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Fu Anbang“?®, Zhang Huaidong'?®, Zhang Xinyu?3, Sang Hongshi*?, Ji An* Xie Changsheng"?*

(1. National Key Laboratory of Science & Technology on Multispectral Information Processing, Wuhan 430074, China;
2. Institute for Pattern Recognition and Artificial Intelligence, Wuhan 430074, China;
3. Wuhan National Laboratory for Optoelectronics, Huazhong University of Science Technology, Wuhan 430074, China;
4. Institute of Semiconductors, The Chinese Academy of Sciences, Beijing 100083, China)

Abstract: This paper proposed a novel meth od for investigating the characteristics of an electrically
tunable liquid crystal(LC) Fabry-Perot(FP) hyperspectral imaging detectors. The device would be used to
sequentially choose the specific wavelength in the range of 3 to 5. Based on the method proposed that
the directing vector of liquid crystal materials would be changed in an electric field applied over the
electrodes of the device, the refractive index of the FP cavity filled by LC film could be changed
electrically. Through the thin film matrix equation, we calculated the transmissivity of the infrared light
incident upon the photosensitive plane directly, and then obtained the relationship among the
transmissivity, the applied voltage signal, and the wavelength value selected. The most key features of the
proposal approach was that the device will be composed of main very thin electrically refractive-index
parts, which are two FP interferometers connected closely so as to accurately perform the choice of each
single wavelength desired in the spectral range by the device developed.
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0 Introduction

In recent years, considerable efforts have focused
on the development of interferometer technology using
liguid crystal materials drived and controlled

electrically. Two main methods including Micro-
Electro-Mechanical Systems (MEMS) technology for
changing the distance between two mirrors and
electrically tunable liquid crystal technology™, have been
used in the FP interferometer for choosing specific
wavelength. Among them, MEMS structure has been
proved to be useful for selecting specific wavelength
by changing the depth of the FP cavity, thus the
wavelength of the transmitted light can be changed!.
To the liquid crystal Fabry-Perot(LC-FP) interferometer,
LC materials are filled into a FP cavity with a fixed
thickness, and then the index of refraction of liquid
crystal is varied electronically. Consequently, the
structure can be used as a spectral imaging component
that can be electronically controlled®-4.

Compared with the MEMS structure, the MEMS
Fabry-Perot(MEMS-FP) structure has to adjust the depth
of the FP cavity, so the LC -FP without mechanical
movement of the mirrors demonstrates several
advantages. First, the LC-FP has high stability, and the
structure is only controlled by voltage so that the stability
of the device can be ensured. Second, the fabrication of
MEMS-FP is more complicated than that of LC-FP and
it is difficult to make large area MEMS-FP arrays®.

This paper demonstrates the basic structure of the
device model. Through sufficient calculations and
simulations, the theoretical results provide a solid
device design foundation for producing the future
device. The model combines merit of each LC -FP
structure, and thus the transmitted wavelength from

the device is only unique and can be tunable.

1 Methodology and approach

1.1 Principle of FP interferometer
The main structure of the device is the FP

interferometer, so the principle of the FP interferometer
is most important. The relationship between the I;(the
intensity of incident light) and the I, (the intensity of
transmitted light) can be characterized using the Airy

equation®-l,
- T? )
" =Ry 4Rsini(512) " @)
6=4mndcos 6/ A (2)

In the equation (1) and (2), T reflects the

transmissivity of the electrode, R represents the
reflectivity of the electrode, & represents the phase
difference between consecutive reflection rays, n is the
refractive index of the LC material, d is the depth of
the FP cavity. From the equation, if the 6=0°, the I,
gets the maximum value. When 6=0°, we can obtain
the equation(3).

2nd=k A, (3)
where A, is the wavelength at k -level transmittance
peak, the distance between contiguous transmittance
peaks can be deduced as the equation (4) shows.

FSR=MA— Mii=2nd/k-2nd/(k+1)=

2nd/k(k+1)=2nd ( ;\de . % _ )\5%1 @

From the equation (4), we know if we want to
change the value of the distance between contiguous
transmittance peaks(FSR), you can adjust the n and d,
as we use the LC -FP structure, so the n changes,
then the FSR changes.

1.2 Method of liquid crystal

The directing vector of LC changes when the
applied voltage changes,the refractive index of the LC
material can be modulated by only controlling the
voltage signal applied over the Al electrodes fabricated
in LC-FP structures, the twisted angle 6 (the angle
away the parallel direction) changes when the FP
cavity is under the control of the voltage. The
effective refractive index of the LC can be described

by the equation (5).
neﬁznone/(nz cosze+nzsin20 12 (5)
When no voltage is applied, the LC molecules
are aligned parallel to the quartz substrates, the ng=n,,
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the voltage becomes strong, the ng turns down to n,.
So when a light with many different wavelengths
impacts the LC -FP, only some of the wavelengths
can pass through, these wavelengths can be controlled.
If we divide the LC layer to m parts, assume the
refractive index of each part is n,, we divide the LC
into m levels, the total effective refractive index n of
the structure can be calculated by the equation(6).

ne 2 nJ/m (6)
k=m

if the
applied voltage changes, the numerical solution of LC

In the simulation, we assume m =100,

devices can be obtained by combining iterative finite-
difference method and calculus of variations, we can
obtain n, at each level, so the total refractive index.

2 Simulations

The design of the device combines two LC-FP
structures, the whole structure is showed in Fig.l.
Figure 2 shows the overview of the device, Fig.3
shows the desired outlook of the device. The LC is in
the middle of the substrates, the electrodes, the
dielectric mirrors, the alignment films. As this device
works in the range 3.0-5.0 wm, the electrode and the
dielectric mirror can be replaced by aluminum mirrors,
the Al mirrors can used as electrode and mirror in the
working wavelength. From the Fig.4, we can see the
device contains two LC-FP structure, assume the top
structure is structure 1, the bottom structure is
structure 2, one of the substrates is shared. The depth
of the two structures is different, the structure 1 is
15.3 wm, the structure 2 is 9.3 wm. When the applied
voltages are both at 5V, the transmissivity are in the
Fig.4. The figure shows that in the working wavelength,
the transmissivity of the separate structure, as the
depth is different, the number of transmittance peaks
is different. If the applied voltage changes, we can
see the transmittance peaks move. Figure 5 shows that
when the applied voltage changes from 1-10V, the
transmittance peaks move to the left, and in the range

2-5V, the result obviously changes.
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Fig.1 Structure of LC-FP interferometer
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Fig.2 Overview of device

Fig.3 Desired outlook of the device
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Fig.5 Applied voltage(x-axis), wavelength(y-axis),

relationship between transmissivity (z-axis)

Then we let the two structures combine, as the
voltage which apply to the electrode is separated, two
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controlling voltage devices are needed. When the two
applied voltages adjust independently, the transmitted
intensity and the transmittance peaks change both. The
total result is the product of the two independent
transmissivity. From Fig.4 we can discover that in the
range 3.0-5.0 um, there are several transmittance peaks,
if the two structures combine, with the changing voltage
signals, we can obtain only one peak at the specific
wavelength.

Assume the two voltages are U;,U,, different U,
and U, lend to different results. When U;=2 V, U,=
4.5V, the result can be seen in Fig.6. As the result
shows that at 3 420 nm, transmitted light reaches a
maximum transmittance, the FWHM (full width at half
maximum) is 20 nm. When U,=2.5V, U,=4.5V, the
result can be seen in the Fig.7. As the result shows
that at 3 720 nm, the transmitted light reaches a
maximum transmittance, the FWHM is 20 nm.
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Fig.7 Transmittance peak at 3 720 nm
When the applied voltage is different, the

phenomenon have greatly difference. If we want to
obtain the right wavelength, we let one voltage remain
unchanged, the other one changes from 1 to 10 V, we can
see the simulation in Fig.8, Fig.9 separately. Figure 8
shows that U, remains unchanged, we change U, from 1
to 10V, the peaks change as U, changes. Figure 9 shows
that when U, remains unchanged, we change U, from
1 to 10V, the peaks change as U, changes. In fact, when

the voltage changes as 0.1V, the spectral can change
obviously. From the result of the simulation, we can
obtain almost 30 transmittance peaks in the range of
3 -5 um. The intensity of the transmitted light can
over 80%.
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Fig.9 U, remains unchanged, the peaks change as the U, changes

3 Conclusion

In summary , we obtain a large number of
simulations based on the basic model of the device
which combines two LC-FP structures. By comparing
of two
together, the two structures which connect closely

the simulation structures separately and
demonstrate some advantages. The refractive index of
the LC material can be modulated by only controlling
the voltage signal applied over the Al electrodes
fabricated in LC -FP structures. In the further work,
we hope that the device is a 4x4 addressable planar
array structure. Thus when the voltage that is applied
over different cells, the FP array is changed separately,
the wavelength of transmitted light can be chosen
independently.
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