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Abstract: A novel fabrication process for the reali-
zation of deep-etched DBR gratings in InP is pre-
sented. It is shown that a combination of chromium
and SiO, provides a very resistant etching mask for
Cly-based ICP etching. Both e-beam and optical li-
thography are used to limit e-beam writing time.

Introduction

Deep etched distributed Bragg reflector (DBR)
gratings are very promising devices for
InP/InGaAsP-based photonic integrated circuits
(PICs). In theory, a first order deep etched grating
can achieve a reflectivity of more than 97%,
within only a few grating periods [1]. The small
size and high reflectivity makes the DBR grating
an ideal building block for high-Q cavities [2].
These can be used to make ultra small, in-plane
lasers that can be applied in photonic logical cir-
cuits.

The realization of these sub-micrometer scale
structures is very challenging. Being able to inte-
grate the DBR mirrors with other photonic com-
ponents adds additional restrictions to the fabrica-
tion process. We present here first results of a
technology for fabrication of high quality 3 pum
deep DBR gratings, using electron beam litho-
graphy and inductively coupled plasma (ICP) et-
ching, which is compatible with our conven-tional
Active Passive integration Technology [3].

DBR grating design

The first order DBR gratings are schematically
shown in fig. 1. The air gaps in the DBR sections
are about 390 nm wide and the lines are about 120
nm wide. This corresponds to ¥ of the wavelength
in each medium. The p-InP cladding layer is suffi-
ciently thick to avoid optical loss from the In-
GaAsP contact layer, which is necessary to inte-
grate semiconductor optical amplifiers (SOASs) and
optical phase shifters in the same chip. Because
the gratings should be etched through the wave-
guide layer, an etch depth of at least 3 um is requi-
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Fig. 1: Schematic drawing of deep-etched DBR grating

red. Furthermore, the sidewalls should be smooth
and vertical.

Fabrication process

To meet the above requirements a Cl,:Ar:H, ICP
process was used. This process has a high etch rate
(~2.0 um/min) and the addition of H, results in
good passivation of the sidewalls. The selectivity
towards a PECVD deposited SiOx mask layer is
about 20:1. However, because of faceting effects
on the mask, which play a major role in the small
DBR structures, this SiOy layer needs to be at least
400 nm thick.

The grating structures are written using a Raith-
150 electron beam lithography system, operating
at 30 KkV acceleration voltage. The typical
thickness of common ZEP resist is 320 nm, which
is not sufficient to accurately transfer a detailed
pattern to the thick SiOy layer, and therefore an
extra 50 nm chromium mask layer was added.

The process flow is shown in fig. 2. The InP
layerstack is covered by a 400 nm thick SiOy layer
by PECVD at 300 degrees. Subsequently a 50 nm
thick chromium layer is evaporated and a 320 nm
thick ZEP layer is spun on top. The ZEP resist is
patterned using the e-beam lithography system.
Usually a thin gold layer is deposited on top of the
ZEP layer to avoid charging of the sample during
e-beam patterning, but because of the chromium
layer, this extra step is not necessary.
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Fig. 2: Process flow for the ICP deep etched DBR gratings

After development of the ZEP pattern, the chro-
mium is etched in an ICP system. A Cl,:0,-based
process is used at intermediate ICP power and low
RF power. This is a well known process that is
also used for the fabrication of high quality photo-
lithography masks [4]. The selectivity of the pro-
cess is not extremely high (about 1:2 for Cr:ZEP),
but it has a high uniformity, and since the chro-
mium layer is very thin, this is an acceptable va-
lue.

Subsequently the chromium is used as an etching
mask to open the SiOy layer in a CHF3; RIE pro-
cess. The selectivity between chromium and SiOy
is approximately 1:17. This allows the thick-ness
of the SiOy layer to be well over 400 nm.

The high quality SiOy pattern is used as a mask in
a high power ICP etching process. The resulting
DBR grating is shown in fig. 3. The ICP power
was 1000 W and the RF power was 120 W. This
gives very straight and smooth sidewalls. The
roughness that is still visible on the DBR sections
is caused by a sub-optimal proximity effect correc-
tion in the e-beam patterning.

Combination EBL - waveguide lithography

In the previous section a general process for fabri-
cating deep-etched DBR gratings was presented.
The process relies on EBL patterning of the full
structure, and since ZEP is a positive e-beam re-
sist, this requires writing the pattern around the
DBR gratings and the waveguides. This means that
if the DBRs are integrated in a bigger chip design,
the total writing time becomes very long. Additio-
nally, the proximity effect correction algorithm,
which was originally developed for periodic pho-
tonic crystal structures, is not very suitable for the-
se patterns. Therefore a more complex process was
developed that enables us to define only the DBR
sections by EBL and the rest of the waveguide
structures by conventional lithography.

The process flow is schematically shown in figure
4. First the ZEP layer is patterned by EBL, defi-
ning the gaps between the DBR sections (fig 4a).
The vertical lines are several microns wider than
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Fig. 3: 6 um deep DBR gratings in InP
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Fig. 4a: EBL pattern

Fig. 4b: Waveguide pattern aligned to EBL pattern

Fig. 4c: Final chrome mask

the waveguide, to compensate for lithography
alignment errors. Together with the DBRs, align-
ment markers are written for the waveguide
lithography step. Then the ZEP pattern is transfer-
red into the chrome layer with the first ICP etch.

Next, the waveguides are defined by optical
lithography (fig 4b). The pattern is aligned on the



markers defined in the chrome layer. A second
chrome ICP etch is performed (fig 4c) after which
the SiO, etch and the InP etch are done.

This process has the advantage of being very accu-
rate at the DBR sections, but requires less EBL
writing time and is much more suitable for the
proximity effect algorithm, since the EBL pattern
is periodic. Also, the alignment of the two
lithography steps is not very critical, because the
DBR spaces can be made several micrometers wi-
der that the waveguide.

Conclusion

We presented a novel fabrication process for deep
etched DBR gratings in InP. The process is ca-
pable of realizing high quality deep etched structu-
res with minimum EBL writing time. Furthermore,
the technology is fully compatible with other pro-
cessing steps and therefore enables the use of deep
etched DBR gratings as building blocks in future
advanced photonic integrated circuits. The first
DBR gratings in passive waveguide structures are
currently being realized using this new process
technology.

References

[1] K.J. Kasunic, “Design Equations for the Reflec-
tivity of Deep-Etch Distributed Bragg Reflector
Gratings”, J. of Lightwave Techn., Vol. 18, No.
3, 2000

[2] T. Baba et al., “A Novel Short-Cavity Laser
with Deep-Grating Distributed Bragg Reflec-
tors”, Jpn. J. Appl. Phys., Vol. 35, 1996

[3] J.H. Den Besten et al. “An integrated 4x4-
channel multi-wavelength laser on InP”, IEEE
Phot. Techn. Lett., Vol. 15, nr. 3, 2003

[4] K.H. Smith et al. “Cr absorber etch process for
extreme ultraviolet lithography mask fabrica-
tion”, J. Vac. Sci. Technol. B, Vol. 19, nr. 6,
Nov/Dec 2001

ThG20



