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Fig. 3 Spectral output of dropped channel (port 6) and transmitted
channels (port 5) for input at port 1

A transmitted isolation of —25dB and sidelobe level of —40dB are
achieved for a 1nm dropped channel 3dB width

and fibre-waveguide coupling loss. In an ideal device, the insertion
loss 1s expected to be limited by UV-induced loss of <0.2dB for
each grating pair and fibre waveguide coupling losses of < 1dB.
The dropped channel spectrum has a 3dB width of 1nm, which is
significantly narrower than the individual Mach-Zehnder grating
widths of 1.4nm in Fig. 2. This narrowing is due to the multiplica-
tion of filter functions which have sloped sidewalls. The insertion
loss of ~3.7dB is caused by similar factors to those found in the
case of the transmitted signal, as well as by grating fabrication
errors which only affect reflected light [4]. The double filtering is
clearly demonstrated by the extremely low sidelobe levels of —
40dB within 200GHz of the peak. As expected, this level is two
times lower than the single device sidelobe levels in Fig. 2. Double
filtering in transmission has also been measured by coupling light
into port 4 and examining the output from port 3. A transmitted
channel isolation of —40dB was obtained.

Because of its reduced sidelobe levels and improved dropped
channel transmitted isolation, this device represents significant
progress in Mach-Zehnder based add-drop filters. Further optimi-
sation in coupler design and grating fabrication will result in addi-
tional performance enhancements. The planar waveguide
geometry provides an inherently stable interferometer that is rela-
tively simple to fabricate using established processing techniques.
This work demonstrates that a small wafer area can yield a high
quality device and suggests that silica based planar waveguide
devices are a viable, low cost add-drop technology.

Acknowledgments.: The authors thank S. Cabot and P. Lemaire for
deuterium loading of the waveguides used in this work.

© IEE 1996 18 June 1996
Electronics Letters Online No: 19961067
G.E. Kohnke, C.H. Henry, E.J. Laskowski, M.A. Cappuzzo,

T.A. Strasser and A.E. White (Bell Laboratories, Lucent Technologies,
700 Mountain Avenue, Murray Hill, NJ 07974, USA)

References

1 JOHNSON, D.C, HILL, K.O.,, BILODEAU, F., and FAUCHER,s.. ‘New
design concept for a narrowband wavelength-selective optical tap
and combiner’, Electron. Lett., 1987, 23, (13), pp. 668-669

2 BILCDEAU. F,, JOHNSON,D.C, THERIAULT,S., MALO, B, ALBERT,],
and HILL, K.0.: “An all-fibre dense-wavelength-division multiplexer/
demultiplexer using photoimprinted Bragg gratings’, I[EEE
Photonics Technol. Lett., 1995, 7, (4), pp. 388-390

3 KASHYAP, R., MAXWELL, G.D., and AINSLIE, B.J.: ‘Laser-trimmed four-
port bandpass filter fabricated in single-mode photosensitive Ge-
doped planar waveguide’, IEEE Photonics Technol. Lett., 1993, 5,
(2), pp. 191-194

4 ERDOGAN, T, STRASSER, TA, MILBRODT, M.A., LASKOWSKI, E.J.,
HENRY, CH., and KOHNKE, G.E:: ‘Integrated-optical Mach-Zehnder
add-drop filter fabricated by a single UV-induced grating
exposure’, [EEE Photonics Technol. Lett.

5 HENRY, C.H., KAZARINOV, R.F., SHANI, Y., KISTLER, R.C,, POL, V., and
ORLOWSKY, K.J.. ‘Four-channel wavelength division multiplexers
and bandpass filters based on elliptical Bragg reflectors’, J.
Lightwave Technol., 1990, 8, (5), pp. 748-755

6 STRASSER,T.A.,  WHITE, AE, YAN,M.F, LEMAIRE PJ, and
ERDOGAN, T.: ‘Strong Bragg phase gratings in phosphorus-doped
fibre induced by ArF excimer radiation’. Conf. Opt. Fiber
Commun., 1995 Tech. Dig. Series, 1995, Paper WN2, (Opt. Soc.
Am.), 8, pp. 159-160

7 MALO.B., ALBERT.J, BILODEAU.F., KITAGAWA,T., JOHNSON, D.C.,
HILL, K.O,, HATTORL K., HIBINO, Y., and GUIRATHI, S.:
‘Photosensitivity in phosphorus-doped silica galss and optical
waveguides’, Appl. Phys. Lett., 1994, 65, (4), pp. 394-396

8 MIZRAHL V., and SIPE, J.E.: ‘Optical properties of photosensitive fibre
phase gratings’, J. Lightwave Technol., 1993, 11, (10), pp. 1513—
1517

Statically-phase-compensated 10GHz-
spaced arrayed-waveguide grating

H. Yamada, K. Takada, Y. Inoue, Y. Ohmori and
S. Mitachi

Indexing term: Grating demultiplexers

The crosstalk of an arrayed waveguide grating multiplexer with a
channel spacing of 10GHz was reduced by trimming a-Si films
deposited on the arrayed waveguides. This static phase
compensation enables a stable multiplexer to be made which
features a low crosstalk of < -30dB without any external phase
control.

Introduction: The arrayed-waveguide grating (AWG) multiplexer is
a key device for wavelength division multiplexing. A channel
crosstalk of ~ -30dB has been realised in an AWG multiplexer
with a channel spacing of larger than SOGHz [1, 2]. However, a
10GHz-spaced AWG multiplexer has shown a higher crosstalk
due to large phase errors, which result from the deviation in the
optical path length of the arrayed-waveguides [3]. We have dem-
onstrated phase error compensation in a 10GHz-spaced AWG
multiplexer using thermo-optic phase shifters [4, 5]. This method
requires an electric power of ~10-20W and temperature control of
the device, which makes long-term stability impossible to achieve
without feedback control.

This Letter describes an effective way to compensate statically
for the phase errors of an AWG multiplexer by which the com-
pensated phase is maintained immediately after phase adjustment.
A stable, stand-alone 10GHz spaced AWG multiplexer with a
channel crosstalk of less than —30dB has been realised.

arrayed- - St film
waveguide
grating ol
N slab
, waveguide
input ) output
waveguides waveguides
1 1
16 16

Fig. 1 Arrayed-waveguide grating multiplexer with a-Si film

Experiment and result: Fig. 1 shows the configuration of an
arrayed-waveguide grating multiplexer fabricated for static phase
compensation. It consists of 16 input/output waveguides, two con-
cave slab waveguides and an arrayed-waveguide grating incorpo-
rating 64 waveguides with a path difference of 1271 um between
adjacent waveguides. This device was fabricated using silica-based
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planar lightwave circuit (PLC) technology [6]. To reduce the cross-
talk of the AWG, we used the photoelastic effect with a-Si film for
static phase error compensation. The a-Si films 95um wide, 6mm
long and 7um thick were deposited on all the arrayed waveguides
by magnetron sputtering for phase adjustment. The width of the
a-Si films was designed so that the phase change after a-Si film
trimming was the same for the TE and TM modes [7].

Phase error compensation was undertaken based on the princi-
ple reported in [4]. First, the phase errors were measured by using
Fourier transform spectroscopy with a low-coherence interferom-
eter [8]. Secondly, the phases were individually adjusted by trim-
ming the a-Si film so as to offset the measured phase errors. Phase
trimming was performed by partly removing the a-Si film from the
surface of the cladding with an Ar ion laser. The experiment con-
sisted of monitoring the phase error distribution when TE mode
light was launched into the 8th input port and detected at the
ninth output port.
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Fig. 2 Phase error distribution for the TE mode before and after phase
compensation

-—Q— before
—@— after

The initial phase error distribution and transmission spectrum
for the TE mode are shown, respectively, by the open circles in
Fig. 2 and the broken line in Fig. 3. The initial channel crosstalk
was degraded by the phase errors which were distributed over
360°. We then individually trimmed 56 of the a-Si films. The four
films at each end of the array were not trimmed as they are less
effective for crosstalk reduction because of low power distribution.
The phase of each arrayed-waveguide could be individually
adjusted, because the distance between adjacent arrayed-
waveguides was designed to be larger than 500um. However, the
phase change per unit length of trimming ranged from 65 to
87 degree/mm depending on the location of the a-Si films, and this
leads to errors in the compensated phase. In order not to exceed
the predetermined amount of compensated phase, the trimming
length was designed to be equal to 90% of the length required
when the phase was assumed to be controlled at a maximum rate
of 85degree/mm. The procedure was repeated until the phase
errors were reduced to < 10°,
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Fig. 3 Transmission spectrum for the TE mode before and after phase
compensation
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The filled circles in Fig. 2 and the solid line in Fig. 3 show the
phase error distribution and the transmission spectrum for the TE.
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The phase errors were successfully reduced to an RMS of 2°, and
the channel crosstalk was drastically reduced to less than —36dB.
Fig. 4 shows the wavelength response characteristics for all 16 out-
put ports of the phase-compensated multiplexer. Each channel was
separated with a wavelength spacing of 0.08nm, which corre-
sponds to an optical frequency spacing of 10GHz. The channel
crosstalk for 16 output ports was < -31dB and the on-chip loss at
the centre wavelength of the pass band ranged from 3.0 to 5.3dB.
This method offers a stable, stand-alone multiplexing operation
with a low crosstalk of < —30dB, because the compensated phase
is maintained immediately after adjustment. Therefore, the phase-
compensated AWG with a channel spacing of 10GHz will be used
as widely as AWGs with 100GHz spacing for dense WDM appli-
cations.

transmittance , dB

1550.5 1551.0 1551.5
wavelength, nm

Fig. 4 Wavelength response for all 16 output ports of phase-compen-
sated multiplexer

The phase errors for the TM mode could not be compensated
for in this experiment because the initial phase error distribution
of the fabricated AWG for the TE and TM modes were different.
This polarisation dependence of the phase errors is the result of a
slight imhomogeneity in the photoelastic effect induced by a-Si
films. It could be compensated for by using a-Si films for birefrin-
gence control before phase error compensation.

Conclusion: A 16 channel 10GHz-spaced arrayed-waveguide grat-
ing multiplexer with a-Si film was fabricated in order to compen-
sate statically for phase errors. The phase errors were statically
reduced to an RMS of 2° by measuring them using an optical low-
coherence interferometer and by trimming the a-Si films. This
method provides a stable, stand-alone 10GHz spaced arrayed-
waveguide grating multiplexer with a channel crosstalk of <
-30dB.
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1.3um InGaP/InAsP MQW lasers with large
spot-size and low loss fibre chip coupling
fabricated by a standard buried
heterostructure process

N. Bouadma, A. Ougazzaden, M. Kamoun,
C. Kazmierski and L. Silvestre

Indexing terms. Semiconductor junction lasers, Semiconductor
quantum wells, Optical couplers

1.3um large spotsize laser diodes without a mode converter
fabricated by conventional buried heterostructure laser process,
and using MQW core structure with low effective refractive index
are demonstrated. The devices show low coupling losses to
cleaved fibre, good alignment tolerances, and high temperature
characteristics.

Low cost optical transmitter modules are key elements for the
implementation of optical fibre in the distribution networks up to
the subscribers. As the largest part of the transmitter module cost
is attributed to the packaging and, particularly, to the fibre chip
coupling with submicrometre alignment accuracy, a narrow beam
divergence laser diode providing high coupling efficiency and
relaxed alignment tolerances and fabricated with standard proc-
esses, is an attractive device. During the past few years much
attention has been paid to the integration of mode size converters
with active devices in order to improve the coupling efficiency.
Mode size expansion has been achieved by continuously tapering
the active waveguide cross-section in order to transform the mode
shape and size to mach that of the fibre. A number of techniques
for tapering the width [1], the thickness [2], or the composition [3]
of the active waveguide have been proposed. These approaches
yield good reduction in output beam divergence. However, they
generally suffer from several drawbacks, such as degraded lasing
characteristics and long cavity devices, due to the additional taper-
ing section. They also involve procedures for tapering that compli-
cate device fabrication and result in increased cost.

p-GalnAs
p-InP A S
InP InP
n-inpP \‘\\ _Ikn r
n-InP(sub) \ \
InAsP/InGaP N.. =10
(7nm) (Gnm) W~
857

Fig. 1 Schematic diagram of MQW buried stripe (BRS) laser structure

We present a simple expanded output mode laser without a
spot-size transformer. The laser spot-size expansion is achieved by
decreasing the effective refractive index step between the core and
cladding, using a InAsP/InGaP multiquantum well structure. The
major advantage of this approach is that the laser can be fabri-
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cated with conventional buried heterostructure technology with no
inherent resolution limits and no need for additional sophisticated
etching or epitaxial techniques, avoiding any significant cost
increase of the laser chip. Therefore, this approach is suitable for
mass production. The fabricated LDs show good lasing character-
istics and low loss coupling of < —4.3dB into a cleaved single
mode fibre with good misalignment tolerance.
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In a conventional semiconductor laser diode the optical mode
inside the cavity is necessarily small due to the large refractive
index difference between the core and cladding for higher confine-
ment to the active region, which results in a large output diver-
gence angle (FWHM ~30°/50°.L). To increase the laser mode
size, the core cross-section can be reduced [4], or a multilayer core
structure can be used and a large bandgap semiconductor material
with a refractive index equivalent or lower than that of the clad-
ding incorporated into the core region. We use a compensated
strained quantum well InAsP/InGaP structure as a core region.
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Fig. 3 Light output against current at different temperatures
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The strained InGaP material used as barrier has a bandgap wave-
length of 0.9um and a refractive index lower than that of the InP,
which considerably reduces the effective refractive index of the
core, without a significant decrease of the modal gain, due to the
higher gain of the MQW structure. A schematic diagram of the
device structure is shown in Fig. 1, which consists of a stack of 10
compressively strained 7nm thick InAsP wells (1.7%) and Snm
thick InGaP tensile barriers (-1.4%) grown by MOCVD atmos-
pheric pressure. A very thin layer of InP with just two monolayers
was inserted between the well and barrier in order to prevent lat-
eral thickness undulation and improve the interface quality
between the wells and the barriers [5]. The BH lasers were
fabricated by reactive ion beam etching (RIBE) for the mesa
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