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(57) ABSTRACT 

Provided is a method of evaluating a probe tip shape in a 
scanning probe microscope, including: measuring the probe 
tip shape by a probe shape test sample having a needle-like 
structure; determining radii of cross-sections at a plurality of 
distances from the apex; and calculating, based on the dis 
tances and the radii, a radius of curvature when the probe tip 
shape is approximated by a circle. 

2 Claims, 7 Drawing Sheets 
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PROBE SHAPE, EVALUATION METHOD FOR 
A SCANNING PROBE MCROSCOPE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of measuring a 

radius of curvature of a probe of a cantilever used in a scan 
ning probe microscope. 

2. Description of the Related Art 
In a scanning probe microscope, the tip shape of a probe 

directly involves a contact state with a sample, and hence it is 
essential to measure the tip shape of the probe in advance in 
order to grasp the measurement performance in shape mea 
Surement or physical properties measurement of a sample 
Surface. In many cases, in fact, with the assumption that the 
probe sip is semi-spherical, the sharpness of the probe tip is 
represented by the radius or the diameter of the hemisphere 
rather than the tip shape of the probe itself. 

Conventionally-used means for measuring the tip shape of 
the probe are observation by an electron microscope and a 
method of measuring the shape of a sharp needle-like sample 
(hereinafter referred to as “probe shape test sample')by a 
scanning probe microscope to draw the tip shape of the probe. 
The latter methodofusing a probe shape test sample3b has an 
advantage of being simple and not needing another device 
because the tip shape can be measured under the state where 
a cantilever is mounted on the scanning probe microscope. 
This method is therefore generally and widely used. 

For example, as described in Japanese Patent Application 
Laid-open No. 2001-165844, there is known a method in 
which, based on the shape of a probe 2a treasured by the probe 
shape test sample Sb, the radius of the hemisphere (typically 
called radius of curvature) of the probe tip is calculated from 
the angle of a side surface of the probe 2a and the width of a 
curved portion of the tip of the probe 2a. Alternatively, as 
described in JIS R1683, “Test method for surface roughness 
of ceramic thin films by atomic force microscopy', there is 
known a method in which the tip shape of the probe 2a is 
measured by the probe shape test sample Sb by the scanning 
probe microscope in Such a manner that the tip shape of the 
probe is measured by a needle of the probe shape test sample 
at a sharp needle-like protruding tip of the probe shape test 
sample Sb as illustrated in FIG. 6, and then the diameter of a 
cross-sectionata given distance from the apex of the tip shape 
of the probe 2a is determined (FIG. 8), to thereby evaluate the 
tip shape of the probe 2a. 

In the probe shape evaluation method described in Japa 
nese Patent Application Laid-openNo. 2001-165844, the side 
surface of the probe 2a needs to be linear. The actual probe 2a 
is, however, a microstructure, and hence the side Surface is not 
always manufactured to have a linear shape. Therefore, the 
boundary between the side surface and the curved portion of 
the tip cannot be determined accurately, and it is difficult to 
determine the radius of curvature of the tip by this method. 

In the probe shape evaluation method described in JIS 
R1683, “Test method for surface roughness of ceramic thin 
films by atomic force microscopy, the evaluation is per 
formed in Sucha manner that, on the premise that the probe tip 
has a cylinder shape in which the width is substantially iden 
tical even on the root side of the hemisphere of the tip, the 
diameter of Such cylinder part is regarded as the diameter of 
the hemisphere of the tip. However, the required precondi 
tions in this evaluation method are that the height at which the 
shape is measurable by the above-mentioned probe shape test 
sample Sb is larger than the radius of curvature and that the 
root part of the hemisphere has a shape that can be approxi 
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2 
mated as a cylinder having a constant diameter. However, 
there are various kinds of probe shapes depending on their 
uses. In some of the probes, the hemisphere of the tip is 
enlarged by design, while in others, the root part of the hemi 
sphere of the probe has a tapered shape rather than a cylinder. 
The method described in JISR1683, “Test method for surface 
roughness of ceramic thin films by atomic force microscopy 
may be inapplicable to the probehaving such a special shape. 
For example, as illustrated in FIG. 7, in the case where the 
radius of curvature of the probe is larger than the height of a 
convex portion of the probe shape test sample Sb, that is, 
larger than the height at which the shape of the probe is 
measurable, the probe shape in a region. At for measuring the 
probe shape is traced by the probe shape test sample only for 
a part of the hemisphere of the tip as illustrated in FIG. 9. 
Further, in this case, even when the diameter of the cross 
section at a predetermined distance from the apex of the probe 
tip shape is determined as described in JIS R1683, “Test 
method for Surface roughness of ceramic thin films by atomic 
force microscopy, the determined diameter is not coincident 
with the diameter of the hemisphere of the probe tip. 

SUMMARY OF THE INVENTION 

In view of the above, the present invention provides means 
for evaluating a tip shape of a probe 2b having a large radius 
of curvature even in the case where a height at which the shape 
is measurable by a probe shape test sample Sb is smaller than 
the radius of curvature of the probe tip. 
As described above, in the evaluation method described in 

JIS R1683, “Test method for surface roughness of ceramic 
thin films by atomic force microscopy, the diameter of the 
hemisphere of the probe tip cannot be evaluated accurately in 
the case where the height at which the shape is measurable by 
the probe shape test sample Sb is smaller than the radius of 
curvature of the probe. As a countermeasure, as illustrated in 
FIG. 2, the radii of cross-sections (such as ro to rain FIG. 2) at 
a plurality of distances (such as ho to ha in FIG. 2) from the 
apex of the measured shape of the probe tip are determined, 
and the distances and the radii are substituted in Expression 1 
to calculate a radius of curvature R, when the probe tip shape 
illustrated in FIG. 2 is approximated by a circle. 

Specifically, a probe shape evaluation method according to 
an exemplary embodiment of the present invention includes: 
a proximity step of relatively bringing a tip of a probe pro 
vided to a scanning probe microscope one of into contact with 
and into close distance at a predetermined interval to a Surface 
of an evaluation sample (probe shape test sample) disposed to 
oppose the tip of the probe; a scanning step of performing 
predetermined scanning while keeping a constant physical 
quantity that acts between the tip of the probe and the surface 
of the evaluation sample; a data acquisition step of acquiring 
a Surface shape of the evaluation sample; a data extraction 
step of extracting, from pieces of acquired data, at least two 
sets of data pieces each containing a predetermined height (h) 
on a central axis drawn from an apex of the probe and a 
distance (r) between the central axis and an outer edge of the 
measured tip shape at the predetermined height, the at least 
two sets of data pieces having different heights (h); and a 
calculation step of calculating, based on the heights (h) and 
the distances (r) of the at least two extracted sets of data 
pieces, a radius of curvature (R) when the tip of the probe is 
approximated as a spherical shape. 

According to the probe shape evaluation method according 
to the exemplary embodiment of the present invention, the 
radius of curvature of the probe can be measured even for a 
probe having a non-linear side Surface and the probe 2b 
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having the radius of curvature larger than the height at which 
the shape is measurable by the probe shape test sample Sb. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a schematic diagram illustrating a scanning probe 

microscope used in a probe shape evaluation method of the 
present invention; 

FIG. 2 is a conceptual diagram of evaluation on a probe 
shape according to the probe shape evaluation method of the 
present invention; 

FIG. 3 is an image showing an example of a result of the 
probe shape according to the probe shape evaluation method 
of the present invention; 

FIG. 4 is an image showing an example of the result of the 
probe shape according to the probe shape evaluation method 
of the present invention; 

FIG. 5 is a graph showing an example of the result of the 
probe shape according to the probe shape evaluation method 
of the present invention; 

FIG. 6 is a diagram illustrating the measurement of the 
shape of a probe by a probe shape test sample: 

FIG. 7 is a diagram illustrating the measurement of the 
shape of a probe having a large radius of curvature by the 
probe shape test sample: 

FIG. 8 is a conceptual diagram of evaluation on the probe 
shape according to a conventional probe shape evaluation 
method; and 

FIG. 9 is a conceptual diagram of the evaluation on the 
probe shape according to the conventional probe shape evalu 
ation method. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

First, an exemplary Scanning probe microscope used in a 
probe shape evaluation method of the present invention is 
described with reference to FIG. 1. 
The scanning probe microscope of the present invention 

includes a cantilever 1 including a probe 2, lever oscillating 
means 4, and a cantilever displacement detection portion 5. 
The probe 2 of the cantilever 1 is disposed so that a probe tip 
faces the surface of an object to be measured S placed on a 
sample stage 10. The probe 2 is capable of scanning in the X 
and Y directions parallel to the surface of the object to be 
measured S and moving in the Z direction perpendicular to 
the surface of the object to be measured S relatively with 
respect to the surface of the object to be measured S. The lever 
oscillating means 4 is capable of oscillating the cantilever 1. 
The cantilever displacement detection portion 5 detects a 
displacement of the cantilever 1. The sample stage 10 is 
mounted on a three-dimensional actuator 9, thus being 
capable of moving the probe 2 and the surface of the object to 
be measured S relatively in the X and Y directions and the Z 
direction. Further, the measurement result is displayed to a 
indication portion 11. 
The three-dimensional actuator 9 is connected to an XY 

drive mechanism 7 and a Zdrive mechanism 8 for driving the 
three-dimensional actuator 9 to scan the surface of the object 
to be measured S in the X, Y, and Z directions. 

The XY drive mechanism 7 and the Z drive mechanism 8 
are connected to a control portion 6 and controlled by the 
control portion 6. 

Next, a probe shape evaluation method according to an 
embodiment of the present invention is described in accor 
dance with a measurement procedure. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
In the probe shape evaluation method according to the 

present invention, first, the cantilever including a probe 2b 
having a large radius of curvature, for which the probe shape 
is to be measured, is mounted onto the scanning probe micro 
Scope. Then, a probe shape test sample Sb having a sharp 
needle-like structure formed on a wafer, whose tip has a 
radius of curvature of 10 nm or less, is placed on a sample hold 
portion of the scanning probe microscope. 

Next, as illustrated in FIG. 7, the probe 2b having a large 
radius of curvature, for which the probe shape is to be evalu 
ated, is used to measure the shape of the probe shape test 
sample Sb. In this case, a measurement region is set in 
advance so that one of the needle-like structures present on 
the surface of the probe shape test sample Sb may come to the 
vicinity of the center of the measurement region and that the 
measurement region may cover the range wide enough for the 
needle-like structure to measure the shape of the probe 2b 
having a large radius of curvature. 
By measuring the shape by the scanning probe microscope 

in this manner, the tip shape of the semi-spherical portion of 
the tip of the probe 2b having a large radius of curvature is 
measured by the probe shape test sample Sb. 

Next, from the thus measured shape A of the semi-spheri 
cal portion of the tip of the probe, as illustrated in FIG. 2, the 
cross-section of the hemisphere of the probe tip at each dis 
tance h from the apex is approximated as circular, and its 
radius r is measured at each of a plurality of distances h. In 
this case, the radius r of the hemisphere is determined in such 
a manner that an area S of the cross-section is substituted in 
Expression 2 to determine the radius of a circle having the 
same area as the cross-sectional area S and this radius is 
regarded as the radius when the cross-section is approximated 
by a circle. In Expression 2, “S” represents the cross-sectional 
area at an arbitrary position, “r” represents the radius when 
the cross-section is approximated by a circle, and “n” repre 
sents the ratio of a circle's circumference. 

Next, the distances h from the apex and the radii r of the 
cross-sections at the respective distances are Substituted in 
Expression 1 to calculate the radius when the tip shape of the 
probe 2b having a large radius of curvature is approximated 
by a hemisphere. The calculated radius is regarded as the 
radius of curvature of the probe 2b. In Expression 1, “h” is the 
distance from the apex, “r” is the radius of the cross-section at 
the distanceh, and “R” represents the radius of curvature of 
the probe. 
By calculating the radius of curvature of the tip of the probe 

2b in this way, the shape of the probe can be evaluated. 

(Expression 1) 
X hi -- X r 
i=0 i=0 Rip 

2X h; 
i=0 

S (Expression 2) 
- 
t 

FIG. 3 shows data of the measurement result of the probe 
shape A obtained by measuring the probe tip shape with the 
use of the probe shape test sample Sb and representing the 
probe tip shape in a three-dimensional manner. The probe 2 is 
displayed so that the tip is convex. FIG. 4 shows the cross 
sections of Such protruding shape, which are sliced in the 
horizontal direction at positions lower by arbitrary distances 
in the vertical direction from the apex of the probe 2 corre 
sponding to the top of the protruding part (although FIG. 4 
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shows the cross-sections sliced at positions of 10 nm, 30 nm 
and 60 nm, the positions for slicing are a plurality or arbitrary 
positions smaller than the radius of curvature of the probe 2). 

FIG. 4 shows the cross-sectional shapes at arbitrary heights 
(10, 30, and 60 nm in the figure) from the apex in the mea 
surement result of the probe shape A of FIG. 3 in the form of 
the contour. As shown in FIG. 4, the cross-sectional shapes 
are not always circular but, by determining the radius of a 
circle having the same area as the cross-sectional area S, the 
radius of a circle when the cross-section is approximated by a 
circle is determined. 
The plots of FIG.5 show the plurality of arbitrary distances 

from the apex and the radii of the cross-sections at those 
positions in the form of a graph, which are measured by the 
method described above. The dotted line shows an approxi 
mate curve obtained by approximating the respective points 
of FIG. 5 by a circle based on Expression 1. 

What is claimed is: 
1. A probe shape evaluation method of measuring a tip 

shape of a probe by a scanning probe microscope to evaluate 
sharpness of a tip of the probe, comprising: 

a proximity step of relatively bringing the tip of the probe 
provided to the scanning probe microscope one of into 
contact with and into close distance at a predetermined 
interval to a surface of an evaluation sample disposed to 
oppose the tip of the probe; 
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a scanning step of performing predetermined scanning 

while keeping a constant physical quantity that acts 
between the tip of the probe and the surface of the 
evaluation sample; 

a data acquisition step of acquiring a Surface shape of the 
evaluation sample; 

a data extraction step of extracting, from pieces of acquired 
data, at least two sets of data pieces each containing a 
predetermined height (h) on a central axis drawn from an 
apex of the probe and a distance (r) between the central 
axis and an outer edge of the measured tip shape at the 
predetermined height, the at least two sets of data pieces 
having different heights (h); and 

a calculation step of calculating, based on the heights (h) 
and the distances (r) of the at least two extracted sets of 
data pieces, a radius of curvature (R) when the tip of 
the probe is approximated as a spherical shape. 

2. A probe shape evaluation method according to claim 1, 
wherein the calculating is based on the following expression: 


