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(57) ABSTRACT

An accessory for use with a microscope arranged to carry out
ATR measurements has a support (40) which can be mounted
on the moveable stage of the microscope. A mounting (100)
for an ATR crystal (106) is carried on the support. A sample
supporting member (60) is disposed below the location of the
ATR crystal. The sample supporting member (60) has a rela-
tively thin upper wall (64). A pressure applying mechanism
(80) is located below the wall (64) and is operable to apply
pressure to a sample through the wall (64) to ensure good
contact between a sample and the sample contacting surface
of'the crystal.
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ACCESSORY FOR ATTENUATED TOTAL
INTERNAL REFLECTANCE (ATR)
SPECTROSCOPY

[0001] This invention relates to spectroscopy which makes
use of attenuated total internal reflection (ATR).

[0002] ATR is a technique used in spectroscopy, such as
FT-IR spectroscopy, in order to obtain spectral measurements
from samples which are difficult to analyse by other means
such as transmission or reflection. Typically apparatus for
carrying out ATR measurements will comprise a spectrom-
eter to provide wavelength discrimination, an illumination
system for directing light onto a sample, an ATR optic which
provides a sample plane and a collecting/detecting system
which receives light which has interacted with the sample.
The ATR optic is arranged in such a way as to reflect all
incident light from a designated sample plane by means of the
phenomenon of total internal reflection. Spectral information
concerning the sample is derived from the interaction of the
sample with an evanescent electric field that exists immedi-
ately outside the reflecting surface. The absorption of energy
from this field attenuates the reflection and impresses spectral
information on the light beam.

[0003] An imaging ATR system can be constructed based
upon these principles by arranging to illuminate an area of a
sample and by arranging the collecting system to have imag-
ing properties. Light returning from spatially distinct regions
of the sample is collected on a detector or a detector array
such as a one dimensional or two dimensional array of detec-
tors and spectral information is thus collected which can be
compiled into a spectral image of sample.

[0004] An imaging ATR system can be constructed in the
form of a reflectance microscope such as the Perkin Elmer
Spotlight microscope. In such an arrangement light is
directed onto and collected from a reflective sample by means
of an imaging optic. An ATR optic for such a system can
conveniently comprise a hemispherical plano-convex lens
made of a high refractive index material such as germanium.
The optic is arranged so that the convex spherical surface is
directed towards the microscope optic with its centre of cur-
vature arranged to be coincident with the focal plane of the
imaging system. The sample is presented to the flat surface of
the ATR.

[0005] 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. As the stage is
moved images can be detected by the detector from different
parts of the sample and in this way a spatial image can be
accumulated.

[0006] There are a number of requirements and problems
which arise in this type of arrangement. The region of interest
of'the sample has to be identified usually visually and placed
approximately at the centre of the field of view of the micro-
scope. This usually means removing the ATR crystal since it
is usually made of material such as germanium which is
opaque to visible light.

[0007] The ATR crystal has to be placed with its sample
contacting face in intimate contact with sample. This can lead
to problems in achieving an infrared image which is in focus.
The sample may move when the crystal is brought into con-
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tact with it. Also the crystal may cause defocus by virtue of'its
shape. For example if the thickness of the crystal is not pre-
cisely the same as its radius of curvature. The effect is mag-
nified because the material of the crystal has a high refractive
index of around 4. Therefore small manufacturing errors can
be significant.

[0008] The present invention is concerned with improve-
ments in arrangements for ATR spectroscopic systems which
attempt to overcome these and other problems.

[0009] According to a first 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 mounted on the movable stage of the
microscope, a mounting member for mounting an ATR crys-
tal 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 mount-
ing member is aligned with the optical axis of the microscope
and a position in which the crystal is displaced from the
optical axis.

[0010] 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.

[0011] 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 in which
the crystal lies on said optical axis.

[0012] 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.

[0013] A braking mechanism may be associated with said
one end of the aim and said first guide pin, said braking
mechanism being operative to allow a controlled descent of
the arm along the first guide pin when said arm is returned to
its position in which the crystal is aligned with said optical
axis.

[0014] The braking mechanism may comprise a ring which
is carried by said arm and locates around said first guide pin,
said ring having an inner diameter which is slightly greater
than that of said first guide pin, biasing means operative to
bias said ring so that a circumferential portion thereof fric-
tionally engages a surface part of the guide pin, and manually
operable means operable to act against said bias means to
reduce or release said frictional engagement and thereby
allow axial movement of the ring relative to the guide pin.
[0015] The mounting member may be carried in such a way
that it can be removed from its mounting and inverted by
rotation about its longitudinal axis to allow inspection of the
sample engaging surface of the crystal, for example to check
that the crystal is not damaged or contaminated.

[0016] This aspect of the invention by use of the movable
mounting member allows the crystal to be mounted on the
microscope stage such that is can be removed and subse-
quently returned accurately and reproductively to its original
position.

[0017] According to a second aspect of the present inven-
tion 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, amounting member in which is mounted an ATR
crystal, said crystal having a sample contacting area, and a
registration indicium located such that it is fixed relative to the
sample contacting area. The crystal may have a generally
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hemispherical surface opposite to said contacting area and
said registration indicium may be located at the apex region of
the hemispherical surface. The indicium may comprise a flat
on the hemispherical surface or a mark on the hemispherical
surface.

[0018] According to a third aspect of the present invention
there is provided a method of operating a microscope pro-
vided 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 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.

[0019] According to a fourth aspect of the present invention
there is provided a method of calibrating an ATR crystal for
use with a microscope according to said second aspect or a
method according to said third aspect said method compris-
ing a selecting a test sample which exhibits strong absorption
within the spectral range of the microscope and which has a
geometry which will produce sharp spatial edges when con-
tacted by an ATR crystal, said method comprising bringing
the sample contacting area of the crystal into contact with the
test sample, acquiring an infra-red image of the test sample at
an initial vertical position of the crystal, processing the image
to extract slope information for said edges, repeating the
process for different vertical positions of the crystal, identi-
fying the optimum vertical position as that which exhibits the
maximum slope, and deriving a calibration parameter for said
crystal according to said identified optimum position.

[0020] The processing may include, for each vertical posi-
tion, spectrally filtering the acquired image to extract a spatial
map of the absorbance at a wavelength where the test sample
absorbs strongly.

[0021] The method may include extracting a cross-section
which traverses the spatially sharp features of the absorbance
map at said wavelength.

[0022] The method may include differentiating the cross-
section to extract said slope data, and measuring the maxi-
mum slope for a recognisable feature in the image.

[0023] The text sample may be a plastic material such as a
microembossed polymer, e.g. Vikuiti brightness enhancing
film.

[0024] 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 position the crystal at the optimum vertical position for
achieving a focussed infra-red image in a reproducible man-
ner irrespective of sample thickness.

[0025] 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 sup-
port which can be mounted on the movable stage of the
microscope, a mounting member carried on said support for
mounting an ATR crystal, a sample supporting member dis-
posed 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
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said sample supporting member for applying a pressure to
said sample supporting member in the direction of said crys-
tal.

[0026] The pressure applying means may include a spheri-
cal member through which pressure is applied to said sample
supporting member. This permits limited tilt of the supporting
member in order to accommodate irregular samples.

[0027] The pressure applying means may include spring
bias means.
[0028] The spring bias means may include a plunger which

is urged towards the crystal by a spring.

[0029] The spherical member may be a ball bearing and
said plunger contacts said ball bearing.

[0030] The accessory may include a rack and pinion
arrangement coupled to said plunger, said rack being movable
manually to effect rotation of the pinion to cause axial move-
ment of the plunger to thereby apply or release pressure
applied to the sample supporting member.

[0031] The pressure which can be applied to the sample
supporting member may be adjustable.

[0032] 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.

[0033] 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 crystal.

[0034] 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 micro-
scope, amounting member carried by said support for mount-
ing an ATR crystal, a sample supporting member disposed
below the location ofthe 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 micro-
scope.

[0035] 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.

[0036] The location adjusting means may comprise a pair
of screws acting to urge the member against a biasing spring.
[0037] The screws may be located so as to act along
orthogonal directions and said spring is arranged to act along
a bisector of said directions.

[0038] The surface against which each screw acts may be at
a small angle to an axis through the crystal whereby each
screw acts to urge the sample supporting member towards the
support.

[0039] The aspect of the invention provides a sub-stage
which allows the position of the sample to be adjusted without
affecting any previous setting of the main stage of the micro-
scope.

[0040] TItwill be appreciated that the features of the various
aspects of the invention defined above can be used in any
combination thereof.

[0041] The invention will be described now by way of
example only with particular reference to the accompanying
drawings. In the drawings:

[0042] FIG.1 is a schematic side view illustrating the prin-
cipal elements of a known FT-IR microscope;






