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57 ABSTRACT

A method of Raman detection for a portable, integrated
spectrometer instrument includes directing Raman scattered
photons by a sample to an avalanche photodiode (APD), the
APD configured to generate an output signal responsive to
the intensity of the Raman scattered photons incident
thereon. The output signal of the APD is amplified and
passed through a discriminator so as to reject at least one or
more of amplifier noise and dark noise. A number of discrete
output pulses within a set operational range of the discrimi-
nator is counted so as to determine a number of photons
detected by the APD.
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METHOD AND APPARATUS FOR
IMPROVED SIGNAL TO NOISE RATIO IN
RAMAN SIGNAL DETECTION FOR MEMS

BASED SPECTROMETERS

BACKGROUND OF THE INVENTION

[0001] The invention relates generally to spectroscopy
systems and, more particularly, to a method and apparatus
for improved signal-to-noise ratio in Raman signal detection
for micro electromechanical system (MEMS) based spec-
trometer devices.

[0002] Spectroscopy generally refers to the process of
measuring energy or intensity as a function of wavelength in
a beam of light or radiation. More specifically, spectroscopy
uses the absorption, emission, or scattering of electromag-
netic radiation by atoms, molecules or ions to qualitatively
and quantitatively study physical properties and processes of
matter. Raman spectroscopy relies on the inelastic scattering
of intense, monochromatic light, typically from a laser
source operating in the visible, near infrared, or ultraviolet
range. Photons of the monochromatic source excite mol-
ecules in the sample upon inelastic interaction, resulting in
the energy of the laser photons being shifted up or down.
The shift in energy yields information about the molecular
vibration modes in the system/sample.

[0003] However, Raman scattering is a comparatively
weak effect in comparison to Rayleigh (elastic) scattering in
which energy is not exchanged. Depending on the particular
molecular composition of a sample, only about one scattered
photon in 10° to about 10® tends to be Raman shifted.
Because Raman scattering is such a comparatively weak
phenomenon, an instrument used to analyze the Raman
signal should be able to substantially reject Rayleigh scat-
tering, have a high signal to noise ratio, and have high
immunity to ambient light. Otherwise, a Raman shift may
not be measurable.

[0004] A challenge in implementing Raman spectroscopy
is separating the weak inelastically scattered light from the
intense Rayleigh-scattered laser light. Conventional Raman
spectrometers typically use reflective or absorptive filters, as
well as holographic diffraction gratings and multiple disper-
sion stages, to achieve a high degree of laser rejection. A
photon-counting photomultiplier tube (PMT) or a charge
coupled device (CCD) camera is typically used to detect the
Raman scattered light.

[0005] Concurrently, however, there is a growing need for
miniaturization of instruments for biological, chemical and
gas sensing in applications that vary from medical to phar-
maceutical to industrial to security. This is creating a para-
digm shift in experimentation and measurement, where the
trend is to bring the instrument/lab to the sample rather than
bringing the sample back to the lab for analysis. Unfortu-
nately, conventional methods of Raman detection that also
provide sufficient signal-to-noise ratio (e.g., PMTs, CCD
cameras) are generally not compatible with MEMS scaled
devices, due to the bulk associated therewith. Accordingly,
it is desirable to be able to detect Raman scattering with a
higher signal-to-noise ratio given the constraints of smaller,
on-chip “in the field” spectrometer devices.

BRIEF DESCRIPTION OF THE INVENTION

[0006] The above and other drawbacks and deficiencies of
the prior art may be overcome or alleviated by an embodi-
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ment of a method of Raman detection for a portable,
integrated spectrometer instrument, including directing
Raman scattered photons by a sample to an avalanche
photodiode (APD), the APD configured to generate an
output signal responsive to the intensity of the Raman
scattered photons incident thereon. The output signal of the
APD is amplified and passed through a discriminator so as
to reject at least one or more of amplifier noise and dark
noise. A number of discrete output pulses within a set
operational range of the discriminator is counted so as to
determine a number of photons detected by the APD.
[0007] In another embodiment, an apparatus for Raman
detection within a portable, integrated spectrometer instru-
ment includes an avalanche photodiode (APD) integrated on
a chip, the APD configured to receive Raman scattered
photons by a sample and generate an output signal respon-
sive to the intensity of the Raman scattered photons incident
thereon. An amplifier is integrated on the chip, the amplifier
configured to amplify the output signal of the APD and pass
the amplified output signal through a discriminator inte-
grated on the chip so as to reject at least one or more of
amplifier noise and dark noise. A digitizer is integrated on
the chip, and configured to count a number of discrete output
pulses within a set operational range of the discriminator so
as to determine a number of photons detected by the APD.
[0008] In another embodiment, a method of Raman detec-
tion for a portable, integrated spectrometer instrument
includes directing an input optical beam incident upon a
sample to be measured, the input optical beam modulated at
a heterodyne frequency. Photons scattered by the sample are
directed through receiving optics so as to filter Rayleigh
scattered photons and pass Raman scattered photons through
a tunable filter, and the passed Raman scattered photons are
detected at a wavelength passed by the tunable filter through
demodulation at the heterodyne frequency.

[0009] In still another embodiment, an apparatus for
Raman detection within a portable, integrated spectrometer
instrument includes an optical source for directing an input
optical beam incident upon a sample to be measured. A
beam-interrupting mechanism is configured to modulate the
input optical beam at a heterodyne frequency, and receiving
optics are configured to collect photons scattered by the
sample so as to filter Rayleigh scattered photons and pass
Raman scattered photons through a tunable filter. A photon
detector is configured to detect the passed Raman scattered
photons at a wavelength passed by the tunable filter through
demodulation at a heterodyne frequency.

[0010] These and other advantages and features will be
more readily understood from the following detailed
description of preferred embodiments of the invention that is
provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a perspective view of an exemplary
portable, hand-held Raman spectrometer device, suitable for
use in accordance with an embodiment of the invention.
[0012] FIG. 2 is a schematic block diagram of a MEMS-
based Raman signal detection system associated with the
portable, hand-held Raman spectrometer device of FIG. 1.
[0013] FIG. 3 is a block diagram illustrating a method for
Raman detection though photon counting for improved
signal-to-noise ratio, in accordance with an embodiment of
the invention.
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[0014] FIG. 4 is a schematic diagram illustrating one
possible implementation of an acousto-optic modulator used
for heterodyne Raman signal detection, in accordance with
a further embodiment of the invention.

[0015] FIG. 5 is a schematic diagram of a MEMS canti-
lever configured for chopping an input optical beam for
heterodyne Raman signal detection, in accordance with a
further embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0016] Embodiments of the invention disclosed herein
include a method for implementing high signal-to-noise
ratio (SNR) in Raman signal detection for micro electrome-
chanical (MEMS) based spectrometer devices, characterized
generally in one aspect by photon detection through a cooled
avalanche photodiode used in conjunction with photon
counting. Other embodiments include chopping of the inci-
dent optical beam for heterodyne detection by modulating
the source with a reference frequency and then extracting the
signal by demodulating the output at the reference fre-
quency. Chopping may be implemented, in one embodi-
ment, through an acousto-optic modulator (AOM) crystal
for diffracting and shifting the incident beam away from the
sample at the heterodyne modulation frequency, or through
an MEMS cantilever that deflects to/from the path of the
input beam at the modulation frequency. Still other embodi-
ments include a combination of heterodyne detection and
photon counting for even further SNR improvement.
[0017] Referring initially to FIG. 1, there is shown a
perspective view of a compact, hand-held spectrometer
device 100 suitable for use in accordance with an embodi-
ment of the invention. It should be understood that the
hand-held spectrometer device 100 illustrates only an exem-
plary application/environment for the inventive embodi-
ments discussed herein and is intended to demonstrate
disclosed improvements in detecting Raman scattering
(through higher signal-to-noise ratio), given the constraints
of smaller, on-chip “in the field” spectrometer devices such
as the exemplary device shown in FIG. 1.

[0018] For the exemplary device 100 depicted, a hand-
held body 102 includes large, user-friendly operator controls
104, a display portion 106 with an optional audio alarm
feature 108, and an optional, disposable optofluidics module
110 having a fluid inlet 112 for collecting and analyzing a
fluid sample. Although not specifically illustrated in FIG. 1,
the device 100 also has an optical signal output port through
which an incident beam is directed, and an optical signal
input port 116 through which a reflected beam is received.
Additional information regarding such hand-held spectrom-
eter devices may be found in U.S. patent application Ser. No.
11/400,948, having the same assignee as the present appli-
cation.

[0019] FIG. 2 is a schematic block diagram of at least a
portion of the optical components used in the exemplary
MEMS based, Raman detection device shown in FIG. 1. An
optical source 202 (e.g., laser) directs incident photons at
sample 204, such as one contained in module 110 of FIG. 1,
for example. In an exemplary embodiment, a scattered
signal from the sample 204 is collected (e.g., at an angle of
about 90 degrees with respect to the incident beam) through
a micro lens 206 which is mounted on piezo-based mount
(not shown), for example, so as to adjust the focal spot and
to maximize the Raman signal and minimize the Rayleigh
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scattered light and transmitted laser light. The Raman scat-
tered light collected by the high NA (numerical aperture)
lens is coupled with the optical fiber in a Fiber Bragg grating
(FBG) 208 having a transmission wavelength that may be
fixed by the pitch of the FBG 208.

[0020] In addition, a tunable Fabry-Perot cavity 210 is
provided for filtering the received Raman scattered photons
at a selected wavelength, with the filtered Raman photons
directed to a sample (S) detector 212. Also shown in FIG. 2
is a beam-interrupting mechanism 214 that chops (modu-
lates) the intensity of the incident beam upon the sample
204, for purposes described in further detail hereinafter. In
the case of heterodyne detection, the modulation frequency
of the beam-interrupting mechanism is used to demodulate
the signal detected by detector 212. A portion of the (modu-
lated) input beam may be directed toward a reference (R)
detector 216.

[0021] Referring now to FIG. 3, there is shown a sche-
matic block diagram of a photon counting apparatus 300 and
method for detecting a Raman scattered signal from a
MEMS based spectrometer device, in accordance with an
exemplary embodiment of the invention. As is shown,
individual components of the photon counting apparatus 300
(which represents an exemplary embodiment of sample
detector 212 in FIG. 2) are integrated on an individual
microchip 302, which includes an avalanche photodiode
(APD) 304, preamplifier 306, amplifier 308, discriminator
310, digitizer 312 and processor 3 14.

[0022] Raman scattered photons (arrows 316) from a
sample (e.g., sample 204 in FIG. 2) are incident upon the
APD 304, which is cooled (e.g., by thermoelectric cooling)
to a temperature of about —60° C. and which is biased at a
voltage slightly less than the APD’s breakdown voltage (also
known as the “sub-Geiger” mode of operation). Suitable
examples of such an APD include, but are not limited to,
model C 30645E from Perkin Elmer and model NDL 5553P
from NEC Corporation. An output current pulse from the
APD 304 is shaped by a preamplifier 306 (e.g., such as
ORTEC model 9306, 1 GHz preamplifier) so as to create a
NIM (Nuclear Instrumentation Methods) standard pulse. In
turn, the NIM pulse is received by the high-gain amplifier
308 where it is converted from a current signal to a corre-
sponding voltage signal.

[0023] The amplified voltage signal output from the high-
gain amplifier 308 is coupled to the discriminator 310 so as
to isolate single photon signals corresponding to the voltage
pulses within the range setting (e.g., about 50 mV to about
1V), with the analog output signal therefrom then converted
to a digital signal by digitizer (A/D) converter 312. The
individual photon counts are tracked/counted by the proces-
sor 314 and scaled as counts per second (cps) versus
wavelength.

[0024] The minimum detectable power using the APD 304
depends upon the quantum efficiency of the APD 304 at a
particular wavelength, the integration time, the dark current
generation probability, the probability of detections against
the discriminator setting, and the ionization coefficient (keff)
of'the APD. In particular, the higher the integration time and
the lower the ionization coefficient, the lower the minimum
detectable power. By way of example, with an integration
time of about 10 milliseconds, an ionization coefficient of
about 0.005 at a 1000 nm operating wavelength, the mini-
mum detectable power is on the order of about 3 femto-
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watts, at least an order of magnitude less than conventional
detection capabilities of portable devices.

[0025] The use of the APD in the sub-Geiger mode of
operation provides certain advantages over the Geiger mode
of operation (i.e., the APD biased above the breakdown
voltage), in terms of the exemplary embodiments presented
herein. First, the degree of APD gain is controlled in
Sub-Geiger mode. In addition, there is no after-pulse effect
that will limit the faster operation of the APD, unlike the
Geiger mode. Furthermore, the heating of the APD, due to
the avalanche process of ions, gives rise to a higher thermal
noise in Geiger mode and, as such, reduces the SNR.
[0026] As a Raman scattered photon represents a very low
intensity signal, the noise factor arising from APD dark
current, amplifier noise and background noise are to be taken
into account in order to attain a high SNR. Accordingly, the
APD 304 is cooled to about —-60° C. while the laser 202 is
further modulated by the beam-interrupting mechanism 214.
The sample detector 212 is further gated so as to be
synchronized with the beam-interrupting mechanism 214
such that it only detects when the laser output is actually
incident upon the sample 214. Because the amplified NIM
pulse is passed through the discriminator 310 (FIG. 3), the
amplifier noise, APD noise and dark noise can all be
rejected, thereby improving SNR.

[0027] Moreover, for a highly fluorescent sample mol-
ecule (where Raman cannot be seen due to a very high
intensity of fluorescence spectra), the present detection
scheme is particularly useful as a fluorescence-event time
scale is on the order of about a few microseconds to about
a few milliseconds. Conversely, Raman scattering is instan-
taneous wherein the detection in this case is accomplished
when the optical beam is actually incident on the sample.
Thus, the detection process is also instantaneous such that
only the Raman signal can be detected. Because the detector
212 may be gated, time resolved studies for short lived
reactions or transient reactions may be carried out by
changing the gated time of the detector.

[0028] Referring once again to FIG. 2, during portions of
a duty cycle (e.g., 50%) the beam generated by the laser 202
is passed through the mechanism 214 and is incident upon
the sample 204. As indicated above, both the Raman scat-
tered signal and background light is collected through the
collecting lens 206 and transmitted through the optical fiber
and FBG 208 so that Rayleigh scattered light is filtered.
Thus, only the Raman scattered light is transmitted through
the FBG 208 and to the input of the tunable Fabry-Perot
cavity 210.

[0029] On the other side of the Fabry-Perot cavity 210, the
TEC-cooled APD 304 (FIG. 3) is coupled thereto through a
high numerical aperture (NA) lens (not shown) with mini-
mal loss. When the beam-interrupting mechanism 214 is
modulating with 50% duty cycle, the laser output will be
incident upon the sample 204 for the first portion of the cycle
(e.g., 10 ms), and a first signal “A” will be detected by the
APD 304. This first signal “A” contains both a Raman signal
and a background signal. Conversely, when the laser is
“chopped” (i.e., “off” during the second portion of the duty
cycle), then only a background signal “B” is detected. The
true Raman signal is therefore the difference between the
first and second signals (i.e., A-B).

[0030] For embodiments where a beam-interrupting
mechanism 214 is not implemented in conjunction with the
photon counting method of Raman detection, background
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noise and noise from the amplifier 308 will be the primary
obstacles in attaining higher SNR. Thus, the amplified signal
from the APD is fed to the discriminator 310 where the
lower level cutoff voltage thereof is set such that the short
noise from the amplifier and the dark current from the APD
will be cut off. Further, cosmic rays and very intense
Rayleigh scattered signals are rejected through proper set-
ting of the upper level cutoff voltage of the discriminator
310.

[0031] Inaccordance with another exemplary embodiment
of the invention, a heterodyne technique for Raman signal
detection is also disclosed for a hand-held Raman micro
spectrometer, such as generally depicted by the beam-
interrupting mechanism 214 shown in FIG. 2. In this regard,
heterodyne signal detection includes modulating the input
signal source (laser) 202 at a reference frequency (e.g., 15
kHz) and then extracting the reflected signal by demodulat-
ing the output at the reference frequency.

[0032] The present embodiments depict at least two
approaches by which such modulation may be implemented:
(1) through the use of an acousto-optic modulator (AOM)
crystal, and (2) by mechanically chopping the source laser
beam using a MEMS cantilever. The Raman signal received
at the detector placed at the output of the tunable cavity
would be demodulated at the reference frequency using a
simple lock-in detection circuit. Accordingly, this results in
significant signal-to-noise improvement given that Raman
signals are typically very weak (e.g., a few pico watts) and
also mitigates issues such as power management at the
sample chamber/sample itself.

[0033] Because MEMS based IR/Raman spectrometers
are not very common, the most prevalent technique to
mitigate a power management problem is through the use of
pulsed sources that are considerably expensive. Accord-
ingly, as once again depicted in FIG. 2, light from the laser
source 202 may chopped by the beam-interrupting mecha-
nism 214, embodied for example using an acousto-optic
modulator crystal or a scanning MEMS based cantilever at
a frequency of a few kHz.

[0034] As more particularly illustrated in FIG. 4, an
acousto-optic modulator (AOM) 400 includes an acousto-
optic crystal 402 that acts as a diffraction grating when an
acoustic wave (RF) is launched therein. The input laser
beam 404 that passes though the crystal 402 is then dif-
fracted, resulting in a changed wavelength, as well as spatial
position for the higher-order diffracted beams with respect to
the zero-order (spatially unshifted) beam. For a certain angle
of incidence on the crystal and RF power, most of the laser
power can be transferred from the zero order beam 406
(unshifted in frequency and position) to the first order-
diffracted beam 408.

[0035] The AOM 400 can thus be used to switch on and off
the laser beam 404 incident on the sample chamber 412 by
triggering the RF drive frequency using a TTL pulse (cor-
responding to the modulation frequency) that will cause the
laser power to be shifted from the zero order to first order
beam at the frequency of the TTL pulse. Because only the
zero-order beam 406 is caused to fall on the sample chamber
412, the AOM 400 acts as an efficient chopper for the input
laser beam 404.

[0036] Another approach for achieving chopping is
through a MEMS cantilever apparatus 500 that is mechani-
cally scanned across a laser beam 502 by electrostatic
actuation, as shown in FIG. 5. A voltage at the modulation
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frequency is applied to a cantilever beam 504 with respect
to a bottom ground plate 506, wherein the changing elec-
trostatic force between the cantilever 504 and the plate 506
causes the cantilever 504 to vibrate across the path of the
laser beam 502, which is incident on the sample holder. As
can be seen, the cantilever is initially positioned so as to
block the path of the laser beam 502 when no voltage is
applied thereto. Then, when a voltage is applied across the
cantilever 504 and ground plate 506, the resulting attraction
therebetween causes cantilever 504 to deflect toward the
ground plate 506, moving the cantilever 504 out of the path
of beam 502. When the voltage is removed, the cantilever
504 then return to its initial position to block the beam 502.
It will also be appreciated that the cantilever apparatus 500
could also be configured to operate in reverse; i.e., applying
a voltage causes the cantilever to deflect into the path of the
beam 502 instead of out of the path of the beam.

[0037] Regardless of how the laser beam is chopped
(using, for example, either of the two aforementioned tech-
niques), it interacts with the sample and the Raman signal is
frequency filtered in the tunable Fabry Perot filter, and the
resulting intensity variation is detected by a photodetector.
The output of the photodetector (e.g., detector 212 in FIG.
2) is then demodulated at the reference frequency (of chop-
ping) using a lock-in detection circuit (not shown), and the
Raman spectrum for the sample concerned is thus obtained.
In still a further embodiment, the heterodyne technique
(using an AOM or MEMS cantilever as a chopping mecha-
nism) may be used in combination with the above described
photon counting method.

[0038] As will thus be appreciated, the above described
photo counting and/or heterodyne detection techniques
address several problems associated with integrated, hand-
held Raman micro spectrometer devices, including for
example, power management on surface of sample chamber.
Since Raman processes are very weak, the samples need to
be irradiated with considerably high laser power, resulting in
an intensity of at least about 650 kW/cm? (fora 50 mW beam
focused to a 100 um diameter spot) at the wall of the sample
chamber. This may cause serious damage to the walls of the
sample chamber, as well as to liquid or solid samples due to
burning/melting/boiling. The proposed embodiments would
mitigate this risk, since by chopping the laser beam using an
acousto-optic modulator or a mechanical chopper, the
sample chamber is protected from continuous exposure to
the laser radiation, thereby reducing heating up of the
chamber and sample significantly.

[0039] Moreover, the embodiments of the invention also
represent a low cost solution for power management, as they
obviate the need for an expensive pulsed laser source, which
is typically the most common solution to prevent unwar-
ranted heating of the sample chamber walls and/or sample
itself. The scanning cantilever switch of FIG. 5 is also a low
cost MEMS solution for effectively modulating the source
laser beam. As also stated above, since Raman signals are
extremely weak (e.g., about 100 pW at most), SNR is always
an issue, especially for trace sample detection. Heterodyne
detection can thus be used to improve SNR by more than a
factor of 100. Further, since a Raman micro spectrometer is
be a portable instrument to be operated in the field, stray
ambient light is a big problem, particularly considering the
fact that Raman signals are very weak. Heterodyne detection
is therefore very useful for extracting extremely low signal
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levels from large background noise, since the detection is
carried out specifically at the reference modulation fre-
quency.

[0040] While the invention has been described with ref-
erence to exemplary embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof Therefore, it is intended that
the invention not be limited to the particular embodiment
disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodi-
ments falling within the scope of the appended claims.

1. A method of Raman detection for a portable, integrated
spectrometer instrument, the method comprising:
directing Raman scattered photons by a sample to an
avalanche photodiode (APD), said APD configured to
generate an output signal responsive to the intensity of
said Raman scattered photons incident thereon;

amplifying said output signal of said APD and passing
said amplified output signal through a discriminator so
as to reject at least one or more of amplifier noise and
dark noise; and

counting a number of discrete output pulses within a set

operational range of said discriminator so as to deter-
mine a number of photons detected by said APD.

2. The method of claim 1, further comprising cooling said
APD by thermoelectric cooling.

3. The method of claim 2, wherein said APD is biased in
a sub-Geiger mode of operation.

4. The method of claim 1, further comprising passing said
output signal of said APD through a preamplifier so as to
shape an output current pulse from said APD to a NIM
standard pulse.

5. The method of claim 1, further comprising chopping an
input optical beam prior to Raman scattering.

6. The method of claim 5, wherein said chopping is
implemented through frequency modulation of an acousto-
optic modulator.

7. The method of claim 5, wherein said chopping is
implemented through frequency modulation of a deflectable
cantilever positioned within the path of said input optical
beam.

8. An apparatus for Raman detection within a portable,
integrated spectrometer instrument, comprising:

an avalanche photodiode (APD) integrated on a chip, said

APD configured to receive Raman scattered photons by
a sample and generate an output signal responsive to
the intensity of said Raman scattered photons incident
thereon;

an amplifier integrated on said chip, said amplifier con-

figured to amplify said output signal of said APD and
pass said amplified output signal through a discrimi-
nator integrated on said chip, so as to reject at least one
or more of amplifier noise and dark noise; and

a digitizer integrated on said chip, configured to count a

number of discrete output pulses within a set opera-
tional range of said discriminator so as to determine a
number of photons detected by said APD.

9. The apparatus of claim 8, wherein said APD is cooled
by thermoelectric cooling.
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10. The apparatus of claim 8, wherein said APD is biased
in a sub-Geiger mode of operation.

11. The apparatus of claim 8, further comprising a pream-
plifier integrated on said chip, said preamplifier configured
to shape an output current pulse from said APD to a NIM
standard pulse.

12. The apparatus of claim 8, further comprising a beam-
interrupting mechanism configured to chop an input optical
beam prior to Raman scattering.

13. The apparatus of claim 12, wherein said beam-
interrupting mechanism comprises a frequency modulated
acousto-optic modulator.

14. The apparatus of claim 12, wherein said beam-
interrupting mechanism comprises a frequency modulated,
deflectable cantilever positioned within the path of said
input optical beam.

15. A method of Raman detection for a portable, inte-
grated spectrometer instrument, the method comprising:

directing an input optical beam incident upon a sample to

be measured, said input optical beam modulated at a
heterodyne frequency;

directing scattered photons by said sample through receiv-

ing optics so as to filter Rayleigh scattered photons and
pass Raman scattered photons through a tunable filter;
and

detecting said passed Raman scattered photons at a wave-

length passed by said tunable filter through demodula-
tion at said heterodyne frequency.

16. The method of claim 15, further comprising modu-
lating said input optical beam with an acousto-optic modu-
lator.

17. The method of claim 15, further comprising modu-
lating said input optical beam with a deflectable, micro
electromechanical system (MEMS) cantilever positioned
within the path of said input optical beam.

18. The method of claim 17, wherein an applied voltage
across said cantilever and a ground plate causes said canti-
lever to deflect out of the path of said input optical beam.
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19. The method of claim 15, wherein said passed Raman
scattered photons are detected using photon counting.

20. The method of claim 19, wherein said photon counting
is implemented using an avalanche photodiode (APD).

21. An apparatus for Raman detection within a portable,
integrated spectrometer instrument, comprising:

an optical source for directing an input optical beam

incident upon a sample to be measured;
a beam-interrupting mechanism configured to modulate
said input optical beam at a heterodyne frequency;

receiving optics configured to collect photons scattered by
said sample so as to filter Rayleigh scattered photons
and pass Raman scattered photons through a tunable
filter; and

a photon detector configured to detect said passed Raman

scattered photons at a wavelength passed by said tun-
able filter through demodulation at said heterodyne
frequency.

22. The apparatus of claim 21, wherein said beam-
interrupting mechanism further comprises an acousto-optic
modulator.

23. The apparatus of claim 21, wherein said beam-
interrupting mechanism further comprises a deflectable,
micro electromechanical system (MEMS) cantilever posi-
tioned within the path of said input optical beam.

24. The apparatus of claim 23, wherein an applied voltage
across said cantilever and a ground plate causes said canti-
lever to deflect out of the path of said input optical beam.

25. The apparatus of claim 21, wherein said passed
Raman scattered photons are detected using photon count-
ing.

26. The apparatus of claim 25, wherein said photon
counting is implemented using an avalanche photodiode
(APD).



