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 FT-1R spectroscopy, in order 5 to
obtain spectral neasurenents from sanples which are difficult to
anal yse by other neans such as transm ssion or reflection. Typically
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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 m croscope arranged to carry out
ATR neasurenents, said accessory conprising a support which can be
mounted on the novabl e stage of the mcroscope, 20 a nounting nenber
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removed 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 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



fromits nmounting 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 danaged or
contam nated. This aspect of the invention by use of the novable
mounti ng menber allows 15 the crystal3to be nounted on the m croscope
stage such that is can be renoved and subsequently returned ]
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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 info 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 extracting a cross-section which traverses the
spatially sharp features of the absorbance map at sai d wavel ength.
The nmethod may include differentiating the cross-section to extract
sai d slope data, and neasuring the maxi mum sl ope for a recogni sabl e
feature in the inmage. 20The text sanpte may be a plastic naterial
such as a m croenbossed polyner, e.g. Vikuiti brightness enhancing
film The Asewding to t ivurth asprdt 60the presend prvenigorgthere hepriomidedti on
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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 aspecis 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 microscape, 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 sanple supporting nmemnber.

The pressure which can be applied to 3he sanple supporting nenber may
be adjustable. 15The area of the sanple supporting nenber through
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| ocation adjustjng neans pmy conprise a pair of screws acting to urge
t he member ag a&hg greésué"? &’E%rgﬁga% bt fnigied togthe sample supporting member may be

adjustable,

15 The area of the sample supporting member through which the pressure
applying acts is relatively thin to ensure that the point at which the pressure is applied
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 2 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 screws may be | ocated so as to act al ong orthogonal directions
and said spring is arranged to act along a bisector of said
directions. The surface agai nst which each screw acts may be
at a small angle to an axis through the crystal whereby each screw
acts to urge the sanple supporting nmehhber 5towards the support.
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Fi gure51 itewardstHeenptaric side view illustrating the principal elenents
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vi ew of an acczrglg Sﬁgfcf‘gfﬁg%lﬁ"%ﬁﬁn Qidss @spl-stagavhich ellews the posgomof
const r uct el sampdCRVeAdfsRd WithBuiRR LY HEA - Lesent
i nvention; X Figure 3 is a pergpectl ve v%ues\%vgtghg\%f{r%%faﬁ%“%\%acogssory
| ocat ed i g HETHE®REDL| e stage of a microscope; 20Figure 4 is a section

on the line Z 1t w10 HhQHted 4 ' 5. Ls a sectign.sim.lar to
Fi gure 3 showin the a?(b)cat %on e aetﬁgggé@g‘ PROYS fsppe 'Oéﬁﬁéﬂ?ﬁgm?n
rel at 1Bn tefinedeabons envthiewectinssp gombinatientereafid Figure 6 is a section

. .qf Fi 4: Fi 7 i I [ f th
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igure 9 tdesaneaetotthmcﬁtﬂpztﬂjﬁgldrmng‘d,-mchﬁ-a\ﬁhgyre 7, and
Figures 10 and_l1. {I |ustrate the operation of an imaging m croscope
whi ch i ncor por G128 | k& sghquaaticsids vigwHiwsirating theptimicipat eletenthpga shows
the princikpedn BraRehicfos@fpean FT- ER. 30ni croscope and these include an

opti c% m crosc,ogBe 10 which is disposed above a
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 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



view IR mrror 11 which in turn is disposed above a renpte aperture
12. Located below the renpte aperture 12 is a

transmttance/refl ectance mrror 14 which is positioned above an
obj ective cassegrain assenbly 16 and a condenser cassegrain assenbly
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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 {o a
restricted extent within the confines of the collar.



8 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
renovabl e plate 67, the top surface of the plate 65 constituting a
sanpl e supporting surface. A projectin 66 extends radially outwardly
5fromthe wall 62 to | ocate beneath an overhangi ng part of the
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the spring. 30A pinion gear 90 i's fixed around the | ower end of the

gui de2fube 86 #yrfessure exerting mechanism 80 for exerting pressure on the underside of
the top wall 64 is disposed below the anvil 60. The pressure exerting mechanism

_ 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 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 2 manually operable knob 94 shown in Figure 2. When the rack is moved

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



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 noved longitudinally by nmeans of a manual ly operabl e knob 94
shown in Figure 2. Wen the rack is noved longitudinally this causes
rotation of the pinion gear 90 and this in turn causes a 9
correspondi ng rotation of the spring plunger retainin QU|de tube
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the location for an ATR crystal 10 is shown in Figure 4.
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t he external diameter of 20 guide ring 103. The ring 153 is

usual 1§ bi asedmnﬁ@temqtfacqftmqrm l%sprqmd%émwlaalwmé@eglw}éh is
held in p i b! i ner
and brake%ﬁér%{eeggieé sfﬁgﬁﬁwg&ﬁe&ﬁ y oppo Ite tggtﬂﬁ%@g%?ng

there is pﬂasmmamdelehhisraadpht miired beshing tmlﬂﬁ@mharuﬂowsr pretsdStapt i ve in

th | g f pr.ati an 102, di t 58
3 R AR TP 0D kR B S Bl P B 2
the ring l&smbbdisvietofitbeibaking ring iaslipady gteem e e enterpddiameferof i s

in contact with the pin 103 thus rel easln t he brakl eff @ The
mechafPsmtheznis g 10% Rhe Bng bt ispghafhyibisse H’éo?‘i%t‘fg E Woted.
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axi ally extendi ng bore is spaced radially fromthe pin 103.
The bore 260brakhesiease stop 156 Dlamei:ncally opposite to the spring there is provided a
(. brake release button 158 which is held captive in the annular formation 102. The
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 Figore 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



30 the arm 100 is in the position shown in Figure 2, receives an

upst andi ng support pin 162 carried on the base 40. If the arm 100 is
rai sed along the axis of the pin 103 so that the bore 160 noves cl ear
of the pin 162, the arm 100 can then be rotated about the guide pin
103 away fromthe position shown in Bdgure 2. The pin 162 can then
contact the underside of the arm 100 to hold it in its raised
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account polarisation effecfs, 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



uniformty of illumnation defined in this way can be used as a
metric by which to 11 select an optinmumradius of curvature. |If the
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accessory Is provid he brake nechani'sm 153, ,
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The regls‘fratmn 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 coniracting 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  Dbaseplate 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



12 avoid inadvertent damage to the crystal 106. The button 158 is
operated manually to rel ease the brake and allow the arm 100 to be
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- [ 2 temto the ceptre of the top of the crysta ichis
AR 28 e UK R T L L MR
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be reguired. The systemthen sets the stage co-ordinate sys origin
(0,0,0) as t helcyHfr tp AeeisterdBe envesal povltioncta ritystat 106randfits tvem g/ st

hei ght ' ) carrj.-ed. s 25follows, In this
Cespect 11 neeus o ba ang e el <pEp Gk Byt Bre G Thaher
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The user then confirms that the centring and focus are correct making any small
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 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



30 band that can be detected by ATR A novel nethod has been

devel oped by the inventors whereby the opti num ATR focus setting can
be determ ned. This nethod nmakes use of a test sanple which
preferably conprises a small section of 3mVikuiti BEF 11 film This
is a plastic sheet the surface of whildh is nmicro enbossed with a set
13 of parallel triangular prisms each of which has a 90 apex angle
and a per i Yoagtlebpiangul prieme ewhDf Whitd HiBh @09 ahex 5 mmgkﬂo@mo%fed
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sanpl e for spatﬁngfﬁgﬁgﬁdﬁﬁéggw%ﬁé&\%ﬁ‘ ?‘%&Plﬁéﬁsﬁf"ﬁaé‘f% dgformpfgon of
cryst &b i hosampledilimdeptrais sipantheicomae p2RsEbahPMSENibS WECRLIE 85 each
stepin o : term ne an optj num displacenment. This involves a)
An infra- ?gﬁgrfnﬁwl%tggﬁa?e%% rEYreat {’%{ﬁg Feplics fg thg eampleal di spl acenent
whi ch i's estThmtresiolygehérattengs driital RaBrhii s 3LnY i'{ysgg' a-red
energy is ZtEtrans itted through the .crrysta_ls. T%Q?'[sietJ “gﬁﬁ& eAnEH%ée sane
as the be¥tUPeUGElapHopetighandipramiing infgeed inagpeef thialshiyplkifbtspatid t 0
extract astpaiebl THERRRE] di ﬁ?ﬁl&? : wel engt h where the
sanmpl e absorbs strongly. %ﬂ?%&?léﬁg un%ﬁ}%lﬁgg Pﬁ%%ﬁgﬁ@fiinﬁlﬁge
prop Q i egharpness 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 fransmitted 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.



30c) A cross-section of the absorbance map at this wavel ength is
extracted which traverses spatially sharp features in the imge - in
the present case an edge between a polyner and air. 14 d) The
cross-section is differentiated mathematically to extract slope

i nformation, and the naxi num sl ope i $*neasured for a recogni sabl e

feature in t ma The .crystal displacenent is adjusted
iteratively gg FQ? ‘g?)ssrﬁﬁétf%% dificrratiated pathsmatiepdlyde exttact slops informttidrhe
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obtained is the position at which the | mage 0 MRS best
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recorded as th er whi pplied to a user.
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whi ch & user mumsaxinnpudopeds bwtmne@nuh@;bosﬁmﬁtawmhﬂ{e ﬁﬂge bf‘tﬁ&&éﬁ?ﬁ@iss
10I'n principle {%%Sst 0ecst gan be ar] mat er i al I nfra-red
absor ption whi ¢ ﬁ? 0 @ﬁ ppagpred ppesida therindexmptkhisar e

i deal Iy smal | ammmm@cryﬁglﬁmgar%&@pwﬁmwﬁb% phsgon of the

m croscope Sé[St i's nmeans t PI cal f eat ures are sharp on a
scal e of abo %“yrﬁ ¥sRkacement crystaj il h%’étﬂn@mﬁph@ammmlwb Which a user

| ATR-conpat i bl Giust il QUAEEontRl Sivke SR REQYL O a 15 ¢ ear

spectral absorption wthin e spectral range o “the ATR accessory
and t N® shar B1 prewinle g thQ s&m}é@l Fani hﬁeanbmau@apwah $refeh-fed tabsdrptidn BHiEh

contact w ut om ng sneared out or
{snoot hed. el pilcﬁﬁiessﬂgﬂl r egﬁﬁf 8?1‘6’8 |a¥?6$?f’glé’ SBRYCHTRMEY 19 thhe
structur esﬁnguphte@@ahahesqlu@nmﬂﬂmw@dsc@el s§§emO IThyl thé&s %;Plidéﬁ%,y aBlPeY P

edges bet d ffere rjals (one of which 20 'mi ght be air
in the fo\rls‘%;%%}?;I 85’“?? E%P“Eﬁr‘é%s are constructed by forning

i ndent at i onsThetest sampfeahsuladE eATRLoonipaget D) 6@&%&‘& itgﬁkﬁh BRvlqd shave
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m cro- without becoming smeared out or smoothed.
The sharp features might include engineered fine structures such as lines, gratings
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 fransitions 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-conirast 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



25enmbossed pol yner sanple (Vilcuiti light control fil m manufactured
by 3M because it provides a convenient, cheap and reproduci bl e test
sanple. The material conprises a regular array of roof prisnms whose
ri dges are conveniently flattened by contact with the crystal to

| eave straight "bars" of contact. Thd>geometry of the edges of these

contact regions is such that the material drops away fromthe crystal
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USTGf‘lré 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



noving 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
paraneters such as the resolution, scans per pixel, pixel size and

i mge size. The systemraises the main stage 20 by a predeterm ned

di stance in order to focus on the |o#r surface of the crystal. The
30 system neasures the image of the crystal without a sanple being
present al} sohha tliescrpstairl@a is moved aWitay ﬁthlles:pecptl r:l}ss pbthemdergscdPa sanpl e
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m cr oscope. user l'e 1n our sub-steps. These are:
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the anvi I@fz)musmm@act?véhi@mﬂ@@ haplsiei’ng mechani sm 80 so that the
sanpl e is presiigd :qpfy‘r)prgsgﬁlfe@&{he‘%&é}sfdgﬁf&Woﬁ}&Hhe anyil 60\Misinl3 thegard to

(iv) ATR neasu equires that a sanple’is I'd in good contact
with the presre imdignd tRclohisth) worihsitthe sai@pde isipiessdd) intorchatagiontinibe
pressure shouid be reasonably uniformacross the face of the crystal .
For hard §3fifftes it is necessary 20for the sanple to lie parallel to
the crystal faw#th fngafrdm)ﬁtr) ADRplcanrémend majuérss thand saniplez)ifs hbldéngb@chpi ng

force is re U|red 0 ent . excessi ve t on

sanpl e on®® %mb"i’@té ﬁaé i} ﬁgﬁ"’l’y§ta} ﬁ@%&llﬁﬁf i°pn ?ﬁ@“??urgtﬂéqul j ust

contacts BQ?ea%ﬁBiyqufEﬂﬁ aéthE‘th& fAcO 6K B ciiftall Fos Bire \Wemldslit 1sTtibeesTsa@'k 91

is operated to apply a fting force to the anvil 60 thus cogg %SI ng

t he safml éordbasample toHie Rara,l@t tithe eryatal fapg; $orpraest gompliant samples co
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 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  is produced through the spring plunger 85 which is designed to resirict 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



25 i s produced through the spring plunger 85 which is designed to
restrict the maxi mumforce to a value which avoi ds damage to the
crystal 106. The force vector is inportant. ldeally it should be
aligned with the centre of the crystal face so that sanples tend to
align to the face and contact pressudé is uniform This is achieved
by use of the b bearin 2.that is accurately constrained inits
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per f otn. PRSP @3teh 5EE Ty by Pis Teranst e sslonthupdsksesssins msoul d
be under Skt&@dtﬁehﬂ;hgé he notorised stage 20 is used for aligning the
crystal 106 direct under the centre of the mcroscope field and for
scanni ng t he |11rtrg}§fé"g'i’%‘éﬂﬁ’érsi%?idsih%éhﬁm@tonﬂﬁdS&gﬁ@ﬁlwsedﬁmmbgmnghe user

(S houl d nogrytsie ok RirSciiPlfe: $€entre 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 madvertently 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 confrast 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



25stage and this is the reason for the provision of the sub-stage 60.
The software procedure can di sable the novi ng nmechani sm of the

not ori sed stage during sanple viewng so that a user cannot

i nadvertently change the crystal registration. The arrangenent.-is
provided with a rapid aut onmat ed spectIPaI anal ysi s procedure which is
ilTustrated,in Figure 11 of the drawings. In many practical cases 30
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The processing sefguenpe begins with a step designed to nrmse
volves differentiation in'the spectral domain (first derivative with some degree of

smoothing to reduce noise) and subtraction of any remaining average value. The
spectral image is then restricted as shown at 131. At the short wave side 2 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 averaée absorbance is then subtracted as
(_7 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.



the effects of offsets and baseline curvature which is showm at 130
in Fidgure 11. This involves differentiation in the spectral domain
(first derivative with sone degree of ghnothing to reduce noise) and
subtraction of any renai ni ng average val ue. The spectral inmge 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 sanples show
significamtLAPSI®: ptions at shorter wavelengths. A small restriction
is also made at the | ongwave end of the range to inprove overal
signal to noise. The average absorbance is then subtracted as shown

at 132 and a prjingcipal onents analysis i s then |ied as shown
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t he sanpl e supporti.ng nmenber is veapl e, relative to the pressure
appl yi ng Fﬁ?ﬁsﬁ‘g a Eﬁgmat&ﬂnﬁ‘@fﬁ tofhe prssTUEe apRlyipE difeefiarect i on. 2.
An accessory according to claiml wherein the pressure applying neans
15i ncl udes spherical nenber through which pressure is applied to said
sanpl e suppor t AndgeeasadseaccordingAn chis é sderain fequeshuraapplying mieansl or

cl ai ms2 LNt ressur e appl ying nmeans.includes spring bias
rang’” oo BB L ESTHE TR e KR SRR if SR S s BB pr | g

bi as neansippogingdesnierpl unger which is urged towards the crystal by a
sSpring.

3. An accessory according to claim 1 or claim 2 wherein the pressure applying
means includes spring bias means.
20

4, An accessory according to claim 3 wherein the spring bias means includes a

plunger which is urged towards the crystal by a spring.

5. An accessory according to claim 4 wherein said spherical member is a ball

25  bearing and said plunger contacts said ball bearing.

6. An accessory according to claim 4 or claim 5 including a rack and pinion
arrangement coupled to said plunger, said rack being movable manually to effect
rotation of the pinion to cause axial movement of the plunger to thereby apply or

30  release pressure applied to the sample supporting member.

7. An accessory according to any one of claims 1 to 6 wherein the pressure

which can be applied to the sample supporting member is adjustable.



5." An accessory according to claim4 wherein said spherical nenber is
a bal|* 25bearing and said pl unger cont%cts said ball bearing. 6. An
accessory according to claim4 or claitm5 including a rack and pinion
arrangenment coupled to said plunger, said rack bei ng novabl e manual |y
to effect rotation of the pinion to cause axial novenent of the
plunger to thereby apply or 30rel ease pressure applied to the sanple
suppor t i ng- menifer acceBoryarcasirasoany paedingichgmtvhedly (o ReHbf Gk dfiple 1
to 6 wheregjn the pressure igh .can be applied to the sanple .
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t hrough which the pressure applying neans dacts IS re
to ensureCDii@ t he poi nt at which the pressure is applied is as cl ose
as possible to the 5crystal. 9. A microscope including an accessory

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



