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High-Resolution AWG-Based Fiber Bragg Grating
Interrogator

Dzmitry Pustakhod, Emil Kleijn, Kevin Williams and Xaveer Leijtens

Abstract—A novel InP-based monolithically integrated multi-
wavelength detector is used as the central part of a fiber Bragg
grating interrogator unit. We have designed the arrayed wave-
guide grating (AWG) in the device such that at least two detectors
have a significant signal at any wavelength being measured.
Consequently, the measurement resolution is increased, while
keeping the area of device small. We demonstrate the resolution
of the measurement to be 0.32 pm over a working range of
10 nm. The corresponding relative resolution of 0.003% is to our
knowledge the best reported to date in an integrated interrogator.

Index Terms—Photonic integrated circuits, optical waveguide
filters, fiber Bragg grating

I. INTRODUCTION

F IBER Bragg Grating (FBG) sensors are currently used
in several important applications such as structural mon-

itoring and chemical sensing [1]. In such sensors, the FBG
embedded into a fiber works as a wavelength-specific reflector:
only a narrow-band line is reflected back if the grating is
illuminated with a broadband source. A change of the fiber
properties at the location of the FBG sensor, due to strain or
temperature change, will cause a variation of the refractive
index or the pitch of the grating. This in turn results in a
shift of wavelength of the reflected signal. Typical values of
the response to change of the mentioned measurands near
1550 nm are ∼1.2 pm/microstrain and ∼13 pm/◦C [2]. To
track the change of the wavelength of the reflected light, FBG
interrogators (FBGI) are used.

Current commercial FBGIs have a resolution of a few
pm, and they are relatively large and expensive units. The
typical static resolution of such sensors is in the order of
2–4 microstrain (2.5–5 pm) [1], and the best value reported
is 0.04–0.05 pm [3], [4]. Recently several approaches to use
photonic integration to reduce the size and cost of the units
were made [5]. The achieved resolution expressed as an
RMS wavelength measurement noise σλrms ranges from half a
picometer [6] to a few picometers [7]. The better wavelength
resolution, however, can usually be achieved at the expence
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of the measurement range of the interrogator, which is an-
other important performance parameter for such devices. In
order to compare various devices we will use the relative
resolution, i.e. the ratio between the resolution and the full
measurement range, as a figure of merit. A record relative
resolution demonstrated in literature is 0.02% [8] (a resolution
of ±3.5 microstrain over 20 nm wavelength range).

In this letter we present a novel AWG-based FBGI, which
ensures a significant signal in at least two outputs. The device
features monolithically integrated photodetectors. We present
the general description of the interrogator, and the modifica-
tions to improve the interrogator performance in Section II. In
Section III the simulated performance of the device is shown.
Section IV presents the measurement results of the fabricated
chip. In Section V we give an analysis and discussion of the
interrogator performance based on these measurement results.

II. FIBER BRAGG GRATING INTERROGATOR DESIGN

The schematic of the interrogator unit is depicted in figure 1.
Light is coupled from the fiber into the device through the
cleaved chip facet with an anti-reflection coating (In1, In2). In
normal AWG operation (In2), the light reaches the input of an
arrayed waveguide grating (AWG) after propagating through
the waveguide. After transmission through the AWG it is
directed to an output waveguide depending on the wavelength
of the light [9]. Light is then detected by the integrated PIN
photodiodes. The photocurrents from the diodes are measured
and are used for determining the wavelength of the incoming
light.

MMI AWG
In1

In2

PIC

PDs

Current
meter...

PCB
TE-polarized
laser input

Fig. 1. Schematic of the AWG-based interrogator. In2 is a standard AWG
input. In1 is the modified input used in the interrogator. It contains a 1×2 MMI
coupler in front of the AWG.

Because in a typical AWG there is only a small overlap
between the adjacent channels, only a single detector gives
a significant signal, or a small signal is present on two
adjacent outputs for a wavelength close to the edge of an
AWG passband. To overcome this problem a widening of the
passbands has been proposed, thus increasing the cross-talk
between channels [10]. However, this approach reduces the
slope of the interrogator function which in turn leads to a
decrease of the resolution for a given FSR.

0000–0000/00$00.00 © 2016 IEEE
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In our approach, we modify the input waveguide by in-
serting a 1 × 2 MMI coupler (see figure 1 and 2, In1) and
connecting both outputs (α and β in figure 2) to the star
coupler of the AWG. This adds a second peak in the spectral
response of each detector, and the position of the peak can be
controlled by the distance between waveguides α and β. In
our design this distance corresponds to 2.5×∆fch in spectral
response. In this way we ensure a readout at any wavelength
on at least two detectors, and we can make use of a differential
technique, described in more detail in Section IV.C.

In1

In2
Star coupler

←
α

←
β

Fig. 2. Design of AWG inputs. In1 is the modified input used in the
interrogator with a 1×2 MMI in the middle. α, β—outputs of the MMI. In2
is a standard AWG input.

III. SIMULATIONS

We simulated the response of the interrogator using an
analytical model [11]. The transmission spectra for channels
4 to 8 of the AWG with the modified input are shown in
figure 3a. Each output has two peaks in the passband (α
and β), the separation between them ∆λα,β is determined
by the distance between inputs α and β in figure 2. In the
designed device ∆λα,β = 2.5∆λch. The channel spacing is
∆λch = 3 nm. The simulated central wavelength of the AWG
λ0 was corrected to match the position of measured passbands.

IV. MEASUREMENTS

The device design was made following a generic integration
methodology, using standard building blocks such as waveg-
uides, AWG, and detectors [12]. The fabrication of the device
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Fig. 3. Modified AWG passbands. Only channels 4–8 are shown. Different
channels are shown with colors, while α and β peaks are shown with solid and
dashed lines respectively. a—simulated wavelength response, b—measured
response.
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Fig. 4. Microphotograph of the fabricated device.

was done in a Multi-Project Wafer (MPW) run carried out
at Oclaro Technology Ltd. The platform used is based on
ridge-type waveguides in InP with and active-passive butt joint
integration. Figure 4 shows a photograph of the fabricated
device.

A. Characterization Setup

For the characterization of the transmission properties of
the device, we use a tunable laser (Agilent 81940A) with a
linewidth ∆f = 100 kHz and wavelength stability of ±2.5 pm
over 24 hours as a light source. The device is designed for TE
polarization and the polarization handling is done off chip.
TE polarized light is coupled into the chip through the input
In1 in figure 1 with a lensed fiber tip. The extinction ratio
between TE and TM is 20 dB. The photocurrent from the
reversely biased detectors is recorded using NI9207 current
meter module with a sampling rate of 20 Hz.

The optical power from the laser is PTLS = 10 dBm. Taking
into account coupling loss of αc = 4 dB, the optical power on-
chip is Pchip = 6 dBm. Photodetector responsivity is RPD =
0.8 A/W. This gives a photocurrent of ∼0.7 mA considering a
3 dB splitting ratio on the MMI coupler and AWG insertion
loss of ILAWG = 3.5 dB.

The positions of the AWG passbands are dependent on the
temperature of the chip. For InP-based devices the temperature
dependent wavelength shift is around K = 0.12 nm/◦C
[13], which means that to achieve wavelength measurement
resolution of 1 pm the chip temperature should be kept stable
within 0.008◦C. In our setup we have used passive thermal
isolation to ensure a stable operation temperature. Such an
arrangement provides a more stable readout compared to one
with active temperature stabilization.

B. AWG Passbands

The measured photocurrent for three channels is shown in
figure 3b. The channel spacing of the fabricated device is
∆λch = 3.0 ± 0.1 nm and the distance between the peaks
is ∆λα,β = 7.5 nm, which matches the design values. The
passbands are wider than simulated, due to a reduced etch
depth in between the closely spaced output waveguides.

C. Measurement principle

We calibrate the interrogator before the measurements. First,
we record the readouts of each detector Ii(λ) by sweeping a
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Fig. 5. Interrogator function ξ(λ) from a pair of detectors. Step changes in
the readout are due to a wavelength change of ∆λ2 = 1 pm.

reference laser signal with a known wavelength within the
full free spectral range (FSR) of the AWG. The FSR of the
measured device is ∆λFSR = 30 nm. Based on this data we
select two photodetectors with the largest photocurrent for
each wavelength. After this procedure the FSR is split into
wavelength regions so that each of them can be indexed by
one pair of detectors. The readout signals from these two
detectors, Ia and Ib, are used to calculate the interrogator
function ξ(λ) = (Ia − Ib)/(Ia + Ib).

To reconstruct the wavelength during measurements, we use
Ia and Ib from the photodetectors with maximal photocurrent.
The interrogator function ξ(λ) together with indices a and b
uniquely determines the wavelength.

The device can be used to detect multiple peaks provided
they are directed to different pairs of detectors, e.g. 4/6 and
5/8 in figure 3.

D. Resolution analysis

The resolution of the device is specified here as the RMS
noise of the measured wavelength value σλ. The error in
the wavelength value ∆λ can be expressed through the
fluctuations ∆ξ of the interrogator function ξ(λ) as ∆λ =
|dλ/dξ|∆ξ. Based on the known detector responses Ii(λ)
the standard deviation σξ of the interrogator function can
be translated into the standard deviation of the measured
wavelength σλ.

To measure the resolution over the whole FSR we perform
a wavelength sweep in the interval from 1540 nm to 1570 nm
with a large step of ∆λ1 = 0.5 nm. At each point λ0
we measure several samples of the photocurrent from all
photodetectors at 4 wavelengths separated by ∆λ2 = 1 pm. In
figure 5 an example of the interrogator function I(λ) over time
for the wavelengths λ0, λ0 + 1 pm, λ0 + 2 pm, and λ0 + 3 pm
is shown. The change of the readout value due to a wavelength
change of 1 pm is clearly seen.

Knowing ∆λ2, we can translate the standard deviation of the
interrogator function achieved from this measurements into the
standard deviation of the wavelength measurement at each λ0
over the whole FSR (figure 6). In the center of the FSR (1550–
1560 nm) the standard deviation calculated from 40 samples
at each of 4 wavelength values doesn’t exceed σλ = 0.32 pm.
The increase of the error at lower wavelength values is due
to the non-symmetric overlap of the AWG passbands in that

Fig. 6. Wavelength measurement error over the whole AWG FSR. Signal-to-
noise ratio in the measurements is 35–42 dB.

region for this particular device, and at larger wavelength it is
due to a broken photodetector with a passband peak around
1564 and 1571.5 nm. Therefore, working only in the center
of the FSR with a range of 10 nm, we obtain a resolution of
σλ = 0.32 pm.

The main cause for the noise ∆ξ was found to be the
noise of the current meter NI9207 (specification: 50 nArms,
measured: ∼40 nArms) used to measure the photocurrents.
This gives a signal-to-noise ratio of 35 to 42 dB. It can be
improved by using low-noise electronics to measure pho-
tocurrent. Assuming a spectral noise density for low-noise
electronics of 0.1 nA/

√
Hz [14], the expected scanning rate

for the same resolution is around 100 kHz. Additional noise,
which is not noticable now but may be dominating after
reducing electronic noise, can come, on one side, from the
fluctuations of the fiber-to-chip coupling which causes first
order mode excitation. On the other hand, the aforementioned
temperature variations also lead to a slow drift of the readout
signal in our measurements. Both effects can be reduced by
improving the stability and thermal isolation, e.g. by packaging
the device.

V. CONCLUSION

We fabricated and characterised an integrated Fiber Bragg
Grating interrogator with an FSR of 30 nm, 10 output channels,
and a footprint of 2.5 mm2, which can be used to track
wavelength shifts with a resolution of 0.32 pm over 10 nm,
corresponding to a relative resolution of 0.003 %. The abso-
lute resolution is comparable with other bulk and integrated
solutions, and the relative resolution is to our knowledge the
best reported for integrated interrogators.
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