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[57] ABSTRACT

A fractal-based or “patchwork” method for analyzing
topographic data simulates covering the surface of a
specimen surface with triangular patches in order to
determine the relative surface area which is a function
of patch size or scale of observation or interaction. The
specimen surface has X and Y horizontal axes and a
vertical Z axis. Height data is obtained for each point of
a grid network of points on the surface, the points being
arranged in parallel rows and the rows being spaced.
The specimen surface is defined with triangles having a
surface area equal to a preselected patch area value. The
total area of the planar triangles is calculated to obtain
a total measured area of value. The area of the specimen
surface in the X-Y plane that is defined by the triangles
is calculated to obtain a total measured area value. The
total measured area value is divided by the total pro-
jected area value to obtain a relative area value. The
relative values for several patch area values are plotted
to obtain a slope and a threshold, or crossover, point.
The threshold is indicative of a point which separates
the relatively large scales of observation or interaction
which are best described by Euclidean geometry from
those smaller ones which are best described by fractal
geometry.

14 Claims, 10 Drawing Sheets
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METHOD OF QUANTIFYING THE
TOPOGRAPHIC STRUCTURE OF A SURFACE

BACKGROUND OF THE INVENTION

The present invention relates generally to a fractal-
based method of analyzing topographic data and partic-
ularly data which is acquired by the use of electronic
profiling, or profilometry, apparatus such as a scanning
tunneling microscope (STM), atomic force microscopy
(AFM), scanning profilometry, etc. or by stereophoto-
grametry.

The purpose of the invention is to reduce large topo-
graphic data sets and produce parameters that retain the
essence of the surface topography for predicting surface
behavior and correlating with manufacturing process
variables for surface creation.

Interactions with surfaces can be considered to have
a characteristic range of sizes or scales over which the
interaction takes place. In the case of corrosion or con-
tamination, the characteristic scale would appear to be
in the range of atomic sizes, for powder coating it
would appear to be the powder size, in the case of ma-
chining defects on surfaces on hard aluminum alloys the
characteristic size would be the size of the iron rich
intermetallic particles in the alloy. To correlate well
with behavior or surface creation, the topographic data
on which the analysis is based could contain data at the
scales characteristic of the interactions; alternatively,
fractal analysis could provide means for extrapolating
the results of the analysis to finer scales, provided multi-
fractal behavior does not exist in scales over which the
extrapolation takes place.

Fractal description of a surface differs from that of
which can be provided by Euclidian geometry. Fractal
geometry is utilized to describe the random or chaotic
nature of the morphologies of surfaces. The area of
surfaces, that have a random or chaotic geometric com-
ponent, is a function of the scale of observation, i.e., the
area does not have a unique value but varies with scale.

One method involves sectioning a sample perpendic-
ular to the surface and imaging the resulting profile
with scanning electron microscope or optical micros-
copy. The image is measured so that the profile can be
analyzed mathematically. This must be repeated many
times to fully characterize a surface. It does not take
into account the areas between the profiles and only
accounts for the relationship between one profile to
adjacent profiles if care is taken in the sectioning.

Stylus profilometry is the most widely used method
of gathering topographic data. Profilometry is gener-
ally limited to cross sections (i.e., z=z(x)) and consists
of approximately 5,000 data points after digitalization. It
is possible to scan or raster the surface using a profilom-
eter, although scanning is used infrequently. In conven-
tional stylus profilometry the stylus has a radius of 1 to
10 pum, a finite contact force and is, therefore, insensi-
tive to the fine scales at which many important surface
interactions take place. Parameters derived from a box-
counting (fractal)analysis of profilometry data have
been successfully correlated with cleanability of sur-
faces contaminated by latex spheres with diameters
about ten times smaller than the stylus tip.

STM and AFM produce topographic detail at scales
fine enough to include those characteristic of atomic
interactions with surfaces. The principle difficulty in
dealing with STM and AFM is how to reduce the large
sets of topographic points, over 100,000, and retain the
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qualities of the topography which relate to surface cre-
ation and behavior. STM topographic data has been
analyzed scan by scan, as if it were profile data. Profile
type analyses of STM or AFM data have the advantage
of using existing algorithms, although these profile type
analyses fail to make use of the information inherently
present in the lateral proximity of scans.

Measured surface area of real topographies is a func-
tion of the scale of measurement or interaction. There
are many topographically dependent phenomena whose
intensity depend on the surface area the scale at which
they interact with the surface. There is a need for a
surface analysis method that can support the systematic
and logical design of surfaces, and the processes to
create them, a method that can be used to predict the
intensity of interactions, e.g., adhesive strength, chemi-
cal reactivity, cleanability. This need exists particularly,
though not exclusively, on sub-micron scales, where
surface topographies of engineering interest tend to
have strong random or chaotic components to their
geometries, and hence have surface areas that are de-
pendent on the scale of interaction. The topography of
the earth’s surface has similar properties over certain
ranges of scale.

None of the prior art methods determine the relative,
or normalized surface areas as a function of an area
scale, with a clear physical interpretation. None of the
prior art methods use triangles of constant, or substan-
tially similar areas to determine surface areas of topo-
graphic data sets as a function of the triangle area. None
of the prior art methods deal with design applications.

These and other difficulties experienced with the
prior art devices have been obviated in a novel manner
by the present Invention.

It is a principal object of the invention to provide a
method of providing surface characterizations that are
normalized, i.e., don’t depend on the actual area which
is examined and have clear physical interpretations.

A further object of the invention is to provide a
method which is able to distinguish between scale
ranges which correspond to smooth and to rough to-
pographies, so that surfaces can be designed that can
physically integrate functions which rely on different
surface types, without having interferences between the
functions.

Another object of the invention is to provide a
method of quantifying the topographic structure of a
specimen surface from a grid of topographic points by
defining the surface in terms of patches which have a
predetermined shape and area value to obtain a mea-
sured area value and additional measured area values by
defining the specimen surface with patches having the
same shape and different predetermined area values to
provide a plurality of measured area values for analysis
of the surface topography of the specimen surface.

A further object of the present invention is the provi-
sion of a method of quantifying the topographic struc-
ture of a specimen from a grid of topographic data
points by defining the surface in terms of patches having
a predetermined shape in a manner which enables the
data relating to the grid of topographic data points to be
stored in the memory of a computer and the surface
area calculations in terms of the triangles to be calcu-
lated by the computer.

A still further object of the invention is to describe, or
characterized, the surface of an object by the way its
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apparent surface area changes with scale of observation.
This description of a surface allows a designer to:

(1) determine the intensity of an interaction (e.g.,
adhesion, chemical reactivity) with a surface, once
the scale of interaction is known by simple muitipli-
cation,

(2) determine if it is possible, and if so, how to physi-
cally integrate two or more surface related phe-
nomena on one surface while maintaining func-
tional independence, from the scales of interaction
of the phenomena, by comparing the scales of in-
teraction to the area of the surface at those scales
(or ranges of scales),

(3) design manufacturing processes to create the de-
sired surfaces, for example, by adjusting the scale
of interaction of the process with the workpiece
material, or by adjusting the constituent size, shape
and distribution in a composite workpiece.

With these and other objects in view, as will be ap-
parent to those skilled in the art, the invention resides in
the confirmation of parts set forth in the specification
and covered by the claims appended hereto.

SUMMARY OF THE INVENTION

The invention consists of a method of quantifying the
topographic structure of a specimen surface having a
first horizontal dimension parallel to a first horizontal
axis (X axis), a second horizontal dimension parallel to
a second horizontal axis (Y axis) which is normal to the
first horizontal axis and a variable vertical dimension
parallel to a vertical axis (Z axis). Height data is ob-
tained for each point of a grid network of points on the
specimen surface. The points are arranged in rows
which are parallel to the X axis and the rows are spaced
along the Y axis. The surface is defined by triangles
using the points of the grid as reference points for locat-
ing directly or by interpolation vertices of the triangles.
Each measure uses triangles that have a predetermined
path size or surface area value. A measured area value is
obtained by totalling the surface areas of all of the trian-
gles, and a normalized area is found by dividing the
measured area value by the projected area value of the
specimen in the X-Y plane which is called the relative
area and is, in general, specific to that predetermined
triangle area.

The patchwork method for analysis of topographic
data proposed here is an extension of the Richardson
coastline or compass method, classic in fractal analysis.
Rather than using line segments with a progression of
lengths to approximate the lengths of a profile at differ-
ent scales, the patchwork method uses triangles with a
progression of areas to approximate the areas of a sur-
face. The analysis can lead to a table or plot (often
log—log) of apparent surface areas versus scales of
observation. Parameters derived from these patchwork
plots are believed to be useful; for example, if the scales
of the surface interactions are know, then the number of
interactions which can occur within a projected, or
nominal surface area can be calculated.

When using triangles, fit to topographic data points
to characterize the area of a surface, there are three
criteria to consider which might be desirable:

(1) keep the area of the triangles constant,

(2) keep the shape of the triangles constant,

(3) completely cover the specimen surface with trian-

gles.
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4
It is not possible, in general, to completely cover a
surface exhibiting a random or chaotic character to its
topography with triangles of equal area and shape.

In this invention, we relax the complete coverage
criterion and account for incomplete coverage by using
the projection of the covered area to determine the
normalized or relative area. The degree of coverage and
the distribution of the area not covered, i.e., always near
the edge of the data or distributed throughout, are var-
ied to area triangles that are substantially equilateral
(distributed) or are tightly packed (near the edge).

BRIEF DESCRIPTION OF THE DRAWINGS

The character of the invention, however, may be best
understood by reference to the accompanying draw-
ings, in which:

FIG. 1 is a flow chart of the steps of one embodiment
of the method of the present invention,

FIG. 2 is a three-dimensional representation of a
specimen surface which is defined by triangles of a first
patch area,

FIG. 3 is a view similar to FIG. 2 for a second patch
area,

FIG. 4 is a view similar to FIG. 2 for a third patch
area,

FIG. 5 is a log—log plot of relative area versus patch
size for a plurality of patch area, and

FIG. 6 is a flow chart which illustrates a first varia-
tion of the method of the present invention,

FIG. 7 is a flow chart which illustrates a second
variation of the method of the present invention,

FIG. 8 is a flow chart which illustrates a third varia-
tion of the method of the present invention,

FIG. 9 is a flow chart which illustrates a fourth varia-
tion of the method of the present invention, and

FIG. 10 is a flow chart which illustrates a fifth varia-
tion of the method of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The basic steps of one embodiment of the method of
the present invention is shown in FIG. 1. A grid of data
points is obtained for a specimen surface by the use of
one of several surface measuring systems which are
currently available. Stylus profilometry is widely used
for relatively large scale surface detail. Scanning tunnel-
ing microscopy (STM) and atomic force microscopy
(AFM) is used to produce topographic detail at scales
fine enough to include those characteristic of atomic
interactions with surface Stereophotogrametry can also
be used to produce topographic data. The topographic
data points form an orthogonal array, with regular spac-
ing in the X and Y directions. The height, Z, of a point
on the surface, from an arbitrary datum parallel to the
XY plane, is given as a function of position, ie.,
z=2(X,y).

The method utilizes a progression of current patch
areas, or sizes, s;, which represent the scales of observa-
tion. As shown in block 12 of FIG. 1, a particular patch
area is chosen to measure the surface area which corre-
sponds to that particular patch area, the specimen sur-
face is defined by constructing triangles with areas as
close as possible to the current patch area. A path width
is chosen which is consistent with the current patch
area as indicated by block 14. The triangles are con-
structed along paths defined by two rows of topo-
graphic data such that the corners of the triangles lie
along one or the other of the rows as indicated in block
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16. The rows that define the path are separated by the
heights, h, of the triangles. The rows defining the path
are located at y=rjand y=r;+h, where the height, b, is
the row separation, and rjis the y position of the row.
The data rows alternatively serve as the bases of the
triangles, such that, triangles k and k+2 have bases that
lie on the same row. The sides of adjacent triangles are
shared. The third corner of each new triangle, which
determines the length of the base of the new triangle
and length and orientation of the new side, is found by
sequentially considering data points on the base, or
active, row. The areas of the resulting triangles are
calculated, as indicated in block 18, until the current
patch area, s;, is exceeded, as indicated by block 20. An
interpolation is done between this last point and the
proceeding point such that the triangular patch area
matches the current patch area, as indicated by block
22. The measured area is increased by the area of one
current patch area as indicated by block 23. A projected
area value in the X-Y plane is calculated for each trian-
gle and added to a running total, as indicated by block
25.

If, during the search for the third corner of the new
triangle, the data points in the active data row are ex-
hausted before the current patch area is exceeded, then
a new path or set of rows at y=r;+h and y+r1;+2h are
considered, see blocks 24 and 26. If the end of the data
surface is reached before a new path is defined by locat-
ing a new row (i.e.,, at y+1;4+2H) then the total mea-
sured area of all triangles with areas equal to the current
patch areas, s;, is determined (i.e., number of triangles
times the current patch area). The total measured area
of the triangles at the current patch area is divided by
their total projected area, to determine the relative area,
AR, for that patch area as indicated by block 28. Note
that the minimum relative area. found for patch areas
which are large compared to the surface features, is one.
The entire procedure is repeated for the next patch area
in some progression, e.g. logarithmic progression.

When a sufficient number of patch areas have been
considered, a log—log plot of relative area, AR, versus
corresponding patch areas s;, is generated as indicated
by block 30. A sufficient number of patch areas is that
number which allows for the calculation of the desired
parameters with the desired accuracy. The extreme on
the patch areas are a function of the data set. The maxi-
mum patch area is:

Smax=YmaxXmax/2 (1,
assuming x and y begin at zero. The minimum, meaning-
ful patch area is the square of digitized point spacing
divided by two, assuming the point spacing is equal in
the X and Y directions (Or XminYmin/2)-

Two parameters calculated from the plot are re-
ported here: the threshold (or crossover) and the slope
as indicated by block 32. These parameters are calcu-
lated in a manner similar to that described previously
for analysis of profilometry data by the compass
method. In this case, the slope is the slope of the line on
the log—log plot found from a linear regression analysis
over some specified range of patch area, e.g. two dec-
ades of patch area, (below the roughness threshold) for
which some criteria is met, e.g. the slope is the greatest
or the linear regression coefficient is greatest. The
roughness threshold is the largest scale, i.e., patch area,
for which the relative area exceeds a selected value. In
this case, as in the coastline method, the threshold is
arbitrarily chosen as the area of the largest patch, sy
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where the relative area exceeds 1 plus 10% of the maxi-
mum relative area minus one:

ARp=1=0.1(ARmax—1) 21
The maximum relative area, ARmax, is calculated by
adding the areas of the triangles formed by adjacent
data points, e.g., Xk, Xk+1, and yx, and dividing by the
total projected area, i.e., YmaxXmax. Note that log (AR-
max) i$ not plotted, because the patch area (triangle area)
is not constant, although the projected triangle area is.

Note that it may not be possible to characterize the
log—log plot with a threshold and a slope. The data
may not be taken on a fine enough scale to reach the
threshold scale. The surface, and its topographic data,
may be such that there is no linear portion on the log—-
log plot, or there may be several (multi-fractals). In
either, or both cases, there is still useful information
about the surface topography resulting from the analy-
sis.

The patch work method of the present invention is
illustrated using STM data taken by a Nanoscope II
from a surface of polished steel. The scan area is
1000 X 1000 nm and contains 160,000 topographic points
in a 400 % 400 array. To facilitate computation, the data
is divided into 16 sections, each contains 10,000 points
in 100X 100 arrays, 250X 250 nm.

Plots of one 250X 250 nm sections of a similar surface,
represented using three different patch areas, are shown
in FIGS. 2-4. For clarity in the plots, a larger magnifi-
cation has been used in the vertical (Z) direction than
that in the horizontal (X,Y) directions. This causes the
triangles to appear distorted. Equal magnifications in all
directions were used for the calculations of relative
area. For each figure, the region which is generally
indicated by the reference numeral 40 is a perspective
or three-dimensional representation of the triangles as
applied to the specimen surface. The region which is
generally indicated by the reference numeral 42 is a
two-dimensional representation of the triangles as
viewed in X-Y plane and represents the projected area.

The log—log plot of AR versus patch area is shown
in FIG. 5. The points represent the logs of the mean
values of the relative areas for all sixteen 125X 125 nm
sections of the surface. The limits of the scatter at each
patch area analyzed are also shown. The mean points
were used in the regression analyses. The threshold is
819 nm2. The line used to determine the slope (0.002) is
shown to the limits of the region of regression analysis.

The slope of the log—log, AR-patch area plots is an
indication of the complexity of the surface, or at what
rate the intricacy, or roughness, of the surface increases
with decreasing scale, at scales below the roughness
threshold. Although determining the fractal dimension
of the surface is not an objective of this invention, it can
be estimated by adding two to the absolute value of the
slope. In order to select the region over which the slope
is determined, the highest regression coefficient is used.
An alternate method would be to use the region over
which the slope is the greatest. For the sorts of topo-
graphic data that have been encountered, both methods
give similar slopes. ’

Both methods for determining the slope assume that
the region of interest for determining the complexity of
the surface, i.e., the region over which the surface is
best described using fractal geometry, is bounded on the
log—log plots. At large scales, the bound is the Euclid-
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ean behavior which gives AR values approaching 1. At
fine scales, the bound may be the resolution of the mea-
suring instrument or the digitized point spacing. No fine
scale bound is noted on the STM data considered in this
example. )

The roughness threshold identifies the boundary be-
tween the scales of observation where the surface is
most simply described by fractal geometry and where it
is described by Euclidean geometry. At scales of inter-
action above the roughness threshold the surface ap-
pears smooth, at scales of interaction below the rough-
ness threshold, the surface appears rough.

Surfaces are sometimes required to fulfill two func-
tions, one of which depends on a smooth shape, best
described by Euclidean geometry, another which de-
pends on some roughness (e.g., anchoring a coating or
providing friction) which is best described by fractal
geometry. Manufacturing processes, which create sur-
faces, may also have two kinds of interaction which can
be described similarly. Euclidean interactions would be
based on gross tool geometry, such as the nose radius on
the cutting tool during turning. Fractal interactions
would be based on fine scale phenomena, such as the
scratching of the surface by hard micro constituents in
the workpiece which are dragged along with the tool
for short distances. The threshold is a potentially useful
concept to be used in designing surface topographies to
fulfill Euclidean and fractal functions and in designing
the manufacturing processes to create the desired sur-
face topographies.

Referring to FIG. 6, there is illustrated a first varia-
tion of the method of the present invention. The method
which is illustrated in FIG. 6 is similar to the method
which is illustrated in FIG. 1. The blocks which repre-
sent the same steps in both methods are identified with
the same reference numerals. The steps which are repre-
sented by the blocks 20, 22, and 23 in FIG. 1 are re-
placed by the steps which are represented by the blocks
46, 48, and 50 in FIG. 6. Instead of interpolating a theo-
retical point between the last two data points consid-
ered for each triangle, the third point of each new trian-
gle utilizes the data point which yields a triangle area
equal to or greater than the current patch area, as indi-
cated by block 46. The area of this new triangle is then
calculated, as indicated by block 48, and the area of the
triangle last calculated is added to the measured area, as
indicated by block 50. HG 7 represents a second varia-
tion of the method of the present invention which is
similar to the variations illustrated in FIGS. 1 and 6.
The only difference between the methods illustrated by
FIGS. 1 and 7 is that instead of interpolating between
the last two data points, as indicated by block 22, and
increasing the measured area by the area of one current
patch area as indicated by block 23 in FIG. 1, the data
point which yields a triangle that is closest to the patch
area is selected, as indicated in block 52. This calculated
area is then added to the measured area, also indicated
by block 52.

The method which is illustrated in FIG. 8 begins with
the choosing of a patch area and the calculation of the
leg length of an equilateral triangle having an area equal
to the patch area, as indicated in block 54. A starting
data point is randomly selected, as indicated in block S6.
A second point, one equal lateral leg length from the
starting data point, is then selected, as indicated in block
58. This second point is a theoretical point which may
be at a particular data point or somewhere between two
data points. A third point is interpolated to create a
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triangle with the first and second points which has the
desired patch area, as indicated by block 60. The area of
the triangle is calculated, as indicated by block 62. This
calculated area is added to the measured area as indi-
cated by block 64. The projected area of the triangle is
also calculated and added to the total projected area as
indicated by blocks 66. Additional triangles are gener-
ated sequentially at random location, in accordance
with this method, until the surface is sufficiently cov-
ered with triangles, as indicated by blocks 66. If the
vertices of a projected triangle lie in the projected area
of any existing triangle, or if some other criteria for
acceptability are violated, as indicated in blocks 68, the
triangle is discarded, as indicated in block 70. The pro-
jected area of each triangle is calculated and added to
the total projected area, as indicated by block 72.

The method which is illustrated in FIG. 9 is similar to
that which is illustrated in FIG. 8 and the blocks which
identify the steps in both FIGS. 8 and 9, are identified
with the same reference numerals. In the method which
is illustrated in FIG. 9, the starting leg length is not
necessarily that of an equilateral triangle having an area
equal to the patch area. Instead, a specific leg length is
selected as, indicated by block 74. A starting data point
is randomly selected as indicated by block 56. A second
point which is one leg length from the starting data
point is selected, as indicated by block 58. A third point
is interpolated to create a triangle with the first and
second points having the desired patch area, as indi-
cated by block 60. Additional triangles are generated
from the triangle edge of the first and any subsequent
triangles as indicated by block 76. If the third point of a
new triangle does not generate an acceptable triangle
based on some criteria, for example, if the new triangle
lies in the projected area of any existing triangles as
indicated by blocks 78, the triangle will be discarded as
indicated by block 70. Triangles are generated until
there are no more unused triangle edges which would
yield an acceptable triangle within the data surface grid,
as indicated by block 80.

The method which is illustrated in FIG. 10 is identi-
cal to the method illustrated in FIG. 9 in every respect
except that the leg length which is first selected for'a
triangular patch area is that of an equilateral triangle, as
indicated in block 84. The first and subsequent triangles
which are generated are equilateral triangles as indi-
cated in block 86. All of the other steps in the method of
FIG. 10 are identical with the steps of a method of FIG.
9.

Clearly, minor changes may be made in the method
of the invention without departing from the material
spirit thereof. It is not, however, desired to confine the
invention to the exact method shown and described, but
it is desired to include all such as properly come within
the scope claimed. i

The invention having been thus described, what is
claimed as new and desired to secure by Letters Patent
is:

1. A method of quantifying the topographic structure
of a specimen surface having a first horizontal dimen-
sion which is parallel with a horizontal X axis, a second
horizontal dimension which is parallel to a horizontal Y
axis and which is transverse to said X axis, and a vari-
able vertical dimension which is paralle] to a vertical Z
axis, said method comprising:

(a) obtaining vertical height data for each point of a

grid network of data points on said surface, said
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points being arranged in rows which are parallel to
the X axis, said rows being spaced along the Y axis,

(b) selecting a patch area value,

(c) defining substantially the entire surface of said
specimen surface with planar triangles which have
an area substantially equal to said patch area value
by using said data points as reference points for
determining the positions of the three vertices of
each triangle within said grid network of data
points,

(d) calculating the total area of said planar triangles to
obtain a measured area value,

(e) calculating the area of said specimen surface in the
X-Y plane which is defined by said triangles to
obtain a projected area value,

(f) dividing said measured area value by said pro-
jected area value to obtain a relative area value,

(g) repeating steps (b) through (f) for a plurality of
patch area values to obtain a plurality of relative
area value, and

(h) plotting said plurality of relative area values to
obtain a slope value and a threshold value which is
defined as the point where the relative area value
departs significantly from the slope value.

2. A method of quantifying the topographic structure
of a specimen surface as recited in claim 1, wherein each
vertex of each triangle is located at one of said data
points. .

3. A method of quantifying the topographic structure
of a specimen surface as recited in claim 1, wherein the
vertical height data for each point is obtained by the use
of electronic profilometry apparatus which produces
electronic signals which are indicative of the vertical
height for each point, wherein said height data is trans-
mitted to the memory file of a computer, and wherein
all of the mathematical calculations to obtain said rela-
tive area values are performed by said computer.

4. A method of quantifying the topographic structure
of a specimen surface as recited in claim 1, wherein said
triangles are equilateral triangles.

5. A method of quantifying the topographic structure
of a specimen surface having a first horizontal dimen-
sion which is parallel to a horizontal X axis, a second
horizontal dimension which is parallel to a horizontal Y
axis which is transverse to said X axis and a variable
vertical dimension which is parallel to a vertical Z axis,
said method comprising:

(a) obtaining vertical height data for each point of a
grid network of data points on said surface, said
points being arranged in rows which extend paral-
lel to the X axis, said rows being spaced along the
Y axis,

(b) selecting a patch area value,

(c) selecting a first row of said data points as a first
active data row,

(d) selecting a second row of said data points as a
second active data row,

(e) selecting a first starting data point in said first
active data row,

(f) selecting a second starting data point in said sec-
ond active data row,

(g) selecting a third data point in one of said active
data rows which defines with said first and second
starting points a first planar triangle which has an
area which is substantially equal to said patch area
value,

(h) calculating the area of said triangle,

5

10

15

20

40 .

50

55

10

(i) selecting anather third data point in one of said
active data rows which defines with two of the
points of said first planar triangle a second planar
triangle which has an area which is substantially
equal to said patch area value,

(j) calculating the area of said second planar triangle,

(k) selecting additional third data points from either
of said first and second active data rows for succes-
sive triangles in accordance to steps (i) and (j) to
define additional planar triangles, each of said addi-
tional planar triangles having an area which is sub-
stantially equal to said patch area value until the
area between said first and second active rows is
substantially defined by triangles having areas
which are substantially equal to said patch area
value, :

(1) selecting a third row of points from said grid net-
work of points to interrelate with said second row
of points so that said second and third rows of
points are the first and second active data rows for
defining successive triangles in accordance with
steps (e) through (k),

(m) selecting subsequent active data rows to interre-
late with a previous active data row in accordance
with steps (e) through (k) until substantially all of
the topographic surface area of said specimen sur-
face is defined by triangles having areas which are
substantially equal to said patch area value,

(n) adding the surface areas of each of said triangles
to obtain a measured area value,

(o) calculating the area of said specimen surface in the
X-Y plane which is defined by said triangles to
obtain a projected area value,

(p) dividing said measured area value by said pro-
jected area value to obtain a relative area value,

(q) repeating steps (b) through (p) for a plurality of
patch area values to obtain a plurality of relative
are values, and

(r) plotting said plurality of relative area values to
obtain a slope value and a threshold value which is
defined as the point where the relative area value
departs significantly from the slope value.

6. A method of quantifying the topographic structure
of a specimen surface as recited in claim 5, wherein the
third point of successive triangles between two active
data rows is selected alternately from the first and sec-
ond active data rows.

7. A method of quantifying the topographic structure
of a specimen surface as recited in claim 5, wherein the
vertical height data for each point is obtained by the use
of electronic profilometry apparatus which produces
electronic signals which are indicative of the vertical .
height data for each point, wherein said height data is
transmitted to the memory file of a computer, and
wherein all of the mathematical calculations to obtain
said relative area values are performed by said com-
puter.

8. A method of quantifying the topographic structure
of a specimen surface as recited in claim 5, wherein each
additional third data point represents the data point
which will define a triangle which has an area which is
closest to the patch area value.

9. A method of quantifying the topographic structure
of a specimen surface as recited in claim §, wherein each
additional third data point represents the closest data
point to the last defined triangle which will define a
triangle which has a area which is at least equal to the
patch area value.
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10. A method of quantifying the topographic struc-
ture of a specimen surface having a first horizontal
dimension which is parallel to a horizontal X axis, a
second horizontal dimension which is parallel to a hori-
zontal Y axis which is transverse to said X axis and a
variable vertical dimension which is parallel to a verti-
cal Z axis, said method comprising:

(a) obtaining vertical height data for each point of a
grid network of points on said surface, said points
being arranged in rows which extend parallel with
the X axis, said rows being spaced along the Y axis,

(b) selecting a patch area value,

(c) selecting a first row of said points as a first active
data row,

(d) selecting a second row of said points as a second
active data row,

(e) selecting a first starting point in said first active
data row,

(f) selecting a second starting point in said second
active data row,

(g) selecting a third point in one of said active rows
which defines with said first and second points a
preliminary planar triangle which has an area
which is at least as great as said patch area value,

(h) interpolating between said third point and the
point in the same row immediately preceding said
third point to find a theoretical point which defines
with said first and second points a first active pla-
nar triangle which has an area.which is equal to
said patch area value,

(i) selecting an additional point in one of said active
data rows which defines with two of the points of
said first active planar triangle a preliminary planar
triangle which has an area which is at least as great
as said patch area value,

(j) interpolating between said additional point and the
point in the same row immediately preceding said
additional point to find a theoretical third point
which defines with two of the points of said first
planar triangle a second active planar triangle
which has an area which is equal to said patch area
value,

(k) selecting additional third points from either of said
first and second active data rows to define addi-
tional active planar triangles in accordance with
steps (i) and (j), each of said additional active pla-
nar triangles having an area which is equal to said
patch area value,

(1) selecting a third row of points from said grid net-
work of points to interrelate with said second row
of points so that said second and third rows of
points are the first and second active data rows for
defining successive active planar triangles in accor-
dance with steps (¢) through (k),

(m) selecting subsequent active data rows to interre-
late with a previous active data row in accordance
with steps (e) through (k) until substantiaily all of
the topographic surface area of said specimen sur-
face is defined by said active planar triangles,

(n) adding the measured areas of said active planar
triangles to obtain a total measured area value,
(o) calculating the area of said specimen surface in the
X-Y plane which is defined by said active planar

triangles to obtain a total projected area value,

(p) dividing said total measured area value by said
total projected area value to obtain a relative area
value,
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(q) repeating steps (b) through (p) for a plurality of
patch area values to obtain a plurality of relative
are values, and

(r) plotting said plurality of relative area values to
obtain a slope value and a threshold value which is
defined as the point where the relative area value
departs significantly from the slope value.

11. A method of quantifying the topographic struc-
ture of a specimen surface as recited in claim 10,
wherein the third point of successive active planar tri-
angles between two active data rows is selected alter-
nately from the first and second active data rows.

12. A method of quantifying the topographic struc-
ture of a specimen surface as recited in claim 10,
wherein the vertical height data for each point is ob-
tained by the use of electronic profilometry apparatus
which produces electronic signals which are indicative
of the vertical height data of said points, wherein said
vertical height data is transmitted to the memory file of
a computer, and wherein all of the mathematical calcu-
lations to obtain said relative area values are performed
by said computer.

13. A method of quantifying the topographic struc-
ture of a specimen surface baving a first horizontal
dimension which is parallel to a horizontal X axis, a
second horizontal dimension which is parallel to a hori-
zontal Y axis and which is transverse to said X axis, and
a variable vertical dimension which is parallel to a verti-
cal Z axis, said method comprising:

(a) obtaining vertical height data for each point of a
grid network of data points on said surface, said
data points being arranged in rows which are paral-
lel to the X axis, said rows being spaced along the
Y axis,

(b) selecting a patch area value,

(c) randomly selecting a first point from one of said
data points,

(d) selecting a second point from one of said data
points,

(e) interpolating a third point which defines with said
first and second points a first planar triangle which
has an area which is substantially equal to said
patch area value,

(f) calculating the area of said first planar triangle,

(g) selecting two vertices of the said first planar trian-
gle,

(h) interpolating a third point which forms with the
two vertices of said first planar triangle a second
planar triangle which is substantially equal to the
said patch area value, :

(i) calculating the area of said second planar triangle,

(j) repeating steps (g) through (i) for all vertices of
said first and second triangle and all subsequent
triangles for defining subsequent triangles each of
which:

(1) has an area which is substantially equal to said
patch area value,

(2) lies within the X and Y bounds of said grid
network of data points, and

(3) does not violate prescribed conditions for a
valid triangle,

(k) calculating the total area of said planar triangles to
obtain a total measured area value,

(1) calculating the area of said specimen surface in the
X-Y plane which is defined by said triangles to
obtain a total projected area value,
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(m) dividing said total measured area value by said .
total projected area value to obtain a measured area
value,

(n) repeating steps (b) through (m) for a plurality of 5
patch area values to obtain a plurality of relative
area values, and

(o) plotting said plurality of relative area values to
obtain a slope value and a threshold value which is 10
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defined as the point where the relative area value
departs significantly from the slope value.

14. A method of quantifying the topographic struc-
ture of a specimen surface as recited in claim 13,
wherein said planar triangles are equilateral triangles so
that each leg of the triangle has a specific equilateral leg
length and the third point of each triangle which is
generated is obtained by interpolation using said data

points as reference points.
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