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4 OPTICAL SENSORS

Plasmonic antenna on QCL facet
creates chip-scale molecular sensor

Because many biological molecules such
as proteins and pharmaceuticals have a
natural resonance in the mid-infrared (IR:
2 to 30 um) portion of the electromag-
netic spectrum, molecular biosensors that
use mid-IR sources are highly desirable.

'To observe the near-
field images and test
the topography of the
patterned QCL, a mid-
IR near-fleld scanning
optical microscope
setup was used.

Unfortunately, there is a weak light-mat-
ter interaction between mid-IR sources
and biological molecules since the lasing
wavelength is so much longer than the
size of the molecules to be probed.

To overcome this hurdle, researchers
in the Bio-inspired Sensors and
Optoelectronics Lab (BISOL; www.bisol.
northwestern.edu), led by professor
Hoaman Mohseni in the department
of Electrical Engineering and Computer
Science at Northwestern University
(Evanston, IL), are integrating optical
nano-antennas with quantum cascade
lasers (QCLs) that focus the light down
to the nanometer scale and strongly
enhance the near-field intensity.!

A hybrid approach
Many plasmonic nano-antenna designs
use all metallic materials; however, the hy-
brid metal-dielectric-metal (MDM) plas-
manic nano-antenna from Northwestern
confines the mode within a hanometric
spot size of approximately 500 nm—a 4X
near-field intensity enhancement com-
pared to all-metal designs.

To optimize the MDM nano-antenna
design, finite-difference time-domain
(FDTD) modeling software was used to
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model the peak intensity enhancement
of the near field versus the length of the
nanorod-based antenna coupled to the
front facet of a QCL. To fabricate the
structure, the surface of an indium alu-
minum arsenide/indium gallium arse-
nide-based QCL was first coated with a
gold/silicon dioxide/gold MDM sandwich
(thickness 75/30/75 nm, respectively).
Focused-ion-beam milling was then used
to create the nanorod structure on the
QCL front facet; nanorod dimensions are
roughly 2.0 pm x 200 nm.

To observe the near-field images and
test the topography of the patterned
QCL, a mid-IR near-field scanning opti-
cal microscope setup was used (see fig-
ure). In the experiment, the apex of a
sharp platinum-coated atomic-force-mi-
croscope (AFM) tip scans the surface of
the QCL (operating in pulsed mode with
a 1% duty cycle—100 ns pulsewidth
at 100 kHz) and scatters the electro-
magnetic field coming from the anten-
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na structure. The scattered signal travels
back through the laser cavity, is collimat-
ed, then focused by an objective lens to a
mercury-cadmium telluride (MCT) detec-
tor. Lock-in techniques remove the noise
from the AFM tip and the resulting signal
yields an image of the near-field intensity
pattern of the fabricated nano-antenna.

For the nano-antenna QC laser struc-
ture, the full-width half-maximum
(FWHM) of the center spot was approxi-
mately 450 nm. With a laser wavelength
of approximately 6 pm, two bright hot
spots are observed within the FWHM
due to plasmon hybridization.

In a hybrid design like MDM, there
are two surface-plasmon waves sup-
ported at the two interfaces between the
metal and the dielectric. Unlike the single
metal design, interaction between these
multiple surface plasmons splits the de-
generacy and produces symmetric and
antisymmetric modes. In an MDM-cou-
pled nano-antenna structure with greater

MDM coupled’antenna

t.t 28 4 ﬂ‘-\v

Il.!tl‘«..l.luit.?!q\.
_ #* _ -
Lock-in amplifier MDM antenna__
Output to AFM A aa i P
auxiliary input m .n% .
Input |
signal - g,
Lens ™. 10 pm
| —_— i
Pre-amplifier <~ MCT detector ™ Laser uncoated back facet

A near-field scanning-optical microscope is used to measure the electromagnetic field
enhancement enabled by a plasmonic nano-anterna coupled to the front facet of a
quantum cascade laser. The local field enhancement makes the device promising for future
mid-IR biosensor applications. ([Courtasy of Northwestern University)
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