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Design and fabrication of an InP arrayed waveguide grating for monolithic PICs�
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Abstract: A 10-channel, 200 GHz channel spacing InP arrayed waveguide grating was designed, and the deep
ridge waveguide design makes it polarization independent. Under the technologies of molecular beam epitaxy,
lithography, and induced coupler plasma etching, the chip was fabricated in our laboratory. The test results show
that the insertion loss is about –8 dB, and the crosstalk is less than –17 dB.
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1. Introduction

Photonic integrated circuits (PICs) have been developed
for reducing cost and power consumption in the optical com-
munications fieldŒ1; 2�. A PIC integrates multiple active and
passive components such as lasers, modulators, detectors, mul-
tiplexers/demultiplexers and optical amplifiers. The PIC elim-
inates the need for a large number of optical components and
complex electronic signal processing, achieves greater network
reliability and the fiber capacity benefits from complex mod-
ulation while consuming significantly less space and power
than traditional systems. It is important to fabricate repro-
ducible, high-quality active and passive waveguide transitions
in PIC technologyŒ3; 4�. InP is a very powerful platform, giv-
ing efficient optical gain, high-speed switching and modu-
lation with low voltages, and efficient high-speed detection.
Monolithic integration in InP has been proven to save signifi-
cant cost, power, and footprint. Multi-wavelengths and multi-
signals transmitting/receiving must be able to be handled by
complex InP PICs. As a multiplexer/demultiplexer, the InP ar-
rayed waveguide grating (AWG) is an important passive de-
vice. The world’s first InP 8 � 8 monolithic tunable optical
router (MOTOR) operating at 40Gbps line rate per port was de-
signed with AWG, SOAs and so onŒ6�. It has been reported that
a 40-channel InP AWG was integrated with 40 electroabsorp-
tion modulated lasers (EMLs), including 241 discrete function
components on a single monolithic InP chip. In addition, a
multi-channel coherent PM-QPSK InP transmitter operating at
112 Gb/s per wavelength was also reportedŒ7; 8�.

Over the years, many researchers in China have made
some great achievements in the research of discrete photonic
devices. However, our integrated photonic devices are still at
the earliest stages of development. We have mastered the key
technology of PICs, but a complex PIC chip has never been
reported. Power consumption and access to cost-effective en-
ergy in conjunction with the continued expansion of the inter-
net are becoming the most critical issues in the communication

industry today. To satisfy the demand of ever-increasing com-
munication capacity in broadband communication systems and
lower costs, PIC technology is of great importance. Here, we
present a 10-channel InP-based AWG which will be integrated
with distributed feedback (DFB) lasers and electroabsorption
modulators (EAMs) in InP monolithic PICs. It is the first trial
in China. It is of great importance in the development of PIC
technology and has a far-reaching impact on the optical net-
work in China.

2. Design and fabrication

To avoid polarization dependence and reduce bending
radii, a deep ridge InGaAsP/InP waveguide structure has been
adoptedŒ9�. The width of the waveguide is determined by the
polarization of the waveguide and the bandgap of InGaAsP.
Waveguides with lower bandgaps and larger width can eas-
ily achieve polarization independence, and have a good fab-
rication tolerance. On the other hand, to satisfy the single
mode condition, the waveguide width should be decreased. We
choose a suitable width to balance the two aspects. In addition,
a kind of tapered waveguide is adopted in the slab region to
decrease the coupling loss. The deep ridge waveguide consists
of a 2-�m InP buffer layer, a 0.5-�m InGaAsP core layer with
1.05Q, and a 1.5-�m InP overcladding layer. The refractive
index of InP is 3.1649 and the InGaAsP core layer with 1.05Q

needs to be calculated as follows. The relationship of the lattice
constant and different components of the quaternary compound
is determined by Figaro’s law. Suppose a is the lattice con-
stant, InP (Eg(0) D 1.421 eV, a D 0.5886 nm), GaAs (Eg(0)
D 1.519 eV, a D 0.5653 nm), InAs (Eg(0) D 0.420 eV), GaP
(Eg(0) D 2.338 eV). For InxGa1�xAsyP1�y (x and y refer to
the percentages of In and As in the quaternary compound),

a.x; y/ D 5:8696 � 0:4184x C 0:1894y C 0:013xy: (1)

To meet lattice matching, a.x; y/ D a(InP), we get
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Fig. 1. Cross-sectional diagram of the deep-ridge waveguide with po-
larization independence.

Table 1. Design parameters of InP AWG.
Parameter name Value
Number of channels 8 in, 12 out
Number of arms 55
Waveguide width 2.45 �m
Etching depth 5 �m
Channel spacing (��/ 1.6 nm
Radius of Rowland circle (R) 1133.8 �m
Path-length difference (�L) 35.544 �m
Bend radius 250 �m
Gap between tapered wav. at slab regions 1.5 �m

x D
0:4526y

1 � 0:031y
: (2)

1.05Q means that the emission wavelength is 1.05 �m, so
band gap Eg D 1.24/1.05 D 1.18095 eV.

The formula for calculating the refractive index of a qua-
ternary compound is as follows:
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Here,

E0 D 3:391 � 1:652y C 0:83y2
� 0:123y3;

Ed D 28:91 � 9:278y C 5:626y2;

Eg D 1:35 � 0:72y C 0:12y2: (5)

The formula above has adopted the lattice matching con-
dition:

y D 2:197x: (6)

According to the calculations above, we get y D 0.24477,
then we know that the chemical formula of the quaternary com-
pound is In0:11141Ga0:88859 As0:24477P0:75523, and the refrac-
tive index of the core layer is 3.2530Œ10�. To reduce absorption
loss, an undoped or SI-InP overcladding layer is also required.
The deep-ridge structure shown in Fig. 1 makes the bending
radii be only 250 �m, enabling us to fabricate an extremely
small InP AWG. For integration with 10 DFBs and EAMs,
the output side (in the bottom of the chip) is provided with 10

Fig. 2. Layout of the 10-channel InP AWG.

Fig. 3. Photograph of the fabricated AWG.

waveguides, which are separated by a distance of 250 �m at
the edge of the chip, while the input side to the AWG is pro-
vided with 9 waveguides. The channel spacing between the ad-
jacent channels is designed to be 1.6 nm (200 GHz). To reduce
the chances of failure during processing and packaging, we add
the number of output ports to 13. The concrete design para-
meters are shown in Table 1, and the layout of the InP AWG
that we designed is shown in Fig. 2. In order to be convenient
for testing, we put one of the 9 channels on the opposite side
of the output ports, and so do the output ports. The grating ar-
ray consists of 55 waveguides. The compact design makes the
typical size of the device 4 � 4 mm2.

The InP buffer layer, InGaAsP core layer, and InP over-
cladding layer are grown epitaxially in sequence on a InP
semi insulating substrate. The InP AWG is then formed using
lithography and induced coupler plasma technologies. Figure 3
shows the photograph of InP-based AWG fabricated in our lab-
oratory, and Figure 4 shows the SEM image of the side walls
of the waveguides. We can see that the sidewalls of the buffer
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Fig. 4. Cross-sectional SEM image of the fabricated AWG.

layer, core layer and overcladding layer are not very smooth,
the propagation losses are somewhat high because our guiding
structure is very sensitive to side-wall roughness.

3. Results and discussion

We measured the devices by launching ASE light from a
1.55 �m range fiber into the input port of the AWG which is
in the opposite side of the output ports, and then detecting it in
the output ports with a spectrum analyzer, by moving the out-
put fiber from one channel to the next after each wavelength
scan. Figure 5(a) shows the spectral response of the 10 chan-
nels of an InP-based AWG with 200 GHz channel spacing.
After deducting the loss of the straight waveguide, the mea-
sured insertion loss is about –8 dB at the central output port
and the crosstalk is less than –17 dB. Figure 5(b) shows the
free spectrum diagram of the central port and the free spectra
range (FSR) is 10.52 �m, which is marked in the figure. The
central wavelength is not spaced accurately at 1.55�m. Firstly,
this is because the input port is not the central one, for the rout-
ing principle of AWG, the central wavelength would shift; Sec-
ondly, fabrication errors of the effective index and differences
in length of the arrayed waveguides can also cause wavelength
shift Œ11�. The nonuniformity between central and side chan-
nels is less than 3 dB. As an AWG can be used as a multiplexer
or a demultiplexer, we measured it as the output ports are in-
put ports and input ports are output ports. Figures 5(c) and 5(d)
show the spectral responses of the 8 input channels and the cen-
tral channel, respectively. The FSR is 19.36 nm, which is very
close to the designed value. And the small difference of FSR
between the twomeasurements is due to fabrication errors. The
insertion loss is almost the same to the former. Nevertheless,
both the two measurements show that the channels are not very
accurately spaced in wavelength, but with a separation error of
˙0.3 nm while the designed value is 1.6 nm. It is mainly be-
cause the fabrication errors in the effective index of the slab
waveguides, the gap between arrayed waveguides and the ra-
dius of Rowland circle. The average value of 3-dB bandwidth
of the left-side channels is 0.95 nm, while the underneath side
channels is 1.75 nm. The big difference is due to the instability
of different chips and different test environments.

We have also tested the polarization dependence of the fab-
ricated chip. The measurement was carried out for the TM and

Fig. 5. (a, b) All-channel and central channel transmission spectra with
the underneath side is output port and (c, d) the left side is output port.
The FSR is marked at the central channel transmission spectrum.
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Fig. 6. TE and TM spectra of the central channel.

TE modes, respectively. Figure 6 shows the TE and TM spec-
trum response. The analysis results show that the devices have
good polarization independence and residual polarization dis-
persion of all channels is smaller than 0.2 nm, which is negli-
gible compared to the channel spacing of 200 GHz (1.6 nm).

In this experiment, all the waveguides are exposed in the
air, so the tested results can be influenced easily by the external
environment. In the next step, we will add a SiO2 protecting
layer on the InP overcladding layer to protect the waveguides
from external influence.

4. Conclusion

We designed, fabricated and characterized a 10-channel
AWG with 1.6 nm (200 GHz) channel spacing at 1.55 �m
wavelength. A deep ridge waveguide structure is adopted to
achieve polarization independence. The compact design makes
the chip size be only 4 � 4 mm2. The insertion loss is about
–8 dB at the central output port and the crosstalk is less than
–17 dB. Adding a protecting layer on the waveguides can fur-

ther reduce the propagation loss. Therefore, the chip will be
widely used in monolithic PICs.
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