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Description

[0001] This invention relates to a surface profiling ap-
paratus, in particular surface profiling apparatus for de-
termining surface profile data using interferometric tech-
niques.

[0002] As discussed in a paper entitled "Profilometry
with a Coherence Scanning Microscope" by Byron S. Lee
and Timothy C Strand published in Applied Optics Vol-
ume 29, No. 26 10 September 1990 at pages 3784 to
3788, as manufacturing tolerances have reduced, de-
mands have increased on optical metrology techniques
for improved lateral and vertical resolution. Conventional
monochromatic interferometric surface profiling appara-
tus offers good vertical resolution in the nanometre to
Angstrom range but phase ambiguity limits the measure-
ment range to phase shifts of less than 2.

[0003] As discussed in the paper by Lee and Strand,
these problems can be addressed by the use of coher-
ence scanning or broadband scanning interferometry
which can provide practical measurement ranges easily
exceeding hundreds of micrometres.

[0004] Coherence scanning or broadband scanning
interferometry uses a standard interferometer such as a
Michelson interferometer with a broadband spatially in-
coherent light source such as a quartz halogen lamp.
Generally, but not necessarily, the broadband source will
be awhite light source. One of the sample surface whose
profile is to be determined and the reference mirror of
the interferometer is moved relative to the other along a
scan path to change the relative path length and a two-
dimensionalimage sensor suchasa CCD camerais used
to sense theresulting interference pattern which changes
as the sample surface and reference mirror are moved
relative to one another.

[0005] Each sensingelement or pixel ofthe image sen-
sor senses the portion of the interference pattern for a
corresponding region or surface pixel of the sample sur-
face and, as the sample surface and the reference mirror
are moved relative to one another, the amount or intensity
of light received by the sensing element will vary in ac-
cordance with the change in the interference fringes. The
intensity oflight received from a region of the sample sur-
face will increase or decrease in amplitude in depend-
ence upon the path length difference between the light
paths from the reference mirror and the sensing surface
and will have a coherence peak or extremum (maximum
or minimum amplitude) at the position of zero path dif-
ference. Where different regions of the surface have dif-
ferent relative heights, then those different regions will
have coherence peaks at different positions along the
scan path. Accordingly, the relative positions of the co-
herence peaks can be used to provide surface profile
data, that is data representing the relative height of the
different regions of the sample surface.

[0006] Thereference mirror may have significant form,
that is the reference mirror may not be optically flat and
may have other surface features such as surface rough-
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ness or texture, for example the reference mirror may
have marks and even scratches. It is therefore desirable
to calibrate the surface profiling apparatus to compen-
sate for these surface features of the reference mirror.
Moreover, due to environmental changes and the like,
changes in the reference mirror surface features may
occur over time. Although these changes will be very
small, the nature of the measurements being made is
such that they will have a significant effect on the meas-
urement results. These changes mean that calibration of
the surface profiling apparatus during manufacture is not
sufficient and that it will be necessary from time to time
for the user of the apparatus to calibrate the apparatus
to compensate for the surface features of the reference
mirror.

[0007] US-A-6,191,862 describes an imaging system
wherein an optical signal is transmitted both to a sample
to be measured and a rotating CAM element which is
calibrated to the system by making measurements on a
precision flat surface. The system uses the calibration
measure along with synchronisation information to cor-
rect for return signal degradation or errors due to imper-
fections in the rotating CAM element in real time.
[0008] US-2003/0,011,784 describes the measure-
ment of complex surface shapes using a spherical wave-
front. A system error map to enable calibration may be
established by measuring a known spherical mirror.
[0009] In one aspect, the present invention provides
surface profiling apparatus as set out in claim 1.

[0010] In another aspect, the present invention pro-
vides a method of calibrating surface profiling apparatus
as set out in claim 25.

[0011] Surface profiling apparatus embodying the in-
vention provides reference calibration means that enable
a user to accept or reject reference topography data ac-
quired during the calibration procedures that so that the
user can discard unsuitable reference topography data.
[0012] Surface profiling apparatus embodying the in-
vention provides reference calibration means that ena-
bles the user to see the effect of addition of successive
reference images enabling the user to decide how many
reference images are required to enable satisfactory cal-
ibration to compensate for surface features of the refer-
ence mirror (that is features of form, surface roughness
or texture, including any marks scratches or the like), so
enabling the user to minimise the time required for cali-
bration.

[0013] Embodiments of the present invention will now
be described, by way of example, with reference to the
accompanying drawings, in which:

Figure 1 shows a schematic block diagram of a sur-
face profiling apparatus using a coherence scanning
or broadband scanning interferometer having a ref-
erence calibrator;

Figure 2 shows a graph of intensity against position
Z to illustrate the interference fringes for a sample
surface region around a coherence peak or interfer-



3 EP 1 627 202 B1 4

ence region;

Figure 3 shows a functional block diagram of surface
profiling apparatus;

Figure 4 shows a simplified side-elevational, part
sectional view of the surface profiling apparatus
shown in Figure 3 but excluding the control appara-
tus;

Figure 5 shows a functional block diagram of com-
puting apparatus that may be programmed to pro-
vide the control apparatus shown in Figure 3;
Figure 6 shows a functional block diagram of the
reference calibrator shown in Figure 1;

Figures 7 to 9 show flowcharts for illustrating oper-
ation of the surface profiling apparatus shown in Fig-
ure 1 during a calibration procedure to obtain refer-
ence surface features removal data;

Figure 10 shows, very schematically, one example
of a reference calibration user interface that may be
provided by the surface profiling apparatus to assist
the user during the reference calibration procedure;
Figures 11a, 11b and 11c show examples of images
that may be displayed to the user on the user inter-
face during a reference calibration procedure;
Figure 12 shows an example of a user interface that
may be displayed to a user to set up a measurement
operation for an actual sample;

Figure 13 shows a flowchart forillustrating operation
of the surface profiling apparatus shown in Figure 1
to determine the surface topography of a sample;
and

Figure 14 shows, very schematically, an example of
another reference calibration user interface that may
be provided by the surface profiling apparatus to as-
sist the user during the reference calibration proce-
dure.

[0014] Referring now the drawings, Figure 1 shows a
simplified schematic block diagram of a surface profiling
apparatus 1 which has a broadband or coherence scan-
ning interferometer system 2 and data processing and
control apparatus 3.

[0015] The broadband scanning interferometer sys-
tem 2 is based on a conventional interferometer but, as
discussed in the introduction, instead of having a mono-
chromatic spatially coherent light source, the broadband
scanning interferometer system 2 has a broadband
source 4 which may be, for example, a white light source
such as a quartz halogen lamp coupled to a regulated
DC power supply having a light intensity output user con-
trol 400 provided in the form of a user-rotatable knob.
[0016] The broadband source 4 provides broadband
light L which is splitby a beam splitter (illustrated in Figure
1 as a single beam splitting prism) 5 into a first light beam
which is directed along a reference path RP towards a
reference mirror 6 and a second light beam which is di-
rected along a sample path SP towards a surface 7 of a
sample 8 mounted on a sample support stage 9. Light
reflected from the reference mirror 6 returns along the
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reference path RP to the beam splitter 5 where it inter-
feres with light reflected from the sample surface 7 back
along the sample path SP. A focussing element 10a is
provided to focus an image of the region of interference
onto a detector 10.

[0017] Typically, the interferometer has, for example,
a Mirau, Michelson or Linnik configuration.

[0018] In this embodiment, the detector 10 has, as
shown very diagrammatically in Figure 1, a 2D (two-di-
mensional) array SA of image sensing elements SE. The
array SA images an area of the sample surface 7 falling
within the field of view of the detector 10. Each individual
sensing element of the 2D sensing array of the detector
10 detects the portion of the interference pattern falling
within the acceptance cone of that element and resulting
from a corresponding surface region or pixel of the area
of the sample surface 7 so that, effectively, the imaged
area of the surface can be considered as a 2D array of
surface regions or pixels. In this example, the detector
10 is a CCD (Charge Coupled Device) digital camera,
for example, a Vosskiihler GmbH:CCD 1300 CCD digital
camera.

[0019] A motion controller 11 is provided to effect rel-
ative movement between the sample surface 7 and the
reference mirror 6 so as to change the difference in the
lengths of the paths travelled by light reflected from the
reference mirror 6 and light reflected from the sample
surface 7. As shown in Figure 1, the motion controller 11
is arranged to move the reference mirror 6 along the ref-
erence path RP. This is equivalent to moving the sample
surface 7 along a scan path in the Z direction shown in
Figure 1.

[0020] The detector 10 is arranged to capture or sense
the light intensity (ie the interference pattern) at intervals
as the reference mirror 6 is moved. In this example, the
detector captures or senses the light intensity at intervals
corresponding to movement of the reference mirror 6 by
75nm. 2D image or frame data representing the intensity
pattern for the field of view of the detector 10 is acquired
by the detector 10 at each interval.

[0021] The intensity of the illumination sensed by one
sensing element SE of the 2D sensing array (that is the
portion of the interference pattern provided by light re-
flected from the corresponding region or surface pixel of
the sample surface 7 imaged on that sensing element
SE) varies as the path length difference changes with
movement of the reference mirror 6, resulting in a series
of fringes which have a coherence peak at the position
along the scan path corresponding to zero path length
difference.

[0022] Figure 2 shows a graph of light intensity against
position Z illustrating the change in intensity of the light
sensed by a sensing element SE of the 2D sensing array
ofthe detector 10 (and thus the interference fringe region)
as the relative positions of the reference mirror 6 and
sample surface 7 change and showing a coherence
peak. The envelope of the intensity distributionis the Fou-
rier transform of the spectral distribution of spatial fre-
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quencies in the broadband source.

[0023] Asis well known in the art of surface metrology,
although the surface 7 may be nominally flat, the surface
may have some surface form and surface roughness so
that different regions or surface pixels of the surface have
different heights. The position or point along the scan
path at which the coherence peak occurs will be different
for surface pixels at different heights. Accordingly, the
surface profile or topography of an area of a surface im-
aged by the detector 10 can be determined by conducting
a measurement operation during which the motion con-
troller 11 causes effective movementalong the scan path
and images are captured at intervals by the detector 10,
and by then analysing the results to determine the co-
herence peaks for each surface region or pixel imaged
by the detector 10. Generally, to provide sufficient data
for analysis, the scan path will extend beyond the actual
measurement path, that is the scan path includes run up
and run down regions for which data is acquired for use
in the analysis of the data for the actual measurement
path.

[0024] As shown in Figure 1, the data processing and
control apparatus 3 has control apparatus 30 for control-
ling operation of the interferometer system 2, a data proc-
essor 32 for processing data received from the interfer-
ometer system 2 under the control of the control appa-
ratus 30 and a user interface 31 for enabling a user or
operator to control operation of the control apparatus
(and thus of the surface profiling apparatus) and for en-
abling the user or operator to be provided with a data
output representing the results of processing by the data
processor 32 of the data acquired during a measurement
operation and also for enabling messages such as error
messages to be communicated to the user. The user
interface generally comprises at least a keyboard 31 a
and a pointing device 31b, such as amouse, and adisplay
31d.

[0025] The data processor 32 has a data receiver 33
comprising a frame capturer 33a and a frame buffer 33b
for receiving and storing successive frames of measure-
ment data from the detector 10 as the reference mirror
6 is scanned along a scan path and a peak finder 34 for,
each surface pixel in the surface area imaged by the de-
tector 10, determining from the frames of measurement
data acquired by the detector 10, the position along the
scan path at which the coherence peak (or a related po-
sition having a predetermined relationship to the coher-
ence peak, for example a position halfway down the co-
herence peak curve from the actual peak) occurs for that
surface pixel. The peak finder 34 is thus arranged to de-
termine, for each surface pixel of the image surface area,
the frame in which the coherence peak (or related posi-
tion) occurs for that surface pixel.

[0026] The peak data is provided by the peak finder 34
to a topography determiner 35 that determines from the
peak data provided by the peak finder 34, the relative
heights of the surface pixels of the image surface area
and thus the surface topography of that surface area and
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provides the user with a representation of the surface
topography via the user interface 31. In this example, the
topography determiner 35 is arranged to cause the dis-
play 31d of the user interface to display a bit-map image
representing the surface topography.

[0027] Thedataprocessor32alsoincludesareference
calibrator 36 thatis arranged, in accordance with instruc-
tions received from a user via the user interface 31, to
conduct a reference calibration procedure to determine
the surface features of the reference mirror 6 (that is fea-
tures of surface form, surface roughness or texture, in-
cluding any marks scratches or the like that the reference
mirror 6 may have) so as to acquire reference surface
features data.

[0028] A reference surface features remover 37 is ar-
ranged to subtract the reference surface features data
from the surface topography data so as to compensate
for the surface features of the reference mirror so that
the surface topography provided to the user interface 31
is not affected by any surface features in the reference
mirror 6.

[0029] One example of a surface profiling apparatus
in which the interferometer has a Mirau configuration will
now be described with reference to Figures 3 to 5in which
Figure 3 shows an overall functional block diagram of the
surface profiling apparatus, Figure 4 shows a simplified
side elevational view of the apparatus and Figure 5 shows
a block diagram of computing apparatus suitable for pro-
viding the data processing and control apparatus 3.
[0030] Referring to Figures 3 and 4, an interferometer
| of the broadband scanning interferometer system 2 has
a broadband source 4, typically comprising a quartz hal-
ogen lamp 4a coupled by an optical fibre cable 4b to light
source optics 4c which generally comprises, in series, a
diffuser, a changeable filter, an aperture stop, a lens, a
field stop and a collimating lens that provides an emer-
gentlight beam L. The filter may be a neutral density filter
or a band pass filter, designed to restrict the wavelength
range of the light emitted by the broadband source 4,
such as a Helium-Neon laser line filter designed to pass
light having a Helium-Neon laser line wavelength.
[0031] Broadband lightL is directed via a beam splitter
12 to an objective lens assembly 13 which includes, in
addition to an objective lens 14, the beam splitter 5 and
the reference mirror 6.

[0032] The beam splitter 5 splits the light beam provid-
ed by the beam splitter 12 into a first reference beam that
is directed along the reference path RP and a second
sample beam that is directed along the sample path SP
from the interferometer | towards the surface 7 of the
sample 8 mounted on the sample support stage 9.
[0033] The objective lens assembly 13, and thus the
reference mirror 6, is movable in the Z direction by a Z
direction mover 15, in this example a piezoelectric mover,
under the control of servo/drive circuitry 15e of the control
apparatus 30. The sample support stage 9 is movable in
X and Y directions by an X mover 16 and a Y mover 17,
respectively, to enable different areas of the sample sur-
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face 7 to be brought within the field of view of the detector
10. Although not shown in Figure 4, the sample support
stage may be arranged on a tilting system that enables
the surface of the sample support to be tilted about the
Z axis.

[0034] As shown schematically in Figures 3 and 4, the
majority I’ of the components of the interferometer | of
the broadband scanning interferometer system 2 (apart
from components of the light source prior to and including
the optical fibre cable 4b) are mounted within a housing
2amounted via a carriage 18to a Zaxis datumcolumn 19.
[0035] The optical fibre cable 4b allows the remainder
of the components of the broadband source to be pro-
vided in a separate light source assembly 4’ which, as
shown in Figure 4, can be mounted on a work surface
WS adjacent to the remainder of the apparatus so that
the heat generating light bulb 4a is remote from the inter-
ferometer.

[0036] The factthat the components of the light source
prior to and including the optical fibre cable 4b are outside
the housing 2a is illustrated in Figure 3 by showing the
broadband source projecting from the housing 2a.
[0037] The carriage 18 is coupled via a drive mecha-
nism (not shown) such as a ball screw or lead screw drive
mechanism to a coarse Z positioner 20 in the form of a
manually operable control or, in this example, a DC motor
that enables the carriage 18 and, thus the interferometer
I, to be moved up and down the column 19 in the Z di-
rection to enable the interferometer to be moved to dif-
ferent scanning start positions.

[0038] Asshown in Figure 4, the sample support stage
9 is mounted on a support 102 that houses the X and Y
movers 16 and 17 and supports the sample support stage
9. The X and Y movers 16 and 17 comprise in this ex-
ample DC motors coupled to the sample support stage
9 by appropriate conventional drive mechanisms such
as rack and pinion or ball screw drive mechanisms (not
shown).

[0039] As shown in Figures 3 and 4, each of the Z, X
and Y moversis associated with a corresponding position
sensor 15a, 16a and 17a while the coarse Z positioner
20 may be associated with a coarse Z positioner position
sensor 20a.

[0040] The control apparatus 30 has a controller 21
that controls overall operation of the interferometer sys-
tem 2 and communicates with the user interface 31, data
processor 32, and other parts of the control apparatus
30 which, in this example, consist of the servo drive cir-
cuitry 15e and X, Y and Z loggers 22, 23 and 24. The
controller 21 is also arranged to control the servo/drive
circuitry to cause the Z mover 15 to move the objective
lens assembly by a distance corresponding to a scan
step after each exposure of the 2D image sensor detector
10 so as to capture images at the required intervals. The
controller 21 also receives an output from the coarse Z
positioner position sensor 20a, if provided.

[0041] In the case of the X or Y mover 16 or 17, where
the mover is a motor, then the corresponding position
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sensor may be a linear grating encoder. The dashed lines
between the support stage 9 and the X and Y position
sensors 16a and 17ain Figure 3 indicate that the position
sensors may sense movement of the support stage 9
directly rather than by signals derived from the corre-
sponding motor. Where the Z mover 15 is a piezoelectric
mover, then the position sensor 15a may be, forexample,
an interferometric system, such as a grating system, or
an LVDT that provides signals representing movement
of the objective lens assembly 13 relative to the housing
2a of the interferometer. For example, the housing of the
objective lens assembly 13 may carry a diffraction grating
and a fringe detection interferometric system may be
mounted within the housing 2a, providing a count of the
fringes to the Z logger 24 as the objective lens assembly
13 moves relative to the housing 2a. As another possi-
bility, a capacitive sensor may be used. As a further pos-
sibility a Michelson interferometer (with a corner cube
attached to the housing 13) may be used.

[0042] The data processing and control apparatus 30
may be implemented by programming computing appa-
ratus, for example a personal computer. Figure 5 shows
a simplified block diagram ofsuch computing apparatus.
As shown, the computing apparatus has: a processor 25
associated with memory 26 (ROM and/or RAM); a mass
storage device 27 such as a hard disk drive; aremovable
medium drive (RMD) 28 for receiving a removable me-
dium (RM) 29 such as a floppy disk, COROM, DVD or
the like; input and output (1/0) controllers 200 for inter-
facing with the components of the broadband scanning
interferometer system to be controlled by the control ap-
paratus (for example, the Z, X and Y movers 15 to 17,
the coarse Z positioner 20 and the detector 10) to enable
the processor 25 to control operation of these compo-
nent; and the user interface 31 consisting, in this exam-
ple, of user inputs comprising the keyboard 31a and the
pointing device 31b, and user outputs consisting, in this
example, of the display 31d such as a CRT or LCD display
and a printer 31 ¢. The computing apparatus may also
include a communications interface (COMMS INT) 199
such as a modem or network card that enables the com-
puting apparatus to communicate with other computing
apparatus over a network such as a local area network
(LAN), wide area network (WAN), an Intranet or the In-
ternet. In this example, the data receiver 33 is provided
as a dedicated frame capture circuit board 230 installed
within the computing apparatus.

[0043] The processor 25 may be programmed to pro-
vide the data processing and control apparatus shown
in Figure 3 by any one or more of the following ways:

1. by pre-installing program instructions and any as-
sociated data in a nonvolatile portion of the memory
26 or on the mass storage device 27;

2. by downloading program instructions and any as-
sociated data from a removable medium 29 received
within the removable medium drive 28;
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3. by downloading program instructions and any as-
sociated data as a signal SG supplied from another
computing apparatus via the communications inter-
face 199; and

4. by user input using the keyboard and, if appropri-
ate, the pointing device.

[0044] The computing apparatus, when programmed
by program instructions to provide the control apparatus
30, enables a measurement operation to be controlled
in accordance with instructions received by a user, and
the resulting frame data supplied by the detector 10 to
be analysed to determine the surface profile or topogra-
phy of the area of the surface imaged onto the 2D array
of the detector 10.

[0045] Figure 6 shows a block diagram illustrating the
functional components of the reference calibrator 36.
[0046] The reference calibrator 36 comprises a refer-
ence calibrator controller 50 that controls overall opera-
tion of the reference calibrator 36, in particular controls
communication with the user interface 31 via a user in-
terface communicator 57 enabling command and data
to be input to the reference calibrator 3 6 by the user and
enabling the reference calibrator 36 to output data to the
user, forexample by displaying the data on the display 31.
[0047] The reference calibrator 36 also has a control
apparatus communicator 51 for enabling communication
between the control apparatus 30 and the reference cal-
ibrator 36.

[0048] In addition, the reference calibrator 36 has a
surface topography data receiver 52 for receiving surface
topography data from the topography determiner 35, a
surface topography data processor 53 for carrying out a
number of processing operations on the surface topog-
raphy data and a mean surface calculator 54 for deter-
mining, for each surface pixel, a value representing a
mean of a number of surface topography data values for
that surface pixel determined as a result of a number of
calibration measurement operations to be described be-
low.

[0049] The mean surface calculator 54 is arranged to
store mean surface data in a mean surface data store
59. A reference surface features data storer 60 is also
provided and is arranged, under the control of the refer-
ence calibrator controller 50, to cause the mean surface
data stored in the mean surface data store 59 at the end
of a calibration procedure to be stored in a reference
surface features data store 61, if the user indicates that
the calibration is acceptable, or to retrieve previous ref-
erence surface features data from a previous reference
surface features data store 62 and store that in the ref-
erence surface features data store 61, if the user indi-
catesthatthe results of the calibration are not acceptable.
[0050] Thereference calibrator 36 also includes, in this
example, a surface roughness indicator calculator 55 for
providing an indication of surface roughness to give the
user an indication as to how close the current mean sur-
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face data is to removing the surface features of the ref-
erence mirror, that is an indication as to how well the
calibration procedure is proceeding, and a change indi-
cator calculator 56 for calculating a value representing a
change or drift in the surface features of the reference
mirror 6 since the last calibration to give the user an idea
as to how frequently it may be necessary to re-calibrate
the surface profiling apparatus.

[0051] Operation of the surface profiling apparatus de-
scribed above during a reference calibration will now be
described with the help of Figures 7 to 9 which show flow
chartsillustrating steps carried out by the surface profiling
apparatus during the reference calibration procedure,
Figure 10 which shows a reference calibration interface
displayed to the user during the reference calibration pro-
cedure and Figures 11a to 11¢ which show examples of
images displayed to the user by the user interface shown
in Figure 10.

[0052] When the user selects a reference calibration
procedure from, for example, a selection user interface
(not shown) displayed by the control apparatus 30 on the
display 3 1 d of the user interface, then at step S 10 in
Figure 7, the control apparatus 30 and the reference cal-
ibrator controller 50 communicate via the control appa-
ratus communicator 51 to set the image acquisition con-
ditions so that: the zoom is set at x 1 (that is, no zoom);
the binning (the number of adjacent sensing elements
SE outputs that are added together)is set to x 1, that is
no binning; and the neutral density filter is selected. In
addition, the reference calibrator controller 50 ensures
that the mean surface data store 59 is empty.

[0053] The reference calibrator controller 50 then, at
S11 in Figure 7, causes, via the user interface commu-
nicator 57, the display 31d to display a reference calibra-
tion user interface screen.

[0054] Figure 10 shows an example of a reference cal-
ibration user interface screen 70. As shown in Figure 10,
the screen 70 has a Windows style appearance with a
title bar 71 that, although not shown, displays data iden-
tifying the surface profiling apparatus, and the usual close
and minimise buttons 72 and 73 (and optionally also a
maximise button 74) in the top right hand corner. A work-
ing area 75 of the reference calibration user interface
screen 70 displays an image window 76 within which
images are displayed to the user and a reference cali-
bration window 77.

[0055] The reference calibration window 77 has an in-
struction window 78 entitled "artefact set up instructions"
that displays user instructions for setting up an artefact
to be used for the calibration procedure. In the interests
of simplicity, these instructions are illustrated simply by
a number of parallel lines in Figure 10.

[0056] In this example, the artefact set up instructions
instruct the user to place an artefact in the form of a A/
50 circular coated glass mirror flat as the sample 8 on
the sample support stage 9, then to level the artefact and
to adjust the Z height of the interferometer | using the
coarse Z positioner 20 to bring the image into focus so
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as to make the interference fringes visible.

[0057] The artefact set up instructions 78 also include
information provided by the control apparatus 30 identi-
fying the lens magnification currentlybeing used by the
objective lens assembly 13 of the surface profiling appa-
ratus (for example x 10 or x 20) so that the user can
calibrate the surface profiling apparatus for different lens
magnifications. Thus, at S11 in Figure 7, the reference
calibrator controller 50 causes, via the user interface
communicator 57, the display 31d to display the refer-
ence calibration user interface screen 70 and prompts
the user to set up the artefact, in this case a coated glass
mirror flat.

[0058] Then, atS12, the reference calibrator controller
50 causes the current number of measurements made
and the number of measurements remaining or still to go
to be displayed in respective data display windows 79
and 80 of the reference calibration window 77. As this is
the first measurement, then the reference calibrator con-
troller 50 will cause, via the user interface communicator
57, the number "0" to be displayed in the window 79 and
the total number of required measurements to be dis-
playedin the window 80. In this example, the totalnumber
of required measurements for the reference calibration
is preset as, for example, 8. However, as an option, the
window 80 may be a drop down window that enables a
user to change the number of measurements, for exam-
ple to select from two alternatives such as 8 or 12.
[0059] Thereference calibrator controller 50 then waits
at S 13 in Figure 7 for the user to select a start measure-
ment button 81 of the reference calibration window 77
using the pointing device 31b or keyboard 31 a to instruct
a calibration measurement operation to be carried out.
[0060] When the user selects the start measurement
button 81, then this instruction is supplied via the user
interface communicator 57 to the reference calibrator
controller 50 which instructs the control apparatus 30 via
the control apparatus communicator 51 to commence a
calibration measurement operation at step S14 in Figure
7.

[0061] When the control apparatus 30 receives an in-
struction to commence a calibration measurement oper-
ation, then the controller 21 instructs the 2D image sensor
detector 10 to commence acquiring images. After each
exposure by the 2D image sensor detector 10 to capture
an image, the controller 21 requests the servo/drive cir-
cuitry to cause the Z mover 15 to move the objective lens
assembly 13 (and thus the reference mirror 6) by a scan
step with the scan step distance and the length of the
scan path (that is the total number of scan steps) being
predefined for the reference calibration.

[0062] Figure 9 shows a flow chartillustrating the steps
carried out by the data processor 3 2 to provide the ar-
tefact surface topography data.

[0063] The detector 10 supplies images or frames of
the interference pattern captured atthe required intervals
or scan steps along the scan path to the frame capturer
33a of the data receiver 33. The captured frames are
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stored in the frame buffer 33b of the data receiver 33 in
association with data identifying the nominal Z position
corresponding to that scan step (and thus that image)
determined by the controller 21 from the signals logged
by the Z logger 24 in accordance with the output of the
Z position sensor 15a. The data receiver 33 thus re-
ceives, at step S30 in Figure 9, for each scan step, frame
data representing the intensity value sensed by each
sensing element SE at that scan step.

[0064] The peak finder 34 then processes the frame
dataatstep S31inFigure 9to determine, for each surface
pixel (which corresponds to a sensing element SE when
the binning is x 1) of the artefact the frame and thus the
scan step and Z position at which the intensity value rep-
resents the coherence peak (or a position related to the
coherence peak) for that surface pixel.

[0065] Then, at step S32 Figure 9, the surface topog-
raphy determiner 35 determines from the peak data pro-
vided by the peak finder 34 the relative heights of the
coherence peaks (or related positions) determined for
each surface pixel to provide artefact surface topography
data.

[0066] The peak finder 34 may identify the coherence
peak (or position related to the coherence peak) and sur-
face topography determiner 35 may determine the sur-
face topography by, for example, using any of the tech-
niques described in US Patents numbers 4,340,306 and
4,387,994 or described in International Patent Applica-
tion number GB03/001067 (WO03/078925), the whole
contents of which are hereby incorporated by reference.
[0067] The surface topography data determined by the
topography determiner 35 is supplied via the surface to-
pography data receiver 52 to the surface topography data
processor 53 which, under the control of the reference
calibrator controller 50, processes the artefact surface
topography data at S16 in Figure 7 to effect, in order:
levelling to compensate for surface tilt; thresholding to
remove or modify excessive data values; where data for
a surface pixel is missing, replacing or filling in the miss-
ing data with data obtained by interpolation from adjacent
surface pixel data or a similar technique; and low pass
filtering to remove high frequency components.

[0068] Inthis example, the levelling procedure is a zero
mean levelling procedure that involves the fitting of a pol-
ynomial using a least squares fitting procedure to deter-
mine a constant representing the average surface height
and x and y coefficients representing the average surface
gradient or tilt and then subtracting the determined av-
erage surface height and the average surface gradient
or tilt from the surface topography data while the thresh-
olding procedure removes values over 5 x the root mean
square (RMS) value of the data or truncates any such
values to 5 x the RMS value.

[0069] Then, atS 17 the reference calibrator controller
50 causes, via the user interface communicator 57, the
display 31 d to display in the image window 76 (Figure
10) animage representing the processed artefact surface
topography data.
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[0070] Figures 11a and 11b show images 90 and 91,
respectively that may be displayed to the user at this
stage. Display of the processed artefact surface topog-
raphy data to the user enables the user to check the
acquired image to see if it is satisfactory. In this case,
the image 90 shown in Figure 11a is generally satisfac-
tory. However, a speck of dust 92 is clearly visible in the
image shown in Figure 11b indicating that the calibration
measurement operation from which the image data was
derived was unsatisfactory.

[0071] Once the user has inspected the displayed im-
age, then the user can elect to accept the measurement
by selecting an accept button 83 or to reject it selecting
a reject button 84 of the reference calibration window 77
shown in Figure 10. In the present case, if the image
displayed is the image 90 shown in Figure 11 a then the
user should select the accept button 83 whereas if the
image displayed is the image shown in 11b then user
should select the reject button 84.

[0072] The reference calibrator controller 50 waits at
S 18 in Figure 7, for the user to select either the accept
button 83 or the reject button 84.

[0073] If the user selects the reject button 84 because
the image displayed indicates that the measurement is
unsatisfactory (because of specks of dust and the like),
then the reference calibrator controller 50 discards that
processed surface topography data at S19.

[0074] If, however, the user selects the accept button
83 then, at S20 in Figure 7, the reference calibrator con-
troller 50 causes the mean surface calculator 54 to up-
date the mean surface data stored in the mean surface
data store 59 using a mean calculation method that re-
tains amplitude as values are added.

[0075] Inthis example, the mean surface calculator 54
is arranged to calculate an amplitude-retaining mean by
causing the processed surface topography data for the
first calibration measurement operation to be copied to
the mean surface data store 59 and then by, for each
subsequent calibration measurement operation, updat-
ing the mean by, forthe data representing a surface pixel,
adding a proportion of the current processed surface to-
pography data for that surface pixel to a proportion of the
currently stored mean surface data value for that surface
pixel where the two proportions add up to one, for exam-
ple the mean surface calculator 54 may be arranged to
add 1/n of the value for a surface pixel in the current
processed surface topography data to (n-1)/n of the cur-
rently stored mean surface data value for that surface
pixel where n is, for example, eight.

[0076] As another possibility, the mean surface calcu-
lator 54 may be arranged to calculate a fixed mean by,
for each surface pixel, again copying the processed sur-
face topography data for the first calibration measure-
ment operation to the mean surface data store 59 but
then adding 2 of the processed surface topography data
for the for the second calibration measurement operation
to ¥2 of the currently stored mean surface data, adding 1
/3 of the current processed surface topography data for

10

15

20

25

30

35

40

45

50

55

the third calibration measurement operation to 2/3 of the
current mean surface data, adding 1 /4 of the current
processed surface topography data for the fourth cali-
bration measurement operation to 3/4 of the currently
stored mean surface data and so on until the nth calibra-
tion measurement operation. In this case the mean sur-
face calculator 54 includes a calibration measurement
operation counter for maintaining a count of the current
number accepted calibration measurement operations.

[0077] Once the mean surface data has been calcu-
lated, then, at S21 in Figure 8, the reference calibrator
controller 50 causes, via the userinterface communicator
57, the mean surface data stored in the mean surface
data store 59 to be displayed to the user on the user
interface 70 with the image label 76a reading: "current
mean surface".

[0078] Then, at S22 in Figure 8, the reference calibra-
tor controller 50 causes the surface roughness indicator
calculator 55 to calculate a surface roughness indicator
by, for each surface pixel, removing the current mean
surface data stored in the mean surface data store 59
from the current processed surface topography data to
produce surface difference data and then calculating ei-
ther the root mean square (RMS) of the surface different
data or determining a maximum peak to minimum peak
value, St for the surface difference data. Alternatively,
the surface roughness indicator calculator 55 may cal-
culate the surface roughness indicator by determining
the RMS of the current mean surface data.

[0079] Then, at S23, the reference calibrator controller
50 causes the surface roughness indicator calculated by
the surface roughness indicator calculator 55 to be dis-
played in a roughness window 82 of the reference cali-
bration window 77.

[0080] Then, atS24, the reference calibrator 50 checks
whether the results of the predetermined number n of
calibration measurement operations have been accept-
ed by the user. If not, then, optionally, at S24a in Figure
8, the reference calibrator controller 50 may cause, via
the user interface communicator 57, the user interface
to display a message prompting the user to re-position
the artefact for the next calibration measurement opera-
tion in accordance with the artefact set up instructions.

[0081] When the reference calibration user interface
prompts the user to re-position the artefact at S24a, then
the user may move and/or rotate the artefact in accord-
ance with the artefact set up instructions. This re-posi-
tioning of the artefact causes the averaging in S20 in
Figure 7 to remove the form of the artefact from the in-
dividual measurements.

[0082] The reference calibrator controller 50 then in-
crements the measurements made number shown in
window 79 by 1 and decrements the measurements to
go number in window 80 and waits for the user to select
the start measurement button 81 after re-positioning the
artefact to instruct the next calibration measurement op-
eration. The reference calibrator then repeats steps S 14
to S24 until the answer at step S24 is yes, that is until
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the user has accepted the predetermined number n of
calibration measurement operations. At this stage, the
image displayed in the image window at step S21 in Fig-
ure 7 will represent the final mean surface data. Figure
11¢ shows an example 93 of such an image illustrating
that surface features of the artefact have been removed
by the averaging procedure.

[0083] The reference calibration procedure so far de-
scribed thus enables a user to inspect an image repre-
senting the processed surface topography data and to
discard an image if it is unsatisfactory for some reason,
for example if it shows signs of specks of dust or other
dirt, so that only measurements that the user considers
are satisfactory are used in the reference calibration pro-
cedure.

[0084] In addition, the reference calibrator user inter-
face provides the user with an indication in roughness
window 82 in Figure 10 of surface roughness which
should provide the user with an indication as to how well
the calibration procedure is doing in removing surface
features of the artefact because the surface roughness
should reach a minimum when the surface features of
the artefact have been removed so that the only remain-
ing surface features are surface features of the reference
mirror (thatis features of surface form, surface roughness
or texture, including any marks scratches or the like). The
roughness indicator may also alert the user to any prob-
lems with the calibration procedure. Thus, for example,
if the roughness indicator suddenly increases markedly,
then the user will know that a problem has occurred with
the calibration procedure and can immediately select a
calibration rej ect button 87 of the reference calibration
window 77 shown in Figure 10 to abort the calibration
procedure.

[0085] Assuming that the user has no reason to abort
the calibration procedure then when, at step S24 in Figure
8, the reference calibrator controller 50 determines that
the user has accepted n measurements, then, at S25,
the reference calibrator controller 50 causes the change
indicator calculator 56 to calculate a change indicator
that provides the user with drift information relating to
changes in time in the surface features of the reference
mirror 6 to give the user an indication as to how frequently
it may be necessary to re-calibrate the reference.
[0086] In this example, the change indicator calculator
56 is arranged to calculate the difference between the
current surface roughness indicator calculated by the
surface roughness indicator 55 and the previous a
change window 85 of the reference calibration window
77.

[0087] As another possibility, the change indicator cal-
culator 56 may, as shown by the dotted lines in Figure
6, access the mean surface data store 59 and the refer-
ence surface features data store 60 and calculate the
difference between the mean surface data and previous
stored reference surface features data, determine the
root mean square of the difference and then display that
value as an indication of change with time in the surface
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features of the reference mirror.

[0088] Once the change indicator has been calculated
and displayed in the change window 85 at step S25 then,
at step S26, the reference calibrator controller 50 waits
for input from the user via the user interface communi-
cator 57 indicating whether the user has selected a cal-
ibration accept button 86 of the reference calibration win-
dow 77 to accept the results of the calibration procedure
or has selected the calibration reject button 87.

[0089] The user may use the change indicator dis-
played in the change window 85 and the roughness in-
dicator displayed in the roughness window 82 to deter-
mine whether or not to accept the calibration. For exam-
ple, if one or other of these values is very high then the
user may consider that the calibration is suspect and may
reject it. The user may use his own judgement to deter-
mine whether these indicators are within acceptable lim-
its or may be provided with guidelines as to acceptable
values in the artefact set up instructions.

[0090] If the user selects the accept button 86 then, at
S28 in Figure 8, the reference calibrator controller 50
causes the reference surface features data storer 60 to
replace the previous reference surface features data in
the reference surface features data store 61 with the
mean surface data stored in the mean surface data store
59.

[0091] If, however, the user selects the reject button
87, then at step S27 in Figure 8, the reference calibrator
controller 50 causes the calibration to be abandoned and
causes the reference surface features data storer 60 to
access the previous reference surface features data from
the previous reference surface features data store 62
and set it as the current reference surface features data
in the reference surface features data store 61. The fact
that the previous reference surface features data is not
overwritten means that, if something does go wrong dur-
ing the calibration procedure, the previous reference sur-
face features data can be reinstated.

[0092] The above described calibration procedure may
be repeated for each different type oflens of the objective
lens assembly available with the surface profiling appa-
ratus. Once the reference has been calibrated then the
user may use the surface profiling apparatus to conduct
measurements on actual samples.

[0093] Operation of the surface profiling apparatus to
conduct a measurement operation on an actual sample
will now be described with the aid of Figures 12 and 13
in which Figure 12 shows a measurement operation user
interface screen 500 that the controlapparatus 30 causes
to be displayed to the user when the user selects to carry
out a measurement operation and Figure 13 shows a
flowchart for illustrating operation of the surface profiling
apparatus during a measurement operation.

[0094] As shown in Figure 12, the measurement oper-
ation user interface screen 500 has a Windows style ap-
pearance with a minimise button 500a, a close button
500c, a title bar 500d and optionally a maximise button
500b,.
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[0095] The working area of the display screen 500 has
a first tabbed window 501 having a tab title bar "image"
502 and a second tabbed window 503 having a tab title
bar "measurement set up" 504.

[0096] The window 501 is configured to display an im-
age or frame acquired by the 2D image sensor detector
10 while the window 503 is configured to provide a user
with a number of tools or operational functions to aid the
user in setting up of the scan path for a measurement
operation.

[0097] The window 503 has a first border 505 labelled
"camera" bounding user selectable functions relating to
functions of the detector 10, a second border 506 labelled
"piezo height" encompassing a user selectable option for
selecting a height for the piezoelectric Z mover, a third
border 507 labelled "scanning" encompassing user se-
lectable scanning parameters and a fourth border 508
labelled "piezo" encompassing a piezo range scale 510,
a pointer or slider bar 509 for indicating the current po-
sition of the Z mover 15, and a measurement range bar
511 indicating the range of Z movement set for a meas-
urement operation, the measurement range bar 511 be-
ing associated with scan end markers 511a and 511b for
indicating the ends of the measurement path. The slider
bar or pointer 509 is movable by a user to enable the
user to change the current location of the Z mover 15.
[0098] The piezo height border 506 encompasses a
button 512 which, when selected by a user using the
pointing device, causes the control apparatus 30 to move
the Z mover 15 to the mid-point of its operational range
and to move the slider bar or pointer 509 to the corre-
sponding position on the scale 510 so that it still shows
the current position of the Z mover 15, and a window 513
that displays, in micrometres (um), the current position
of the Z mover 15 relative to a nominal zero position, that
is the position of the Z mover corresponding to the posi-
tion set by the coarse Z positioner 20. The window 513
displays the actual current position of the Z mover 15 but
is configured to enable a user to over type the current
position using the keyboard to cause the control appa-
ratus 30 to move the Z mover 15 to the new current po-
sition specified by the user as an alternative to moving
the slider bar or pointer 509.

[0099] The scanning border 507 encompasses three
buttons labelled "set as finish", "set as centre" and "set
as start" 524, 523 and 522 that are configured to be used
in combination with the slider bar or pointer 509 to enable
a user to identify a selected position of the slider bar or
pointer 509 to the control apparatus 30 as a finish, centre
and start positions for a measurement operation. The
scanning border 507 also encompasses three windows
525, 526 and 527 that are arranged to display a scan
time (in seconds), and scan range and scan start position
(both in micrometres). As in the case of the window 513,
the scan range and scan start position windows are con-
figured so that a user can over type the data to cause
the controller to modify the range and start position, as
the case may be, in accordance with the data input by
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the user using the keyboard.

[0100] The slider bar or pointer 509 and measurement
range bar 511 and associated end markers 511a and
511b are configured to provide the user with a clear visual
representation and control over the relationship between
the measurement path range represented by the meas-
urementrange bar 511 and the start and end of the meas-
urement path of the piezoelectric Z mover represented
by the end markers 511 a and 511b (the actual scan path
of the Z mover 15 may include an initial run up portion
and a final run down portion beyond the measurement
path to enable frames of data to be acquired to enable
data analysis over the entire length of the measurement
path). The mid-range button 512 enables the user easily
to cause the Z mover 15 to move to the middle part of its
range of movement to ensure that the Z mover 15 is op-
erating in mid-range and not at the extremes of its oper-
ational range. The camera border 505 encompasses a
zoom drop down menu 530 and a binning drop down
menu 531 and 532 for enabling a user to select from
available zoom and binning options.

[0101] In this example, the window 503 also includes
a "start measurement" button 600 for enabling a user to
instruct the apparatus to start a measurement operation
once the user is satisfied with the measurement set up
parameters. Once the user has instructed the apparatus
to commence a measurement operation by selecting the
start button 600, then as described above, the control
apparatus controls the detector 10 and motion controller
11 to cause images to be captured atscan intervals along
the scan paths. These captured images are stored in the
frame buffer of the data receiver 33 and processed by
the peak finder 34 and surface topography determiner
35 at steps S40, S41 and S42 in Figure 13. These steps
correspond to steps S30 to S32 in Figure 9 except that,
of course, in this case, the measurement operation is
being conducted on an actual sample.

[0102] Then, at S43inFigure 13, the reference surface
features remover 37 modifies the surface topography da-
ta to compensate for the surface features of the reference
mirror by subtracting the reference surface features data
stored in the reference surface features data store 61
from the surface topography data. Where the user has
not selected binning of the image data then the subtrac-
tion is conducted on a one-to-pixel basis. Where, how-
ever, the user has selected binning, then the control ap-
paratus 30 cases the reference surface features remover
37 to mimic the effect of binning by adding together ad-
jacentreference surface features pixel data values to pro-
duce binned equivalent reference surface features data
values. Thus, for example, if the user selects binning
which combines or averages the output of four sensing
elements SE(a two by two matrix of sensing elements),
then the reference surface features remover 37 com-
bines or averages a corresponding set of four (a two by
two matrix) adjacent reference surface features data pix-
el values.

[0103] Once the reference surface features remover
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37 has removed the surface features of the reference
from the surface topography data then the control appa-
ratus 30 causes the display 31b to display the modified
surface topography data to the user in the window 501
as a two dimensional bit map image.

[0104] Removal of the surface features of the refer-
ence from the surface topography data enables the sur-
face topography of the sample to be viewed more easily
because it is not modified or distorted by those surface
features of the reference mirror. In addition to removing
form in the reference mirror from the measurement re-
sults, the calibration procedure also removes the effect
on the measurement results of surface roughness fea-
tures including marks and scratches that the reference
mirror may have.

[0105] In addition to the bit map images described
above (examples of which are shown in Figures 11 a to
11c¢) the surface profiling apparatus may be configured
to show graphical representations of the change in height
or surface topography along particular or user selectable
directions across the surface or may be configured to
access software that enables such graphical represen-
tations to be produced. Removing the surface features
of the reference mirror from the surface topography data
enables such graphical representations to represent
more accurately the surface profile of the selected cross-
section.

[0106] In the embodiments described above, the ref-
erence calibrator provides the user with a user interface
in which the reference calibration set up instructions and
datainputis provided by the reference calibration window
77. It will, of course, be appreciated that the set up in-
structions may be provided separately from the data entry
windows. Also, the user interface 70 need not necessarily
have the configuration shown in Figure 10, for example,
the data input windows and selection buttons may be
organised differently on the screen. As other possibilities,
for example, the measurements made and the measure-
ments to go windows may be replaced with slide bars or
levelindicators that increase and decrease, respectively,
with the number of measurements made. Similarly, it may
be possible to provide a graphical rather than numeric
representation representing the roughness and change
indicators, in which case, the user interface may provide
markers indicating the acceptable range for the represent
change indicators.

[0107] Although Figures 10 and 12 show separate user
interface display windows, itis possible that the reference
calibration window and the measurement set up window
may be respective different tabbed panes of the same
user interface with the user interface being configured to
display the one of the tabbedpanes selected by the user.
Such a user interface may also include further tabbed
panes for enabling, for example, other calibration proce-
dures to be conducted.

[0108] Figure 14 shows, very schematically, an exam-
ple of another reference calibration user interface screen
700 that may be provided by the surface profiling appa-
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ratus to assist the user during the reference calibration
procedure instead of that shown in Figure 10. The user
interface screen 700 has, again, a Windows style ap-
pearance with a title bar 71 and the usual close and min-
imise buttons 72 and 73 (and optionally also a maximise
button 74) in the top right hand corner. A working area
75 of the reference calibration user interface screen 70
displays an image window 76 within which images are
displayed to the user and a reference calibration window
770.

[0109] The reference calibration window 770 differs
from the reference calibration window 77 shown in Figure
10 in that is has, a set up border 771 bordering a "lens"
display window 772 that displays the lens type magnifi-
cation that has previously been selected by the user and
a single "measurement done" display window 773 that
replaces the windows79 and 80 in Figure 10 by showing
the number of measurements accepted out of the total
required number of accepted measurements, as illustrat-
ed 0 out of a required total of 8 measurements have been
accepted.

[0110] The reference calibration window 770 also has
a set-up border 774 that bounds a window showing in-
structions fora user to set up a "Calibration Standard" or
artefact. As an example, the instructions shown advise
the user to :"Ensure Calibration Standard is levelled.
Manually adjust Z stage so that fringes appear across
the surface. You will need to manually adjust the position
of the Calibration Standard in XY after each measure-
ment.". The set-up border 774 also bounds a measure-
ment "go" or start button 775 which in practice will nor-
mally be coloured green and a restart button 776 that
enables a user to re-zero the mean surface data in the
mean surface data store 59 to restart a calibration pro-
cedure.

[0111] The reference calibration window 770 also has
a calibrate border 777 that bounds a "Current Surface
Error" window 778 for displaying the surface roughness
indicator and a "Current Datum Error" window 779 for
displaying the change indicator. The calibrate border 777
also bounds a measurement accept button 780 labelled
with a plus sign for enabling the user to accept a calibra-
tion measurement operation. The measurement accept
button 780 replaces the accept and reject buttons 83 and
84 in Figure 10. In this case, if the user does not click on
or select the measurement accept button 780 button be-
fore again selecting the measurement start button 775,
the results of the calibration measurement operation will
be discarded. The calibrate border 777 also bounds a
calibration accept button 781 labelled with a tick sign that
is greyed out and unselectable until the required number
of measurements have been accepted. The calibration
accept button 781 781 replaces the accept and reject
buttons 86 and 87 in Figure 10. In this case, not clicking
on or selecting the calibration accept button 781 before
selecting or clicking on a double arrow labelled button
782 to return, for example, to the measurement screen
shown in Figure 12, will cause the results of the calibra-
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tion to be discarded and the previous reference surfaces
features data to be reinstated.

[0112] In the above described embodiments, the cali-
bration procedure is effected for the entirety for the ref-
erence mirror. The user may, however, be provided with
the option to enable calibration to be conducted over only
a part of the reference mirror where the user knows that
only that part of the reference mirror will be used during
subsequent measurement operations.

[0113] In the embodiments described above, the cali-
bration procedure is started from scratch. The calibration
procedure could, however, also be commenced from a
previously stored reference topography data or may be
used to update or modify previously stored reference
form data rather than to replace it.

[0114] The processing carried out on the artefact sur-
face topography data at S 16 in Figure 7 may be modified.
For example, the zero mean levelling procedure may be
replaced by alevelling procedure that simply determines,
by a least squares fitting procedure the average x and y
gradients or tilt of the calibration artefact.

[0115] In the embodiments described above, the user
interface is a graphical user interface. The user interface
may, additionally, or alternatively, allow a user to input
data and/or instructions in spoken form if the user inter-
face includes a microphone and speech recognition soft-
ware. Similarly, the user interface may be configured to
provide the artefact set up instructions and other instruc-
tions to the user in a spoken or audible form if the user
interface includes a loudspeaker and a text-to-speech
converter.

[0116] As described above, the user has the option
whether or not to accept both a calibration measurement
operation and the final calibration. As other possibilities,
the user may be provided with this option for only one of
these or neither.

[0117] As described above, the surface topography
data processor 53 processes the surface topography da-
ta by effecting, in order: levelling to compensate for sur-
face tilt; thresholding to remove or modify excessive data
values; where data for a surface pixel is missing, replac-
ing or filling in the missing data with data obtained by
interpolation from adjacent surface pixel data or a similar
technique; and low pass filtering to remove high frequen-
cy components. One or more of these processes may be
omitted. For example the levelling process may be omit-
ted, particularly if the apparatus facilitates user levelling
of samples on the support 9. Also, the low pass filtering
may be omitted although it does have the advantages of
removing white noise that may be present in the signal
from the detector and reducing the effect of slight mov-
ments in the reference mirror due, for example, to thermal
changes. Also, the thresholding may be omitted. The
missing data process may be carried out, for example,
only when the data is missing in both the current mean
surface data and the current surface topography data.
[0118] In addition one or more of the functional com-
ponents of the surface profiling apparatus may be located
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separately, for example, remotely from the others. For
example, the data processor, the control apparatus, the
user interface and the interferometer system may be pro-
vided separately and linked by communication links.
[0119] As described above, the surface profiling appa-
ratus uses a z-axis datum. This may be replaced by a
gantry or microscope-style support.

Claims

1. Surface profiling apparatus for obtaining surface to-
pography data for a surface of a sample, the appa-
ratus comprising:

sample support means for supporting the sam-
ple;

light directing means for directing light along a
sample path towards the sample surface and
along a reference path towards a reference sur-
face such that light reflected by corresponding
regions of the sample surface and the reference
surface interfere to provide interference fringes
halving a coherence peak;

moving means for effecting relative movement
along a measurement path between the sample
surface and the reference surface;

sensing means for sensing, for each of anumber
of regions of the sample surface, light represent-
ing the interference fringes produced by that
sample surface region during said relative
movement;

control means for carrying out a measurement
operation by causing said moving means to ef-
fect said relative movement while said sensing
means senses light intensity at intervals to pro-
vide, for each of the number of regions, a set of
light intensity data representing interference
fringes produced by that region during said rel-
ative movement;

data processing means for processing the sets
of light intensity data to determine from the light
intensity data values associated with each
sensed region a position along the measure-
ment path at which a coherence peak occurs in
the light intensity data for that sensed region;
and

surface topography determining means for de-
termining from the positions at which the coher-
ence peak occurs in the light intensity data for
the different sensed regions the relative surface
heights of the different sensed regions to provide
surface topography data,

the apparatus further comprising:

reference calibration means for calibrating
the apparatus to compensate for surface
features of the reference surface, the refer-
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ence calibration means comprising:

user instruction means for instructing a
user to conduct a number of calibration
measurement operations using a cali-
bration sample having a calibration sur-
face;

user operable calibration measure-
ment initiation means for initiating a cal-
ibration measurement operation;
calibration control means for causing,
in response to operation of the calibra-
tion measurement initiation means, op-
eration of the control means, data
processing means and surface topog-
raphy determining means to carry out
acalibration measurement operation to
obtain calibration surface topography
data for the calibration sample;
display control means for causing a dis-
play to display to the user animage rep-
resenting the calibration surface topog-
raphy data obtained in the calibration
measurement operation;
user-operable measurement accept-
ance means for enabling a user either
to accept or reject the calibration sur-
face topography data represented by
the displayed image;

mean surface calculating means for us-
ing calibration surface topography data
accepted by the user for said number
of calibration measurement operations
to calculate mean surface topography
data to provide reference surface fea-
tures data; and

reference surface features compensat-
ing means for adjusting surface topog-
raphy data obtained for a sample sur-
face in accordance with the reference
surface features data.

Apparatus according to claim 1, wherein the mean
surface calculating means is operable to calculate
an amplitude-retaining mean each time the user ac-
cepts the calibration surface topography data for a
calibration measurement operation.

Apparatus according to claim 2, wherein the mean
surface calculating means is operable to calculate
the mean surface data by setting the mean surface
data as the calibration surface topography data for
a first accepted calibration measurement operation
and then, for each successive accepted calibration
measurement operation, adding a first predeter-
mined proportion of that calibration surface topogra-
phy data to a second predetermined proportion of
the current mean surface data.
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Apparatus according to claim 2, wherein the mean
surface calculating means is operable to calculate
the mean surface data by setting the mean surface
data as the calibration surface topography data for
a first accepted calibration measurement operation
and then, for each successive accepted calibration
measurement operation, adding a first predeter-
mined proportion of that calibration surface topogra-
phy data to a second predetermined proportion of
the current mean surface data, wherein the first pre-
determined proportion is 1/n and the second prede-
termined proportion is (n-1)/n.

Apparatus according to claim 2, wherein the mean
surface calculating means is operable to calculate
the mean surface data by setting the mean surface
data as the calibration surface topography data for
a first accepted calibration measurement operation
and then, for each successive accepted calibration
measurement operation, adding a first predeter-
mined proportion of that calibration surface topogra-
phy data to a second predetermined proportion of
the current mean surface data, wherein the first pre-
determined proportion is 1/x and the second prede-
termined proportion is (x-1)/x where xis a count com-
mencing at 2 for the second accepted calibration
measurement operation and increasing by 1 with
each subsequent accepted calibration measure-
ment operation.

Apparatus according to any of the preceding claims,
further comprising surface roughness determining
means for determining from the mean surface data
and the surface topography data a surface rough-
ness indicator and surface roughness indicator pro-
viding means for providing the surface roughness
indicator to the user.

Apparatus according to any of claims 2 to 5, further
comprising surface roughness determining means
for determining, each time a calibration measure-
ment operation is carried out, a surface roughness
indicator using the current mean surface data and
surface topography data and surface roughness in-
dicator displaying means for displaying the surface
roughness indicator to the user.

Apparatus according to claim 6 or 7, wherein the
surface roughness determining means is operable
to determine the surface roughness indicator by us-
ing data derived by subtracting the mean surface
data from the surface topography data.

Apparatus according to claim 6 or 7, wherein the
surface roughness determining means is operable
to determine the surface roughness indicator by de-
termining the root mean square of mean surface data
or by determining the root mean square of data ob-
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tained by subtracting the mean surface data from
the surface topography data.

Apparatus according to claim 6 or 7, wherein the
surface roughness determining means is operable
to determine the surface roughness indicator by de-
termining a peak to peak value of data obtained by
subtracting the mean surface data from the surface
topography data.

Apparatus according to any of the preceding claims,
further comprising reference change data determin-
ing means for determining a reference change indi-
cator from data representing a change in the refer-
ence surface features data since a previous calibra-
tion and reference change providing means for pro-
viding the reference change indicator to the user.

Apparatus according to any of claims | to 10, further
comprising reference change data determining
means for determining a reference change indicator
using data representing a change in the reference
surface features data since a previous calibration
and reference change indicator displaying means for
displaying the reference change indicatorto the user.

Apparatus according to claim 11 or 12, wherein the
reference change data determining means is oper-
able to determine the reference change indicator by
subtracting the current reference surface features
data from the previous reference surface features
data to obtain difference data and determining the
root mean square of the difference data.

Apparatus according to any of claims 6 to 11, further
comprising reference change data determining
means for determining a reference change indicator
using data representing a change in the surface
roughness indicator since a previous calibration and
reference change indicator displaying means for dis-
playing the reference change indicator to the user.

Apparatus according to claim 14, wherein the refer-
ence change data determining means is operable to
determine the reference change indicator by sub-
tracting the current surface roughness indicator from
the previous surface roughness indicator.

Apparatus according to any of the preceding claims,
wherein the reference calibration means has refer-
ence calibration user interface providing means for
causing a display to display a user interface which
provides an image display window for displaying an
image representing surface topography data, the us-
erinstruction means, a user-selectable startelement
or button providing the user operable calibration
measurement initiation means and a user-selectable
accept element or button providing the user-opera-
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ble acceptance means for enabling a user either to
accept or reject the calibration surface topography
data represented by the displayed image.

Apparatus according to any of claims 6 to 10, 14 and
20, wherein the reference calibration means has ref-
erence calibration user interface providing means for
causing a display to display a user interface which
provides an image display window for displaying an
image representing surface topography data, the us-
er instruction means, a user-selectable start element
or button providing the user operable calibration
measurementinitiation means, a user-selectable ac-
cept element or button providing the user-operable
acceptance means for enabling a user either to ac-
ceptorreject the calibration surface topography data
represented by the displayed image, and a display
window for displaying the surface roughness indica-
tor.

Apparatus according to any of claims 11 to 15,
wherein the reference calibration means has refer-
ence calibration user interface providing means for
causing a display to display a user interface which
provides an image display window for displaying an
image representing surface topography data, the us-
er instruction means, a user-selectable start element
or button providing the user operable calibration
measurementinitiation means, a user-selectable ac-
cept element or button providing the user-operable
acceptance means for enabling a user either to ac-
ceptorreject the calibration surface topography data
represented by the displayed image, and a display
window for displaying the reference change indica-
tor.

Apparatus according to claim 14 or 15, wherein the
reference calibration means has reference calibra-
tion user interface providing means for causing a dis-
play to display a user interface which provides an
image display window for displaying an image rep-
resenting surface topography data, the user instruc-
tion means, a user-selectable start element or button
providing the user operable calibration measure-
ment initiation means, a user-selectable accept ele-
ment or button providing the user-operable accept-
ance means for enabling a user either to accept or
reject the calibration surface topography data repre-
sented by the displayed image, and display windows
for displaying the surface roughness and reference
change indicators.

Apparatus according to any of the preceding claims,
further comprising mean surface topography data
display control means for displaying an image rep-
resenting the mean surface topography data.

Apparatus according to any of the preceding claims,
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further comprising user-operable calibration accept-
ance means for enabling a user either to accept or
reject the reference surface features data.

Apparatus according to claim 21, further comprising
accessing means for accessing previous reference
surface features data when the user rejects the cal-
ibration.

Apparatus according to any of the preceding claims,
wherein the reference calibration control means is
operable to cause the control means to control the
sensing means to sense the entirety of the reference
surface during a calibration measurement operation.

Apparatus according to any of the preceding claims,
wherein the sensing means has a plurality of sensing
elements and is operable, in at least one surface
measurement mode, to combine or bin outputs from
a number of sensing elements representing light
sensed from a number of adjacent surface regions
during a measurement operation on a sample sur-
face to obtain surface topography data for surface
areas each comprising said number of adjacent sur-
face regions and wherein the reference surface fea-
tures compensating means is operable to combine
the reference surface features data for the same
number of adjacent surface regions before adjusting
the surface topography data.

A method of calibrating surface profiling apparatus
for obtaining surface topography data for a surface
of a sample, the apparatus comprising:

sample support means for supporting the sam-
ple

light directing means for directing light along a
sample path towards the sample surface and
along a reference path towards a reference sur-
face such that light reflected by corresponding
regions of the sample surface and the reference
surface interfere to provide interference fringes
having a coherence peak;

moving means for effecting relative movement
along a measurement path between the sample
surface and the reference surface;

sensing means for sensing, for each of anumber
ofregions of the sample surface, light represent-
ing the interference fringes produced by that
sample surface region during said relative
movement;

control means for carrying out a measurement
operation by causing said moving means to ef-
fect said relative movement while said sensing
means senses light intensity at intervals to pro-
vide, for each of the number of regions, a set of
light intensity data representing interference
fringes produced by that region during said rel-
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ative movement;

data processing means for processing the sets
of light intensity data to determine from the light
intensity data values associated with each
sensed region a position along the measure-
ment path at which a coherence peak occurs in
the light intensity data for that sensed region;
and

surface topography determining means for de-
termining from the positions at which the coher-
ence peak occurs in the light intensity data for
the different sensed regions the relative surface
heights of the different sensed regions to provide
surface topography data,

the method comprising the steps of:

instructing a user to conduct a number of
calibration measurement operations using
a calibration sample having a calibration
surface;

causing, in response to operation of user-
operable calibration measurement initiation
means, operation of the control means, data
processing means and surface topography
determining means to carry out a calibration
measurement operation to obtain calibra-
tion surface topography data for the calibra-
tion sample;

causing a display to display to the user an
image representing the calibration surface
topography data obtained in the calibration
measurement operation;

calculating mean surface topography data
using calibration surface topography data
accepted by the user for said number of cal-
ibration measurement operations to provide
reference surface features data; and
storing the mean surface topography data
as reference surface features data.

A method according to claim 25, wherein the mean
surface calculating step calculates an amplitude-re-
taining mean each time the user accepts the calibra-
tion surface topography data for a calibration meas-
urement operation.

A method according to claim 26, wherein the mean
surface calculating step calculates the mean surface
data by setting the mean surface data as the cali-
bration surface topography data for a first accepted
calibration measurement operation and then, for
each successive accepted calibration measurement
operation, adding a first predetermined proportion of
that calibration surface topography data to a second
predetermined proportion of the current mean sur-
face data.

A method according to claim 26, wherein the mean
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surface calculating step calculates the mean surface
data by setting the mean surface data as the cali-
bration surface topography data for a first accepted
calibration measurement operation and then, for
each successive accepted calibration measurement
operation, adding a first predetermined proportion of
that calibration surface topography data to a second
predetermined proportion of the current mean sur-
face data, wherein the first predetermined proportion
is 1/n and the second predetermined proportion is
(n-1)/n.

A method according to claim 26, wherein the mean
surface calculating step calculates the mean surface
data by setting the mean surface data as the cali-
bration surface topography data for a first accepted
calibration measurement operation and then, for
each successive accepted calibration measurement
operation, adding a first predetermined proportion of
that calibration surface topography data to a second
predetermined proportion of the current mean sur-
face data, wherein the first predetermined proportion
is 1/x and the second predetermined proportion is
(x-1)/x where x is a count commencing at 2 for the
second accepted calibration measurement opera-
tion and increasing by 1 with each subsequent ac-
cepted calibration measurement operation.

A method according to any of claims 25 to 29, further
comprising the steps of determining from the mean
surface data and the surface topography data a sur-
face roughness indicator and displaying the surface
roughness indicator to the user.

Computer program instructions for programming
processor means to carry out a method in accord-
ance with any of claims 25 to 30.

A signal comprising computer program instructions
in accordance with claim 31.

A storage medium comprising computer program in-
structions in accordance with claim 31.

Patentanspriiche

1.

Oberflachenprofilabtastvorrichtung zum Erhalt von
Oberflachentopographiedaten fir eine Oberflache
eines Musters, wobei die Vorrichtung Folgendes auf-
weist:

eine Musterhalteeinrichtung zum Halten des
Musters;

eine Lichtleiteinrichtung zum Leiten von Licht
entlang eines Musterwegs hin zu der Muster-
oberflache und entlang eines Referenzwegs hin
zu einer Referenzflache so, dass Licht, das
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durch entsprechende Gebiete der Musterober-
flache und der Referenzflache reflektiert wird,
interferiert, um Interferenzmuster zu schaffen,
die einen Koharenzspitzenwert aufweisen;
eine Bewegungseinrichtung, um eine Relativbe-
wegung entlang eines Messwegs zwischen der
Musteroberflache und der Referenzflache zu
bewirken;

eine Erfassungseinrichtung, um fir jeden aus
einer Anzahl von Bereichen der Musteroberfla-
che Licht zu erfassen, das die Interferenzmuster
wiedergibt, die durch das entsprechende Gebiet
der Musteroberflache wahrend der Relativbe-
wegung erzeugt werden;

eine Steuereinrichtung, um einen Messvorgang
durchzuftihren, indem die Bewegungseinrich-
tung dazu veranlasst wird, die Relativbewegung
zu bewirken, wahrend die Erfassungseinrich-
tung die Lichtintensitat in Intervallen erfasst, um
fur jeden aus der Anzahl von Bereichen einen
Satz von Lichtintensitatsdaten zu erzeugen, die
Interferenzmuster wiedergeben, die wahrend
dieser Relativbewegung durch dieses Gebieter-
zeugt werden;

eine Datenverarbeitungseinrichtung zum Verar-
beiten der Satze von Lichtintensitatsdaten, um
aus den Lichtintensitatsdatenwerten, die mit je-
dem erfassten Bereich verknlipft sind, eine Po-
sition entlang des Messwegs zu bestimmen, auf
dem ein Koharenzspitzenwert in den Lichtinten-
sitatsdaten flir diesen erfassten Bereich auftritt;
und

eine Oberflachentopographiebestimmungsein-
richtung, um aus den Positionen, an denen der
Koharenzwert in den Lichtintensitatsdaten fir
die unterschiedlichen erfassten Bereiche auf-
tritt, die relativen Oberflachenhdhen der unter-
schiedlichen erfassten Bereiche zu bestimmen,
um Oberflachentopographiedaten zu schaffen,
wobei die Vorrichtung weiterhin Folgendes auf-
weist:

eine Referenzkalibrierungseinrichtung zum
Kalibrieren der Vorrichtung, um Oberfla-
chenmerkmale der Referenzflache zu kom-
pensieren, wobei die Referenzkalibrie-
rungseinrichtung Folgendes umfasst:

eine Einrichtung zum Anweisen eines
Nutzers, um einen Nutzer anzuweisen,
eine Anzahl von Kalibriermessvorgan-
gen unter Verwendung eines Kalibrier-
musters mit einer Kalibrieroberflache
durchzufiihren;

eine vom Nutzer bedienbare Einrich-
tung zum Initiieren eines Kalibrier-
messvorgangs, um einen Kalibrier-
messvorgang zu initiieren;
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eine Kalibrierungssteuereinrichtung,
um als Antwort auf den Betrieb der Ein-
richtung zum Initiieren des Kalibrier-
messvorgangs einen Betrieb der Steu-
ereinrichtung, der Datenverarbeitungs-
einrichtung und der Oberflachentopo-
graphiebestimmungseinrichtung zu
veranlassen, um Kalibrieroberflachen-
topographiedaten fir das Kalibriermu-
ster zu erhalten;

eine Anzeigesteuereinrichtung, um ei-
ne Anzeige dazu zu veranlassen, dem
Nutzer ein Bild anzuzeigen, das die Ka-
librieroberflachentopographiedaten
wiedergibt, die in dem Kalibriermess-
vorgang erhalten wurden;

eine vom Nutzer bedienbare Akzep-
tanzeinrichtung, um einem Nutzer zu
ermdglichen, die Kalibrieroberflachen-
topographiedaten, die von dem ange-
zeigten Bild wiedergegeben werden,
zu akzeptieren oder zurlickzuweisen;
eine Einrichtung zur Berechnung einer
gemittelten Oberflache, um Kalibrier-
oberflachentopographiedaten, die der
Nutzer akzeptiert hat, fir die Anzahl
von Kalibriermessvorgangen zu nut-
zen, um gemittelte Oberflachentopo-
graphiedaten zu berechnen, um Refe-
renzflachenmerkmalsdaten bereitzu-
stellen; und

eine Referenzflachenmerkmalskom-
pensationseinrichtung, um Oberfla-
chentopographiedaten, die fir eine
Musteroberflache erhalten wurden,
passend zu den Referenzflachenmerk-
malsdaten anzupassen.

Vorrichtung nach Anspruch 1, wobei die Einrichtung
zur Berechnung der gemittelten Oberflache betreib-
bar ist, um jedes Mal, wenn der Nutzer die Kalibrier-
oberflachentopographiedaten fir einen Kalibrier-
messvorgang akzeptiert, einen amplitudenerhalten-
den Mittelwert zu berechnen.

Vorrichtung nach Anspruch 2, wobei die Einrichtung
zur Berechnung der gemittelten Oberflache betreib-
bar ist, um die mittleren Oberflachendaten zu be-
rechnen, indem die mittleren Oberflachendaten als
die Kalibrieroberflachentopographiedaten fiir einen
ersten akzeptierten Kalibriermessvorgang festge-
legt werden und dann fiir jeden nachfolgenden ak-
zeptierten Kalibriermessvorgang ein erster vorab
festgelegter Anteil dieser Kalibrieroberflachentopo-
graphiedaten zu einem zweiten vorab festgelegten
Anteil der geltenden mittleren Oberflachendaten ad-
diert wird.
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Vorrichtung nach Anspruch 2, wobei die Einrichtung
zur Berechnung der gemittelten Oberflache betreib-
bar ist, um die mittleren Oberflachendaten zu be-
rechnen, indem die mittleren Oberflachendaten als
die Kalibrieroberflachentopographiedaten fiir einen
ersten akzeptierten Kalibriermessvorgang festge-
legt werden und dann flr jeden nachfolgenden ak-
zeptierten Kalibriermessvorgang ein erster vorab
festgelegter Anteil dieser Kalibrieroberflichentopo-
graphiedaten zu einem zweiten vorab festgelegten
Anteil der geltenden mittleren Oberflachendaten ad-
diert wird, wobei der erste vorab festgelegte Anteil
1/n ist und der zweite vorab festgelegte Anteil (n-1)
Inist.

Vorrichtung nach Anspruch 2, wobei die Einrichtung
zur Berechnung der gemittelten Oberflache betreib-
bar ist, um die mittleren Oberflachendaten zu be-
rechnen, indem die mittleren Oberflachendaten als
die Kalibrieroberflachentopographiedaten fiir einen
ersten akzeptierten Kalibriermessvorgang festge-
legt werden und dann flr jeden nachfolgenden ak-
zeptierten Kalibriermessvorgang ein erster vorab
festgelegter Anteil dieser Kalibrieroberflachentopo-
graphiedaten zu einem zweiten vorab festgelegten
Anteil der geltenden mittleren Oberflachendaten ad-
diert wird, wobei der erste vorab festgelegte Anteil
1/x ist und der zweite vorab festgelegte Anteil (x-1)
/x ist, wobei x eine Zahl ist, die flr den zweiten ak-
zeptierten Kalibriermessvorgang mit 2 beginnt und
mit jedem nachfolgenden akzeptierten Kalibrier-
messvorgang um 1 steigt.

Vorrichtung nach einem der vorhergehenden An-
spriiche, weiter mit einer Oberflachenrauheitsbe-
stimmungseinrichtung, um aus den mittleren Ober-
flachendaten und den Oberflachentopographieda-
ten einen Oberflachenrauheitsindikator zu bestim-
men, und mit einer Einrichtung zum Weitergeben
des Oberflachenrauheitsindikators an den Nutzer.

Vorrichtung nach einem der Anspriiche 2 bis 5, wei-
ter mit einer Oberflachenrauheitsbestimmungsein-
richtung, um jedes Mal, wenn ein Kalibriermessvor-
gang ausgefuhrt wird, einen Oberflachenrauheitsin-
dikator unter Verwendung der derzeitigen mittleren
Oberflachendaten und der Oberflachentopographie-
daten zu bestimmen, und mit einer
Oberflachenrauheitsindikatoranzeigeeinrichtung,
um dem Nutzer den Oberflachenrauheitsindikator
anzuzeigen.

Vorrichtung nach einem der Anspriiche 6 oder 7, wo-
bei die Oberflachenrauheitsbestimmungseinrich-
tung betreibbar ist, um den Oberflachenrauheitsin-
dikator unter Verwendung von Daten zu bestimmen,
die durch Abziehen der mittleren Oberflachendaten
von den Oberflachentopographiedaten abgeleitet
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werden.

Vorrichtung nach einem der Anspriiche 6 oder 7, wo-
bei die Oberflachenrauheitsbestimmungseinrich-
tung betreibbar ist, um den Oberflachenrauheitsin-
dikator durch Bestimmen des quadratischen Mittel-
werts mittlerer Oberflachendaten oder durch Bestim-
men des quadratischen Mittelwerts von Daten zu be-
stimmen, die durch Abziehen der mittleren Oberfla-
chendaten von den Oberflichentopographiedaten
erhalten werden.

Vorrichtung nach einem der Anspriiche 6 oder 7, wo-
bei die Oberflachenrauheitsbestimmungseinrich-
tung betreibbar ist, um den Oberflachenrauheitsin-
dikator durch Bestimmen eines Spitze-Spitze-Werts
von Daten zu bestimmen, die durch Abziehen der
mittleren Oberflachendaten von den Oberflachento-
pographiedaten erhalten werden.

Vorrichtung nach einem der vorhergehenden An-
spriiche, weiter mit einer Einrichtung zum Bestim-
men von Referenzédnderungsdaten, um aus Daten,
die eine Anderung der Referenzflichenmerkmals-
daten seit einer friiheren Kalibrierung wiedergeben,
einen Referenzanderungsindikator zu bestimmen,
und einer Einrichtung zum Bereitstellen der Refe-
renzénderung, um dem Nutzer den Referenzande-
rungsindikator bereitzustellen.

Vorrichtung nach einem der Anspriiche 1 bis 10, wei-
ter mit einer Einrichtung zum Bestimmen von Refe-
renzénderungsdaten, um einen Referenzande-
rungsindikator unter Verwendung von Daten zu be-
stimmen, die eine Anderung der Referenzflachen-
merkmalsdaten seit einer friheren Kalibrierung wie-
dergeben, und mit einer Referenzanderungsindika-
toranzeigeeinrichtung, um dem Nutzer den Refe-
renzénderungsindikator anzuzeigen.

Vorrichtung nach Anspruch 11 oder 12, wobei die
Einrichtung zum Bestimmen von Referenzénde-
rungsdaten betreibbar ist, um den Referenzande-
rungsindikator durch Abziehen der geltenden Refe-
renzflachenmerkmalsdaten von den friheren Refe-
renzflachenmerkmalsdaten zu bestimmen, um Dif-
ferenzdaten zu erhalten und den quadratischen Mit-
telwert der Differenzdaten zu bestimmen.

Vorrichtung nach einem der Anspriiche 6 bis 11, wei-
ter mit einer Einrichtung zum Bestimmen von Refe-
renzénderungsdaten, um einen Referenzande-
rungsindikator unter Verwendung von Daten zu be-
stimmen, die eine Anderung in dem Oberflachenrau-
heitsindikator seit einer vorherigen Kalibrierung wie-
dergeben, und einer Referenzénderungsindikator-
anzeigeeinrichtung, um dem Nutzer den Referenz-
anderungsindikator anzuzeigen.
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Vorrichtung nach Anspruch 14, wobei die Einrich-
tung zum Bestimmen von Referenzédnderungsdaten
betreibbar ist, um den Referenzanderungsindikator
durch Abziehen des geltenden Oberflachenrau-
heitsindikators vom vorherigen Oberflachenrau-
heitsindikator zu bestimmen.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Referenzkalibrierungseinrich-
tung eine Einrichtung zum Bereitstellen einer Benut-
zerschnittstelle fir die Referenzkalibrierung auf-
weist, um eine Anzeige dazu zu veranlassen, eine
Benutzerschnittstelle anzuzeigen, die ein Bildanzei-
gefenster zum Anzeigen eines Bilds, das Oberfla-
chentopographiedaten wiedergibt, die Einrichtung
zum Anweisen des Nutzers, ein vom Nutzer aus-
wahlbares Startelement oder einen vom Nutzer aus-
wahlbaren Startknopf, das oder der die Einrichtung
zum Initiieren des durch den Nutzer betreibbaren Ka-
libriermessvorgangs bereitstellt, und ein vom Nutzer
auswahlbares Akzeptanzelement oder einen vom
Nutzer auswahlbaren Akzeptanzknopf bereitstellt,
der die vom Nutzer betreibbare Einrichtung zum Ak-
zeptieren schafft, um einem Nutzer zu erméglichen,
die Kalibrieroberflachentopographiedaten, die durch
das angezeigte Bild wiedergegeben werden, entwe-
der zu akzeptieren oder abzulehnen.

Vorrichtung nach einem der Anspriche 6 bis 10, 14
oder 20, wobei die Referenzkalibrierungseinrichtung
eine  Einrichtung zum  Bereitstellen einer
Referenzkalibrierungsbenutzerschnittstelle auf-
weist, um eine Anzeige zu veranlassen, eine Benut-
zerschnittstelle anzuzeigen, die ein Bildanzeigefen-
ster zum Anzeigen eines Bilds, das Oberflachento-
pographiedaten wiedergibt, die Einrichtung zum An-
weisen des Nutzers, ein vom Nutzer wahlbares Star-
telement oder einen vom Nutzer wahlbaren Start-
knopf, das oder der die Einrichtung zum Initiieren
des durch den Nutzer betreibbaren Kalibrier-
messvorgangs bereitstellt, ein vom Nutzer wahlba-
res Akzeptanzelement oder einen vom Nutzer wahl-
baren Akzeptanzknopf, das oder der die vom Nutzer
betreibbare Einrichtung zum Akzeptieren schafft, um
einem Nutzer zu ermdglichen, die Kalibrieroberfla-
chentopographiedaten, die durch das angezeigte
Bild wiedergegeben werden, entweder zu akzeptie-
ren oder abzulehnen, und ein Anzeigefenster zum
Anzeigen des Oberflachenrauheitsindikators bereit-
stellt.

Vorrichtung nach einem der Anspriiche 11 bis 15,
wobei die Referenzkalibrierungseinrichtung eine
Einrichtung zum Bereitstellen einer Referenzkali-
brierungsbenutzerschnittstelle aufweist, um eine
Anzeige zu veranlassen, eine Benutzerschnittstelle
anzuzeigen, die ein Bildanzeigefenster, um ein Bild
anzuzeigen, das Oberflachentopographiedaten wie-
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dergibt, die Einrichtung zum Anweisen des Nutzers,
ein vom Nutzer wahlbares Startelement oder einen
vom Nutzer wahlbaren Startknopf, das oder der die
Einrichtung zum Initiieren des nutzerbedienbaren
Kalibriermessvorgangs bereitstellt, ein vom Nutzer
wahlbares Akzeptanzelement oder einen vom Nut-
zer wahlbaren Akzeptanzknopf, das oder der die
vom Nutzer betreibbare Einrichtung zum Akzeptie-
ren bereitstellt, um einem Nutzer zu ermdglichen,
die Kalibrieroberflichentopographiedaten, die durch
das angezeigte Bild wiedergegeben werden, entwe-
der zu akzeptieren oder abzulehnen, und ein Anzei-
gefenster zum Anzeigen des Referenzanderungsin-
dikators bereitstellt.

Vorrichtung nach Anspruch 14 oder 15, wobei die
Referenzkalibrierungseinrichtung eine Einrichtung
zum Bereitstellen einer Referenzkalibrierungsbe-
nutzerschnittstelle aufweist, um eine Anzeige dazu
zu veranlassen, eine Benutzerschnittstelle anzuzei-
gen, die ein Bildanzeigefenster, um ein Bild anzu-
zeigen, das Oberflachentopographiedaten wieder-
gibt, die Einrichtung zum Anweisen des Nutzers, ein
vom Nutzer wahlbares Startelement oder einen vom
Nutzer wahlbaren Startknopf, das oder der die vom
Nutzer betreibbare Einrichtung zum Initiieren des
Kalibriermessvorgangs bereitstellt, ein vom Nutzer
auswahlbares Akzeptanzelement oder einen vom
Nutzer wahlbaren Akzeptanzknopf, das oder der die
vom Nutzer betreibbare Akzeptanzeinrichtung be-
reitstellt, um einem Nutzer zu ermdglichen, die
Kalibrierungsoberflachentopographiedaten, die
durch das angezeigte Bild wiedergegeben werden,
entweder zu akzeptieren oder abzulehnen, und An-
zeigefenster zum Anzeigen der Oberflachenrauheit
und der Referenzénderungsindikatoren bereitstellt.

Vorrichtung nach einem der vorhergehenden An-
spriiche, weiter mit einer Einrichtung zur Steuerung
der Anzeige der gemittelten Oberflachentopogra-
phiedaten, um ein Bild anzuzeigen, das die gemit-
telten Oberflachentopographiedaten wiedergibt.

Vorrichtung nach einem der vorhergehenden An-
spriiche, weiter mit einer vom Nutzer betreibbaren
Akzeptanzeinrichtung flr die Kalibrierung, um einem
Nutzer zu ermdglichen, die Referenzflachenmerk-
malsdaten entweder zu akzeptieren oder abzuleh-
nen.

Vorrichtung nach Anspruch 21, weiter mit einer Zu-
griffseinrichtung, um auf vorherige Referenzflachen-
merkmalsdaten zuzugreifen, wenn der Nutzer die
Kalibrierung zurtickweist.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Referenzkalibrierungssteuerein-
richtung betreibbar ist, um die Steuereinrichtung zu
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veranlassen, die Erfassungseinrichtung so zu steu-
ern, dass diese wahrend eines Kalibriermessvor-
gangs die gesamte Referenzflache erfasst.

Vorrichtung nach einem der vorhergehenden An-
spriiche, wobei die Erfassungseinrichtung eine Viel-
zahl von Erfassungselementen umfasst und minde-
stens in einem Oberflichenmessmodus betreibbar
ist, um bindre Oder-Ausgaben von einer Anzahl von
Erfassungselementen zu kombinieren, die Licht wie-
dergeben, das wahrend eines Messvorgangs auf ei-
nem Muster von einer Anzahl von benachbarten
Oberflachengebieten erfasst wurde, um Oberfla-
chentopographiedaten fir Oberflachenbereiche zu
erhalten, die jeweils die Anzahl von benachbarten
Oberflachengebiete umfassen, und wobei die
Referenzflachenmerkmalskompensationseinrich-
tung betreibbar ist, um die Referenzflachenmerk-
malsdaten fir dieselbe Anzahl von benachbarten
Oberflachengebieten vor der Anpassung der Ober-
flachentopographiedaten anzupassen.

Verfahren zum Kalibrieren einer Oberflachenprofi-
labtastvorrichtung, um Oberflachentopographieda-
ten fir eine Oberflache eines Musters zu erhalten,
wobei die Vorrichtung Folgendes aufweist:

eine Musterhalteeinrichtung zum Halten des
Musters;

eine Lichtleiteinrichtung zum Leiten von Licht
entlang eines Musterwegs hin zu der Muster-
oberflache und entlang eines Referenzwegs hin
zu einer Referenzflache so, dass Licht, das
durch entsprechende Gebiete der Musterober-
flache und der Referenzflache reflektiert wird,
interferiert, um Interferenzmuster zu schaffen,
die einen Koharenzspitzenwert aufweisen;
eine Bewegungseinrichtung, um eine Relativbe-
wegung entlang eines Messwegs zwischen der
Musteroberflaiche und der Referenzflache zu
bewirken;

eine Erfassungseinrichtung, um fir jeden aus
einer Anzahl von Bereichen der Musteroberfla-
che Licht zu erfassen, das die Interferenzmuster
wiedergibt, die durch das entsprechende Gebiet
der Musteroberflache wahrend der Relativbe-
wegung erzeugt werden;

eine Steuereinrichtung, um einen Messvorgang
durchzuftihren, indem die Bewegungseinrich-
tung dazu veranlasst wird, die Relativbewegung
zu bewirken, wahrend die Erfassungseinrich-
tung die Lichtintensitat in Intervallen erfasst, um
fur jeden aus der Anzahl von Bereichen einen
Satz von Lichtintensitatsdaten zu erzeugen, die
Interferenzmuster wiedergeben, die wahrend
dieser Relativbewegung durch dieses Gebieter-
zeugt werden;

eine Datenverarbeitungseinrichtung zum Verar-
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beiten der Satze von Lichtintensitatsdaten, um
aus den Lichtintensitatsdatenwerten, die mit je-
dem erfassten Bereich verknipft sind, eine Po-
sition entlang des Messwegs zu bestimmen, auf
dem ein Koharenzspitzenwertin den Lichtinten-
sitatsdaten flr diesen erfassten Bereich auftritt;
und

eine Oberflachentopographiebestimmungsein-
richtung, um aus den Positionen, an denen der
Koharenzwert in den Lichtintensitatsdaten fiir
die unterschiedlichen erfassten Bereiche auf-
tritt, die relativen Oberflachenhdéhen der unter-
schiedlichen erfassten Bereiche zu bestimmen,
um Oberflachentopographiedaten zu schaffen,
wobei das Verfahren die folgenden Schritte um-
fasst:

Anweisen eines Nutzers, eine Anzahl von
Kalibriermessvorgédngen unter Verwen-
dung eines Kalibriermusters durchzufiih-
ren, das eine Kalibrierflache aufweist;
Veranlassen eines Betriebs der Steuerein-
richtung, der Datenverarbeitungseinrich-
tung und der Oberflachentopographiebe-
stimmungseinrichtung als Antwort auf den
Betrieb einer vom Nutzer betreibbaren Ein-
richtung zum Initieren eines Kalibrier-
messvorgangs, um einen Kalibriermess-
vorgang durchzufiihren, um Kalibrierober-
flachentopographiedaten fiir das Kalibrier-
muster zu erhalten;

Veranlassen, dass einen Anzeige dem Nut-
zer ein Bild anzeigt, das die Kalibrierober-
flachentopographiedaten wiedergibt, die in
dem Kalibriermessvorgang erhalten wur-
den;

Berechnen von gemittelten Oberflichento-
pographiedaten unter Verwendung der
Kalibrieroberflachentopographiedaten, die
der Nutzer akzeptiert hat, fiir die Anzahl von
Kalibriermessvorgéngen, um Referenzfla-
chenmerkmalsdaten bereitzustellen; und
Speichern der gemittelten Oberflachento-
pographiedaten als Referenzflachenmerk-
malsdaten.

Verfahren nach Anspruch 25, wobei der Schritt des
Berechnens der gemittelten Oberflache jedes Mal
einen amplitudenerhaltenden Mittelwert berechnet,
wenn der Nutzer die Kalibrieroberflachentopogra-
phiedaten fiir einen Kalibriermessvorgang akzep-
tiert.

Verfahren nach Anspruch 26, wobei der Schritt des
Berechnens der gemittelten Oberflache die gemit-
telten Oberflachendaten berechnet, indem er die ge-
mittelten Oberflachendaten als die Kalibrieroberfla-
chentopographiedaten fiir einen ersten akzeptierten
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Kalibriermessvorgang festlegt und dann fir jeden
nachfolgenden akzeptierten Kalibriermessvorgang
einen ersten vorab festgelegten Anteil dieser
Kalibrieroberflachentopographiedaten zu einem
zweiten vorab festgelegten Anteil der geltenden mitt-
leren Oberflachendaten addiert.

Verfahren nach Anspruch 26, wobei der Schritt des
Berechnens der gemittelten Oberflache die gemit-
telten Oberflachendaten berechnet, indem er die ge-
mittelten Oberflichendaten als die Kalibrieroberfla-
chentopographiedaten fir einen ersten akzeptierten
Kalibriermessvorgang festlegt und dann fir jeden
nachfolgenden akzeptierten Kalibriermessvorgang
einen ersten vorab festgelegten Anteil dieser
Kalibrieroberflachentopographiedaten zu einem
zweiten vorab festgelegten Anteil der geltenden mitt-
leren Oberflachendaten addiert, wobei der erste vor-
ab festgelegte Anteil 1/n ist und der zweite vorab
festgelegte Anteil (n-1)/n ist.

Verfahren nach Anspruch 26, wobei der Schritt des
Berechnens der gemittelten Oberflache die gemit-
telten Oberflachendaten berechnet, indem er die ge-
mittelten Oberflaichendaten als die Kalibrieroberfla-
chentopographiedaten fir einen ersten akzeptierten
Kalibriermessvorgang festlegt und dann fir jeden
nachfolgenden akzeptierten Kalibriermessvorgang
einen ersten vorab festgelegten Anteil dieser
Kalibrieroberflachentopographiedaten zu einem
zweiten vorab festgelegten Anteil der geltenden mitt-
leren Oberflachendaten addiert, wobei der erste vor-
ab festgelegte Anteil 1/x ist und der zweite vorab
festgelegte Anteil (x-1)/x ist, wobei x eine Zahl ist,
die flr den zweiten akzeptierten Kalibriermessvor-
gang mit 2 beginnt und mit jedem nachfolgenden
akzeptierten Kalibriermessvorgang um 1 steigt.

Verfahren nach einem der Anspriiche 25 bis 29, wei-
ter mit den Schritten des Bestimmens eines Ober-
flachenrauheitsindikators aus den gemittelten Ober-
flachendaten und den Oberflachentopographieda-
tenund des Weitergebens des Oberflaichenrauheits-
indikators an den Nutzer.

Computerprogrammbefehle zum Programmieren ei-
ner Prozessoreinrichtung zum Durchfiihren eines
Verfahrens nach einem der Anspriiche 25 bis 30.

Signal, das Computerprogrammbefehle gemaf An-
spruch 31 umfasst.

Speichermedium, das Computerprogrammbefehle
gemal Anspruch 31 umfasst.
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Revendications lonnage de référence comprenant :

1. Appareil de profilage de surface pour obtenir des des moyens d’instruction d'utilisateur
données de topographie de surface pour une surface pour ordonner a un utilisateur d’effec-
d’un échantillon, I'appareil comprenant : 5 tuer un certain nombre d’opérations de

des moyens de support d’échantillon pour sup-
porter I'échantillon,
des moyens de direction de lumiére pour diriger

mesure d’étalonnage en utilisant un
échantillon d’étalonnage ayant une
surface d’étalonnage,

des moyens d'initiation de mesure

la lumiére le long d’'un trajet d’échantillon vers 10 d’étalonnage actionnables par I'utilisa-
la surface d’échantillon et le long d’un trajet de teur pour initier une opération de me-
référence vers une surface de référence de sor- sure d’étalonnage,
te que les lumieres réfléchies par des régions des moyens de commande d’étalonna-
correspondantes de la surface d’échantillon et ge pour entrainer, en réponse a I'opé-
de la surface de référence interférent pour four- 75 ration des moyens d'initiation de mesu-
nir des franges d’interférence ayant un pic de re d’étalonnage, [I'opération des
cohérence, moyens de commande, des moyens de
des moyens de déplacement pour effectuer un traitement de données et des moyens
déplacementrelatif le long d’un trajet de mesure de détermination de topographie de
entre la surface d’échantillon et la surface de 20 surface pour exécuter une opération de
référence, mesure d’étalonnage afin d’obtenir des
des moyens de détection pour détecter, pour données de topographie de surface
chaque région parmi un certain nombre de ré- d’étalonnage pour I'échantillon d’éta-
gions de la surface d’échantillon, de la lumiere lonnage,
représentant les franges d’interférence produi- 25 des moyens de commande d’affichage
tes par cette région de surface d’échantillon pen- pour amener un écran a afficher a l'uti-
dant ledit déplacement relatif, lisateur une image représentant les
des moyens de commande pour exécuter une données de topographie de surface
opération de mesure en amenant lesdits d’étalonnage obtenues lors de 'opéra-
moyens de déplacement a effectuer leditdépla- 30 tion de mesure d’étalonnage,
cement relatif alors que lesdits moyens de dé- des moyens d’acceptation de mesure
tection détectent l'intensité lumineuse selon des actionnables par I'utilisateur pour per-
intervalles pour fournir, pour chaque région par- mettre a un utilisateur soit d’accepter
mi le nombre de régions, un ensemble de don- soit de rejeter les données de topogra-
nées d’intensité lumineuse représentant des 35 phie de surface d’étalonnage représen-
franges d’interférence produites par cette région tées par les images affichées,
pendant ledit déplacement relatif, des moyens de calcul de surface
des moyens de traitement de données pour trai- moyenne pour utiliser des données de
ter les ensembles de données d’intensité lumi- topographie de surface d’étalonnage
neuse afin de déterminer a partir des valeurs de 40 acceptées par l'utilisateur pour ledit
données d’intensité lumineuse associées a cha- nombre d’opérations de mesure d’éta-
que région détectée une position le long du trajet lonnage afin de calculer des données
de mesure a laquelle un pic de cohérence sur- de topographie de surface moyenne
vient dans les données d’intensité de lumiére pour fournir des données de caracté-
pour cette région détectée, et 45 ristiques de surface de référence, et
des moyens de détermination de topographie des moyens de compensation de ca-
de surface pour déterminer a partir des positions ractéristiques de surface de référence
auxquelles le pic de référence survient dans les pour ajuster des données de topogra-
données d’intensité lumineuse pour les différen- phie de surface obtenues pour une sur-
tes régions détectées les hauteurs de surface 50 face d’échantillon conformément aux
relatives des différentes régions détectées pour données de caractéristiques de surfa-
fournir des données de topographie de surface, ce de référence.
'appareil comprenant en outre :

Appareil selon la revendication 1, dans lequel les

55

des moyens d’étalonnage de référence
pour I'étalonnage de 'appareil afin de com-
penser des caractéristiques de surface de
la surface de référence, les moyens d’éta-

21

moyens de calcul de surface moyenne sont opéra-
tionnels pour calculer une moyenne de conservation
d’amplitude a chaque fois que l'utilisateur accepte
les données de topographie de surface d’étalonnage
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pour une opération de mesure d’étalonnage.

Appareil selon la revendication 2, dans lequel les
moyens de calcul de surface moyenne sont opéra-
tionnels pour calculer les données de surface
moyenne en établissant les données de surface
moyenne en tant que données de topographie de
surface d’étalonnage pour une premiére opération
de mesure d’étalonnage acceptée et ensuite, pour
chaque opération de mesure d’étalonnage acceptée
successive, en ajoutant une premiére proportion
prédéterminée de ces données de topographie de
surface d’étalonnage a une seconde proportion pré-
déterminée des données de surface moyenne cou-
rantes.

Appareil selon la revendication 2, dans lequel les
moyens de calcul de surface moyenne sont opéra-
tionnels pour calculer les données de surface
moyenne en établissant les données de surface
moyenne en tant que données de topographie de
surface d’étalonnage pour une premiére opération
de mesure d’étalonnage acceptée et ensuite, pour
chaque opération de mesure d’étalonnage acceptée
successive, en ajoutant une premiéere proportion
prédéterminée de ces données de topographie de
surface d’étalonnage a une seconde proportion pré-
déterminée des données de surface moyenne cou-
rantes, dans lequel la premiére proportion prédéter-
minée est 1/n et la seconde proportion prédétermi-
née est (n-1)/n.

Appareil selon la revendication 2, dans lequel les
moyens de calcul de surface moyenne sont opéra-
tionnels pour calculer les données de surface
moyenne en établissant les données de surface
moyenne en tant que données de topographie de
surface d’étalonnage pour une premiére opération
de mesure d’étalonnage acceptée et ensuite, pour
chaque opération de mesure d’étalonnage acceptée
successive, en ajoutant une premiére proportion
prédéterminée de ces données de topographie de
surface d’étalonnage a une seconde proportion pré-
déterminée des données de surface moyenne cou-
rantes, dans lequel la premiére proportion prédéter-
minée est 1/x et la seconde proportion prédétermi-
née est (x-1)/x ou x est un compte commengant a la
valeur 2 pour la seconde opération de mesure d’éta-
lonnage acceptée etenl'incrémentant de 1 a chaque
opération de mesure d’étalonnage acceptée ulté-
rieure.

Appareil selon I'une quelconque des revendications
précédentes, comprenant en outre des moyens de
détermination de rugosité de surface pour détermi-
ner, a partir des données de surface moyenne etdes
données de topographie de surface, un indicateur
de rugosité de surface, et des moyens fournissant
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un indicateur de rugosité de surface pour fournir I'in-
dicateur de rugosité de surface a I'utilisateur.

Appareil selon 'une quelconque des revendications
2 a 5, comprenant en outre des moyens de détermi-
nation de rugosité de surface pour déterminer, a cha-
que fois qu’une opération de mesure d’étalonnage
est exécutée, un indicateur de rugosité de surface
utilisant les données de surface moyenne courantes
et des données de topographie de surface et des
moyens d’affichage d’indicateur de rugosité de sur-
face pour afficher I'indicateur de rugosité de surface
a l'utilisateur.

Appareil selon la revendication 6 ou 7, dans lequel
les moyens de détermination de rugosité de surface
sont opérationnels pour déterminer I'indicateur de
rugosité de surface en utilisant des données déri-
vées en soustrayant les données de surface moyen-
ne des données de topographie de surface.

Appareil selon la revendication 6 ou 7, dans lequel
les moyens de détermination de rugosité de surface
sont opérationnels pour déterminer I'indicateur de
rugosité de surface en déterminant la valeur quadra-
tigue moyenne des données de surface moyenne
ou en déterminant la valeur quadratique moyenne
de données obtenues en soustrayant les données
de surface moyenne des données de topographie
de surface.

Appareil selon la revendication 6 ou 7, dans lequel
les moyens de détermination de rugosité de surface
sont opérationnels pour déterminer I'indicateur de
rugosité de surface en déterminant une valeur de
créte a créte de données obtenues en soustrayant
les données de surface moyenne des données de
topographie de surface.

Appareil selon 'une quelconque des revendications
précédentes, comprenant en outre des moyens de
détermination de données de changement de réfé-
rence pour déterminer un indicateur de changement
de référence a partir de données représentant un
changementdans les données de caractéristique de
surface de référence depuis un étalonnage précé-
dent et des moyens fournissant un changement de
référence pour fournir l'indicateur de changementde
référence a l'utilisateur.

Appareil selon I'une quelconque des revendications
1 a 10, comprenant en outre des moyens de déter-
mination de données de changement de référence
pour déterminer un indicateur de changement de ré-
férence en utilisant des données représentant un
changement dans les données de caractéristiques
de surface de référence depuis un étalonnage pré-
cédent et des moyens d’affichage d’indicateur de



13.

14.

15.

16.

17.

43

changement de référence pour afficher 'indicateur
de changement de référence a I'utilisateur.

Appareil selon larevendication 11 ou 12, dans lequel
les moyens de détermination de données de chan-
gement de référence sont opérationnels pour déter-
miner l'indicateur de changement de référence en
soustrayant les données de caractéristiques de sur-
face de référence courantes des données de carac-
téristiques de surface de référence précédentes afin
d’obtenir des données de différence et en détermi-
nant la valeur quadratique moyenne des données
de différence.

Appareil selon I'une quelconque des revendications
6 a 11, comprenant en outre des moyens de déter-
mination de données de changement de référence
pour déterminer un indicateur de changement de ré-
férence en utilisant des données représentant un
changement de l'indicateur de rugosité de surface
depuis un étalonnage précédent et des moyens d’af-
fichage d’indicateur de changement de référence
pour afficher I'indicateur de changement de référen-
ce a l'utilisateur.

Appareil selon la revendication 14, dans lequel les
moyens de détermination de données de change-
ment de référence sont opérationnels pour détermi-
ner l'indicateur de changement de référence en
soustrayant I'indicateur de rugosité de surface cou-
rant de I'indicateur de rugosité de surface précédent.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel les moyens d’étalonnage
de référence ont des moyens fournissant une inter-
face utilisateur d’étalonnage de référence pour ame-
ner un écran a afficher une interface utilisateur qui
fournitune fenétre d’affichage d’'image afin d’afficher
une image représentant des données de topogra-
phie de surface, les moyens d’instruction d’utilisa-
teur, un élément ou un bouton de départ sélection-
nable par l'utilisateur fournissant les moyens d’ini-
tiation de mesure d’étalonnage actionnables par
I'utilisateur etun élément ou un bouton d’acceptation
sélectionnable par ['utilisateur fournissant les
moyens d’acceptation actionnables par I'utilisateur
pour permettre a un utilisateur soit d’accepter soit
de rejeter les données de topographie de surface
d’étalonnage représentées par I'image affichée.

Appareil selon I'une quelconque des revendications
6 a 10, 14 et 20, dans lequel les moyens d’étalon-
nage de référence ont des moyens fournissant une
interface utilisateur d’étalonnage de référence pour
amener un écran a afficher une interface utilisateur
qui fournit une fenétre d’affichage d'image destinée
a afficher une image représentant des données de
topographie de surface, les moyens d’instruction
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d’utilisateur, un élément ou un bouton de départ sé-
lectionnable par I'utilisateur fournissant les moyens
d’initiation de mesure d’étalonnage actionnables par
I'utilisateur, un élément ou un bouton d’acceptation
sélectionnable par ['utilisateur fournissant les
moyens d’acceptation actionnables par I'utilisateur
pour permettre a un utilisateur soit d’accepter soit
de rejeter les données de topographie de surface
d’étalonnage représentées par 'image affichée, et
une fenétre d’affichage pour afficher I'indicateur de
rugosité de surface.

Appareil selon I'une quelconque des revendications
11 a 15, dans lequel les moyens d’étalonnage de
référence ont des moyens fournissant une interface
utilisateur d’étalonnage de référence pour amener
un écran a afficher une interface utilisateur quifournit
une fenétre d’affichage d’'image destinée a afficher
une image représentant des données de topogra-
phie de surface, les moyens d’'instruction d’utilisa-
teur, un élément ou un bouton de départ sélection-
nable par I'utilisateur fournissant les moyens d’ini-
tiation de mesure d’étalonnage actionnables par
I'utilisateur, un élément ou un bouton d’acceptation
sélectionnable par [utilisateur fournissant les
moyens d’acceptation actionnables par I'utilisateur
pour permettre a un utilisateur soit d’accepter soit
de rejeter les données de topographie de surface
d’étalonnage représentées par 'image affichée, et
une fenétre d’affichage pour afficher I'indicateur de
changement de référence.

Appareil selon larevendication 14 ou 15, dans lequel
les moyens d’étalonnage de référence ont des
moyens fournissant une interface utilisateur d’éta-
lonnage de référence pour amener un écran a affi-
cher une interface utilisateur qui fournit une fenétre
d’affichage d’image destinée a afficher une image
représentant des données de topographie de surfa-
ce, les moyens d’instruction d'utilisateur, un élément
ou un bouton de départ sélectionnable par I'utilisa-
teur fournissant les moyens d’initiation de mesure
d’étalonnage actionnables par I'utilisateur, un élé-
ment ou un bouton d’acceptation sélectionnable par
I'utilisateur fournissant les moyens d’acceptation ac-
tionnables par I'utilisateur pour permettre a un utili-
sateur soit d’accepter soit de rejeter les données de
topographie de surface d’étalonnage représentées
par I'image affichée, et des fenétres d’affichage pour
afficher les indicateurs de changement de référence
et du rugosité de surface.

Appareil selon 'une quelconque des revendications
précédentes, comprenant en outre des moyens de
commande d’affichage de données de topographie
de surface moyenne pour afficher une image repré-
sentant les données de topographie de surface
moyenne.
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Appareil selon I'une quelconque des revendications
précédentes, comprenant en outre des moyens
d’acceptation d’étalonnage actionnables par I'utili-
sateur pour permettre a un utilisateur soit d’accepter
soit de rejeter les données de caractéristiques de
surface de référence.

Appareil selon la revendication 21, comprenant en
outre des moyens d’acces pour accéder a des don-
nées de caractéristiques de surface de référence
précédentes lorsque I'utilisateur rejette I'étalonnage.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel les moyens de commande
d’étalonnage de référence sont opérationnels pour
amener les moyens de commande a commander les
moyens de détection afin de détecter la totalité de
la surface de référence pendant une opération de
mesure d’étalonnage.

Appareil selon I'une quelconque des revendications
précédentes, dans lequel les moyens de détection
disposent d’une pluralité d’éléments de détection et
sont opérationnels, dans au moins un mode de me-
sure de surface, pour combiner ou regrouper des
sorties d’un certain nombre d’éléments de détection
représentant de la lumiére détectée depuis un cer-
tain nombre de régions de surface adjacentes pen-
dant une opération de mesure sur une surface
d’échantillon afin d’obtenir des données de topogra-
phie de surface pour des zones de surface, chacune
comprenant ledit nombre de régions de surface ad-
jacentes etdans lequel les moyens de compensation
de caractéristiques de surface de référence sont
opérationnels pour combiner les données de carac-
téristiques de surface de référence pour le méme
nombre de régions de surface adjacentes avant
d’ajuster les données de topographie de surface.

Procédé d’étalonnage d’un appareil de profilage de
surface afin d’obtenir des données de topographie
de surface pour une surface d’un échantillon, I'ap-
pareil comprenant :

des moyens de support d’échantillon pour sup-
porter I'échantillon,

des moyens de direction de lumiere pour diriger
la lumiére le long d’un trajet d’échantillon vers
la surface d’échantillon et le long d’un trajet de
référence vers une surface de référence de sor-
te que les lumieres réfléchies par des régions
correspondantes de la surface d’échantillon et
de la surface de référence interférent pour four-
nir des franges d’interférence ayant un pic de
cohérence,

des moyens de déplacement pour effectuer un
déplacementrelatif le long d’un trajet de mesure
entre la surface d’échantillon et la surface de
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référence,

des moyens de détection pour détecter, pour
chaque région parmi un certain nombre de ré-
gions de la surface d’échantillon, de la lumiere
représentant les franges d’interférence produi-
tes par cette région de surface d’échantillon pen-
dant ledit déplacement relatif,

des moyens de commande pour exécuter une
opération de mesure en amenant lesdits
moyens de déplacement a effectuer ledit dépla-
cement relatif alors que lesdits moyens de dé-
tection détectent une intensité lumineuse selon
des intervalles pour fournir, pour chaque région
parmi le nombre de régions, un ensemble de
données d'’intensité lumineuse représentant
des franges d’interférence produites par cette
région pendant ledit déplacement relatif,

des moyens de traitement de données pour trai-
ter les ensembles de données d’intensité lumi-
neuse afin de déterminer, a partir des valeurs
de données d'intensité lumineuse associées a
chaque région détectée, une position le long du
trajet de mesure a laquelle un pic de cohérence
survientdans les données d’'intensité de lumiere
pour cette région détectée, et

des moyens de détermination de topographie
de surface pour déterminer, a partir des posi-
tions auxquelles le pic de référence survient
dansles données d’intensité lumineuse pour les
différentes régions détectées, les hauteurs de
surface relatives des différentes régions détec-
tées pour fournir des données de topographie
de surface,

le procédé comprenant les étapes consistanta :

ordonner a un utilisateur d’effectuer un cer-
tain nombre d’opérations de mesure d’éta-
lonnage en utilisant un échantillon d’étalon-
nage ayant une surface d’étalonnage,
entrainer, en réponse a l'opération de
moyens d'initiation de mesure d’étalonnage
actionnables par [l'utilisateur, I'opération
des moyens de commande, des moyens de
traitement de données et des moyens de
détermination de topographie de surface
pour exécuter une opération de mesure
d’étalonnage afin d’obtenir des données de
topographie de surface d’étalonnage pour
I'échantillon d’étalonnage,

amenerun écran aafficheral'utilisateurune
image représentant les données de topo-
graphie de surface d’étalonnage obtenues
lors de I'opération de mesure d’étalonnage,
calculer des données de topographie de
surface moyenne en utilisant des données
de topographie de surface d’étalonnage ac-
ceptées par I'utilisateur pour ledit nombre
d’'opérations de mesure d’étalonnage afin
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de fournir des données de caractéristiques
de surface de référence, et

mémoriser les données de topographie de
surface moyenne en tant que données de
caractéristiques de surface de référence.

Procédé selon la revendication 25, dans lequel I'éta-
pe de calcul de surface moyenne calcule une moyen-
ne de conservation d’amplitude a chaque fois que
I'utilisateur accepte les données de topographie de
surface d’étalonnage pour une opération de mesure
d’étalonnage.

Procédé selon la revendication 26, dans lequel I'éta-
pe de calcul de surface moyenne calcule les don-
nées de surface moyenne en établissant les don-
nées de surface moyenne en tant que données de
topographie de surface d’étalonnage pour une pre-
miére opération de mesure d’étalonnage acceptée
et ensuite, pour chaque opération de mesure d’éta-
lonnage acceptée successive, en ajoutant une pre-
miere proportion prédéterminée de ces données de
topographie de surface d’étalonnage a une seconde
proportion prédéterminée des données de surface
moyenne courantes.

Procédé selon la revendication 26, dans lequel I'éta-
pe de calcul de surface moyenne calcule les don-
nées de surface moyenne en établissant les don-
nées de surface moyenne en tant que données de
topographie de surface d’étalonnage pour une pre-
miére opération de mesure d’étalonnage acceptée
et ensuite, pour chaque opération de mesure d’éta-
lonnage acceptée successive, en ajoutant une pre-
miere proportion prédéterminée de ces données de
topographie de surface d’étalonnage a une seconde
proportion prédéterminée des données de surface
moyenne courantes, dans lequel la premiére propor-
tion prédéterminée est 1/n et la seconde proportion
prédéterminée est (n-1)/n.

Procédé selon la revendication 26, dans lequel I'éta-
pe de calcul de surface moyenne calcule les don-
nées de surface moyenne en établissant les don-
nées de surface moyenne en tant que données de
topographie de surface d’étalonnage pour une pre-
miére opération de mesure d’étalonnage acceptée
et ensuite, pour chaque opération de mesure d’éta-
lonnage acceptée successive, en ajoutant une pre-
miere proportion prédéterminée de ces données de
topographie de surface d’étalonnage a une seconde
proportion prédéterminée des données de surface
moyenne courantes, dans lequel la premiére propor-
tion prédéterminée est 1/x et la seconde proportion
prédéterminée est (x-1)/x ou x est un compte com-
mencant a la valeur 2 pour la seconde opération de
mesure d’étalonnage acceptée et en I'incrémentant
de 1 a chaque opération de mesure d’étalonnage
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acceptée ultérieure.

Procédé selon 'une quelconque des revendications
25 a 29, comprenant en outre les étapes consistant
adéterminer a partir des données de surface moyen-
ne et des données de topographie de surface un
indicateur de rugosité de surface et a afficher I'indi-
cateur de rugosité de surface a I'utilisateur.

Instructions de programme informatique pour pro-
grammer des moyens de processeur afin de mettre
en oeuvre un procédé selon I'une quelconque des
revendications 25 a 30.

Signal comprenant des instructions de programme
informatique conformément a la revendication 31.

Support de mémorisation comprenant des instruc-
tions de programme informatique conformément a
la revendication 31.
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