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carried in such Aceardingtata first aspect bfthe prasemdnvention there is provided an
accessory for a microscope arranged to carry out ATR measurements, said accessory
comprising a support which can be mounted on the movable stage of the microscope,

20  amounting member for mounting an ATR crystal carried on said support, said
mounting member being so mounted and arranged on the support that it can be moved
between a position in which a crystal mounted on the mounting member is aligned
with the optical axis of the microscope and a position in which the crystal is displaced
from the optical axis.

25 The mounting member may comprise an elongate arm pivotally supported at
one end on a first guide pin, said arm being pivotal about said pin to allow said
movement of the mounting member.

The other end of the arm may have an opening which engages a second pin
carried by the support member when the mounting member is located in the position

30  inwhich the crystal lies on said optical axis.

The arm may be raised along the axis of the first guide pin so that said other
end moves clear of the second guide pin to allow said pivotal movement.

A braking mechanism may be associated with said one end of the arm and said

first guide pin, said braking mechanism being operative to allow a controlled descent
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said microscope including processing means for controlling movement of the movable
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into focus a sample contacting said sample contacting area.
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The method may include extracting a cross-section which traverses the
spatially sharp features of the absorbance map at said wavelength.

The method may include differentiating the cross-section to extract said slope
data, and measuring the maximum slope for a recognisable feature in the image.

20 The text sample may be a plastic material such as a'microembossed polymer,

e.g. Vikuiti brightness enhancing film.

The second, third and fourth aspects of the invention provide a facility which
allows determination of the optimum position of the crystal with respect to the
microscope and which can cope with manufacturing tolerances of the crystal, It can

25 position the crystal at the optimum vertical position for achieving a focussed infra-red
image in a reproducible manner irrespective of sample thickness.

According to a fifth aspect of the present invention there is provided an
accessory for a microscope arranged to carry out ATR measurements, said accessory
including a support which can be mounted on the movable stage of the microscope, a

301 mounting member carried on said support for mounting an ATR crystal, a sample
supporting member disposed below the location of the ATR crystal, said sample
supporting member having a surface upon which a sample can be received, and
pressure applying means disposed below said sample supporting member for'applying

a pressure to said sample supporting member in the direction of said crystal,
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towards the supp®hit aspect of the invention provides a simple and effective means for

ensuring that the sample is held in good contact with sample contacting surface of the

20 crystal.

According to a sixth aspect of the present invention there is provided an

accessory for a microscope arranged to carry out ATR measurements, said accessory
comprising a support which can be fixed to the movable stage of the microscope, a
mounting member carried by said support for mounting an ATR crystal, a sample

25 supporting member disposed below the location of the ATR crystal, said sémple
supporting member defining a sample receiving surface, said sample supporting
member being carried on said support so that it is movable relative to the ATR crystal

and defines a sub-stage which can be moved relative to the main stage of the
microscope.

30 The sample supporting member may comprise a flat upper surface and side

surfaces and the accessory includes location adjusting means for adjusting the position
of the sample supporting member on the support.

The location adjusting means may comprise a pair of screws acting to urge the
member against a biasing spring.



The aspect of the invention provides a sub-stage which allows the
position of the sanple to be adjusted w thout affecting any previous
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appreciated that the features of the varé ous aspects of the invention
10 defined above can be used in any conbination thereof. The

[ nvention will beTtesaeibarybotodaiedeays e ac YAPbANG M ddclions and said
particul ar reference to the acconpanyi ng drawi ngs. 1n the draw ngs:
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i nventiong igure 3 .is a perspective view showing the accessory
| ocat ed irgn tﬁgmﬁ%Jg%F‘?pgpage of a mcroscope; 20Figure 4 is a section

on the line Z - ZTkd adpe@fhednvention pfdvitksQ sabds igé‘w%fc(ﬁté-ll%@sstﬁé@ééslﬁ{?nto?

Figure 3 shogﬁli ng the | ocation of the accessory I'n a mcCrosco

relation to PR&BRlede b edusiad withewiaffettingsanypueyiFispeatting 6F it main etipé o
on a | arger tﬁ@?ﬂi@ro?éogg?” of Figure 4; Figure 7 is a plan view of the
accessory; 25Fi gure Is a section on the line V- V of Figure 7,

Figure 9 is a seclnol benpprh@ated et We-feadlief ofthe Whfouk: aspe¥k of the invention
Fi gures 0 a&% 1 1i)l I ust@ate t.he operation of an inmaging m croscope
whi ch i ncor porAFSa°FYesan bg usedp gy pembinationghersofi gure 1 this shows

the principal el er@ihserdonaill 5 ubRrido H&W%g%?%?e%l% E{ﬁgﬁﬁyiirtﬂ‘%{rﬁu‘?ara”

optical mcrogcope 10 which is disposed abdve a'v
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microscope, said accessory being constructed in accordance with one embodiment of
the present invention;
Figure 3 is a perspective view showing the accessory located in the movable
'stage of a microscope;
20 Figure 4 is a section on the line Z - Z of Figure 2,
Figure 5 is a section similar to Figure 3 showing the location of the accessory
in a microscope in relation to the objective cassegrain lens, and
Figure 6 is a section on a larger scale of part of Figure 4;
Figure 7 is a plan view of the acce/s\siory;
25 Figure 8 is a section on the line V-V of Figure 7;
Figure 9 is a section on the line W - W of Figure 7, and
Figures 10 and 11 illustrate the operation of an imaging microscope which
incorporates the accessory.
Referring to Figure 1 this shows the principal elements of an FT-IR
30 microscope and these _include an optical microscope 10 which is disposed above a
view/IR mirror 11 which in turn is disposed above a remote aperture 12. Located
below the remote aperture 12 is a transmittance/reflectance mirror 14 which is

positioned above an objective cassegrain assembly 16 and a condenser cassegrain

assembly 18. Between the two cassegrains is disposed a movable stage 20 which



7 defines the position of the sanple for analysis. Located bel ow the
condenser cassegrain 18 there is a flat mrror 22 which can direct
radi ati on f VoOe@74241¥ i ng optic 24 which is in turn confiRBCFEe82006001530
receive radi ati on from andi ati on source? A microscope of this type
can be used for both reflectance and transm ssion 5 neasurenents.
The condenskfigRIBeHshidh didha@hgidforhhaysifildcied BalowtRe bsiRiéndf i marily
for transmttance neasurements. For reflectance nmeasurements the
coupl i ng optchssegx4ini 1§ theretive flaiomittor @8 twhithecanalieel rediatien reme coupling optic
transm ttancge/ rnefl.ectanc I 14 i . he ir . ubshanti al
part of theagév&’ilgﬂsélh%%\%%nrﬁ%eg{}aﬁe?ﬁ% ro%f{é(g(}l ]?%rg a&é@é@%&é’?‘g&l on to
t he sanpl e. nfi@sdopdio@thiOfypk sad B hsed fathoth meflettarcesmdplaashiagknt hr ough
the objective 10 cassegrain 16. It is the refl ectance de wiith V\/rlilch
embodi nedt s wwﬁ@mﬁﬁég@rﬂonﬂwmw% b3 aushibs fiabairorre aspiysed armently
al so i ncl udgs tﬁan%itﬁaﬁ&@he@éﬁ@exﬁ‘en@é‘F%P&h@ét&u&rxﬁé’éé%ﬁﬁﬁis tRcoMBlifdloftR 24
used to carry out the spectroscopic analysis In conjunction with an
| R spect r omas tiltedriodire¢tahmradipition dgpthe dtansmittaficedmfletansa gairrent4 which fhien

type will be.known .t .nose, skilled..in.the art d re d i

t he operati giﬁ'ecgf‘ aéﬁ"éﬁ“ﬁﬁp&%f %éb%ﬁgbaﬁﬁﬂf“"é{% ﬂHg‘é@aﬁrﬁ Og'lc%ﬁﬁ%en%%sl%grrﬁ%?% iR
an ATR crystathe gapReThOtbathticAlis RRaT Bomnth&Rnfyl&BaR thbughnthe objective
EP- A- 0819932. The present description is concerned with an

accessol§ wisreseeraiar Ol i Begelertanse mode wiHamtieh enbimonys of thg present ‘

m croscope t ] QQIHF%M : i :
Referring tg&ﬁﬁgﬁ?érg célwtggll éé?g?gt e ra&%@hgﬁgiﬁﬁéﬁgt&%@% 20
accessory carpagesest 26 whinhds tsedrio tirey 6wt spfecizosoaie phalysis Cconjvinction s
connected to.a bracket 42 b ns scre 43. The bas te 40 .

| ocates in 3G pﬁ%%??%@ﬁ?%“f’hﬁﬁﬁ%fﬂﬁ%n %fa&’ga«gra%erg?n%t% kg‘ls type will
m croscope. bdReowh adRodskilfed R idddrEarid more détaild df the@beatidn oNsichiagler

processor control by nmeans of appropriate notors as will be known to
those skj| | egangemenbasased imprnjictian withan 45T R erysia] epnibe fownd for sxpmnle ihe
recess 22 byp2b. >R E j ch are not shown in the draw ngs.

The bracket *Ezzééﬁg@. eaglfdaﬁﬁné:qgggg'hol ding the accessory when .

| ocating it on ofThe resentnigsdriptibn honbemest wijk a@ 8ccessory witieh chbelocated

surface of the baseplate 40 is recessed at .44 . a hore 45 ext.end
St onan ¢ he CBReaRP T ber Mot SRS tatbabty ATX oRgb ertee b 0B,
surface of theiebaseRlefirEng FigpRo?L t9 afthalvivingdanMdinlsdiimaitpfitees a

30sanpl e supporting nmenber. The anvil 60 is gener I}/q’(cgi,rcul ar cin
pl an an&0i s 2PCEESRIEECTHPHSSS & SEPROTLIN e 1o5m of gbasshlpts 40 which iy cpnngged tprpe

outer edge g acft&%Z%SJ théns o?§cr9@§4?ﬁ‘l§%§£bphzﬁee E(?: g):élﬁt%s #r 2 befes§ 99 $rleli¥n

square and the 1 nner circular opening in't ar 1s slightly

| ar ger t han theromblesstagei 20caflthe msuoscapse The stape2@isunovable inkxay anhz anvi |
can nove to a restricted extent within the. confi.nes of the.collar.
VD 2007/ 122 43e56E% Bl G Stro S by meas S rEPhebAR oo S Sufi B kBl

t hi ck annul g thsidhkinel ih 183ar MheBasepladd 40/ Ingld iRipositio i@k kecbsk. 224y
recess 65 is defined between the top wall 64 and the side wal]

63.
The t op2&ur fgees offscichies velrich preaigt shoga i theodrayintgp-cl s barekeb 2 prokides dp
surface of gggn x@ﬁ? f ggggag§§s§5rgu}fég ! |a§ﬁ§fﬁloﬁ o5 YRRV d R GroRtHib 8GEs 26

proj ection e ut war
The lower surface of the baseplate 40 is recessed at 44 and a bore 45 extends

through the baseplate and communicates with the recess 44.
The upper surface of the baseplate 40 supports an anvil 60 which comprises a
30  sample supporting member. The anvil 60 is generally circular in plan and is located
within the circular opening in a collar 62. The outer edge of the collar, as can be seen
in Figure 2, is generally square and the inner circular opening in the collar is slightly
larger than the outer circular surface of the anvil so that the anvil can move to a

restricted extent within the confines of the collar.



[ t of the
Sfromthe wall 62 to |ocate beneath an overhangi ng par
collar. This arrangenment allows a small vertical novenent of the
anvi | . “fﬂé“"&ﬁ%ﬂ“ is held in place within the collar byr/aesmsoisso
two manual ty operable adjusting screws 78, 71 | ocated towards the
front of the collar and a spring 74 (Figure 4) disposed at the rear

Thepativildhas a rélefively thigk aaaelabydewsl 68Whd 3 rel R
g]::rfa\r/]\: (7:8| | gg\;ﬁ;irgeab??:gglas.gr h tyt;]qg!a?ﬁai?s{ e‘;{tend o.rt'f]eogtongl]tﬁi/nmp
towards the axisoGr fHE aéﬁ\}FﬁeéHFg betyeeea ths tap Wall G4gnd dlad sideewtall 6§I:éfhe top
al ong a bi secduefac®bf th andAHBePLINBSHIE Bﬁt@@‘ﬁﬁgﬁé %1% aggfcngﬁ%%gy >

Iy operating the screws 70, 7171t 18
Phveren of RSNl o G Aty

' | nst face qn the anvil, whicC _
sur face i 5 1 nafaseoalf 6 388 Bonc B B Bngins pgof e solar The seengenen
The spring 74llowsalssnllarrtizap@dvéreerdef th8landl Sl i ght angle and this

angenent ensur that .there is a small vertical force inparted to
? Lre agvi | which aﬁ’f apglll brhedd i pleceayithin theopbardy mMSbﬁB)aphmhwllathpgrﬁble
The anvi| ar nafgeRE ke s s M t?&f&teﬁ%’%&d& H{ésédn%ﬂi%lcgl@r“aggztsggﬁ%y {Highire
can be noved relative to the electronically Ve t _
ni croscope i %3 8isposed@hthsress ofthe coXlar. Thﬂ%ﬂ%ghgﬂdgﬁﬁge ﬂé}gg %‘gfg—‘g\rzlg![ FE%

' f the. t wa I s di spos '
i 1 60. O Theo v 28T Ehee B Phacs® el oo s ilencrrbstnalsewands thosatof
B1 whi ch i sty anilend i ringl7hys @kl LBREE Bcdtbl el LiITe BYHSorlBe
of the baseplate.. At its upper end, the threaded I nsert _ .
accommodat es a’éesﬁ’glt@ $EAYS: ;8“98 by gl epettiting dsouraws 20, Bhltis gossibee B3.
The bal| beatanss noveRcAdhd ANy foldh B GAHA, M §1 dol)e nder s! de
face 64 by a spring %91 Wh cﬁneﬁt? Y Bﬁr_ FIreBYS way

81]: ;h'? otp?lrcl)atS g’%‘lﬂﬁ?gé‘? agBgaimitiasupfhcengethe Bivil, SyhibihsEBadisiktlided i W11

ide tu 88, 1 E d&qj 'tuh' t he.tubular insert 81 and extending
downvar dy 1 RS IE S Ml nd s U wrRge 45 wiearrraacd 1o achet aliele 56
by means of - angleaiihBermhisie s Rk 8 ANl AF REETL ARG Pl
the sprin 30 i.nion gear 90 is fixed around the ['ower end o
gui dept ubg' 8*8“’@&@“@%% REgss;the el tewprdwthettmeepbita#@n gear 90 |ts
coupl ed to a rackT@la¥l aHePhenPRedAb&] ab%@?éo 9@%!#@% %Br%tﬁfg’a?%gbm
about a spindle 93. The rac% can be Rove onrﬁ [ I Y ;
a manual | y opeyedbyelatiketshthe slestionicnliymdviaglerseagd 20\ g thidfosEayeitsk g, moved

Lo Cadena' ) Ve DO B3B8 oo B Bt methreapbasnigice of |

rotation of thhwpspall 64isplisposer beld Biedhiiy 60U HGrERE Wil thebRism

tubul ar includes a tubular insert 81 which is threaded internally and which locates within the
bore 45 of the baseplate. At its upper end, the threaded insert 81 accommodates a ball
bearing 82 which is disposed in a ball guide 83. The ball bearing is biased upwardly

25  into contact with the underside of the top surface 64 by a spring 84 which pushes on

the ball by way of a top-hat plunger 85. This plunger 85 is disposed in a plunger guide
tube 86 threaded within the tubular insert 81 and extending downwardly into the
recess 44. The spring is retained in the guide 86 by means of a screw 89 which can be
used to adjust the pré-load of the spring.

30 A pinion gear 90 is fixed around the lower end of the guide tube 86 and
connected to the screw. The pinion gear 90 is coupled to a rack 91 by way of an-idler
gear 92 which can rotate about a spindle.’93. The rack can be moved longitudinally by
means of a manually operable knob 94 éhown in Figure 2. When the rack is moved

longitudinally this causes rotation of the pinion gear 90 and this in turn causes a



insert 81. Depending upon the direction of novenment of the rack,
rotation of the retaining guide tube 86 raises or |lowers the tube 86
t her eby eit Neo29pptpiang a lifting force through the ball 8erics240h®01530
anvil or allowing the anvil to fall. 9 A nounting for an ATR
crystal is carried above the anvil 60. This nounting conprises an

el ongat e ar LB RHARP6thQ6h S thl Eﬁir%ggﬁ%ée% ﬁiltaﬁﬁﬁ\%g Iggﬁl@?u@{\g}tﬂﬁ?hftgﬁ%éﬁ

end 101 with an annular formation , s locate
of bushi ngs izssd SihDeperidiotgatpos the/direction of evement d0theaark; raatiomoitthe

basepl ate 40., .The arm al sg.has a central portipon wth an gpertuyre 105
whi ch has stERPHEE g%'ilcggetél{?e%éal?ﬁé? fﬁ)’feés g’ﬁﬁ&ﬁigééger%y ?IHEr B@Q‘Pﬁ&ﬁlﬁ%&
an ATR crystfedce #H6ughthe Ball 82 $h@eAnviDoF AR the anvil to fille arm has a
second end 108 which is located at a | evel Tower than that of the

first end. The séewAuniéngdorasAfRscrysialiis shrpbaboye e aydl 60nThis noemting
e SRR A A N RESSRL A dfnek A

screws 111 are”provi I'nposition on
pi ns. 15The 1Di math aaraindlad foofnatidre1 G withiaGvhich i ladtedechan dftbushihgswdnidng

Rof orr ng. t SHhRESIER o elide B U ot oS bisopabkdc To e slonas ha
bushi ng 150 cuhttaD pexeidwit h dRWeFe 108N IR cH R stpfedsides. #hé %}gééﬂm%]dg}fﬂdﬁgs

ring 153 is disposed between the bushing parts 151 and ,

i nt er nall0di Shedpegtiopfior aweABRaxysA) 106 mdrighss shawghiniRiguyedat er t han t he
external dianete i { . e ri 315U | | ,
bi ased into cont gggf%&? %51 {]%é’g‘g‘? %%1 %%}ggé}%cra?engatfggvc} ol“(’:eﬁ%}?agstﬁﬁloémen
posi tion i nfitdtendiifhelsacoridendd OB as dlR-shaped skop t 0N yhichtcan RekivaaGedvndk e

rel ease stop 156, Nianetrjcally opposite tqQ the spring there is
provi ded a RB“‘r@O ° ‘?R%’B%a$§§t 'g‘ﬁ"lflgg PaFYS é%tb%‘ie\?éo‘i“i%dttﬁé“k
annul ar f or fRtar@An 088 posifién bfHeauidé pisner end of the button 158
| ocat es agai nst the braking ring 153. When the 25button 158 is

pressedlfhe ri ngThsHrst sndrileef the dinal 0§ istpmovadqsoith & brakivgamechanispavhiclof

e o7 h . ) ‘ ) tfect.
The rechant Spaist daiunlioR bt Mt i5in 1 AR Pe 1 Fidth A nfiie©
noved. Ref efarimaton bOﬁ@u@liBimémglaxﬁsi_ﬁhgnSG wit];nplbeg_ran?,lqlﬁv?lpaﬂs ;:mcdtmﬂdes
[ di, .16 i aced, r adi rom in
205 The. Dol 7o0eainSeme nad B Faport 1ebsen the Bosse Aot L o2, Ahe
Figure 2, rﬁﬁ&hM%ﬁ&eﬂkﬁ&h@Bﬁk{ﬁ@ rﬁfgﬁﬁﬁl@hﬂ?ig{’bage@ﬁ]agﬁﬁé LRgmandikfiePes e

40. If the arm 100 is raised along the axis o pin 103 so that
t he bor &0 16therpideging 103r The ring &5hisrsualy biasad inde pertan withrthe hionl Bedy a

rot ated aboyt.. I:de: Ry ; . [ j {1 hown in, .

Fi gure 2. T%ng:’lﬁs%agg%e@nlé%%séloﬁ?gnc{he eutlgu}ﬁf%%?@log}eﬁgfb ?/tahsgn%g Fﬁtﬁﬁﬁ
to hold it amibrhlee rebdasedop d$6. tDiametrichity @fpmc;ilﬂeﬂﬁ tlﬁﬁprin@ﬁhere is provided a
201) 7/ 122416PCT/ (B2007/ 001530 .10, he rot gt ed pac 0 the position
shO\)Nn_ in Filwgre?aéﬁ utign ]clﬁ%e‘?ﬁhl‘%]_ﬁlsﬁ'f?@?apf%e mtlae gy rf%‘lmaﬁggilp?-dwevmen
the pin 16230ty hefed ed®6f RE Buitdd H¥HcatddUpaRbt t‘?ﬁgfaﬁﬁ&tdurfg 193 frnkgneand

bore 160 in conjunction wth the |ocation of e guide pin 110 in the
sl ot 102 enbuttons! 58 o prsssed dririmgpY30id uwivbd mdiablyde r pnsition whercarorpatt@d itdnd

t Egr g];)?ir gafﬁgsigﬁéatov?{%? H}%rpﬁxgiﬁgg'@ig gelégas}n%(%ﬁet liargl?mg feft%cggﬂ(x:er l%gct:h%lnisrjhol%éo :
limits the extent to which the ring 153 can be moved.
Referring to Figure 8 the annular formation 102 also includes an axially
extending bore 160 which is spaced radially from the pin 103. The bore 160, when
30  the arm 100 is in the position shown in Figure 2, receives an upstanding support pin
162 carried on the base 40. If the arm 100 is raised along the axis of the pin 103 so
that the bore 160.moves clear of the pin 162, the arm 100 can then be rotated about
the guide pin 103 away from the position shown in Figure 2. The pin 162 can then

contact the underside of the arm 100 to hold it in its raised position. The arm 100 can



The crystal 106 is generally hem spherical and is nade from
germanium The |lower surface is generally in the formof a shall ow
cone and haswazbd7ab24ecentral area 112 which constitutes a $eiRlE2007/001530
contacting area. The crystal 106 is bonded within a nmounting ring 108
which is held within the opening 105 in the arm 100. The arm can

10i ncl ude a ol t d .when
ot - uge. Pe el Padk B un Riiod B Be BRI S Rk i 8

t he ni cr oscopsitisowhbathetpie 1 62aid wrefl 66 awvnalignedoTheairinggmaniest plil 263 dnd
substantially at the focus of the_ m croscope., gg,ere an ATR crystal is

to be used 1B &P Forignsipnopth thederalion obihe gpide piny KiO4R thresdptghfdiegsures

i mportant. VheotGaRlf fdlﬁxc{%‘}l% 1084R 4 e h | ﬁhsﬁér?fgkoyrgﬁ gl e

15transni ssion or reflectance I maging er fie um nation
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the t1erd of vi eqretornbl o8 Gaenieaip iR teiSires el i B TR Ry P
i f effectivéowdreaifadeiBgeserdlytintihe REmTaahalRAly coAbiahg had Hiist ceAfaldea 112
achieved in software, optical nodelling work carried out by the 20

i nvent or s hadidifenrititesa supplecaptagtingrres Jiho srvsteb 19ff istgaded yithiga

ffects the yniformi i i nakian. . . n
opt i mum r aar e bl 1oShnichts bots WP Benihd 19310 EER, Lo THe b
and det &2t oinciuden stilimg duatr doxtr @uossimemd ssceveriths icoystal edieh moiga usg.ea can

be m nimsed whilst throughput i, I nt.ai ned, This.techni que has
Shown that ‘a ory i BEEVEE BiosToRSd A r<Sbshiodhe Fiiraronr ok flt e

25ar r angenegéntdeiinple coRRctigakeN U852 is EibstartiaDy 51h6 Btub 6f Ak Mhiv@scapb. bY
using a Ray _traci nggt echni que in conjunction wth appropriate

assunpt i ons Wisre s AARerysialds toeecusad forgbi R fnaging eptinaisationaf thy erystal
found by op j ' t gn?| . '

curvature oﬁéﬁe@%?g%agltt%ﬁtgﬁgm nléégl;?/t%felggel}l%é rdé%ﬁﬁﬁgyrzlesﬁg?lg of the
sanpl e B eatrassofissiin drueflediance mpaging neddenfiedt éfilomirtationisrequipdr ts i s
relatively Low. The 30image of the .sanple is.thus highly.spatially
non-uni o RGP FHE8 S48 8 0 S R R PO BBy ot i |y

uni form  AsiihignstReinks WEll 68 hyRubifemDicrésdehd i 6PView soshalsb@yed to
increase the uniform ty of signal across the sanple area _inproves tb

a poi nt \/\/neP‘énEfWéatié’iﬂd’F’}gF%b?F’G for éhig Hrpffieetiverrdear fraageg gesstodeebtained.
appr oxi mat ekgy; ﬂﬂl?slcangg‘aac&l%{)dﬁﬁ\%fl’c%ﬁ%{ optichitTbdbiid o FatefbaCbut By Y S

way can be useﬁ as a netric
2007/ 122016 PEFhtCR 206 H3a1 5ha0the tadied donrature pf thengrystahdiferss e uniformity

curvature. |f.the r.adius_.qQf curvatu is allowed to increase.fiirther
the total cheibyTpbBgidRs s Bmprny ek T tin bl e & aaived
typically sgemgbRentVEipasmation bptisladd Basabgich HadvahtidnPLRssal ue at
a certain radius of curvature and then falling away again to a very

| arge radi udesignpied imagaareacandn winimised poHR thiopghrué isangptagredcEie s can
be sel ect edte@l%li&lréehag SROWH t13Ph Wé&l fa%fu% ro&'%.di 5% E?::k.)ﬁh\/@ptimum for the

25  arrangement shown in the drawings. This figure can be arrived at by using a Ray

tracing technique in conjunction with appropriate assumptions which take into
account polarisation effects. It is found by operating this procedure that for a small
radius of curvature on the ATR optic the energy received from the centre of the
sample area is high but the energy received from the other parts is relatively low. The
30  image of the sample is thus highly spatially non-uniform in brightness even if the
sample itself is spatially uniform. As the radius of curvature of the ATR optic is
allowed to increase the uniformity of signal across the sample area improves to a
point where the signals from the centre and the edgés are approximately equal. The

uniformity of illumination defined in this way can be used as a metric by which to



The nounting of the arm 100 on the guide pins 103, 110 in the manner
shown in the_draw ngs enables the arm 100 to be renoved fromthe

gui de pins b‘yorzﬁ‘f@izg‘d“it upwardly. The arm can then be i n\PemGELIEMOLH0
its longitudinal axis, and replaced on the guide pins so that the
sanpl e contacting surface of the crystal is uppernost. This 10

enabl es the %%OWB}WT&GMM@OW@@M. Ifthetrhdius ofQiredtuieds HEovwdAIP Br&Ge

usi ng the vi i I faeci | t.he m croscope to thereby
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gui de pi n 198h tHeheydaldk eonreahd $ .mally prevents the armfrom
droppi ng under grayity and is provided to WO
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cryst al2ol06of tHdBe j nual to rel ease the brake
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bet ween the._a nd i.de pin and therefor gives the user greater
control of er{; % é@t%\%’ﬁ%ﬁf 55;?@ £ 6qrEetly locate the,eryptalfhoth hergontallysnt vertically

provi ded prasfwall dbldgscaibed.ne apex of the crystal 106 is used to align
the crystal with the optjcal axis of the m croscope thereby providing
a defined startihg 'paigirationmar doesnpt hanedp hg astheapexTofahshérhisgticgicstl t he
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software is 1grovi (%l}tlad W Hh a precalibrated crystal height para
whi ch relative to the sample contracting area 12 and is visible through the viewing system of

the microscope.
 Ascanbe seen from fhe drawiﬁgs the arm 100 when it is located on the
30  baseplate 40 needs to be lowered towards the vsample receiving surface. If is important
that this movement be controlled in order to avoid damage particularly to the crystal
and to this end the accessory is provided with the brake mechanism 153, 155, 156,
158 located within the structure 120 which includes the guide pin 103. The brake

mechanism normally prevents the arm from dropping under gravity and is provided to



defines the distance by which the crystal 106 and sanpl e shoul d be
raised froman initial position in order to bring the sanple surface
into sharp f¥RAYV7IRBI6he infrared part of the microscope PEIIGATOTIAISE0
is significant because the crystal 106 i3 opaque to visible light and
manual sanple focusing is not possible when the crystal is in place.
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be establis | [
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Vikuiti BEF 11 film_ This js a plastic sheet the surface of which is

mcro edPossed wit Ardgr togiegistgpibeguystal positiepdhy apstalottoced ity gnopgting arm
arallel tri I
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Sparal | el rqm&mhmnc@raiaa@stto m&%y\édptréﬂetéﬂﬁufédﬂ%tﬁic& ehareg, y Ned-HAfriate
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opt i mum?P oc S¥stann thecepige ?fefé% ch dhe regerhich i fidvgial peeiaireiinnamente
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are centred on the material"s spectra sorption. i que
i nvol ves adjustments that may be required. The system then sets the stage co-ordinate system

origin (0,0,0) as the confirmed position.
The calibration of the crystal height and focus setting can be carried out as
25  follows. In this respect it needs to be appreciated that small variations in the crystal
shape (radius of curvature and thickness) can give rise to significant shifts in the
required focus setting. As the refractive index of germanium is high, focus cannot be
established visually because the crystal is opaque to visible light and it requires a
~ sample with a well defined spatial structure as well as a strong spectral absorption
30  band that can be detected by ATR. A novel method has been developed by the
inventors whereby the optimum ATR focus setting can be determined. This method
makes use of a test sample which preferably Acomprises a small section of 3m Vikuiti

BEF 11 film. This is a plastic sheet the surface of which is micro embossed with a set



extracting absorption i nage cross sections orthogonal to the edges.
The degree of 10focus is estimated by inspecting the slopes of the
cross secti OYR2YUIBEY the contact edges, Measurenents ar eP¢HRBHOH01530
various vertical positions of the crystlé’l and the sl opes increase as
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Thus in more general terms crystal calibration is achieved by using a test sample

with particular properties and examining infra-red images of this sample for spatial
sharpness. The vertical displacement of the crystal is varied in steps and image
20  sharpness is recorded at each step in order to determine an optimum displacement.

This involves

a) An infra-red image is acquired at an initial vertical displacement which is

estimated by finding the position at which maximum infra-red energy is
25 transmitted through the crystal. This may not be the same as the best focus
position.

b) The image is spectrally filtered to extract a spatial map of the absorbance at a
wavelength where the sample absorbs strongly. This is a function of the
material properties.

30 ¢) A cross-section of the absorbance map at this wavelength is extracted which
traverses spatially sharp features in the image — in the present case an edge

between a polymer and air.



in best focus. This value (neasured with respect to the index mark)
is recorded as the crystal height parameter which is supplied to a
user. f) AnyYd&WiBAl%cenent crystal will have a new cal i BEHGB97/001530
val ue which a user nust input to the cottrol software of the
instruments. 10In principle the test sanple can be any nmaterial with
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structures such as lines, gratings or alternatively sharp
edges between twecdidefi@s émcrrlmlélﬂightsarémﬂerthh/liﬂsmhp@@magisbr be air
f the. fe are_cons

in the form of [ ted .h

ndentat tons 1 AeaerrRipssmay PR VSRR SRR T SnlY By o
a depth of nore tiwsninputitethedditons At of the BStMiA&its Wi t h the crystal,
and the_transitions fromcontact to non-contact should be sharp. As

expl ai né® aboVi® DriReipis the tast samnle eanderagy makerial With infa-gedbserplion which
m cro- 25enbgssedide Q{Ba)tﬁﬁgf sk éﬁureéfwgfehfaire 1héﬂpytsnﬁﬂ%ﬁﬁlaﬁe th Me

manuf act ured by 3M becalse t provi des a conveni ent ap and
r epr oduci bl enttcelsﬁtemaleﬁsdl'lkmnrﬁttmmmroscopqﬂystsms Thiy mearsdypieallydpatofes

roof prisns SS. r es_ar veniently flattened by contact with
the crystal w\ﬁ,gc ?I?%fg%aﬁ %glugim&ﬁr ontact. The geonetry of the

edges of thes ermaat amihiple8HOK1A He A TRUDMpatible” L Reottiet ®oidalit SHEGIH previeya
fromthe_ crystal A [i)l dly, .30 especially over the first few m crons of

dept h, h&hd Plﬁarsspy‘f a@soapw‘ylthfpébf safe%tral fange ahBehekRacsssops #idgha gharp
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gi ve high-contrast and sharp resultS I nventors have
devel oped awithotirbecpraingemedestiont o1 smpotifedspat i al resol ution. The

'{Me)o 2 8 bgf i 5 giié&ﬁﬁ&gb /eealéﬁ gtgggcégc(e”einginrégre& ?me st?&ctt%s%gc %8 ?mes gra?ings
or grids, or alternatively sharp edges between two different materials (one of which

20  might be air in the form of a void). If the features are constructed by forming
indentations in a uniform material, then the indentations should have a depth of more
than a few microns when in contact with the crystal, and the transitions from contact
to non-contact should be sharp.

As explained above the presently preferred material is a particular micro-

25  embossed polymer sample (Vikuiti light control film manufactured by 3M) because it
provides a convenient, cheap and reproducible test éample. The material comprises a
regular array of roof prisms whose ridges are conveniently flattened by contact with
the crystal to leave straight “bérs” of contact. The geometry of the edges of these
contact regions is such that the material drops away from the crystal rapidly,

30  especially over the first few microns of depth, and this yields a very high quality edge
between absorbing polymer and non-absorbing air which is easily imaged using ATR
to give high-contrast and sharp results.

The inventors have also developed a technique for definition of spatial

resolution. The technique described above for determining the optimum focus of the



crystal can be adapted to provide a neasurenent of the effective

resol ution JR systemin a manner which is difficult to )
achi eve on g?/%%@ﬁ@% ch enploy staring two di mensional aPF&{B2007/001530

detectors. Having determ ned an opti mumY ocus setti ng as descri bed
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spaced Wom"*‘t‘%%%bff"‘ét yeOIG%n?@r?W%%VV?)Bnge a crystallair interface.
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each det act 8?d%f {? § evgh’ﬂsagyleé‘ﬁ?f sfﬁglgeemg?rgl%tagpggﬁ @Wéaﬂﬁﬁﬁmﬂm%w tg‘ﬁe
background ggide bing Ml Snd DOFéueR Ghatitd sabplefRRAEERY surfict BOHE cBtal Istfaded
the art. 25The next step is to neasure the crystal image and this

i nvol ves t hEORdBE PIHRATHY therebisprayide g srysty 2B intgifape. {The userben espsesdn re
of the crys{abe 1o et te Jidhe hAGYRSRy rloé Bt QP t}%fcr%ﬂﬁ a?xﬁYc?lhﬁé foRd

then enters paraneters such as the reSolution, scans per pixel, pixel
si ze and i nemytopgifiles cry$id. The usencamihse seledh themasotutiomenyd p2@:1 bige.d he
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sanpl e bei ngaspd 68 ertst@ed clysiabhdightphheter id bleN@XboiiiddRhé owidd sivBRS f e
a sanpl e angﬁthe first stepis for a user to select an optional
processi ng @screkl (hodnhesysamthereardes v a preasusaey o8 dhrbaskgrorad

e, of DegebiE 1 dagieRa Gkl hy ISR A0SR ST RgH 10
background spectrum is obtained will be apparent to those skilled in the art.

25 The next step is to measure the crystal image and this involves the user
moving the stage to the origin, i.e. the top centre of the crystal. The user fine focuses
on the top of the crystal and then enters parameters such as the resolution, scans per
pixel, pixel size and image size. The system raises the main stage 20 by a
predetermined distance in order to focus on the lower surface of the crystal. The

30  system measures the image of the crystal without a sample being present and this is
stored.

The next step is to measure a sample and the first step is for a user to select an
optional processing option which is subtraction of the background crystal image or

baseline offset correction. The user then raises the arm 100 and pivots it about the pin



103 so that the crystal 106 is noved away fromthe optical axis of
the m croscope. The plate 67 on the anvil 60 is then remaved and a
sanpl e | ocatVe@ 21244 pl ate and the plate placed back i nPEDEBRI0GK0ISHD
the anvil 60. The systemthen raises th¥ stage by a predeterm ned

di stance in order to enable visual inspection of the sanple using t he
5vi sual faci
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through the spring pl'unger 85 which is designed to restrict

maxi mum § or peessuse applying enaghinism §0 ) &et thewamgpletiopresigd dntg sorthct voith th¥he
force vectoré;sll inmportant. Ideally it should be aligned with the
centre of th crystal face so that sanples tend to align to the face

and contact pres#litleregarduo (ﬂvy)Aﬂ‘R riédstreimgnaieiiessabat hysampk: io hel’d g gbed |
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as possible to the crystal he arrangenent of the rack, pinion,
spring 0 ungurthe sapinle h:gh%mnraliﬁé toalthdl cwaial face; foempsteompient semplesicotirol afid

The. deai o’ B YRRk disTodlih 05 5805 YRGKEy ISk i Spblo T iiPRe =
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never becones coil-bound. Wth screw set W se t
pre-| oath i sisgppduosd Haoeghthé eprhngfplurtger Bhwhivhis dgsignad to restrict the maximum

force to a value which avoids damage to the crystal 106. The force vector is

important. Ideally it should be aligned with the centre of the crystal face so that
samples tend to align to the face and contact pressure is uniform. This is achieved by
use of the ball bearing 82 that is accurately constrained in its guide 83 and precisely
30  aligned with the crystal axis. The ball acts against a thin part of the anvil so that the
lifting force originates as close as possible to the crystal. The arrangement of the rack,
pinion, spring plunger, lifting spring and ball is very compact in height and therefore

significant in a microscope where there is limited space. The design of the spring
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20  on the microscope stage. Finally the system performs the selected post-processing and

stores the image.

It should be understood that the motorised stage 20 is used for aligning the
crystal 106 directly under the centre of the microscope field and for scanning the
image around this centre. To align the sample the user should not use this motorised

25  stage and this is the reason for the provision of the sub-stage 60. The software
procedure can disable the moving mechanism of the motorised stage during sample
viewing so that a user cannot inadvertently change the crystal registration.

The arrangement is provided with a rapid automated spectral analysis
procedure which is illustrated in Figure 11 of the drawings. In many practical cases

30 thé sample presented for ATR analysis may have relatively weak overall absorption.
ATR images showing total absorption obtained from such samples are often |
somewhat featureless or of very low contrast and illumination artifacts may obscure
the details of the sample. Compensation for illumination effects is possibie using

conventional means such as ratios against background images or baseline correction
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spectral image is then restricted as shown at 131. At the short wave side a limit is set

20 typically at about 3300 wave numbers since few samples show significant absorptions
at shorter'wavelengths. A small restriction is also made at the longwave end of the
range to improve overall signal to noise. The average absorbance is then subtracted as
shown at 132 and a principal components analysis is then applied as shown at 134 in
order to extract the most significant spectral features. The components can then be

25  presented to the user in an interface which allows them to be displayed as colour

composite images as shown at 136.



CLAIMS 1. A nethod of adjusting a position of an attenuated total
refl ectance crystal for use with a m croscope conprising:

contacting a sanple contacting area of the attenuated total
reflectance crystal with a test sanplegyhat exhibits a strong
absorption within a spectral range of the mcroscope and which has a
geonetry which will produce sharp spatial edges when contacted by an
attenuated total reflectance crystal; acquiring an infrared i nage of
t he test s(élhﬂﬁmé[sat a first vertical position of the crystal;
processing the infrared inage to extract slope information for the
spatial edges; repeating the process for at |east one different
vertical positifomedbd ofiedjustingtagiositiodefan étyennggechtotad peflectancesaystaldat use
position S tahr%tC (\)/\s/hi cehcoexhispi ts the maxi mum sl ope; and deri vi ng
a calibrati Ain pélrarcr%? e Bhe attenuated total reflectance crystal
usi ng the i dentoith@tthgaphmplétonektingaka pobe hit@nated Total tofecraicd ogystal with
claim1, in which said processing conprises, for each vertical

posi ti on, adfeampip Fipt £xHiIbiEy 3 $igpne RRsoxplim WikHN p fergEakigngsqiithemicgoscope
spatial MgRq @hichies 8BERNARNGRICA IR pYRIKE] ﬁl@gat Patill A gestiien BRtcte@BP hif
absorbs strongly. 3. The 'net hod OP claim2, “further conprising

ext r act i ngttenueted $etakreBedtansewhiistal t r averses the spatially sharp
features of th t . of
claim3, furt hg?ﬁﬁ%%ﬁgﬁgﬁggﬁ? ?e egfétﬁﬁeﬁ%ﬁ%éﬁ{b%é%@s} (‘)’grstl-c slgb% ﬁ@h ? gle
extract thesal;ope data and neasuring the maxi num sl ope for a

recogni zable feature inthe image. 5. A nmethod of, operatin

i or 9acope. ConprrEmg He iarsBRay oAt sp M CERRIOD ] N TS of
a novabl e st aggepeitidgiRe PloesRFE0R Poast dHR AMFQRER VSIS I8MI0R BT theQrystal;
conprising a predetermned paranmeter relating to the height of an
attenuat ed t ot lentilyfrigean: eptigning y§ryead pogitierpas thatryghich exdwhitsdhemaxiswn ng
ar ea, thesllgsé;r}gg conpri si ng:

deriving a calibration parameter for the attenuated total reflectance crystal using

the identified optimum vertical position.

2. The method of claim 1, in which said processing comprises, for each vertical
position, spectrally filtering the acquired image to extract a spatial map of the absorbance

at a wavelength where the test sample absorbs strongly.

3. The method of claim 2, further comprising extracting a cross-section which

traverses the spatially sharp features of the absorbance map at the wavelength.

4. The method of claim 3, further comprising differentiating the cross-section to
extract the slope data and measuring the maximum slope for a recognizable feature in the

image.

5. A method of operating a microscope comprising a processing device for

controlling movement of a movable stage of the microscope, the processing device



transl ating the novabl e stage of the m croscope by an anmount to bring
a registration indiciuminto focus; and translating the

noveabl e stage by a predeterm ned vertical distance defined by said
parameter to bring into focus a sanpl esgontacting said sanple
contacting area. 6. The nethod of claim5, in which the registration
indiciumis configured as a flat on a hem spherical surface or a mark
on a hem spherjcal surface. 7. A nethod of operating a m croscope
havi ng a rRoWPEBIng apredstermingd parametas sdlafing ta thedivighéiof 4 atignyatedigtal ATR
measur ene S Mg ; 3.

nount ed on%{tq?%&nrarrgsgﬁ%g st argsclaﬂgrc}f 4dt ééqgnm(t:arcgrsl%%%aé;w%ﬁgt%d %Hlﬁ I?tmfﬁ%unti ng
menber in whi chranslatimgshe ewvalrie Alai of the hadrosvapé bygarnamsaump keebriiggd act i ng
area, and a.reqi strat.i on 'r}di ciumlocated such that it is fixed

rel ative t8oTHECLA ?lgméggﬁt 3¢ S'r?fgg area, the nicroscope

including a praeeasstig he ioveibledaddbyCoprbddérniibdarRithl ditahdaicApyEb) e
st age based on a predeterm ned calibration paraneter relating to a

hei ght of SpideParemeter g bring ntq fasus samrle cPRRsting sHE sample contaghipgigea: he
stage of the mcroscope to bring the registration indiciuminto
focus; and noving the stage by a predeterm ned vertical

di stance def i ndliemethddeofiglaédt by whink thegegisthatian insticiparinemmfignredas biflahg
into focus qn._c act with the s l e cogntacting area. 8.
The net hoé’ngach%%g%lhgrééatl gurcﬁépfna?far%%?g?rﬁlsﬁh lcelrs3‘/lr 4t has a general ly
hem spherical surface opposite to the contacting area, and wherein

the registration indiciumis |ocated at an apex region of the
heni spher i’cal & inplipd of oppyating a RHCEPSRRREHGYING @rAVarblg Stege #1dAmm 8,

wher ei n t Becds@fl GirdHPed RITRUFySRE ATR medsufhehite hem spherical surface or
a mark on the hem spherical” surface.
the accessory including:

a support which is mounted on the movable stage of the
microscope; and
a mounting member in which is mounted an ATR crystal having a
sémple contacting area, and a registration indicium located such thét itis.
fixed relative to the sample contacting area,
the microscope including a processor configured to control movement of the
movable stage based on a predetermined calibration parameter relating to a height of the
ATR crystal,
the method comprising:
moving the stage of the microscope to bring the registration indicium into
focus; and
moving the stage by a predetermined vertical distance defined by the
predetermined calibration parameter to bring into focus a sample in contact with

the sample contacting area.

8. The method according to claim 7, wherein the crystal has a generally
hemispherical surface opposite to the contacting area, and wherein the registration

indicium is located at an apex region of the hemispherical surface.



10. A nethod of determining a calibration paraneter for an ATR
crystal using a mcroscope with an accessory arranged to carry out
ATR neasurements, the accessory including: a support which is nmounted
on the novabl e stage of the m croscope;_ and a nounti ng nenber
in which is nounted an ATR crystal hav?hg a sanple contacting area,
and a registration indiciumlocated such that it is fixed relative to

the sanple contacting area, the nethod conpri sing: sel ecting a
test sanploe WhiThb neotvidRictsrd3e Elink @nwmrélhm iadisRetédmirisean g8t & thé he
m croscope and whi ch has a geqnetry which will produce spatial edges

when cont demésghesical ﬁ@faAchr%mﬁmthehemlsph%walrﬁgr A%F-t he sanpl e
contacting area of the crystal into contact with the test sanple;
acquiring a first infra-red imge of the test sanple at an initial
vertical |d©si t Aometbpd phéetemjising a calibration parapestedonan ARB cfystd usingage to

f nd
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vertical posit t@ucodssérhéndhidigg:al and extracting correspondi ng sl ope

i nformation; i dentifying an optinmumvertical posjition based on
whi ch vertical posi & SBPOBMHE tsgn%mEFé NriFANGYhestagerRi the microsgeps; gichg

the calibration par Q%hﬁfmé ﬁEmBEﬁnWhY&t@boﬂ%H’ﬁﬂA"I@{ érgstﬁlhﬁving%%m jeed
optimum position. 11. The nmethod according to claim10, wherein the

step of processéomiertingetaadasl a fegistratipptindieium loedtedpsnsh thap it is Bxrsloelative tp
filtering the extract a spatial map of absorbance
AP ok EeRRd %,

at a wavel engt Sarrpl e absorbs strongly. 22 12. The
met hod accor di thg nie@h®] @intpriking: f urt her conpri sing extracting a
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the microscope and which has a geometry which will produce spatial edges when
contacted by the ATR crystal;
bringing the sample contacting area of the crystal into contact with the test
sample;
acquiring a first infra-red image of the test sample at an initial vertical
position of the crystal;
processing the first image to extract slope information for the edges as an indicia
of image sharpness;
acquiring at least a second image at a second vertical position of the crystal and
extracting corresponding slope information;
identifying an optimum vertical position based on which vertical position exhibits
a maximum slope; and
deriving the calibration parameter for the crystal according to the identified

optimum position.

11.  The method according to claim 10, wherein the step of processing includes, for
each vertical position, spectrally filtering the acquired image to extract a spatial map of

absorbance at a wavelength where the test sample absorbs strongly.



13. The met hod according to claim 12, further conprising
differentiating the cross- section to extract the slope data, and
measuri ng the maxi num sl ope for a recogni zable feature in the inage.
14. The met hod according to claim 10, @kerein the test sanple is a
plastic material. 15. The nethod according to claim 14, wherein the
test sanple is a mcro-enbossed pol yner. :

12. The method according to claim 11, further comprising extracting a cross-section

which traverses the spatial edge features of the absorbance map at said wavelength.

13.  The method according to claim 12, further comprising differentiating the cross-
section to extract the slope data, and measuring the maximum slope for a recognizable

feature in the image.
14.  The method according to claim 10, wherein the test sample is a plastic material.

15.  The method according to claim 14, wherein the test sample is a micro-embossed

polymer.



