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Internal profile reconstruction of microstructures
based on near-infrared light transmission reflection

interferometry with optical path compensation
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Abstract; The bottom and sidewall profile reconstruction of microstructures with a high aspect ratio is a prob-
lem that urgently needs to be solved in the field of MEMS ( Micro-Electro-Mechanical system). Microstructures
profile reconstruction method is presented based on near-infrared light transmission reflection interferometry
with optical path compensation( OPC) , which is extended from white light to near-infrared light and from re-
flection interference to transmission interference. The near-infrared light transmission interferometry system is
composed of a near-infrared light source, an interference microscope, an infrared light CCD, piezoelectric ce-
ramics with high accuracy and a data acquisition system. A GaAs sample microstructure with two steps was de-
signed and the method of vertical scanning interference of near-infrared light with OPC was adopted to recon-
struct the internal profile of a microstructure, which was then compared with the results of scanning electron
microscopy (SEM). Test results show that the relative heights of the measured microstructure steps using near-
infrared light transmission reflection interferometry were 2. 132 pum and 0. 766 um with 2. 16% and 2. 68%
relative errors, respectively, which agree with the results of SEM and that of the near-infrared light reflection
interferometer. The measurement system has the ability to reconstruct the bottom and sidewall profile of micro-
structures with a high aspect ratio.
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1 Introduction

In recent years, high aspect ratio microstruc-
tures have been widely used in the field of MEMS
due to their high sensitivity and large displace-
While due to their small widths( about 1 —
10 wm) , high depth(about 10 =500 pwm) and high
aspect ratio( 10:1 to 100:1) ,

mentm .

real-time online recon-
struction of the bottom and sidewall features has be-
come an urgent problem that needs to be solved’.
At present, there are three main instruments for
measuring the 3D shape of a microstructure; the
scanning electron microscope ! ( SEM ; Scanning E-
lectron Microscope ), the atomic force micro-
scope **) ( AFM ; Atomic Force Microscope) and the
white light interferometer'®. The SEM is a device
that scans the sample with a very narrow electron
beam. When measuring high aspect ratio structures,
it is necessary to cut the microstructure sample to
scan the profile. It is a destructive method of meas-

urement with a high time requirement and a high
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cost. AFMs directly calculate the height of the sam-
ple surface using the force of a microprobe. Due to
the particularity of high aspect ratio structures, it is
necessary to change the tip structure to measure the
inside of a structure during measurement. This is
very difficult. White light interferometers are more
suitable for measuring the surface topography of mi-
crostructures. There are many commercial devices,
such as Polytec, Talysurf, Veeco, Zygo, etc. , but
for high aspect ratio microstructures, white light dif-
fraction is more severe. Furthermore, since the light
hits the object to be tested at an angle during meas-
urement, it cannot pass through a narrow slit com-
pletely. It is therefore difficult to measure a struc-

78 In sum-

ture’s bottom and sidewall topography
mary, based on the white light interference princi-
ple, semiconductor material ( gallium arsenide GaAs
or silicon Si) can be transmitted in the infrared light
band. If infrared light is used instead of the white
light in white light interference, an infrared light in-

terference system could be constructed and a certain

optical path compensation could be implemented.
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Optical path compensation using infrared light trans-
mission and reflection interference technology could
achieve bottom and sidewall shape reconstruction for
high aspect ratio microstructure.

In this paper, the near-infrared optical band is
used as an example and a near-infrared light trans-
mission reflection interference technology is pro-
posed. The corresponding interferometric system
consists of a near-infrared light source, an interfer-
ence microscope, an infrared CCD, high-precision
piezoelectric ceramic and a data acquisition system.
In the beginning, the near-infrared optical interfer-
ence topography reconstruction technology based on
vertical scanning interferometry and the basic princi-
ple of GaAs material transmission in the infrared
light band are studied. Secondly, a typical double-
step GaAs material microstructure sample is designed
and its internal shape of the measurements are per-
formed. Comparing with the results obtained from
SEM and the near-infrared light reflection interfer-
ometer, it shows that the optical path compensation
near-infrared light transmission reflection interfer-
ence system is effective. It was also found that the
measured morphology is consistent with that meas-
ured by SEM method and near-infrared light reflec-
tion interference method. The results indicate that
the internal shape of a high aspect ratio microstruc-

ture can be measured by proposed method.

2 Rationale

Fig. 1 shows the near-infrared light transmission
reflection interference measurement of bottom and
sidewall topography of microstructure with high as-
pect ratio. It can be seen that the bottom and side-
wall topography can be reconstructed by an optical
path compensation method.

2.1 Near-infrared Light Interferometer
We use near-infrared light interference micros-

copy to generate interference fringes ( Fig. 2 shows
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Fig. 1  Bottom and side wall profile reconstruction of the
microstructure with high aspect ratio measured

by the near-Infrared light transmission reflection

interferometer
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Fig.2  Schematic of near-infrared light interferometer

K2 rsset RGN R

the schematic of near-infrared light interferometer) .
This interference system is an improvement on the
Linnik optical interferometer with 168 x measure-
ment area magnification. The near-infrared light e-
mitted by the near-infrared light source is split into
two beams using a beam splitter. One is reflected by
the reference mirror and the other meets the object to
be tested whereupon it is reflected or transmitted.
The interference fringes generated by the two beams
are obtained by infrared CCD ( pixel 320 x256) "°".
High-precision piezoceramics is allowed for vertical

movement in a range of 400 pwm. Data acquisition
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and topographic reconstruction are completed by

self-developed dedicated software. To avoid error in

results, measurements are taken in a quiet and dark
environment.

2.2 Principles of the Near-infrared Light Inter-
ference Three-dimensional Shape Recon-
struction

Vertical scanning interferometry ( VSI) is a typ-
ical algorithm for reconstructing the three-dimension-
al topography of a microstructure for its high preci-
sion and fast operation. It measures relative height
by selecting fringes at zero phase''™"?'. The basic
principle of near-infrared light interference is similar
to that of white light interference. Therefore, a near-
infrared light source with a center wavelength of
1 170 nm and a wavelength range from 1 000 nm to
1 400 nm is selected.

According to the principle of white light inter-
ference, the intensity of the near-infrared interfero-
gram can be expressed using a standard relationship ;

I=1 +1,+2/II,cos5 , (1)
§ =2mA/A (2)
where I, and I, are the intensities of the two beams,

8 is the phase difference between I, and I,, A is the

wavelength of the near-infrared light, and A is the

difference in the optical paths of I, and I,. For the
reflection interference A =L, — L, , and for the trans-

mission reflection interference A =L, + AL — (L, +

nh), L, and L, are the reference optical path and

the optical path of the object being tested in the re-
flection interference, AL is the reference optical
path compensation in the transmission reflection in-
terference, n is the refractive index of the transmis-
sion material ( GaAs material has a refractive index of
approximately 3. 45 in the near-infrared band) , and

h is the thickness of the transmissive material. For

the near-infrared broad-spectrum light source, the

interference pattern obtained by the infrared light

CCD can be regarded as the result of the interference

superposition of different wavelengths. Therefore,

the intensity distribution can also be expressed

aSUSJ:
Ac+A
Ixy,2) =1+ [ w()
A=Ay
4 -
cos wd)‘ , (3)

where [ is the intensity of the interferogram, A is
the center wavelength of the near-infrared light, 2\,
is the bandwidth of the spectrum, (1) is the ener-
gy distribution of the interference pattern near the
wavelength A, z is the relative position of PZT and z,
is the position corresponding to the zero optical path

19 Since the selected near-infrared light

difference
source has a very short coherence length, when each
pixel is at the zero position of the optical path differ-
ence (z=z,), the intensity of the interference is at
its highest and the three-dimensional topography of
the microstructure can be reconstructed by recording

[10]
the z,

corresponding to each pixel.

Due to intrinsic absorption, the absorption
process of electrons from the valence band to the
conduction band gets excited. The intrinsic absorp-
tion wavelength of a semiconductor single crystal ma-
terial is expressed by A,. When light illuminates the
material , light with a wavelength greater than A, will
penetrate, and light with a wavelength less than A,
will be absorbed. As intrinsic absorption, the rela-
tionship between electron energy and the band gap is

described as follows:

he
L 4
he o, 4)

g
where h is the Planck constant, ¢ is the speed of
light and E, is the band gap width. For the gallium
arsenide ( GaAs) material used in this experiment,

the E, was 1.43 eV and the minimum transmission

wavelength was 0. 86 um.

3 Results and Analysis

First, standard micro-structures were designed

to verify the feasibility and accuracy of the system.
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The standard samples were made of GaAs semicon-
ductor materials with two different step heights ( as
shown in Fig. 3). In order to enhance the reflection
effect, a layer of gold was plated on the surface of
the GaAs and then polished. In order to verify the
feasibility of the measurement system, the two steps
were measured by SEM(step A and step B) , produ-
cing measurements of 2. 087 pum and 0. 746 pm, re-
spectively. As shown in Tab. 1, the SEM measure-
ment results were used as a standard reference to

verify the performance of the designed system.

Step A

Step B

Fig.3  Structure of the test object: the top view and the

cross-section
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Next, the microstructure morphology was recon-
structed by near-infrared light reflection interference
technique. At this time, the optical path difference
between the two paths was A =L, — L. Five phase-
shifting interferograms were recorded to have a scat-
ter stripe pattern. The piezoelectric ceramic stepping
was 0.0l pm, corresponding to a phase step of
0.061 rad. The interferogram was shown in Fig. 4
(a) and the three-dimensional shape obtained after
the solution was calculated. The results were very
consistent with the actual topography shown in
Fig. 3. The accuracy of the measurement results is
proven by the diagonal appearance of extracted pix-
els from (0,256) to (256,0), as shown in Fig. 4
(b). The measurement results show that the relative
heights of the two steps are 2. 107 pm and 0. 759
pm, which is close to the measurement results from
the SEM,
1.74% , respectively. Due to the influence of the

with relative errors of 0.96% and

diffraction effect, the measured shape of the edge of

the step is distorted, which is a common problem in

interferometers' "/ .
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Fig.4 Measurement results with near-infrared light re-

flection interference
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Under the same interference microscope, the
near-infrared light transmission reflection interfer-
ence technology replaces the near-infrared light re-
flection interference. At the same time, the optical
path of the object to be tested increases by nh. Be-
cause of this, optical path compensation is per-
formed on the reference path, and AL =nh. In order
to verify whether the near-infrared light is transmit-
ted through the GaAs material, the interferogram of
the different layers is obtained by adjusting the PZT
position. As seen in Fig. 5(a), the upper interfer-
ence fringes have no change at the position of the
step and the interference fringes in the lower layer
have changed. This proves that the infrared light has
passed through the GaAs material. By adjusting the
position of the reference mirror and controlling the
piezoelectric ceramics using a computer with a scan-
ning interval of 0. 01 pm the interferogram was ob-
tained. At the same time, the results were corrected

due to the uneven upper surface of the transmitted
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layer. As shown in Fig. 5(a), the calculated three-
dimensional topography is largely identical to the to-
pography shown in Fig. 4(a). Also, to describe the
experimental results, the diagonal topography from
pixels (0,256) to (256,0) were extracted, as
shown in Fig. 5(b). As shown in Tab. 1, the rela-
tive heights of the two steps are 2.132 pm and

0.766 pm, respectively, which are fundamentally
consistent with the results of the SEM and the near-
infrared light reflection interference, with relative er-
rors of 2. 16% and 2. 68% , respectively. Due to the
diffraction effect, the topography on the edge of the
step is similarly distorted.

Tab.1 Comparison of relative step heights for different measurement methods

R1 RENEHEARENEE

Measurement method Step A/ pum Error/ % Step B/ pum Error/ %
SEM 2.087 0.746
Near-infrared light reflection interference 2.107 0.96 0.759 1.74
Near-infrared transmission interference 2.132 2.16 0.766 2.68
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Fig. 5 Measurement results using near-infrared light
transmission reflection interference with optical

path compensation
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4 Conclusion

A near-infrared light interference measurement
system was built and the relative heights of steps
were obtained using the near-infrared light transmis-
sion reflection interference technology. The internal
three-dimensional shape reconstruction of a micro-
structure was achieved. The morphological measure-
ment results of the standard sample were consistent
with the SEM measurement results. When the near-
infrared light transmission interference technology
was used instead of the near-infrared light reflection
interference technology, the system could be meas-
ured normally. The optical path compensation near-
infrared light transmission reflection interference
2,132 um and
0.766 wm, respectively, corresponding to a 2. 16%

measurement  results  were
and 2. 68% relative error, which is good enough to
measure the height and high-aspect ratio microstruc-
ture. At present, the measurement error is large and
there are two main reasons for this. The first is that
the big difference between the near-infrared light and
the white light spectrum introduces chromatic aberra-
tion. The second is that the reconstruction algorithm

requires further improvement.
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