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ATR spectroscopi c systens which attenpt to overcome these and ot her
probl ens. According to a first aspect of the present invention
there is provided an accessory for a mcroscope arranged to carry out
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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 in which 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



15t he crystal to be nounted on the m croscope stage such that is can
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25  hemispherical surface or a mark on the hemispherical surface.

According to a third aspect of the present invention there is provided a method
of operating a microscope provided with an accessory according to said second aspect
said microscope including processing means for controlling movement of the movable
stage and said processing means having recorded therein a predetermined parameter

30  relating to the height of the ATR crystal, said method comprising initially moving the
stage of the microscope to bring the registration indicium into focus and moving the
stage by a predetermined vertical distance defined by said parameter in order to bring

into focus a sample contacting said sample contacting area.



The met hod may include differentiating the cross-section to extract
sai d sl ope data, and neasuring the maxi num sl ope for a recognisable
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15  test sample absorbs strongly.

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

30  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.



The accessory may include a rack and pinion arrangenent coupled to
said 10plunger, said rack being novable manually to effect rotation
of the pinion to cause axial novenent of the plunger to thereby apply
or rel ease pressure applied to the sanpBe supporting nenber.

The pressure which can be applied to the sanple supporting nmenber nmay
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sur face ane, by HISED RS 2616 S5l T A R P
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This 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 sample
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

setting of the main stage of the m croscope. It will be
appreci ated that the features of the vafious aspects of the invention
10 defined above can be used in any conbi nation thereof. The

invention will beToeservsyesy brdacasgd seenp tofict eloagpithogonhlydimstfidhs and said
particular r I drrawi ngs. In the draw ngs:
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vi ew of an agces far. an ATR m croscope, sajd accessory bein
const ruct ed %ﬁo‘égi’g%%/gg%@é”qﬁrﬁwe Scé‘?%@fd? Retige Be sarprle pinpeRing member
invention§ towardshth@spBod. i S a perspective view showi ng the accessory

| ocated in the novabl e sta%e_of a mcroscope; 20Figure 4 is a section
on the line Z - ZI®tasppeiqf e pnvention propides 3 ibSstags vehicherdloive thegiositibanf t o

Fi gure 3 showiengmplago bOs@hdi@ivw ot oh s Rilll GHOSSORE, LD
relation to the _g%j e%ti % casseg(}ua?%ecl?iggg{??%ﬁw |sge;$}1rng| Ogﬂllesmgggtg%et ?fon
on a |larger Heanierosfoppart of Figure 4; Figure 7 is a plan view of the

accessory; 25Fi guy,e, 8.l h ON., 0 he line V- V of Figure 7;,
Figure 9 is a secitft?‘gﬁ b%%p;?ﬁ:iﬁ% {rl%gtw?eabv of egWBusi?Sp%%Of%e Invention
Fi gures 10 adefintd abdieush batedtinenyo@eitatdtion tikfeodn | MAQI Ng i cr oscope

whi ch incorporates the accessory. Referring to Figure 1 this shows
the principal el eﬁ%‘?%e%‘fmé”ﬁﬁ E‘T-X‘FSR“ o BEVape! aamplepabievithpirtierdaran

optical nicragseops tdthewbidhbabingieReSRILAROYSWH NI eW 1R mirror 11
which in turn is di sposed&lg)bo?/lega renot e aperturgé 12 Located bel ow

the renote apert uf'@ el i 8 sehematip sige viewrilustiating thepandpalreienentsof awhi ch

i's positionegh@ROMEIRMiIOBILEL.I ve cassegrain assenbly 16 and a
condenser cassegrai n assenbfy 18. Between the two cassegrains is

di spos ed!a novabl Eiggltegdg a 9¢hemfatic herspective view of an accessory for an ATR
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 accessory;
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 ation froma coupling optic 24 which is in turn configured to
receive radiation froma radiation sourde. A microscope of this type
can be used for both reflectance and transm ssion 5 neasurenents. The
condenser cadsbegsshaposiionnd thetsempledor anialysior Li3ted belowshelcquiemer i | y f or
transmttanc Ur . r..reflec ce asurenents the coupli.ng
optic 24 is t% ?%@Htlgwﬁ% gscatfﬁ# eﬂ:r?raiozﬁgﬁ]?’gﬁaq %Fetcﬁr diation from a couplmg optic
t ransmi t t anc@#méfidhds iremoeconifigmed tddcsihé eliatibe froshi 4 redibSorbsogtteshant i al

part of the radi ation.do t hr qugh e objective cassegrain 16 on to
the sanple. ’i’ﬁ‘gmﬁ%?a? 8t E%escar“g’fal%éétgﬂb?t STHCHBCSHMHNABSBEERT t hr ough
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enbodi nment s gf the present invention are concerned. The appar atus

al so i ncl udedordragepEiRRGs measurepepts ik gefiaciined megsyrements teconplingroritic 24

used to carrys@d tb BRes RRGLAIISSLB T %%ﬁd#’l o/t BeG AN WG hL ?p\gﬁfc% ﬂ}egn

| R spectroneter not shown.. The operation of an arrangenen
type will be dicpesmsebstantid pertof telredation dowa throtiglathe ohjertévecttesseplaim fon

the operatio n t. as,used .i junction with
an ATR cryst g(f &fggn Iglg' f}%u"%‘g‘a%‘;gé%%%aéf%mﬁﬁwlﬁ%%%@@@h@e Sbjective
EP- A- 0819032 cassegrain 16hk igthe sfettantesasdeptittDRhich eHDOURERNE Of the phesad
accessory whi.ch can be Io&%gﬂﬁon t he npvabl e sta%e 20 of a .

mi croscope tbnv_gﬂté% B ATR Tt WGPREALS pEdEglet ddfecterand paassegiein
Ref erring toafrgiennst 2 WHicRisafsed Recafly 3N MY SpRRo@BBie dhaBM inQ®bnfufi&iR0
accessory cor";grl ses a support in the formof a baseplate 40 whi ch IS

connect ed t o "aPdRIEBEC IRty naEdAYN oF hesaperatien 482 artegtras pf tissypowill
| ocates in apg ﬁﬁ@\%toztgo%%kﬁﬁg i mg%ﬁﬁn@ﬁ%@de?%ﬁé?g}% é)%graﬁérll §1\8ch an

m croscope. The stage 20 is novable in X, vy rections under
pr ocessolS coftrprgentsyt aspigesingonapgiaopritateA TR eosgl es i thimdifer kot ino

t hose skill egpl Q. r he |late 40 is held in position in the
recess 22 by gggr(r)zgﬁlégo dggr‘gv(\)g?g\?ﬁ?bh are not shown in the draw ngs.

;I'he bracket 42 pr dhe ﬁmsenadema'pt];sorﬁfs cdit%leﬂﬁe&g/iﬁxhﬁ a%@@‘@ﬁ@hﬁéﬁ‘&ﬁlﬁﬁb located

ocating it an_or rempving.i.t fromthe stage 20. . . The | ower

sur face of |t R REEPRAAE A0io s rECBEORn A ibla A imee s ee BT e

through the basiegbat Re@fitheGo MighiksOab @' Md ddad R8s AESRSRIMént of BR UPPEr

surface gé the basepl ate 40 supports an anvil 60 which conprises a 30
p

sanpl e sappoPICHYTHePBEISCS ARwParh i the fomi of auwamiaie # whichdutoanedted tolaan
and is | ocat gghclbt4Dinh shdd8s &f Jcbls2B. PREMOFatk Q% Focieh 1B re %F ?J PG RH LT
edge of the collar, as can be seen in Figure 2, 1's generally square
and t he i nnefhednevablestage gt thy niiprosdwee ciiel stage 28 isthbyibtd iy x, ¥ andyer t han
the outer cipg {_ {)]t nvil so.that IPe nvil c ve to
a restricted eiutt%%% §r\i;MHe ﬁxﬁgesg recoggonlﬁyn @nd, Pt $AREOPLl elrﬁ‘%‘?rs as will be Kiown
to those skilled in the art. The baseplate 40 is held in position in the recess 22 by
25 means of screws which are not shown in the drawings. The bracket 42 provides a
means of holding the accessory when locating it on or removing it from the stage 20.
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.



The anvil has a relatively thick annular side wall 63 and a
relatively thin top wall 64. A recess 65 is defined between the top
wall 64 and the side wall 63. The top surface of the anvil carries a
removabl e plate 67, the top surface of 8he plate 65 constituting a
sanpl e supporting surface. A projection 66 extends radially outwardly
S5fromthe wall 6Zl‘hbQnilloﬁﬁta&eh&ﬂﬁgﬂhcl@aimohaemﬁawg]l A9 apda telaifvelytign top
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of the col | avonstithdngspsante $U§Pﬁ@lﬂa smrﬁacsl E@JW‘”& 0G extengs reslialippputwar
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by manual |y operat,in h re 7
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i's arranged jdqustiah sagrt NG t71doskdd iawerdothetifoat afthe bqllawhmd:zhsmmgﬁacﬁgm

nclined at a small_ 15angle to an axis thra a rn
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ensures {hat ;LOeI R, 78 ot a?ﬁﬁhéd dahititeed axbOEGEnd drdegdRdy t@vatr&mamm bf
whi ch acts to press the anvil towards the basepl ate 40.

anvil arr ang&mntfll auktbe sy e designsd & 3of aloag 2 1S§ﬂﬁr—‘§'tﬂéeg@gmeé"heeéétﬁ
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m croscope ifsel ressure exe ani sm 80 for exerting
pressure on thse umdanemdét}mfantnﬂ]mthmdhmdnlﬁnssfmﬁtbe @hlbp@%&a%@rﬁw\ﬁst he

anvil 60. The exertin n ert
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of the basephadieto Ataxid throuppede @Md, THekpriidT4iadid at‘rmdto 8:51 at a slight
accomodat es a bal| bearing 82 which |§1d| sposed in %fb ﬁi?otﬁg
The bal | bea@Pglgandthys %@&%ﬁﬁ%ﬁ? thek ther 1§ 2 SHAY JELCHiTPH© Fﬂ@"‘e
under si de_of ahmwmgaawme@tﬁelmmtawaagth@%a&@amm pushes on the
ball by way of a top-hat plunger 85. This Iun‘ger 85 is di sltl)osed in a

pl unger gui de t ub@hgenihpreaeeaeniidessrined Feve eansiitesa gubsslpeshugh gpn be
ext endi ng do‘ﬁg%& dhdivde ’&% e eﬁk%tr&ﬁﬁ%@ﬁnmﬁv‘ébﬁgfhge 306k A nhéroﬁc%élitéb?ﬂ in

the gui de 86 by neans of a screw be used to adjust the
pre-1oad20f the sprpragure3BartipgmiechanjmaB0 80 ckerting Russsuea g thelvedeesidenier

d of the gujd 86.and d
o0, O L1, 94,95, RS040, FRINT Tl B 8 ALYy Bl aoaer

1 er ‘gear
rotate about jaciSdeks BeRIH Isert ixe vmmkis dﬁeadb@mnmmty dndvghidhuidéates| withidbthe

S moved ongPAR AR GorFe. &ntmueck SHant Sreed e Bl ArcsRTpokR sbAr "
and this in tydhR CAUSRSh & 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 pre-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 shown in Figure 2. When the rack is moved

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



9 corresponding rotation of the spring plunger retaining guide tube
Wi thin the tubular insert 81. Depending upon the direction of
novenment of the rack, rotation of the retaining guide tube 86 raises
or lowers the tube 86 thereby either apflying a lifting force through
the ball 82 to the anvil or allowing the anvil to fall. 5A mounting
for an ATR ceopsbminding rotation efdhedpoing plungeramtainingsgidemtbeswitin tha thgplar

conprises an,_el ongate atrm 100 supported. at | 0S| ; e arm
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the annuliar for natthefirst @21 10The teatival A0yis promisled with adkalitsmpalerisn WEBE:

| ocates against the braking ring 153. W b [

pressed the PP?F@WESIBW%“WE%EHM? gﬁiggﬂeﬁ? gﬁakg%é‘i%?%q g%ﬁ%%%gér%ﬁ%grt of
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Toveq ke briellyelint B o bog BRI a A s I PER 175 3P PR, The
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the pin 103. The bore 160, when 30 the arm 100 is in the pOSIM(ég’
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t he base 40. |f. j A q by N&oridk RetdidSr
so that the t?glf%é T%O@%ésg&g%ﬁoagﬁﬁgwgggﬂ%ﬁfg%@?hélgr%tl 6 Iga%t t hen
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Figure 2. The pin 162 can n. cont.act the u ' N1 @ 1L 00
to hold it i ﬁorglies“e a*iesbé‘g%ﬁége WS& 5 *ﬁeﬁ&e"agp%e ‘fggeegcrg‘lh‘g? Eog‘t’%gmreot at ed
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| ocation of the arm 100 and therefore correct and

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



5reproduci bl e | ocation of the crystal 106 on the optical axis of the
m cr oscope. , The crystal 106 is generally hem spherical and is
made from germanium The |lower surface is generally in the formof a
shal | ow cone and has a flat central are@ 112 which constitutes a
sanpl e contacting area. The crystal 106 is bonded within a nounting
ring 108 whi ERrotatehbick toiterpositivn shavieniFigyrd D 8nd ailovwted talomed Bdts cHamaRr m
can 10i ncl ud Sl 1Al t ( shown 0 _cover the crysta
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affects tibe umilfderanditiingaiisttcheeri(hdtshowstib sker ke drasal b@eMnétanngk, t hat an
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25ar r angenentV & HhATR oryiial é tave nepst forATR impging eptémisating ofithd arpstplat by
using a Ray a6 RA%m i ' ' 100 WM : [
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t he ATR opti et recei.ved fromthe centre of the.sanple area
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in brightness even if th sanple itself is spatially uniform As the
radi us of ch%?ﬂ"rsétl%]fhaﬁﬁ‘ébeﬁﬁgeo‘gf fhys l&gf%ﬂ“i"%ﬁ}@ﬁ 3etSIET @RseLtaEd.
uni form ty ofwiisgn caa®eQsifictdden SHWE oPOAnldABIAY §ori AndedRRt B meher e
the signals fromthe centre and the edges are approximately equal .

The uni f &P ni tgveBlors has shawinthaihe sdiis 9é eurvpfuterfifshapystal affeie thgsadomaitya
metric by whigehe

i Bumihdtion. It has been found that an optimum radius exists for a given
arrangement of illumination optics and detector such that variations across a
designated image area can be minimised whilst throughput is maintained. This
technique has shown that a crystal radius of 6.75 mm is an optimum 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 edges are approximately equal. The

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



sel ect an optinmumradius of curvature. If the radius of curvature is
allowed to increase further the total energy received fromall points
of the sanple area is typically seen to increase initially passing

t hrough a peak value at a certain radi ubl of curvature and then
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formof marking on the.surf ' [ Yo TR 1ORer TRAKhé Buidsed
to correctly q“gléoé?oé’et & garnyog&gE g Betﬁ%ﬁhfﬂﬁotr?gg%{l%@ 13%%13 %?t icall §/u 1as
wi |l be descrgibess. Hihes posiiontthedrinor0Ormhdld doiésraised pesifica bydhapind 62+ Rae

apex of the hem rical 25surface al.t hou kS, I : .

conveni ent ansg"tdagf‘ PrERFCPEE O %onﬁ@ew%rég%gﬁ%g{n?ﬁ &gﬁﬂgégﬁeﬁmon
the accessor yj gl pyd Id6dns batwd Aintw theaah tobe loskelliak e slentatiznghe bt gxample
relative to the sanple contracting area 12 and is visible through the
vi ewi ng syst evitbthechistahingosiacbpeh 2 B8 be seen fromthe draw ngs

the arm 100 when i444i5odai6ah&8yaa1 1088s fobmsepitheedbiranes dark 4 theapex
| onered towards the sanple recéiving surface. It is i O{‘}ngﬁ[%fh at
to

this noveeentofske amisphotiba duifeceoFlie matlocaneiedhel ragd 2

the crystal and.to t.hi j j ict fsdifendar ake
mechani sm 15\’631,“’“11 o %é‘,lr?%%QE P%%i%ﬁ%ﬁf%%@{e&sﬁtﬁ%r#fe ?LZO whi ch
i ncl udes t he gyisteiopimark GBused tecdrreatty lovete tzermir gstal othriwrizonigheand yegicelhe

arm fromdr opzrl)slvgi bgra%&&&&aw ty and is provided to 12

The registration mark does not have to be at the apex of the hemispherical
25  surface although this is the most convenient and preferred position. The mark can be
at any location on the accessory provided that that location is fixed mechanically
relative to the sample contracting area 12 and is visible through the viewing system of
the microscope.
As can be seen from the drawings the arm 100 when it is located on the
30 baseplate 40 needs to be lowered towards the sample receiving surface. It 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



avoi d i nadvertent damage to the crystal 106. The button 158 is
operated manually to rel ease the brake and allow the arm 100 to be

| onered. The use of a rel easabl e braki ng nmechani sm enables a user to
| ower the armwi thout any friction betvien the arm and gui de pin and
t herefor gives the user greater control of the |owering operation.
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i ndex of ger Thakysten theh bfdtated RGHSVIR U LRGN BRI ARO R, SYRblo¥dinate
because t he cr%al IS opa ue to visible light and it requires a

sampl e w4 n 8yt fo hersmbsd %éw af the exvgiel whish asfideial orxsgistration oragk.
spectral abs?ﬁ@ﬁée@&eﬁ@omﬁﬁ th@te &AM g%n&iﬁ}c Er%qut?é(ctt ﬁxgﬁfg ﬁlgu%ﬁATR

met hod' has been devel oped by the iInveintors ere y

focus setti ngdegdments t@emls’ hﬁ m@lredr Hihs sysidnh tebn wetk €® strge cobrdindiesstem
sanmpl e whi ch, f& smal | section of 3m Vikuiti BEE
11 film Thi sgélﬁ( %P ?%’%e surface of which is mcro
enbossed with a s€he caZhBranon 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 comprises a small section of 3m Vikuiti

BEF 1l film. This is a plastic sheet the surface of which is micro embossed with a set



of parallel triangular prisns each of which has a 90 apex angle and a
period of 50 or 24 mcrons. The material is commonly enployed to

i nprove the brightness of LCD display panels. The ATR crystal is
brought into contact with the prismstriikctures so that the apices are
flattened by the contact pressure thereby resulting in a set of
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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 c) 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.



14 d) The cross-section is differentiated mathematically to extract
sl ope information, and the maxi num sl ope is neasured for a

recogni sable feature in the imge. e) The crystal displacenent is
adjusted iteratively so as to nmaxi m se t4he sl ope of the cross-section
at the given feature. The vertical crystal position where 5maxi num
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edges of these Eirhatfestaigs anghtincludgengingried fitrstmatuessisadh adiops geatiags
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devel oped a ? %‘%ﬁ%#l%%elgfa glrn %Ia'g’? %“ﬁféflf‘faﬁiea heéﬁéft“}l ns should have & dépth 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 sample. The material comprises a
regular array of roof prisms whose ridges are conveniently flattened by contact with
the crystal to leave straight “bars” 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



resol ution, The technique descri bed above for determ ning the optinum
focus of the 15 crystal can be adapted to provide a neasurenent of
the effective resolution of the ATR systemin a manner which is
difficult to achieve on systens which eHWpl oy staring two dinmensional
array detectors. Having determ ned an opti mum focus setting as
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spectrum for each detector in the array and these are stored. The way in which the
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 se}ect 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



The next step is to neasure a sanple and the first step is fora user
to select an optional processing option which is subtraction of the
background crystal inmage or baseline offset correction. The user then
raises the arm 100 and pivots it about ®he pin 16 103 so that the
crystal 106 is noved away fromthe optical axis of the m croscope.
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| ocked using screws 111. The rack 91 is operated to apply a lifting
force to thec@d@l| 60 thus conpressing the sanple against the crystal

face. This force QRinSepi@UHGHA T HREGReh AL e RIrés atpl saingtis BAd whiaod i s
designed to restrict the nmaximumforce to a i ch avoi ds ampge
.

val ue iC
to the cryst abnta@@iththelopsr e Vekefdhe prystal 106. Ideally the contact pressure sho
be reasonably uniform across the face of the crystal. For hard samples it is necessary

20  for the sample to lie parallel to the crystal face; for most compliant samples conirol of
the clamping force is required to prevent excessive sample deformation. With the
sample on the plate 67 the arm 100 is lowered until the crystal just confacts the
sample. The arm is locked using screws 111. The rack 91 is operated to apply a lifting
force to the anvil 60 thus compressing the sample against the crystal face. This force

25  isproduced through the spring plunger 85 which is designed 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



inportant. Ideally it should be aligned with the centre of the
crystal face so that sanples tend to align to the face and cont act
pressure is uniform This is achieved by use of the ball bearing 82
that is accurately constrained in its gdide 83 and precisely
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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 the 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 possible using

conventional means such as ratios against background images or baseline correction
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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 1341in
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.



snoot hing to reduce noise) and subtraction of any remai ni ng average
val ue. The spectral inmage is then restricted as shown at 131. At the
short wave side a limt is set 20 typically at about 3300 wave
nunbers since few sanpl es show signi f1%ant absorptions at shorter
wavel engths. A small restriction is also nmade at the | ongwave end of
the range to inprove overall signal to noise. The average absorbance
is then sppijmsted as shown at 132 and a princi pal conponents
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to the user inARkabs fo@caenmbsebpeagmg@d w%&g_%mbmu HRLANGHNAS said
col our conposite 1magés as shown at 136. 19 AIM5 1. An accessory
for a m ceeswapacidingagewort svhichreay bompunerrRnthesorablestigs of haindtroscope,
accessory, | i S r I1C e t va
ot age of i B B b R e IR AT B O Rhfye
f or nountsbpryriing paPRbe digpesad belaw slndotasios wp forA Thagrystelirbed satidpoweatting
bel ow th%&&%@ﬁd&% b & @h&f&é%% Ie cPledeARTR) a%dﬁ%é%?e&éﬂ {rl/% TRIRE
havi ng a surface upon ich a sanpl e can be received, an B edsure
appl yi ng dspased wiepesédabplk onpsaiing sampérefos wpplping i angressereber saidsample
appl yi ng ress ai.d sa e.Su rting menber in the direction
of said érﬁgﬁé{tﬁg-n&'&%&%&ﬁ%@aegé%ng&;mgg otlrggi ng to claim1 wherein the
pressure applying neans includes spherical nmenber through which
ressure 4 s appl i sal d. sanpl e _s Qrti nber. . 3. An_ .
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appl yi ng spisaics mandleuthesigh phich grdssuasis mpaies to sadl satpleacppesigmyentdecor di ng
to claim3 wherein the spring bias neans includes a plunger which is
urged towards the crystal by a spring. 5. An accessory according to
claim4 i3ncl udinnggeessorackcaguhidg [0 pliamn 1 aor reqairg @nehdreio chppreshutecapphirg means
pl unger, il§Cehi1c%s£an%kbpeimr‘lagnsrmvabI e manually to effect rotation of the
pinion to cause axial novement of the pl unger to thereby apply or
rel ease pressure applied to the sanple supporting nenber. 6. An
accessory, according. to _any..on f.clains. 1. to 5 wherein th ressure
whi chcant be apptTeer sPRE B e BB SR tEr D B SRRk
7. An acodsdos yrgad wenadisig dwtahby a geragedi ng ¢l ai m wherein the area of
t he sanpl e supporting nenber through which the pressure applying
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movement of the plunger to thereby apply or release pressure applied to the sample supporting

member.

6. An accessory according to any one of claims 1 to 5 wherein the pressure which can be

applied to the sample supporting member is adjustable.
7. An accessory according to any preceding claim wherein the area of the sample
supporting member through which the pressure applying means acts is relatively thin to ensure

that the point at which the pressure is applied is as close as possible to the crystal.

8. A microscope including an accessory according to any one of claims 1 to 7.



