1 Accessory for Attenuated Total Internal Reflectance (ATR)
Spectroscopy This invention relates to spectroscopy which makes use
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15The present invention is concerned with inprovenents in
arrangenents for ATR spectroscopic systens which attenpt to overcone
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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



This aspect of the invention by use of the novable nmounting nmenber
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hemispherical surface of 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 extracting a cross-section which traverses the
spatially sharp features of the absorbance map at sai d wavel ength.
The method 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 image. 20The text sanple may be a plastic material
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The method may include extracting a cross-section which traverses the
spatially sharp features of the absorbance map at said wavelength.

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

20 The text sample may be a plastic material such as a microembossed polymer,
e.g. Vikuiti brightness enhancing film.

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

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

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

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 spherical nmenber nay be a ball bearing and said plunger contacts
said ball bearing. The accessory may include a rack and pinion
arrangenment coupled to said 10 plunger, said rack being novable
manual ly to effect rotation of the pinion to cause axi al novenent of
the plunger to thereby apply or release pressure applied to the
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t owar ds t he supp®iit 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 crogcope. It will be
appreciated that the features of the various aspects of the invention
10 defined above can be used in any conbination thereof. The
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particular reference to the acconpanying draw ngs. In the draw ngs:
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i nventian; Figure 3 is a perspective view show ng the accessory
| ocat ed i n PHEFGRHHESEPROTet age of a m croscope; 20Figure 4 is a section

on the line Z - phe@fpdct Stth@indention proidds\es@b-3taks wirich@Ubivo thepositibmof t 0
Figure 3 showing the |ocation of the accessory in a m roscoge i

rel ation t dhe prandjode ddiusted agtheyt aifesting sy Praviusseing of Biejnain stagahj on
on a | arger part of Figure 4; Figure 7 is a plan view of the
accessory; thﬁ’?‘gﬁsf"gf’% is a section on the line V- V of Figure 7;
Figure 9 is a sdtwilbbe apprecirted thetghafeatuprsof thei vgtipes appecinef the inventiogur es
10 and 11 illwustrate the operatio f an | i-ng m croscope which
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optical mcrqgscope 10 which is gi ) oseg]etﬁb ve.a view |R mnor 11

whi ch in t UiSETFISe ) W5ASAPRIBYYe IR MRSS ol 3 NE e 12. Locat ed bel ow

the renote apertppgelids b SciRnlfi@Rasichanealarins Rekanps denidherofh4 which
is positioned above an objective cassegrain assenbly 16 and a

condenser clawyegt Bl raeresiens:y 18. Between the two cassegrains is
di sposeps a mvabﬂ*“i%ur%tzaigg sgt%n%b %}spective 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



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 whigh is in turn configured to
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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 6f 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.



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 gsurface of the anvil carries a
renmovabl e plate 67, the top surface of the' plate 65 constituting a
sanpl e supporting surface A projection 66 extends radially outwardly
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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 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



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 within the tubulag insert 81. Depending upon the
direction of novenent of the rack, rotation of the retaining guide
tube 86 raises or lowers the tube 86 thereby either applying a
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spring 155 which is held in position in the annular formation 102 by a spring retainer

and brake release stop 156. Diametrically 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 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



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 sp that the bore 160 noves clear
of the pin 162, the arm 100 can then be rotated about the guide pin
103 away fromthe position shown in Figure 2. The pin 162 can then
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that for a sm
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



radi us of curvature on the ATR optic the energy received fromthe
centre of the sanple area is high but the energy received fromthe
other parts is relatively |low. The 30i,nage of the sanple is thus

hi ghly spatially non-uniformin brightness even if the sanple itself
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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



30 basepl ate 40 needs to be |l owered towards the sanple receiving
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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 11 film. This is a plastic sheet the surface of which is micro embossed with a set



13 of parallel triangular prisnms each of which has a 900 apex angle
and a period of 50 or 24 microns. The material is commonly enpl oyed
to inprove the brightness of LCD display panels. The ATR crystal is
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sharpness., The vertical displacement of the crystal is varied in steps and image

,_a

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 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.



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

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

25  embossed polymer sample (Vikuiti light control film manufactured by 3M) because it
provides a convenient, cheap and reproducible test 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 optimurri focus of the



30 especially over the first few mcrons of depth, and this yields a
very high quality edge between absorbing pol yner and non-absorbi ng
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results. The inventors have al so devel oped a technique for definition
of spatial resolution. The techni que descri bed above for determ ning

t he opt i nunery<o4¢en B adaPRd td Provid¢Strdasirameiiof dtbaiflcetlvet osobutmiod éhea
measurenent of the effective resolution of .the ATR %gsi)fecglrl n.a nmanner
W,

which is di4TRevstem ina marneE wids dyEeuie agiHeraPreiyse FHREPR wo

di mensi onal g aJ3) oqgﬁ&ﬁfoﬁﬁlsarra%‘éﬂ.e@@rsdﬁ%ﬁh@‘h&@ﬂmﬁéﬂ APt fREHStting
setting as described above, a"small strip inmage is acquired across

one or nor essclesaribed eiryesa smelbithip imagstis acgpijed admes onR PHFo of roedeesia
step inthe,dir i Gl e Thi S.: (e i N d

anoh 19 ovtr el R RN ISR el AR e SeA TR
i n the absonphiimagdalich Bfovehengdeadinehiadotediof.f &cras seatiemistpyirageahs tief a

digital filter. Th rofile thus opfaine r oxi nat es.. t 0SS
section t hr@ﬁ@fﬁtlf’lﬁganﬁdﬁme %WE%W%@F&@%@B%%S gﬁ% &éﬁ?&@&f{é‘ﬁm and
can be usedybRleafild dhRdifeddpBrokaafkstonGr@e Westiof thrbi thy péiarepide ifutveion
directly or via appropriate curve fitting. In order to carry

out neasur e?fehe opffcabsysisaand sam baugedde RPINELS the rgspiving nowspof e pysiem

regi st th 2 it . i t he stage co-ordi nate system
origi ne{oo, 0:88))%glzécgggg??lgyéggggt\ggm\%ezﬁlﬁﬂr%éf erence to Figure 10. The
next step is to Imsadutecarheou askerenerd of pegschrumoniisgempls thofirhsfep is to

W thout a sa e.n iti.on on | s . ieve

this the usef Sgeétﬂke Cfﬁsgasl %ﬂﬁ?’? ?‘lrbd &aer?%? %%Eéggéﬁrdéé%%&sgﬁg&{p%é @t’@gﬂéson

t he gui de pidsriBsiQibandwitl Zfaeade tb Fadurd e Thamatiatep dntoandaswmg tieur f ace of

the crystal is spaced fromthe plate 67 to thereby.provid

crystal/ ai rWiE@ﬁF‘iﬂ@Wﬁ*ﬁé}l%%‘P S%gﬁh%‘ﬁlf’r%@p]fs%p%%tédg‘eontthe %%emt &t he

ori gi n, 14 hagydestol@nisAYihishBe hRP s@eibenudfing fieh TUMS bakrbddy besifiérén the

focus on top of the crystal. The user can then sel ect the resol ut |egn
he

and pi xel skuds pipnélm KBanth thehthe surrle eentaging murface of iy TH'a’ & o
stage 20 byﬁ@mqﬁgpﬁ{eg7§g?%?ebgﬂp%\ﬂ@§§c IZHr 2rhBe BleAls8Aned Yankdlthe

hei ght par anet er o focus on"t | ower surface of the
crystal (108prge heowys therorigire that &rtp isesthe tap centieafthe erysiat andrio fipe focus

background spectrum f or h detector in . e
stored. The® Q}’ qfﬁhwy%ﬂ?ﬁeeusﬁﬁé%gfrl%nusﬁk c%%ggﬁssf&%g%{%%{%l?%?}\%rll be
appar enpo t 0systes thes kpdrhieslantombtiellgnd raisd SidwageaXtbystepdeatamined nistswe e
the crystal 1 mage and this involves the user ing the stage to the
origin, i. eba%eﬁgn%t%é‘hf’rﬁ’ étagtfel I @aramster 1y ‘?rdgfggf‘ffélg?n Bieﬁ%w?%’?}[flgcees‘ﬁon
the top of therpdaistd). BRAYEHBARMEI Y281 olfd AR T the d8ckgh@ind
resol ution, scans fper gl xePI, pi xel size and i nage size. The s%{?%em
a C.

raises the ARECHURY detpstoningheararyandithrse angistoredh d8e vy 8t Whie
focus on the, Lawehd ShHchARSs BbtainB® will ¥& hiHarent i38hose 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 fo 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



30 system neasures the image of the crystal w thout a sanple being
present and this is stored. The next step is to neasure a
sanple and the first step is for a use{6to sel ect an optional

processi ng option which is subtraction of the background crystal

i mge or baseline offset correction. The user then raises the arm 100
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to a value which avoids_ damage to the crystal 10%. The force vector
is be reasonably uniform across the face of the crystal. For hard samples 1t 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 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 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 guide 83 and precisely
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stores the image.

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

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

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

30  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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spectral image is then restricted as shown at 131. At the short wave side a limit is set

20  typically at about 3300 wave numbers since few samples show significant absorptions

at shorter wavelengths. A small restriction is also made at the longwave end of the

range to improve overall signal to noise. The average absorbance is then subtracted as

shown at 132 and a principal components analysis is then applied as shown at 134 in

order to extract the most significant spectral features. The components can then be

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

composite images as shown at 136.



the effects of offsets and baseline curvature which is showm at 130
in Figure 11. This involves differentiation in the spectral domain
(first derivative with sone degree of othing to reduce noise) and
subtraction of any renumi ni ng average valfue. The spectral inage 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

si gni fi canCLABNES pti ons at shorter wavel engths. 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 andj.a prAnGiRadors PP ALEDScopOAYNSIed th TabrP @t AN hRekuASnhRkOWaiId
at 134 in order to extract the nost significant spectral features.
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suppor t i nghdiNhefedbSRABaPpHELOMat N8 hotdld ROl td the MRRG§t)Sdhaldefines
sai d sanpl e supporting nenger defining a sanple receiving surface,
sai d sanpl @SWugkstieigcardeeey o selatyy eda thei radin siage off the BiGRwWPPe-so t hat
it is novable relative to the ATR crystal and defines a sub-stage
whi ch can be noved relative to the nain stage of the mcroscope. 2.
An accessoty actBrfiRPy AcEPding P @RER i Wheiiny syd sameles tHipeiting gember
menber conpfuhSRSs @ fd AlpptiPRRTacs Uhi %R aRfedl R BYI {RGESyaARGulA location
accessory I ncludes IocaFlon adj usting neans for adjusting the
posi ti on ofdjustiag saemb dos adipesing thg prsitoerofothe tsamplupppetting Bembign on the
accessory according to claim?2 wherein the | ocation adjusting neans

. SUppPort. . ;
conprises a Ba|r of screws acting to urge the nmenber against a
bi asing spring. 4. An accessory according to claim3 wherein the
screws are,l ocafed ong. or | dif o] i
spring is %ir r an‘élgdac?gssg tra(ga)clogdr:%}ég ghbgglggt%%%?é}lgaﬁhg 13:'%r;&<-§-)(&:1t fg(glrl]s g %.%érgn
accessory aongoisdd apait of screaismcBngio wrgathomémbacagaimt 4 biesisgisfrage agai nst
each screw acts is inclined at a small angle to an axis through the
crystal whereby each screw acts to urge the sanple supporting nmenber
t owar ds t hé suppomrtcessory 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.

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.



