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Tunable Three-Dimensional Solid Fabry-Perot 
Etalons Fabricated by Surface-Micromachining 
L. Y. Lin, Student Member, IEEE, J. L. Shen, S. S .  Lee, M. C .  Wu, Member, IEEE, and A. M. Sergent 

Abstruct- We report on novel tunable three-dimensional solid 
Fabry-Perot etalons fabricated by the surface-micromachining 
technique. The Fabry-Perot etalon is monolithically integrated 
with an on-chip rotation stage for angle tuning. A wavelength 
tuning range of 45 nm has been achieved at 1.3 pm wavelength for 
a rotation angle of 70". The optical properties of the polysilicon 
materials have also been characterized using the etalon as testing 
vehicles. 

I. INTRODUCTION 
AVELENGTH-division multiplexing (WDM) is an at- W tractive approach to increase the bandwidth and routing 

capability of optical networks. Broadband tunable Fabry-Perot 
etalons are desired in WDM systems as wavelength demulti- 
plexers. Various approaches have been proposed to enhance the 
integrability of Fabry-Perot etalons. For example, the FiEnd 
etalon filters invented at AT&T Bell Laboratories eliminate 
fiber pigtailing problems by forming mirrors directly on the 
cleaved ends of expanded-core fibers [l]. By employing pho- 
tolithographic technique, micromachined Fabry-Perot interfer- 
ometer with a corrugated silicon diaphragm support [2] and 
tunable micromachined gallium arsenide Fabry-Perot filters 
[3] have been realized. However, most of the microfabricated 
Fabry-Perot filters developed to date are restricted to the 
surface of substrate with light incident from the surface-normal 
direction, which makes fiber-to-fiber coupling more difficult. 
The integrability with other micro-optical elements is also 
limited. 

The surface micromachining technique offers a new 
approach to implement three-dimensional free-space micro- 
optics monolithically. Previously, we have proposed a 
"Free-Space Micro-Optical Bench (FS-MOB)" technology for 
optoelectronic packaging and free-space integrated optics [4], 
[5]. On the micro-optical bench, various three-dimensional 
micro-optical elements such as micro-lenses [4], mirrors 
[4]-[6] and gratings [7] can be fabricated integrally on a 
single silicon chip by the surface-micromachining technique. 
In this paper, we report on the first fabrication of novel three- 
dimensional tunable solid Fabry-Perot etalons monolithically 
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Fig. 1. 
Fabry-Perot etalon integrated with a rotation stage. 

(a) The schematic drawing and (b) SEM micrograph of the solid 

integrated with rotation stages using the FS-MOB technology. 
Very broad tuning range (45 nm) is achileved using the on-chip 
rotation stage. The polysilicon solid efalon also provides an 
ideal testing vehicle for characterizing of the optical properties 
of the micromachined polysilicon plates. 

Fig. l(a) shows the schematic diagram of the tunable 
Fabry-Perot etalon. It consists of a solid etalon and a rotation 
stage. The etalon is made to stand perpendicular to the 
substrate so that it can be integrated with other optical compo- 
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Fig. 2. The transmission s ect"  of the three-dimensional solid 
Fabry-Perot etalon with 300-i-thick Au coating on one side at normal 
incidence. 

nents. For example, the etalon can be cascaded with another 
etalon with different free-spectral range to optimize the filter 
bandwidth; or it can be integrated with bulk-micromachined 
V-grooves for aligning input and output optical fibers. The 
three-dimensional etalon and the rotation stage are fabricated 
integrally using the surface-micromachining technology. The 
fabrication processes have been described in detail in [4]. One 
side of the polysilicon etalon is coated with a thin layer of Au 
to increase its reflectivity. The polysilicon etalon is rotated 
out of the substrate plane after fabrication and releasing, and 
held by the micro-hinges and micro-spring latches [SI. The 
structure of the rotation stage itself is similar to that of the 
micromotors [9]. The Fabry-Perot etalon can be angle-tuned 
by rotating the integrated stage. Fig. l(b) shows the scanning 
electron micrograph (SEM) of an assembled solid Fabry-Perot 
etalon integrated with a rotation stage that has been rotated by 
about 45". The etalon is 1.48 pm thick, and has dimensions 
of 400 pm by 400 pm. 

The transmission characteristics of the tunable etalon is 
characterized using a white light source and an optical spec- 
trum analyzer. Fig. 2 shows the transmission spectrum of the 
solid Fabry-Perot etalon coated with 300 A-thick Au at normal 
incidence. The low transmission intensity comes mainly from 
the optical loss through the Au film. The finesse of the etalon 
is found to be 4.1 from the measurement data. By rotating the 
Fabry-Perot etalon, the peak transmission wavelength changes 
according to the following relation 

where Xo is the peak transmission wavelength at normal 
incidence, 0, is the incident angle of the light source with 
respect to the normal direction of the etalon, and npoly is 
the refractive index of the polysilicon plate (material of the 
solid etalon). Fig. 3 shows the change of the peak transmission 
wavelength versus the tuning angle. A tuning range of 45 nm 
is achieved by rotating the Fabry-Perot etalon over 70". The 
refractive index of the polysilicon plate can be extracted by 

1320 - 

Experiment 

I 
0 20 40 60 

Rotation Angle (degree) 

Fig. 3. The peak transmission wavelength of the three-dimensional 
Fabry-Perot etalon versus the rotation angle of the on-chip rotation stage. 

fitting the experimental peak wavelength with (1). A value of 
npo~y = 3.75 is obtained, which is in between of the refractive 
indices of single crystalline silicon and amorphous silicon at 
this wavelength. 

Since polysilicon is the most commonly used material 
in surface micromachining, it is important to characterize 
its optical properties. The solid etalon constructed in our 
experiment provides an ideal testing vehicle. By analyzing the 
transmission spectrum of an uncoated etalon, the optical loss 
of the polysilicon plate can be characterized [ 101. Fig. 4 shows 
the optical loss per pass as a function of the wavelength. The 
loss consists of two components: a fast decaying component 
for wavelength shorter than 1.1 pm, and a slowly varying 
component at long wavelength. The fast decaying is dominated 
by the optical absorption above bandgap. For wavelength 
longer than 1.1 pm, the optical loss approaches a loss floor 
of 7.9% per pass. This loss includes the scattering loss at 
the polysilicodair interface, diffraction loss, and the residue 
below-bandgap absorption loss of polycrystalline materials. 
The dominant loss is attributed to the scattering loss due to 
the granular surface of the polysilicon plate formed during the 
deposition process. The mirror reflectivity of the Au coated 
etalon can also be analyzed from its transmission spectrum 
[lo]. From the transmission spectrum shown in Fig. 2, the 
intensity reflectivity of polysilicon-Au-air interface (from the 
polysilicon side) is estimated to vary from 60% for X = 950 
nm to 86% for X = 1400 nm, which is in good agreement 
with the data calculated from the complex refractive index of 
the Au film [ 113. The finesse of the etalon can be increased by 
applying high-reflection (HR) dielectric coating. Fig. 5 shows 
the transmission spectrum of a solid Fabry-Perot etalon coated 
with three pairs of SiO2-Si quarter wavelength dielectric 
mirrors on both sides, with light incident at 50". The finesse is 
increased to 11. The transmittance, however, becomes lower 
because that the intensity loss within the polysilicon plate now 
contributes more significantly as the reflectivity increases. The 
finesse can be further increased by polishing the surface of the 
polysilicon plates using chemical-mechanical polishing [ 121 
to reduce the scattering loss, or using the silicon on insulator 
(SOI) structure in the micromachining process. This type of 
etalon is useful for WDM systems at the communication 
wavelengths of 1.3 pm and 1.55 pm. 
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Fig. 4. 
etalon. 
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After applying high-reflection dielectric coatings, the finesse 
is increased to 11. The optical properties of the polysilicon 
materials have also been characterized using the etalon as 
testing vehicles. The three-dimensional Fabry-Perot etalons 
can be integrated with other free-space micro-optical elements 
fabricated by similar technique, and have applications in 
wavelength-division multiplexing systems and optical sensors. 
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Fig. 5. The transmission spectrum of a three-dimensional solid Fabry-Perot 
etalon with high-reflection dielectric coating on both sides at an incident angle 
of 50’. 

11. SUMMARY 
We have demonstrated three-dimensional tunable solid 
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of 45 nm has been achieved by rotating the on-chip rotation 
stage over 70’. The finesse of the Au-coated etalon is 4.1. 
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