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OPTI CAL PROPERTY SENSOR TECHNI CAL FI ELD The present
invention is related to a sensor for optica
w@e@psL4sses. It is particularly adapted to proRCTES2008/068913
information fromnoving webs in real tinme. BACKGROUND
In the manufacturing of, e.g. optical films, it is
sonet i mes necessaf¥ to control one or nore optica
properties quite QFbEeAl, RRORERILEENSOHBI e product .
For exanple, the properties of transm ssion haze,
clarity, and transmttance, are frequently of great
i nterest when maki ng fIBGEBNIOXL FEEIGD optical pane
di spl ays. Transmi ssiop haze is a_termused in the art,
to dosEeFsSHY RYRUGR dec 8 agEBYor &9t ARG CHPIORSTiEt K 13 pyHeularly
ad@ifed fo HOGHe o AHEBn b ISV inBSIGRMN rhPAfl o generally
efined wthin various standard test methods (e.g.,
ASTM D1003, 1SO 13468) as the ratio of the diffuse

light transmittance tgﬂﬁgggéggibpigansnittance t hr ough
a filmor substrate. |1y, transm ssion
hazey ihe higfurRedinsoft HatoftiRRPRRRN ifondtights nb&@bary $o control one

diffusely scattered outside a 2.5 degree angle with
o

or megpeicat properdiod fuitredlesgly foghaketseegntabie produetaherdxemple, the
ortho al |l y. through .t he supstrate to be.neasured. .
S S A R e

when @lakidg ks f5€ agg eptidag patdhtiispyf.ound within the 2.5
degree angle and transmttance is defined as the ratio.
of ~ thramEmsstandze isghierm Mpestigrhears iipdaspraethe o idhangl vicaftering of
. ) 1 NG | c1e .
S GRS L BEEERALRSSROL At sy riows
stakideirdaest archotlh é.@ar ASTEED 0l 3SAd 36D s tioe ek of gieatiffuse light

measur enent s, uch as those co rcialized b )
trapsppittengedAdhe tefab fjapgpittapge_ thioygh g Sdm opapbsiraies ﬁ%? spesHicaly.

traRORkYbh G2 i5 AbAnddNS $8:t A6 RSt BF Bt iefdt i CHbhisdiP sdhbtbieli ZRitside a

on-line 1n manufacturing because of slow response tine
2. 5degrd¢canglvewitle sdp ¢od tposoltimeted digtit bempasait fracwvierortiogotmdly

el S B DR T R et ARQ P Gapts giribe the low
ang|BNigHAR aferfrg tAAtaS fdudd Wiftes t@m.f@%&@&%@@aﬁ @didAfitthnee is defined

protocol. To make a standal one, absol ute neasurenent
as B rifay ef transmittaddigho throeghdesubstmitaco thettetrl lighd midant the film.

L O AR SO GRS o,
and the art describes devices to make such measurements, such as those commercialized
by BYK-Gardner GmbH for off-line use. While useful for an analytical lab, these devices
are difficult to utilize on-line in manufacturing because of slow response time due to the
need to position and remove a cover at the exit port of an integrating sphere for each haze
measurement to obtain the total transmitted light through a film as required by ASTM
D1003 standard protocol. To make a standalone, absolute measurement of haze, some
method to determine total transmitted light through the film is required.

OCS Gmbh (Optical Control Systems) in Germany has developed an on-line
sensor based on the same ASTM D1003 standard with the same constraints as the BYK

GARDNER device. While suitable for some applications where line speeds are slow, this

design only measures haze, and is only configured as a single point measurement.
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sensor based on the sanme ASTM D1003 standard with the
sane constraints as the BYK GARDNER device. Wile
W@ iovabises f or sone applications where |ine speRUBUS2088/068913
slow, this design only neasures haze, and is only
configured as a single poi nt measur enment . Moreover, the
device is big and bul meking it difficult to utlllze
Maogpeyeribd Fi?)‘é?ealts dig %ﬁdd?véz%@ahlﬁg micfliffrcatrdo pHlizeopnd ipgpaporate into a

“%ﬁﬁﬁgﬁ?égﬁggEQEg S Q%%ﬂﬁﬁmﬁlso describes a

Ze neasure vice used to test
w ndéengeaisordet@iticah pbﬂﬁbla harmaddsurchiened®rice ushd s @etsiigdscreen

utili.zes a.s len h | aser. sourc ich m
mafﬁr@i o airgraft E'Blwéﬁ?rf BYS Sastes T ﬁzgs ficc%%‘iegang}m@wr gpurce,
wh@cthhrﬁé ‘s’éﬂt 8 gb%th&n fJNBLECrikIS AR séé@t@?ﬁlofkeﬁ St lrwa%‘len%ths

appara us ca measuri ng both haze and clari
ovefheiges mi dithetafeed f(weib appatiafug capabboofimeeasiang !vothlhatﬁ and

l.ine speeds RY I n one aspect, t. r esent

clfify S5E PG b0l e e g el LalsAE SEE  east
one optical property of a sanple, the apparatus
conprising: a source of light that is substantially
col i mated al ong an axis§Lﬁﬂhﬂﬂ£§grating sphere havi ng

a | IIT%J hIIle allsgle&t t’he ?{es&ﬁ ifvan 103 %Fow a’n a Qrta%ts or se%lgm%gt least one

aperture, er sensor one

opfgt btopeRy ofla Isarglblt: the appa@aa@, toropréingdj acent the on-axi s
aperture, the rap haV|ng a transmttance sensor

di spoRwAS ff kl%htﬁha%as i}lé?lsta%ql Yecolipated alopg pp p¥ied so as

t

 oudF Ul PRI LAE BAS,RORAKLE SR s
apaturegui t for rece|V|ng |ntenS|ty information fromthe

scatter sensor and th &1 m.tt ance sensor and
r epBroEdtish SASQLPQEIonsT Al thsoapteﬁéreo ptical property

of a l%ﬁmélﬁp(ﬁlltﬁﬁl%&i a@ﬁ&é’i@ﬁ{é dxﬁ%@%é"rt%ﬁe e lllghg% ﬁﬁk%@ he
i ntegrating sphere. ‘I n anot her aspect, the |nvent|on

tramrmﬁameasmdtspostdoﬁltme,nm ng at |east one optical

propert f as npris A) .
or ooraiav e Eaanh Eard oy Re R LRt ve Reale pa g
apdrture &Wdrdl @8 rd3hdrigtasRNSh®rNaMi ng a |ight inlet having
an axis, an on-axis
an analy51s circuit for receiving intensity information from the scatter sensor and
the transmittance sensor and reporting a value correlated to the optical property of a

sample placed between the source of light and the integrating sphere.

In another aspect, the invention provides a method of sensing at least one optical
property of a sample, the method comprising:
(A)  providing a sensor suite, the sensor suite comprising
(i) an integrating sphere having a light inlet having an axis, an on-axis
aperture, and an off-axis aperture;
(i1) a scatter sensor positioned at the off-axis aperture;
(iii)a light trap positioned adjacent the on-axis aperture, the light trap

having a transmittance sensor disposed within; and
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aperture, and an off-axis aperture; (ii) a scatter
sensor positioned at the off-axis aperture; (iii)a

WO p@ho148s@p posi tioned adj acent the on-axi s apRCT/URMWOS/068913
the light trap having a transm ttance sensor di sposed
wi t hi n; and(iv)a parabolic mrror positioned so as to
refl ect ht passing through the on-axis aperture
t owar ds m ParalipdiginiIoR pesised op as tyeflgptligbt paiging through the
subst anti al t he axis,
t hrough t hed%%)ﬁglfléeéﬁ%ﬁqvﬁt C%a[%%ﬁlgrﬁlﬂmce%l?&%g and ( (@)
analByi nglreﬁhgrmubmamﬂnﬁkyrdmﬂtmnm basammf light ata tther axis, through

sensor and the tran ance sensor and reporting a
h%ﬂ&w&%@rwg &httlglsé¥ RBdoptical property of the
sanpeg. Llﬂalgﬁﬁg frt&Hshg Mﬁnﬁ{mq%m atdr stASr and the
i nvention, tertain terns wll be understood tohave
trapsmaittanagrsenyvaiayd napartingg vahor coctemtect tp, the betidabpiopwmitngf the sample.
terns shall have the neaning set forth herein: "ASTM
refers to ASTM International (formerly know as the
In ARFibingMh SARb&RIiMcht9 bf hRShvdidoRNE riMAltei Ak B) bealtdets®od tohave
test methods |icensed by ASTM 1 nternati onal (e.g
theariinBODeANIng:. I&@Claféf,ég% fallowiteterms ehahldtave el rneamng set forth
hergnganl zation of Standardization, an international body
techni cal standards for various industries and to
test net hods |licensed by I1SO (e.g., 1SO 13468). "LED'

..refers to a light emtting di ode. DESCRIPTION OF THE
ABRMAY eSS forAY IﬁF%ﬂ%’@%‘rﬁ%@‘H}eﬁlﬁH@@W&ﬁ thq@MeHGEN sty for

oA AR TSy bRl Ay b AU Shita, s
D1eb&x.ei n: Figure 1 is a block diagram of an apparatus
according to an enbodi nent of the invention; and
Figure 2 is a top plan view of two alternate versions

“158%” @Feré%ethé WtEmBi S8 dr@eﬁ‘ﬁzaﬁ@ﬂ 0P StaHg8dizh ot aR ﬁ‘ﬁ@ﬁlhﬁ&hal body of
wi th an apparatus according to Figure 1. DETA

techES@RItTHREN for various industries and to test methods licensed by ISO (e.g., ISO
13468).

“LED” refers to a light emitting diode.

DESCRIPTION OF THE DRAWINGS

In describing embodiments of the invention, reference is made to the Figures in
which structural features are identified using reference numerals, and wherein:

Figure 1 is a block diagram of an apparatus according to an embodiment of the
invention; and

Figure 2 is a top plan view of two alternate versions of an aperture plate that may

be used in connection with an apparatus according to Figure 1.

DETAILED DESCRIPTION

The invention provides an apparatus that can measure both haze and clarity on a

web moving at conventional manufacturing line speeds. The present invention utilizes an
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The invention provides an apparatus that can neasure

both haze and clarity on a web noving at conventiona
woreewalassauri ng | i ne speeds. The present i nventPORUS2008/068913

utilizes anintegrating sphere and a novel mrror

arrangement. Wth this arrangenent the invention can

utilize a calibration curve created using known
integiA LY hew! Werdwvelombwy afrangrananinYethohismiag gerasns e invention
caﬂj&tﬁ'lzre%dcailgralﬁgg ldﬁr%e c'r’%a{e%q{sm wt11|l§ gf& s@l@gt of %Oq,g} the range of

ert ues. I'n sone e i ment expe I en

measmmmstaiemédxb dedumgan réad tlmestkts dﬁmned apiicd pmjﬁrty S/uhnhs aBl some
m% ht sourc intensithdrl , built-in haze, ?

RS, FvdiRnts e RRBPSHSAISHAT Q88 e BYS Ry V%%ﬂqoys Such 4 light
soﬁ@@ﬁ%m@gy dﬂ-ﬁ) gbu{l?ﬁnﬁl'zg,%aﬂt? drdfr trah QRN G hee ﬁ‘:ﬁﬁiiards are periodically

dermonst rat es’ ' good and repeatable correlation t
moefired.i Hlas t@bhlslubwl flast, Iobuﬂeasi;temdnotmthegcaxdwptrepbatable

r.ot ocol ach si icantly inc
col RS Brrdr-iBe B haBL O BEnBhTO g SRt ol G i Apbroach
sigifrchhtheintdASHs@hdGcBE afd rekpise WekenSEadmai cngblEéither on-line single
uniformty neasurenent and control. In one aspect, the
pomholefmﬂlﬂmb §sPRVing &y uar&w@am&mem@ﬁ agépeitid. at | east
one e & lectptﬁlg PRl ‘%l,oq Prov*dsé?ﬁ ngaraﬂfse o RAA %ngaa[lfﬁeyast one optical

II’]CII source o I'S SuU St an

prapetty loﬂamdplal Ditapparadusi 1ﬁclu¢m d SouRGIoAiighOthstib il tdnsially
ifesent with a light inlet aligned with that axis, and
colfimagisl Ao ssanagret ¥y 1BtCERYING AP ¢ lsaazr:%enbwéh@dlrgét infet aligned with
t.er S [ fAf
thai\ﬁﬁg aﬁld aﬁ?)gp&lﬁssép%gtg%ﬂng ﬁggﬁfl Jél& C]%Jllﬁlrét) A ﬁ%étb%sgﬁ%ﬁ il Htioned at
the&t[féailﬂ rpertiatidA tibhtstrdpi ig bt)smm&qd ddgsedt to tlensnaxit apecere, and this
ensor di sposed wthin. %{aboll mrr i.s
ligBigin 12 AGENSBI Bec %fnﬁ(gfq@@tse VHRR %a@gﬁbﬂ © P g potifigned so
as Rﬂeﬁ&t%gﬁpﬁd’sglﬂg Shrb OVRHE DnldAR Jp%ﬁﬂ&%&vﬁﬂ@ &R BERR A ancAnsor.
analysis circurt is present, which receives intensity
Anj anlyssgiricain isfpresent, h\én@mamleq:s is@ensigr 1nﬁ_mj1at1h1e from the scatter sensor
sn1tt nce sensor, and reports a correlated . to
and B ARSI BRRY roror s Sl ThERsE PRy &
sarfifld @%e@ﬁetWthe@Bﬂrc& RE libtaad fiad hl[k@raﬁ E%bﬁere Referring
now to the Figures, Figure 1 is a block diagram of an
appaﬁéarn@g now fothedbgyen digare [l énsblogh élaﬁm eldn gnpaysést ) for
r f
ser g TR obfica TSP FBRAL MBI | I% APERR B feslsgurce of

lightol4 torpadede ahgmgoeaﬁn txtiis sub“ﬁfa@nslwccﬂ&man‘edIal@lgtanmms The source
i ncl ude an LED nodul e 16 under the control of an

of Hghtyedy meluge an EERy medulp A6 yndey thg ¢ongrebof ?%ED&WBM 3 ‘é@ control
atlh% I'Iﬁﬂe rﬁ%ﬂy&ﬁg&ﬁ)f e ]E'Elt) rﬂ&fulé:% 'n%ﬁ%@t%olﬂntlat%:@ it is convenient to

conveni en ouple Tts output to a
cowd¢ its oetporto23 optlealfcohmmmmz aa Iﬁlbnteo;fm; hnlelzght fromt he

ts Egigéﬁ%q t%g (gloﬁr%g tlf 1rect out 1? arqgelljrtru?e %66 an({] tﬂrouglil the sarnple 12.
It then enters an integrating sphere 28 through light inlet 30. In some embodiments, the
light inlet 30 will have a protective window 32. An optional protective window 33 may be
present to protect the collimator 22. Protective window 33 may be tilted out of the plane
perpendicular to the axis of the collimator 22 in order to minimize inadvertent reflections

back towards the source 14.
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It then enters an integrating sphere 28 through |ight

inlet 30. In sone enbodinents, the light inlet 30 will
Wh2000/0848p¢ ot ecti ve wi ndow 32. An optional pr ot BCI/USM08/068913

wi ndow 33 nmay be present to protect the collimator 22.

Protective wi ndow 33 may be tilted out of the plane

endi cular to the axis of the collimtor 22 in

or d tegrating yMheTez npladerern @nexis arqres $bd Prelicaribwasigae 36.
A %:Hﬁ%tf‘(s?fsfsroggég ds'?t&o 1!51@ %f§%€§£lge§tﬁge 3& é;)e%r ftf%ﬁ%ragqo is, positioned
adjacait tl@ronsms xqzrert&ﬁe 345 V‘pﬁﬁa trargnedamat s¢iser 42 fisposied within the light

ure, 36. Allhttra 40 i s_positioned adjacent .
trap G RAGRPEC ‘é’b‘é‘?rt‘g‘rlé pesitiongdin refIceF Lt eRry b Eugh Alsppn-axis
ap&turd® RR)%E’@S ﬁ%ttﬁhﬁnf‘ttlaﬁcé éeﬁggr 4§r Phe éfa@hedo‘luﬁ’é%rvﬂﬁﬁh iftegrating

mrror 44 is positioned to reflect [1ght passing
sphtelng dipgortrai ¢hedrehdpith ofpeotlumate BUglit bnamdisronglea sample 12 when no

hef e RRGRB O R prenss 2 ity o) O Re TP A A ROBE yors (<

1002, lthdraieidw dnglit sph@arsf iy @uighated sed! Whd2rofdefdd B th@pfrabolic
dlffuse scattering) exists and clarity is 100% Wen

migpiat4, wyhalseis orajsctodbiround thefoospd mekiehean. Ihe dwersityloé this halo is a
e collimated beam When reflected off the
ﬁmcaoggg té)clalﬁlprror 44, a halo is projected around the
f 0C Opginataipertine plates Usemaybe pésitiohedwithi theh@hotrip4@adjacent to
function of its clari t?{ (%a ional aperture plates 45
thepfgapsmitanes saseEasodstinilimit the lighigitlingoagha anpigenesscpser 42 to
t
o ppffpl BREEOF pAES Rt 1ot S0P uli®ob Mol Mol B Rofering
to F]@ﬂ@ﬁﬁ of o ampb éisncnefapedurt (plettehéS dentmaglbe axé¢dsin@bnnection with

ar rror. 44. Ref ing t i gure 2, tw. .
apity i’m u%rfategpg\mmws pga f‘ga Jaliafs ﬁ&%ﬂ%ﬁé iy iagreing from the
cexﬁﬁh‘l‘ BeS b Bﬂaﬂ\éﬁcrhlﬁi%’ anal wocll GaidrfitthhdeUshdor e dAlt&H@t'iJe‘Hp%rture
plate 45a only allows light that is diverging fromthe

plagehilriamax istrotivpandbeidsdo nilow onlydzzht that sdeing focused by
mtt ce sensor ., Alternatjive aperture pl at
pagbfe Dot A PR P Er U oS i TRRR L R BRI Gl 32 By ptareed
verstoatofiaperB et Poitd PISEHRY bO asARals Go MlldW BHthAHe 81 \e\%reﬂtsemd
its central axis to reach transmttance sensor 4

focapehligie acflasting off ths paplalicunisrop H4 tereaglptragpnitipneg sprsor 42. The
Ve#f'ogl%tf %ﬁ e@ﬁe%ﬁateallg 8%’3{1%) %1 gmtfggnt%k R BHO wfﬁ@g 2&8%12 %foi)glétﬁ is to

abo ic mrror

mca§iaed Whérancperengdite 42a 1s18eet SuiEs toomeBurcqedty lipRripteaiete 45b
. 45 used is significant as it defines which optical
is ysed harpeaspEng varipus sl taREPiEEaCaperture plate 45a is

bes keﬁlﬁﬁeg%tlﬁ) td gl 1€ nffble?ﬁdftlto}‘i frofl F”et sdhtfer @EI?SB? 3¢ élpd the

used suring various forns of transmttance.
transmittance sensor 42 is sent via signal lines 46 and 48 respectively to an analysis circuit

50. The analysis circuit 50 receives the intensity information and reports a value correlated
to the optical property of interest of sample 12. The analysis circuit 50 may
advantageously include a sensor amplifier 52 to condition the signals on signal lines 46
and 48. In order for analysis circuit 50 to better reject the influence of ambient light on the
measurement, in may be convenient for the LED driver 18 to chop the light emitted by the
LED module 16. In such embodiments, information about the chopping is conveyed from

LED driver 18 to the sensor amplifier 52 via signal line 54.
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Referring again to Figure 1, information fromthe
scatter sensor 38 and the transmttance sensor 42 is
W@ 209/014866 si gnal |ines 46 and 48 respectively RPCI/H§2008/068913
analysis circuit 50. The analysis circuit 50 receives
the intensity information and reports a val ue
correlated to the optical property of interest of

s anﬂoedlilznedr%naéhﬁpvsth%seélﬁ@rca(rrlnhfa@ Stale eayaridapedens {ines 56
and(l) g@ golugﬁog -11i$ gﬁéﬁﬁ éi aﬁ%lhall%%-tz) Oé&lﬂ Ej%}rlj)gﬁg{?é}%f é?gﬂ?el [Bck-in
am@hﬁenﬂ(l achOtotcontxat & ehioppegi exghalt(if&hbp[ﬁlhgl B”imlgmflsed)ﬂnickmmm

sur enmen n be convenrent f
COIEE’BOEW oy Qﬁ% CRRHICT ﬁ% rﬁap  swgnels &y %Sraltsrrétti@:@ signal line
64 I{IEPQ Wi&odSnplthr &M SN EQQHAS"B%@E %loné [ﬂ{eosrlqﬁﬁ QR &Q@%la@@ﬁo the
choppi ng |s conveyed from LED dri'ver to the sensor
optaenp propeey obihtarest, mdgvmales Iré¢poetcd 4 amrnhmemmadnzmngn(arbmesented as

sigpf e 8% R RATesofRicnt bEhod eyt eihaonanghiimation is fod 1o
theaRASR AndpPifidh S Fram rhRASbnpattY 86 aRng Rdmnalllde 700Ck- i n
amplifier 60 acts to convert a chopped signal (if

cho pppr@gomsutpéﬁér gap de @ptapmdicommascigbnandig ol guﬁﬁ@rem capgeity to
pro'glﬁssstﬁ 1nc rrnltme%r,]mgrga)l %?(? Qgrﬁpﬁrg ?[ 6[§ I(a)r%{a%%iac'rdt ]ébr%ag] [ | Qr ﬁeg osptlcal

prdpRan oﬁ ﬁﬂl@estt Mac apgiralis 16 afaylde c@@lﬁlﬁ%ﬂa&fn@ sta@dﬁrﬁ&naterlals similar
opt1 cal property of interest, and values reported in

to thaye g Bireined dndimamerepassrd emlcakp@p@rﬁlar ay dgfemypyd by
sta]n&]?ra ?&? m%%&? Hﬁ ?&Eyeﬁ”&%ﬂ bﬁqﬂ{esinstﬁi gﬁl 'ag] gl%9€§tfu%ents
I n tot

ormat | on e sensor a |er
avaﬂabfecfcmﬁiﬁlérGaﬁﬁlwlChlﬂg{ $orgriliné usee CYa(Drbra"tdlon rcon@Bplaly ék prepared

uﬂe&&a@yrﬁgree@ﬁg%a' eggco er%ie@%! %@ag @%'Qaro{mw' 3 ﬁ%stpfed in

thd RicodhPRER LS Rl R | b@fﬁp&tﬁf MBe btical @%p@l@feb 6RInterest over the
property of interest. The apparatus 1

widthlof b maive wsh trgVémgradacrrdmw%m \ahlde Qnmpeads t bhet dresg®n of such

s GpEes T APLHR ety Raa Y FUOB BEfods on

conventional off-Iline |nstrunents such as the
|nstrunents avai | abl e from BYK- Gardner GrvbH for
Example| j ne use. Calibration curves may be prepared using

I n?%b %ﬁ%aﬁl%%la?&d@g%g @E%%?s%ht 1&9&‘[?0:1\ ?ecpa?&fj etnlaﬁa yas

cal I on ore oc

illBeatat tih Fio@et 1. rrmwrpwdmngnttm paptidutealy @Ete@&fﬁlbeﬁ;&rdﬁn 1ndeﬁnite
interest qver the width of a noving web traveling
lengtivyeh. @nd feafurgsd By surdyrdunapaagancloppies brage p Hassaec %ﬂtvﬁen them

forit%%?naﬁt;‘/ofglﬁé ?O?ﬁ th %nﬁ%ﬁﬁbﬁré‘gg %.TI% %@ﬁufg toBHE] $29mBlinted an
optical collimator commercially available as Model #HPUCO-23-400/700-M-25AC from
OZ Optics of Ontario, Canada. This optical collimator was connected to an LED module
with a pigtailed fiber commercially available as LED Pigtail LuxeonlIl Star WHI 400/430
0.37NA 0.5m FC/PC from Doric Lenses of Quebec, Canada. The LED driver was a
custom circuit that delivered constant current to the LED when it was turned on. This

driver was set to a chopping frequency of 9 kHz as a measure to limit the influence of

ambient light on the measurement of the film. A thin glass window was mounted adjacent
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An apparatus according to the present invention was

prepared generally as illustrated in Figure 1. This
weerodi4sent was particularly suited to neasur ePErUS2008/068913

indefinite length web, and featured two sturdy

al um num encl osures having a passage between them for

the transit of the web. In one enclosure was an
thegpertuigrappestaihe epllimator wdgse eermeh waptiltedd degres fiem ghe axis of the
cmﬁ é& rcially avail abl e as Mdel _ _

CO 23- 400/ 700- M 25AC from OZ Optics of Ontari o,

Canadthe sd¢uind caploswaloppaiteiffoat tic apaisure and éet@dihaonan

in R Lo B i 2 Gy Q0 TETS-Y St Sgmpsohere
Inc0 ogﬁ%h Qu s, W ﬁaﬁlgg’tﬂ]reméé ok RS f$th s lq‘i@[p&%meg?ﬁgﬁiﬁnlet

he LED dri ver was customcircuit that delivered
ahg:tmdszt/l&nﬁle @ursrod nite ¢0d>11mater IAEDimBless windomsvasumaededarjacent the

tigh O i S Eieer R Rifierd Pahu B AR B S ENE Hatlur? e the

ligRNinteh @naR A3 e B Rmdr Jrfgkib h}%dﬂurfﬁp&ﬁﬁdheg laegSHrotiRARYY the
was nount ed adj acentt he aperture opposite the

ecwtqru rﬁ;h@hglwm standgheran-awaspentyre é@r@cqjégieée@lgm rlesrest’ha scatter
ure
sengor g’o erc;fa(?lg fu,lrl] ébrl'rg%sgli/l gerler%t Igalm Oﬁﬁgf? lLf[?ﬁé?ﬁc' SOrs Inc of
Harwmﬁcﬁgds atalifgnBpharsitonditahabiaxavactakl e as I\/bdel #
4P- GPS- 040- SF from Labsphere, Inc. of North Sutton,
New/HaghS $1P cansiastehwl ARGBHMAA 1 Pasifonadc i antieArture of the
t ol r
1nt%%{9@ﬁgg%ﬂ§|§1§e ﬁa[lrr] gl\%ﬁ Wgé\é %&%{%&ﬂﬁ%’élaﬂ a%l?a}t])fe e+ ME&I% PINA ODP
frormUDtT Schkers ilmd. ef;HaWItm@nes p]ahfc&niaad'asap@n'ﬁoned &hthm thewight trap. A

pata %lﬁsxllaisrgﬁg]?aré%#ggg foc lgéglgthﬁgﬁtl | Is %gt Iclt)%g%tgaa@( gva?la‘tc))l'egs Model #
S0 IOKLARY @d/%oﬁ O6rpoAiealo? 'Irvuief Cﬁﬁ‘i%rﬂlh g/ms ﬂo@iti%hedi@/ﬁhfnh[ﬁe light

on-axis aperture were consi dered "pol’es
trap cafoces the dighbemengmeeram did on- maalbeatulr@tomrd\sftﬁetraﬁﬁmlttance

Pl NI fro r.ni.a
SRS OE’SPP?I' a@ﬁ%‘&“é’t‘a%?snae* i}?‘F’né‘}(F’ﬁuﬁepga YOF BOSltK’I}ega h“P Higgight trap
adja6dns tHelednSahittincs f@gér. Net al was positioned at t he

on-axi s aperture of the integrating sphere. A

t r adseHstonapieealsepdipniag gmpharaypylogsted iatbe sccwad kpelesurg with
cor@ae:éh(%ng?g aflgc V\%l;éq h%%? Iggtﬁleg%cneﬁp aqjall!{l!ﬂ%?ﬁfo ?1’# LIA- BV 150-L from

ElgeabaialcacComps@its, iy oMShanga RogaCalifongh ranQ&/DZamplttﬁ@s
and commercially avail able as Mdel # 50329AL from

comgrraRlty DaH e ab W%#DW% EIR-Ehpont R R Embegded Technologies,
Ind?88 Sﬁieoéﬁfe Jﬁhgyl@eﬂﬁa an@9h chfb8RiddPd gﬁﬁeltcrbﬁlgl dvBitible as

ener gi ng € on-axis aperture to
Mddeh#iN atsd dkahlefrom Micro/Sys of Montrose, California.

While the invention has been particularly shown and described with reference to
various embodiments thereof, it will be understood by those skilled in the art that various
other changes in the form and details may be made therein without departing from the

spirit and scope of the invention.
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sensor. Optional aperture plates as shown in Figure 2,
were positioned within the light trap adjacent the

WQ e@nomMssd ance sensor. A custom signal condi tiBEi/H§008/068913
anplifier was | ocated in the second enclosure with
connections to a lock-in anplifier conmmercially
avai | abl e as Model # LI A-BV- 150-L from El ectro Opti cal

Wl@é%ﬁ@ﬁﬂs}%i Inc. of Santa Rosa, California, an A/ID
anplifier comrercially avail able as Mddel #DM6420 HR- 1
from RTD Enbedded Technol ogies, Inc. of State Coll ege,

1. PenAsydppamnta,foasedsiap aelvhe dde dptRE] papory of akdnyple, comprising:

avai | abl e Mbdel. #Net sock/ 415 from M cro/ Sys of
MbnfrBYEs ofetH B i oSwRTAIL &qﬁém%tﬁ@ Sl4PE R K3 been
par b GUL A ie %@Wha@{?% Ag3¢ fdifeh M-}aﬁks) LebALENGE ahg)ff-axis

vari ous enbodi nents ereof, It wl e under stood by
ap¢rhwose skilled in the art that various other changes in

the formand details be. made therein w thout
depArtIih SHRERRQHE ST e OB ISHE 1 t he
i nv ﬁ%%h@@aﬁlllx@ﬁtidnéd alljabdi thel dhiaxds apitudd) BRY 18dht Srap Qhving a

sensing at 1east one optical property of a sanple,
trapsyrpnasi sagor dispotedoetion; | i ght that is substantially

col Li long an. axis: _an _inateqgrating spher Vi ng.

a1 PSR ByCoeRoREd Fos SR T BER D PRUTLA (P IR
ap@PeE towaeds the randrhifthn &RAWT, @S| tioned at the off-axis

aperture; a light trap positioned adjacent the on-axis

aperR gpadysis giecult fgnteceivig RS NEPrMakNE Ft the setiseideer and

et RARR Yl i3 BRAZE e T Ried RO Bl B e SRRt o
sarhplopiadsd bétevcti drsoutct afitghtsad slor integrdingrspheral ysi s

circuit for receiving intensity information fromthe
scatter sensor and the transm ttance sensor and

2. T epant dpRGrafis\idbdt8ing 36 EREAN &ehdrQn tlEs ARl FFMghPERMRsEY an LED
of a sanple placed between the source of light and the

illunmbetgr apticaly spirdedwitR an Aptiegdpakiatads. according to claim
1 wherein the source of |ight conprises an LED
illum nator optically coupled with an opti cal

3. col Wn%b@ﬂatus%cccﬁ_ﬂin?ﬂ@ 8lagh BSviRe&iAtEH DBDLBurkindioMiLdriven so as to
wherein the LED il llumnator is driven so as to
provide light chopped at least 5 kHz.

4. An apparatus according to claim 1 further comprising a protective window
associated with the optical collimator, the protective window being tilted out of the plane

perpendicular to the axis.

5. A method of sensing at least one optical property of a sample, comprising:
(A)  providing a sensor suite, the sensor suite comprising
(1) an integrating sphere having a light inlet having an axis, an on-axis
aperture, and an off-axis aperture;
(i1) a scatter sensor positioned at the off-axis aperture;
(iii)  a light trap positioned adjacent the on-axis aperture, the light trap

having a transmittance sensor disposed within; and
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provide |ight chopped at |east 5 kHz. 4. An apparatus

according to claim1l further conprising a protective
waoremdowsassoci ated with the optical colli mat orPCT/H82008/068913

protective wi ndow being tilted out of the plane

perpendicular to the axis. 5. A nethod of sensi ng at

| east one optical property of a sanp rising

(A proviid) ng2REEALOMIER] Roéltlotl%s%@r@ cWﬂ nflglaat passmg through

conpri si g & Qx1§‘§3éxﬁ¥e%m¥dsflﬂe &Q&%ﬁa&%‘éb&%r a |ight

inl et having an an on-axis aperture, and an

of f (la)(l S dﬂp@rﬂgbﬁrﬁbst@mtlla)llya:oﬂﬁﬂzttbdabGMOSkDght psitthondd tabugh

t he f-axis aperture; (iii) a light trap positioned
th%ﬁﬂ”&%éﬁﬂ“ﬁg ® g@%P%téBérture the Iight trap having a

trapeyt LAIICAnS SRSRT: CHSRRSRA Mirh G{chat@é}%ﬁs\b} afd the

par abol i ¢ rror posYtloned so as to reflect |1ght
trapasithmgg sehyoo agd raposingre whiscapdateditoght optaratiproptmgy of the sample.

transm ttance sensor; (B) directing a substantially

collimated beam of |ight along the axis, through the

6. SaMp @b abddi@ng Reclhing BiwhcRli@ the s@BﬁaI{t@ly%Bﬁirﬂa@édﬂ%am source
intensity information fromthe scatter sensor and the

of lighfns farmed by en 4 &% dlunandior eiiselly peppded eitiyen epliiqaéreltisgtor.
to the optical property of the sanple. 6. A nethod
according to claim5 wherein the substantially

7. col |A methed abeading eEleen 6fwhetddithel ISEID dfurgidatoy isaftivieibd as to
i llum nator optically coupled with an optica

WQ%#QM%%P@WﬂW¢at%ﬂﬁ@fﬁé@zaccord|ng to claim6 wherein
the LED illumnnator is driven so as to provide |ight
chopped at at |east 5 kHz.



