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Al-Assisted SERS Microfluidic Chip Enables
High-Precision Label-Free Cell Sorting
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assisted, label-free single-cell chip

identification and sorting. The results

could be used to guide future research

on the design and development of non-invasive, efficient cell-sorting techniques with potential
applications in clinical diagnostics and precision medicine.

Cell sorting is a basic yet vital procedure in precision biomedicine. Cell sorting separates mixed
cells into pure subgroups based on their unique features. Biological tissues and blood contain
diverse cell types, and mixed samples blur true cell signals in gene or protein tests. By sorting,
researchers can get uniform cells to study cell functions, stem cell development, and disease
mechanisms clearly. It also supports drug screening and cell product quality control. Without
these techniques, accurate single-cell analysis and modern cell-based treatments would be
impossible. The analysis of rare cells, such as cancer stem cells and circulating tumor cells, to
assess their functional responses is rapidly gaining prominence given its relevance for its
potential to address issues in the development of new drugs and clinical diagnostics.

Traditional flow-cytometry-based sorting was first described in the 1960s. Now, the most widely
used methods are fluorescence-activated cell sorting and magnetic-activated cell sorting. They
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pass single cells through laser detection; charges target cell droplets and deflect them via electric
fields for collection. Recently, to avoid labeling and invasive manipulation, researchers have
developed several types of label-free cell sorters, including image-activated cell sorting (IACS),
acoustics-activated cell sorting (AACS), and Raman-activated cell sorting. These systems utilize
intrinsic cellular properties, such as geometric morphology, acoustic characteristics, and
molecular composition measured by Raman spectra to achieve identification and sorting,
respectively. However, these techniques exhibit limited sorting accuracy in complex cell
populations.

To improve the identification accuracy, deep-learning approaches based on neural networks
(NNs) have recently been developed for cell sorting. However, NN algorithms are
computationally complex and often unsuitable for use by untrained users and the primary
barriers to label-free cell sorting are low sensitivity and limited spatial resolution, because these
parameters are directly related to the accuracy of the entire identification-to-isolation workflow.

Surface-enhanced Raman scattering (SERS), which provides an effective and non-invasive
approach for identifying single-molecule fingerprints in biosensing, offers ultra-sensitive
capabilities for trace detection and analysis. Thanks to the high accuracy of Raman signals and
short acquisition time, SERS can facilitate cell sorting because Raman analysis requires less time
compared with IACS and AACS. In addition, the Raman mapping provides spatially resolved
Raman signals, thereby reducing the total processing time. In recent years, deep-learning-based
SERS techniques have been developed for cell identification. Previous studies used Au
nanoparticles as SERS substrates to collect cancer-cell signals and applied the resulting data to
NN-based deep-learning models for early cancer diagnosis. However, appropriate selection of
Raman tags or biomarkers is critical for accurate SERS analysis, even when using deep-learning
models, and it is important to consider that deep learning has limited utility as a universal
technology for cell identification.

Recently, the research group of Professor Koji Sugioka and Dr. Shi Bai from Advanced Laser
Processing Research Team, RIKEN, proposed a new approach to fabricate a SERS substrate with
uniformly distributed hotspots by laser near-field reduction of Au ions. Their work is made
available online on July 29, 2026, in the Early View section of Opto-Electronic Advances.

"This technique allows the creation of plasmonic ring-shaped nanostructure arrays by
introducing cetyltrimethylammonium bromide into the precursor solution," explained Prof.
Sugioka. The Au nanoparticle has a size of ~28 nm. Meanwhile, the number of Au nanoparticles
and their gaps in a ring structure are related to the reduction time, which is critical for robust
SERS performances.

Raman mapping indicates that the ring-shaped nanostructure arrays show ultrahigh spatially
uniform Raman enhancement with a relative standard deviation of 2%. The high spatial
resolution (~185 nm) of SERS analysis was also experimentally confirmed by Raman mapping.
Significantly, it was found that the spatial resolution is essential for deep-learning label-free cell
identification. The results showed owing to the high spatial resolution of ring-shaped
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nanostructure array, the accuracy of cell identification increased from 75% to 96.2%, illustrating
that spatial resolution was a key factor and should be considered in future related studies.

As a proof of concept, the researchers fabricated a cell sorting device by femtosecond laser
processing. The cancer or non-cancer cells were successfully sorted in a “Y"-shaped
microchannel. "The preliminary results indicate that the developed sorter achieves precise cell
sorting and separation without the need for biomarker or Raman-tag labeling," highlighted Prof.
Sugioka.
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About Professor Koji Sugioka from the RIKEN Center for Advanced Photonics, Japan

Prof. Dr. Koji Sugioka received his B. S., Ms. Eng., and Dr. Eng. Degrees in electronics from
Waseda University (Japan) in 1984, 1986, 1993, respectively. He Joined RIKEN in 1986 and is
currently a Team Director of Advanced Laser Processing Research Team at RIKEN Center for
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Dr. Shi Bai received his Ph.D. in optical engineering from Beijing University of Technology in 2018
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researcher in 2022, and research scientist in 2024. Now, he is working at Shanghai Institute of
Optics and Fine Mechanics, CAS, as a researcher. His research activities are focused on the
ultrafast laser nanofabrication and ultra-sensitive SERS microfluidic chips and the applications in
environments and biomedicine.
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