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Abstract: In order to measure the surface profile of the thin films in wide area with high accuracy, the research on the
new measurement method was conducted and many patents on measurement method and system were researched. Based
on the physical properties of soft thin film, the method of using white interferometer and ball cantilevers for measuring
the surface profile of thin film is proposed. Then, the multi-ball-cantilever AFM system using a multi-ball-cantilever is
developed that had 8 cantilevers in 2 mm and each cantilever had the ball stylus with diameter of 10.9 um. Using this sys-
tem, the measurement experiments on the step and transparent material was conducted. The results on the step that the
precision of the system’s measuring error is less than 2% and the measuring standard deviation is less than 1 nm. The re-
sult on the step indicated that it is possible to measure the surface with high accuracy. The result on the transparent mate-
rial showed the feasibility for measuring the thin film by this developed system.
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1. INTRODUCTION

The development of the semiconductor industry is mov-
ing towards miniaturization and high integration. Semicon-
ductor industry with high-performance and low-cost is the
motivation of the development of information technology.
Lithography plays an extremely important role in semicon-
ductor integration process. The short-wavelength light irra-
diation method is usually used to improve the resolution, but
the impact on the exposure is increasing because of the pho-
toresist surface irregularity, which is due to the shallow
depth of focus if the wavelength is reduced. In traditional
lithography, the surface profile of photoresist film does not
need to be measured, and only the exposure in a required
range of accuracy needs to be controlled through correcting
the measurement system calibration and the measurement
systems focus. But as the semiconductor technology moving
toward a more accurate direction, the photoresist surface
irregularity has a significant impact on the exposure's accu-
racy even when the difference of surface unevenness is only
several 10nm. Therefore, the surface profile measurement of
the photoresist and the corresponding measurement methods
are key issues to be studied in the semiconductor industry [1-
3].

Now, surface profile measurement methods are mainly
divided into two categories. One is non-contact measurement
technique by use of light exposure. The other is contact
measurement technique by contacting with the surface of the
specimen. Non-contact measurement technique is to use the
light irradiation to measure the surface of the specimen,
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without forces acting on it and this method belongs to the
non-invasive measurement [4]. And there is no deformation
in the process of measuring. The instruments, such as white
light interferometer and confocal microscope, are widely
used in the wide-area measurement. Since there is no contact
scanning in the measurement, the non-contact measurement
has high-speed. In the measurement accuracy, the non-
contact measurement can get high accuracy in the vertical by
the phase and intensity of light, but the lateral resolution,
depending on the half-wavelength of light, is lower than the
vertical resolution. Meanwhile, the experimental material
exposed to the light waves cannot receive the reflected light
signals due to the improper angles of the optical axis, which
could not be measured. Because of the multiple reflections of
the light, the correct profile of the translucent film couldn't
be measured. When the thickness of a film is only several
hundred nm, which is approximately several times the wave-
length of light, the reflected lights transmitted from the film
and from the bottom surface will interfere, and if they are
considered as the reflected light to resolve the relationship of
the phase and the height of light, the correct profile cannot
be observed. However, this problem will not be obvious
when the film has sufficient thickness. Contact measurement
is with a high reliability, especially in the vertical, and 1nm
can be measured. The measurement accuracy in the lateral
can be improved by selecting the appropriate contact. How-
ever, the weakness of contact measurement is that the con-
tact force may cause deformation of the specimen surface.
Moreover, the time cost in a wide area measurement is rela-
tively increased due to the contact with the surface. Atomic
force microscope (AFM) and surface roughness measuring
gauge are some typical examples of contact measuring in-
strument [5, 6].

We study some patents on measurement methods and
systems. Patent US2014020140 [7], titled “multi-head probe
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Fig. (1). Multiple interferences phenomenon in the film.

and scanning method thereof” provides a multi-head probe
suitable for an atomic force microscopy (AFM) comprising
of a tip base, a single cantilever beam and at least two tips.
The tip base has a tip end, which is grounded to form a
surface. The cantilever beam is connected to the tip base and
for supporting the tip base. Patent CN102257353 [8] titled
“device and method for the three-dimensional optical
measurement of strongly reflective or transparent objects”
relates to a device for three-dimensionally measuring an
object, comprising of a first projection device, having a first
infrared light source for projecting a displaceable first
pattern onto the object, and at least one image recording
device for recording images of the object in an infrared
spectral range. Patent US20120218560 [9], titled “method and
apparatus for performing film thickness measurement using
white light scanning interferometry” relates to a method and
an apparatus for measuring the thickness of a transparent film
by broad band interferometry, comprising of the steps of pre-
paring a correlogram of the film by an interferometer, apply-
ing a Fourier transformation to the said correlogram to ob-
tain a Fourier phase function, removing a linear component
thereof by applying a second integral transformation to the
remaining non-linear components to obtain an integral am-
plitude function of the said non-linear component. Identify-
ing the peak location of said integral amplitude function and
determining the thickness of the film as the double value of
the abscissa at said peak location and considering a refractive
index of a film which is dependent on wavelength. Patent
W02014024614 [10], titled “optical measurement device
and optical measurement system” provides an optical meas-
urement device and an optical measurement system whereby
test subject information and measurement data can be relia-
bly correlated with each other. Patent US20140025336 [11],
titled “shape measuring apparatus and control method of
shape measuring apparatus”, is a control method of a shape
measuring apparatus which divides a curve indicating a
movement path of a probe into a plurality of sections.

2. SURFACE PROFILE MEASUREMENT METHOD
OF THIN FILM

2.1. The Thin Film Properties

In this study, the measurement object (photoresist) has
the following characteristics: (1). the film thickness of sev-
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eral hundred nm; (2). the surface shape changes mitigation,
the undulation within 0.2 mm-20 mm and the amplitude of
several tens of nm; (3). "soft" material, the experimental
elastic modulus is about 30GPa, which is 1/7 times of sili-
con's; (4). transparent or translucent.

The problem of non-contact measurement is due to the
translucency of the film and its thickness, and the thickness
of photoresist is about several hundred nm, which easily
leads to the phenomenon of interference as show in Fig. (1).
Thus, it is difficult to measure the thin film using white light
interferometer or confocal microscopy. Using contact meas-
uring method will require a lot of time to measure a large
surface area profile of photoresist coated on the wafer. The
surface wave level of the resist film measured is several
hundred microns, and the difference of the height is 10 nm.
In order to get the shape of the resist film, high-precision
measurements in the vertical is needed while the lateral reso-
lution does not have high requirements, and some special
high-frequency component does not need to be detected.
Therefore, the advantages of contact measurement with high
lateral resolution are negated [12].

What’s worth noting is that by optical measurement
method it is difficult to realize the high accuracy measure-
ment of the thin-film in principle, and contact measurement
can obtain relatively accurate results if the force effects do
not cause defects on the surface for the resist film, even
though it requires considerable time [13]. If the advantages
of the optical measurement (high speed and without defor-
mation) are used, the problems we faced can be solved.
Thus, the surface profile measurement technique of the thin
films combining optical and mechanical measurement is
proposed [14].

2.2. The Principle of the Measuring Method

The surface profile measurement method proposed above
is expressed in Fig. (2). The main characteristics are showed
in the following:

(A) combining optical measurement (white light interfer-
ometer) and mechanical contact (multi ball cantilever)

The fundamental of the proposed measurement method is
showed in Fig. (3). The surface profile of the thin film can be
obtained indirectly without multiple reflections by optical
measurement instrument and the medium.
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Fig. (3). The fundamental of the proposed measurement method.

Fig. (4). A linear array of spherical probes.

(B) multiple spherical probes are used in the contact part

The probes are spherical, which can reduce the effect of
the contact on the film, and multiple probes are used to
achieve wide-area measurements. A linear array of spherical
probes is used in the measurement, as shown in Fig. (4). To
avoid interference, optical measurement is used to measure
the upper surface of scanning probe. To reduce the impact of
the contact on shapes, spherical probes with large diameter
are adopted.

(C) The application of the white interferometer in optical
measurement part

The application of the white interferometer can realize
large area scanning measurement. In the study, the New

cantilever-top

View's white light interferometer is used as optical measur-
ing instruments. Three-dimensional geometry of the high-
precision surface is detected by the white light interference
principle. Surface roughness, waviness, roughness, step
height, etc. can be qualitative and quantitative measured
through flotation worktable, which has the function of stitch-
ing and micro-geometry error analysis. The concrete aspects
are demonstrated as following: (1). the measurement range
in the vertical is 1 nm-15000 pm, (2). the reproducibility of
the step height standard is less than 0.5%, (3). the measure-
ment error of the step height standard is less than 0.75%, (4).
the reproducibility of RMS is 0.1nm.

A multi-ball cantilever measuring device was constructed
as shown in Fig. (5). The multi-ball cantilever is NANO-
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Fig. (5). The multi-ball cantilever measurement system.

Fig. (6). A step height standard.

WORLD Arrow TL8-50 which uses 8 cantilevers spaced 250
pum apart, and each cantilever holds a ball stylus 10.9 um in
diameter.

The white interferometer used for the experimental stud-
ies is a ZYGO NewView5000. Using the interference
strength detection method, New View 5000 can detect height
information with a height resolution of 0.1 nm and profile
heights ranging from 1nm to 15000 um.The measuring per-
formance of the instrument is examined by the following
basic experiments [15].

3. MEASUREMENT EXPERIMENT

3.1. Height Standard

A step height standard that is a nominal 52 nm step in
height and 100 pm in width is measured in the experiment,
as shown in Fig. (6). In this experiment, three cantilevers are
used to simplify the evaluation. Step portion and both side
flat portions are measured using three neighboring ball canti-
levers with 250 um spacing. In order to calibrate the varia-
tion in the diameter of the ball on each probe, and the thick-
ness of the cantilever and the mounting position of the canti-
lever, the sample plane was measured. The measurement was
performed in ten different points. In measurement, there is a
height difference between the middle cantilever and the cen-

ter of the either side cantilever, the step value is calculated
from this difference. Here, this calculation method is called
“three-point relative method”. Fig. (7) shows the measure-
ment image in the experiment from white light interferome-
ter. Processing the data and the measure results are gained in
Table 1. The measurement error is less than 2% and the
standard deviation is 0.9nm. The experiments achieve the
purpose of high-accuracy measurements.

Table 1. Result of the step height standard measurement.

The Times of Measurement The Height (nm)

1 50.8

2 51.6

3 50.7

4 51.5

5 52.5

6 49.8

The mean 51.2

The standard deviation 0.9
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Fig. (7). Measurement image using three ball cantilevers.
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Fig. (8). Transparent resin sample.

Fig. (9). The measurement results by white light interferometer, Profile cannot be measured correctly by white light interferometer because

of multiple interference.

3.2. Measurement of Step Height Standard

In order to confirm whether it is possible to measure
transparent thin films using the developed apparatus, it is
necessary to compare with the actual value. This experiment
uses the resin film with the thickness of 200-400 nm and the

diameter 50-60 um, as shown in Fig. (8). The white interfer-
ometer measuring causes multiple reflections and the discon-
tinuous measurement profile are obtained as in Fig. (9).

The resin film sample used in this experiment is not the
reference sample with real value. Therefore, in order to
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Fig. (11). Measurement process.

verify the measurement result, the sample surface is
measured when it was with and without gold evaporation.
Thickness of the gold deposition is 25-30 nm. When gold is
deposited on the film, the surface becomes reflective and
does not let any light pass through; making measurement in
the white light interferometer possible. For film samples
used being 50-60 pm in diameter, one cantilever only will be
in contact with the sample because multi-ball cantilever has
250 pm intervals. Therefore, it is possible to apply the three-
point relative method here. It is decided to measure the
height of each portion of the thin film in this measurement
method. The measurement method and measurement process
are shown in Fig. (10) and Fig. (11) respectively.

We compare the profile by the developed apparatus and
by white light interferometer. The measurement results based
on four conditions (the presence or absence of gold
deposition and using developed multi-cantilever apparatus or
only white light interferometer) were shown in Fig. (12).

A good measurement result is not possible for the effect
of multiple reflections in Fig. (12) (a). Comparing Fig. (12)
(b), (c), and (d), we have similar results. Focusing on the
measurement result b, measurement is performed by the
developed device on the sample without coating, since it is
by the mechanical contact; it is not encounter the effects of
multiple reflections. The result shapes can be considered
which are not so different in the Fig. (12) (b) and (d), and
there is little change in shape due to the gold deposition. Ex-
periments show that the developed device may overcome the
effect of the multiple reflections, and the surface profile of
the film can be measured.

slide glass

(+) 0 00— /

4. CURRENT & FUTURE DEVELOPMENTS

In order to realize fast, highly accurate measurement of
the surface profile of photoresist, the paper proposed a
measuring method combing optical measurement and me-
chanical contact and a multi-ball cantilever AFM system is
constructed for the task. The experimental apparatus is
evaluated by the basic experiments on the step height stan-
dard and the surface profile measurement on the translucent
film. In the experiment of step height standard, the results
are observed that the measurement error is less than 2% and
the standard deviation is within 0.9 nm, which proved the
feasibility of using this device to measure the step height
standard with high accuracy. Then, the translucent thin film
is measured by the proposed system, which demonstrated
that this system can be used in measurement of the soft thin
film, where the white light interferometer couldn't work. The
result on the transparent material showed the feasibility of
measuring the thin film by this developed system.

In future, a study will be conducted on the accuracy of
the scanning measuring methods. Patent TW201346213 [16],
titled “Calibration of an optical metrology system for critical
dimension application matching” presents methods and
systems for matching critical dimension measurement
applications at high precision across multiple optical
metrology systems. Calibration of multiple probes should be
the point in our measurement system. Now the device is us-
ing one-dimensional probe on a straight line, in the future, 2-
dementional set probes’ measurement method will also be
studied.
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Fig. (12). Measurement results.
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(d) Sample with coating is measured by developed instrument.
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