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In this Letter, a 16 channel 200 GHz wavelength tunable arrayed waveguide grating (AWG) is designed and
fabricated based on the silicon on insulator platform. Considering that the performance of the AWG, such as
central wavelength and crosstalk, is sensitive to the dimension variation of waveguides, the error analysis of the
AWG with width fluctuations is worked out using the transfer function method. A heater is designed to realize
the wavelength tunability of the AWG based on the thermo-optic effect of silicon. The measured results show
that the insertion loss of the AWG is about 6 dB, and the crosstalk is 7.5 dB. The wavelength tunability of 1.1 nm
is achieved at 276 mW power consumption, and more wavelength shifts will gain at larger power consumption.
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Silicon photonics[1–3], as a low cost integration platform
for datacom and telecom applications, has been drawing
a lot of attention nowadays. Silicon on insulator (SOI)
is an ideal material for separating passive or active
devices[4–9] and their integration[10–13] because of its trans-
parent optical property over the communication band.
Besides, the mature CMOS technology can be directly
applied to the integration of silicon photonics devices,
which can lower their production cost greatly. With
high-index contrast, the bending radius of SOI bent
waveguides can be fabricated in a very small size with
low loss, so the devices based on SOI may have a
compact and small footprint. However, the high-index
contrast of SOI material will induce some issues; for
example, the properties of SOI devices are sensitive to
the dimensional variation of their waveguides, thus,
resulting in small fabrication tolerance and difficulty in
fabrication. The arrayed waveguide grating (AWG)[14–18]

is an interference device used in the wavelength division
multiplexing (WDM) system, which is sensitive to the
change of phase. When the regular phase is damaged,
the transmission spectrum of the AWG will get worse.
More concretely, when the fabrication dimension of the
waveguides deviate from their designed value, the regular
phase will change, then the peak wavelength of the AWG
will drift, and the crosstalk will be poor as well. Therefore,
compensation for the wavelength shift of the AWG is
necessary. There are many reports about wavelength tun-
able AWGs based on silica[19], InP[20], and polymer[21], but
there are only a few on wavelength tunable AWG based
on SOI[22].
In this Letter, the simulation and the error analysis of

AWGs with width fluctuations are worked out to analyze

the influence of waveguide width on the crosstalk of the
AWG. Then, the AWG with heaters for realizing channel
tunability based on the thermo-optic (TO) effect of silicon
is designed and fabricated.

A typical AWG consists of input/output waveguides,
input/output slab waveguides, and arrayed waveguides;
heaters are designed to realize the tunable wavelength,
as is shown in Fig. 1. The design parameters of the 16
channel 200 GHz AWG in this Letter are listed in Table 1.

As the performance, such as peak wavelength and cross-
talk of the AWG, is sensitive to the fabricated dimension,
the simulation and the error analysis of AWGs with width
fluctuations are worked out by adopting the transfer func-
tion method[23]. Without considering the transmission loss,
the transfer function with the width fluctuations can be
depicted as

Fig. 1. (Color online) Schematic diagram of a typical AWG.
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Here, M is the half number of arrayed waveguides,
ρgðj; 0Þ is the Gaussian mode field distribution of the
jth arrayed waveguide, ncj is the effective refractive index
of the jth arrayed waveguide, ΔLj is the length difference
between the adjacent arrayed waveguides, and radðncjÞ is
the fluctuation of ncj caused by the random width fluc-
tuation (s). Random fluctuations of waveguide widths
introduce random fluctuations of the refractive index
of waveguides [radðncjÞ], and then the transfer function
(1) and the transmission spectrum of the AWG will be
changed. Figure 2 shows the dependence of the effective
refractive index of a waveguide on its width under
different etching depths (H etch), from which it can be
seen that the impact of the width fluctuation on the re-
fractive index grows smaller with the waveguide becom-
ing wider.
As is stated above, the random width fluctuations (s)

of arrayed waveguides can impact the transmission perfor-
mance of the AWG, and this influence will be reduced by
using a wider waveguide. To analyze the effect of random
error of the waveguide width on the transmission spec-
trum of the AWG, random values of arrayed waveguide
widths are adopted in MATLAB using the NORMRAND
command which is used to generated the random numbers
that satisfy the normal distribution with mean value of
500 nm. The transmission spectra of the central channel

of the AWG are shown in Fig. 3(a), from which it can be
seen that when the width fluctuation (s) equals 1 nm, the
crosstalk will be increased to −9 dB, and when the width
fluctuation is increased to 2 nm, the crosstalk will be up to
about −3 dB, while the crosstalk is −30 dB with no width
fluctuation.

Fig. 2. (Color online) Simulated effective refractive index of the
waveguide with different widths and etching depths.

(a) Arrayed waveguide width is 500nm 

(b) Arrayed waveguide width is 800nm 

Fig. 3. (Color online) Transmission spectra of the central chan-
nel of the AWG with different width fluctuations (s).

Table 1. Design Parameters of the Silicon Nanowire
AWG

Parameter Symbol Value

Thickness of top silicon of SOI H 220 nm

Waveguide width w 500 nm

Thickness of slab waveguides h 70 nm

Effective refractive index of slab
waveguide

ns 2.849257

Effective refractive index of arrayed
waveguide

nc 2.53455

Group index of arrayed waveguide ng 3.796747

Central wavelength λ0 1.55252 μm
Channel spacing Δλ 1.6 nm

Number of input channels Ni 8

Number of output channels No 16

Free spectral range FSR 25.9

Pitch width of arrayed waveguide d 2.25

Heater spacing Dh 10 μm
Heater width Wh 10 μm

COL 16(1), 010601(2018) CHINESE OPTICS LETTERS January 10, 2018

010601-2



To reduce the effect of width fluctuation on the cross-
talk of the AWG, the width of the arrayed waveguides is
widened to 800 nm. The transmission spectrum of the
central channel is simulated with the width mean value
of 800 nm, as is shown in Fig. 3(b). From Fig. 3(b), it
can be seen that the crosstalk of the AWG is −21 and
−15 dB, respectively, when the width fluctuation is 1
and 2 nm. In conclusion, the effect of width fluctuation
on the crosstalk of the AWG can be reduced by widening
the arrayed waveguides[24]. So, the waveguides in the
straight section of arrayed waveguides in this Letter are
widened from 500 to 800 nm, while the bend waveguides
remain at 500 nm, as is shown in Fig. 4.
The simulated transmission spectrum of the AWG

using the transfer function method is shown in Fig. 5,
and the simulation results show that the crosstalk is less
than −30 dB
To tune the peak wavelength of the AWG, a

10-μm-wide heater with a parallel structure is fabricated
on the top of the AWG’s arrayed waveguides, and the
heater spacing is 10 μm, as is shown in Fig. 6(a).
Figure 6(b) is the simulated temperature distribution
when 275 mW of power consumption is applied to the
heater. It can be calculated that the average temperature

of the Si waveguide layer is 35.263 °C, and the tempera-
ture of the Si waveguide is increased by 15.263 K from the
room temperature of 293.15 K.

According to the TO effect, the peak wavelength shift
(Δλ) arising from the change of temperature (ΔT) can be
calculated from Eqs. (2) and (3). The TO coefficient
(dn∕dT) of Si equals 1.84 × 10−4∕K, and that of SiO2

equals 1.0 × 10−5∕K:

Δneff ¼
∂neff

∂nSi
·ΔnSi þ

∂neff

∂nSiO2

·ΔnSiO2
; (2)

Δλ ¼ Δneff

ng
·λ0: (3)

The simulated result of the relationship between the Si
waveguide temperature and the applied power is shown in
Fig. 7, which basically exhibits a linear function.

The wavelength tunable AWG is fabricated on the SOI
chip with a 220-nm-thick top silicon layer. The thickness
of the buried oxide is 2 μm. First, the mask layer for the
waveguide is formed by the deep ultra-violet lithography
(DUVL) process, and, then, inductively coupled plasma
(ICP) etching is used to fabricate the rib waveguide. Later
a 1.5-μm-thick SiO2 layer is deposited by plasma enhanced
chemical vapor deposition (PECVD). After that, titanium
is deposited by the sputter and lift-off technology to form
the heater. Lastly, aluminum, as the lead-wire electrode, is
deposited as well.

The micrographs of the fabricated AWG are shown
in Fig. 8.

The total size of the wavelength tunable AWG is
1.4 mm × 1 mm, which is quite small compared to the
AWGs based on silica platform with an effective size of
several centimeters squared (cm2) and the InP platform

Fig. 4. Widened arrayed waveguides.

Fig. 5. (Color online) Transmission spectra of the 16 channels.

Fig. 6. (Color online) Heat simulation.
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with an effective size of several tens of millimeters
squared (mm2).
The measurement results of the tunable AWG are

shown in Fig. 9. Figure 9 is the transmission spectra when
there is no applied voltage (the solid line) and when the
applied voltage is 60 V (the dotted line). From Fig. 9,
it can be seen that the insertion loss of the AWG is about
6 dB, and the crosstalk is about 7.5 dB, which is very
different from the simulated results. The insertion loss
includes the bending loss, the loss caused by mode mis-
match between two different waveguides, and the propa-
gation loss caused by the side wall roughness. All the losses

stated above are inevitable in the actual fabrication proc-
ess, but not considered in the simulation.

As to the crosstalk, the high crosstalk could be the result
of beam defocusing at the output waveguides due to un-
equal phase shifts of arrayed waveguides. As mentioned
above, the refractive index of the arrayed waveguides
are vulnerable to the fabrication dimension. The arrayed
waveguides are widened to reduce but not to eliminate the
influence of the fabrication process on the performance of
the AWG. As a result, other methods must be taken to
increase the tolerance of the fabrication process, such as
a double etched structure at the boundary between the
input/output slab waveguides and the arrayed wave-
guides[25]. At the same time, a fabrication process, such
as ultra-violet lithography and the ICP etch process must
be optimized, which is our following work.

The central wavelength of the fabricated AWG is
1563 nm, and that of the designed value is 1552.52 nm,
which may be the result of waveguide width fabrication
errors. As mentioned earlier, the difference between the
fabricated and the designed waveguide dimensions caused
by semiconductor technology, such as the DUVL process
and etching technology may lead to a wavelength shift.
Figure 10 shows the simulated transmission spectra of
the central channel in the AWG with width deviations
of 0, 5, and 10 nm, from which it can be figured out that
the peak wavelength shift can reach up to 2 and 4 nm
when the width deviation is 5 and 10 nm, respectively.
So, it can be inferred that the width deviation can change
the peak wavelength of each channel in the AWG and,
therefore, greatly affect the performance of the WDM sys-
tem in which the AWG is used.

Figure 11(a) is the measured transmission spectra of the
16th channel of the AWG when voltages of 0 V (0 mA),
30 V (2.25 mA), 40 V (3.04 mA), 50 V (3.81 mA), and 60 V
(4.60 mA) are applied on the heating electrodes, respec-
tively. From Fig. 11(a) it can be figured out that the
tunability of the AWG is 1.077 nm at a voltage of
60 V, and the modulation efficiency of the demonstrated
device is 3.902 nm∕W, which performs very well among all
corresponding reports. Figure 11(b) shows the simulated

Fig. 7. Dependence of the Si waveguide’s average temperature
on the applied power.

Fig. 8. Micrograph of the AWG.

Fig. 9. (Color online) Transmission spectra with applied voltages
of 0 and 60 V.

Fig. 10. (Color online) Simulated transmission spectra of the
central channel of the AWG with width deviations of 0, 5,
and 10 nm, respectively.
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and tested wavelength shifts under different power con-
sumptions, from which it can be seen that the tested wave-
length shift is in high agreement with the simulated
results.
Compared with other wavelength tunable AWGs, the

modulation efficiency of the AWG based on SOI performs
pretty good. For example, the reported modulation effi-
ciency of AWGs based on silica[16] is 2 nm∕W.On the other
hand, the modulation efficiency of the AWG in this Letter
is comparable to that of the latest reported wavelength
tunable AWG[19] based on SOI, whose modulation effi-
ciency is about 3.9 nm∕W, but the latter is fabricated
by a more complicated processes.
In conclusion, a wavelength tunable AWG based on TO

effect is demonstrated. The error analysis of the AWG
with width fluctuations is worked out, and the tempera-
ture distribution of the AWG with a heater fabricated on
its top is simulated, which provide the theoretical methods
to improve the performances of the AWG. Besides, the
wavelength tunable AWG is fabricated and tested, the

results show that experiment results agree with the simu-
lated results in terms of the TO modulation, and the
modulation efficiency of the fabricated AWG can reach
to 3.902 nm∕W.
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Program of China (No. 2016YFB0402504) and the Na-
tional Nature Science Foundation of China (Nos. 61435013
and 61405188).
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Fig. 11. (Color online) Measured wavelength compensation of
the AWG under different voltages. (a) The transmission spectra
of the 16th channel under different bias voltages. (b) The mea-
sured wavelength shift under different power consumptions.
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