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We combine plasmonic grating structures with semiconductor laser-diode packages to realize a prototype of
miniaturized chemical/biosensor. The advantages of such a device include compact size, low cost, energy ef-
fectiveness, long device lifetime, stable performance, and label-free sensing, which should have commercial-

ization potential. © 2009 Optical Society of America
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Surface plasmons (SPs) are coherent oscillations of
conduction electrons excited by electromagnetic ra-
diation at the metal-dielectric or semiconductor—
dielectric interfaces. It was believed that plasmonic
structures and devices operating in the optical do-
main offer advantages for applications in biosensing.
Surface-plasmon resonance (SPR) is sensitive to the
refractive index change at a flat metal interface, and
SPR sensors have been commercialized for a long
time [1]. A major drawback of SPR sensing for appli-
cations requiring lightweight, portable systems is
that the commercially available instrumentation can
be expensive and too bulky to be portable. For ex-
ample, it is difficult to imagine that commercial in-
struments weighing over 40 kg [2] could conveniently
serve as portable instrumentation for point-of-care
diagnostics. In recent years, researchers explored
various designs to miniaturize the SPR system for
portable sensing [3-6]. Nanostructured plasmonic
biosensors, employing nanoscale hole arrays, grat-
ings, and other novel topographies, could be an at-
tractive platform for sensitive, label-free monitoring
of cellular processes [7,8]. When receptor molecules
are immobilized on the nanostructured metal sur-
face, the binding of target biomolecules changes the
local refractive index, affecting the optical properties
of the SP modes and permitting optical detection
[9,10]. What makes nanoplasmonic structures par-
ticularly interesting for biosensing is their ability to
confine light spatially within subwavelength dimen-
sions, and the observation of extraordinary light
transmission through nanohole arrays [11] and re-
lated structures that greatly exceed that predicted by
classical optical theory [12]. Other novel properties
reported for nanoplasmonic structures, such as super
lenses [13], bidirectional splitters [14], and the slow-
ing of light [15,16], may open up new possibilities for
biosensing [7,17]. Recently, some groups have suc-
cessfully employed periodic nanoplasmonic struc-
tures in biosensing applications [7-10].
Semiconductor laser diodes (LD) are widely used in
optical data storage, display, lightening, optical com-
munications, etc. The advantages of the semiconduc-
tor LDs are compact size, low cost, energy effective-
ness, long lifetime, and stable performance, thus
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rendering them portable or even potentially drone
carried [18]. In this Letter, we integrated a nanoplas-
monic structure at the output window of a semicon-
ductor LD to design a novel sensor. By combining the
advantages of semiconductor LDs and SP-based sens-
ing, such devices should have great commercializa-
tion potential with wide applications for chemical/
biosensing and environmental sensing (for example,
sensing of water quality).

We first describe the structure of a standard LD,
e.g., in a TO-5.6 package, in which the laser output is
emitted from the front facet of a semiconductor LD. A
built-in photodiode monitors the beam intensity ema-
nating from the back facet of the LD. Our device is
based on such a compact commercially available LD
package (SANYO DL-3147-031, TO-5.6 package,
wavelength=650 nm). We deposited a 220-nm-thick
gold film on the output window of the LD and em-
ployed focused ion-beam milling (FEI DB 235) to fab-
ricate nanograting structures on the metal film. The
period and width of the gratings are about 330 nm
and 70 nm, respectively [see Fig. 1(a)]. The area oc-
cupied by the gaps of the gratings is about 2% of the
output window. The output laser beam is linearly po-
larized. To study the polarization dependence of these
plasmonic grating structures, we fabricated gratings
on two LDs with orthogonal grating orientations.
One grating is parallel to the laser polarization direc-
tion [see Fig. 1(b)], and the other is perpendicular to
that direction. In principle, only when the grating di-
rection is perpendicular to the polarization direction

Fig. 1. (Color online) (a) SEM of the nanostructure. (b)
Schematic of a plasmonic LD sensor in which the grating is
parallel to the polarization direction of the laser beam. In-
set, a real device.
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of the laser beam could the SPP be excited, as will be
shown by our experimental results in the next para-
graph.

In current plasmonic LD sensor architecture, the
wavelength of the incident beam is fixed at 650 nm,
and the beam is incident on the plasmonic aperture
approximately normal to the surface. Consequently,
we employ the intensity modulation principle to mea-
sure the strength of the coupling between the inci-
dent light wave and an SP mode at a single wave-
length and a fixed narrow range of incident angles
[19]. The intensity of the reflected or transmitted
light wave serves as the sensor output. Here we em-
ploy liquids with different refractive indices to dem-
onstrate the sensitivity of the plasmonic LD struc-
ture. The refractive index was varied from 1.3 to
1.65, as shown in Fig. 2. There are two signal chan-
nels to observe the surface property changes; the first
one is reflection signal channel. When the output
window is covered by a metal film, most of the output
beam will be reflected and monitored by the photodi-
ode. When the reflected signal changes because of the
refractive index change at the window surface, we ob-
serve a change in signal from the photodiode in the
LD package. In this case, a chemical/biosensor func-
tion could be achieved by observing the reflected light
signal. The second one is the transmission signal
channel. Since the transmission properties of a metal
grating can be tuned through the change of the re-
fractive index on top of the nanostructures [7-10],
the transmitted signal is another important means of
monitoring the surface chemical behavior. In the
measurement, we observe obvious transmission sig-
nal enhancement when the refractive index is in-
creased [see the dots in Fig. 2(b)].

To better understand the relations between the
transmission/reflection signal and the refractive in-
dex of the material at the interface measured in Fig.
2 (see the dots), the finite-difference-time-domain
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Fig. 2. (Color online) Performance of the plasmonic LD

sensor: (a) A, (#A) is the monitor current change between
the signal without/with the refractive index liquid. (b) P
(uW) is the output power from the window with different
refractive index liquids on it. The dots are measurement re-
sults. The dashed curves are plotted to guide the eyes, and
the solid curves are FDTD modeling of the reflection and
transmission signals versus the refractive index of the lig-
uid covered on the structure surface. In this modeling, the
depth of the Au film is set to be 220 nm, and the period and
width of the gratings are set to be 330 nm and 70 nm, re-
spectively, consistent with the sample parameters shown in
Fig. 1(a). The grid size in the z direction is Az=10 nm and
in the x direction is Ax=10 nm. A periodic boundary condi-
tion is used in the x direction, and a perfect-matched layer
boundary condition is used in the z direction.
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(FDTD) method is employed to model the
transmission/reflection signal from the nanostruc-
tured surface (see the solid curves in Fig. 2). In this
modeling, the permittivity of Au metal is set to
-9.8949+i1.0458 at the 650 nm operating wave-
length [20]. As shown in Fig. 2(b), when the refractive
index increases, more light will be transmitted
through the nanogaps of the grating structure. Gen-
erally, the simulated relations between the
transmission/reflection signal and the refractive in-
dex of the material at the interface are in qualitative
agreement with the measurement results shown in
Fig. 2. However, many real factors cannot be counted
in the simulation, such as surface roughness, nano-
fabrication error, and scattering within the LD pack-
age, which may lead to the difference between the
simulation and measurement results.

Finally, we conduct a real-time measurement to
monitor the refractive index change on the surface
continuously. When we change the material from air
(n=1.0) to water (n=1.33) then to oil (n=1.46), we ob-
serve an obvious change in the reflection signal for
light polarized perpendicular to the grating grooves.
On the other hand, if the grating direction is parallel
to the laser polarization direction, SPP cannot be ex-
cited. Consequently, no obvious signal change is ob-
served; see the upper line in Fig. 3. In addition, such
a response to refractive index change was not ob-
served with a standard LD with no nanostructures.

One of the key motivations for plasmonic sensor
study is to realize high detection sensitivity. How-
ever, for the current plasmonic LD sensor architec-
ture, the sensitivity and resolution are limited by de-
vice performance, especially that of built-in
photodiode in the LD package, whose original func-
tion is to monitor the output power from the back
facet of the LD. Since there is a large background sig-
nal in the reflection channel, the noise of the photo-
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Fig. 3. (Color online) Performance of the plasmonic LD

sensor in reflection mode as a function of time. For p polar-
ization (the grating is perpendicular to the polarization di-
rection of the laser), the monitored signal changes when
the refractive index of the material on the plasmonic grat-
ings is changed. For s polarization (the grating is parallel
to the polarization direction of the laser), no appreciable
signal change is observed (see the upper line).
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diode, which is around 0.2 nA, limits the sensitivity
and resolution in the reflection channel of this plas-
monic LD sensor. Any signal change smaller than
this value cannot be resolved in this measurement.
Consequently, based on the experimental data (dots)
in Fig. 2(a), the smallest detectable refractive index
change in the reflection channel can be estimated to
be about 0.008. The present value cannot compete
with commercially available SPR sensors. Some im-
provement can be achieved by replacing the built-in
photodiode with a higher-performance device. In the
transmission channel, we employed a higher-
performance power meter (Thorlabs PM100 with an
S140A sensor head) to monitor the signal, where the
noise was about 0.1 uW. Based on the data in Fig.
2(b), the smallest detectable refractive index change
in the transmission channel is about 0.0004, which
confirms that the built-in photodiode device perfor-
mance limits the sensitivity of the reflection channel.

To optimize the performance of the plasmonic LD
sensor further, two potential approaches are under
investigation. The first one is to design the nano-
structures to narrow the linewidth of the transmitted
light. Since this plasmonic LD sensor employs inten-
sity modulation to observe the signal change [19], a
narrower transmitted linewidth will lead to a larger
signal change for a given refractive index change
[21]. The second approach is to optimize the coupling
from the incident light to SP modes confined at the
sensor surface. Since the incident beam is roughly
perpendicular to the output plane in this plasmonic
LD sensor architecture, the incident light may not be
effectively coupled to the SP modes. Consequently, it
is important to study the SP coupling issue with
roughly normal incidence. This also applies to the re-
sults of recent reports [9,10,22-26] in which re-
searchers monitored the transmission through the
hole or slit arrays as a sensing signal.

In conclusion, we have realized a prototype SP-
coupled semiconductor LD package for refractive in-
dex sensing. The surface property changes could be
observed through transmission and reflection signal
channels. The advantages of such a plasmonic LD
sensor include compact size, low cost, energy effec-
tiveness, long device lifetime, stable performance,
and label-free sensing, which should have commer-
cialization potential. We believe that it will find criti-
cal applications in state-of-the-art research and the
biosensing market, such as a flying plasmonic head
[27] for a lab on a CD [28].
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