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Wavelength Trimming of MEMS VCSELs for
Post-process Wavelength Allocation
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Microsystem Research Center, Tokyo Institute of Technology, Japan

Email: sano.h.ab@m.titech.ac.jp

Abstract

We demonstrate the wavelength trimming of MEMS VCSELs by etching the cantilever-
shaped top mirror using FIB. This technique can be used for the post-process precise
wavelength allocation of athermal MEMS VCSELs. Experimental results show a possibility
of realizing both red-shift and blue-shift wavelength changes by choosing the etching area of

the cantilever.

1. Introduction

Vertical cavity surface emitting lasers (VCSELs)
have been attracting great interest as light sources
with low power consumption and small footprint. For
further increase in transmission capacity even for
short reach links, wavelength division multiplexing
(WDM) should be considered. The temperature
dependence of semiconductor lasers, which is
typically 0.1nm/K for single-mode VCSELs, is a
remaining problem to be solved. The elimination of
costly thermoelectric controllers is needed for use in
low cost WDM networks. If we are able to realize
athermal semiconductor lasers exhibiting a fixed
wavelength under temperature changes, we expect
low power consumption and small packaging in
WDM transmitter modules. Tunable VCSELs with
micro electro mechanical system (MEMS) have been
studied intensively [1-6]. We reported the athermal
operation of 1550nm VCSELs with a thermally
actuated cantilever based on bimorph effect [7-10]. In
addition we present the first demonstration of the
athermal and tunable operations of 850nm VCSELs
with a newly designed MEMS cavity [11,12]. The
athermal operation could be improved by inserting
AlLOy anti-reflection layer in the cavity. We obtained
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the extremely low temperature dependence of
0.002nm/K.

Also, the post-process wavelength adjustment, so-
called “wavelength trimming” [13], is needed in such
athermal VCSELs for precise wavelength allocation.
However the wavelength of athermal VCSELs cannot
be controlled with a thermoelectric controller due to
their athermal nature. We would like to point out a
possibility to change the wavelength by modifying
MEMS  structure. The cantilever-shaped top
distributed Bragg reflector (DBR) can be modified by
dry etching, which results in wavelength shifts even
after the fabrication. This trimming technique enables
the presice wavelength allocation.

In this paper, we demonstrate the wavelength
trimming of micromachined GaAs-based VCSELs by
post-process etching of a cantilever structure.

2. Design of Athermal MEMS VCSELs
Figure 1 shows the cross-sectional view and
scanning electron microscope (SEM) image of the
fabricated MEMS VCSEL. The device consists of a
top AlGaAs MEMS mirror, an active region
including three GaAs/AlGaAs quantum wells and an
AlGaAs bottom p-type DBR including an oxide

Fig. 1: The schematic and SEM image of the fabricated MEMS VCSEL for wavelength trimming



aperture, which provides optical and electrical
confinement. The top MEMS mirror is a freely
suspended  cantilever-shaped  AlGaAs n-DBR
including a 4A-thick (1.1 wm) AlygsGagsAs stress-
control layer at the bottom. The thermal expansion
coefficient of the strain control layer is smaller than
the average one of DBR. Because of different thermal
expansion coefficients in GaAlAs compositions, we
are able to obtain the thermal actuation of the
cantilever for compensating the temperature
dependence of wavelength. The air gap is formed (or
the cantilever is released) by selective etching of a
GaAs sacrificial layer underneath the cantilever. A
similar concept using a stress-induced displacement
of the cantilever can be used for wavelength
trimming. Because there is an internal stress in the
cantilever resulting from different lattice constants in
different AlGaAs compositions, we are able to obtain
the displacement of the cantilever when it is released.
Thus, the displacement changes the air-gap length
and hence the lasing wavelength. We can increase or
decrease the displacement by controlling the internal
stress with dry etching after forming the air-gap.

We newly inserted the Al,Oy layer which functions
as anti-reflection coating. The AIlO, layer was
formed by using the wet oxidation of AlyosGag gAs.
In the case of conventional MEMS VCSELs, the
wavelength control can be realized by changing the
air gap. In order to enhance the tuning efficiency
ANAA (d: the length of the air gap), we found that the
reflection at the interface between the air gap and the
semiconductor with active region should be reduced
[14]. Our proposed structure has an Al,O, anti-
reflection layer at the interface. The refractive index
of ALOy is about 1.5 which is close to that of a
perfect AR coating. The proposed structure leads not
only the enhancement of wavelength tuning
characteristics but also the increase in temperature
range of athermal operations. This is because tuning
efficiency AAAL can become nearly constant against
the air-gap changes by inserting the Al,O, layer. This
characteristic also enhances the precise control of the
wavelength trimming.

3. Wavelength trimming by post-process etching
of the cantilever
If a GaAs sacrificial layer is selectively etched to
form the air-gap, the released cantilever end shows
the upward stress-induced displacement. This
displacement is determined by the cantilever structure
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Fig. 2: The schematic of wavelength trimming with surface
etching of the cantilever arm.
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Fig. 3: Calculated displacement of the cantilever as a
function of etched depth.

and is given by
Ad = 3 tpu L Logpiener E(80) D
(tI)BR + tscl)3

where tppp is the thickness of DBR, f,; is the
thickness of the strain control layer, L.guitever 1S the
length of the cantilever, Aa is the difference of lattice
constants of DBR and the strain control layer and ¢ is
the stress induced by lattice mismatch. The
displacement can be changed by modifying the
cantilever structure using the post-process FIB
etching technique.

Figure 2 shows the schematic of post-process
etching for “wavelength trimming”. The left and right
figures show the cantilever before and after FIB
etching respectively. We have about 135 nm-thick
AlygsGagsAs layer at the top of DBR mirror for
etching protection. When the arm of a cantilever is
etched to reduce the thickness of DBRs, the stress-
induced displacement is increased due to the
increased  vertical asymmetry. The upward
displacement results in the red-shift due to the
increased the air-gap. We calculated the displacement
of the cantilever as a function of the etched depth as
shown in Fig. 3. While the top AlygsGag 15As layer is
etched, the displacement is increased monotonically
with the etched depth. If we continue to etch DBR
layer, the displacement periodically changes with a
period of one DBR pair. This is because average Al
composition of DBR layer changes with the etched
depth. Despite the periodic change, the figure
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Fig. 4: Calculated wavelength shift and temperature
dependence of wavelength as a function of etched depth.



indicates that we can increase the displacement of the
cantilever by thinning DBR layer. An etched depth of
100 nm of DBR layer gives us a displacement of
above 110 nm and a wavelength shift of about 10 nm
if we assume tuning efficiency AA/Ad is 0.088. The
amount of this shift indicates that etching of the top
AlygsGagsAs layer is sufficient for wavelength
trimming that we propose.

The temperature dependence of wavelength AMAT
also should be considered when the wavelength
trimming is carried out. Our proposed VCSELs with
a thermally actuated cantilever enable us to control
AMAT by means of differences of thermal expansion
coefficients between DBR layer and the strain control
layer. Therefore AA/AT depends on the cantilever
structure. If we etch DBR layer for their wavelength
trimming, the displacement caused by temperature
changes Ad/AT may break out the athermal condition.
We calculated how the wavelength trimming effects
on the athermal operation as shown in Fig. 4. We
assumed a 120 um-long cantilever for athermal
operation. As the wavelength is shifted from initial
one with the reduced thickness, the temperature
dependence of wavelength AA/AT is increased from
the athermal operation. If we allow AA/AT to be
0.007nm/K (10 times smaller than conventional
VCSELs), we can get a wavelength shift of above 7
nm with such a small AM/AT.

4. Fabrication Process
Figure 5 shows the fabrication process. The process
includes the formation of a cantilever structure,
VCSEL mesa etching, the oxidation process which
forms oxide confinement and anti-reflection layer,
metal deposition and finally cantilever release by
selective etching using citric acid. Cantilever
structures and VCSEL mesas were formed by
inductively coupled plasma (ICP) dry etching. An
AlLOy anti-reflection layer can be formed by a lateral
wet-oxidation of a  140-nm-thick epitaxial
AlyosGag ppAs during the formation of oxide apertures
for optical and electrical confinement. No extra
fabrication process is needed. The small circles,
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Fig. 5: Fabrication process of athermal 850 nm VCSELs
with a thermally actuated cantilever structure.

which eventually contain the base of the cantilever,
are 20 mm in diameter while the larger bottom mesas
are 60 mm in diameter, requiring 25 mm of lateral
oxidation. The entire AlyogGaggAs anti-reflection
layer was oxidized at 480 °C leaving an unoxidized
aperture (~10 um¢) at the center of the larger bottom
mesa. We used Ni/Ge/Au as a top contact and
Au/Zn/Au as a bottom contact [15]. The air-gap is
formed by highly selective citric-acid-based chemical
etching of a GaAs sacrificial layer underneath the
cantilever [16, 17]. After removing the sacrificial
layer by selective etching the wafer was dried with
boiled acetone in order to avoid a sticking problem.
We fabricated a freely suspended 120 x 10 pum’
cantilever as shown in Fig. 1.

5. Measurement
We carried out the post-process etching of the
cantilever structure to change the displacement for
“wavelength trimming”. Also, we can obtain the
downward displacement by etching the edge of the
cantilever without the degradation of mirror
reflectivity. This is because the stress relaxation
along the cantilever takes place with the stress-
induced bending in the perpendicular direction by
etching the side of the cantilever end. As a result we
can realize both the red-shifted and blue-shifted
wavelength changes using the post-process etching
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Fig. 6: Measured lasing spectra before and after FIB etching

of the arm of the cantilever..
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Fig. 7: The SEM top view of an etched cantilever for
wavelength trimming.



technique.

We etched the arm of the cantilever by FIB, which
leads to the reduction in the thickness. The post-
process etching of less than 200 nm results in
wavelength shifts of 15 nm. Figure 6 shows the
measured spectra before and after two-steps FIB
etching. This figure indicates multi-mode operations
due to its large oxide aperture, but single-mode
operation could be obtained by reducing the oxide
aperture size. Output power was changed depending
on their resonant wavelengths because its gain or
reflectivity is changed. However we expect that we
may avoid the changes of laser performances when
the wavelength shift is a few nm in practical
applications. We realized red-shifts of about 10 nm
and 6 nm in the first and second step etching of the
cantilever arm, respectively. We also etched the edge
of a cantilever end to get blue-shifts. The SEM view
of the etched cantilever is shown in Fig. 7. Etched
depth was about 550 nm, which corresponds to 4.5
pairs of DBRs. As shown in Fig. 8, the lasing
wavelength was blue-shifted by the post-process
etching. These results indicate that we can make post-
process wavelength control either with red-shift and
blue-shift by choosing the etching area of the
cantilever structure.
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Fig. 8: Measured lasing spectra before and after FIB etching
of the edge of the cantilever.

6. Conclusions

We proposed and demonstrated the wavelength
trimming of MEMS VCSELs for post-process precise
wavelength allocation. We realized both red-shift and
blue-shift wavelength changes by choosing the
etching area of the cantilever. The proposed concept
would be useful for precise wavelength engineering
of athermal MEMS VCSELs.
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