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Annual Research Highlights

(1) “Label-free detection of aggregated platelets in
blood by machine-learning-aided optofluidic time-
stretch microscopy”

According to WHO, about 10 million new cases of
thrombotic disorders are diagnosed worldwide every year.
Thrombotic disorders, including atherothrombosis (the
leading cause of death in the US and Europe), are induced
by occlusion of blood vessels, due to the formation of
blood clots in which aggregated platelets play an important
role. The presence of aggregated platelets in blood may be
related to atherothrombosis (especially acute myocardial
infarction) and is, hence, useful as a potential biomarker
for the disease. However, conventional high-throughput
blood analyzers fail to accurately identify aggregated
platelets in blood. Here we present an in vitro on-chip
assay for label-free, single-cell image-based detection of
aggregated platelets in human blood. This assay builds on
a combination of optofluidic time-stretch microscopy on a
microfluidic chip operating at a high throughput of 10 000
blood cells per second with machine learning, enabling
morphology-based identification and enumeration of
aggregated platelets in a short period of time. By
performing cell classification with machine learning, we
differentiate aggregated platelets from single platelets and
white blood cells with a high specificity and sensitivity of
96.6% for both. Our results indicate that the assay is
potentially promising as predictive diagnosis and
therapeutic monitoring of thrombotic disorders in clinical
settings.

Fig. 1 Detection of aggregated platelets in blood by
optofluidic time-stretch microscopy. (a) Schematics of the
analysis and system. (b) Captured images of platelet
aggregates.

1.(1)-2) Lab on a Chip 17, 2426-2434 (2017).

(2) “Mid-infrared germanium photonic crystal cavity”

The mid-infrared (MIR) spectral range holds significant
potential for spectroscopic and sensing applications
because it encompasses the fingerprint region that unveils
the vibrational and rotational signatures of molecules.
CMOS-compatible on-chip devices that can achieve strong
light-matter interaction in the entire fingerprint region are
considered as a promising way for such applications, but
remain unprecedented. In this work, we proposed and
experimentally demonstrated the first on-chip MIR
germanium photonic crystal cavity that covers the entire
fingerprint region. This was enabled by harnessing a novel
home-made air-cladding germanium platform and
monolithically integrating a photonic crystal cavity, two
photonic crystal waveguides, two cantilever waveguides,
two suspended membrane waveguides, and two focusing
subwavelength grating couplers on a single chip. Our
device opens up a new avenue toward integrated nonlinear
optics and on-chip biochemical sensing in the fingerprint
region.
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Fig. 2 . SEM images of the monolithically integrated on-chip
MIR germanium device. (a) Top view of the device. Scale bar: 5
pum. (b) Top view of the photonic crystal cavity and waveguides.
Scale bar: 1 um. (c) Measured transmission spectrum and
coupling efficiency of the monolithically integrated on-chip MIR
germanium.

1.(1)-7) Opt. Lett., 42, 2882-2885 (2017).
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