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time-tenperature indicators with a visual output,

i nproved thermal nodeling algorithnms, and ot her

devi ces and nethods by which the thermal history of a

mat erial nay be nonitored, and the subsequent fitness

for use of the tracked material may be quickly

ascertai ned ppscitbaidimectentpehsturemdicator ahd logyeent i on i s
well suited to nonitoring the thermal stability of

onnl.ex -nmpterials that are not well characterized by
?ﬁ‘rémjﬁ(f%ﬁg rd Arrhenius exponential degradation curve.
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and other areas are perishable. That is, the

mat er i gdcerthimed by vistatiemstiiet medes.eTheinaertion it elliswited to
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| [0002] This application is the international filing of US patent application

10/824,709, "Electronic time-temperature indicator and logger", filed 14
April 2004, which is a continuation in part of 10/634,297 filed 5 August
2003. The application claims the priority benefit of US provisional patent
applications 60/465,434 filed 25 April 25 2003, and 60/502,834 filed 12
September 2003.

Background art

[0003] Many materials in use in commerce, medicine, and other areas are
perishable. That is, the materials have a tendency to deteriorate with time,
and this tendency to deteriorate is often accelerated by exposure to higher
temperatures. This tendency to deteriorate is often designated as a

material's "stability". A material that deteriorates slowly in response to



hi gher tenperatures over Iong periods of tinme is said

to have a "high stability". By contrast, a nateri al
woOhed4/0detseri orates quickly in response to hi gRem/US2004/012491

tenperatures is said to have a "low stability”. [0004]

For sinple materials, t her rid§? degradatlon processes

are usual ly wel | charact eri zed .y the wel | - known

Ar r hetigher tepatateies oyeniosy pedieds ofdimng is)said todiae arhigh

[0006] Here k is the rate of deterioration, Cis a

constaapbilityt By chhtPastd maddriePthat ee@hewtés‘ qLTuHGy ireres pore, to
R is the universal gas constant, and is the
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often not sufficient. npl ex rraterlals can be
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with different activation energies and possibly

di f f esipihctBRasEDy theneditkrown Aniatiad eqetionAs a resul t,
the thermal degradation curve for nore conpl ex

r often be a relatively conplex function,
[Wih’éﬁ%@"ﬁgﬁ i nflection points, sharp transitions,
and ot her__si gnificant deviations from Arrheni us
equat ﬁj [0008] Exanpl es of deterioration
i nclu es sp0| |l age in the case of biological
materials, |oss of potency in the case of drugs, |oss

of chem cal reactivity 1in the case of chem cals, or
alternatively formati on of unwanted contam nants

[00083 sHereck iscthe rateraf dpiswoalion: G4 p gopeiant £d's the agiivation
material in WO 2004/097357 PCT/ US2004/ 012491 3/62
energy of the reaction, R is the universal gas constant, and T is the
temperature in degrees Kelvin.

[0007] For more complex materials, however, the simple Arrhenius equation is
often not sufficient. Complex materials can be composed of many
different molecular entities, each with different activation energies and
possibly different phase transition temperatures. As a result, the thermal
degradation curve for more complex materials can often be a relatively
complex function, which may have inflection points, sharp transitions, and
other significant deviations from Arrhenius equation (1).

[0008] Examples of deterioration includes spoilage in the case of biological

| materials, loss of potency in the case of drugs, loss of chemical reactivity

in the case of chemicals, or alternatively formation of unwanted

contaminants. Excessive deterioration eventually results in the material in



question being rendered unfit to use, or even rendered

dangerous. Thus for comerce, nedicine, and ot her
w@e@am973she rapi d detection of materials rendeeBUS2004/012491

unfit to use by an unaccept &Ie thermal history is

very inportant. [0009] Add? onal ly, there are

alternative situations where a nmaterial nust undergo

cer t auestipmbeiny rendarad unfif t@tteeyortﬁefraarrenqiqre@éée%@w i Fhus

for use. There are many materials, and materi al

t r eatfGREOMMERSES PRitcineg, Aifdwher are@eﬁ‘@hé fipid éstetiiorcsfiraterials
manuf act uri ng, food preparation, and pharnaceuti cal

Per oaian 20 b R 4 e RFl< e 3R is very mportant

asteuri zation, sterl lization and the Ii ke vvhere t he
[0R00% r Additionediusthers are aier)stive sitéatioas wherk @ imateral ryst
heat treated before the material is fit to use. Since

cur i ngndergs & leatthipminimalie@inal histiryresfore [iibecases §it for ese.
often tenper ature dependent, typically taking Ionger

PHRSGE%Ds ﬂ{an&%&nélg "Qﬁf @Bférhgfﬁeeﬁfﬁ‘éﬂt ﬁ%ﬁ@i e, & §orﬂH1%hly

under go a‘“cer enper at

bef ore they are fit for use. Hgggch As a resul
vi sua¥sed frecensiiyetion. ianyfaur RreRanatign.ang el v

used in many areas of comerce. These are typically

smal | pisteriacastidan pteparationadidhastcdnerete seting] epmxy dfardening,
thermally sensitive material. The TTI shares the sane

t her [ . . .
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t her nal hlstor [ 0011] Visual tine-tenpe

i ndi cwher.esthamat@wéwedg ia1be Brapsrly Pyretf*hﬁ'&uggteg or heat freated
peri shabl e, tenperature sensitive, product has been

t r anspefoteethefmateribiie fit toeusel Bince mrirgoint:hmtimeor héat teeatment
transport process that has preserved the WO

2004/ B%Eéégespﬂ Héﬁ@%b@éﬁﬂ%epéﬂ&%t typically taking longer to

proceed at lower temperatures, such materials must undergo a certain
minimal time-temperature history before they are fit for use.

[0010] As a result, visual time-temperature indicators (TTI) are widely used in
many areas of commerce. These are typically small devices that are
affixed to a container of thermally sensitive material. The TTl shares the
same thermal history as the material, and gives the user a visual warning if
the material has had an improper thermal history.

[0011] Visual time-temperature indicators are often used to verify that a
perishable, temperature sensitive, product has been transported from the

manufacturer to the user via a transport process that has preserved the



"cold chain". Here, a "cold chain" means a continuous

system for conserving and preserving materials at
wWee@ghssst ef ri gerated tenperatures from produRCT/os20040012491

use, so that the integrity ofgthe materials is

assured. [0012] There are several different types of

vi sual, t enrpgr.at ure i |cator resent d

These "SPEERS © EPrS, 4 BelEmk, piaags RO sy o1

exponential Arrhenius decay equation. As previously

di scuseeagervingvangdspresering riatavibla et poiciseuefrigaratee fenogeratures

decay type indicators, is that not all materials

f ol | oVirgih BRIcRICHSH Rﬁﬁéeu Sodendye iﬂ%&y &5thk 'ﬁ‘ié{ér&mé’i&t atuled.

tenperature ranges of interest a result, prior-art

ade ugt nitor. all
[Bbyaf SRR prshearg iisto N asctrau e gempedtumndicatpr i
vvlth a sinple Arrhenius decay curve (1), and a
mat er | RiESetday aiseod Bes fisl @wndedmbased,ram follgw thdesimple
the curved exponential Arrhenius decay equation has

been |dxpenentEeArrB¥nint abtaynequdtione m%”ré\helu disBustRel R&Wwever,
Kel vin on the "X' axis, versus the ogar hm of t he

e o1 e habe b Al Yol pHElAPESpr, it ot

mat eri al (1) can be successfully nonitored with a
si mpl éngterials follomesimplauf\eberivs fecay kinetise throughkoutwd. | og
lifetime plots) Arrhenius-curve TTlI (3); material (2)

r equi remperaiirefangaddtiintetedat A8 akébulf, pHiocaRatTi samiot

accurately reprodu0|ng nore conplex (i.e. non-Ilinear
functl r log lifetime plots)
therma yﬁsﬁﬁgﬁﬂgﬁtgg%lg Pri or to the present

i nvent i on hovvever no such l;;hl sticated visual TTI
19973L Fdgyray! mearam@fﬂmﬁdg 3 2 materidspittoa smpia o1
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Arrhenius decay curve (1), and a material with a more complex decay
curve (2). Here the curved exponential Arrhenius decay equation has
been linearized by plotting 1/(Temperature) in degrees Kelvin on the "X"
axis, versus the logarithm of the material's lifetime (in hours) at various
temperatures on the "Y" axis. Note that although material (1) can be
successfully monitored with a simple (i.e. linear function in 1/Temperature
vs. log lifetime plots) Arrhenius-curve TTI (3); material (2) requires a more
sophisticated TT! (4) capable of accurately reproducing more complex (j.e.
non-linear function in 1/Temperature vs. log lifetime plots) thermai
degradation curves. Prior to the present invention, however, no such

sophisticated visual TTI devices (4) existed.



[0014] For the purposes of this discussion, "sinple"

tenperature functions (or stability curves) are
wdebiqvetsas exponenti al Arrhenius curves that pcoasem®4/012491

aline with a single defineg | ope and i ntercept when

the tenperature function i mélotted on 1/ (Tenperature

(r)K) versus log (lifetine) plots; and "conplex",

[08 e For theeptirpnses o this discussian, "sinple clempeggtug fanctions (or

defined as functions that produce curves, or higher

or der sebARG suMBsY arbltRfiné® 8P exsdriendall Avsdrigycursesihat preduce
on 1/ (Tenperature OK) versus log (lifetine) plots,

such that a.singl [ Nt S,

o desumiat] namei SMER B st e i pE SR fire
several different brands of visual Arrhenius-type

ti me- furghonraplotted ppdidampesature 4 veeys logs difeting) plots; and
exanpl e, TenpTime Corporation, Mrris Plains, New

Jer seycompsttpspdritard-Rnttarsker stapiliyi cuevds) mpe definedeas

i ndi cator for nedical use. This indicator, often used
toin .t [ ri f ' ' LI d

count ntisgionp i pR B e of Gficrilel Shapsbiettbe s
chemi cal indicator, normally placed in th center 8f .

a " bultpeperaturefurgiion it Bloged ﬁBtVﬁT@"}P@r%tP@n@Q Vséﬁuﬁi‘?%. ifetime)
Upon initial production, the chem cal indicator is

ti ght gistscalol thadsinglessispendrer intdrcdpids indbeduate &yeddscribe the
lighter than the surrounding area. However upon

expos . excessi ve anmount of tenperature for an
excesg%gghégggﬁt of time, the center of the bull's

eye becones darker than the surrc_)unq?li n% area. A. user
0751 ipre are pyprabsUfasaay bronds QAR AP LS Ymee
any material WO 2004/ 097357 PCT/ US2004/ 012491 6/62
associtahperatutdintibatorsnidi cuavent udey  SForexgmple, TeqipTime he

center of the bulls eye
Corporation, Morris Plains, New Jersey, produces the Heatmarker® Time-
temperature indicator for medical use. This indicator, often used to insure
the integrity of vaccines in third-world countries, relies upon the
progressive darkening of a chemical indicator, normally placed in the
center of a "bulls eye" visual colorimetric reference pattern. Upon initial
production, the chemical indicator is light in color, and the center of the
"bulls eye" is lighter than the surrounding area. However upon exposure
to an excessive amount of temperature for an excessive amount of time,

the center of the bull's eye becomes darker than the surrounding area. A

user may thus quickly and easily assess the integrity of any material



is lighter or darker than the surrounding calorinetric
reference material. [00161 The chem stry techni ques
wanaendBsng t his nmet hodol ogy is disclosed by Bedmyismna/012491
et. al. in US patent 4, 389, 2?]4%% Prusik et. al. in US
patent 6, 544,925; and in ot patents. [0017] An
alternative chem cally based visual tine-tenperature
i ndi caf¥Hciated with thﬁjnﬂlp@tcn/hy RiMly Refingif the, contesdi byl eye
the 3M corporation, Saint Paul, M nnesota. The

Moni t ois Mghier us 8arkar manklhélgur?@.trﬁmgaéolorﬂhétﬁ@ réfefdhcd material.
colored indicator that slowy mgrates up the wck at

t T
BB ot SRR B RS
the col or |nd| cator has mgrated, and quickly assess
i f theB%He& qnyet. abdB 45 pateat faﬁ%Zt?}éDrmslﬁ@tteéwﬁ&%p@te@t
indicator is fit to use. (0018] The chem stry

t echni §,664,925dend yi oihet patentsechnol ogy i s di scl osed by
Arens et. al. in US patent 5,667,303, and in

fQﬂinZ?%‘?%elﬂ fl\?é]éi'?e %S -Frv?srugl t‘m":gt%\tle r¥ﬂ%§ca%r is the

terrpera ure |n hat” "do
require the use

vi si bl ut rat her
i nstr L]ﬁgwkjagﬁ/[a{,k, PdiFRigy Aredycs bY|thQJr°’P!b‘iQ5P°"a§% Saint Paul,

determ ne the state of the indicator. For exanple, the

Bi oet tMinBesptar dthiedvioniBnkddinysepraowiokiag neateral] along with a colored
frequency identification (RFID) non-visual

ti me- tigg b Syicid ek

e RTS8 i Sl £ 0 R o

based,, de able circ ent, such that as the

i ndi caines gp@?eé'g Reaktie ih%k'é nEX/ us AniRkYsassertgin how far up the

2004/ 097357 PCT/ US2004/ 012491 7/62 tenperature for

excessvick trentnlottesl indicatoneas migeatel) dhdqujckly assessfif thbematerial

tag changes.
associated with the time-temperature indicator is fit to use.

{0018] The chemistry techniques underlying this technology is disclosed by Arens
et. al. in US patent 5,667,303, and in subsequent patents.

[0019] There are other types of time-temperature indicator that do not produce a
visible output, but rather require the use of instruments to interrogate the
indicator, and determine the state of the indicator. For example, the Bioett
Corporation, Sweden, produces a radio frequency identification (RFID)
non-visual time-temperature indicator. This indicator combines a passive

RFID unit with an Arrhenius type, enzyme based, degradable circuit

component, such that as the indicator is exposed to excessive amounts of



[ 0020] The techni ques underlying this nethodol ogy are

di scl osed by Sjoholmet. al. in WPO application
woe®1asBI2A1. [ 0021] Although this approach | ePciBUS2004/012491

itself to very |ow cost ti mé/' enperature sensors, the

| ack of visual output is in SAveni ent for nost users,

who typically are not equipped with sophisticated

RFI D temperature ferigxaesaive amounis of §oe; the RiFID:signaties 4f the tag

this specialized equipnment will be unable to

ascer tcfbhRgdsne status of the sensor. An additional

drawback of Sjoholmet. al. is that the precise

B3 R AEPBAES R R A i

t
based ﬂe_nz matic) Arrhenius type tine-tenperature
sensora-tlb\/%lﬁ‘@:wnhﬁét'%wgﬁﬂ l.characteristics of an
arbitrary product. This is a time-consum ng and

[DaR AE FSOBEgIR (S 8psrobtialenda jiselbio Eryimscast sitret tempesature
precise stability match between the characteristics

of th i gal; L e G L, ng

char acearyS: e TR RTBERRLHifork bRt PogBisys, o
addition to tine-te t i ndi cat . whi ch .

[ nt eqrtsiealbyare nahedUbRA WA SORUScalR RAIDHSAIRG QpiRment. As
sort of internal judgnent as to if the unit has

exceedesaliseps witltbut dhis spedializeteguipnaa s will beirhable &6
time- tenperature data | oggi ng devices on the market.

Th j : [ ical l :
oo AP LRGBS pg oo o
detail ed history avail ahl e

| )l e for downl oad to, the user.

ooy e Tadhal e Pregia s PheriRORRoR e Spyis 5 Gopendent

| oggers of prior art do not attenpt to interpret this

det ai I gbnhtusihgtiye sféuific ddgradationaf aahemikzin baeed) Ganzymatic)

devices, the interpretation of the relatively I ong and
Arrhenius type time-temperature sensor to match the degradation
characteristics of an arbitrary product. This is a time-consuming and
burdensome process that may not always result in a precise stability
match between the characteristics of the chemical time-temperature
indicator, and the characteristics of the monitored material.

[0022] In addition to time-temperature indicators, which integrate time and
temperature, and then make some sort of internal judgment as to if the unit
has exceeded some preset criteria, there are a number of time-
temperature data logging devices on the market. These logging devices

typically store a record of the temperature history of the logger, and make

the detailed history available for download to the user. However data



conplex table of tinme and tenperature [ og entries
generated by the |logger usually requires downl oadi ng

wo b@4aensal foll owed by a relatively sophi sti cap@rus2004/012491
analysis by the user: It is_clear that such devices
I npose a considerabl e bur d&8? on unsophi sti cat ed
users, who sinply want to qui ckl know i f the .
mat er lagigerssiqrionagdowiat ttemet iaduiesret tisgaiplad hislor - Hhus
use or not. [0023] One exanple of a prior art data
| oggekordfibt aft data lohgerhices, Henhieniretatbn bf theBalatively long and
Ther nochron series of tenperature |ogger products.
Thi s data, | ogger.,.C [ r : j
o arme R Ples PO ER e Y Sl Hefiereliy the togger
battery, thernocouple, mcroprocessor, and data
st or agevallysequiresTiewniording the datadoligvacby A &elaiivaly on
tenperature readings over a tinme period of up to ten
year s sophigticdted 8Raljdie by tHecastrn s tlear that suttedevides impose a
menory. Users may access the data by nmeking el ectrical

contact w.,th e [ -\ L i

ol cct FPBRPeTARE T h YRBoREH I et Y gjfply wantto auickl
conputerized reader. This data then may be mani gligl at ed

as t h&nowstihedeaiprialassegiated y4ibhadeyice &t appigpriate for use or
degradation status of the associated product nay
subseqignt |y be nmade after additional analysis. [0024]
The techni ques underlying these nethods are taught by

ts e mpl i Tekice-is Y4 BARY Shiidsrductor

&%ﬁﬁé&ﬁ’fﬂ@ﬁ&lg%gp E%ﬁﬁgkz@?g%%%géd%t a I?ogger s are

al so on the_market. These include t h(@gl—mo time- . dat

t enperiButiere Thermpchegrariep o iRpRRIakYe 998t PiegHES: dnis data

Cor poration, Pocasset, MA, and others. As does the

Ther ngfgertopsietustta rolies &/pinble diameter metal button that contains
an internal battery, thermocouple, microprocessor, and data storage
means. The iButton takes up to one million temperature readings over a
time period of up to ten years, and stores these readings in its internal
memory. Users may access the data by making electrical contact with the
iButton through its 1-Wire electrical interface, and downloading the data
into a computerized reader. This data then may be manipulated as the
user desires, and assessments of the degradation status of the associated
product may subsequently be made after additional analysis.

[0024] The techniques underlying these methods are taught by Curry et. al. in us

patent 6,217,213.



data | oggers al so acquire data fromtenperature

sensors, store the data and tine in an onboard
woreom9735and nmeke the data avail able for downP@HUSZNG012491

subsequent anal ysi s by sophiféicated users. [0026]

El ect ronechani cal data IoggSP are also on the market.

For exanple, the Monitor In-transit_tenperatu

[0625k @¥her gatadhggets & alamen e rkehoHaaRednluga, e YPRC.ime-

uses a battery operated, quartz-controlled clock notor

t 0 NMDY&mpBeratifBldateblobgér prbdedsarly OasatGtenpuepEorppestiona
bimetallic, tenperature responsive, scribe to produce

a visyal strip-char t Al Ri '
o S e S
of device is the tenperature alarm An exanpl e of thhids_

| at er data/leggers aley ae@iresiataEomigmperatyre)sepgers; siore the data
produced by Sensitech Corporation, Beverly

Mas s aGiidphd f anl Bhisoaré mentoTl dndahaks thendata deailabls for
with a mcroprocessor, tenperature sensor, battery,

and di spl | | [ [ : ; e device
can bty oREaPSTanplsR o phRiEaRE ueeRt CET

devi ce_has exceeded any one of 4 preset alar

196R8] (Flerisomeahapivadala ogaers ot AshBRING BarEsyFor example, the
tenperature went too high, total tine spent at a

pr e- dayienitirmettahsit Bimpeeap ey @icarder, wotured myngonitorda Modesto,
total tinme spent at a pre-determ ned second

t emper id O LGE YR 3&tér to move a

PCT/ Ug%géﬁﬁ%élaobﬁt%?ggp%% qggﬁéﬁétc %ﬁrd}%ﬁ to respond

to this narrow set of tenperature §$ar . val ues, and

pr e- desraalhsirie @f caarbecarder paperrRash pAimeiAlic, EPeray s

The technol ogy behind the TagAl ert nonitor was

ori gi nebponsie; sbrisetd frpdudiea visaal siip-cldrt cond@inprat @detailed

5,313, 848; and subsequently reexam ned and
record of the thermal profile of the unit.

[0027] Another type of device is the temperature alarm. An example of this later
type of device is the TagAlert® monitor, produced by Sensitech
Corporation, Beverly Massachusetts. This is a small electronic device,
with a microprocessor, temperature sensor, battery, and display all
enclosed in a single case. The device can be factory customized to notify
the user if the device has exceeded any one of 4 preset alarm conditions,
such as temperature went too low, temperature went too high, total time

spent at a pre-determined first temperature is too long, and/or total time

spent at a pre-determined second temperature is too long. The device



rei ssued as Re. 36,200. [0029] In the broadest form
the device of Re 36,200 is a system with an enclosed
woOeopavalsar e sensor, which generates a tine sePCEASLG04/012491

t enperature measurenents, stores sone of the past tine
and tenperature measurenent!®2and uses some of these
stored tenperature neasurenents to generate an out put

si gnal maRbedbsdbizet tof resmorid torthip macow sat of Engueratare alarm
digital thernmonmeters which also performtinme series

si gnal yoM0GRS ?F&Eeteﬁﬂﬁle\ﬁﬁérﬁﬁer%‘t&@-t@&a% Qhh@
past such as t

menori es of readi ngs, C ose taugh't by US

t_4,536,851, in that_the tenperature sensor, of
R Dl Bebnelngy bellnd e Teelen Fiior wen SR UBoReHALY
surface of the housing or outside of the housing. In
t hi s rBepientef. dRe UShatent 5343, 848randaspeedieniin resxamned and
with electronic digital tenperature controllers for

por t ableRsBdias He. i38Sppunent ation. [0030] More
specifically, however, the device of Re 36,200 nmay be

YA e Praaledt oRf; iokieve s Rerdh 204 B2 staraawvity e

a sensor (isolated and protected fromthe external
envi r oenaiosedigmperdignesiengon whichgeperatesadimessaries oft her
circuit conponents) to generate the tinme integral of

t enper @inidefatQtd MbSSuremedl, 3oFEPIGHe Bf !h@gﬂa@.t tiM®and temperature
2004/ 097357 PCT/ US2004/ 012491~ 11/ 62 [0031] or above

or bel ow a pred tergi ned threshol d engfraturﬁj and

store 'GPESYPHIERHR, 8BC HER® ST CH"SPRSLGAIURP B B ut put

purposes. [0032] Although the device of Re 36,200 _

t eachemedswpmenisnig generaiean ootnub aignakrd?en 86,200 liffgys frem prior

has a nunber of drawbacks. In particular, the nethod
art electronic digital thermometers which also perform time series signal
processing, and which also have digital memories of past readings, such
as those taught by US patent 4,536,851, in that the temperature sensor of
Re 36,200 is enclosed in a housing, rather than on the surface of the
housing or outside of the housing. In this respect, Re 36,200 has some
aspects in common with electronic digital temperature controllers for
portable medical instrumentation.

[0030] More specifically, however, the device of Re 36,200 may be viewed as a
limited type of integrating time-temperature indicator, in that this device
uses a sensor {isolated and protected from the external environment by a

housing that also contains the other circuit components) to generate the

time integral of temperature outside of an acceptable range,



Is generally incapable of realistically nodeling (or

simulating) material thernmal stability profiles, and
woOhos/mw®spr one to generate inaccurate results. PCO@3304/012491

Re 36, 200 teaches a device that is essentially

progranmmed by four paramet éi82(the upper and | ower

acceptabl e tenperature, the upper acceptable tine

{03d¢, oraatbve loe bblowsa predetgpmirteldethtashpldtampedaturehasd store or

nmethod is very sinplistic, however. The method

assUNegthefvife FEREREE of Malﬁ‘é’fortoﬂ al@?hrp%géé‘ ges occur

bet ween the upper and | ower accept e range

B@%%@{@gg d%b%‘!ﬁgé] gt &Y §ﬁtg%§8 Pa i Sﬁﬁ%g’{sua putput

until an optional set of instantaneous tenperature
" st op"means, ttisd sysaéh héie gr rutelvdéra deawhacks.ain pariicgarnthe method
rate regardl ess of tenperature. As will be discussed

in norg g@ﬁé?dll%l xﬂc@b%le%’ﬁ rediBfidallMIiRg For s"}ﬁt‘.{l‘étlﬁéi‘}ﬁatenal

nore conpl ex thermal degradation profi and are

F885,|4] thgge%ﬁagmlﬁ? P?‘ﬁ Hes, 53 h@ %Lgfplls :gf%lﬁgtp‘%ﬁﬁ \:qi‘%fnac'curate results.

nodel i ng, for the purposes of this patent, the art of
(0335, ae@waaolteaxdwea@sdw 1bat isesaentiali pragrammedryy, four
This nonenclature is consistent with the unit's

' ba@fh /
1] U b 15ng Pherars (ARLenecrlans tenferditpe o toeer

hrce SRR B vBfe: B0SIe IbRE afiBhisbT, Fth Lptef. ThE Wethod

i ndi cat ors, _V\,hi_c_h use chemcal nmeans to nmimc the
Ar r henisiyenosignphistiss howeerarTaetreethed pgsurags, dor exaneple.dhat no
of interest. These visual indicators may be directly

i nt er r p@AhAthaRYed HERP Betlderahe dippsesri lowenBcétptable range

addi ti onal equi pnent, and inpose no
conditions. Additionally, the method assumes that beyond the acceptable
range limits, (at least up until an optional set of instantaneous temperature
"stop" limits), all degradation occurs at the same rate regardless of
temperature. As will be discussed in more detail later on, most materials
have much more complex thermal degradation profiles, and are poorly
monitored by such simplistic approaches.

[0034] Because of this lack of proper thermal modeling, for the purposes of this
patent, the art of RE 36,200 will be designated as a "thermal alarm". This

nomenclature is consistent with the unit's commercial designation

(TagAleri®).



significant anal ytical burden on the recipient of the

material of interest. [0036] The second type consists
wohomma7isndi cati ng el ectroni c tine-tenperat ur ePCT/US2004/012491

nonitors, and el ectronic data | oggers. This second

type also nonitors the tinmd28Aad tenperature by

chem cal or electronic neans, but does not output the

{20Q3a] | Theapriemartfor timatteinperatardiihgicatorscthas blay Weoseparated into

unsophi sticated wusers w thout additional equipnent.

Rat herthrééﬁnéirf[gﬁég]doﬁé e BhsRISHVIQUR Mdicdrs, % ich use

requires specialized readi ng equi pment, and na

TR I e G SRR

interest. [0037] The third type consists of electronic
ti me- t matesiehoilinteradtal hese ibual inthicators, may ke dipectlyi inigrmogated
the Sensitech TagAlert(r) nonitor, does not attenpt to

| nt egr gy BnddpRidBERBE LBEISUBIRY he St al thiBnRAE and imgose no
tenperature over all probable thermal 'histories, but

o ¢ St B Bytast T fFeraiaent e gter of erest

exceeded, tinme 2 at high 2 exceeded, absolute high)
{10361 ctiee secnnddypa consisie pbromindicatieg eleckonin simeniemperature
taken place. US patent 6,320,512 teaches simlar

ti ne- t RBRkE8! dhEeledt@icHaml s. WhisRGcEnd ggbtalsrmhamiﬁs the
simlar to those taught by Texas WO 2004/ 097357

PCT/ US2004/.Q12491 . 13/ 62, I nstruments (VMSP430 famj |

Sof t velTBS e tamegraes by soaticst B HgbFofigsans. ftdpsy not

Fam |y, Metering Application Report, 1997, p 42-45)

and ot ¢igpst the[daisin]a masmerdbat is egadily @ceessitle ta wasophisticated
nonitoring conditions during shipping, such as

det er nigtrs YithbutSdtidtBRBE e dUITMORC Hathay thigBédond class of electronic

detecting if a shipping container has been exposed to

temper gévlféeefc’eq%}fgsr sgeC)ciaS%Zeg ?eadafl"rtlgegétﬂigt%ent, and may additionally
require sophisticated data analysis on the part of the recipient of the
material of interest.

[0037] The third type consists of electronic time-temperature alarms. This device,
exemplified by the Sensitech TagAlert® monitor, does not attempt to
integrate the progressive effects of time and temperature over all probable
thermal histories, but rather simply informs the user in the event that a
limited number (absolute low, time 1 af low 1 exceeded, time 2 at high 2
exceeded, absolute high) of predetermined time-temperature excursions

have taken place. US patent 6,320,512 teaches similar time-temperature

alarm methods, using circuit methods similar to those taught by Texas



ot her standard shipping faults, but are | ess useful

for nonitoring the individualized stability profiles
wohomrdorasrary materials. [0039] Radi o-frequencycCibasem4/012491

time-tenperature indicators of the prior art, such as

the previously nentioned deV#8%& of Sjoholmet. al.

(WD0125472A1), which contain Arrhenius based chem cal

t i mer dnsthanentsd B P480tfarilys Sofiwaraddsara Opiddy, 48B4qkS-1840 9-21;

chem cal |y based visual indicators. [0040] As a result

of destPg@@i:sﬁﬂgnwafeiﬁﬁg ApblicalibhRe h??ggﬁﬁm—_ 5) and others.

practice I1s to conservative. That chem ca

i J1e- t erature indi ors are usual.l et to. .
0B S0 ack 5 ERlah mondo e Satitiions s e aPipeing. such as
Al though this scenario will insure that the user does
not i rdedereniniagti shiproewice pkals ded meletedétatting if aisbipping
inefficient. In many cases, material that is, in fact,

still Gpefineds RRn SPBSEPRY tbApelatuds ThvaF 96 6C doteddidtting
poor tine-tenperature indicator accuracy. O course,

the alternatiye . scenari.o, i i ch the emcal ting-
t onperdif Sondri 36 ertEs, Bub s deen et SU PRt inatthe
the tracked material is degraded, is both

unacc epdisislslizedstpitity mrofiey of atbitrger wateriajso041] By
contrast, electronic data |oggers have a different set

0307 GRA@ETrequéhdy 1L tiheRepieatuFeRdRatdre 6f thd priet brt, such
gjet !)f accurgte ti ne-tenperat‘%?e data, WO 2004/%97357

PCT/ US2004/ 012491 14/.62 whi ch L be use

det er e FedoURlY mElpredeyich JSipRam St R, WopRsszzAn.
isinadifficult to interpret form As previously

di scuswhigh cantain Airhenivs basegtahemigal tigeirpihawe snanyeof the same
unsophi sticated, and are unlikely to have the

equi praeurdty draRBadKsi sEatheliiiciNy ®A66d VBualNiAgitatoms. r ead an
el ectronic device, or to interpret a conpl ex

fdb%'b} "AES UG orYeRRERGEL irOSHR Yk Tﬁ‘i tAe rp?é‘slélnﬁ practice is to be
conservative. That is, chemical time-temperature indicators are usually
set to degrade more quickly than the material of interest. Although this
scenario will insure that the user does not inadvertently accept degraded
material, it is inefficient. In many cases, material that is, in fact, still good
may be inappropriately discarded due to poor time-temperature indicator
accuracy. Of course, the alternative scenario, in which the chemical time-
temperature indicator fails to adequately warn that the tracked material is
degraded, is both unacceptable and potentially dangerous.

[0041] By contrast, electronic data loggers have a different set of problems.

Although these devices collect a full set of accurate time-temperature data,



many unsophi sticated users, receiving materi al

associated with an unreadable or hard-to-read
wehewntwmasrc tag, are likely to ignore the tag PCT/US2004/012491

altogether. As a result, users may inadvertently use

material that has been degi¥®ed by an unacceptabl e

thermal history. [0042] The tenperature alarns of the

pri or venich mayde uwsed isdeermbe, id Materias s asceptabls of nidathe data

These alarns can only be adjusted to trigger on a

[imted; : ' e t

1 xed g aniEl o I THEE RS B A Taf rmos

well suited to accurately m.m he st abi | i _

char adPEENATEERIERE & iab‘inﬁgﬁmﬁcﬁ%%‘i: PBE EEY “ﬂjﬂ‘iei}%llioanaﬁ"ie he

a result, they have a tendency to either trigger too

soon, auuipneantloaspecializiedknowledge subtder to rsadiaer elegiraniedevice,

or inadequate warning. Disclosure of the Invention

[ 0043]qr 1 ﬁwt&??e? donpleBhdrRrbcdldit IgPfstical BulpliB! A¥ @Gesult,

unitized electronic tine- tenperature indicator or

nmoni tor, which have a sinple visual output, . This
i ndi cdPY Wpﬂgﬁéﬁg Wergnaec%l@a@ Vgl aL%FsSPSﬂ%F%‘H'“? gn
match the particular tinme-tenperature decay (or

cur i nginreadsbid er hgrd derreachélectsonc tag ard likely isfigneredhetag,
The material need not follow sinple exponenti al

A T herdiidgether. 2RO 4/ 1O 18 BdeR A8 g 484 matbfididhat has

decay characteristics, but rather can have a conpl ex
stabilit urv ith nman ints of inflection, sharp
cut - oft?ese?é' ‘gﬁ%a(ge\fj %HQ%C%P%%Q ‘ﬁ"?ﬂﬂa'éﬁg‘é‘a& s. By means
of this invention, the thernmal degradation (o

r
K048} atheotemperataresdlamns eftthe prior arhrsughigistYaRe. AB280; also are
may be precisely characterized, and the results of

this piRGde® ThaderRhhd &A1 by balddfsted BXHEHE oh a limited set of

downl oaded
fixed unacceptable temperature for a fixed unacceptable time
combinations. They are not well suited to accurately mimic the stability
characteristics of arbitrarily selected materials. As a resuit, they have a
tendency to either trigger too soon, or too late, which can result in either
waste, or inadequate warning.

Disclosure of the Invention

[0043] The present invention discloses an improved unitized electronic time-
temperature indicator or monitor, which may have a simple visual output.
This indicator may be easily and precisely customized to match the

particular time-temperature decay (or curing) profile of an arbitrary material

of interest. The material need not follow simple exponential Arrhenius



into a mass-produced, |ow cost, generic

time-tenperature unit. This indicator unit may then
woeomgwmsrated with the particular material thaCTius2003/012491

customi zed for, and used to nonitor the material's

subsequent thermal history'¥f# oughout the material's

entire lifetinme. [0044] After the material has been

ex pos alécay charaotekinting butrather cahdamala compléx stabilitytasinfeowith

various durations, the fitness for use of the material

may - thgRy B&H{srb?'irﬁl'ébh% %ﬁéﬁbsaﬁ%ﬁsL&wsvém&aéawa%meﬁ@ffects

met hods of  the present i nventi on, user w | need
only ance at i ndi ca

Cna e BEmeans br ik owaiog, eé@%fm@fi@@es@'%é%qu@'tﬁ?@"")
material is still acceptable or not, w thout

subj eathanarterdsdicsi sban axbitrdry malerdd mayf behpnecisglytaharapierized, and
extra anal ytical equipnent or perform sophisticated

data anglr¥siiis of tlﬁéjgﬂebls@%bl'ébteﬂz%ﬁoﬁ bﬁﬁ&s@%s’fﬂﬁly downloaded
optionally disclose the apprOX| rrate st or age i f

o 5 et MBS oREBL PR e

[ 0045] The device is "unitized" |n that all conponents
of t hendigatoeumiamaydeen beiessodialed withthe paricylrngieterial that it is
hand- hel d unit. Those devices with visual displays WO

2004/ 08 8smiizE&1dr P d0d 248Hitor 1Y Sdtdils sisyedtient thermal

wi t hout the need of any addi ti onal conponents, or

ext erna nne S ot.her tical or
corrpuﬂ?:{ %@‘FJU@QH@E‘E 'i"% 'Eecﬁjﬁﬁ Pon of Drawi ngs
[0046] 1: G aph show ng Arrheni us and non- Arrheni us
fawmﬂqébawat@rrav bas been exppssdita ammnkapywh spt ofdhermalr
nonitoring such decay curves. [0047] 2: Schematic

di agr agRvironARnBXBNMPARILY dRirtink Oth FitiidsE GoH dise of the material may
then be instantly assessed. Using the device and methods of the present
invention, a user will need to only glance at the indicator. The display of
the indicator will quickly and accurately show if the material is still
acceptable or not, without subjecting the user to the burden of having to
use extra analytical equipment or perform sophisticated data analysis.
Additionally, the display may optionally disclose the approximate storage
life remaining on the material, or optionally display the probable cause as
to why the material has expired.

[0045] The device is "unitized" in that all components of the system are designed

to comprise a single hand-held unit. Those devices with visual displays



[0048] 3: Illustration of the basic algorithmused in
the device [0049] 4: Flow chart showi ng a detail of
woOhersevisce' s software. [0050] 5: Sketch of ORET/US2004/012491

configuration of the unit. [0051] 6: Illustration of a

preferred display configurafl®® [0052] 7: Sketch

showi ng how the unit may be programmed [0053] 8:

Exanplreaypbpearatd withdut dhe nkeedoofcmyrddolitibed! doroportents, deextemal

[0054] 9: Graph of the stability curve of whol e bl ood

for tr ' spondi n
3?9?\ fﬁdengr’(ogﬂ'{e?%ﬂa é&&OF‘corﬂFé‘l%hoﬁél sg%Fn% P 9

P(te est no rying out the
tlon %gé@ Det ai | ed description of the
?@“6@‘"? 85B[2WiN%%: hemat i ¢ show ng the el ectri cal
det ails of one enbodi nent of the present invention is
Ki0deh 1: nGFapj;wl‘mmg pobenys sngnoe-Azrhehinsshermal decay curves,

m cr opr ocessor m crocontroller (1) receiving
ther mediond AR W@b&o&?é’t@f@r msmm@%ﬁ deBAp8livesUCh as
a therrmcoup e or erm st or The m croprocessor

recei.ves algorit m, stability menory
(9B o S wgwuwfga&@epﬁa ePlegetfe t her mal
data WO 2004/ 097357 PCT/ US2004/ 012491 17/62 into
(048} i 3 Wustsatipnadre bagiablgodthimesest iadhe device npact  of
the neasured tenperature upon the nonitored naterial.

Pd(ﬂb?lflf om%man(snowmd 4 dbiRiof e devideéciwbran onboard
mer, as well as other general programm ng

kdUéﬁLE?oé@%gbpfeé?c&w 21808 T8t one out put

nmeans. Usually this output nmeans will be a visual

{0odLit6: nwaﬁ@tlaﬂmf la prefesredidigplay eanfiguegtion

[0052] 7: Sketch showing how the unit may be programmed

[0053] 8: Example of statistical data downloaded from the device

[0054] 9: Graph of the stability curve of whole blood for transfusion, along with a
graph of corresponding P(temp) values.

Best mode for carrying out the invention

[0055] Detailed description of the invention

[0056] A schematic showing the electrical details of one embodiment of the
present invention is shown in Figure 2.

[0057] Figure 2 shows a microprocessor or microcontroller (1) receiving thermal
input data from a temperature sensor, such as a thermocoupile or

thermistor (2). The microprocessor (1) further receives algorithms from

stability memory (3) containing instructions for converting the thermal data



di splay (LCD) (4). O her output neans, such as |ight

emtting diodes (LEDs), sonic alarns, vibration,
woadi4mofasequency signals, electrical signals, R0WUS2004/012491

infrared signals may al so be used. This output neans,

here exenplified by a |iquildZrystal display, will at

a mninmm be able to convey to the user the

i nf or nmtbinumdricalatd pmpsttanil tottye etabiliacimgracs bf the nedasubes

unit have been determ ned to be acceptable (here

desi g P 0 r

dosi granBerae e ing HERRbmed rpjtern B MBERR SRRy 1) 4 foicaly

may be additionally used to convey sem -nuneric or

nuner iGNk gn OHQO%%I‘-’H”?QF sERWCas® B@%leé gRbeIE Prograrming

remai ni ng, device identification nunbers, device

secur iinfprmatidmeinsts dvengrdroatdmentapggi ng data and

statistics, as well as supplenental data fields to

[ S

[oegl n“&'?*@ﬁ?%é?gf;@??‘i‘ﬁ'iﬂ’%i% '%%S?Etﬁ%?“ipmt*?aaﬁd#’sgz' tis

and the | | ke. fav red ?rrbodl msn t he vVic

o S 2 B e PRI el oy A HASE:

transceiver (5), which can be used to transmt such

nuner idisplay @.CRIYHN gOtenndiputi masas Zush asrlight emitingdibdes

WO 2004/ 097357 PCT/ US2004/ 012491 18/ 62 [0059]

Al t hougRpgy I%%Flic%%“ﬁ{s ¥ \’Htfbﬁsra@‘ic?frgdlﬁd&'sfgnals electrical signals,

m Cr oprocessor her povver consum ng

circuitr n the unit C ower e

bat ¢ ordic iplsrec AionaR. g & S&rbes%z%ﬁ i owBn{mPeng herd

Volt or 3 Volt coin cell. [0060] The m croprocessor

may opexeonpified by a\)iquigismryst'almplaym@hst a pinimuasbe ablede epnvey
button (7) that zeros and reinitializes the unit. The

M Cr ORpHQ[EFSEH the Wrn‘i’ét@ﬁ tRRthe BRbliy ErbifSctariStRe VR the kil have

i nput means, such as a test button” (8), that sets the

mcro re%%edse grrmut18d [oqbe accep?ab?é: &%rg Egélsgatteh by ama-d symbol), or
non-acceptable (here designated by a "-" symbol). Often, the output
means may be additionally used to convey semi-numeric or numeric data
as well, such as percent lifetime remaining, device identification numbers,
device security numbers, temperature logging data and statistics, as well
as supplemental data fields to facilitate data storage and transfer, such as
internet universal resource locator (URL) addresses, and the like. In one
favored embodiment, the device has an optional infrared light emitting

diode or transceiver (5), which can be used to transmit such numeric data

using standard RS232 or IrDA protocols.



(faster than real-tine) to facilitate quality contro
testing for the unit, or alternatively instructs the
wanod4/bwstransmt optional statistical data thpougis2004/012491
out put neans (5). [0061] In order to make the
time-tenperature unit as ver¥&ile as possible, the
processor nenory containing the material stability
{058] (Althaugh wither grower ourdes argneabstble, micoprensssorddbland other
menory, such as an electrically erasable programmed

read (VD rork g j
e PO e B8 ABing B! W@"ﬁ&“i‘%ﬁ'ﬁ%ﬁ?ﬂ%@ %‘g‘n‘gﬁggﬁglbf trery

from progranm ng deyvi ce extern t it (9

A tor d8 D8 EMPR PR piEEEY B B M) os il agin 631
repl aceabl e chip (such as a nenory card chip), or
{066t Theeminrgprocensaymajeptioraliniiave usesinpliiggeais,isucl as a
the unit. [0062] It is generally convenient to place

al |t h@sef Butteht(7Ythat 26bs dha deihitiglideatthe Ukit. TRE AG&SPRIcessor
therm stor (tenperature sensor), buttons, and display

into a__unjtized e (10 SQ as to present si ngl

dov o3y Sshicptonsif v stecond RS hByftuesiin puch 8 8% bution
optionally have attachnment neans, such as adhesive, WO
2004/ o(@méat eGThestiomprocesaonio rugirean eecalerateding mode
snaps, etc., to enable the device to be attached to

t hose (faméthbRkal iR @ fichifRe qBhIith cohtes| XeAMGTSSIE Unit] &
desired. [0063] In an alternate configuration, where

nore prLecise ni,t oci of. tsid . fure |

dest r clteroaiirelat e B B YeRupl opil el opi, througn
may be enbedded into the case wall, or nounted

out si deutpsit meansc@e. These later configurations may

be preferred for situations where the nonitor will be

Foom? hmi dr8&itbYndke! the titR-l@Riperatate it Revervatilé as @dssible, the
our

processor memory containing the material stability data (3) is preferably
designed to be a rewriteable memory, such as an electrically erasable
programmed read only memory (EEPROM), or flash memory. This
EEPROM or flash memory may be reprogrammed by signals from a
programming device external to the unit (9). Alternatively, the stability
data may be on a replaceable chip (such as a memory card chip), or other
memory storage device, which is plugged into the unit.

[0062] Itis generally convenient to place all the circuitry, including the battery,
processor, thermistor (temperature sensor), butions, and display into a
unitized case (10), so as fo present a single device or unit to the user.

This device may optionally have attachment means, such as adhesive,



configuration, tenperature sensor (2) may be nounted

in the hole or junction between the case and the
woubsidessnor | d, and be directly exposed to thecowssiode12491

wor | d, gaining sone physical protection while

mnimzing thermal interfet¥fe fromthe case wall

itself. [0064] As previously discussed, to allowthis

devi c&/elmobieookapsnipg, elgs toanaldd tHeodevice foche aftaghad to those

stability nonitoring application, it is advantageous

t hat tnhaegéuk @\WLelré 5X’hérﬁfgkHi@tWE&&s@heﬁPﬁVﬁfsﬁé@.H

function data be stored in a non-volatile read-wite

@bgé}? gﬁﬁg%?l Pn%a%}%@u?%@a;\;%r’rei q%%rlgl e%%%%?@l’itgg?g of outside

equi val ent. However if this convenience is not
desi r demperatane-is desizedl therthemnagcouplectt tamperatyesgnsertalimay
read only nmenmory (PROV), or read only nenory (ROM nay

al so b dH6eHdddIRRThe bBsSHER R MAHERBSIdeldIthe case. These
stability data stored in (3) may be in the formof a

)
| ookup table, In. alternate enbodi nent the data ma .
not " baatef Goipurdlions WISk frefiTesl PhemAra Bfe’e e horttor will
rather in the formof one or nore WD 2004/ 097357

PCT/ Uszostugiodigerdly onfroihe matarialdenbeingenitorerh clnisoieyrth hat
automatically generate the equivalent information.

[ 0066]coMligirRB6RA8MPEIature dehsdt (8) Yy behfioitéd fithe hole or
invention are typically ultra | ow ~power

i o uiaieD bepsh hioeae 814 RS Madfylch Al B bl exposed

i ncorporate a nunber of onboard functions such as

ti mer dp the quisileorgrist, grinitigsysing playrsicad peptection| viletrainimizing

digital converters, and circuitry to drive

t enperipbiha iMeAS@hse frdhfthbBRIs Wall itself,

[0064] As previously discussed, to allow this device to be rapidly customized for a
particular stability monitoring application, it is advantageous that the
stability lookup table or conversion function data be stored in a non-volatile
read-write storage medium, such as Electrically Erasable Programmable
Memory (EEPROM), flash memory, or equivalent. However if this
convenience is not desired, a non-reusable memory, such as a
programmed read only memory (PROM), or read only memory (ROM) may
also be used.

[0065] In some embodiments, the stability data stored in (3) may be in the form of

a lookup table. In alternate embodiments, the data may not be stored in

the form of a lookup table, but rather in the form of one or more



famly of mcroprocessors, such as the NMSP430F412,

produced by Texas Instrunents, Inc., exenplifies one
weuel¥/m7sr opr ocessor type. This processor fanPCy/UsS2004/012491

i ncl udes nenbers with onboard reprogrammabl e fl ash

menory, as well as analog t&#®@igital ("AD")

converters, tiners, LCD drivers, reference current

sour c esathemptivet furetionsthet aaocthaticalyrgenenate itmesquivatente,

the stability data nay be directly downl oaded into the

flash; on the same chip that hol ds the other

proceslﬁgg';mécﬂ(g)r?f)onents. [0067] Ot her processor famlies

re also suitable. |t i ot necessary, that .the
[9PBRL Migroperrssasrsisuiteblf e BRRESTHBYSHion a1 fRicall yigp low
that the processor have integrated peripherals (LCD
dri vempower micrspracessoreneith g oonrespondingriors battery dife) . These
However such characteristics are desirable as they

reducen ' i d
008 R e By

One of the key aspects qf the tine-tenperature nitor
di scl S4aRloRE st Srmers, JoWe AV SRRy e onepor R sl
previ ous tenperature |oggers, which sinply WO

2004/ Gong&terpCaHdISROY 10 TPie temparaize sensaral dhe MSP430

record of tinme and tenperature data, and store this

recor Gainfly of RIEPSRrolédsRRl sueh s Bl MBPU3DP412) pRédUcel by TRexas

data, the tinme-tenperature nonitor of the present
invention continually interprets the data and makes.
11t netrignts.Jge- prsmplliss SR6 SLER MRS iy e 1T
previ ous tenperature alarmalgorithnms, such as those

t aughtprogesssRanily, ingades embersewith ennard repregispinakle flash
of the present algorithmcontinually nonitors the

it gpnggtrrg%?g ?gy(gllga%(ﬁg{@gﬁgi@n("mw Chbhviitend, tithdrs, LCD
drivers, reference current sources to power sensors, and other functions.
Here, the stability data may be directly downloaded into the flash memory
on the same chip that holds the other processor components.

[0067] Other processor families are also suitable. It is not necessary that the
processor chosen be low current, nor is it necessary that the processor
have integrated peripherals (LCD driver, timers, reference current sources,
etc.). However such characteristics are desirable as they reduce the
complexity and expense of the monitor.

[0068] Time-temperature monitoring algorithm:

[0069] One of the key aspects of the time-temperature monitor disclosed herein is

the software algorithm. Unlike previous temperature loggers, which simply



tenperatures within the neasuring range of the

instrunent), rather than sinply nonitoring the
webted#m7sy i npact of a few preset terrperature PevaISS004/012491

[0070] The present invention enploys a "stability

bank" concept for tracking 2¥P%bility, which is

illustrated in Figure 3. [0071] Here, a material'

st abi |accymulate paetasd ob imeranddemperatok datatan st¢neyhlbaﬂ¢@rd in

account (B), shown in (1). This account is opened (for

fresh @R @hhoutiahy attéﬁhpt ) iblePbrefPRAEH, tRé time- temperature
stability p0| nts. At regular time intervals, "

stabilit sar rawn _fro thea n
unber i Bk MeprBbent hieiiio Sai By "\t%mmﬂzﬁé«m g ekces
each unit of tinme is a variable that is a function of
bot h t'@inses farwse’ j@gmmtﬁebasgdgmndﬁ Wilike toresiousclemperature
successive neasurenents "A time". This function,

desi graaeslalgotifnis, sich b ke téMldHt bP USRE BB, 206} thelime-
val ues throughout the entire tenperature neasuring

! emper aap s R RR e padh gtiRlr ShoiE: Bori g

monitor the thermal stability of the material in
quest i igwacigh stajility degresiptimrereysinmay ahtemperatareigyels (i.e. all
[0072] Because the Atinme value is typically constant

for angngerfiresiviliin #RITheskLRiIng Yandedsf thd surie@sematiiér than
this discussion, the stability function P(tenmp, A

1) il R B oA v

the material in question. Since materials usually
Q781 i Dreapresairiavendion @mpleys a wigkility bapkp etoncapider trwaﬁ*ng
hi gher tenperatures, P(tenp) will often be a function
t hat hetabifity| @ieh iv@listeatad il Pigare 3.enperatures, and a

hi gher val ue at hi gher

[0071] Here, a material's stability is tracked by the status of a stability bank
account (B), shown in (1). This account is opened (for fresh material) with
an initial deposit of "F" stability points. At regular time intervals, "P"
stability points are withdrawn from the account. The number of stability
points "P" that is withdrawn for each unit of time is a variable that is a
function of both temperature, and the length of the time between
successive measurements "A time". This function, designated P(temp, A
time), will normally return values throughout the entire temperature
measuring range of the instrument, or at least as much of the temperature

measuring range as relevant to adequately monitor the thermal stability of

the material in question.



tenperatures. Sonme materials, however, such as

materials susceptible to damage by freezing, have
wahomroatse stability profiles in which | ower PCT/US2004/012491
tenperatures cause nore deterioration than higher
tenperatures. In this situ#9%on, P(tenp) may be a
function that is higher at |ower tenperatures. Still
[00T2)r Bertiasd b\ ime \wuel srippjeallyatonstznh fdr @y @iventingh
tenperatures, and exhibit a "U' shaped P(tenp) curve,

or mﬂ@@ns arﬁg,m fof the pYPos &b th%‘ dﬂ&gssaohy hefgt&uﬁtﬁ f@ncﬁsﬁm

t he n case where ow at

terrpe tures, h_at h.l re 0074 In
this &xemn & t 'ng""ﬂ(/@q% @Y'@ n‘%?;ya};(g@ [ nun‘Ler
of stability points "P" are w thdrawn fromthe bank
[00E3]y R{ientp) obn bierany fundationdghdt4deqpatelyi gbritors the material in
tenperatures (3), a larger nunber of stability poi nts

"P"ange &moglgef@maferr@r@ GARP BBIEriBMRE Y@ tdpidlf al loWRr A

tinme (5) [ 007 he materi al ages, the anbunt of

stabilit ining in, the t ahi |, .
decr e snbers e hen SR eipeiptsdip Goaul vl oies BR fyfhdtion
zero, the material has expired. WD 2004/ 097357

PCT/ Uizl v Gllowenvalgsatpweo Enaleratures: and iadughey value atthigher
stability bank account "B" of the fresh material is

"F' i@feBtlr8SPSomE dathHANY, IRAEVe?, SUCR a‘é"rﬁél@ﬁé!%usceptnble to
conti nua [y, then the status of the stablllty bank

P empmage Ry iare. bive Blrshore bl eiesah idthioner. ¢

- J . P(t errp) dt
temperatures cause more deterioration than higher temperatures. In this
situation, P(temp) may be a function that is higher at lower temperatures.
Still other materials may be damaged at both low and high temperatures,
and exhibit a "U" shaped P(temp) curve, or more complex curve. For
simplicity, figure 3 shows the most common case where P(temp) is low at
low temperatures, and high at high temperatures.

[0074] In this example, at low temperatures (2), a small number of stability points
"P" are withdrawn from the bank every unit of time, A time (4). At higher
temperatures (3), a larger number of stability points "P" are withdrawn
from the bank every unit of time, A time (5).

[0075] As the material ages, the amount of stability points remaining in the

stability bank (B) decreases. When the stability bank account "B" hits

zero, the material has expired.



O [0078] In practice, the P(tenp) value is usually
produced by m croprocessor algorithmthat relies upon
wdizgitoatssmeasur enents from a tenperature senseCT/UA200a/012491
result, P(tenp) usually is a step function with sone
granul arity, such that P(tef#§2 nay produce the sane
results for each degree or tenth of degree of
067l Mathematidailyt if the, stability bankplequrib('B5ofdtyy fiesh mederial is "F",
equal to P(26 C), but P(25.02 C) is equal to P(25.03)

C. [ OQAAlp(dm©) sthbliith pBfkd S withiPadl €68fIaNE, then the status of
tenperature neasurenents are not t aken intfinitel Yy

ar anatas FEPIEY ey syt Boet &8 fmg BT P MeHE! gf Bteme)
taken at periodic tinme intervals, with a typical

f r equeaveylime, ot ween 1- 60 ni nutes dependi ng upon the
appl i cation and power consunption considerations. As a

10037] {(Equéifon pnt egral of P(tenp) over tinme is
nunmerical ly approxi mated by a summation function,

where each ghkenent of the sunmation function

r epr esBets—t|R¢empld enp) from a different sequenti al
time point. oWDO 2004/ 097357 PCT/ US2004/ 012491 24/ 62
[0080] Thus, for exanple, if tine readings are taken
every mnute, the status of the stability bank
account "B" at "Tine" (or "T") mnutes later is:

Ry 58 e e o By e

theoretical studies of the
algorithm that relies upon digital measurements from a temperature

sensor. As a result, P(temp) usually is a step function with some
granularity, such that P(temp) may produce the same results for each
degree or tenth of degree of temperature. That is, for example, P(25 °C) is
not equal to P(26 °C), but P(25.02 °C) is equal to P(25.03) °C.

[0079] Also, in practice, the successive temperature measurements are not taken
infinitely close together in time, but also have some time granularity.
Typically, P(temp) determinations are taken at periodic time intervals, with
a typical frequency of between 1-60 minutes depending upon the
application and power consumption considerations. As a result, the
integral of P(temp) over time is numerically approximated by a summation
function, where each element of the summation function represents the

P(temp) from a different sequential time point.



material of interest so as to generate a B > 0 val ue

when the material is still good, and a B <= 0 val ue
wohen/bies7mat eri al has expired, or otherw se Ppeaaisem4/012491

an inportant change in state that should be

comunicated to the wuser. P#¥83] Using the stability

bank nodel, and an appropriate selection of "F' and

Pe8@ImIhus Abnesamplieif §mereadings stecipken evéry miioyteothe status of

nearly any material can be accurately nodel ed. [0084]

As fi E)IS%WR cBBurhti"BR aPTIHGEC T E ) niRGtelUthl B! ©
st abi Igﬁstaﬁlrl{l t vviat hdtrjavval g are rrg)Ze, )t he set ability

becones depleted. In this exanple, where P(tenp)
@@Q:ﬁom&%”gﬁomg)/v tenperatures (10), since the rate of
withdrawal js less (11), (12), the bank will retain a
posi tiye UNDBf4f) stability units for a longer tine.
However at fif gher "tenperatures (13), where the rate
of withdrawal is higher (14), (15), the bank is
depl eted sooner. WO 2004/097357 PCT/ US2004/ 012491
25162 [0085] As previously discussed, the stability of

FBEY) oo PR GusRen FRbFERHestapy Bl QK or e

or lookup table. For exanple, enzymes or other .
mat er iradterialipfintarest s Aa fraenasgteBR § yalue wheathe gateriad is
hi gh tenperatures nay best be nodeled by a "U' shaped

P( t enmill heb&arra Bhet 0 galne iHesha nititgial hasierpirad, or otherwise
stability units at both | ow and hi gh tenperatures,

DLt 2 A LT i Bl B Sl sy e o e

resul tussefr.or nost materials, the P(tenp) function or

[0083] Using the stability bank model, and an appropriate selection of "F" and
P(temp) values, the stability characteristics of nearly any material can be
accurately modeled.

[0084] As figure 3 shows, as time progresses, and multiple stability unit
withdrawals are made, the stability bank becomes depleted. In this
example, where P(temp) is lower at low temperatures (10), since the rate
of withdrawal is less (11), (12), the bank will retain a positive number of
stability units for a longer time. However at higher temperatures (13),

where the rate of withdrawal is higher (14), (15), the bank is depleted

sooner.



| ookup tabl e should operate throughout the rel evant
tenperature neasuring range of the unit, and have a
woeopavasare granularity (ability to discrinm parasando12491
generate different val ues for@) of at |east 10 oC or
smaller, and preferably 1 #®®2or smaller. The tine
gr anul arlty Atime, of the successive P(tenp)
[0@85]U A peaitisushhdistubsid, te staility of maoy dnfﬁerent@g@s of epterials
shoul d preferably be on the order of m nutes or

Seconéén bL, %Qézrlate?m%aer(ea %%ai’éf@ﬂseﬁc‘ftl%ﬁ%the[ B@SAD) 15AGKN or

mat eri al oseaprelctabearmunt of |fet|rre every

;'Sm; ﬁqngggmﬁl {f\ﬁl g rg«%nezsm%ﬁg)pa 2 g@ﬁ%rs't egyareséj'&ﬂaged

destroyed by the phase transition event. Here, this
phas e by batisiot (faeziegr ansthigh temparetines teybegthe medeled by a
reaction on top of the normal (constant phase state)

ther may)» gogieRdaidnY) FaRENGR- thithdneistes aFfgh n@rﬁm seatlRy units

corrections to equation 2 may be required.

e

tenpsnme, phase-21 0 [0090] Here in addition to the
t her munitslaintetediale temagratutas. bank nodel shown in
equation 3, the stability bank al so undergoes a second

[0ba&d TaWHtaiR faccrate rebald for MosPAiaférals ies P(teinpRfuntton or
material's tenperature transitions from the

e ol P TRGFHh B R

mater Irr?t—l'asuring range of the unit, and have a temperature granularity (ability to
discriminate and generate different values for) of at least 10 °C or smaller,
and preferably 1 °C or smaller. The time granularity, A time, of the
successive P(temp) measurements should be at least 1 hour or less, and
should preferably be on the order of minutes or seconds.

[0087] Phase-transition effects:

[0088] Some materials lose a predictable amount of lifetime every time the
material undergoes a phase transition, such as a freeze-thaw event, but
are not completely destroyed by the phase fransition event. Here, this
phase transition represents a second degradation reaction on top of the

normal (constant phase state) thermal degradation curve. In this case,

second order corrections to equation 2 may be required.



[0091] For exanple, for a material damaged by freeze
t hawi ng, where the rmterial phase transition is the
worbdasioagsspoi nt of ice, "tenpphase-1" night be RCT/US2004/012491
tenperature under 0 0C, and "tenpphase 2" mght be a
tenperature above 0 oC. Hef¥2 the al gorithm woul d
exam ne the tenperature of the previous tine point,
[0689f (EquattiantBa)t enper at ure of the present tinme point,
determine if the two tenperatures straddle a nmateri al
phase tateT nd and if so_deduct .an additional
"ot ﬁ%ﬁﬁ"fﬂa CU pchiiotey BEHRame i0692] Fi gure 4
shovvs a deta?l of the software algorithms of the
present invention, which inplenent the stability bank
nodel shown in Figure 3. [0093] In this exanple, the
devi ce has a reset button that resets the thernal i
9080 rHeref intandition e e thermaal degeasietion siabditypak Mmagdelishown in
power up. As a safety precaution, however, upon

i ni ti dquayes, B stddilRy BaK &lSo luﬁdéﬂg@b‘a ¥ sdiomd witsdra@al of "c”
2004/ 097357 PCT/ US2004/ 012491 27/62 "Not OK" unti |

o S RS g7 o

pr ot ecY 0558s OF power

Upon initialization, the device retrieves the
st abi Itemperaiaeof aUigdahase state shityednaigrialdo ftfp%gqmperature of a

material, "F' fromits stability data nenory, and

| oads 9dcohdlbﬁa§é‘|§tafdmmhélmatérml mal history bank account
" B" reg| ster. In this exanple, the stability

i) il B el domdod %69%?%‘#“%!@&%“25? the

to be ra{%ldly onflictiuredto handleavarlet%q
di f f erreaterigbRhasedransiianis theyneling peiat efdfe. "HandReteyn” Might be a
types, this reprogranmabl e nenory may be reprogramed

t hr ougempetkitig uritier D oCaahd "teiipailseizSmivht tield temperature above 0

accessible on the device's
oC. Here, the algorithm would examine the temperature of the previous
time point, as well as the temperature of the present time point, determine
if the two temperatures straddle a material phase state boundary, and if so
deduct an additional "c" points from the stability bank.

[0092] Figure 4 shows a detail of the software algorithms of the present invention,
which implement the stability bank model shown in Figure 3.

[0093] In this example, the device has a reset button that resets the thermal

history of the device to a "fresh" state upon initial power up. As a safety

precaution, however, upon initial power up, the device initially displays



external surface. Alternatively, the device may be

reprogramed by radio frequency signals, infrared
weigrabws7or ot her nodality. [0095] In this enmpodiuse/ 012491

the device then enters an infinite | oop, which can

only be ternminated by pre¥%g the reset switch.

Normal ly, upon initialization, a positive fresh "F"

val ue"NaotlOK hantib tHegreretdutton hais rbeeh depmssedgilBisdielpsangtect

the device will indicate an "OK' nmessage. In this

i nf i ”éé&nét‘)ﬂ%@rdeh{b?ldégéé S€pouignt i nual |y checks the

status e running total thermal history in the "

(0 hBn iR 1St o e Tl sl ik A\Qﬁ"b@%o

zero or below zero. [0096] In the next step in the
i nf i ncoreespoogingtth éredie materiaki Ft' fromeits stebilitygata giemory, and
internal tinmer, and wait a fixed anount of tine. The

exact |gk RYntd thé réletheHRSMistbRdMRiREchant "B" register. In this
characteristics desired to be nodel ed. For nost

The. 1 PRemol e SRty il etiar & W b ptagmmeBictigre.

m nutes, however this time may vary considerab IB/ .
dependictyas EERROM ot fash memoappTo eneblghihe devige ip beeanidly
fromhours on the high and, to m nutes, seconds, or

even Ebﬁﬁg}ure@& RindIs 8 GaREE ob Biffefnt Inetere StaliiBPary thermal
After the del ay time |s up, the device will then

{erpe Pty D185 1 reosodfBR TR By kg oe f%%rdg& med

tenperature. The device will then consult_ a
| ookughroagih 8 data inpuhiaelk.svhieh §|r@6maﬂshﬁ<fceﬁélbl?e%m kice's

how much material degradation ("stability point

| 0SS" Jexithhd| Subacs. aNEGHate e HRDdevice naythearepragsammed by radio
tenperature during the | oop-delay-timer tinme interval.

As beffr%aﬁéncyh&gnals, infrared signals, or other modality.

[0095] In this embodiment, the device then enters an infinite loop, which can only
be terminated by pressing the reset switch. Normally, upon initialization, a
positive fresh "F" value will have been stored in the "B" register, and the
device will indicate an "OK" message. In this infinite loop, the device
continually checks the status of the running total thermal history in the "B"
register, and updates it's display to show "Not OK" in the event that the
value in the "B" register falls to zero or below zero.

[0096] In the next step in the infinite loop, the device will then activate an internal
timer, and wait a fixed amount of time. The exact delay will depend upon

the material characteristics desired to be modeled. For most applications,



| ookup table or conversion algorithmis preferably
stored in a rewiteable nenory, such as EEPROM or

w0 b@ghomsenory, that can be easily be reprograreetsiond/012491
order to enable the device to be rapidly configured to
nmoni tor a |arge number of &@@?erent products. [0098]
This thermal degradation or "stability debt" nunber is
t hen thedimerovitt efsebta delayfor araumedel -68 avinutgs, hoywyenthis time
stored in the "B" register. The device then repeats
the 'H’fa'yma cér%%ralﬁ@ga%ndlﬁ‘g Lpén ﬁ\‘éeHHecFFB%bpﬁdlﬂion It may
t her mal I ngs account stored in B" register
falls IOM/zer n.the, devic
ot ecYRITIG e gl bR Tereeiie JE %%% S\%?f&gf@ﬁ%@"é%ﬁ'ons of
the beginning of the infinite loop, and will display
"Not ©Btandalanghednweedy, if the device is intended to
nonitor an incubation or curing process, the pronpts
[0DY71P Afte RN i@ 5 GPl8h&lauvi6E will then WaadlRAMhe et
PCT/U82004/012 91 29/62 display a "Not OK'" nessage
unt i | hi st ory has
whi o STBSTBLTE by ePE e Ty %en%ﬁ%“%s@a%‘*mg e
[00100] El aborations on this basic schene are al so
possi Bmbjerd tempsratiieddbp dewice wilkbensean @ P(fﬁmn) dogkya table,
material is still "good", it may be desirable to

gener %P Soﬁ\fé%lbﬁbl ritHRh Vt_@‘éi_%térhﬁd IRV ritich Gnatbidilidelgtatiation
unmber "B", orlglnal fresh stability nunber

and the
perceﬁtsﬁag@q?wl@?\%s Wi By KisHe0 e Rlenllid)

see the continual degradatl on of stability, and wi| |

have $emperaturaidagng Hwealaomd@t@y-ttrmﬂttm%@twle Asdefore, this

about to go bad. Alternatively, users may view the

Pr ogr esskupNasie of Bohviisiba algdrittm iscprefongblp staeed i a rewriteable
memory, such as EEPROM or flash memory, that can be easily be
reprogrammed in order to enable the device to be rapidly configured to
monitor a large number of different products.

[0098] This thermal degradation or "stability debt" number is then subtracted from
the "thermal savings account” stored in the "B" register. The device then
repeats the infinite loop.

[0099] In the event that the thermal savings account stored in the "B" register falls
below zero, then the device will immediately detect this during the "B"
register value check at the beginning of the infinite loop, and will display

"Not OK". Alternatively, if the device is intended to monitor an incubation

or curing process, the prompts may be reversed, and the device will



[00101] In other situations, users nmay come across

apparently prematurely expired wunits, and be curious
wa0d4monisat tri ggered the premature expirati onPCTWS2004/012491

hel p address these issues, the unit may al so be

programed to display a " p¥®ntial cause of

expiration nessage”. One sinple way to do this is,

upon slisptiay a fNot@dﬁ'l message, Ultrtrga nammad thermal hrst@nsmsay a

“high tenperature” synbol if the tenperature at the
time ghcdhaidd, by wRkRIDORH it Hieh dispISyah "OK" Riegbage.

and/or to display a "Iowterrperature symbol if the

ﬂ?ﬁq@@ﬁ t %ﬂfﬁ%@ﬁs thﬁ!i’]@ Wfr SC% St%%:@#f} Bog%)ij?é a%gh %n"é?e%nrable.

of material arrives in an expired state with a h|
t enperfar exarples white theonaierialis gl tgmd",tlh@abbgﬁeswblﬁw
of high transit or storage tenperatures would be

S ug9e;;feﬁératm&%@é}fo@we%ﬁﬂhBﬁmm&@%ém%%bea% 6and the

[ 0010 More el aborate "cause of expiration

or o1 or¥ GeL B AEND PGty Bna SRR e Saim PosRle e graeh

an onboard tenperature data | ogger that records at
| east artptherpercentagsrife renaaining %?rlast hEhig Mial: dsarp eamgee the
history. For exanple, the tenperature |ogger may

consi donfhud deyrudiaBeh ef staBilty, 8ad diliaveagmewaming inkalance
records the Iast 100 hours of tenperature

cont i e 1 i Fs SRR o BB ARBHeRvely kel FRT g e

to an airplane "black box" data recorder, so that old
dat a iRrOgresSiPA GARN JNCHBANRN Of @IFNDIIRGESEy new dat a.
[00103] In this schene, the product expiration trigger

[0D103R€ dthbr%ﬁt@ﬁtldrﬁeuﬁm (miai»ecrome atrossiappdrbathsprieenatargly expired

that an airplane "black box" data recorder stops in
units, and be curious as to what triggered the premature expiration. To
help address these issues, the unit may also be programmed to display a
"potential cause of expiration message". One simple way to do this is,
upon stability expiration, to have the unit display a "high temperature”
symbol if the temperature at the time of stability expiration was unusually
high, and/or to display a "low temperature" symbol if the temperature at
the time of stability expiration was unusually low. This way, for example, if
a shipment of material arrives in an expired state with a "high temperature”

symbol displayed, then the possibility of high transit or storage

temperatures would be suggested.



the event of a crash. (Unlike an airplane "black box"
data recorder, however, the nonitor remains

woani#wal |y powered, and thus can keep suppl eqemisalo4/012491
counters running that can record ot her useful data,
such as the number of hour’®®éince the crash occurred,

as well as the average tenperature and average
[QGAG2)Moom elahotaternauae of exrifation” caramunisatian $an)es grg also
this schenme, as in the case of an airplane "bl ack

box", hé4nIBOH} ohé&preRdred@hBodifent, thedévies additioriatly contains
fail ure Is likely to contain the data that is nost

]9 Z,er ﬂlﬁgtoggggrtgeté%nﬁgﬁg&gt a?apigﬁgéretngg ekgr%gga{é é%ﬁ; H{eerpﬁst recent

context, because unlike a typical tenperature 9%ei
whi chpestioh of 8te mm?sg@eﬁﬁ@dvﬁtQWofFOé%ﬁ@ﬁ@@ﬂ? ’femperat ogger
information, only the nost useful portion of the data

i praeiicRdist O 4 Rendteelordtit tagr sietdge MENABOALDRTASS the
PCT/ US2004/ 012491 31/62 sinplifies data anal ysis.

Here, b e the. u Yort

ol ol 100 FGuis E fiPorg g ekt %eé“ﬁa%?%%%“r Pege

the tenperature dmastmedlntheﬁMalo

not ndbissvamoryisiseuinualy seasedand rewEHYd AN awﬂ?rm@m%g toan
menory, and enables the use of |ower cost electronic
devi cefplahB0B1Rdk boXtdRita Asdomiryso that aldaiata Brantinyallfdteing

| ogger Fhat continually nonitors tenperature may be
used, wherein th oduct expiration trigger is used

to nﬁ?‘ﬂ”%‘?{’ W]b%‘& deLa the recorder that separates t he
pre-expiration data from the post- exglratlon

061@3]\1@;}1ls apheing|tag gg@@cmxpgpporagtgger dto stop%e recorder

tenperature data, the nost relevant portions of the
data GRmueh thé 5amE ivalyethat atedigplanentiotack box" data recorder stops in

the event of a crash. (Unlike an airplane "black box" data recorder,
however, the monitor remains continually powered, and thus can keep
supplemental counters running that can record other useful data, such as
the number of hours since the crash occurred, as well as the average
temperature and average deviation in temperature since the expiration.)
In this scheme, as in the case of an airplane "black box", the most recent
data prior to a premature failure is likely to contain the data that is most
useful to determining the cause of the premature failure. This scheme is
particularly useful in this context, because unlike a typical temperature
logger, which will log large amounts of extraneous information, only the

most useful portion of the data is presented to the user. This greatly



[00105] Programmability: It should be evident that the

particul ar advantages of the present invention, that
wohommwesaccurately and realistically sinulati RgTUS2004/012491

stability characteristics of a given material of

interest, usually will requPV& significantly nore

dat a than the limted nunber of fixed tine - fixed

t enpersimhplifiesalata analysis.c Herep begausertheuser knover thist only the most

maxi m ze the benefits to the manufacturer and user,

in a

the faEds ﬁﬁa BB lor! 85 AREnied W8 o

enabl i nctions or relati

o e dBta S9R0 bR A6 B 088 MEEnScRRA B ABLR S PR Bmne

unit. [00106] In a preferred enbodi nent, the present

i nventstampad,Whiclosassrmemarys and enabled e wast offeweidcost

progranmm ng and reprogranm ng of the device, as well

WO 20%4%2 DfiodeVitel, US2004/ 012491 32/ 62 as nmeans, such

as checksumverification, etc to ensure that the

P Bt 00 BEnB i Bt BREov el BRI

transfer, infrared data transfer, and radi o-frequency
data ttempefature m@y)tnen]seq“,ivmarelleltbq prodget expiratien friggepis used to
desirable to incorporate a software tine- delay into

the u %érkséh ihB&k irf e trekorddahkiedepariys thal preadxpaatidr@ata from
unit, pack the wunit with the material of interest,

? ? gnts :}E Eg{ %}ﬂ)lrggelk da{as qﬂ gu %%gﬁ@gqﬁﬁ?%ckm gll data logger

el ectronic time-tenperature wunit is ogeratl ng
pr emattemperaturbodata.dbapnass relevsns portinas gethecdata 6am Rar e
may be configured to enter into a sinple tine-delay

| oop bgin&fReldterntiféd.i al i zation, and commencenent of

stability nonitoring activity.

[00105] Programmability: 1t should be evident that the particular advantages of the
present invention, that of more accurately and realistically simulating the
stability characteristics of a given material of interest, usually will require
significantly more data than the limited number of fixed time - fixed
temperature alarm devices of prior art. In order to maximize the benefits
to the manufacturer and user, in a preferred embodiment of the present
invention, the finished device is programmable or reprogramable, enabling
complex P(temp) functions or relatively large P(temp) lookup tables to be
downloaded into the unit.

[00106] In a preferred embodiment, the present invention will contain means to

enable automated programming and reprogramming of the device, as well



[00108] Security: Once a tine-tenperature indicator

has been initialized, it is often inportant to
wOonemropmsat e security nmeasures in it so as to pPCEWSH04/012491

di scourage, or discover subsequent tanpering with the

unit, Here, software secur¥¥®% methods may be enpl oyed

that allow factory workers a |imted anount of tine

t 0 r eagmdane, suchtasi ahecksurh aetifinagion,ait., tchensupe thad the P(temp)

users fromresetting the unit to a "fresh state" in

the f HSﬂa%é@béeﬂtp?&S@rR/t erftéred@ich §8€ins GRS epPiceable memory

transient power fallure, and | ocking out subsequent

changes, to the unit's status, Alternativel har.dypar e

secur Fhips sl st dieBRfehdni aR dea. GrrRiv: Shg sehipYiy avency

stickers that block access to reset buttons, etc.,

nmay adsia thenstesed. In an alternative and preferred

option, the device nay generate a random nunber every

' deyrdre it ft time-
g e T

be generated by, for e le, using the.. | east . ,
o g AelesiRogRg uni oot elerd nctesh oy il e i pack the
measurenents. This random nunber can then be out put

by t hendeithdee materishotintdrgstt ard transport the finished paekage to a
later time, the status of this random nunber changes,

then thaspisHRiiok ABWR, Willdlut ESR e iHat thedectRRfidtime8iperature
[00109] Unitized device configuration: [00110]

Typically, the.unitized electronic.tine-t r.

i cAiHe eRRTRE e eb, e ERP TR . e RpfiGe Souare may
operate as a stand-alone unit, often placed in a

shi pmibetcoofigurad teentepintaafsimpld tims-delaytospihetween unit
interest, such as an intra venous bag containing a

per i shafdiRafbn! dnd R¥nMHerEhfsit YEstAbiligtrheritoring actbity.

attachnent.

[00108] Security: Once a time-temperature indicator has been initialized, it is
often important to incorporate security measures in it so as o prevent,
discourage, or discover subsequent tampering with the unit. Here,
software security methods may be employed that allow factory workers a
limited amount of time to reset the unit in the factory, but then prevent
users from resetting the unit to a "fresh state" in the field by intercepting
any reset command or transient power failure, and locking out subsequent
changes to the unit's status. Alternatively, hardware security measures,
such as tamper evident security stickers that block access to reset

buttons, etc., may also be used. In an alternative and preferred option,

the device may generate a random number every time that the device is



[00111] Figure 5 shows an exanple of one such

stand- al one configuration. Here, the circuitry is
wenae4meesd7i n case (1) which has a liquid crystaCT/US2004/012491

di splay (2) that displays a "+" synbol if the thernal

history of the unit is accep¥®ble (shown), or a "" if

the thermal history is not acceptable (not shown). The

uni t aekitt Thisabhgoro ontidenmay becgamesdibd by for egmplRausing the

holds a coin cell battery (not shown). The back of

the up i bddsQieal e hiRgRlrements.

but t o%@e{s&;@h@%@ r(n:thﬂ?tg g@nbggggéeég g{&g drfg%'ﬂte&ta F]heret her tr#rfl

hi story,.of the unit bac to a "fresh" state. This ,

enabl &S FROER; UNIREr G&n g?%'b%? PV‘DHLW e ey e AersrRe Py the

hi story set to zero) upon first use of the unit, and

pot entuset. | lf, atlsemedatabtime, theestatns of this readsmchunmties changes,

may al so have a "test" button (6), that enables the

uni t ttﬁerpﬁ{gf&réwkﬁévtfﬁml tdeids At deRRTedét. an
accel erated speed WO 2004/ 097357 PCT/ US2004/ 012491

Qo Gk SOVERE The it Lo be rapi dly

tested for quality assurance purposes. [00112] In this
061 0)dypimailprihe uhiizethelecionie ipertampetatyrerindicatpg device of the
exposed to the outside environnent through a sensor

nount gfletht iRNHSS RilldpetA6 s @/Stand-Alding upKPEERSpIaES] in a
sensor to the outside tenperature, while keeping the

overal | ,surface of the unit flat,. .Thi £i [

o) T onshigey SoRtasr e attito ayirteralinE b erihak filave
sensor and the outside environnent, while mnimzing

t he chenous bag dantatping apetishablendrug, byaari adhesivengr qther type of
easy to use adhesive to press the entire surface of

the Udiachm@at.nst a flat surface on the material of
interest. [00113] The unit's data input jack (8)

ﬁ)‘&qt?%]el-slg&rteq?érlldvxtlsy and3}3%5|8 o? 5nd SO &%—%Hn@tc%nﬁguration. Here,
the circuitry is enclosed in case (1) which has a liquid crystal display (2)
that displays a "+" symbol if the thermal history of the unit is acceptable
(shown), or a "-" if the thermal history is not acceptable (not shown). The
unit additionally contains a removable lid (3) that holds a coin cell battery
(not shown). The back of the unit, shown in (4) additionally has a "reset"
button (5), which can be used to reset the thermal history of the unit back
to a "fresh" state. This enables the unit to be properly initialized (thermal
history set to zero) upon first use of the unit, and potentially also enable
the unit to reused. The unit may also have a "test" button (6), that enables

the unit to perform P(temp) determinations at an accelerated speed



the finished unit. This input jack allows

general - purpose units to be easily and rapidly
weewtomszzed for many different products and usBGT/US2004/012491

[00114] The unit may additign |1y contain a data

out put neans, such as an in Y% ed data transmission

port (9), that nmay transmt additional statistical

i nf or kYPIcGHY 68 'dgéﬁ@.o"mﬁl hemgymalrate)i Jhisr destbyutioneenables

test button (6) or other button (not shown). [00115]

To pr ehenhit tp® efgidlg tevtdd ol Bealfe vEsifanéd Blirposes.
initialization, a tough adhesive security seal (10),

(0182t SORUPy IR it gl rorbGe PP 18

di scourage users from resetting the device. WO
2004/ GYEy epdronosad $1Pealva sensgmamtedon 118 case swiees (7).
situations, it may be advantageous to nount the unit's

t enpe Misiexposes $t sdrspr fd thebutsidd feengepaturd, Whlle kespthg e
side of the unit's case, but slightly outside the

case. ' Al : Lt OrLE ,

{ enpe At BRodBr Bt TR RR iR fgr good
cont ai,ni ng bl ood, “EI atel ets, chenother apK, )

ant i bit%mpg'?,t“@re%‘t“ etiop detwapndhe sgaseand the gutsige | as
many ot her applications. Here, the rear of the case

may alenvircronéal, while mirioisg the chaned of derhadgd® the GeAgdt, and
be affixed to a flexible bag containing a fluid; or

Cenper bt Sasplohe¥ &itshe o Brasg'ia BRYE AEE b Jrit®
rmnitori{%%btﬁ?leterrperature of the test material.

[00117P2 8t gprigcs\pp the material gpindaresthe di spl ay (1)

of a preferred enbodi mrent of the present invention,

[06¢ 63]Fbeatnittsoddia iripubjack(@)eeriables stability datd odie Pogehmmed into
the finished unit. This input jack allows general-purpose units to be easily
and rapidly customized for many different products and uses.

[00114] The unit may additionally contain a data output means, such as an infrared
data transmission port (9), that may transmit additional statistical
information to users. This may be triggered by the test button (6) or other
button (not shown).

[00115] To prevent tampering with the device after initialization, a tough adhesive
security seal (10), which may contain a hole in it to for the temperature

sensor, may be applied to the back of the unit (4) to discourage users from

resetting the device.



i ndicator (2) that can be clearly seen froma
di stance, as well as a smaller nulti-elenment

WO boofteei3se bar” (3). In the fresh confi gurati oPCT/UR®04/012491
device will normally resenble (1), show ng both a "+"
(good) message (2), as wel I13%%¢ a full lifetinme bar
(3). [00118] This lifetime bar (3) nmay be generated by
[eotA)in sumebituatipes.dtmeyde adivantagecumiotrneuntfthe yhit's
stability value "F' now remains in the device. For

F
exa ' bR onive
o B AT T R L b
anmount of stability units remaining i,n th evi.ce: s.
et apFesepob ity oihe sEEEe this2Enid Jsafu i hbicting the
nunber of stability units in the bank when the

mat er texhpérature obh flexigiedoitarenous §v) rgransziong,/aacd glatelets,
36/ 62 [00119] As the thermal history of the device

Pr ogr ea&Mstheldly, ahfiblidst ¥r Gthef patishabRrhaterialc a8 west as many
tracked as shown on (10). The stability bar (12) wll

show a, decrease in, storage lifetine '

st or aQther iaPB‘fqa\i'B”?-ngfq’ I“?egﬁc?@g P{ ﬁ%c,ase {‘ﬂa g{t %%@oéérﬁgﬂ%ood

i ndicator (11) wll continue to show a "+" &)good). .

[ 0012@phexicm subk thatdaritag deader affixerble a frxilda pagcontaining a
stability life (20), the good/not good indicator (21)

Wil il eRbthir AIABHEE of BtetedlOln BROEorTIQNFAtion thikitemperature
(21). This display mght be used if, for exanple, the

bei ng e e 6o 8 oyt arpAlad B E s sripfatle bftne

envi ronment. [00121] In sonme cases, it nay be
desi r dstenateriall so i ndi cate the probabl e cause of end
of stability life. This is shown in (30). Here, the

SRAPPSaE o st s of O o ifred copmnen o
the present invention, incorporating both a large "+", "-" good/not good
indicator (2) that can be clearly seen from a distance, as well as a smaller
multi-element "lifetime bar" (3). In the fresh configuration, the device will
normally resemble (1), showing both a "+" (good) message (2), as well as
a full lifetime bar (3).

[00118] This lifetime bar (3) may be generated by computing what percentage of
the initial fresh stability value "F" now remains in the device. For example,
the height of the bar can be displayed to be proportional to the B/F ratio,
where B represents the amount of stability units remaining in the device's

"stability bank", and F represents the potential number of stability units in

the bank when the material is fresh.



stability bar elenents (32) is shown turned on. This

m ght occur if, for exanple, the device was recording
wa@2vighr3senperature at the tine that the stabPCT/U§2004/012491

lifetime had reached zero. Alternatively, as is shown

in (40), if the device was®f®cording a | ow

tenperature at the tine that the stability lifetinme .
[00:4d 9 Aa tectiemnal disteryoof garodevier prgatrsseadhe alability ghithe material

woul d again show a "" (not good), and one of the

| ower brhé horEse 0oy, A& stabiidbalr (12) Wilrsheds n.
[0012%?cﬁ %Fﬁ%ﬁe}ghé%{ and- al g‘tr?z oper ;t m [ s(bh)i ghly

ful,, | t N di. mer - ' .
be- 1 nEsrpERRaPret etmEe e e brape [fegfie e S fisfive,
alternative but conplenentary purpose. In one
conf i thergaadaret gaod indicaigp (2 bouill portime echowsb94peada91

37162 tenperature nonitor operating according to the

(661205 OPLe ShelproalisiaRe rBaciRidthe @AY dp s srabilitplife 42@) tHergamd/not
a pufp that punps perishable |iquids. One exanple

woul d_be, an.insuylin . ' :

or ol ofgec el ool ieal BhERGEK, £ Boliotchnbition 20
woul d be an intravenous _medication punp. _%00123] In

sti | | Thisttisplayamight be weed iy for examplep theqeaiegakipd igached the
operate as a plug-in card or nodule, so that it may

be af bhe@flitd Shelf IF6Whilb dBing expbsed &l a genarhllyascceptablésthermal
bag of drugs, for transport froma pharmacy to a

patient.i Urr?n arrival at a patient station, such as
an IVeBﬁFﬁi{) ?rﬁe time-tenperature card nay then be

pl ugged into or otherwi se interfaced wth the | unp
[@@ﬁ%éﬂ somp §asess itapRbe degirabd toale Bidissis e %Pbg{"g cause of
controlling the IV punp may becone aware of the

t her mahndhvr sty Fé. This islshowh ra(30).t Here, thegdodinot good
indicator (31) shows a "-" (not good). Additionally, one of the higher
stability bar elements (32) is shown turned on. This might occur if, for
example, the device was recording a high temperature at the time that the
stability lifetime had reached zero. Alternatively, as is shown in (40), if the
device was recording a low temperature at the time that the stability
lifetime had reached zero, the good/not good indicator (41) would again
show a "-" (not good), and one of the lower stability bar elements (42)
would be turned on.

[00122] Although stand-alone operation is highly useful, in an alternative
embodiment, the device may be incorporated into a second device with an

alternative but complementary purpose. In one configuration, a time-



[00124] Although it is contenplated that nost units of
the present invention will have a visual interface,

W kiog/ovmed not be the only interface t hat the PEVUS®04/012491
I s capabl e of presenting. 57 n alternate
configuration of the invent é the device may al so

i ndi cate an acceptabl e or unaccept abl e thermal hi stor%/ )
by arlepPemtyareonighRPeIatng aererdieg te themmrinsinies dislased herein
comuni cation neans may be by sound (sonic al arm or

si gnalmay led Bebpoeated #itgagump thkt piirgs pestable liquids. One
radi o-frequency signal, or other communication

T ¥ OB 4 o FGHEE 5L G0A e Bl

In sone cases, the device may be hooked up to the

| nt er PEfiods Ry diabgfiesrf segand Q@m%wegld\heaa%tnérﬁwws
Internet protocols. W 2004/097357 PCT/ US2004/ 012491
38162 nhétlidatfoh pdimihough, in many situations, the unit's
sensor will be a tenperature sensor, other situations

0925 1A 88 ShdPod¥es! m@age{ce%ésﬁeé HEAGnaPlo iR as Plugin

m ned accepta I'ty "or nonaccepta
al so be sses t hg di scl osed herein. For
exanpCBrd SrTaviE, spdel € b ERATRGCLIRE PThEbeaTIS 6k ayeh as
be a humdity sensor, (and/or et hyl ene oxi de sensor if
moni t @niiNdagfof posgs; fmﬂmesmomtyoﬁnwbharmﬁcym agiaiént. ipon
desired) and various conbi nations of tenperat ure,

hum digkpy d&%’f‘é’ Qﬁerﬁtsg%ﬂbﬁ”&cﬂxésdé?‘) I\P&S’m{) ttOIrI mcen %{ature card

nonitore gener any sensor
of detectable wherei n, the signal pertajns
o enIOHRR RE ISR P &f Gl Nie TWayePHHpHSk Tl pump, 3o that
functional properties of the material, may be used.
[ 0012&he Micrgpracessoy ot micrdeonitotier dﬁrﬁr@ﬂing hiee NFpurap nay become
P(tenp) data have been

aware of the thermal history of the drug that it is pumping.

[00124] Although it is contemplated that most units of the present invention will
have a visual interface, this need not be the only interface that the device
is capable of presenting. In an alternate configuration of the invention, the
device may also indicate an acceptable or unacceptable thermal history by
an alternate communication means. This alternate communication means
may be by sound (sonic alarm or signal), electrical signal, infrared signal,
radio-frequency signal, or other communication modality. Examples of
radio frequency signals may be 2.4 GHz Bluetooth® wireless signals, and

the like. In some cases, the device may be hooked up to the Internet, and

communicate its status via standard Internet protocols.



cal cul ated, the "F" value and table of P(tenp) val ues
are downl oaded electronically into the device through

w0 b@49i3s7 s data i nput jack, or manual |y thr oupdiT/Ds2004/¢12491
chip placenment. The programmed device is then ready to
use. [00127] To do this, the®¥%ble of P(temp) val ues
i[a‘ﬁ tered into a data downl oad program which may
r

Adthereghs imenany sHyatioss. theonit'seensoheill bepr egenatiine

system The device is then connected to the PC s data

t r ansf genguoy bthei SitatloRSARERN ths BRlecthistBAotBied !
transferred. After the data is downl Qg%led, etﬁfér@dvaue must

progra ] r.on the devige.itself

Bt P SR8 R e B A e Rt s e ssssssed
conmparing the data to WO 2004/097357 PCT/ US2004/ 012491

39/ 62 8Y B1fc®rt\9Rs disclosrd hetsin. ber exsnpledneitondtecatigastions,
is shown in Figure 7. Here, a progranm ng devi ce,

such athessepeosmagbecoiigtidry sérsor! (BRI B er@ah @iV isofif
programm ng cable (2) to a progranmabl e él ectronic

: Ihgep r Egﬁgﬁi@tdw L@%@Q%ﬁ?{&{@g@%&gg& Zt%]ﬂﬁ g%firo :q?iargg Various

additional., quality control (QC) testing and
veri f i CYNPIpRtIONSR dempa@tyra; hungidiy (and/gr ethylenp exide)earichtime
an optional high-speed "test" node, is useful. [00129]

To f acinky betraoniteed.nint denerawHyasndol RBNRON é’rW"’t‘?Pé of
the device can be programmed with a variable™Start

) *341P8aR| ot PhetGinifo SERH Bk o S oief T

and pacr@ e bhe unit before nonitoring begins.
[ 00130%° gwp‘ &t may jmpapt the fupelionebpispetiesrad theomatesial, may be

used.

[00126] Programming the device: After the "F" and P(temp) data have been
calculated, the "F" value and table of P(temp) values are downloaded
electronically into the device through the unit's data input jack, or manually
through memory chip placement. The programmed device is then ready to
use.

[00127] To do this, the table of P(temp) values is entered into a data download
program, which may run on a personal computer (PC), or other
programming system. The device is then connected to the PC's data
transfer port via an adapter cable, and the data transferred. After the data
is downloaded, the program and microprocessor on the device itself may

automatically check the success of the download by comparing the data to



[00131] In order to properly configure the device, the
stability of the material of interest should first be
w@hb@raesTi zed. To do this, quantitative "naxiPCIUS2004/012491

acceptabl e deterioration” criteria, should be
establ i shed, and used to d&&rnine the material's
stability lifetinme when the material is stored at a,

var i eaghedksdit. f Arsshematieptinia dowoadracessisishowp in Figure 7.
lifetime at the various experinental tenperature

| evel ggies otdd6GrafhiAg detid, suththsus setsanalicopiputert(t pirarisneits
stability programm ng cal cul ati ons. [00132] Using the

experi,mental data, a.cur ' ' -
qencr HPEDVeharidteaiie s 20, G AR sEtonis tme-
used to calculate the stability lifetinme at

i nt er temaiesetore indiseiai(8: es. WO 2004/ 097357

PCT/ US2004/ 012491 40/ 62 [00133] As an exanpl e,

[601128] B8ford uS&TH® Programatédi unite Wil eallgbegubjettad foradditional
Insulin is commonly carried by traveling diabetics,

2? ! t \émﬁ%[glitggéq rg;l 2@?5 feoslct)if\g %ﬁg 9/3 ati&ﬁ.r E-fégf qlgé.r Yits ﬁﬁﬁysto

e ange et.
al. 'Galenics of Insulin' [Novo Research %Pnst itute,
DenmaeReragyin anyentioval high-spead Yost” mader Siuset!t hat a

particular type of insulin, called "ultralente

[bomg TR faciftafe ddesinfiied hemufagtsinglenirbnmentatrecdevidestandse
[00134] Table 1: Experinental Insulin stability data

{nsul PRoGpResgEta faloy fn EiesHG gEPRYF, Boffben® and
dat a 1448 rjges ekdag: 3T APYRID TATIANET Falte pilze and
si mpl e exponenti al

package the unit before monitoring begins.

[00130] Example 1: Insulin time-temperature monitor:

[00131] In order to properly configure the device, the stability of the material of
interest should first be characterized. To do this, quantitative "maximum
acceptable deterioration” criteria, should be established, and used to
determine the material's stability lifetime when the material is stored at a
variety of different temperatures. The stability lifetime at the various
experimental temperature levels is then determined, and used as input into
the stability programming calculations.

[00132] Using the experimental data, a curve or equation is then generated that fits

the observed data. This curve is used to calculate the stability lifetime at

intermediate temperatures.



Arrhenius equation through part of the tenperature

range (e.g. the range greater than 0 C), but sharply
waelewirasBss7 from t he sinpl e exponential  Arrheni BGT/US2004/012491

equation below 0 C. As a result, prior art chem cal

time- temperature indicator®®2and other prior-art

time-tenperature indicators based on exponential .

(001383 Al 25 exatriptalsonsider ajmn@ntyw@déaia@agleﬂw%ﬁw'@r Insuiin

insulin stability throughout the full tenperature

r angeis(édfﬁ}hs?&/ lMrried®y thvekfy Biabefdis BUNLiR idetkriorate drexpbsed
transport and storage conditions. As we shall see

short rior . ar l.ect roni r

cannotd SHFSEE (SR FUfPRu AL TR Gty 1Btk Rt 2.
t hroughout these tenperature ranges. WO 2004/ 097357

PCT/ US2derit® oblneulin’ Mq\@z??wmsmsgwtee DenataridiSrripger-Verlag,
poi nt of maximumstability (4 oC), the insulin has a
fresh 198y ghlefinelf thatfa ;ie&tmeaﬂzpe of ind@iF) 3dlidwuitmalente
Thus, in this exanple, using ours for the tinme units

to sinplify, the calcu LOAS: 1 2. = nunber of
time %@eﬁ#ﬁa@h&%@%&%@ﬁ ?@Q?éf%é*e"#%fure = 165984
hours. [00138] So the stability bank "B" for fresh
[ 34]iTablen || Experireerial |P$H|H1i5&¢b'%tléﬁé§t of "F' (165984)
units. Mreover, if the insulin is kept at a constant
4 C tenperature, P(tenp4c)ragéoul d deduct 1 point per
hour fromthe stahility bank "B' and the stability
equation (3) is: Infl0§3Yty {tFerivas femperdfyreF(Ge B = F - Y
P(t enp4c>
Insulin type <0 °C 4°C 15 oC 250C 40 °C

Ultralente 0 days 19 years 2 years 4 months 1 week

[00135] This data is a good example of a material that follows a simple exponential
Arrhenius equation through part of the temperature range (e.g. the range
greater than 0 °C), but sharply deviates from the simple exponential
Arrhenius equation below 0 °C. As a result, prior art chemical time-
temperature indicators, and other prior-art time-temperature indicators
based on exponential Arrhenius methods, are unable to adequately
monitor insulin stability throughout the full temperature range (typically -20
to 70 °C) encountered in normal transport and storage conditions. As we
shall see shortly, prior art electronic temperature alarms also cannot
adequately monitor insulin storage stability throughout these temperature

ranges.



O thus: Tinme B=165984-El 0 or equivalently: B
=165984-Ti ne [ 00140] To determ ne the P(tenp) val ues

WO 200402713pEr at ures above 4 OC, the experi ment aPCT/US2004/012491
stability lifetime data is nodel ed by a best-fit
equation. The nature of th#¥Zquation will vary
according to the specific material being nodeled. In

(0B 36]&cderthas at theepainttaf nfaximum sbakdity (426), Seninsulindisi sresh
an "hours of lifetime" format, and anal yzed using a

M i 04/{ 956508 / i
121 52 e LA Sr g i Ea e T hanad | ot ARars b

to 40,CC ipsylin data fit > f ol | qwi. ng. exponenti al
cquat 1O ths et pos torsimely fus, Selpelcts;
Stability-lifetinme(hours) = 0.77e0.1752T where "T" is
0A&3TiFve numbeh ot tirge L0itsL alXptimyng stabiliti ieepenaiur celfsPe4
val ues for various tenperatures, it is inmportant to

note taafs.at a constant tenperature, tenpo, equation
(3) becones: [00143] (Equation 6) B=F-P(tenmpp) T

Now hy.definjtdon, the stability |jf.edi I Si¢ ~f mEw
R3S MR B B B BDl e Bl oo
zero, so at the stability lifetime limt where B=Q
equat i(#65984) units. Moreover, if the insulin is kept at a constant 4 oC

temperature, P(tempac) should deduct 1 point per hour from the stability

bank "B", and the stability equation (3) is:

[00139] (Equation 4)

Time

B=F- ZP(teinp4c)
0

thus:

Time

B=165984— Y1
0

or equivalently:

B =165984~Time

[00140] To determine the P(temp) values for temperatures above 4 °C, the
experimental stability lifetime data is modeled by a best-fit equation. The
nature of this equation will vary according to the specific material being
modeled. In this example, the data from table 1 was converted into an

"hours of lifetime" format, and analyzed using a Microsoft Excel



(6) becones: [00145] (Equation 7) O = F -P(tenp,)T so
solving for P(tenp' ) , then [00146] (Equation 8) P
woem4)09Bs¢ P~ = T [00147] Thus for any given PCT/US2004/012491

tenperature > 0 (r)C, P(tenpo) is equivalent to the
lifetime of the material "F“?%2 the optimal stability
tenperature, divided by WO 2004/ 097357

PCT/ USS6adisherh progrars/ Excelisbowat dhatdhe d oCi tb di«Gensidlin data fit
the material at the particular given tenperature

(t enpt the FHRANGAS bxpohenbibiSequatisn hnute%é@' lity exanple;

the experinmental data fromtable 1, the rraxumm

B} aelion 8 | Soirky, (Blmshits) = 820ehMad iherm s the tme

equation (8) to produce a tabl e of P(tenp) val ues,
with antelfferature granularity of 1 oC, that covers
the full tenperature range between the | owest and

[00HeETo aaterhing®hé Rliefp) dalubd Fdthvariol @R Eratufe 'itqsefmﬂd?tant
insure the safety of the tine-tenperature nonitor, It

d hi
pounday ;r&’g%n pfgbofdhd ‘%{9@8 eﬂ?%a SR %@@.ﬁﬁfﬁ%@
deqqgi(%qughér{g)l ente insulin is known to be damaged by

B=F - Pltemp,)T

[00144] Now by definition, the stability lifetime is the time "T" when the stability
bank "B" first hits zero, so at the stability lifetime limit where B=0, equation
(6) becomes:
[00145] (Equation 7)
0=F —P(tempc)fl‘
so solving for
P(temp,)
, then

[00146] (Equation 8)

Plremp,)=

[00147] Thus for any given temperature > 0 °C, P(temp.) is equivalent to the

lifetime of the material "F" at the optimal stability temperature, divided by



freezing. Thus P(tenp) values <= 0 OC are assigned a

very high point value. This way, the tinme-tenperature
woum4t0o73sm | | qui ckly show that the product i BCT/US2004/012491

unusabl e upon the detection of freezing conditions.

Sinmilarly, at very high tef¥® atures, insulinis

i nactivated with accelerated kinetics. Since, in this

case, theealgulataddifetimelaf thedvuatedal atthe partiaier givan tampergiire

time- tenperature P(tenp) values for above 40 oC have

al so t@@ﬁbc ssigned a very high point value. This way,

the tine-tenperature nonitor will rapidly show that

[0 B b F R o s SRl Sl Mo e 1.t

avai l able. In practice, it is advisable to collect
dat a oweximum siebility ldefines Feraf 16A984. andribe bast fi stabilty Wfetime
so as to WD 2004/ 097357 PCT/ US2004/ 012491 44/ 62

I Nsur esduaBion (Sletdr be aoMbinelwith"&patien (8)Ne produce a table of

ti me-tenperature indicator over both expected and

{ermerasine) Gl ehBRHEm srandady o IS5 et govgre e

the experinental data of Brange et. al. to produce a
t abl e temppratwiggpngebelueen thyayreshpad bigbapt expetiaental data
bel ow. [00151] Table 2: P(tenp) cal cul ations for

I nsul i goigsabi ity between -20 to 70 oC Table 2
Lifetime Tenp oC Hours P(tenp) Notes -20 1 165983 Low

W%ﬁrnyordé‘r%'irps%w %%rélafety Jof ahe]tﬁﬁé)%mb'@r\gttpg %%%X it is important

that both the low and high temperature boundary conditions are properly
addressed. In this example, ultralente insulin is known to be damaged by
freezing. Thus P(temp) values <= 0 °C are assigned a very high point
value. This way, the time-temperature monitor will quickly show that the
product is unusable upon the detection of freezing conditions. Similarly, at
very high temperatures, insulin is inactivated with accelerated kinetics.
Since, in this case, the available data do not extend above 40 °C, the time-
temperature P(temp) values for above 40 °C have also been assigned a
very high point value. This way, the time-temperature monitor will rapidly
show that the product is unusable upon the detection of temperature
values beyond the range of the data available. In practice, it is advisable

to collect data over as broad an experimental range as possible, so as to



0 165984 165981 Low boundary 1 165984 1 2 165984 1 3

165984 1 4 165984 1 Data point 5 82992 2 6 82992 2
WO30R0FAB78 14 18443 9 15 17472 9.5 Data poi nPCYDS2004/012491

2004/ 097357 PCT/ US2004/ 01.24%16 45/ 62 16 12768 13 17

11066 15 21 5354 31 22 461136 23 3860 43 24 3192

52 25 2912 57 Data point 26 2274 73 38 277 600, 39

232 7inpuw® thegieliyanddphusinesh of the timesigmpglatyfejpdicator over

boundary

both expected and unexpected temperature ranges.

[00150] These temperature boundary considerations are combined with the
experimental data of Brange et. al. to produce a table of P(temp) values,
which are shown in table 2 below:

[00151] Table 2: P(temp) calculations for Insulin stability between -20 to 70 °C

Table 2
Lifetime
Temp oC Hours P(temp) Notes
-20 1 165983 Low boundary
Low boundary
-1 1 165982 Low boundary
0 165984 165981 Low boundary
1 165984 1
2 165984 1
3 165984 1
4 165984 1 Data point
5 82992 2
6 82992 2
13 20748 8
14 18443 9
15 17472 9.5 Data point




H gh boundary 70 1 165983 Hi gh boundary [00152] To
keep the table a manageabl e size, suitable for

w@eooan913g] the tenperature entries between - 1PCDUSR04/012491
6 to 13, 17 to 21, 26 to 38, and 41 to 70 C are not
shown. [00153] Although, irfo%is exanpl e,
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from'tabl e 1
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38

277

600

39

232

714

40

168

988

Data point

41

165981

High boundary

High boundary

70

1

165983

High boundary

[00152] To keep the table a manageable size, suitable for printing, the temperature
entries between -1 to -20, 6 to 13, 17 to 21, 26 to 38, and 41 to 70 °C are
not shown.

[00153] Although, in this example, the P(temp) table is calculated assuming a time
granularity of 1 hour, for typical applications, temperature data and

P(temp) calculations will typically be performed every few minutes.



correct and expected result. [00161] In the real
wor | d, of course, tenperatures are not constant. For
woani4abtas7 tenperature situation "b", consider PaT/US2004/012491
nonitor that is exposed to a sinplified periodic
oscillating tenperature swif§§2of 12 hours at 25 C, and
12 hours at 17 C. This roughly corresponds to a
[o@e16# Tatlkistrhierrmvetheayethnig bf the gnesankinvestiery tngtion, gnd
this case, what would the lifetinme, "L" of the

i nsul - I LdH Ecar@iian th
usi ngb%FP %%p@@c?@v%étgg%ﬁ%%@bgggng% %%5%8%%@4%1 °

47/ 62 and P(tenpi_7e) values fromtable 2, the. t]

{ enel 0D BORH AT GKETR 5 orisis uhapoce coams{He lnriPespurs
10) B = 0 = 165984 - (57(L/2) + 15(L/2)) [00163] L =
16596 4036itigra0 hoveriable-tenpetathmueenditions 8B c:lexiregejemperature
nont hs [ 00166] Here, the utility of the present

[ nvenbhﬁmti&%gones apparent. It is normal practice to
rate the stability of non-refrigerated products as the

1 | H f 1 1 . . . s
o Far GonstenifemBtretirnofne i, b e RA g sl anl =

the present invention, the unrefrigerated ultralente
i nsul iesseuiated timedentperajoresinaeiiasdre siamed ak 2 peRtantipmAgrature
resulting in a significant anmount of waste. Here the

| pr oyeds b MEHER TRGHERA W(l%nﬂm&? {&lte of tBMEroheblg Adhe stability
insulin is sti good, and hel ps to prevent waste.

Il

thi's dleimesgici e Un whekMERROBY YERR ypi0g, boEE ES ©

Re. 36, 200. Using the nethods of prior

[00156] (Equation 9) B =0 = 165984 - 57(lifetime in hours).

[00157] (lifetime in hours) = 165984/57

[00158] lifetime in hours = 2912 hours

[00159] lifetime in months = 4 months.

[00160] This reproduces Brange's experimental data from table 1, which is the
correct and expected result.

[00161] In the real world, of course, temperatures are not constant. For variable
temperature situation "b", consider a monitor that is exposed to a
simplified periodic oscillating temperature swing of 12 hours at 25 °C, and
12 hours at 17 °C. This roughly corresponds to a temperate climate day-

night temperature cycle. In this case, what would the lifetime, "L" of the

insulin, as calculated by the monitor, be? Here again, using P(tempasc)



art, it is essentially inpossible to accurately nodel
the extension or loss of product lifetinme due to
woOhermatsscycl ing effects. This is because the POEISZM®I/012491
of Re. 36,200 would, at bes Z1£'76teach afirst alarmto
trigger after a cumul ative t%8tal of 11, 066 hours at
17 OC, and a second alarmto trigger after a
cunul 80d Pétempna) valvesiromdable 2 theslime teraperpture manitawould
alarmwoul d accurately predict the true stability
(4610rdvd:s) obtained in the tenperature cycling
exanpl e shown above. Even the use of a third fixed WO
14US2Q0 £ 9, erature
[ﬁﬁ%%?ggﬁ'gal girﬁ%u g)t gél |nte Eg‘fj}éfa?i{){tﬁn}g poi nt, such
as 4611 hours at 22 C, wll not work, because in this
BB L 169884/38%sul i n has not been exposed to
tenperatures between 17 C and 25 C for an appreciable
[Det@n]h 04610 haurs Thus none of the fixed al arm settings

wi || accurately trigger in this situation. This is
INg tail in table 3 below [00168] Table
[ga%rlfparl son ﬂgtween the nmet hods of this disclosure,

rjor art e Real Tine
(BB Hes. 166 Hili AT ByaTeseTd i en o GRROTR S PP b Ly norml
hour sum of: P(tenp)s nethod, alarmsetting 2305 17 C
15 34 phetiicd 1o i tHemitalsilit) dﬁuun-sefﬂ@er@téﬁpr@déﬁﬁ Bbshbepmoduct’s
2305 25 C 57 131385 2912 hours Cunul ative total:

16598 4tehffd atBdSMSRIN 058! rHEm t&RpaRAudY Avithout the time-

temperature monitor of the present invention, the unrefrigerated ultralente
insulin would thus be considered "bad" at four months, resulting in a
significant amount of waste. Here the improved time-temperature monitor
shows that the insulin is still good, and helps to prevent waste.

[00167] Note the differences between the techniques of this art, and the
techniques of prior art, such as Re. 36,200. Using the methods of prior
art, it is essentially impossible to accurately model the extension or loss of
product lifetime due to thermal cycling effects. This is because the
methods of Re. 36,200 would, at best, teach a first alarm to trigger after a
cumulative total of 11,066 hours at 17 °C, and a second alarm to trigger
after a cumulative total of 2,912 hours at 25 °C, but neither alarm would
accurately predict the true stability (4610 hours) obtained in the

temperature cycling example shown above. Even the use of a third fixed-



Result Correct: Insulin Incorrect (failure of expired

insulin not detected). [00169] Table 3 shows a
wdet@ioved7 conpari son between the met hods of t hPeT/US2004/012491

di scl osure (sum of P(tenp) net hod), and the preset

time-tenperature settlngs 8¢ prior art, such as RE

36,200. In this exanple, the insulin data from

c as etehiperatues fixdd-bye Alany, at@miptesm@diste i PO esH L?§I 4p11

has been interpreted both by the nethods of this

di schogur#to a@dwmmdt%nt ineegusd iethis exkianpib, tienipsulit hasenot

al armthres ol’d val ues of prior art. Note that the WD

2004/ 09735 2004 ffant he

pr es8REN ?ﬁ%@%?@?@agﬁ%gé%egggﬁgétéﬁé‘?unct| on in
vari able thermal environnents, and roperl det ec

t hat apprecigbte lahgthtos times (ihus neag of B’& \W{@qttmgs wil
degraded by an internedi ate | evel of exposure to a

t emperairaicy @@géﬁm%us RGO This eehowadh mdrédetailtimtaide 3
of prior art in this situation. Here, the sane
data,are anal yzed using three possible fixed tinme and
flxe&[o Mhperature alarmcriterion. Note that inthis
situation, none of the alarnms of prior art

[Oﬂiﬁ&jg'ablepﬁ oﬁempynsqmb@wgpmﬂgqametr@@,qf HE%F'SQIPﬁ‘éVP gnd prior art

fixed tinme at 17 OCwll trigger at 11,066 hours,
which is too long. An al arfabledt to trigger at 4611
hours at 22 oC will never trigger bhecause—inthis-
RafTIne, the | Tesipl i [rP(iemp) peve\Pegsentinyertign:atPripparppresehfime
alarmset to trigger at 25 qC wll trigger at 2912
hewms) which | s al sidetioo | orgumist £4erss i metiad; dam setiing
exanpl e, the ynsuliln went d—at—only—2305—hotrs-
Thsss t he fixeptscne| i xed-ter?ﬁé?%ture al |at1fi%6 A¥hod i s
Cloapast eri sti c226f @36 0 11 hours

2305 25°C | 57 131385 2912 hours

Cumulative total: 165984 N/A

Reference value: 165984 N/A

Result Correct: Insulin Incorrect (failure of

expired insulin not detected).

[00169] Table 3 shows a detailed comparison between the methods of this
disclosure (sum of P(temp) method), and the preset time-temperature
settings of prior art, such as RE 36,200. In this example, the insulin data
from the c;ase "h* thermal cycling example discussed previously, has been
interpreted both by the methods of this disclosure, and by the fixed time -

fixed temperature alarm threshold values of prior art. Note that the



material with a sinple exponential decay curve in a
sinple thermal cycling situation. Wien materials with
wWorene/02BApl ex stability profiles are used in POF/ES2004/012491

conpl ex thermal envi ronnentg t he i nprovenment of the
present invention over the ’S?’i or art can becone even
nore significant. [00171] For the extrenme tenperature,

si t uaethieds of thegyrseridivention arseahle 19 pegusaigly fupglioniayariable
packed insulin in his suitcase. Unknown to the

t r avethermaltdmeirsntnboidsand wapedy detedt that ihagdegenteringtkin has
exposed to the hot sun, and thus encountered

t enpe ) rapi gl v, [ | WO
2004/ Dor gt SRalsBiek R A BRIRE el B chPoaiE S e
over 41 'C). Wthout a tine-tenperature nonitor, the

t r aveleBPeiurerfalysme that the insulin was still good,
and expose hinself to risk by taking degraded

[006H76F ByatoniByst,dhatmedsdds af\peior aft faikia this sitlatiorvadere, the same
totally fresh, with a thermal history of only three

Previ @i JRoUnsvAld §i5g Ihrdd i fimBlant 150 tddiferature
i ndi cator wou record: é qguat 1 on é = %r =
001 78y SEiegofo ot §6L s TN, Rons PL e lapgRer prior ar
assum ng any neani ngful prior thermal history,

ex poswill érigger gxoperiye Areastpen aétio driggendifier a fisedtime at 1AcCwill
will trigger the time-tenperature nonitor. In the

case @fg&ekio] 19666%0&5,%@]81. isltbd idMgY - Ad QI%HH SRS dt 2611

extremg tenperature conditions over two hours

A 0 PR BBl B Bt i vos

sensitivity may be achi eved.
never stored at 22 °C. An alarm set to trigger at 25 °C will trigger at 2912
hours, which is also oo long, because, in this example, the insulin went
bad at only 2305 hours. Thus the fixed-time fixed-temperature alarm
method is incapable of precisely modeling the storage characteristics of a
material with a simple exponential decay curve in a simple thermal cycling
situation. When materials with more complex stability profiles are used in
more complex thermal environments, the improvement of the present
invention over the prior art can become even more significant.

[00171] For the extreme temperature situation "c", consider a diabetic traveler who

has packed insulin in his suitcase. Unknown to the traveler, the suitcase

was stored in baggage truck exposed to the hot sun, and thus

encountered temperatures known to rapidly degrade insulin (here



[00176] As previously disclosed, to make these
calculations as sinple to show as possible, the tine

wo e@alogt3son (granul arity) of the tenperature reemUss4/012491
was taken on a one P(tenp)_determ nation per hour.
For nost real -world uses, ‘r’r(?@&/ever, P(tenp) shoul d be
determ ned on a nore frequent basis (finer
gr anufSFUMSS) to ba Rver 44 °Ghe Wikhouh® jimedaapatpteeangnitarntbee
or every few mnutes. [00177] Exanple 2: OQther drug

noni t aveker euM esairme et tOn2QWADMPgood, and expose himself
PCT/ US2004/ 012491 51162 [00178] There are a nunber of

medi cal by i g i bi,ot.1,c such as the [3. - .

T A OSB3t ves
Cefepj ne, | mpenem Meropenem Cefpirone, and

ot her ©jalvfesbnwilip a thersal istary ef erly thiree previeuschouts afishelf life
coul d be adm ni stered by continuous infusion to

anbul storage at @0, énd indicStos ivotithiecorpus! y i nf used
antibiotics would be highly useful for treating

[%%1?% ﬁ@%?ﬁzif’s Lryungs !%Bg%qug;zggsgm her apy

are at risk for se and many ot her

itions. [00179] However due to the poor thernal
[@gghll-lzt@%ggglﬂﬁég -Lactam anti biotics, current
conti nuous infusion punp (either nechanical or

[@01574] oreriia)r technol ogy is inadequate. In the liquid
form many of the (3 -Lactamdrugs deteriorate after

(RTS8 Pl bl SR A ar b BHRGL oo R 16,
whi ch usual ly are worn

anbul atorﬁ i nf u?ri on unps, h \or
under FPRBHEIP SXHERA, teﬁgpﬁragwq Genditipas averyt Rourgill figgep the
unacceptable I evels of thermal stress. [00180] These
| ssuelime-températue sexhiton kithachsé of 2éraprier #ermallhistory, then
Antim crobial Agents
exposure to extreme temperature conditions over two hours will trigger the
monitor. By the proper choice of coefficients, essentially any desired
triggering sensitivity may be achieved.

[00176] As previously disclosed, to make these calculations as simple to show as
possible, the time resolution (granularity) of the temperature readings was
taken on a one P(temp) determination per hour. For most real-world uses,
however, P(temp) should be determined on a more frequent basis (finer
granularity), such as one P(temp) reading every minute or every few

minutes.

[00177] Example 2: Other drug monitoring applications:



and Chenot herapy, Aug. 2002, p. 2327- 2332; and

Baririan, et, al., Journal of Antim crobial
w@h@an13sT apy (2003) 51, 651- 658. [00181] ThePCT/US2004/012491

time-tenperature nnnitoring %;chnology of the present

disclosure is well suited V% address these issues.

r the drug of interest may be incorporated into

[053?61#9*@56 agg %@%h@rr ‘Pfd"%ﬁ?ﬂmmﬁ’@ﬁa@fraf@bh@ﬁs soph aprike B -

and incorporated into an anbul atory i nfusion punp

appariactitn afmi:@ndsr(wmhomuwa@ﬁ@mﬁfeabéfepww Infip&riem,
contain a tine- terrperature noni tori ng unlt

AR 0 PR S

time- tenperature unit nay part of the drug storage
cont &g coulq be aﬁmlwtef%by q‘»qmuywmmwm to@siatene h
technol ogy, tenperature sensitive drugs may be safely

used,patiantst ISrick cestimunusly infused hetitietiostwiiuid baihight dideful for
warn the user, and possibly shutdown the punp, if the

F' {)3% é%%ﬁgg E%ﬁfc f@kﬁﬁ] Hﬁxnae?rﬁg%aﬁgéaug%mcﬁgéﬁsﬁ patients (who

device of .the pres i nvention may be suppl ement ed
by addif e dHaior ?poﬁ'sr 5?"‘&513”&1;9?*2?" copdiioRhe device is
equi pped with both an LCD display as shown in figure

[0617gldHovedvier das taathei pobor tepdial stgbilityesTitlié B RQacthmdntibiotics,
(previously shown in figure 2(5) capable of

¢ by
eaﬁf‘%%‘g%“ ShiAEDGS hfisih S (fer fIRERIEH of Blasl iR

been raneters for the O -Iactam
ant | BP0 @eW%uatﬁe nothe iguichforrg, maay,af the Byclrastam drugs
t hat the Cefepime has expired by a "-" display on the

devi deteribhate adter onlyadaw oees oftexqosuneds perapedtudes pboye 25
val ue, can then interrogate the device by
°C. Since body temperature is 37 °C, conventional ambulatory infusion
pumps, which usually are worn underneath clothing, typically expose such
drugs to unacceptable levels of thermal stress.

[00180] These issues are discussed in detail in Viaene et. al., Antimicrobial Agents
and Chemotherapy, Aug. 2002, p. 2327~ 2332; and Baririan, et, al.,
Journal of Antimicrobial Chemotherapy (2003) 51, 651~ 658.

[00181] The time-temperature monitoring technology of the present disclosure is
well suited to address these issues. Here, the drug of interest may be
incorporated into syringes, elastomeric pump bags, or other container, and

incorporated into an ambulatory infusion pump apparatus. This infusion

pump apparatus will also contain a time-temperature monitoring unit,



downl oadi ng suppl enental statistical data to discover

exactly when and how the Cefepine expired. [00183]
woizgure787shows the results of the downl oad opecawisew4/012491

(1) shows the tine of the download; (2) shows the

identification codes previ %188l y stored in the device;

(3) shows the security code that is randomy generated

eachptdgrammeetido thalehribeitaermal stabiligspraile) of de BRE- da¥slime-
transm ssion checksum (4) shows that the Cefepine

ther hn b &FO Liit 2Kk HAR) NERPEePhENEedon\Wart of the
2004/ 097357 PCT/ Usgoo 1012491 53/ 6'§QOefep| me

e Mevsres bRt UHBEueh g FHERTElL Y sl iR s ey

hours the devi ce ran before and after the Cef&}) ”ﬁ‘-,
expi besafeds usasl, Bnd dhe electsue B@@'tﬁ@ﬁﬁ@tgﬁw vyl yarn the user,
tenperature deviation before and after expiration; (7)

showgnl BRssibahuiddhertia bubp Heendeytresisterprated gean
measur enent s, as well as the total amount of tine

that the t Ere | ogger ran; (8) shows the actual
| ogg&Paeed e gﬁ the time before data downl oad t hat

t he val ues occurred (9) howsthetrnetfel\%?%egr
[08%82] Fégyre Bshowsihowctbayisuatowpul frem thrdpiicnel e present
using the tinme of downl oad, and the nunber of hours

bef o, AABA gt é@bléxﬁmé@w atididamal sedistig) A2 81| Havetthe
that in this exanple it can be seen that the Cefepine

was r mpved f.ro e

expo H'C‘Fds SqWBP%}} W%@%b ee{rrrf;fédr:‘g{zj lljérpa 4%%(\@5{1' L?@ g%j 6f%srwell
about 8 hours before the Cefepine exp red fSln #b bl
Cef egisran Ieﬁptadélﬂhbeméﬁ'madﬂ(QBV'AN;?'ISﬁ QR in i grufeg capable
Cef epi ne nust have been renoved fromrefrigeration at
ar oung 13n3itihg @ataA® ah lexternal computerized reader equipped with an

infrared receiver. The device has been programmed with the parameters
for the B -lactam antibiotic Cefepime. Here a user is visually warned that
the Cefepime has expired by a "-" display on the device. The user, upon
seeing an unexpected display value, can then interrogate the device by
downloading supplemental statistical data to discover exactly when and
how the Cefepime expired.

[00183] Figure 8 shows the results of the download operation. (1) shows the time
of the download; (2) shows the identification codes previously stored in the
device; (3) shows the security code that is randomly generated each time
the device is reset, as well as the data transmission checksum; (4) shows

that the Cefepime thermal history has exceeded the preprogrammed



[00185] This illustrates one of the key advantages of

the present invention. Since the device continually
weewpeBss7if the stability is acceptabl e, and PCEPERY$012491

the result, the user does g%z need to go though the

substanti al anount of eff to downl oad and

interrogate a unit for nore information very often.

Rat herefepifie; parampteracds showp hedeteb numbenel haws thet the device
ci rcunstance that the visual display shows that

unex et vsent faAAiINgG)] (63 Ehess theatunissr Wf hedrs tHOdetid raPBESbre
PCT/ US2004/ 012491 54162 [00186] Exanpl e 3: Bl ood- bank

£ - 1 2, o AT, 2 Mot TRE BuSER Bhparatyra ane

storage conditions, for blood banki_%%. At present, the
st or d5EPetRidIe Jayiation befeip and afiepexpiratien; (7) sty thetiong o
4: Bl ood bank storage conditions for whole blood Tabl e

4  Teneva betveeeh suecessive(loggerimeaamémentgi asivieh as tHe tal
cC Up to 42 days 10 oC Up to 24 hours 11 CUp to 5

hour SarfQuftor LRI RS the Xeihoétblur® idALT A & JHBRMTRe Betug

curve passing throug a pol

would not fit the Arrhenius uation, the curve can
be aﬂaswime@daa the *m*%g%fg'”e g?q‘ﬁf@aﬂé\'ﬂadpthﬁh@ﬁivagles

curves, each operating over a different part of the
t enpesczurred; (9@ ghows thel time therfoggarfexpiréd rwhicinistdonmmited by the
[00189] Here, as in exanple 1, the exponenti al

A T he o &dIH&iES Usifig theXfiné 88owMoad, and the number of hours
before download that the logger expired.

[00184] Note that in this example, it can be seen that the Cefepime was removed
from refrigeration (0 °C values) and exposed to a very high temperature
(40 °C values) for about 8 hours before the Cefepime expired. Since the
Cefepime expired at around 4:38 AM on April 7, the Cefepime must have
been removed from refrigeration at around 8:38 PM on April 6.

[00185] This illustrates one of the key advantages of the present invention. Since
the device continually computes if the stability is acceptable, and displays
the result, the user does not need to go though the substantial amount of
effort to download and interrogate a unit for more information very often.
Rather, this only needs to be done in the unusual circumstance that the

visual display shows that unexpected thermal stress has occurred.



cal cul ate the val ues in-between the experinental data

poi nts shown above, and this in turn can be used with
weoquwandses simlar to exanple | to generate aPCHDE®OEH12491

P(tenp) val ues, and used to programthe stability

nonitor of the present i nvedff®on. This is shown in

Figure 9. Figure 9(ba) shows bl ood stability (in days)

[G2180) Exarmplecs: aBlged-bank gaplications: Algoad examplsyofid mbrexéomplex

the blood stability (in hours) versus tenperature.

Fi gur mB(t6npert@esstability a0e@an Bl BIRd in/Bbse Storsfcdrditions
program the nonitor, assum ng WO 2004/ 097357

PCT/ , . he nonitor i.s )
or ogr R eeklie, dtareiet J0% slofeed Sihiene Frole piapd =re:
very 10 minutes, and where the "F" value is initially

[5%187368% 4 3load hank siojage engitions by vgwie bloadpl e 4:

Ther apeuti c protein inmunogenicity: Therapeutic

proteins may denature to dablehti genic state upon
exposure to thermal stress. The tenperature

nmoni tori ng techrieinpgsiuef t he Tpmeesent i nventi on may be
set to warn when a therapedtic protein driug has had a
thermal history<ds°Soci at ed |Jnstant éxpicatieased| ri sk of

unwant ed i nmunglogical —activity The indicator device
is designed to|réf&in with t/kipietddpyas t hel drug

travel s throughout—different links of thel cold chain.
In a preferred|dfBfodi ment, t|ltp ¢ koot or |devi ce

remai ns associ ated—w-th-theltherapeutic protein from

the tine of mad@if@cture up |Wrttedhaure final few

m nut es before [thedrug-is ysed—ln —alternate forns

of the inventi¢A9°@additi onall Mstantexeiraies, i|ncl udi ng
notion, |ight '—ardturbiditlymray—also-be-nonitored.

[PYBBdAhaughmptwvE pasting thrapgli altthei data poibishiartable 4 would not fit
applications for the device include

the Arrhenius equation, the curve can be approximated by a mix of

different Arrhenius curves, each operating over a different part of the
temperature region, plus a mix of other functions.

[00189] Here, as in example 1, the exponential Arrhenius equation can be used to
calculate the values in-between the experimental data points shown
above, and this in turn can be used with equations similar to example 1 to
generate a table of P(temp) values, and used to program the stability
monitor of the present invention. This is shown in Figure 9. Figure 9(a)
shows blood stability (in days) versus temperature; Figure 9(b) shows a
log plot of the blood stability (in hours) versus temperature. Figure 9(c)

shows a graph of P(temp) values used to program the monitor, assuming



nmoni toring bacterial growh using algorithns from

rel evant predictive mcrobiology (useful for hazard
w@p@kygids7 and critical control point "HACCP' PCT/US2004/012491

noni toring of food product g Still other applications

i nclude nonitoring of post- ﬁarvest agricul tural

products such_as the shelf-life of fruits and

veget 15t &€ mppier s pragrapmedito pegrsm the %Fﬁ'amb!tqf\’@k calcylation

materials. In this later case, useful stability data

can otvery M0amiviotesi, apd whgreutbieB" vdiae ¥ ialtiallyp setda ¥eH52 stability
consunption (respiration rate) as a function of
tenpepajdre as WO 2004/ 097357 PCT/ US2004/ 012491 56162

i nput data for the stability bank cal cul ations. This

' ause respjration rate is 0 i ndi cat or of
1 ERaRRIs EherBprulc RroRyT BTGl nerapedic proteins
tenperature, which in turn correlates well with the

ef f ectmyafenaturp éo ah antgenimsiateeupinoequystite théharmagbbimeds. The
materials. WO 2004/ 097357 PCT/ US2004/ 012491 57/62

d ai Mprdper. é\u‘r‘é‘ h‘fdnﬁ@%g@ie%ﬁ&fl@év &t the 'b?éée‘?ﬁ?ﬁréﬁﬁd” fay be set to

i ndi cator device for Tapidly asseSS|ng

323?@ t&'agt{ﬁ’hﬁﬁ ﬁc{hﬁf ap%{:&m a,l,lgnwer h}hgira xstory e(\jssomated

t enper at ure neasur enent neans; wherei n said device
per i owith amdrgasesiniskess unit\IentedrimmLanlogmadi adtivity ngbedsdicator
function of tenperature that is continually operative

througapeé i &b%lér@d% @&haﬁwWﬁtﬁéWu& as fﬂéndirhg rtt"a'i}glsrt%ﬂﬁhout

of the device; ‘and wherein sald functi on

t empoP et nPEPY B cBPicERim, JF o FBRgted erofodiaet, fiedddghtor

a detectable property of said material; and wher e| n

sai d device remains associated with the therapeutic protein from the time of
manufacture up until the final few minutes before the drug is used. In
alternate forms of the invention, additional parameters, including motion,
light, and turbidity may also be monitored.

[00191] Example 5: other applications: Other applications for the device include
monitoring bacterial growth using algorithms from relevant predictive
microbiology (useful for hazard analysis and critical control point "HACCP"
monitoring of food Qréducts). Still other applications include monitoring of
post-harvest agricuitural products, such as the shelf-life of fruits and
vegetables, vase-life of cut flowers, and other plant materials. In this later

case, useful stability data can often be obtained by using the plant's

oxygen consumption (respiration rate) as a function of temperature as



conmputi ng neans generate a running sum of said
function of tenperature over tine; and wherein the
w@e@andmsity of the function of tenperature i sPGIEE1004/012491
enough, and the frequency Q;GEine measurenents is
often enough, as to substaﬁflally approxi mate the
impact of time and tepperature on the detectable |
pr opelpyt datadey hesiabdily Bank ealeulatipnghiThis ishegavsmissaigation
sumis conpared to a reference value, and the result
of sarale toargasd Bwiicatcr of pret netak@dio achliy 2 RubfivH of
signal indicative of the fitness for use of said
ateri he. . N . .
Funot P A 10R Qrefitdy by Tnd BhEdls SFiefhperature
mul ti-el enent | ogkup table or set of equation
par ang? fessterpge-liig Ogﬂﬁ%ﬁdpéteﬂﬁ's- renderi ng conpl ex
tenperature functions that cannot be adequately
nodel ed by a single exponential Arrhenius equation.
WD 2004/ 097357 PCT/ US2004/ 012491 58/62 3. : The
device of claiml, in which the output signal is
chosen fromthe group of visual output signals,
vi bration signals, sonic signals, radiofrequency
signals, electrical signals, or infra-red signals 4.
The device of claiml, further containing neans to
enabl e the function of tenperature and reference
value to be automatically progranmed into an
assenbl ed device. 5. : The device of claim1, in which
the conputational neans is a mcroprocessor, the
device is continually powered throughout its use
lifetime, and the power neans is chosen fromthe
group of battery, storage capacitor, thermal,
phot oel ectric, AC power, or radio frequency neans. 6.
The device of claim1, in which the function of
tenperature has a tenperature



resolution granularity of 10 C or smaller, and the
periodicity of sanpling has a tine resolution
w@eaandmsity of 2 hours or smaller. 7. The devPCEHUS$004/012491

claim1, in which the functg’ %Q of tenperature is

stored in the form of a |08 up table that has a

(ﬁe_&arate table entry for every tenperature throughout
RB%reasuring range of the device, and in which each
table entry spans a tenperature range of 2 oC or

1. eAsunit&ed Blectdaid tirme-tdmpdraiure ihdidatorweivice foh@pitilysasagsing
means convey information pertaining to the fractional

f SRR DL . i £ ot _ . ot
yoresREERPLA el € HefRefistBRY Reldteyidioniing
time-tenperature dependent incubation reaction. WO i
2089MpyiR eﬁa'm@r@sﬁaﬁwwgwr € guFasrament faealisy wogrel} said
claim1, further containing a tenperature | ogger that

r edevids pededicallyerangias thg téropératuré endepatputes dfusictiory obof
the device, wherein the output signal is used to

ei

ol RO Rl SN o AR e SRR A pergture
to material expiration, or alternatjvely place a mark

| nMORESIRG RS O 16 geice; AR WheEEiR Seid THeRfiopraf pmeeratuire
material expiration can be easily segregated from
daapprokinstes thedfmpact that theirelevantjempertature, b thatperiod's length
ti me-tenperature device of claim1l1, incorporated into

a BPHRE] s oﬁé%@%&?%pr@?&% 61 said pYdtbil éﬂbewherlein said

Ignals 1t the materia

time-tenperature device .
2 CUBPUITY M3 st Brina . of K AISURR S spyperatyre over

A unitized electronic tine-tenperature indicator

detimepandwheegin tHeygrasulestyiafithe fuheticxcafdempbidtireyis siakh

material's thermal history, said device containing
enough, and the frequency of time measurements is often enough, as fo
substantially approximate the impact of time and temperature on the
detectable property of said material; and in which said running sum is
compared to a reference value, and the result of said comparison is used to
generate an output signal indicative of the fitness for use of said material.

2. The method of claim 1, in which said function of temperature is in the form of a
multi-element lookup table or set of equation parameters that is capable of

rendering complex temperature functions that cannot be adequately modeled

by a single exponential Arrhenius equation.



conmput ati onal neans, and a tenperature neasurenent
nmeans; wherein said device periodically sanples the

wao eqopeyBsur e and conputes a function of tenpePEr/USM04/012491
that is continually oper atié’g;zthr oughout the rel evant
tenperature nonitoring rangﬁ5 of the device; and
wherein said function of tenperature is in the form
Sof | ﬁ%ﬂqwaee?f&*ﬁémﬂ’ inwRiGh theysyteubsigralts efosegean the group of
paraneters that is capable of rendering conpl ex

t enipaaladulpet sigats, vibnationlsignats 8Balc Sithals] eadisfreduéncy signals,
nodel ed by a single exponential Arrhenius equation;

an Bd: iq.fancty f tenperature approxinates
thgle}ﬁﬂn%éﬁlg?%g’t&t'@ég‘féglég“?/haar%{ tenperature, for that
4perr'éod' s, length of _tinme, has on a detectable propert
of 188 10gvieaoEriain 1. fyfher candaiaing raeans te @mgbleithe funstier o
generate a running sum of said function of WO
20AMBRARDY aRCTdfel8A00 44104 261 04 aufdlidalle progFAhmed irfty &k
time; and wherein the granularity of the function of

t egReIIYG Qelige sl | enough, and the frequency of tine
neasurenents Is often enough, as to substantially

pproxi rat e the inpact of tinme and tenperature on the
53 et 3@‘?&@‘3@9&8 tly Mophigh he crrprytatignal g1eans is ani ch

said running sumis conpared to a reference val ue, and

t heigregrocessuir, thaiddvice ipeoritinoally sowesred througlitn @s ake liktime,
visual output indicative of the fitness for use of

: o . . |
£ hlfig I @it modifils choerfifith e, 6i0b T BRI Ciaracd paitér
mmed i nto an assenbl ed devi ce. 12.

aut omatj cal progr ;
Thiveiach 860{9%'68559@ ﬁ{glpﬂwqrrprmﬂleﬁrqqqsn%wsﬁ%n of
tenperature and reference value may be , programmed

6. nTle thdcastdain édindehicicibelfynctionaftemperatuee ha®s ademperature

chip, electronic data transfer, infrared data
U T &Rsiusibn gPanuidly Bf 16 &SIUESRYIerI M R e (MOLRN of sampling has a
time resolution granularity of 2 hours or smaller.

7. The device of claim 1, in which the function of temperature is stored in the form
of a lookup table that has a separate table entry for every temperature
throughout the measuring range of the device, and in which each table entry
spans a temperature range of 2 °C or less.

8. The device of claim 1, in which the display means convey information
pertaining to the fractional remaining stability lifetime of material that has not

yet expired, or the fractional completion of a time-temperature dependent

incubation reaction.



13. The device of claim 11, further containing a
tenperature | ogger that records data pertaining to
w0 b@4oersper at ure history of the device, wherei PCT/H82004/012491

output signal is used to }her stop the | ogger, so
that the | ogger records onﬁ? ®he tenperature history

ior to materi al glratlon or alternatively place a
%TRG HRvice BEClRisy éefluﬂ gicaniaining iictempepaivee lnggerdbataecords
obtained prior to material expiration can be easily

segaagririathing @the tempsraturs Bistery af Het ddvited whkked the output
material expiration. 14. The device of claim 11, in

Sl 255 PR R RS, o 08 I SHRRE PR g

I ifetinme, and the power WO 2004/ 097357
POTIEDING 49 @‘@zt@gmer%qmstﬁafaw@nt% meligsiad gxpiratient pralternatively

group of battery, storage capacitor, thermal,

phplace kanarkiis theACggery\es that the' dath @bidimstiemis o ARl exBiration
The device of claim 11, in which the function of

ity
SR el R AL B IS B
. time resolution granularity of 2 hours or
15ﬁih? fime-tempemiwediayicest sh'raﬂamonppratea iRtRicchateral
di spl ay neans convey information pertaining to the
f r dispernsieg dedosiimivhghshe bimeitemplerdterel devicef sigratieif i) material
that has not yet expired, or the fractional

cogmifd be'a-is@ten%d STt de m¢ upsnﬁﬁ‘ao Qg&mw mHQﬂA{%krs

reaction e tine- ure devi clarm

i ncorporated into a rraterlal di spensi ng device, in
%Hﬁ?lﬁ@ StPhe- tenperature device signals if the

material should be dispensed or not dependi ng upon

1tthé uaitized edduitronicytinud-tenfperatatesindizlates device forahpidlysdsseysing

the acceptability of a material's thermal history, said device containing
computational means, and a temperature measurement means; wherein said
device periodically samples the temperature and computes a function of
temperature that is continually operative throughout the relevant temperature
monitoring range of the device; and wherein said function of temperature is in
the form of a multi-element lookup table or set of equation parameters that is
capable of rendering complex temperature functions that cannot be adequately
modeled by a single exponential Arrhenius equation; and wherein said function
of temperature approximates the impact that the relevant temperature, for that
period's length of time, has on a detectable property of said material; and

wherein said computing means generate a running sum of said function of



18. A nethod for nonitoring the storage |ife of
materials; said nethod consisting of. nodeling the
wo benogid3sdegr adati on characteristics of the naP@r/Us1004612491

a function of tenperature 3{& time based upon a

plurality of experinental f poi nts; using the

tinme-te rature paranmeters fromthis rmdel to program
tqjmnetrg@é@ oygrdime; @hr wherein the gisaularity of the funstien pf

deV| ce to automatically assess the acceptability of a

mateptiperhiuse ishmnatiedndiight ad/the SRiqlieASY biCiné Aidhsurdnitts is often
corrput ati onal means, and a t enper at ure neasurenent

nme I
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that is continually operative throughout the reI evant
W&%@ﬁa@ewm@fégfﬂﬁﬁeﬁ@ﬁngznwmcb BAKUNNIRY BEM IS

m)nltorl ng range of the device; and wherein said

f uoshpareddd at refepericet valie, aad @ rdsiift o€ Saiti RenipaiFisern istusad to

the rel evant tenperature for that period's Iength of

fésa {8ud. dgﬁﬁ d'i’%‘t@e IO BIREthdssThr ﬁ?% gf% ﬁ{a'té'?'|a’l and
Wherel n-Sai conputi ng neans genera

su of said fuynction of @n@ﬁrature aqver tlma n

whEIeH&yidefeoniziammeans {q al dupcfientaf semegrajusapad sefgrance

is small enough, and the frequency of tine

neealue ¢orba atdnsatichlyeprogramurgbd irds ah @ssevibletialavical | y

approxi mate the inpact of time and tenperature on the

1@??5@ bRRLS oPEIBREH tI Yin Whl&f"‘t‘hg chf?éti%h'o?lte GHiird 2K }'éfgrence

said running sumi s erence va

and the result of used to enerate

nValie Ay 8 s AR g of@a%remo%& feoryarepideapbio

said material. 19. The nethod of claim 18, in which

t hmemaire chipl sleairenis dbiadtardfdry infratduedada trapsfer @n sadit frequency

of food, chem cals, biotherapeutics, drugs, nedical

di 8989sdrns&s, Dbl ood, blood products, cut flowers, and

post harvest agri cuI tural materials.

13. The device of claim 11, further containing a temperature iogger that records
data pertaining to the temperature history of the device, wherein the output
signal is used to either stop the logger, so that the logger records only the
temperature history prior to material expiration, or alternatively place a mark in
the logger, so that the temperature data obtained prior to material expiration
can be easily segregated from temperature data obtained after material
expiration.

14. The device of claim 11, in which the computational means is a microprocessor,

the device is continually powered throughout its use lifetime, and the power



20. The nmethod of claim 18, in which the device

remai ns associated with the material throughout the
worajoand13y7 of the material's storage life. 21. A€EUS2004/012491

met hod of claim19, in vvhl%lzc,ald function of

tenperature is in the form P2 a mul ti-el enent | ookup

tabl e or set of equation paranmeters that is capabl e of

r SRBERT FFhO8RRHITRT IR AP balery, Aloragmeanager. &fmﬁw@t be

adequately nodel ed by a single exponential Arrhenius

eqplattoelectric, AC power, or radio frequency means.

15. The device of claim 11, in which the function of temperature has a temperature
resolution granularity of 10 °C or smaller, and the periodicity of sampling has a
time resolution granularity of 2 hours or smaller.

16. The device of claim 11, in which the display means convey information
pertaining to the fractional remaining stability lifetime of material that has not
yet expired, or the fractional completion of a time-temperature dependent
incubation reaction.

17. The time-temperature device of claim 11, incorporated into a material
dispensing device, in which the time-temperature device signals if the material
should be dispensed or not depending upon the acceptability of the material's
thermal history.

18. A method for monitoring the storage life of materials; said method consisting
of: modeling the thermal degradation characteristics of the material as a
function of temperature and time based upon a plurality of experimental data
points; using the time-temperature parameters from this model to program a
unitized electronic time-temperature indicator device to automatically assess
the acceptability of a material's thermal history; said device containing
computational means, and a temperature measurement means; wherein said
device periodically samples the temperature and computes a function of

temperature that is continually operative throughout the relevant temperature
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monitoring range of the device; and wherein said function of temperature
approximates the impact that the relevant temperature, for that period's length
of time, has on a detectable property of said material; and wherein said
computing means generate a running sum of said function of temperature over
time; and wherein the granularity of the function of temperature is small
enough, and the frequency of time measurements is often enough, as to
substantially approximate the impact of time and temperature on the
detectable property of said material; and in which said running sum is
compared to a reference value, and the result of said comparison is used to
generate an output signal indicative of the fitness for use of said material.

19. The method of claim 18, in which the materials are selected from the group
consisting of food, chemicals, biotherapeutics, drugs, medical diagnostics,
biood, blood products, cut flowers, and post harvest agricultural materials.

20. The method of claim 18, in which the device remains associated with the
material throughout the majority of the material’s storage life.

21. The method of claim 19, in which said function of temperature is in the form of
a multi-element lookup table or set of equation parameters that is capable of
rendering complex temperature functions that cannot be adequately modeled

by a single exponential Arrhenius equation.



