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Introduction. Fiber Bragg gratings (FBGs) are nowadays used in several appli-
cations, e.g. structural health monitoring or chemical sensing1. A central part of
an FBG-readout system is the interrogation unit, which measures or tracks the
wavelength of the light reflected from the grating. The typical static resolution of
current commercial FBGs is in the order of 2 to 4 microstrain (2.5 to 5 pm)1, and
the best value reported is 40 nanostrain (0.05 pm)2. FBG-readout units can be
both costly and bulky and photonic integration can be used to significantly reduce
their size and cost, with successful demonstration of achieved resolution from half
a picometer3 to a few picometers4. As a figure of merit to compare various de-
vices we are using the ratio between resolution and full measurement range, with
a record demonstrated value of 0.02 %1. We present the design and measurements
of an integrated interrogator based on an arrayed waveguide grating (AWG) with
modified inputs with receiver-limited resolution of 0.96 pm, which is 0.01 % of the
measurement range of 10 nm.
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Figure 1: a—Schematic of the AWG-based interrogator. b—Micrograph
of the fabricated chip.

Interrogator design. Schematic of the interrogator design is shown in figure 1a.
Light is coupled from the fiber to the device through the cleaved chip facet. Input
In2 shows a regular AWG input. After demultiplexing, the outputs are connected
to integrated PIN photodiodes. The photocurrents from the diodes are measured
and are used for determining the wavelength of the incoming light.
In order to ensure that light is directed to at least two detectors, we modified the
input waveguide by inserting a 1× 2 MMI coupler. The ouput of the MMI is either
coupled directly to the AWG input (figure 1, In3) or with two additional waveguides
(figure 1, In1) which connect to the AWG with a spacing corresponding to 2.5×∆fch.
The latter structure is used in this paper. Figure 1b shows a photograph of the
device which was fabricated in an InP multi-project wafer (MPW) run at Oclaro
Technology Ltd. within the Memphis project. The simulated passbands for the
inputs are shown in figure 2a.
Operation principle. In order to use the interrogator, it needs to be calibrated.
This done by recording the readouts of each detector Ii(λ) while sweeping the laser
wavelength within the full free spectral range (FSR) of the AWG. Examples of
measured readouts Ii(λ) are shown in figure 2b. At any given wavelength we can
select two photodetectors with the largest photocurrent. Thus the whole FSR is
split into regions which are indexed by a pair of detectors. The readout signals
from these two detectors, Ia and Ib, are used to calculate the interrogator function
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Figure 2: Simulated (a) and measured (b) AWG passbands. Only se-
lected channels of AWG are shown.

I(λ) = (Ia − Ib)/(Ia + Ib).
To measure the unknown wavelength which is input to the chip, we first deter-
mine the indices a and b of the photodetectors with maximal photocurrent. They
determine the region of FSR as described above. Second, the readout from these
two detectors is used to calculate the interrogator function I(λ) and corresponding
wavelength value.
Resolution analysis. The error in the wavelength can be expressed as ∆λ =
|dλ/dI|∆I = |dI/dλ|−1

∆I. Based on the known detector responses Ii(λ) the
intensity noise ∆I can be translated into wavelength noise ∆λ.
To measure the interrogator resolution over the whole FSR we perform a wavelength
sweep in the interval from 1540 nm to 1570 nm with a coarse step of ∆λc = 0.5 nm.
At each point λi we measure several samples of the photocurrent from all pho-
todetectors at 4 wavelengths separated by ∆λfine = 1 pm. Calculating the average
interrogator function at each of these wavelengths and knowing ∆λfine, we get a
slope of the interrogator function |dI/dλ|. The standard deviation of the interroga-
tor function from this measurements gives a standard deviation for wavelength at
λi. The resulting values are shown in figure 3. In the center of FSR from 1550 to
1560 nm, which is the working range of our device, the standard deviation doesn’t
exceed σ = 0.32 pm. We obtain the resolution of ∆λ = 3σ = 0.96 pm. An increase
of error at the lower values of wavelength is due to the non-symmetric overlap of
AWG passbands in that region, and at higher values of wavelength is due to a
broken photodetector with a passband peak around 1564 and 1571.5 nm.

Figure 3: Standard deviation of the
measured wavelength over the AWG
FSR

Conclusion. We fabricated and char-
acterised an integrated fiber Bragg
grating interrogator with a footprint
around 1 mm2, which can be used to
track wavelength shifts with a resolu-
tion better than 1 pm over 10 nm, which
corresponds to 0.01 % of the range.
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