market. A further example of such encapsulant material is
biopolymer. Selections of encapsulant material depending mainly on type of the

targeted food products.

[0048] TABLE 1 exemplifies some micro-organisms commonly associated

with food spoilage of the corresponding food products:

Organisms Products

Acetobacter spp. Fresh cider

Bacillus spp. Bread dough
Byssochlamys spp. Canned fruits
Clostridium spp. Hard cheeses

Flat-sour spores Canned vegetables
Geotrichum spp. Fruit cannery sanitation

Lactic acid bacteria
Lactococcus lactis
Leuconostoc mesenteroides
Pectinatus cerevisiiphilus
Pseudomonas putrefaciens
Yeasts
Zygosaccharomyces bailii

Beers and wines

Raw refrigerated milk

Sugar (during refinery)

Beers

Butter

Fruit juice concentrates

Mayonnaise and other salad dressings




Lactic acid Canned vegetables Trinethylarnine (TMA) Fish Total volatile
bases (TVB) and Seafoods total volatile nitrogen (TVN) Volatile fatty
acids Butter and cream [ 0050] TABLE 3 exenplifies sone nutritional

requi renments of mcro- organi snms which can be commonly found within a food
product packages: El ement Source Functikdn 1. Macronutrients Carbon O ganic
Mai n constituent of cellular material conpounds or C02 Oxygen H20 organic
Const it uenfondhy cel | - malps ol ex2nfhiel Iceeeﬁt%etab&mmeﬁsass&%téaew%%t& on
acceptor in aerobl C respiration 2 Nitrogen NH3, NO3, Constituent of
ami no aci dgualitycl ei ¢ aci ds, orgam c nucl eoti des and coenzynmes. conpounds,
N2 Hydrogen 02, organic Constituent of organi ¢ conpounds and cel |
coNnpounds —grerter=—iagmi—pas oty Sty S AmmcaiEiiEoiciion s Ss s
Phosphor us Mﬁﬁb?‘l\tﬂ c Constituent of nuclBredusti g nucl eotides nhnqphat es
phosphol i piCadaveripSandgutrescinhoi ¢ aci ds.  V@®0uin-packdd beafnut ri ents Sul fur S04,
J2S, SO Cinsdetluent of cystei ne, nethi ofionén juicerogacenerateul f ur gl ut at hi one
and severaIEhcaﬁehzynes conmpounds Pot aSSApﬂbﬁﬂ&@aﬁl fisheSaproduddi n cel | ul ar

I nor gani ¢ ¢RéthMfheand cof actor for certaCsRBEMIES-

Lactic acid Canned vegetables

Trimethylamine (TMA) Fish

Total volatile bases (TVB) and Seafoods

total volatile nitrogen (TVN)

Volatile fatty acids Butter and cream

[0050] TABLE 3 exemplifies some nutritional requirements of micro-

organisms which can be commonly found within a food product packages:

Element Source Function

1. Macronutrients

Carbon Organic Main constituent of cellular material
compounds
or CO,

Oxygen H,0 organic  Constituent of cell material and cell water;
compounds,  O; is electron acceptor in aerobic respiration
CO,, O,

Nitrogen NH3, NO;s, Constituent of amino acids, nucleic acids,
organic nucleotides and coenzymes.
compounds,
N,

Hydrogen O,, organic Constituent of organic compounds and cell
compounds,  water. Also important in energy generation
H, as protons.

Phosphorus Inorganic Constituent of nucleic acids, nucleotides,
phosphates phospholipids, LPS and teichoic acids.
(PO4)

2. Micronutrients

Sulfur S04, J28, S0, Constituent of cysteine, methionine,

organic sulfur glutathione and several coenzymes.
compounds
Potassium Potassium salts Main cellular inorganic cation and cofactor
for certain enzymes.
Magnesium Magnesium salts Inorganic cellular cation, cofactor for
certain enzymatic reactions
Calcium Calcium salts Inorganic cellular cation, cofactor for

certain enzymes and a component of
endospores.




Magnesi um Magnesi um salts I norganic cellular cation, cofactor for certain
enzymatic reactions Calcium Calciumsalts Inorganic cellular cation,
cofactor for <certain enzynmes and a conponent of endospores. 16 Ilron Iron
salts Conponent of cytochrones and other proteins and a cofactor for sone
enzymatic reactions. 3. Trace El enentsl&l enent Exanpl e of Function Cobalt
Part of vitamn Bl12, which is used to carry nethyl groups Zinc Structural

| H . . DNA t h
Foacti ons. el ving ni UFO4ehtasst mi | 2??%@25%%‘?8%%?@%. ?gfk*@%% o2

- .ase and
ni trogenase. Copper Catalytic role in %5 n%éﬁ%ﬂﬁg?*?ﬁ T YENC ]%%%9oxygen,
for exanpl-e VRTINS SR SEvAT s B A S e RS G ke BB f—BRZ Y ITE'S
in catalytic cistes. Certain photosynthetic enzynes use nanganese to split
wat er int rElgmentsr ot ons, Nickel Several different enzymes including
sonme i nvol \Wemext carbon nonoxEgdembRicEIncEBoR Ur €a net abol i sm and

met hanogen . vitamns a TT T : ! \V4 m-coenzyne
f or m Funct ;t?rll)ﬁllgol ic acid Tetr gghflf)alng em?f{gﬂlscg‘e?%&%?t%%{e&yc%%%gln units,
required fgﬁncsynthesis of th

Molybdenum
Copper

Manganese

Nickel

polymerase.

a 0
S . .
trurcr%ﬁxal x%lller fnnn%an%'aesn%mess %Eiuialeﬂg DNA

Certain reactions involving nitrogen assimilation. Found
in nitrate reductase and nitrogenase.

Catalytic role in some enzymes that react with oxygen,
for example cytochrome oxidase.

Required by a number of enzymes in catalytic cistes.
Certain photosynthetic enzymes use manganese to split
water into oxygen and protons.

Several different enzymes including some involved in
carbon monoxide metabolism, urea metabolism and

methanogenesis.

4. Vitamins and their roles in metabolism

Vitamin Coenzyme form Function

Folic acid Tetrahydrofolate Transfer of one-carbon
units, required for
synthesis of thymine,
purine bases, serine,
methionine and
pantothenate.

Biotin Biotin Biosynthetic reactions that
require CO; fixation.

Lipoic acid Lipoamide Transfer of acyl groups in
oxidation of keto acids.

Mercaptoethane-sulfonic ~ Coenzyme M CH,4 production by

acid methanogens.

Nicotinic acid NAD (nicotinamide Electron carrier, oxidation

adenine dinucleotide) and  reduction reactions.

Pantothenic acid

Pyridoxine (B6)
Riboflavin (B2)

Thamine (B1)

NADP
Coenzyme A and the Acyl
Carrier Protein (ACP)

Pyridoxal phosphate

FMN (flavin
mononucleotide) and FAD
(flavin adenine
dinucleotide).

Thiamine pyrophosphate

Oxidation of keto acids
and acyl group carriers in
metabolism.

Amino acid metabolism
Electron carrier, oxidation-
reduction reactions.

Decarboxylation of keto



met hi oni ne and pantothenate. Biotin Biotin Biosynthetic reactions that
require C02 fixation. Lipoic acid Lipoam de Transfer of acyl groups in

oxi dation of keto acids. Mercaptoethane-sulfonic Coenzyne M CH4 production
by acid nethanogens. N cotinic acid NAD (nicotinam de El ectron carrier,
oxi dati on adeni ne di nucl eotide) and redlttion reactions. NADP Pant ot henic
acid Coenzyne A and the Acyl Q(i dation of keto acids Carrier Protein (ACP)

and acyl group carriers in l'ism Pyridoxi nea§ 1PhEdntaxg!
phosphate Ami no acid metaboli sm bofl avin (132) E cidk I av%n El ectron

carrier, O.’Vi Al 89> nononucl eoé&g{ﬁz %n@oﬁﬁ%{owuc%%nﬁr ‘13821 1o I;‘SI avin

adeni ne dinucl eot i de). Tha i m ne pyro
Decar boxyl keto 17 2:’8 o S8 ?l% transaﬁ%nase reactl ons.

jon
Vitamin B 1 %}2{2‘@5‘6 ani ne coupl e sfer of netH§FIYEYPRO adeni ne
nucl eosi deMitanin K _Quinones napthogumenes n LranspdiPCeSEE®nt hogui nones

processes. [0051] TABLEs 1-4 has illustrated some information for
considering the constituents of the biodegradable seal 110. They are shown

by way of i tratign, t iJntation. . The act.ual r|aI sgl.ection for
t he bi odegrnyé |l e seg%%r% éf‘{e }}agrﬁlﬁl tgfq%(}j Soglgsg’gowupﬁe ?a?%i‘%ﬂng h
product an@omstitents’ Gothe biodebia@ible keal 190. TS Cdré BIRSvi By &yt dT. illustration, not

limitation. The actual material selection for the biodegradable seal 110 are formulated

based on the targeted food product and other factors which are not described herewith.

[0052] While specific embodiments have been described and illustrated, it is
understood that many changes, modifications, variations and combinations thereof
could be made to the present invention without departing from the scope of the
invention. For example, one food product package may consist a plurality of RFID
tags, having the respective IC die encapsulated by a encapsulant material different from

each other.




[ 0052] )Whil e specific enbodi nents have been described and illustrated, it
is understood that many changes, nodifications, variations and

conbi nati ons thereof could be made to the present invention wthout
departing fromthe scope of the invention. For exanple, one food product
package may consist a plurality of RFID8tags, having the respective IC die
encapsul ated by a encapsulant material different from each other. 18
Clainms 1. An RF-based chip for detecting a | evel of deconposition, said
chip conprising an I C die encapsul ated by a bi odegradabl e material for
environnentally protecting the |IC di €laimiserein when the I1C die is exposed
W t hout protection of the biodegradable material due to a degradation of
t he bi odegradable material, the IC die is damaged which causes said chip

to nalfatiction,.thegbRAbEeE hipdort dedtined 168k] deRBRAFIitIdN) shid cHipached.
2. The RF-based chip according to claim1, wherein the biodegradabl e

mat eri al c&ABPESIBEHM K disoeneapyulatgl by ebiepegradable atnitgyiah feroenyiitegmentally ai m 2,

wherein th i I iS selected fromthe group consists of pectin and
agar. 4 Th?“%b?ﬁ%éégﬁ%ﬁip accordingly to claim2, wherein the bi odegradabl e

mat eri al consi stweheedin awhpal $1¢ IChJidrioxyposed ettt plotectiva dRFhb dswidgradhlle

according to claim1, erein said chip has a pre- determned |ifespan
which is cal?ﬁt?rﬁ tBa?snggréﬁlf‘“PHé’ftthP diordegradable; atenaly thega dispisedamaged i a
encapsul at i { & P I i i e
wherein saivfj}g%ﬁh‘i%glséss% agia%lé%?oemg?ﬁn@é? ’2@? %ﬁgqgulgﬁtglggﬂégwggoﬁdgﬁn&hngésﬁgﬁ 1Bas ed
on a act ualredchédespan when conparing with the pre-determned |ifespan. 7.

The RF-based chip according to claim6, wherein the state of contam nation
is identified when the actual lifespan is relatively shorter than the pre-

determ ned |ifegpan. e KRbREIDHIP hcelitRG! RPLRIRY, AMhdREih Bhé @AGIREradable
conpri si ng:
w J material consists of biopolymer.

3. The RF-based chip according to claim 2, wherein the biopolymer is

selected from the group consists of pectin and agar.

4 The RF-based chip accordingly to claim 2, wherein the biodegradable
material consists of a poly(3-hydroxybutyrate).

5. The RF-based chip according to claim 1, wherein said chip has a pre-
determined lifespan which is configured based on the thickness of the biodegradable

material encapsulating the IC die.

6. The RF-based chip according to claim 5, wherein said chip is capable of
detecting a state of contamination based on a actual lifespan when comparing with the

pre-determined lifespan.
7. The RF-based chip according to claim 6, wherein the state of
contamination is identified when the actual lifespan is relatively shorter than the pre-

determined lifespan.

8. An RFID tag detectable by an RFID reader comprising:




19 an antenna for transmtting signals between the RFID tag and the RFID
reader; an RF-based chip for detecting a | evel of deconposition, said chip
conprising an | C die encapsul ated by a bi odegradable material for
environmentally protecting the IC die, said chip is electrically
connecting to the antenna; wherein whenl&he IC die is exposed w thout
protection of the biodegradable material due to a degradation of the

bi odegr adabl e nat eri gh anfehfa fdr tfinSmitfing SaAROBEWALH ale RARS £ @'tk RAD L 0

mal functi on and not detectable by the RFI'D reader, thereby indicating the
| evel of deesdamosition is reached. 9. The RFID tag according to claim 8,

wherein in the biodeqr | e terial consists of .biopolyner. 1Q. .The RFID
tag according to cl algﬂﬁglfa'%ﬁﬁ r‘gﬁﬂ {Pﬁ ebelcﬁ%lay#gle Pg 58(10‘%%%&?“’ 15_?1 r‘r‘f}{llﬁe
group consicginpristhg RACIO Bicadidapitited by la Bid@edRidddRS ffdteriAl Pord&iANodnataly t O
claim9, wherein the biodegradable material consists of

pol y( 3- hydPEGwing fhet(edie, sepd chipds degtricallyponnestipgimtierasteansi m 8, wher ein
said chip has a pre- .geferf "%ﬁ&{’ théfﬁSP&}P Whiee o gﬁﬂ&dtgﬁk%%g%g?%ﬁt the
gradabl e g the i e. :

t hi ckness of the biodé materi al éncapsul a The
RFI D tag abimiegiadaplt matdrial duelid, a ddpeadation shihd biddepradable apadiiat, thé IC dietiect i ng
a state of cont%rr% _a‘;li on bas,gd on an actual |ifespan when conparing with

the pre- ddFBR#RqWRICH cpusepsaid tagto makfungtiop apd gobddestehin gy tae RFHD mader,
where' n ! NeneréifliRdichifuE AVENGH ddbmpbfbdRMdchegd when the actual i fespan

is relatively shorter than the pre-determ ne i fespan. 15. The RFID tag
according to claim@8, wherein the antenna is a planar coil antenna. 20

16. A nethod of ,det ety ni | evel of d i tion, t hod
compr i 81 g dot St ndPpr R 8 ACGRTORE 15 RGN oy hElah TR HEB B | si ng

an I1C material consists of biopolymer.

10.  The RFID tag according to claim 9, wherein the biopolymer is selected

from the group consists of pectin and agar.

11 The RF-based chip accordingly to claim 9, wherein the biodegradable
material consists of poly(3-hydroxybutyrate).

12. The RFID tag according to claim 8, wherein said chip has a pre-
determined lifespan which is configured based on the thickness of the biodegradable

material encapsulating the IC die.

13. The RFID tag according to claim 12, wherein said chip is capable of
detecting a state of contamination based on an actual lifespan when comparing with the

pre-determined lifespan.

14.  The RFID tag according to claim 13, wherein the state of contamination
is identified when the actual lifespan is relatively shorter than the pre-determined

lifespan.

15.  The RFID tag according to claim 8, wherein the antenna is a planar coil

antenna.




di e encapsul ated by a bi odegradable material for environmentally protecting
the 1C die; and identifying the |evel of deconposition is reached when no
RFID tag is detected as a result of malfunctioned RFID chip due to an
exposure of the 1C die wthout protection of the biodegradable nmateri al
due to a degradation of the biodegrada®le material. 17. The method
according to claim 16, further conprising conparing a pre- determ ned
|ifespan of the RFID chip with an actual |ifespan of the RFID chip for
detecting a state of contam nation. 18 The nethod according to claim17,
further conprisilfig i derfosthed i defermisingt 8 leyek o degomppsitiprensaihemethodal
lifespan i %oﬂmﬁﬁﬁhé:\’el y shorter than the pre- determ ned |ifespan.
detecting present of an RFID tag having an RFID chip comprising an IC
die encapsulated by a biodegradable material for environmentally protecting the IC die;
and
identifying the level of decomposition is reached when no RFID tag is
detected as a result of malfunctioned RFID chip due to an exposure of the IC die
without protection of the biodegradable material due to a degradation of the

biodegradable material.

17.  The method according to claim 16, further comprising comparing a pre-
determined lifespan of the RFID chip with an actual lifespan of the RFID chip for

detecting a state of contamination.

18 The method according to claim 17, further comprising identifying the
state contamination when the actual lifespan is relatively shorter than the pre-

determined lifespan.




