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Abstract An integrated intra-laser-cavity microparticle sen-
sor based on a dual-wavelength distributed-feedback channel
waveguide laser in ytterbium-doped amorphous aluminum ox-
ide on a silicon substrate is demonstrated. Real-time detection
and accurate size measurement of single micro-particles with
diameters ranging between 1 μm and 20 μm are achieved,
which represent the typical sizes of many fungal and bacterial
pathogens as well as a large variety of human cells. A limit of
detection of ∼500 nm is deduced. The sensing principle re-
lies on measuring changes in the frequency difference between
the two longitudinal laser modes as the evanescent field of
the dual-wavelength laser interacts with micro-sized particles
on the surface of the waveguide. Improvement in sensitivity far
down to the nanometer range can be expected upon stabilizing
the pump power, minimizing back reflections, and optimizing
the grating geometry to increase the evanescent fraction of the
guided modes.
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There is an increasing demand for compact and reliable
label-free biosensors which are able to detect bacteria and
other micro- and nano-sized biological specimens. As a
consequence, integrated optical sensors have become a very
active and relevant area of research in which a variety of
novel sensors have been demonstrated [1–5]. The majority
of these optical sensors make use of passive resonant cavi-
ties, where the sensing principle is based on the interaction
between the optical field propagating in the cavity and the
micro- or nano-sized particles in the vicinity of the cavity,
which induces a perturbation of the resonance condition
of the cavity [6]. This perturbation is usually observed in
the form of a shift in the resonance frequency ν0 of the
cavity. The sensitivity of such a sensor is determined by
the passive cavity linewidth �νc. A narrower optical reso-
nance linewidth allows one to observe smaller shifts in the
cavity resonance, suggesting the potential for detection of
smaller particles. A narrow resonance linewidth implies a
long cavity photon lifetime, which increases the interaction
probability between the photons in the cavity and the micro-
or nanoparticle.

High-quality passive whispering-gallery-mode (WGM)
resonators are particularly prominent in the field of label-
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free integrated optical sensing [3–5]. WGM fused-silica mi-
crospheres with passive-cavity quality factors Qc = ν0/�νc

as high as 8 × 109 have previously been demonstrated [7].
However, these devices have not been integrated on a chip.
Besides, WGM cavities usually require bulky glass prisms
[7,8] or tapered fibers [9] in order to couple light into them.
As an alternative to the high-Q microspheres, toroid-shaped
silica WGM resonators with Q-factors in excess of Qc = 1 ×
108 have been integrated on a silicon chip [9]. A disadvan-
tage of these devices is that during fabrication each cavity
has to be selectively reflowed using CO2 laser radiation,
which makes wafer-scale fabrication impractical and time-
consuming. Very recently, integrated WGM wedge-shaped
resonators, which do not require the individual reflow fab-
rication step, demonstrated record-high Q-factors of up to
Qc = 8.75 × 108 in a silica-on-silicon platform [10]. The
maximum achievable Q-factors of typical passive WGM
silica resonators are limited to Qc < 1010 due to the intrinsic
material loss of silica [11], which also limits the sensitivity
of these passive cavities for sensing applications.

By exploiting laser operation in which optical gain
partially compensates the cavity losses, the laser reso-
nance linewidth �νL and Q-factor QL = ν0/�νL, which is
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