1 Accessory for Attenuated Total Internal Reflectance (ATR)
Spectroscopy This invention relates to spectroscopy which makes use
of attenuated total internal reflection (ATR). ATR is a technique
used in spectroscopy, such as PT-a spegctroscopy, in order 5 to obtain
spectral measurenents from sanples which are difficult to anal yse by
ot her nmeans such as transmi ssion or reflection. Typically apparatus
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30 The microscope includes a moveable stage which has associated motors for
moving the stage in X, y and z directions under processor control. Imaging is carried
out using a small linear array detector and physically moving the stage and therefore

the crystal/sample combination laterally relative to the optical axis of the microscope.



10 is in focus. The sanple may nove when the crystal is brought into
contact with it. Also the crystal nmay cause defocus by virtue of its
shape. For'exanple if the thickness of the crystal is not precisely
the sane as its radius of curvature. sThe effect is magnified because
the material of the crystal has a high refractive index of around 4.
Therefore small manufacturing errors can be significant. 15The
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‘ between a position in which a erystal 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 2 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 conirolled descent



10The mounting nmenber nmay be carried in such a way that it can be
removed fromits nounting and inverted by rotation about its
| ongitudinal axis to allow inspection of the sanple engagi ng surface
of the crystal, for exanple to check that the crystal is not damaged
or contam nated. This aspect of the invention by use of the novable
nmount i ng nenber allows 15the crystal to be nounted on the m croscope
stage suchof thetrh slopngithefirst sridemitl whed ssidbse uentded t6 &t Yodigsh in which
accurately ductively.to.its .original position
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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 processing may include, for each vertical position, spectrally
filtering the acquired imge to extract a spatial map of the
absorbance at a wavel ength where the 15test sanpl e absorbs strongly.
The method may include extracting a cfoss-section which traverses the
spatially sharp features of the absorbance nap at said wavel ength.
The met hod may include differentiating the cross-section to extract
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feature in the image. 20The text sanple may be a plastic nmater.i al

such as amgthed ibtrding ap &Y Seiystelfog usegwiku? micrescpprhaasestingdanaifci ng

£ . f Ot b . . .
I e o pRRERE Op el ool oA hiAShERl Syl bYERIEY
of t]tle Cr seeotihg m;ltdsmangﬁ@whﬁchwﬁhﬂmmtrdngrabmlmpxm \ajﬁlzixémeispbctraémngﬁpé with
man turing tol erances. the crystal., |lt.ca It t
Crystal oo EHEOGEDr AT pshrE AEHOR TUR PO SR U RRIR A BC oo

i nfr a- r edwhéb@atadcttddyraa R TR uBistal, @aidauyieyd doidpeisiag Gtihgiag tHe aiphd e

t hi ckness. According to,a fifth aspect of Ee pr esent dlllgé\él? tion

. t
there is pshipeareant hecostad info peptact wildhglesisaapier :ORGEE 30 out

ATR neas uﬁﬁg@ BE e t&@%&;ﬂ& ﬁ@é‘rﬁ%tﬁé% {H&ﬁédf Hb&iSorPoSHPRYLD, YRIcERiEaRe be

nmount ed on tThe novabl e 'stage o e mcroscope, a 30 nmounting nmenber

carri ed oimagatoedapipdone informaemfor sajd adgeaTrRpatipg thelproagsshngiferent

supp [ ol e I l.ocati . : al ,
sai dOis(}arrpnwgeé'%;?l 3%%%?@%33’3%&‘%%%@’ (a\gﬁfﬂégéﬁes%ﬁ%%%%%%\%ﬁg C cCf{at}l{lgttarrpl e
(‘ggn Ibe r eqbick ?xhibiamﬂe maeﬂ?melo@p,fﬁnj idaﬂvirrganslitdhtkmgmeﬂn@gl fo:msas‘x}ai d
npl e su rting. enber, r.. ing a pressure to said sanple
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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
k- 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 10 plunger, 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 sapnple supporting nenber.

The pressure which can be applied to the sanple supporting nenber may
be adj ustable. 15The area of the sanple supporting nenber through
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supporting nenber being carried on said support so that it is novable
relative to tHEheATressory seaylinelnde aieepk pedpigionayangemeat bk te sgidbe
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| ocati on ¥dP ?%ﬂ@%ﬁﬁgﬁ y conprise a pair of screws acting to urge
the nenber agareSiressulRivaEtiN@mberabPlkd tothe samplelSPpSEhLWR TRy MR be

| ocated so _as _to act along orthogonal directions and said spring is
arranged gigustable. 5| ong a bisector of said directions. The
surfage agai nstplodt (RAGRPIC EPPoARE ndiér BRodh Whis b brd3fgke to an
axi s through the crystal whereby each screw acts to urge the sanple
suppor t i nappisdnrgeots is relafivelyithin eensusp thst the point at which the pressure is applie

is as close as possible to the crystal.
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 6\/ari ous aspects of the invention
10 defined above can be used in any conbi nation thereof. The

invention will be described now by way of exanple only with _
particul ar refﬂe%@&%s?n?a}ﬁé@o@a@é&%%%’&dﬁQloﬁ?,%}% hal difbcliOVR £ABANINGS:

Figure 1 is a schematic side view illustrafing e principal elenents
of a knowipriegid fRranged tscbglens abipgeiuros sgididireetionghenat i ¢ per specti ve
view of an ac S for. ) I ¢ r I
constructed i gﬁlzecsgjf’)tr%%aagn%lé] W @Eﬁg%g%é%b%%%qn%ﬁ@oﬂ a,?. 'Hl%ﬁ%?glse g%?r?hﬂg

i nvent i onthrough thefdrgutai eviigrdby eachpserespantd iowegwihe waraplo wiprgriidpamanb@ssory

| ocated in the novabl e stage of a microscope; 20Figure 4 is a section
on the Ii"ﬂ&'”ﬂs-thezsuBPorgi gure 2, Figure 5 is a section similar to
Fi gure 3 showimyg dspét bp@eldRiie profidens apsgtiewhith AloWsGhOSERM din
relation to the objective cassegrain lens, and Figure 6 is a section
on a | ar & saenle & by adjesied withont glfsciing any-prgyious setting of the wAInAagRo6f t he
accessor yy | 8 is a section on the line V- V of Figure 7;
Figure 9 tlhgag&g%g i&on on the line W- Wof Figure 7, and Fi gures
10 and 11 il | uswilhbeapprecispbihat the feapresaf thereagiongaspeets oEbe paventiorc h

i ncorpora e accessory. Referring. Figure 1 this shows the

pri nc]l!%paléeﬁ%g‘%%h%vg c%?gglﬁseﬁ'fr}F%?&ibﬁ?aglf)%&%%%}jand these include an
(optical m crosTigfgvehfionkiilt be isscHbaiesebly ahputeanplemly Rithipartionlad 1
which in turnis &iesposed above a reggthe aperture 12. Located bel ow
the renptEAER {Qths 29epriranying dravangs; {he d78%88S5ct ance mirror 14 whi ch

i's positioned Bpa¥q i8R sARIAGE M6 vRASHEGF A D (RSTREDhYeldBeROS 2
condenser cassegrain assenbly 18. Between fthe two cassegrains is

di sposed & MR migragreP20 whi ch
15 Figure 2 is a schematic perspective 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 perspeciive 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



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 sogrce. A mcroscope of this type
can be used for both reflectance and transm ssion 5 neasurenents. The

condenser cassegrain 18 and the flat mrror 22 are used primarily for
transnit t gfees tigreefithe sample fop phalysis hoeaterbbalow éhreenondertsie coupl i ng

tic 24 i i i iation. . . .
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t hosel&ki pirgngemant dsaised in cofhmciiarseith an ATRCcrysallved He foung deidximpleiin t he
recess 22:hy, . B whi ch are not shown in the draw ngs.
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e I
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SUPPOr t i NElesdldr A6RIN B 5SS RRerPReiaeNiSorettb@hk vt Mith WRTHHo¥ 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 cireular 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.



5 fromthe wall 62 to | ocate beneath an overhangi ng part of the
collar. This arrangenent allows a small vertical novenment of the
anvil . The anvil is held in place within the collar by neans of
two manual |y operable adjusting screws 70, 71 |ocated towards the
front of the collar and a spring 74 (Figure 4) disposed at the rear
of the collar. The spring is held in place by a screw 75. The 10

screws 70, 71 BieQnglhadgedatselyithrk abingirsiddees] edmndepiiveloganap y

towards the axis of the anvil and the spriﬁg 74 1S desvi@ané(’j\gho act
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90 is cou Oara y way of an i1dler gear 92 which can
rotate about &ltepinndlaga@@menhdescaokl abave Gasiitpiced shlpsigie whichab be by

means of a nual.l erabl e.knob 94. shown,in.Fi . t he rack
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(I ifting force through the ball 82 to the anvi] or allow ng the_ anvil

to fall. bored45 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 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 nioved

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



5A nounting for an ATR crystal is carried above the anvil 60. This
nounting conprises an elongate arm 100 supported at its opposite
ends. The armhas a first end 101 with an annular formation 102
within which is |ocated a pair of busfings and which |ocates over a
gui de pin 103 carried on the baseplate 40. The armal so has a central
portion with an aperture 105 which has stepped sides. The aperture
conpri sesgikRspdiRidgGomtibnbr the spravil kgt fershial giid6 nbaivathin thestitaular i n
Figure 4. The arm has a second end 108 which is Iopat%ﬂggt a
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153 is usuallf/ bi ased into contact with the pin 103 by a spring 155
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the pin 103. The bore 160, when 30 the arm 100 is in the posjition
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o thar gl Rd® bRl bk a R Bt RGR Ferdart PELEAS
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radially inner end of the button 158 locates against the braking ring 153. When the

25  button 158 is pressed the ring 153 is moved radially to a position where no part of it is
in contact with the pin 103 thus releasing the braking effect. The mechanism 156
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 has a flat central area 112 which constitutes a sanple
contacting area. The crystal 106 is hgnded within a mounting ring 108
which is held within the opening 105 in the arm 100. The arm can

10i ncl ude a sliding dust cover (not shown) to cover the crystal when

not in uske rotated back t/ER poki€iof shosindh FigrdDand Alved twidvr keBPeEEndlo t he
m croscope sp that the centr cting area 112 is

f I
subst ant | 2Astipnayhenibe pigdae 28 b%ﬁﬁ@ﬁ”f@@@ﬁ%%ﬂ%ﬁe gpaeemant ok PR 13ada) i s

to be useghit k0 AR iR e 10aA8A bPihe hide i LIOARRY 5181000 Ul

i nportant. Wien carrying out ATR inmagi ng as distinct fromsinple

15t r ans i esteohangreprefinalle dovation ofdhe wen HOwndehergfoed ebrisht 4ndl umi nat i on
IS requir : i f L maai system whi ch

i nvol \C}Jgs % é’rﬁ@iﬂﬁfgq ‘t(a}gglrl?ﬁhﬁ%&ﬁ%ﬁﬁ&?n%§ OR/@%I a%g%%o FUHPEP™ acr oss
the field of VIlewrgsaltllidts gemnmliy hampipbaichbmdiamatiofibe geadaifar Thdi s

if effectjve clear.imges ar 0 be. obtai ned. ilst_this can be
hohi eved PHeSrBRRs SRty Bifc Hwateeny b rriocat oot Igdensy S 130

i nvent or swhigh cis@Mlest Natnpld @ntadfht!Sre® The Wiysed YOS isWonidmewikiy ot al
affects the unpiformty of the illumnnation. It has been found that an
opt i num raaviRganesi8 high ig hgldvathimthe speing 405 rthe pryhdbe amm ept i cs
and ec; : . afJ ' i area can
be mpllﬁ?it mggggdﬁﬂ?]@s}{@ﬁﬁ g%ehgfﬁt 9@%‘? ﬁ?%lr ﬂlg%?ﬁ%%?@glﬁg% ni g‘ﬁe has
(shown that a dnyst tie crysthl ispasitioged/Githmaspert émthe piicrosiopé oo thahite 25
arrangenent. shewn i.n_the draw . This .figu an be.arr.ived at by
st g a Fayt DL el i T eshPisdrei g G BV B tEoed
assunpt i oWaenshin TR adyetal Btto baaed dnt APRaLEiAg bptihiset dnasdtie cridtall s f ound
by operating this gﬁrqoc ure that foj&g}ﬁ]isnall radius _of curvature on
the ATR 120 13 WP oZ ARy ePé’_@EW}%Butf TABIE 8 IF@%@WEIQW! e area
is high %nsﬁ:ﬂ@ioﬁ%@Eeﬁlécfaﬁ@@ihié?ﬂngarvﬁﬂbﬂﬁ@d of MR miRAbh $s deguitll ati vely
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(radius at_which the peak total energy, o
“ designated image area can be minimised Whilst throughput is maintained. This

Dy

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



5 occurs can be selected as the design optinumreferred to above.

The nounting of the arm 100 on the guide pins 103, 110 in the manner
shown in the drawi ngs enables the arm 100 to be renoved fromthe
guide pins by raising it upwardly. The armcan then be inverted about
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 taR SAMKELGPRIREI BGvalEd BaBe alivs e cakmaiab alGvditolinshest ed
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cont r ol | edoti 199 elloles aqcuraawﬂ@am@fg m‘aﬂ(?(bh}{ bﬁafylgtfhﬁ pind 1@ intbe slot and

tothis e 0 : | 53,
155, 156, 10055 BERERORIY i Plehaie B ekt A3 RERA ReilE RARKARNED
gui de pi nwﬁl@ﬂwcﬂt&lh[@d{mmammmenor mal |y prevents the armfrom
dr oppi ng under nd is vi ded, to .. 12 av idin

damage to the %‘?@ I&ﬁ&l‘gg CIYT’% PEY dpd avitha 1588 gtfoé’dn?fgﬁﬁéﬁaye}i 0
rel eage tl@nbE@kepiREdaaulfa. ThR ngrbta0eid BeBanl sheliedomBienuse of a
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‘mar k provi y at t e apex of the crystal 106 is used fo
align theasamj/lsbbaibsm"b'@& t he optical axi s of the mcroscope thereby

provi di ng a def,ined startin 03| .The
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g at any location on the accessory prov{detti that that ocat?on is Exe mec amcaﬁ 9

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



10 Also the software is provided with a precalibrated crystal height
par anmet er which defines the distance by which the crystal 106 and
sanpl e should be raised froman initial position in order to bring
the sanple surface into sharp focus yja the infrared part of the

m croscope system This is significant because the crystal 106 is
opaque to visible Iight and manual sanple focusing is not possible
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The calibration of the crystal height and focus setting can be carried out as
25  follows. In this respect it needs to be apbrcoiated 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
malkes 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



10focus is estimated by inspecting the slopes of the cross sections
across the contact edges. Measurenents are taken at various verti cal
positions of the crystal and the slopes increase as optimmfocus is
approached and drop away again when dgparting fromthe optinmm focus.
The best position can be found by interpolating between a set of
scans taken at different focus settings. It should be noted that the
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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 exiract 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.



f) Any new replacement crystal will have a new calibration val ue

whi ch a user nust input to the control software of the instrunents.
10ln principle the test sanple can be any material with infra-red
absorption which can provide spati al & sharp features which are
ideally small conpared to the anticipated spatial resolution of the
m croscope system This neans typically features which are sharp-on a
scal e of ab T iBRERAldnD! e"
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resol ving p?&\é\géplalneé q)ove%r?e 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 erystal 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



10either directly or via appropriate curve fitting. In order to
carry out neasurenent of a spectrumon a sanple the first stepis to
regi ster the crystal position and define the stage co-ordi nate system
origin (0,0,0) as described above wi tj reference to Figure 10. The
next step is to neasure the background spectrumthat is to say

W thout a sanple in position on the plate 67. In 15 order to achieve
this the usekl aabes aaﬁgﬂed"@tmbwa@amwa&aﬂem of the efftdiiverresojutipasif tieon on
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Thl sis C?prerctlrgg fc())rueach 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 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



10whi | st view ng the sanple visually. (iii) Swing the arm 100 back
Into position so that the crystal 106 is | ocated on the optical axis
of the mcroscope and | ower the arm 100 thereby | owering the crystal
106 into contact with the sanple on tpge plate 67. (iv) Apply pressure
to the underside of the top of the anvil 60 using the 15pressure
appl yi ng mechani sm 80 so that the sanple is pressed into contact with

the crystedsso that the Miithl 10838 dvidavidyMiondTiR Jptias kRIGE fle HRFBsLeRS t hat
a sanple is held in good contact with the |ower face 112 of the
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The ann igel ocked using screws 111. The rack 91 is operated to apply

alifting force to the anvi| 60 thus co essi ng, the,sanpl e agai nst
the crystal fa@eMWﬁF@’W@P&‘S%é‘*qg&tﬁrﬁg&HE e ARVERY- spri ng

pl unger 85 whi ?m Susierd QRptk 50@it{oﬁsfsfn'g@ﬁe JubsstaEB LU iefhgend 0 a val ue
whi ch avoi ds dafmge to the crystal 106. The force vector is

i mpor t ant adjistisgstrgws 70.sHdaladivBdhaposifiraddithe amvil{e0e divis i carried gat

cryst fa .h I d to align to the face and contact
press@re Wféﬁsﬁgf?efxérrl he%%?@eﬁ’is‘% i eved by use of the ball bearing 82
(that is accur ai§) gwignthe s héoback intd pogtionls B8 thedypirktl6sielogated on

30aligned with the crystal axis. e ball a inst _a thin t of
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Wi thin the asse S never conpressed sufficiently to becone coil
bound andctybtals exert excessive force. The screw 89 can be used

(2 vary L1 D SO, PR RSPl s o
contact with the lower face 112 of the crystal 106. Ideally the contact pressure should
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 control 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 contacts the
sample. The arm is locked using serews 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  is produced 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 uniforn. 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



5 screw set full clockwi se the pre-load is approxi mtely 50% of the
maxi mum spring force. Wen the conpression control knob is noved to

t he maxi mum pressure position the spring force increases close to the
maxi mum rating of the spring. Backingyoff the screw 89 by one turn
reduces the pre-load to zero. Thus with control at one end of its
travel no force is inparted to the sanple. As the user slides the
control kplahedr 86 eddhresOfiRy (RS Biting spriifecs Withid diad dsyenitil@ isQ@seSconipré&eda of

t he maxi num posisi bl e spring force, After sub-step (iv) the system
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1t should be understood that the motorised stage 20 is used for aligning the
- crystal 106 directly under the centre of the microscope ficld 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 canmot 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



di splay significant spectral features but this requires expertise in
spectral signal processing and can be tinme consuming. In order to
provi de the user of the present 5systemw th a quick indication of
the spectral information present in EQG i mage an automati c processing
sequence has been devised. Its aimis to extract the nost significant
spectral features fromthe raw data in a manner which is independent
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- 2. An accessory according to claim| wherein said sanple supporting
menber 15 conprises a flat upper surfage and side surfaces and the
accessory includes |ocation adjusting neans for adjusting the
position of the sanple supporting nmenber on the support. 3. An
accessory according to claim2 wherein the | ocation adjusting neans
20conprises a pair of screws acting to urge the nenber against a

bi asi ng spfi Opvis: 4. An accessory according to claim3 wherein the
screws are | ocated so as to act al ong orthogonal directions and said
spring is arranged to act along a bisector of said directions. 25 5.
An accessory agcaording to claim3 or_claim4 wherejn the surface .
agai nst eg'ch s% %\?Vgeggc?rg f19r5a PREPTatREagnesd I earry %‘Hg* fRragrensnts, said
through t hecessoystahpriding e ByprRackhish cavbefitd fbQhd!frdQabib easaoPhe
supporting.menber towards the support. 306.A m croscope including an

accessor yTEeHRar P b memberraragdhyagid suppert for mounting an ATR
crystal, a sample 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 transversely

10 relative to the ATR crystal and defines a sub-stage which can be moved relative to the
main stage of the microscope, for adjusting the alignment of a sample relative to the

ATR crystal and the main stage of the microscope.

2. An accessory according to claim 1 wherein said sample supporting member
15  comprises 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.

3. An accessory according to claim 2 wherein the location adjusting means

20 comprises a pair of screws acting to urge the member against a biasing spring,

4. An accessory according to claim 3 wherein the screws are located so as to act
along orthogonal directions and said spring is arranged to act along a bisector of said
directions.

25
5. An accessory according to claim 3 or claim 4 wherein the surface against each

screw acts is inclined at a small angle to an axis through the crystal whereby each

screw acts to urge the sample supporting member towards the support,

30 6. A microscope including an accessory according to any one of claims 1 to 5.



