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Automation

Development of SPM Quantitative Micromorphology Analysis Software
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Abstract: Scanning Probe Microscope (SPM) has great advantages in quantitative micromorphology analysis because of iis convenience
in obtaining micromorphology information of materials on nanometer or atomic sraie under control £f z comptzz. Based on an estab-
lished SPM quantitative micromorphology analysis model, an SPM image analysis soitwzie which can calculate both two- and three-di-
mensional micromorphology parameters is developed.
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With rapid development of modern science and tech-
nology, more studies require high resolution and quan-
titative morphology information [1], especially in the
field of nanotechnology, ultrafine powder processing,
microelectronics, efc.. Conventional surface analysis
methods can no longer meet this ever-growing demand.
Scanning Probe Microscope (SPM) [2], a newly devel-
oped surface analysis technique, has the ability to ob-
tain quantitatively micromorphology information on
nanometer or atomic scale. However, for lack of a pro-
per software, this ability of SPM has not been put to full
use in related studies [3]. Therefore, a powerful quanti-
tative micromorphology analysis software for SPM [4]
has to be developed. This paper introduced an SPM Im-
age Analysis Software (SPMIAS) developed in C™ lan-
guage based on a data process model established by the
author.

1 Data Process Model of SPMIAS

Micromorphology information obtained by means of
SPM is voltage signals or gray scale signals collected
at each scanning point and correspond to the altitude of
surface. These signals are saved as image files in a
computer. To calculate micromorphology parameters, a
data process model is established in figure 1, which in-
cludes the setting up of a suitable coordination system,
calculation of surface and profile departure, determina-
tion of points on a given line on SPM image and trans-
formation of voltage signals or gray scale signals to
nanometer values (i.e., signal scaling). A brief explan-
ation of each part of this data process model is presen-
ted later in the paper. Among all of these data process
steps, the setting up of the suitable coordination system
and the signal scaling are the most important.
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Figure 1 Data process model of SPMIAS.
2 Calculation of Surface Departure

Surface departure H; is the departure of sampling
points from the reference plane. Three-dimensional
micromorphology parameters are calculated based on
H,. To calculate H;, a reference plane is to be found.
This can be done by least square method, but before
any calculation, a coordinate system must be establish-
ed. In this study, the coordinate system is so chosen that
its origin is at the left upper corner of the image, X and
Y axes coincide with the vertical and horizontal edges
of the image respectively and Z axis is perpendicular to
the image. Z(x,y) is the value along Z axis at point
(x, ). Because sampling points of SPM are dispersed,
Z(x,y) can be denoted by Z;, i,j=1,2,3,,n. Then the
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formula of the reference plane is
Z(x,y)=Ax+By+C,

least square method yields the equation
33 [Z;—(Ax+ By +C)]’=MIN.

This equation can also be written in the following
form:

Sy S5 I3i|[4] [E2iz,
S5 S5 £5j||B|=|25)z,].
ssi 555 =51l |22z

By solving this equation, 4, B, C in the reference pla-
ne equation can be obtained. Then the surface departure
H;; at sampling point (i, /) can be calenlated through

y ~Zi=UitBj+C;

3 Determination of the Points on a Given
Line

If N, is the number of sampling points in X direction,
and N, the number in Y direction, then x and y range
from 1 to N, and 1 to N, respectively. Z(x, y) is the pro-
file value at point (x, y). If (x,,1), (x», ) are two points
on a given line 4B, the coordinates of any other point
(x;,y) on line AB can be calculated in the following
way.

If | xl—x2| Zlyl_yzl and Xy >x2’

NNy i

Y =,

yz_l,

x,-=x2+i—1
If | x,—x;| Zly.—yzl and x,>x,,

Y X2—X

»-1
xi=x+i—1

If |x,—x| <|y—y.| and y, > y,,

x =2 i x,—1
Yi—Y2 ;
=2 +i—1
If’xl_X2' < |y|_y2| andyZ >J/1,
x,'=x2_xl X l+x1_l
Y20 .
l=yl + i_l

Then, the profile value on a given line at a given point
{x:,y) can be calculated as

Z: =Zb)ixNy+xl]’ l=1’2’,N

4 Calculation of Profile Departure

Profile departure H, is the distance between the pro-
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file and the reference line at the sampling point. Z(x) is
the profile value at point x. Because the sampling poin-
ts are dispersed, Z(x) can be denoted by Z, i=1,2,3,--,
n. The equation of the reference line is Z(x)=Ax+B.
Least square method yields

Z. [Z~(Ax+B)=MIN.

This equation can also be written in the following form:

Zi* Zill4 iz,
{Zi 1 [B =[S.Z, '
4, B can be eoktaiaed by solving this equation. Then
prele departure H, can be calcuiated through

Z,—4i+3)

rr 4
aL; =

VT
5 Signal Scaling

Signal scaling is the process to transfer voltage sig-
nals or gray scale signals in X, Y and Z directions of the
image to nanometer values. A standard sample is em-
ployed in signal scaling usually. Graphite and grating
(standards for sample scaling in X, Y and Z directions,
in current study, a 3 pmx3 umx100.0nm grating is
used) are often served as standard samples. In this stu-
dy, signal scaling is done in following steps: (I) Scan-
ning the standard sample and the experimental sample
under the same experiment conditions using SPM. (II)
Scaling the scanning range in X and Y directions (coun-
ting the atom number of graphite or the track number of
grating in X and Y directions respectively and multiply
them by the interatomic distance of graphite or the grid
width of grating). (III) Scaling signals in Z direction by
multiplying the image signals of the experimental sam-
ple by a transfer factor 7. T} is the difference between
the maximum and the minimum signal value in Z direc-
tion divided by the step height of the standard sample
(grating).

For a given experiment condition, 7 is a constant.
For different experiment conditions, T is different. T,
values for different experiment conditions can be obta-
ined by scanning on a standard sample under these ex-
periment conditions and put in a file TF. When a sam-
ple is studied, signal scaling can be conveniently con-
ducted by indexing TF for a T; corresponding to the ex-
periment condition used and multiplying the image
data by this T7. Signal scaling in X and Y directions can
also be done in the same way.

6 Functions of SPMIAS

Based on the above data process model and data pro-
cess skills, micromorphology parameters can be calcu-
lated [5], such as
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R., the arithmetical mean deviation of the profile;

R,, the root-mean-square deviation of the profile;

R,, the maximum height of profile peak;

R.., the maximum depth of profile valley;

R,, the height of the profile;

ADF, the amplitude distribution function of the profile;
BAC, the bearing area carve of the profile;

ACF, the auto-condition function of the profile;

PSP, the power spectral parameters of the profile;

R, the arithmetical mean deviation of the surface;
R,, the root-mean-square deviation of the surface;
R, the maximum height of surface peak;

R,,, the maximum depth of surface valley;

R,,, the maximum height of the surface:

SADF, the amplitude distribution function of the sur-
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face;
SBAC, the bearing area carve of the surface.

In addition, a software (SPMIAS) to accomplish this
work is developed in C™ language and run on the Win-
dows Platform. At present, SPMIAS works only on im-
ages obtained by CSTM-9000 type SPM. However,
after a little modification, SPMIAS can work on any
SPM image files. SPMIAS is easy to operate and
powerful in function. It can calculate most two- and
three-dimensional micromorphology parameters abo-
ve-mentioned. The function fram: of SFMIAS is sho-
wn in figure 2.

SFMIAS has been testec. on a compact disk [5]. Re-
stts shcwed that SPMIAS works very well.
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Figure 2 SPMIAS function frame.
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