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We report a novel microfluidics-based lensless imaging

technique, termed optofluidic microscopy (OFM), and demon-

strate Caenorhabditis elegans imaging with an OFM prototype

that gives comparable resolution to a conventional microscope

and a measured resolution limit of 490 ¡ 40 nm.

Optical imaging of samples in a biological or clinical setting is
generally performed with expensive and bulky microscope systems.
The imaging process can be time consuming and labor intensive. A
cheaper and automated microscope that is implementable on a
microfluidic platform can dramatically simplify and improve
imaging procedures and related applications in biomedicine.

The major advantages of microfluidic devices include their
compactness and low cost. While excellent solutions to a range of
important miniaturization challenges, such as fluidic transporta-
tion,1 sample manipulation,2 chemical sensing3 and sample
sorting,4 have all been demonstrated, sub-micron on-chip optical
imaging remains an unresolved issue. The high resolution imaging
requirement in existing microfluidic systems is still fulfilled by
using bulky conventional microscopes,5,6 which obviates the cost
and size advantages of micro analysis systems. (As a point of
reference, a commercial conventional microscope has resolution
that ranges from y 1 mm to 0.2 mm depending on the objective’s
numerical aperture and the wavelength used.)

One possible low-resolution imaging strategy is to stack the
sample directly on top of a two-dimensional sensor array and
illuminate the sample with a uniform light field. However, the
resolution of the resulting transmission image is governed by the
sensor’s pitch size, which is typically 5 mm or larger—achieving
microscope level resolution is difficult with this method. Using this
approach, Lange et al.7 demonstrated a compact, on-chip imaging
device with fair resolution (. 10 mm).

In this Communication, we report on an on-chip high resolution
and high throughput imaging technique, termed optofluidic
microscopy (OFM). The OFM’s resolution is not limited by the
actual pixel size of the detection sensors. Our prototype is able to
image micro-organisms with resolution that is comparable to a
conventional microscope. Further, the OFM does not require the
use of any bulk optical elements and can potentially be used to

create compact systems that are only limited in size by the
underlying linear array sensor.

The OFM device consists of an opaque metal film with an
etched array of submicron apertures and a PDMS microfluidic
chip that is bonded onto the metal film. In our experiments, the
fabrication of the aperture array and the microfluidic chip was
carried out in two separate steps. To fabricate the aperture array,
90 nm thick aluminium was first evaporated onto a quartz wafer.
Then the pattern of the aperture array (diameter D = 600 nm;
spacing = 5 mm) was defined on a PMMA resist by e-beam
lithography (JEOL 9300), and subsequently transferred into the
aluminium layer by reactive ion etching. The microfluidic structure
was fabricated on a Microchem SU8 resist using photolithography
(Karl Suss MA6), and then transferred onto the PDMS elastomer.
The microfluidic chip was attached to the metallic layer and their
accurate alignment was accomplished with a mask aligner. Note
that the aperture array needs to be oriented at a small angle
relative to the micro-channel (Fig. 1(a), (c), (d)). The microfluidic
channel is 30 mm wide and 15 mm tall in our prototype. A uniform
light source (Lamina BL3000 white LED) at normal incidence to
the device provided the illumination (y 0.1 W cm2 2). The device
can be fabricated directly onto a CCD or CMOS array to create a
truly compact microscope system (Fig. 1(a)). In this case, the
spacing of the apertures should be equal to the array’s pitch size, so
that the transmission through each aperture maps uniquely onto a
single sensor pixel. The fabrication of the OFM directly onto a
sensor array is straightforward7,8 and can be efficiently performed
commercially.

For the purpose of demonstrating feasibility, our prototype
was not fabricated onto a sensor array directly. Instead, the light
transmitted through the aperture array was relayed onto a CCD
array (Princeton Instruments, Spec10–100, pitch: 20 mm 6 20 mm)
via a microscope (Olympus IX-51) (see Fig. 1(e)). Note that the
microscope served as a relay system and played no direct role in
imaging. This arrangement allowed us to more easily evaluate the
performance of the prototype.

Imaging with an OFM device is accomplished by flowing the
target across the aperture array. During the transit, the transmis-
sion signal through each aperture will vary and the acquired time
trace will constitute a line scan across the object. In our prototype,
the aperture spacing in the y-direction (perpendicular to the flow
direction) is chosen to be 300 nm (half the aperture size), so that
the line scans span the entire target without undersampling. The
resolution limit along the y-direction is given by the aperture size.
The resolution along the x-direction (along the flow direction)
is given by the larger of the following two parameters: the
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