01 SEP 2003 STERI LI ZATION SYSTEM 5 10 is 20 25 FIELD OF THE | NVENTI ON Thi s
I nvention relates broadly to sterilization of nedical devices by
ultraviolet radiation. More specifically, this invention rel ates i bHSEP 2003
. sterilization system by which the anount of radiation produced by the
sterilization systemis neasured,-and to the nethod of neasuring and
controlling the amount of radiation produced by the sterilization system
DESCRI PTI ON OF THE RELATED ART Medi cal device sterilization processes and
in particular comercial contact |ens manufacturing sterilization
processes typically involve sone formofl tenperature and/or pressure-based
sterilization techniques. For exanple, a hydrophilic contact lens is
typically first fornmed by injecting a nononmer mxture into a nold. The

nmononmer mxture is then pol ynmerdmati,{zaeon herdmmses are cured). After
ot her optional processing steps, such as quality inspections, the lens is
pl aced in a container with a solution and,the container is sealed. The
packaged | ens,_| sber' ' I cing the container in an autoclave at an
el evated hu pressure for an extended period of

time, usually at hﬁ&%t1$5eﬁtﬂ@he%eléﬁésnﬁ&ﬁadly to sterlllzatlon of
5 medical devices by ultraviclet radiation. More
specifically, this invention relates to a sterilization
gsystem by which the amount of radiapion produced by the
sterilization system is measured,- and to the mgthod of
measuring and controlling the amount of radiation

10 produced by the sterilization system.

DESCRIPTION OF THE RETATED ART
Medical device sterilization processes and in

particular commercial contact lens manufacturing

15 sterilization processes typically involve some form of
temperature and/or pressure-based sterilization
techniques. For example, a hydrophilic contact lens is
typically first formed by injecting a monomer mixture
into a mold. The monomer mixture is then polymerized

20 (i.e. the lenses are cured). After other optional
processing steps, such as quality inspections, the lens
is placed in a container with a solution and the
contaiﬁer is . sealed. The packaged lens is sterilized by
placing the container in an autoclave at an elevated

25 humidity, temperature and pressure for an extended
period of time, usually at least 15 minutes, and more
typically 30 minutes. Although this commercial process

produces thoroughly sterilized contact lenses, the



typically 30 m nutes. Although this commercial process produces thoroughly
sterilized contact |enses, the 01SEP2003 - 2 5 10 is 20 25 batch-w se
autocl ave sterilization step is tine consum ng, costly, and ineffig?ﬁggfw3
Eur opean Patent Application No. 0 222 309 Al discloses a process u

ozone, in which packaging material is disinfected in a manufacturing
setting. The process involves feeding an oxygen streaminto an ozonating
chanber, generating ozone from oxygen in the ozonating chanber, placing
packagi ng containers in a sanitizing chanber, feeding the ozone into the
sanitizing chanber, and purging the ozone fromthe sanitizing chanber with
sterile air. The process requires that the ozone contact the packagi ng
material for a predetern ned tine foll onwed by the sterile air pur ge

step. The pr%@ééh'@ @éfﬂ@& ﬁﬂﬁ?éelv

ol
sterilization, steril |zat|on app I'cat1on éﬁ ctronagnetlc radi ation,
or chem cal ag@mgumfmguiddgwmy;nandJfheffﬂdﬂﬁnﬁ*) 5, 61B, 492 di scl oses a
process for producing a sterile contact lens in a sealed container during

a continuous produEeFOREH? o%%%”%h%?@#?%qﬂjé’%d?ﬂacq 4%hs392 Amersed in an
ozone- ContaJrﬁfgkf%gég'é"brocess using ozone, in which packaging

5 material is disinfected in a manufacturing setting. The
process involves feeding an oxygen stream into an
ozonating chamber, generating ozone from oxygen in the
ozonating chamber, placing packaging containers in a
sanitizing chamber, feeding the czone into the

10 sanitizing chamber, and purging the ozone from the
sanitizing chamber with sterile air. The process
requires that the ozone contact the packaging material
for a predetermined time, followed by the sterile air
purge step. The process is offered as an alternative to

15 heat-steam sterilization, sterilization by application
of electromagnetic radiation, or chemical agent
sterilization.

U.S. Patent No. 5,618,492 discloses a process for
producing a sterile contact lens in a sealed container

20 during a continuous production process wherein the
contact lens is immersed in an ozone-containing solution
within a container during a continuous lens packaging
process, and the lens and container are subsequently
subjected to ultraviclet radiation primarily to degrade

25 the ozone. This process sterilizes the contact lens and
the container.

U.S. Patent 4,464,336 teaches a method of

sterilization using a flash discharge ultraviolet lamp,



wi thin a container during a continuous |ens packaging process, and the

| ens and contai ner are subsequently subjected to ultraviolet radiation
primarily to degrade the ozone. This process sterilizes the cont adt! §EEnD)
and the container. U S. Patent 4,464,336 teaches a nethod of
sterilization using a flash discharge ultraviolet lanp, fl 1 SEP 1003 3
whi ch produces a very | arge instantaneous output, which is capable of
deactivating mcroorganisns, including Aspergillus niger. US. Patents
5,034, 235 and 4,871,559 disclose the 5 use of intermttent pul ses of very
i ntense, very short duration pulses of -lght in the visible and near
visible frequencies to inactivate m croorgani sns on the surface of food
products, and suggest that the nethod can be wused for packages, nedi cal
devi ces, and WhmdhppmddQCSS|a vé@ypaakggeSnsUaﬁtE@ban% 2utdacr39%rdictc! oses
the idea of u5|ng E 2 systemto sterilize contact lenses in a
preserved sol afi bAPRR1E ngﬁﬁﬁéﬂvaﬁéﬂév@#Crpﬁéﬂénéﬁésmo1n§éﬁdﬂm90ns

defined to acggggggghl§geﬁl Ly, nor exanples 15 which show that sterility
can be acconplishe US Patént 4, 629, 896 di scl oses- an apparatus for

moni toring the i nt@nsLtyaoénasz onareas(had exampl,es9adivaleceste | i zer)
in which there is an,optical detection wunit which detects uv radiation and
convérts that"58 PngBE?SﬁlFﬁFBt aRusFBet PECHPTY| dR&ENSSo VRAY SheTt

intensity of aheatadhabliP8e52BebeigRPI (A" EHe 3PLiVHENALE near visible

frequencies to inactivate microorganisms on the surface
of food products, and suggest that the method can be
used for packages, medical devices, and food products in
10 packages,
U.S Patent 5,786,598 discloses the idea of using a
flash lamp system to sterilize contact lenses in a
preserved solution in a container, however, there are no
conditions defined to accomplish sterility, nor examples
15 which show that sterility can be accomplished.
US Patent 4,629,896 discloses an apparatus for
monitoring the intensity of a UV source (for example, a
water sterilizer) in which there is an optical detection
unit which detects uv radiation and converts that
20 radiation into an electrical signal, so that the
intensity of the radiation can be monitored, and when it
falls below a certain level the lamp can be shut off.
WO 97/43915 discloses the use of pulsed light to
deactivate microorganisms in a contact lens container.
25 Further, it discloses a method of receiving a portion of
the pulsed light, generating an output signal in
response to the portion of pulsed light received, and

determining whether the pulse of light is sufficient to
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falls below a certain level the lanp can be shut off. WD 97/43915 di scl oses
the use of pulsed light to deactivate mcroorganisnms in a contact |ens
container. 25 Further, it discloses a nethod of receiving a port|6m56P2mﬁe
pul sed light, generating an output signal in response to the portion of

pul sed light received, and determning whether the pulse of light is
sufficient to 91 SEP 1003 - 4 effect a prescribed | evel of deactivation of
m croorganisnms in the target area. WD 97/43915 discloses that the
fluence-per-flash or the spectral content of the flashes can be neasured
for various 5 regions of the spectrumby using filters. There are |ong
lists of possible pieces of equipnent which mght be incorporated into the

asuring devi ut no_ emhodiment or exanple of such a device is
ggscribeg. VEF%S?FEB§1§r§ﬁ§§égpghﬁﬁ¥e s@fofleagtivataghordt cal ori neter 10

to nmeasure thgieprebe¥ani st gt HRUK nd stat et at, st i s traceable to
I nt ernati onal ;tandaﬁgs;shgwéver, angggﬁﬁra5lolet gépo ﬁ%@?ér only provides

a |linear respBaselosgsatbpscichiec fpuksewi-gelr- fipeti birc thavebergtfaland

cific intensi f _light, and therefore is only i5 traceable to
?ﬁ?e?nationalc§ gﬁﬂgrag %FFhFiaFHSEecaEp €i Mragupgraketearioyssi de of

those specifi edgipacaset ehs bbecekhﬁaﬁyohgangakgikg%ﬁef %ﬁg&%ak Y has a
non-linear response which is not traceable back to the calibratiion set-up
for which thetengdréipfsepfiappsaable2pistendafdequEpmeher whithi mindit

appropriate tgeush ARpUELERY Ohel EALORLIELSIAL0a3,LE" 3L, 2, Bhot odet ect or

embodiment or example of such a device is described. WO
97/43915 suggests the use of an ultraviolet calorimeter

10 Lo measure the energy in a light pulse, and states that
it is traceable to international standards; however, an
ultraviolet calorimeter only provides a linear response
to a specific pulsewidth, specific wavelength and
specific intensity of light, and therefore is only

15 traceable to international standards within those
specified parameters. Outside of those specified
parameters the ultraviclet calorimeter typically has a
non-linear response which is not traceable back to the
calibration set-up for which there are international

20 standards. Further, it is not appropfiate to use an
ultraviolet calorimeter to calibrate a photodetector to
international standards. An ultraviolet calorimeter
only provides a single measurement of the total energy
in the ultraviolet range, and does not provide any

25 spectral information. The measurement it provides is an
uncalibrated, relative output based upon the pulsed
light energy, multiplied by the responsivity of the
detector, and multiplied by the bandpass and spatial
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I nternational standards. An ultraviolet calorineter only provides a single
measurenment of the total energy in the ultraviolet range, and does not
provide any 25 spectral information. The measurenment it provides is GhSFP 2003
uncal i brated, rel ative output based upon the pulsed |ight energy,

mul tiplied by the responsivity of the detector, and nultiplied by the
bandpass and spatial 01 SEP 2003 5 filtration of the filter which provides
the only radiation to the calorinmeter. Further, the calorinetric sensor
must have a rest period of a mninumof ten seconds between pul ses since
it is athermal sensor. If 5 the ultravioPet calorineter were used to
provide instantaneous and in-line nonitoring, the process of sterilizing
using pul sed light sterilization would be either ineffective or so slow,

it woul d not Bélgeariapl ef the Fhérerswhirhrpravhdea hbedohdy a

time-effici .cont| Ln-Li . d _cost, _effective stercili zation
Syatem compr 1 S5 SRR ek ea e nR R b uFLhE Rt RratRoRToreL roe

sterilizati onskasopr adeet Ravpant restapbyiofedical mphodust 8¢ waihch can be
used in the production i5 line and which can neasure and control the

radi ation to_S§§§B¢§ Pﬁﬁ?eévePylﬁﬁédﬁéﬂc?sigtéfiﬁiQbarmsbwme¥OCF_TEE

Fadi a1 on SourlS, CIRECCLRbAL« 67 F oG Racrbri - EOrFRA NG BLSIAGEr: and &

timng neans; inbeartantbes ardsinebEné obneOerO¥gpytBai freeasser ofs

SubStantiallysterilizing using pulsed light sterilization would be

either ineffective or so slow, it would not be

desirable.

10 There still remains a need for a time-efficient,
continuous in-line, and cost effective sterilization
system comprising a monitoring and control system and
method of sterilization for products, particularly
medical products, which can be used in the production

15 line and which can measure and control the radiation to

assure that every product is sterilized.

SUMMARY OF THE INVENTION
This invention provides a sterilization system
20 comprising: a radiation source, and a monitoring system
comprising a sensor; and a timing means; wherein the
measurement of energy by said sensor is substantially
synchronized based on said timing means to the start and
end of a pulse of radiation from said radiation source
25 or to the start and end of the exposure of a product to
said radiation.
This invention further provides a method of
measuring energy within a sterilization system wherein

said sterilization system comprises a radiation source,



synchroni zed based on said timng neans to the start and end of a pul se of
radiation fromsaid radiation source 25 or to the start and end of the
exposure of a product to said radiation. This invention further prmyggﬁ§m§
met hod of neasuring energy within a sterilization systemwherein sal
sterilization systemconprises a radiation source, 01 SEP 2003 - 6 and a
noni toring systemconprising a sensor, and a timng nmeans, conprising the
step of: substantially synchronizing based on said timng neans the

measur enent of energy by said sensor to the 5 start and end of a pul se of
radi ation fromsaid radiation source or-t® the start and end of the
exposure of a product to said radiation. This invention further provides a
nmet hod of nonitoring energy of a sterilization systemwherein said 10
system conprised a madiadrongssyscem aodpaisungt ar sagssyst amdcanpri sing a
sensor, and a timng nmeans, conprising the step _of: substantially

synchr oni zi ngtb338d EﬁagﬁichWH¥ﬁﬁl“ﬂegH§ ER&PnBAsur ement of energy by said

sensor Lo the 15 skBEtadndaghy almanbuhssinl paghal banshiamsaider adiation

source or to the start and end t he exposu roduct to s
radi ati on. Theeseasbhei sepsefemahtyocénenprggabyosadtestensoal tosehgor or

both. The optical sensor gea ur es ihe 20 radi ati on Eroduced by the
radi ati on soufCRYETRBY BNEcPFi BaPU<BRsBF RAGAFASNt REPoPRAFe and/ or

current of radiation source or to the start and end of the exposure
of a product to said radiation.
This invention further provides a method of
monitoring energy of a sterilization system wherein said
10 system comprises a radiation source, and a monitoring
system comprising a sensor, and a timing means,
comprising the step of:
substantially synchronizing based on said timing
means the measurement of energy by said sensor to the
15 start and end of a pulse of radiation from said
radiation source or to the start and end of the exposure
of a product to said radiation.
The sensor is preferably an optical or electrical
sensor or both. The optical sensor measures the
20 radiation produced by the radiation source. The
electrical sensor measures the voltage and/or current of
the radiation source. It is preferred that each
sterilization system or monitoring system has at least
one sensor, preferably an optical sensor, and more
25 preferred that each sterilization or monitoring system
has at least one optical sensor and at least one

electrical sensor.



the radiation source. It is preferred that each sterilization system or
nonitoring systemhas at |east one sensor, preferably an optical sensor
and nore 25 preferred that each sterilization or nonitoring system hske 293
| east one optical sensor and at |east one electrical sensor. 0 1 SEP 2003
- 7 This invention further provides a nonitoring system for a radiation
source, preferably for sterilization, the nonitoring systemconprises a
sensor and a timng neans. In one enbodinment, this invention provides a 5
nonitoring system conprising one or nore optical sensors which conprise an
I ntegrating sphere, or cosine receptor, 7Ii“ght gui de, and a

spectroradi oneter with or wthout a timng neans for neasuring the

radi ati on produced by the radiation source. Alternatively, in 10 another
enbodi nent, this i Avehtivveptiown dasrthemmtorides & ystem ooy | sysgeane or
nore el ectri CP| sens conprise voI]t']age and/or current nonitors of

whi ch
the electrical” e%elfo Saotflcf%gg?‘”é]iﬁed't iRFF s i st IRAC Y3 ati on. 15

The sterilizain®meysi&i i GyRiOEMprt ey 4 NRNON AP HRi Ay T adi ation
source to sterilize products, preferably nedical devices. The
sterilizatiormeanyst emmrmnereantuetl iswanthe tlsied itrorerddisur eetdeidasliati on to

whi cg'n t he prongourgtci) sinexpsosetﬁ. ‘Ic':he syst.em and net hod 20 descrj bed herein are
vel |2suited for 1r211He SHentt acqtlfﬁﬁ'ﬁ?g",ngar?&l%qu L RATIR: o8 rHtEsors
nmeasur ement s wtich heonigaeh 28 100 it YVt iy RIPRUE, icy edspd to assure

receptor, light guide, and a spectroradiometer with or
without a timing means for measuring the radiation
produced by the radiation source. Alternatively, in

10 another embodiment, this invention provides a monitoring
system comprising one or more electrical sensors, which
comprise voltage and/or current monitors of the
electrical energy of the radiation source for producing
radiation.

15 The sterilization system and method of this
invention comprise a radiation source to sterilize
products, preferably medical devices. The sterilization
system and method can be used to measure the radiation
to which the product is exposed. The system and method

20 described herein are well-suited for in-line
manufacturing, and will provide accurate measurements of
the radiation to which a product is exposed to assure
that every product receives a sterilizing dose of
radiation.

25 The sterilization system and method, when the
sensor is an optical sensor, can further be used to
measure the radiation at multiple locations in the

treatment area of the radiation source and provide a



that every product receives a sterilizing dose of radiation. 25 The
sterilization systemand nethod, when the sensor is an optical sen%ﬁr Cﬂm
further be used to neasure the radiation at nultiple locations in t eSEP
treatment area of the radiation source and provide a 01 SEP 2003 - 8
detailed two or three dinensional mapping of the radiation to produce a
spatial distribution characterization map of the source itself. In this
nodal ity the sterilization systemis used as an 5 aut omated source mappi ng
system The nmaps can be used to ensure consistency fromone radiation
source to another to maintain uniformtygin the sterilization dose in the
manuf acturing process. 20 BRI EF DESCRI PTI ON OF THE DRAWNG Figure 1 is a
functional block diagramof a sterilization systemof this invention.

Figure 2 sho - i e LL ] i t this

I nventi on. 1§§??§h$%§gg?ﬁ§§£ gﬂg%gc??%ggg%%ﬁé%rﬁgpﬁgﬁaoggggéﬁngle

radi ati on souraodiationreo psbduse spespaotatli apetribubeasaurenents of a |anp
when the | anp was new and t he sane Ianﬁ after 2600 flashes. 20 25

DESCRI PTI ON GRS Y NVERATF £\ TPt @F ntRet 8pyree dFsesferi IPz&Pi8n" as used

modality the sterilization system is used as an

5 automated source mapping system. The maps can be used to
ensure consistency from one radiation socurce to another
to maintain uniformity in the sterilization dose in the

manufacturing process.

10 BRIEF DESCRIPTION OF THE DRAWING
Figure 1 is a functional block diagram of a
sterilization system of this invention.
Figure 2 shows an embodiment of the sterilization
system of this invention.
15 Figure 3 shows a spectroradiometric map of a single
radiation source.
Figure 4 shows spectroradiometric measurements of a

lamp when the lamp was new and the same lamp after 2600

flashes.
20
DESCRIPTION QF THE INVENTION
The term “sterile” or “sterilization” as used
herein means rendering an organism incapable of
reproduction,.
25 The term “radiation source” can mean one or more

radiation sources unless otherwise indicated.



herei n neans rendering an organi smincapable of reproduction. The term
"radi ati on source" can nean one or nore radiation sources unless oﬂngmﬁwg
i ndi cated. 01 SEP 2003 - 9 The term"ultraviolet radiation"” neans

radi ati on having a wavel ength or wavel engt hs between 200 nm and 400 nm
The sterilization systemis preferably used to 5 sterilize nedica

products, preferably contact |lenses in sealed containers or packages. The
sterilization system conprises a radiation source, which can be any type
of radiation source, including continuous and pul sed radiation sources.
The preferred radiation source is a 10 pu¥sed radi ati on source, for

exanple, a flash lanp, which is a radiation source that has high intensity
for a short tine. The preferred pulsed |light systemis nade by PurePul se

Technol ogi es, and TBef Hetfierulessvibedt i Aad VE: Ddn4 384 ons S5rdd4aL8bn
5,786,598, and 5,768,853, and 15 4,871,559, and 4, 464,336 (H ranoto), al

i ncor por at ed hA¥iBEnabyarelerghbeor THevetergiRadoebdeeni df0sburaadin  the
sterilization4§¥skﬁn1is further described in concurrently filed

Br own- Skrobot; "ét "al, US Patent Application Serial No. , entitled "Method

of 20 Sterilizationhe ¥Edr388zawhbghsystémcosppratedabeyehselytor ef erence.
Presently, it is preferred that the pulsing, also referred to as flashing,
del i Yers noreStREAL1BE REAEARl UPFPAVFEF et P¥QEFBRP BN BANTAGE whoBEERgERS

between  240- 280 0F 8BREIYnREL BY! SEckREEL erabhy OPLE; 1020: 30n systenm

comprises a radiation source, which can be any type of
radiation source, including continuous and pulsed
radiation sources. The preferred radiation source is a
10 pulsed radiation source, for example, a flash lamp,
which is a radiation source that has high intensity for
a short time. The preferred pulsed light system is made
by PurePulse Technologies, and is further described in
WO 97-43915, 5,034,235, 5,786,598, and 5,768,853, and
15 4,871,559, and 4,464,336 (Hiramoto), all incorporated
herein by reference. The preferred radiation source in
the sterilization system is further described in
concurrently filed Brown-Skrobot, et al, US Patent
Application Serial No. , entitled “Method of
20 Sterilization”, VTN-388, which is incorporated herein by
reference. Presently, it is preferred that the pulsing,
also referred to as flashing, delivers more than 18
mJ/cm? ultraviolet radiation having wavelengths between
240-280 nm energy per pulse, preferably more than 30
25 mJ/cm?® ultraviolet radiation having wavelengths between
240-280 nm per pulse, to all the surfaces of the medical
device to be sterilized. The preferred medical device

is a contact lens, which preferably is in a sealed



25 mi/cn? ultraviolet radiati on havi ng wavel engt hs between 240-280 nm per
pulse, to all the surfaces of the nedical device to be Sterilized'ﬂiﬁﬁPZW}
preferred nmedical device is a contact |lens, which preferably is ina

seal ed 01 SEP 2003 contai ner or package. The description which follows

will refer to contact |ens packages; however, nedical devices, other goods
or products which may or nmay not be within containers or packages can be
substituted for the 5 contact |ens package in the description. The

radi ati on per pulse nay be fromone or nore radiation or |ight sources.
(The terns light and radiation will be used interchangeably herein.) |f
the radiation is fromnore than one source, it is preferred 10 that the
sources pulse at the sane tinme or at substantially the sane tine, that is,
within 25 m econsadnedsernpaekpyef er dhkydesthiption ehdsecdaddcard nost
preferably within 1 m crosecond. The sterilization_systemfurther conprises
a 15 nonitoriWylsyELERT FReCRBRRELr LRYSsPRFEABESer BPHEMPT ¢ BiRsHiCSds a

sensor. The s Q§9&e%?“0968?2§ﬁ§&s”BEe rBHEEEQ:wﬁ&c%l%%&rb&a%aﬁe%%@“%é”

both. The preterred "enbo conprises at |east one“optical” sensor, nore
preferably tweibptincabnsansers. o20pdhkagpsi cah sensabsprieierablfyprcaiea i ses
a neans for coIIectiEgPthe radi ati on nmeans for nmeasuring the

an
radi 4ti on. ThE°REERE ScBRF égﬁn@ncéheb ©§°FABRECgui de, such as a

liquid-filled 'igh&hgukgaigﬁi?nfb@%rquQEi&ayCBba@&eH$55% B e |1 ght

pipe, input slit, 25 ultraviolet Ien I ntegfati ng sphere, cosine receptor

or radiation or light sources. (The terms light and
radiation will be used interchangeably herein.) If the
radiation is from more than one source, it is preferred

10 that the sources pulse at the same time or at
substantially the same time, that is, within 25
microseconds, more preferably within 5 microseconds and
most preferably within 1 microsecond.

The sterilization system further comprises a

15 monitoring system. The monitoring system preferably
comprises a sensor. The sensor can be one or more
optical or electrical sensors or both. The preferred
embodiment comprises at least one optical sensor, more
preferably two optical sensors.

20 The optical sensor preferably comprises a means for
collecting the radiation, and means for measuring the
radiation. The means for collecting can be a light
guide, such as a liquid-filled light guide or a fiber
optic, catadioptric mirror, light pipe, input slit,

25 ultraviclet lens, integrating sphere, cosine receptor or
multiples or combinations of the preceding list. An
integrating sphere and cosine receptor are the more

preferred. An integrating sphere is the most preferred.



mul ti pl es or conbinations of the preceding list. An integrating sphere and
cosine receptor are the nore preferred. An integrating sphere is t@ﬁ ﬁﬁsh
preferred. 01 SEP 2003 - 11 |Integrating spheres typically offer th 03
| argest field of view for collecting the radiation and are very durable.
In conparison, a quartz fiber optic is less preferred, because it tends to
undergo sol arization; 5 that is, lose its ability to transmt over tine if
it is directly exposed to the radiation. An integrating sphere, which
conprises nunerous durable reflective surfaces, collects at |east a
portion of the radiation, attenuates or hhgnifies the intensity of the

radi ation, so and then sends the radiation via a light guide, preferably
a fiber optic, to the means for neasuring the radiation. Aternatively,

the means for ymasaddithd hephdnsh aiyic My e fgicamporiaieedntdid e means
for collecting the radiation or visa-versa, but to |imt the 15 size of
the means forokovietion enkleadding | gt WAt ismefaskhise i T¥Hcat ed near

he means | i e s _
For  monsur | MBS AHELS ha Bt | SHRHE T B L Tt Tor b kst gt e

radi ati on awayrdforrdde vach@dd o Said® .t 2Qiddeddgo igaldt padtian] imit the
size of the neans for _collecting the radiation, because any object near
the sradi ati omaouree ¥ese bl ot @bkl 16t He arEmidt i VeI ¥ Woulld is

otherwi se reagh dhey prodsletiehng Yeidachles! bl & digamans for
collecting the Tadiatiomr may ranster the collected Tadiation to the
means for sphere, which comprises numerous durable reflective
surfaces, collects at least a portion of the radiation,
attenuates or magnifies the intensity of the radiation,
10 and then sends the radiation via a light guide,
preferably a fiber optic, to the means for measuring the
radiation. Alternatively, the means for measuring the
radiation may be incorporated into the means for
collecting the radiation or visa-versa, but to limit the
15 size of the means for collecting the radiation which
preferably is located near the radiation source, it is
presently preferred to have a separate means for
measuring the radiation and locate the means for
measuring the radiation away from the radiation source.
20 It is important to limit the size of the means for
collecting the radiation, because any object near the
radiation source may block some of the radiation which
would otherwise reach the product which is very
undesirable. The means for collecting the radiation may
25 transfer the collected radiation to the means for
measuring the radiation by mirrors, fiber optic, light
pipe, ultraviolet lens, or the like; however, it is

preferred to use a fiber optic, because it offers



measuring the radiation by mrrors, fiber optic, light pipe, ultraviolet

| ens, or the like; however, it is preferred to use a fiber optic, Cﬂ#Sﬁﬂa
it offers 01 SEP 2003 - 12 flexibility in positioning as conpared t

met hods which would require fixed alignnent between the nmeans of
collecting the radiation and the nmeans for neasuring the radiation. 5 The
I ntegrating sphere is a hollow sphere, typically coated internally with a
white diffusing material having a defined spectral reflectivity in the
interior of the sphere. The integrating sphere has at |east one entry
port. It is preferred that the 10 intedradtd mg sphere has two or nore entry
ports. The nunber of entry ports preferably matches the nunber of [|ight
sources; therefore, for the presently preferred sterilization systemit is
nost preferreflekabiiheyi nhegoaithgnipheae haspawedentr ywepboids. whHieh
integrating 15 here may Ee | gcat ed anywhere as lopg as it receives at

| east a portiwﬁui 1xRBnevePimERE PREWEREt FHE MspRSr o1 s

FREUEFEN
preferably '088%?9c9§ﬁ§|FﬁE EQdEQEiBﬁCEQEetBEigﬁgngéﬁgaeﬁea%%EW%§”t@E§

| i ght sources, but not~blocking any direct e packages. In this
preferred 20 radaatdon.the entry ports are preferably |ocated on the
integrating sphere gt from300 to 60, nore pregeiibly Lron140 to 500, and
nost *preferably 45T ?oﬁPFﬁgraﬁFﬁﬁoFHPeBF tRe®2pdtkag¥ £8°6&Sexposed. In

these preferred;Laeali opgrelihensabhd1agolechon LASthi it re@neg25 entering
each port will overlap the radiation source.

material having a defined spectral reflectivity in the
interior of the sphere. The integrating sphere has at
least one entry port. It is preferred that the

10 integrating sphere has two or more entry ports. The
number of entry ports preferably matches the number of
light sources; therefore, for the presently preferred
sterilization system it is most preferred that the
integrating sphere has two entry ports. The integrating

15 sphere may be located anywhere as long as it receives at
least a portion of the light; however, the integrating
sphere is preferably located parallel to the package to
be exposed, between the light sources, but not blocking
any direct light to the packages. 1In this preferred

20 location, the entry ports are preferably located on the
integrating sphere at from 30° to 60°, more preferably
from 40° to 50°, and most preferably 45° from the
midpoint of the package to be exposed. 1In these
preferred locations, the solid angle for the light cone

25 entering each port will overlap the radiation source.
The geometry of the entry port or ports is used to
determine the energy per area of the radiation delivered

to the packages.



The geonetry of the entry port or ports is used to determ ne the energy
per area of the radiation delivered to the packages. 01 SEP 2003 - 13
Light traps, exit ports or gray reflector ports in the integratingﬂi§5%ﬂ®3
may be used to attenuate or nultiply the radiation to neet the needs of
the means for neasuring the radiation. Preferably, the 5 integrating
sphere will transmt to the neans for neasuring the radiation enough
energy to be near the radiation saturation |evel for the neans for
measuring the radiation during each pulse in order to increase the signa
to noise ratio. The reflectivity of the 10 Fntegrating sphere material is
characterized in order to accurately calculate the sphere nultiplier and
maintain N ST traceability. Also, the reflectivity of the integrating

sphere preferably Lsglets tiaps ASenOSPDIEs LIPSy LA POLEEL g@@ﬁgr ah region
of the radiation to be 15 neasured so that it is matched to the response of
the means fofhSeERERIFYE DR FRhRLR T foe Wl opp i ateeyade coNtrol across

the entire regiqQn. | £ferent! i.,ntegrating.sphere preferably
transfers a ?ﬁ%%]la%ﬁgt}lfg g%%%%lpéeﬁ c%ont%ég%eo?h? ng?éa%icgqi ea‘fleg?‘? 20 the
wavel engt hs tfoheanaeastieg tiye thei imansn f orprdamasapipg ke radi ation.
Integrating spheres provide to the neans for nmeasuring the radiation a

nuch® mor e equtt CHR Il RRNFFE thel § | igraner %o rdmyaneinswalerengt hs t han
woul d be provileche {01 GRS o SIS P 5 YTy | pheorating
sphere collects radidation at a
radiation saturation level for the means for measuring
the radiation during each pulse in order to increase the
signal to noise ratio. The reflectivity of the
10 integrating sphere material is characterized in order to
accurately calculate the sphere multiplier and maintain
NIST traceability. Also, the reflectivity of the
integrating sphere preferably is as flat as possible
across the entire spectral region of the radiation to be
15 measured so that it is matched to the response of the
means for measuring the radiation for appropriate gain
control across the entire region. Stated differently,
the integrating sphere preferably transfers a
substantially equal percentage of the radiation at all
20 the wavelengths to be measured by the means for
measuring the radiation. Integrating spheres provide to
the means for measuring the radiation a much more equal
percentage of the light over a range of wavelengths than
would be provided, for example, by filters. The
25 preferred integrating sphere collects radiation at all
the wavelengths generated by the radiation source.
The means for measuring the radiation preferably

can measure total radiation, and the radiation at



t he wavel engt hs generated by the radiation source. The neans for neasuring
the radiation preferably can neasure total radiation, and the radiation at
01 SEP 2003 - 14 5 10 15 20 25 particul ar wavel engths or ranges off 1 SEP 2003
wavel engt hs. The neans for neasuring the radiation is preferably a
spectronmeter. It is preferred that the input into the spectroneter is a
spread fiber optic input. The spectroneter preferably conprises a

di spersive optical elenent and a photodetector. The di spersive optical

el enent can be transm ssive or reflective as long as it disperses the

radi ation into the spectral conponents-of4 the radi ation. Exanpl es of

di spersive optical elenents which can be used in the spectroneter include
diffraction gratings (blazed echelle, hol ographic, ion- etched),

diffractive QRiitGEUllaNSRSse MMM oNiddrRfed) of hisalempli<s (Tenses,
w ndows, mrrors), filters and mrrors_(hol ographic, dichroic, narrowband,
cut-on, cut- meRns tiem Measyring tdd glastiatdicsl dd mrefenaddsn 2 di anond

d , | . . . g . H ,
F Shogt o o EREa GRS on s BByl S ndl B5R Hoe

| i t hographi c,”*m—<r replica f1bers

(gl ass, |iquisghectdichRaiest ais Shidphethd @idsid Qptaisc lionmtas tTee opti cal

el ement di sperses the radiation into nonochromatic

5 spectrometer preferably comprises a dispersive optical

element and a photodetector. The dispersive optical
element can be transmissive or reflective as long as it
disperses the radiation into the spectral components of
the radiation. Examples of dispersive optical elements

10 which can be used in the spectrometer include
diffraction gratings (blazed echelle, holographic, ion-
etched), diffractive optics (lenses, windows, mirrors),
binary optics (lenses, windows, mirrors), filters and
mirrors (holographic, dichroic, narrowband, cut-on, cut-

15 off, thin film, ultraviolet, dielectric, blazed, diamond
grooved), lenses and windows and prisms, and rulings,
{(glass, plastic, lithographic, microlithographic,
radial, replicated), optical fibers (glass, liquid,
dispersion shifted, plastic) as long as the optical

20 element disperses the radiation into monochromatic
radiation or into spectral components, preferably into
spectral components. The preferred dispersive optical
element is a diffraction grating reflector. The
preferred diffraction grating reflector is a holographic

25 grating or a ruled grating. The more preferred
spectrometer comprises both a spread fiber optic input

and a diffraction grating reflector. The dispersive



radi ation or into spectral conponents, preferably into spectral
conponents. The preferred dispersive optical elenment is a diffraction
grating reflector. The preferred diffraction grating reflector is a

hol ographic grating or a ruled grating. The nore preferred spect riongiPei(l
conprises both a spread fiber optic input and a diffraction grating
reflector. The dispersive 01 SEP 2003 - 15 5 10 15 20 25 optical el enent
is preferably focused onto the photodetector. The photodetector can be any
kind as long as it can count the nunbers of photons present at a certain
range of the wavel ength or wavel engths, 1for exanple, it can consist of
phot orul ti plier tubes, photodi odes, and photocells in a Charge Coupled
Device (CCD) array. The preferred photodetector is a photodetector array,

nmore pref er adppoyi calphaitasiradel argeyferdlsty prehesadl yneo nehal  oxi de
sem conductor (MOS) |inear sensor, |like the Hamamatsu S3901-256Q
phot odi ode ar?3tadetertFei ss MMS miniature spectroneter. There can be any

nunber of phot odi-qQde hg(gdé?( Aéhcéﬁ Aéﬁgﬁy -g'o £57 o e;gr Plg ﬁhere
ot o |odés, an bl'y 25 t

are 128 or nore ph nore ~ prefera or re” phot odi odes
in the array.cduht hthe Mgibgrefel atbispectgormdet dhes ec@rea2h6rphgéodi odes

'n 5 of the wavelength or wavelengths, for example, it can
consist of photomultiplier tubes, photodiodes, and
photocells in a Charge Coupled Device {CCD) array. The
preferred photodetector is a photodetector array, more
preferably a photodiode array, most preferably a metal

10 oxide semiconductor (MOS) linear sensor, like the
Hamamatsu $3901-256Q photodiode array in the Zeiss MMS
miniature spectrometer. There can be any number of
photodiodes, for example, at least 32 diodes,
preferably there are 128 or more photodiodes, and more

15 preferably 256 or more photodiocdes in the array. In the
most preferred spectrometer there are 256 photodiodes in
an array on a single chip. The grating disperses the
radiation into its spectral components which impinge on
the array of photodetectors which count the numbers of

20 photons present in the light at the wavelengths for
which the photodectors are positioned. The sensor
preferably has a spectral response extending down into
the UV-C region, e.g. 200 nm, of at least 20 mA/W
radiant sensitivity. The spacing of the photodetector

25 array sensors preferably is 60 microns or less, more
pre?erably between 20 and 60 microns. The sensor
spacing preferably is calibrated for the x-axis

{(wavelength) using a second order polynomial fit



an array on a single chip. The grating disperses the radiation into its
spectral conponents which inpinge on the array of photodetectors which
count the nunbers of photons present in the light at the wavel engths for
whi ch the photodectors are positioned. The sensor preferably has | ]
spectral response extending down into the UV-C region, e.g. 200 ni; %? Qp

| east 20 mA/ W radiant sensitivity. The spacing of the photodetector array
sensors preferably is 60 mcrons or |less, nore preferably between 20 and
60 m crons. The sensor spacing preferably is calibrated for the x-axis
(wavel engt h) using a second order pol yrori®al- fit 01 SEP 2003 - 16

equation. Preferably, the wavel ength resolution of the photodetectors in
the spectroradionmeter is less than 10 nm preferably less than 3 nmand is
nore preferabkyuaktésa.t hamefemabl¥hetprewaretédngpkctresoadt oort ef, ths 5

described, can produce a spectral irradiance _chart as ,a _functjon of
wavel engt h. THEOHBQﬁEEFBPrﬁeé§uFPﬁgSPﬁEtFSHFQ%PEﬁtEEnlEel855th@Pe18r snal

number of phojpdeteakakspitn LS S 1haRg32s RErLesSsekbaRK10 or even
| ess than 3 10 ph todgtectgrg%sahfg ﬁa?enseﬁs?tise tg aﬁngrrOM/ ghvelength

range of radi aesenthdhelphat od®hecporfecarnd bpesticbhrafiadmehey,ame sensitive

to particular , wavel engths of radiation. This would_be partjcularly suited
for & radi atiBRSS5Y EB: ﬁﬁPCHIBSHﬂﬁc@ssHeFFﬁ?}eﬂrigd?ﬁﬂ & SEaﬁévéﬁeﬁgths,

for exanple, kasersonThe Rhagbech§dnspectroneters are sensitive to the

The means for measuring the radiation can be a
single or small number of photodetectors, that is, less
than 32, or less than 10 or even less than 3

10 photodetectors, which are sensitive to a narrow
wavelength range of radiation. The photodetectors can
be such that they are sensitive to particular
wavelengths of radiation. This would be particularly
suited for a radiation source, which produces a limited

15 range of wavelengths, for example, lasers.

The preferred spectrometers are sensitive to the
wavelengths between 185 nm and 900 nm. However,
spectrometers having a larger or smaller array of
photodetectors which are sensitive to a larger or

20 smaller total range and/or larger or smaller incremental
ranges o©of wavelengths within the total range of
wavelengths can be used. The spectrometers are selected
to have sensitivities to the wavelengths that need to be
monitored. Presently, it 1is preferred that, at a

25 minimum, the spectrometers are sensitive to wavelengths
from 200 to 400 nm, more preferably from 200 to 300 nm

and most preferably from 240 to 280 nm, because



wavel engt hs between 185 nm and 900 nm However, spectroneters having a

| arger or smaller array of photodetectors which are sensitive to a |l arger
or 20 smaller total range and/or larger or smaller increnental ranges of
wavel engths within the total range of wavel engths can be used. Th@1sﬁg2w3
spectroneters are selected to have sensitivities to the wavel engths that
need to be nonitored. Presently, it is preferred that, at a 25 m ni nrum
the spectroneters are sensitive to wavel engths from 200 to 400 nm nore
preferably from 200 to 300 nm and nost Eze[erably from240 to 280 nm
because 01 SEP 7003 - 17 5 10 15 20 25 radi ation of those wavel engths has
t he bi ggest inpact on mcroorganisns. Preferably both the wavel ength and
irradiance sensitivity of the spectrometer is calibrated using a N ST
source for eddtiadiOsafl dePri vVl k@RS has aBhanbégpgsitatimirdtnt@nsity
out put, and . having a known spectral signature output. After the
spegtroneter%ﬂgééggqﬁaﬁe for both its spectral sensitivity and

i rradi ance responseafiddadilie BNt ¢ O WLRSL eridt thenQiresr va $eed & or adi onet er .

The gain or attenuation factor of the integrating sphere, if used, is
taken into c&REISderiatlitoh Hurihfy SREGBIMIAE fealibrated using a
5 NIST source for each; one source having a known

irradiance radiation intensgity output, and one source
having a known spectral signature output. After the
spectrometer is calibrated for both its spectral
sensitivity and irradiance response with the NIST

10 sources, it becomes a spectroradiometer. The gain or
attenuation factor of the integrating sphere, if used,
is taken into consideration during calibration. The
calibration changes the raw data from the spectrometer,
which is in counts per pixel, into calibrated readings

15 of irradiance per wavelength in units of (mJ/cm®)/nm,
also referred to as spectroradiometric flux.
Preferably, circuitry is added to the spectrometer
including an analog to digital converter along with the
associated software drivers which allow it to

20 communicate with a computer, for storing the
measurements or using the measurements to control the
sterilization system,

The monitoring system of the sterilization system

further comprises a timing means. The timing means

25 provides that the optical sensor substantially only
measures the radiation from the radiation source during
each pulse of radiation or only for the time a package

is exposed to the radiation source for a continuous



calibration changes the raw data fromthe spectroneter, which is in counts

per pixel, into calibrated readings of irradiance per mavelength In units
of (ml/cnR)/nm also referred to as spectroradi onetric fl ux. 3{ gﬂp|m3
circuitry is added to the spectroneter including an analog to di t

converter along with the associated software drivers which allowit to
comuni cate with a conputer, for storing the neasurenents or using the
measurenents to control the sterilization system The nonitoring system of
the sterilization system further conprises a timng neans. The timng
means provides that the optical sensor $Bbstantially only nmeasures the
radi ation fromthe radiation source during each pulse of radiation or only
for the tine a package is exposed to the radiation source for a continuous
01 SEP 2003 r&@iatbdma$®@nceourmmr d#orher thErtlodse hageodirbad srent sist i s

preferred that Pe rqgi tion is cq$|ected and asurqg Iaﬁr substantlally
100% of the tPHBTEREEYt Hadhathagerdsat kot bt S htayh. M7 U5 Pul sed

radiation sourge, sébg@gﬁtwﬁlylﬁe@% !l S5 Oof i i@d R Ohd &&A%tfg and

measured individually. It 1s preferred to synchronize the colTection
and/ or neasur@npmse@ftwheadzmmzmmon Fox ha phbsad| radrat ofn reciateon to a

package, particul arl -continu us radiatio ste d ot herw se
10 deacti vat e ?#@ (ﬁuig S%e? PR 1% ‘f)n]eff%cn e t"’H'é dar k
current ff0n1§@$§uﬁédnﬁn&f@hé@@ﬁp?; and £§ﬂ§%éEbrf€d(Hﬁﬁéﬁhéﬁ¥5ﬁ&i9n

measurenents. |If a fackage Is to
the collection and/or measurement of the radiation with

the delivery of radiation to a package, particularly for
a non-continuous radiation system, and otherwise

10 deactivate the optical sensor between pulses to prevent
the dark current from saturating the sensor, and causing
erroneous radiation measurements. If a package is to
receive multiple pulses to achieve sterilization, the
radiation is collected and/or measured only for the time

15 the radiation source delivers radiation to the package
and not during the time between pulses, and the total
amount of radiation delivered to the package is
determined by summing the measured radiation at
particular wavelengths or all wavelengths for each

20 package exposed. For example, in the preferred
embodiment, the pulse of radiation lasts approximately
500 microseconds, so the spectrometer is activated for
600 microseconds beginning approximately 20-50
microseconds before the pulse and ending 50-80

25 microseconds after the pulse. The 20-80 microseconds
are buffers to be sure the total radiation during the
pulse is collected and measured. The total buffer for

each pulse should preferably be more than 50



receive multiple pulses to achieve sterilization, the radiation is
col l ected and/or neasured only for the tine 15 the radi ati on source
delivers radiation to the package and not during the tine between pul ses,
and the total anmount of radiation delivered to the package is dEQQQﬁPQﬁﬁ
by sunm ng the nmeasured radiation at particular wavelengths or all

wavel engt hs for each 20 package exposed. For exanple, in the preferred
enbodi ment, the pulse of radiation |lasts approximtely 500 ni croseconds,
so the spectroneter is activated for 600 m croseconds begi nni ng

approxi mately 20-50 m croseconds beforEZV%é'pulse and endi ng 50-80 25

m croseconds after the pulse. The 20-80 m croseconds are buffers to be
sure the total radiation during the pulse is collected and neasured. The
t ot al buffermﬁcroseaohdpuasé éhealdhpneﬂ@ﬂamiilbgeﬂ@méStha@gﬂiqmaEEP 2003
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sensor Wi thi Rr4Q0cfkl bbteeandsehgber @i thEasSUbioNeilihe seadirdtd e fidm t he
source. Further, it is also preferred that the background radiation is

col l ected andeﬁéagmnedtbhoraﬁyapnp@rfﬁ@Wtﬁ@Ed@bN#@ﬁy affrthgdsuridnmel®  of

any . of the raglatb%gfgggghtggaﬁoghe bacﬂground radiation is

collected and measured shortly prior to the delivery and
measurement of any of the radiation from the source, and
that the background radiation is subtracted from the
total radiation measured from the source. The

10 background radiation is preferably determined by
activating the optical sensor for the same duration of a
pulse or delivery of continucus radiation to a package,
but when no radiation is produced by the radiation
source. After the total radiation from the source 1is

15 measured, the background radiation can be subtracted
from the total radiation, and the net radiation can be
compared to a standard amount or range of radiation
rneeded for sterilization.

The timing means controls when the optical sensor

20 collects and/or measures the radiation. The timing
means can be mechanical or electronic or a combination
of both. The timing means can be a timer or clock which
is used to activate the optical sensor by the occurrence
of some event, such as: an instruction to fire a

25 radiation source, a response from the radiation source
that it will fire, or the movement of a package into the
chamber to receive a sterilizing dose of radiation, as

long as the event will provide enough time for the



that the background radiation is subtracted fromthe total radiation
nmeasured fromthe source. The background radiation is preferably

determ ned by activating the optical sensor for the same duration of a
pul se or delivery of continuous radiation to a package, but when g?

radi ation is produced by the radiation source. After the total §£F8W3
fromthe source is neasured, the background radi ation can be subtracted
fromthe total radiation, and the net radiation can be conpared to a
standard anmount or range of radiation needed for sterilization. The timng
means controls when the optical sensor- 2gold ects and/or neasures the

radi ation. The timng neans can be nechanical or electronic or a

conbi nati on of both. The tining means can be a timer or clock which is

used to acti yake Lhe apealinseas0pnlX LROCRECULLRECE, B $QUB VSN, such

as: an instructionto fire a ation Source, a response :
radi ation soueasurehahe|EnW1kb fibse, ofir thheradyanenh ﬁb ahpagkagdecitnt o t he

chanber to re eive a it rilizing diie of radiation, as long as the event
wi |l provi dePéHSugRYt i Hg fesr time ailampdpobhat 3§.5aR0eYsnHOPESOEptrcal

sensor in respange1iQel o?V%Qﬁlgelgﬁ baffet PaqiBRIURCSH1GEN | HfdOSE Of
the radiation to the pr

5 timing means is not the detection of the radiation from
the radiation source that is used to sterilize the
package, because then the necessary response time of the
optical sensor will result in the measurement of less
than all of the sterilizing radiation directed at the

10 package. The timing means can be a mechanical,
electrical or optical switch or lever which can be
activated before, during or preferably after the
movement of a package into the housing to receive a
sterilizing dose of radiation, and which can optionally

15 be deactivated before, during, or after the movement of
the package out of the housing. The movement of the
package may activate a switch or lever which would
simultaneously cause the radiation source to discharge
and the optical sensor to measure, and the switch would

20 be deactivated when the package is removed which would
deactivate both the radiation source and the optical
sensor. Alternatively, if the radiation source is
continuous, the switch just described would only
activate and deactivate the optical sensor when the

25 package is placed into and removed from the target area
where it is exposed to the radiation from the radiation
source. Alternatively, the switch or lever, preferably

an electronic gate, may activate individual timers for



plus any buffer tine allowed, that is, an event prior to the delivery of
radi ati on by the radiation source. The timng neans is not the detection
of the radiation from the radiation source that is used to sterllmz% @m
package, because then the necessary response tine of the optical o)
wWill result in the measurenent of less than all of the sterilizing

radi ation directed at the package. The tim ng neans can be a nmechani cal,
el ectrical or optical switch or | ever which can be activated before,
during or preferably after the novenent of a package into the housing to
receive a sterilizing dose of radiationZ2land which can optionally be
deactivated before, during, or after the novenent of the package out of
t he housi ng. The novenent of the package may activate a switch or |ever
whi ch woul d Shaut@dhebﬂehysoanse ahé/oadthei opt $oailceehsodi schahge and

the opti cal sepsor to asure, &he swi tch moald be deactiyvated when
t he package i5%FefByeg? ?Eﬁsﬂﬁuwal dBScRFUAYRED tﬁotwgaPHHPaFPSn sour ce

and the Optlcﬁédléé‘ﬂéﬂrfoﬁ' LernalhV el de tfuaEhEhéailhéEh%oﬁo%E%
continuous, the switch just described would only activate and geactlvate

t he optlcal sehsbrdikeharge, piavkageyi bupfeced i The pmdfeemededifieam t he
target area where i to the radiation fromthe radiation

sour ge. AIterh%t?v%?;ldtﬁEagﬁn? RCbFOreGel t™pFeferably an el ectronic gate,

may activate indi videapréFareedf 9teP11 SER: 29R3sys2dm EDechadi ation source
and/ or the optical sensor so that the optical sensor will be activated to
measure the comprises a computer. In the preferred embodiment, the

i timing means is incorporated into the synchronization
interface which is interfaced to the computer. The

10 timing means and the computer preferably control both
the optical sensor, and the radiation source so that the
optical sensor is turned on and measures the radiation
for the duration of the radiation source, and then the
optical sensor is deactivated. The duration of a pulse

15 of radiation is known and a timer causes the optical
sensor to activate and deactivate based on the pulse
timing for a known duration. In the preferred
sterilization system, the computer initiates the
radiation source firing sequence while synchronously

20 operating the optical sensor. When the computer sends
the radiation source fire, e.g. LAMP FIRE command, a
signal is generated electronically to activate the
radiation source, and the computer awaits the LAMP-
FIRING response. When the radiation source receives the

25 command signal, it activates an internal firing sequence
and initiates firing, and also sgignals that the
radiation source will fire via a LAMP-FIRING electronic

signal. When the synchronization circuitry in the



radiation for a known tinme that the radiation source wll discharge, plus
any buffers. The preferred tiner 5is a solid-state electronic tiner. The
preferred sterilization systemfurther conprises a conputer. In tmﬁ
preferred enbodi ment, the tining means is incorporated into the SEP 2003
synchroni zation interface which is interfaced to the conputer. The 10
timng nmeans and the conputer preferably control both the optical sensor,
and the radiation source so that the optical sensor is turned on and
measures the radiation for the duration_Qf the radiation source, and then
the optical sensor is deactivated. The daration of a pul se is of radiation
Is known and a tinmer causes the optical sensor to activate and deactivate
based on the pulse timng for a known duration. In the preferred
sterilizati onsssﬁy@hmlw‘el%nym@faw t¢qn@stamerecr@g:nmes)rtls©ummpﬂ r| ng

sequence whi | |y, erati he opt.i cal Spo When t
conput er sendﬁIﬁ¥ﬂ% é%ggfloﬁgg%&gcé?flﬂgua Hﬁ qﬁ%é? %ﬁﬂ%ﬁﬂrcﬁ
signal is genesqhfte®! Lo Cahdynt Qa@G:tinVévl,t Ebﬁ hee1dhadiad i S&pEce, and

the conputer amalts the LAMP- FIRI NG response. \Wen the radiation source
recei ves the 2 confiak®e si g | tirendindiaaisesarta rihe myndhromyzaetoence

Va5 Lave: R saE 0 PR S Bnd S i SR v cui try 11
the O | SEP 2@083ch w211 mdiffivate the spectrometer at the start of the
radiation source and the timer will also send a signal
to inactivate the spectrometer at the end of the pulse.
Due to the requirement for a fast real-time response,

10 this function is preferably implemented in hardware
instead of software. The synchronization circuit is
preferably optically isolated from the circuitry for the
radiation source, and preferably shielded from any
electromagnetic interference or noise from the radiation

15 source. This means that the signal wires from the
radiation source to the synchronization interface are
preferably not connected directly, but pass information
via an optical isclation board, which typically
terminates the electrical signal on each side of a sclid

20 state optical signal generating transmitter/receiver
pair, across which no electrical spike can traverse, to
avoid permanent and costly damage to one or both
systems.

In the present embodiment, the pulse does not occur

25 instantly, so there is time between the LAMP-FIRING
signal and the actual radiation source. During this
dark period, preferably one or more steps occur to

ensure the measurements by the spectrometer are as



15 20 25 synchroni zation interface conputer recognizes the LAVP- FI R NG
signal, it begins a tinmer. The radiation source requires a known anount of
time, or delay, to prepare for a pulse. The timer indicates to the
synchroni zation circuit when to generate a signal to the spectro&éﬁﬁﬁQMg
which will activate the spectroneter at the start of the radiation source
and the tinmer will also send a signal to inactivate the spectroneter at
the end of the pulse. Due to the requirenent for a fast real-tine response,
this function is preferably inplenented in hardware instead of software.
The synchronization circuit is preferab?¥ optically isolated fromthe
circuitry for the radiation source, and preferably shiel ded from any

el ectromagnetic interference or noise fromthe radiation source. This
means that thecigta ad pesdibdm.t hehe ddiatt et epouwaetes t fdumps)
synchronizatgaq interface are p not connected directly, but pass

r ef er abl
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generating transmtter/receiver “pair, across ch noelectric
traverse, toofadeirk prrorementi mndec giidyodiandege too wirshior dtffewsystens. In

e present STgdml.ad e fulse does oty oocur,  iatant Ly, cse there i
During this paare Re0deddf eiRmallds e 10sdBIRIST MR PGFr FdOably
less than 10 milliseconds, minimal error builds up in
the radiation measurements from accumulation of dark
current. The second step measures the background

10 radiation for the same time interval as the duration of
the flash to collect and measure the background
radiation. This measured amount can then be subtracted
from the measured amount of radiation to correct for the
background radiation collected during a radiation

15 source. This step can be performed once, for each of a
set of pulses delivered to one or more packages,
preferably for each package, and the amount of
background radiation is preferably subtracted from each
of the measured pulses.

20 In the preferred embodiment, the system can
optionally have one or more, preferably two diagnostic
photodiodes to monitor the output of the top and bottom
lamps. These photcdiodes (which are separate from the
photodiodes in the spectrometer) can monitor the pulse

25 timings via a fiber optic connection into the housing
which will tell the computer if the radiation source is
firing and/or not firing when expected by the optical

sensor. These photodiodes preferably also read the
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w mlliseconds as possible of the actual flash event,
ess than 200 mlliseconds, nore preferably less than 10

, mnimal error builds up in the radiation neasurenments from

of dark current. The second step neasures the background
r the same time interval as 2%he duration of the flash to
nmeasure the background radiation. This neasured anount can

ract ed _frpn1the measured anpunt of radiation to correct for
yoe isadilatiad atdlodne¢resd dhkei rgdd atddnakicarcesdufcanyfhi s step

rmed once, for each of a set of pulses delivered to one or
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e sSystem¢c¢ opt i onal have one or

measured by the spectrometer, or timing discrepancies in
the pulsed radiation between what the spectrometer
expects and what the sterilization system provides.

In the preferred sterilization system, the
spectrometer 1is synchronized to each pulse, and can
measure the spectroradiometric flux for a pulse
frequency of up to 1000 pulses per second, preferably 1
to 100 pulses per second, most preferably 3 to 10 pulses
per second depending on the pulse width and required
dose per package for sterilization. Presently, multiple
pulses are reQuired to sterilize the contact "~ lens
package. The preferred optical sensor requires very
little time to recover from one measurement of radiation
to be ready to measure the next pulse of radiation. The
optical sensor can measure the spectroradiometric flux
of individual pulses of radiation, which are delivered
with less than 5 seconds, more preferably less than 1
second, and most preferably less than 300 milliseconds
between the pulses. The sterilization system described
herein is capable of measuring the total and/or spectral
content of the radiation from each individual pulse, and
the cumulative radiation of multiple pulses measured for

each individual pulse and then summed.

23 5 10



| anps. These phot odi odes (which are separate fromthe photodiodes in the
spectroneter) can nonitor the pulse timngs via a fiber optic connection
into the housing which will tell the conputer if the radiation sougngﬁﬁ
firing and/or not firing when expected by the optical sensor. These 003
phot odi odes preferably also read the 01 SEP 2003 - 24 5 10 15 20 25
residual radiation fromthe radiation source (if any). This feature
detects a defective radiation source or erroneous pulse. Preferably this
feature will detect any erroneous pulses during the dark time periods not
measured by the spectrometer, or tinming dbscrepancies in the pul sed

radi ati on between what the spectroneter expects and what the sterilization
system provides. In the preferred sterilization system the spectroneter

is synchroni zed t afeeh fhe sspt Bl CoenmsdRassl edthe specheDsadeomehei c 1 ux
for a pul se frequeggg of up to 1000 pul ses per second, preferably 1 to
100 pul ses pameiorRf FRRYIDriderdn wmeabl 1ed grasekengidt @econd dependi ng

on the pul se %%#@%% e&#iéé;féjct .eofP§5 P gortl'tf%grérhé)\%ﬁ{:iQ?'
Presently, nultiple ”pulses are require 30 s I TTZze t'he contact Tens
package. The aeiers etropiompd resnsorspadif 1ed amsyntd idtdeedi bR ther ecover
from one measurenent of radiation ] . .
5 computer that are needed for the application, which for
the preferred embodiment is an amount needed to provide
a sterilized product. If the amount of radiation
produced by the radiation source, either as individual
flashes or cumulatively over multiple flashes, is too
10 small for the application, the system will provide some
indication to an operator or online manufacturing
controller, or automatically repeat the radiation
treatment, or reject the product that was not properly
sterilized. A record of each radiation treatment can be
15 stored in the computer so that if the amount of
radiation continues to fall short of the standard, then
the computer can be programmed to automatically shut-
down the sterilization system until it is repaired.
Additionally, the amount of radiation can be compared to
20 a maximum amount of radiation above which the polymer of
the product or packaging is degraded, resulting in
rejection of the product if the maximum is surpassed.
The monitored ranges of radiation will preferably be
both for the total radiation to which the product is
P exposed and also for the total amount of radiation of
certain wavelengths or ranges of wavelengths that are

most destructive to microorganisms. Further, the system

can be designed to preferably detect any stray or extra



to be ready to neasure the next pulse of radiation. The optical sensor can
neasure the spectroradionetric flux of individual pulses of radiation,
which are delivered wth |ess than 5 seconds, nore preferably less than 1
second, and nost preferably less than 300 nmilliseconds between th§13fPsgy.
The sterilization systemdescribed herein is capable of neasuring the
total and/or spectral content of the radiation fromeach individual pulse,
and the cumulative radiation of multiple pul ses neasured for each

i ndi vi dual pul se and then summed. 01 SEP 2803 - 25 5 10 15 20 25 After the
optical sensor collects and neasures the26anpunt of energy for the
speci fi ed wavel ength or wavel engths or spectrum of wavel engths, this
anount or anounts are conpared to specified anmounts stored in the

conput er thatfsishawedatd fios ddcodppl Bl y ashutrdiberh flog stbeipiehetoad
enbodi nent is an anount needed to provide a sterilized product. If the
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appl i cation, e systemw provi de sone 1 ndication to an operator or
onl i ne manuf agdnufaducimy roiner , tloerafh omat tlchd | yy ¢ epeanay hber adedt i on
treatnent, or reject  the product that was not properly
5 intd a larger process control system for the
manufacturing line which will either divert product from
a malfunctioning radiation source, or shut-down a
manufacturing line if necessary.
The radiation measured by the optical sensor is
10 preferably correlated to a spatial distribution of the
radiation in the volume where the packages are present
in the housing which is prepared for the radiation
source prior to using it for sterilization. This
correlation, an external correlation, is determined by
15 mapping, that is, by measuring the radiation at multiple
points in the volume to be occupied by packages and the
optical sensor in the housing so that the entire output
field, also known as a map, may be known to within the
limits of normal variation. The distribution is
20 determined by moving the optical sensor to one or more,
preferably to many, locations within the housing in the
radiation field of the radiation sources and measuring
the radiation at each location or by using multiple
optical sensors at various locations within the
25 radiation field. The radiation measured at the various
locations in one, two or three dimensions, is stored in
a computer, and the spatial distribution is generated

from the stored data preferably by using data fusion



sterilized. A record of each radiation treatnent can be stored in the
conputer so that if the anount of radiation continues to fall short of the
standard, then the conputer can be programred to automatically shyt 0
the sterilization systemuntil it is repaired. Additionally, the anoint
radi ati on can be conpared to a nmaxi mum anmount of radiation above which the
pol ymer of the product or packaging is degraded, resulting in rejection
of the product if the maxi mumis surpassed. The nonitored ranges of
radiation will preferably be both for t total radiation to which the
product is exposed and also for the total amount of radiation of certain
wavel engt hs or ranges of wavel engths that are nobst destructive to

m croorgani sms. Further, the system can he designed to preferably detect
any stray or teahdoresSEp Orpss thizs spatiig ) sliss PUE I dOT fhd to
automati cal I'y. _shut.do id i | temNnt;i dadial i pn source
IS repaired. )&ﬁl&g%tgtro\éﬁ]eérér{grﬁg{ea!éo tae}# ggésttag%iﬁ'lsﬁizgat'i olné stilﬂgem vm?&l; be in a
manuf act ur i ngrddwie;ad hateeflayant iidn,s isyst ethamy thee thieacths ifido a | ar ger
process control systemfor the nanufacturinq line which will either divert

product fromcad it Ht G shitglinddiont i ’h SERAEE: SREhRIURREESY
rranqsf acturl n%dﬂi’??gi'r{g i ESr@product can be determined by using the

spatial distributien.

A second correlation, an internal correlation, is
particularly useful when the product to be sterilized by
this invention is in a package. The internal

10 correlation may be mapped by measurement or calculation
based on optical transmissivity of the package material
and/or its contents to determine the energy within the
package. The optical transmissivity can be determined
by using the sterilization system by inserting the means

15 for collecting the radiation inside the package to be
sterilized. Either the internal correlation or external
correlation or both correlations can be used to
determine the amount of radiation necessary for
gsterilization of the product.

20 Another embodiment of the invention is the use of
more than one optical sensor. Each sensor is given a
number N, so that there are N data sets taken at various
points within the exposure volume. Using data fusion
techniques, the sensor array data points are correlated

25 to produce the 3D map at the surface of the medical
device. This data map combines spatial, spectral, and
irradiance information, as well as an optional temporal

mapping. Comparing maps taken at different times gives



The radi ation measured by the optical sensor is preferably correlated to a
spatial distribution of the radiation in the volune where the packages are
present in the housing which is prepared for the radiation sourcequEpQIEo
using it for sterilization. This correlation, an external correlation, p
determ ned by mapping, that is, by neasuring the radiation at nmultiple
points in the volunme to be occupi ed by packages and the optical sensor in
the housing so that the entire output field, also known as a map, nay be
known to within the limts of normal varjation. The distribution is
determ ned by noving the optical sensor to one or nore, preferably to
many, |ocations within the housing in the radiation field of the radiation

sources and neasunring -th adi atio t each location or by using multiple
optical sensof$ é?eéa?FoﬁEaFogﬁP?oﬁg aFFﬁFhOFﬁE1°Pa8FaﬁBéRQHQQ(ﬁieThe

radi ation neagyaedtabnt Beu¥aei aHE/ ok 06aELEBS LR 9BEo LR AL hree
dinmensions, is stored in a conputer, and the spatial distrrbutionis

generated from thEhetsengodain phefstabiyibgtisnngydata busittre 01 SEP 2003

- 27 technig ..Once this spatial distribution for a radiation source
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I mpi ngi ng on the product can be determ ned by using the spati al
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particularly yseful, Wogp;Lhe PLoduet 19 be S18LELIZ28Y BY sor in the

sterilization system or monitoring system of this
invention. The electrical sensor preferably measures

10 the voltage or current of the electrical energy in the
radiation source during either a pulse of radiation from
the radiation source or from the start to the end of the
exposure of a product to the radiation from the
radiation source. The electrical sensor preferably

15 measures both the voltage and the current, or two
electrical sensors are used, one of which measures the
voltage, and the second of which measures the current.
The electrical sensor preferably is a time dependent
collection device, meaning that it can measure the

20 change in the voltage and/or the change in the current

over the time of the pulse or exposure of the product to
the radiation. Preferably the electrical sensor has
circuits which digitize the measured levels of voltage
and/or current for communication to a computer which

25 compares the levels of voltage and/or current to
standard ranges which are required for the radiation
source to produce a sterilized product. If the voltage

and/or the current to the radiation source, is




this invention is in a package. The internal 10 correlation may be mapped
by measurenent or calculation based on optical transmssivity of the
package material and/or its contents to determ ne the energy mjthgTSEp?MH
package. The optical transm ssivity can be determned by using th
sterilization systemby inserting the neans 15 for collecting the radiation
I nsi de the package to be sterilized. Either the internal correlation or
external correlation or both correlations can be used to determne the
anount of radiation necessary for steriljgzation of the product. 20 Another
enbodi nent of the invention is the use o? nore than one optical sensor.
Each sensor is given a nunber N, so that there are N data sets taken at

t he exposure vol une. Using data fusion _techniques,
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computer so that if the amount of voltage and/or the
current continues to fall short of the standard, then

10 the computer can be programmed to automatically shut-
down the sterilization system until it is repaired.
Further, the electrical sensor can be designed to detect
any stray voltage or current, and if detected, to
automatically shutdown the sterilization system until

15 the radiation source is repaired. Preferably the timing
means, the synchronization interface, the radiation
source, and the computer interacts with the electrical
sensor as described above for the optical sensor. It is
preferred to have an electrical sensor and an optical

20 sensor in the sterilization system, because if there is

a problem with the radiation source, it can be diagnosed
using the measurements from the electrical and optical
sensors. The measurements from the optical and
electrical sensors can also be used for troubleshooting

25 and preventive maintenance.

The preferred block diagram of the invention is

shown in Figure 1. The preferred sterilization system 5

comprises an optional interactive user interface 10, a




I nvention. The electrical sensor preferably neasures 10 the vol tage or
current of the electrical energy in the radiation source during itE r
pul se of radiation from the radiation source or fromthe start t@1§ gz@ﬁd
of the exposure of a product to the radiation fromthe radi ati on source.
The el ectrical sensor preferably is neasures both the voltage and the
current, or two electrical sensors are used, one of which neasures the
vol tage, and the second of which neasures the current. The electrical
sensor preferably is a tine dependent _qﬂﬁlpction device, neaning that it
can neasure the 20 change in the voltage and/or the change in the current
over the tine of the pul se or exposure of the product to the radiation.
Preferably the electrical sensor has circuits which digitize the neasured
| evel s of volacagaitesnd/lotheurpiation SOWRTS dati di& @F%]&ﬂaput er which 25

compares the J.evels 9f yol 1308 1208/ Q1 IS g o Stapdang, Tanges whi ch are

required for M6 Fad’ati dn 2 source to pr o a sterilized product. If the
vol tage and/syndherGWatdnin tio e acadilat.i oTheouwneeshien ¥atSEh 2003 - 29
i nsufficient or too nuch either in an individual flash  aor over pultiple

flashes, the iSyerdmas 146 HEBrdeesortde (HdHER GRS UH Ther AT 187 onl i ne
manu{ acturing %%r}td“@ljeﬁrgyn%rh uﬁio{%ti'o‘halall%rfﬁm Jddgd agdiaigon 5

treatment, or reject the-pro at was not properly sterilized. A
record of thenajriageaidrd/qatd ke ey tenthndlagyeacTheadiatd¢loronizat ként can
be stored in j.tnht%rfcaqcrcrapultserinst%rt a\ac:tesi f\afitt:rll*le t%rgmilrnatdiogt ivoorl1 ts?c%ergendig,r the
the electrical sensor 19, the optical sensor 14, and the
computer 11. The computer 11 comprises control, data
10 fusion, measurement, and logic algorithms, as well as
mass storage. Preferably, the computer has one or more
algorithms to control separately or in combination the
duration, intensity, frequency and number of radiation
pulses. BAn operator can start the sterilization system
15 5 by controls in the interactive user interface 10. The
interactive user interface can be used to turn the
sterilization system 5 on and off, adjust the number of
flashes per product and set the time between flashes.
If the radiation source 12 has additional variables
20 which can be controlled, such as energy levels,
wavelength selection, distance between the radiation
source and the package, etc., the interactive user
interface 10 can be designed to allow the operator to
“input these controls for the radiation source 12. This
25 information is preferably sent from the interactive user
interface 10 to the computer 11 which uses the operator
inputs according to its programming to instruct the

synchronization interface 16, optical sensor 14, and the



current continues to fall short of the standard, then 10 the conputer can
be programmed to automatically shut- down the sterilization systemuntil it
is repaired. Further, the electrical sensor can be designed to de¢gEp 3ny
stray voltage or current, and if detected, to automatically shutdown the
sterilization systemuntil z5 the radiation source is repaired. Preferably
the timng neans, the synchronization interface, the radiation source,
and the conputer interacts with the electrical sensor as described above
for the optical sensor. It is preferred to have an el ectrical sensor and
an optical 20 sensor in the sterilizatiof system because if there is a
problemw th the radiation source, it can be diagnosed using the
measurenents fromthe electrical and optical sensors. The neasurenents
from the opticadianioneseereech? tensyrehreml zt sehbr (RRREIbIONS 50

t roubl eshoot i 25 d ti ' . dh I di
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conputer 11 the radiation source 12, the optical sensor(s) 14, an
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radiation, and if necessary converts analog information
into digital information, the optical sensor 14 sends
10 this information to the computer 11 which compares the
measured quantity of radiation with a standard, and if
the standard is not met, the computer 11 is programmed
to communicate the unsatisfactory level of radiation to
the radiation source via the synchronization interface
15 16 to stop the radiation source 12 from producing
radiation, to communicate to the interactive user
interface 10 that the radiation level was not within the
standard, and/or to sound an alarm. Also, after the
radiation source 12 produces radiation and the
‘20 electrical sensor 19 has measured the voltage and/or
current in the radiation source 12, and if necessary
converts analog information into digital information,
the electrical sensor 1% sends this information to the
computer 11 which compares the measured quantity of
25 voltage and/or current with a standard, and if the
standard is not met, the computer 11 is programmed to
communicate the unsatisfactory level of voltage and/or

current to the radiation source via the synchronization



conputer 11. The conputer 11 conprises control, data 10 fusion,
measurenent, and logic algorithnms, as well as nmass storage. Preferabl

the conputer has one or nore algorithnms to control separately or ﬂﬁ£%¥2m3
conbination the duration, intensity, frequency and nunber of radiation

pul ses. An operator can start the sterilization system 15 5 by controls in
the interactive user interface 10. The interactive user interface can be
used to turn the sterilization systemb5 on and off, adjust the nunber of
fl ashes per product and set the tine between flashes. If the radiation
source 12 has additional variables 20-wh#ch can be controlled, such as
energy levels, wavelength selection, distance between the radiation
source and the package, etc., the interactive user interface 10 can be
desi gned to aldtewfidue dgerat atdp tHenpaditdteim cantred s12 of réthe radi ation
source 12. This 25 infornmation is preferably sent fromthe interactive user

interface 10 Ftr(?d(”r?el%. PR b T I AERE AR ot aFcr&ﬁ' IRYRER ST HERor di ng
to 1ts progr MG /ARl UcY tH DGR R d PLELEACE: 10ag 0Pt cal

sensor 14, and the 01 SEP 2003 - 31 radiation source 12 to synchronize
t hei r oper at imarts wsighirhathe hesarattiat,i egndttowt dysamdvark akamasuFed by t he

opti cal sensor, % an ttg-% el ectrical rpuI se of the radiat] on.f urce is
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radi ati on and the optical sensor 14 has neasured the radiation, and if

necessary corhadels idna@ogn nMrmateitd fartory exposure sequence. If the
{ measured radiation and voltage and/or current meet the

standards, then the system is programmed to continue its

10 operation, or wait for the operator to send additional
instructions. The computer 11 is preferably designed to
store all the measured radiation and voltage and/or
current per flash for each package which is gathered
from the electrical sensor 1% and optical sensor(s) 14.

15 If this system is integrated into a manufacturing
line, the computer can be further programmed to
automatically adjust the above-listed variables, such as
energy to the radiation source or distance to the
product, if insufficient or too much radiation reaches

20 the package. For example, if the amount of ultraviclet
radiation as a fraction of the total radiation is too
small, then the computer can direct the radiation source
interface to increase the voltage of the radiation
source which, in the present embodiment, will both

25 produce more total radiation and increase the portion of
ultraviolet radiation in the total radiation produced.

Further, if this system is integrated into a

manufacturing line, the computer can be further



into digital information, the optical sensor 14 sends 10 this information
to the conputer 11 which conpares the neasured quantity of radiation with
a standard, and if the standard is not nmet, the conmputer 11 is pr Sﬂnﬂmg
to communi cate the unsatisfactory level of radiation to the radlatlon
source via the synchronization interface 15 16 to stop the radiation
source 12 from producing radiation, to conmunicate to the interactive user
interface 10 that the radiation level was not within the standard, and/or
to sound an alarm Also, after the radi $ion source 12 produces radiation
and the 20 electrical sensor 19 has neasured the voltage and/or current in
the radiation source 12, and if necessary converts analog information into
digital information, the electrical sensor 19 sends this information to
the comput erpHog AR WWQW%M@@@WW&MQJIS 28U voha agen and/ or

current with [ st.a dar not t he conputer
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5 10 is 20 25 interface 16 to stop the radi ation source 12 from pr oduci ng

radi ation, tEVHHAMITE e a9 hirdedardces which can be

5 utilized to modify the radiation source in such a way as
to generate the appropriate amount of ultraviolet
radiation.

The preferred embodiment of the sterilization
system having a contact lens package within the system

10 is shown in Figure 2. It is preferred that the two
radiation sources 21 and 22 face each other and that at
least one contact lens package 23 which is to be
sterilized is placed between the radiation sources,
preferably on a quartz plate 32. It is further

15 preferred that the radiation sources have reflectors 24
and 25 which reflect the light toward the package(s) 23,
and that the reflectors, radiation sources and packages
are completely enclosed in a light-tight housing 26
while the radiation sources pulse, so that, when the

20 system is operated, substantially no light from outside
the housing can get into the housing and substantially
no light from inside the housing can get out.

The integrating sphere 27 is located within the
housing 26. In the preferred embodiment the integrating

25 sphere is located between the two radiation sources 21
and 22. The preferred location of the integrating
sphere is substantially between the two radiation

sources 21 and 22 adjacent to and more preferably in-



user interface 10 that the voltage and/or current was not within the
standard, and/or to sound an alarm For either of the prior occurrences,
computer 10 will store the nmeasurenments in a device history file anBl] SEP 2503
preferably label it as an unsatisfactory exposure sequence. If the
measured radi ati on and voltage and/or current neet the standards, then the
systemis programmed to continue its operation, or wait for the operator
to send additional instructions. The conputer 11 is preferably designed to
store all the measured radiation and voltage and/or current per flash for
each package which is gathered fromthe3&lé&ctrical sensor 19 and optica
sensor(s) 14. If this systemis integrated into a manufacturing 1line, the
conput er can be further programred to automatically adjust the
above- | i st ed Vaome abl €ls, tseicpadsagener gyo tlwe t dveposeid at | Dine sburegratidgst ance

to the product, if insufficient or too ch |ati,Qn reaches__the
package. For AT €125 S YRSBNOUROTES r%@ég?%t f@%i%?'%% %grgsfraction

of the total sadigyipe iset9PersPRbly I1dEAddeokOPRY Bt &qPatiingCt the
radi ati on source Interface to increase the voltage of the radiation

source whi ch, spietd ez prsesppeabDah teEly , 454 |Ardiotthe priethedentmerfe tiod al
radi ation and increase the portion of wultraviolet radiation in the total
radi @ati on proeR@edge (Furaperndigated sinyBiawre 2 i nt EYf atREcIHtb1RI

manufact uri ngsudee 19 Lolbpt eL CRD Bl ibers OlcoHee0D% s &
e w ot

progranmed to Tonmuni ca er ‘various automation controﬁ?ers such
as but not |ispéctrdmetéoriexatple, fiber optic 30. Figure 2 only

shows one optical sensor location; however, in the
preferred embodiment at least one additional optical

10 sensor is placed around the perimeter of the package.

The fiber optic 30 preferably transfers the

radiation from the integrating sphere 27 to the
spectrometer 31 through the housing 26. In the
preferred embodiment as shown the integrating sphere 27

15 is located inside the housing 26 and the spectrometer 31
is located outside of the housing 26, although the
integrating sphere 27 and the spectrometer 31 can both
be located inside the housing.

The location of the spectrometer outside the

20 housing aids in reducing the noise in the spectrometer
due to electromagnetic interference (EMI) near the
electrical cables, and connectors for the radiation
source inside the housing. Alternatively, if EMI
shields are provided, the spectrometer could be located

25 inside the housing; however, as discussed earlier it is
preferred that the spectrometer be located such that it
does not block any of the radiation which would

otherwise reach the product. The placement of the



PLCs, indexers, servo controllers, stepper notor controllers, and other
such devices which can be 5 utilized to nodify the radiation source in such
a way as to generate the appropriate amount of ultraviolet radiation. The
preferred enbodi ment of the sterilization system having a cont adil SEEAA03
package within the system 10 is shown in Figure 2. It is preferred that
the two radi ation sources 21 and 22 face each other and that at |[|east one
contact |ens package 23 which is to be sterilized is placed between the
radi ati on sources, preferably on a quartz plate 32. It is further 15
preferred that the radi ati on sources havé>reflectors 24 and 25 which
reflect the |ight toward the package(s) 23, and that the reflectors,

radi ati on sources and packages are conpletely enclosed in a Iight-tight
housi ng 26\Mﬁﬁ&tﬂﬁmmeEEﬁeaidﬂBEannemﬁwqynﬁmpms@hékﬁ&erMMEnathenZO system

I S oper at ed, substantlall ght from outsjde _the housin an get into
t he housipg %h 49Qﬁﬁrg§Qﬁf%%§?%es%$%l bﬁ%&ﬁgycan get
out. The integy rﬁ‘aﬁ?dflsfd oGatah %éig&érh@ntgomas SBiyl R the

preferred enbo nent the integrating 25 sphere is |ocated between the two
radi ation somscmetmcﬂi einlod o238 sﬂmwﬁwdmémml‘@nlbfreaehl nhegratl ng
sphere is substantially between the two radi t|on 21, and

adj aBent to antPIfT et ThrieterSRRSF Y oF SERY OUSUlg of

the spectrometer away from the interior of the
sterilization chamber, the ambient temperature of the
spectrometer is maintained at a more constant
temperature without the use of additional thermal
10 cooling or insulation.
The invention is further described in reference to

the following examples.

Example 1

15 The control system described herein was used to
generate a spectroradiometric map of a single radiation
source for a PurePulse PBl1-4 system. The radiation
between from 240 to 280 nm was measured at 21 mm from
one of two lamps, at a power level of 52%. The

20 radiation was measured in 5 mm increments -25 mm to 25
mm from the center of lamp perpendicular to the axis of
the lamp. The graph produced by the system is shown in
Figure 3. '

Example 2

25 Spectroradiometric measurements of a lamp were made
when the lamp was new and after 2600 flashes of the
lamp. Although the total energy of the lamp had only

decreased by 3.4 % (as measured with a thermopile



is 20 25 line wth the package(s) to be exposed. The integrating sphere
has two entry ports 28 and 29. The entry ports 28 and 29 are pref%raﬁéy
| ocated on the integrating sphere 27 at approxinmately 45 fromthe i AP o0
of the package(s) as indicated in Figure 2. The integrating sphere 27
transmts the radiation it collects to the spectroneter 31 via a fiber
optic 30. Figure 2 only shows one optical sensor |ocation; however, in the
preferred enbodi nent at | east one additional optical sensor is placed
around the perineter of the package. The fiber optic 30 preferably
transfers the radiation fromthe integrat mg sphere 27 to the
spectroneter 31 through the housing 26. In the preferred enbodi nent as
shown the integrating sphere 27 is |located inside the housing 26 and the
spectronet er 3ilokrsmkeealed fauusiede eshowbethatisihg 26grglyt héughet hemp
integrating sphere 27 and the spectroneter 31 caE both  be Ioca%ed Lnsi de
the housing. PREWEERaBA8n28FA RRE &PedtrEnERBRCOR sF&@lPﬁéonh86§iﬁ§a;ids in
reducing the pgise.1D.the,3nen)" AT Sk dusehony! ackhomans! thahgterher ence
(EM) near thé “elec Ficaf ca es, and connectofs for the radiation source
i nsi de the houdkengnefglenifatheelymp beENMeensBit@l dadaéOpnovi ved, the
spectroneter could be |ocated inside the,hogsggg' however, as is%ussed

r -be

earl Per it isenprgherPedetiat fthe t5eSUFYAEE th5.BPEg SGERSCRAT it
does not bl ocig;20%c05ahAmeddindieR Mhich sWetthge would not be

detected by a system which only measures the change in

the overall energy. In figure 4, the spectroradiometric

measurements of the new lamp are the solid line, and the
10 spectroradiometric measurements of the lamp after 2600

flashes is the dashed line.

This invention has been described with reference to
particular embodiments; however, additional embodiments
which fall within the scope of the claims will be

15 apparent to those of ordinary skill in the art.



ot herwi se reach the product. The placenent of the 0 1 SEP 2603 - 35
spectroneter a distance away fromthe sterilization chanber has the
addi ti onal benefit of significantly Ilowering thermal drift in the 1 003
measurenents since only a portion of the sterilization energy wll q gﬂ%
the 5 sensor in the spectroneter. By l|locating the housing of the
spectroneter away fromthe interior of the sterilization chanber, the

anbi ent tenperature of the spectronmeter is maintained at a nore constant
tenperature without the use of additional thermal 10 cooling or insulation.
The invention is further described in reference to the follow ng exanples.
15 Exanple 1 The control system described herein was used to generate a
spectroradionetric map of a single radiation source for a PurePul se PBl-4
system The radiation between from?240 to 280 nmwas neasured at 21 nm
from one of two |anps, at a power |evel of 52W The 20 radi ati on was
measured i n Hemmligder:enents -25 nmto 25 mmfromthe center of |anp
perpendi cular to the axis of the |lanp. The graph produced by the systemis
shown in Figure 3. Exanple 2 25 Spectroradi onetric neasurenents of a |lanp
were made when the drai Mastien ayétait eor2dGifdeshesiidtidre | anp.

Al t hough the total energy of the |lanp had only

5 source, sensor, and timing means, wherein the
measurement of energy by said sensor is substantially
synchronized based on said timing means to the start and
end of each pulse of radiation from said radiation

source or to the start and end of the exposure of a

10 product to said radiation source.

2. The sterilization system of claim 1, wherein said
sensor is an optical sensor which measures the radiation
from said radiation source.

15

3. The sterilization system of claim 2, wherein said

optical sensor is a photon-counting sensor.

4. The sterilization system of claim 1, further
20 comprising a computer which interfaces with said

radiation source, said sensor, and said timing means.

5. The sterilization system of claim 2, further
wherein less than 200 milliseconds prior to said
25 measurement of radiation by said optical sensor, the

dark current is dumped from said optical sensor.



decreased by 3.4 % (as neasured with a thernopile 01 SEP 7003 - 36
calorineter), figure 4 shows that the energy of the lanp between 240 and
280 nm (the range of radiation critical for sterilization) had decigagedi(]
by 8.6% The change in the energy of the |anp between 240 and 280 nm was
s enough to result in the survival of the nore resistant m croorgani smns;
however, this change would not be detected by a system which only neasures
the change in the overall energy. In figure 4, the spectroradi onetric
measurenents of the new lanp are the solid line, and the io

spectroradi onetric neasurenents of the |afp after 2600 flashes is the
dashed line. This invention has been described with reference to

particul ar enbodi nents; however, additional enbodinments which fall wthin
t he scope of a&.he dlha rexeamilllidze ith appereemtof clidios e offwitdiarary skill in
the art. 01 SEP 2903 - 37 W claim_ 1, A sterilization system conpri si ng:
radiation 5 & JGss BT 1 iSA i Wem é:ifg FHE measur ement  of
energy by saidSeRSUn | SSPHYAMdAl | den SN G ZRd has eh My ti mi ng
means to the start and end of each pulse of radiation fromsaid radiation
source or tonaddastiant. and end of the exposure of a 10 product to said

radi ati on source. 2. The sterilization systemof claim1, wherein said
sensor is an optical sensor which neasures the radiation

7. The sterilization system of claim 2, wherein said

optical sensor comprises an integrating sphere.

8. The sterilization system of claim 2, wherein said
10 optical sensor comprises a cosine receptor.
9. The sterilization system of claim 2, wherein saild

optical sensor comprises a spectrometer.

15 10. The sterilization system of claim 2, wherein said

optical sensor comprises a spectroradiometer.

11. The sterilization system of claim 2, wherein said
optical sensor comprises an integrating sphere, and a

20 spectroradiometer.

12. The sterilization system of claim 11, wherein said
optical sensor further comprises an ultraviolet
transmitting light guide.

25
13. The sterilization system of claim 2, wherein said

optical sensor comprises a cosine receptor, an



fromsaid radiation source. i5 3. The sterilization systemof claim 2,
wherein said optical sensor is a photon-counting sensor. 4. The

sterilization systemof claiml, further 20 conprising a conputer m@%@@
interfaces with said radiation source, said sensor, and said tirﬁmh H%.

5. The sterilization systemof claim2, further wherein |ess than 200
mlliseconds prior to said 25 neasurenent of radiation by said optical
sensor, the dark current is dunped fromsaid optical sensor. 01 SEP 2003 -
38 5 10 15 20 25 6. The sterilization systemof claim2, further wherein
just prior to said measurenment of said- P&di"ation, said optical sensor
nmeasures the background radiation. 7. The sterilization systemof claim 2,
wherein said optical sensor conprises an integrating sphere. 8. The
sterilizati onubysdeiwvbét ctaans®itwhegel hghhiduideti eall sensor conprises a
cosine receptor. 9. The sterilization systemof claim2, wherein said
optical sensoFPEONPPTR8ECHEESPECt roneter. 10. The sterilization system of
claim2, wherein said optical sensor conprises a spectroradioneter.

14. The sterilization system of claim 1, wherein said
5 sterilization system further comprises a housing for
said radiation source, said housing being light-tight

when said radiation source produces radiation.

15. The sterilization system of claim 1, wherein said
10 sterilization system comprises at least two radiation

sources.

16. The sterilization system of claim 15, wherein said

sterilization system comprises at least two flashlamps.
15

17. The sterilization system of claim 16, wherein said

flash lamps pulse substantially simultaneously.

18. The sterilization system of claim 2, wherein said
20 optical sensor can measure the spectroradiometric flux
of individual pulses of radiation which are delivered

with less than 5 seconds between the pulses.

19. The sterilization system of claim 18, wherein said
25 optical sensor can measure the spectroradiometric flux
of individual pulses of radiation which are delivered

with less than 300 milliseconds between the pulses.



11. The sterilization systemof claim2, wherein said optical sensor
conprises an integrating sphere, and a spectroradioneter. 12. The
sterilization systemof claim11l, wherein said optical sensor furtgi@£P2m3
conprises an ultraviolet transmtting light guide. 13. The sterilizathon
systemof claim2, wherein said optical sensor conprises a cosine
receptor, an O01SEP2003 - 39 wultraviolet transmtting |ight guide, and a
spectroradi oneter. 14. The sterilization systemof claim1, wherein said 5

sterilization systemfurther conprises_a4goysing for said radiation source,

sai d housing being light-tight when said radiation source produces
radi ation. 15. The sterilization systemof claiml1l, wherein said 10

sterilization systemconprises at |east two radiation sources. 16, The
sterilizati oRGystER ot el bl fan onfareien @f FLlat®rd 1 iR SAtEm

conprises at | east i . /A il | temof claim
16, wherein Soéjﬁcdl éaf]I \z,i%{{%%sn%&%slsseéésu%ssfpaenc%]:?ra%agélsc%ﬁﬁ%ﬁfa%bo@ﬁslygrﬂl . The
sterilization YidmmHivel @tidal Wibinsint sairl £ Glaptodiaddes ensory can

measure the spectroradi onmetric flux of individual pulses of radiation which
are delivered wth Iess than 5 seconds between the pul ses. 19. The

sterjlization systam of ¢l 2 m 18 oMNer&idh $9¢ 1200 O | GAle:SENS Ua N
measure the spectroradi onetric ux
dispersive optical element comprises a holographic

grating.

22. The sterilization system of claim 2, further

10 comprising a computer which comprises one or more
algorithms which relate the measured radiation to an
acceptable range of radiation required for

sterilization.

15 23. The sterilization system of claim 22, wherein said
computer further comprises one or more algorithms to
control the duration, intensity, frequency, and number

of radiation pulses.

20 24. The sterilization system of claim 2, further
comprising: a housing; and wherein said optical sensor
comprises a means for collecting a portion of said
radiation from said radiation source and a
spectroradiometer, said means for collecting being

25 located inside said housing, said spectroradiometer
being located outside said housing, and said housing
being light-tight when said radiation source produces

radiation.



of i1ndividual pulses of radiation which are delivered wth |ess than 300
mlliseconds between the pul ses. 01 SEP 2003 - 40 20. The sterilization
system of claim2, wherein said optical sensor conprises a 01 SEP 2003
spectroradi oneter conprising a dispersive optical elenent, and a
phot odi ode array. 5 21. The sterilization system of claim 20, wherein said
di spersive optical elenent conprises a holographic grating. 22. The
sterilization systemof claim2, further (o0 conprising a conputer which
conprises one or nore algorithns which re]late the neasured radiation to an
accept abl e range of radiation required'f%% “sterilization. i5 23. The
sterilization systemof claim.22, wherein said conputer further conprises
one or nore algorithnms to control the duration, intensity, frequency, and
nunber of radiation pul ses. 20 24. The sterilization systemof claim 2,

further conprising: a housi.ng; .and wherein ;sai.d .qQpt]cal_,se i
: "R e B S R R A6 IR BT oS

a means for &3l e 1'on Tr'omsaid r on

source and ag TABUQUEL e SAiIvE JTBANRE StolorC alded | gbhesapd 25 | ocat ed
i nsi de said housing, salid spectroradi oneter being |ocated outside said

housi ng, and msstirgs hosiandf ibsaf mpdiaht - ti ght when sai d radiati on source
proqyces radi ati on. 01 SEP 2003 - 41

26. The sterilization system of claim 25, wherein said

means for collecting is an integrating sphere.

27. The sterilization system of claim 25, wherein said

10 means for collecting is a cosine receptor.

28. The sterilization system of claim 25, wherein said
spectroradiometer comprises a photodiode array and a

dispersive optical element.

15
29. The sterilization system of claim 28, wherein said
system is used to sterilize packages containing contact
lenses.

20 30. The sterilization system of claim 29, further

comprising an additional sensor which detects any stray

or extra flashes.

31. The method of claim 2, wherein said system

25 comprises more than one optical sensor.



25. The sterilization systemof claim?24, wherein said spectroradi oneter
receives radiation input fromsaid neans via a fiber optic. 5 26. EHQEP mu3
sterilization systemof claim?25, wherein said neans for collecting is

i ntegrating sphere. 27. The sterilization systemof claim?25, wherein sald
10 neans for collecting is a cosine receptor. 28. The sterilization system
of claim25, wherein said spectroradioneter conprises a photodi ode array
and a dispersive optical element. 15 29. The sterilization systemof claim
28, wherein said systemis used to sterilize packages containing contact

| enses. 20 30. The sterilization system®f tlaim?29, further conprising an
addi tional sensor which detects any stray or extra flashes. 31. The nethod
of claim2, wherein said system 25 conprises nore than one optical sensor.
01 SEP 2003 3% 2 Ph32st el Stayidn zatdm fstdminf 1ol athmdeintesrid n sai d
sensor is an electrical sensor which neasuresg t vol t age qQr current of

sai d radi at | GERRRK des I BWLedhe @ erignsRk "a'hm&/é‘i t&f

conpri si ng gl%éé@%ﬁogﬁxﬂ% rd €85 SENSM 1313 (Bcod&ﬂ.‘é:h measur es

vol t age, anot neasures current. 34. The sterilization system of
claim2, further 10 conprising an electrical sensor which neasures the

5 33. The sterilization system of claim 1, comprising
more than one electrical sensor, one of which measures

voltage, another of which measures current.

34. The sterilization system of claim 2, further
10 comprising an electrical sensor which measures the

voltage or current of said radiation source.

35. The sterilization system of claim 10, further
comprising an electrical sensor which measures the

15 voltage or current of said radiation source.

16. The sterilization system of claim 32, further
comprising a computer, said computer comprises at least
one algorithm which relates the measured voltage or

20 current to an acceptable range of voltage or current

required for sterilization.

37. A method of measuring the energy of a radiation
source produced by a sterilization system, wherein said
25 sterilization system comprises a radiation source, a
sensor, and a timing means, comprising the step of:
substantially synchronizing based on said timing means

the measurement of energy by said sensor to the start



vol tage or current of said radiation source. 35. The sterilization system
of claim 10, further conprising an electrical sensor which neasurqﬁhggﬁmma
15 voltage or current of said radiation source. 36. The sterilizati
system of claim 32, further conprising a conputer, said conputer conprises
at least one algorithmwhich relates the nmeasured voltage or 20 current to
an acceptabl e range of voltage or current required for sterilization. 37.
A nmet hod of neasuring the energy of a radiation source produced by a
sterilization system wherein said 25 sterilization system conprises a

radi ati on source, a sensor, and a tinTn§3néans, conprising the step of:
substantially synchroni zing based on said timng neans the neasurenent of
energy by said sensor to the start 14 01 SEP 2003 - 43 and end of each

pul se of radiaid emd reinesaitd pediato brradiatisn diran 3kd s¥adiabieflend of
the exposure of a product to said radiation. 38. TJh h f claim37,
wher ei n sai d SBHSH 9%t tHREY cﬁﬁ“ili He? r%%gtréeones}f%c??%é o‘?ga% opti cal

sensor, and trd cal; $ensPiac 8% . The nethod of claim 37, wherein
before said f%ﬂgﬁkgﬁronizi%g steﬁasaid met hod further conprises the step

of : instructing said radiation source to discharge radiation; and

measuring tinme by said timng S. 4 The netho Lg.395 wherein

aftet said 15&eastits Hbe%tﬂ%‘g,ogﬁ%f?bmag%brﬁ’) TH salg%féu%és?anti ally
selected from the group consisting of an optical sensor,

and an electrical sensor.

39. The method of claim 37, wherein before said
10 synchronizing step said method further comprises the
step of: instructing said radiation source to discharge

radiation; and measuring time by said timing means.

40. The method of claim 39, wherein after said

15 measuring step, and to accomplish said substantially
synchronizing step, said method further comprises the
steps of: activating and deactivating said sensor by
said timing means after said timing means measures set

amounts of time.

20
41. The method of claim 37, wherein said timing means
comprises an electrical, optiéal or mechanical switch,
or combinations of these switches.

25 42. The method of claim 41, wherein said timing means

is a solid state electronic timer.



synchroni zing step, said nethod further conprises the steps of: activating
and deactivating said sensor by said timng neans after said timng neans
measures set amounts of tinme. 20 41. The nethod of claim 37, mhereiq @?“ﬁm
timng nmeans conprises an electrical, optical or nechanical smﬁtchﬁ

conbi nations of these switches. 25 42. The nethod of claim4l, wherein said
timng neans is a solid state electronic tiner. O 1 SEP MB - 44 43. The
met hod of claim 37, wherein said sensor is an optical sensor and prior to
said synchronizing step, said method further conprises the step of:
dunping the dark current fromsaid opfiéél'sensor. 5 44. The net hod of
claim43, wherein prior to said synchronizing step, and after said dunping
step, said nethod further conprises the steps of: spectrcradio- netrically
measuri ng t hes backpneunedthadi af i ohaforl 1 hewhorehmesaidresense¥ vhF 38i d

optical sensor will_mneasure th radiation fromsaid radjati ource, and
after said s9PehFdhi 32EFH %T“gpp’a’u‘?}r"n O\/\fﬁ’b‘i %‘é?%‘g%%} alfr?%ngg $ai d

radi ation sourgcesi 5. FRA3UEGH: BPECEEREALEOs NBRE | 8¢ Yof : S@hflp TRGhedef ur t her
conprises the step of: subtracting 15 the spectral anounts of said

background radaski oorfenm £tbme spedtepticali aenedr neasured. 45. The net hod
of claim44, wherein prior to said dunping step, and before said
synchroni zi ng step, said

44. The method of claim 43, wherein prior to said
synchronizing step, and after said dumping step, said
method further comprises the steps of: spectroradio-
metrically measuring the background radiation for the

10 same time interval said optical sensor will measure the
radiation from said radiation source, and after said
synchronization step during which said radiation of said
radiation source is measured spectroradio-metrically,
said method further comprises the step of: subtracting

15 the spectral amounts of said background radiation from

the spectral radiation measured.

45. The method of claim 44, wherein prior to said
dumping step, and before said synchronizing step, said
20 method further comprises the step of: instructing said
radiation source to discharge radiation; and responding
by said radiation source that said radiation source will
discharge radiation, which causes said timing means to
start measuring time, and further wherein said method is

25 used to sterilize a contact lens in a package.

46. The method of claim 45, wherein said radiation

source is a pulsed radiation source.



20 nethod further conprises the step of: instructing said radiation source
to discharge radiation; and responding by said radiation source thgf| s&i il
radi ati on source will discharge radiation, which causes said timng nmeans
to start neasuring tinme, and further wherein said nmethod is 25 used to
sterilize a contact lens in a package. 46. The nethod of claim45, wherein
said radiation source is a pulsed radiation source. 61 SEP 2003 - 45 47.
The net hod of claim44, wherein after said subtracting step, said nethod
further conprises the step of determining if the neasured radiation is
within 5 an acceptabl e range of radiatroﬁ%réquired for sterilization. 48.
The nmethod of claim 37, wherein prior to said substantially synchronizing
step, said nmethod further 10 conprises the step of: nmeasuring the radiation
at various locations in the volunme to receive product to be sterilized by

said nethod to_estabplish E apa%iai .diatrib tion of _said radiation from
sai d radiati of’ - sotirBe™et8o490t Théa i Add BRCEFAPNPA8STWRESi n sai d product

conprises a pagkaggcaifgwherepn said ABthed kukther cerpphiisesthbe step of
determning the transmSsivity of said package to said radiation. 20 50.
The net hod of stegi af48etanwioingaf ferheamgasyyadhradiztagnsiepwdGhilmg whi ch
said radi ation_of saig C .

5 an acceptable range of radiation required for

sterilization.

48. The method of claim 37, wherein prior to said
substantially synchronizing step, said method further

10 comprises the step of: measuring the radiation at
various locations in the volume to receive product to be
sterilized by said method to establish a spatial
distribution of said radiation from said radiation
source.

15
49. The method of claim 48, wherein said product
comprises a package and wherein said method further
comprises the step of determining the transmissivity of
said package to said radiation.

20
50. The method of claim 48, wherein after said
synchronizing step during which said radiation of said
radiation source is measured spectroradiometrically,
said method further comprises the step of using said

25 spatial distribution to determine if said package

received a sterilizing dose of said radiation.



radi ati on source i s neasured spectroradiornetrically, said nethod further
conprises the step of using said 25 spatial distribution to determne if
sai d package received a sterilizing dose of said radiation. 01 S 1 ﬁﬁpﬁﬂﬁ
46 51. The nmethod of claim 37, wherein said system conprises nor a

one optical sensor. 52. The nethod of claim37, further conprising after 5
sai d substantially synchronizing step during which the voltage or current
of said radiation source is neasured the step of: determining if said
measured voltage or current fromsaid substantially synchronizing step is
sufficient for sterilization. f - 46 -

51. The method of claim 37, wherein said system

comprises more than one optical sensor.

52. The method of claim 37, further comprising after

5 said substantially synchronizing step during which the
voltage or current of said radiation source is measured

the step of: determining if said measured voltage or

| current from said substantially synchronizing step is

gsufficient for sterilization.



