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WHAT IS AN AOTF?

Brief Description

these acoustic waves pass through
the TeO2, they cause the crystal
lattice to be alternately compressed
and relaxed. The resultant refractive
index variations act like a
transmission diffraction grating or
Bragg diffracter. Unlike a classical
diffraction grating, however, the
AOTF only diffracts one specific
wavelength of light, so that it acts
more like a filter than a diffraction
grating. This is a result of the fact
that the diffraction takes place over
an extended volume, not just at a
surface or plane, and that the
diffraction pattern is moving in real
time. The wavelength of light that is
diffracted is determined by the
"phase matching" condition as
described:

vaλ=∆nα−
fa

where Än is the birefringence of
the TeO2 crystal, õa and fa are the
velocity and frequency of the
acoustic wave, and á is a complex
parameter depending on the design
of the AOTF. The wavelength of the
light that is selected by this
diffraction can therefore be varied
simply by changing the frequency of

the applied RF. As indicated in the
figure, the diffracted light intensity is
directed into two first order beams,
termed the (+) and (-) beams. These
beams are orthogonally polarized,
which is utilized in certain
applications. To use the AOTF as a
tunable filter, a beam stop is used to
block the undiffracted, broadband
light and the (+) and/or (-)
monochromatic light is directed to
the experiment.

The angle between the beams is a
function of device design, but is
typically a few degrees. The
bandwidth of the selected light
depends on the device and the
wavelength of operation, and can be
as narrow as 1nm FWHM.
Transmission efficiencies are high (up
to 98%), with the intensity divided
between the (+) and (-) beams.
Another useful and unique feature of
the AOTF is its ability to precisely
and rapidly adjust the intensity of the
diffracted (filtered) light by varying
the RF power.

BENEFITS OF AOTF'S IN
NIR SPECTROSCOPY

Since the AOTF acts as a tunable
filter, it can act as the
monochromator at the heart of a
NIR spectrometer. In the following
notes we discuss how the various
features of an AOTF benefit NIR
spectroscopic applications. These
benefits make the AOTF more than
just another technology for
consideration, but unquestionably the
ideal tool for NIR spectroscopy.

Repeatability / Calibration

The AOTF is an all solid state
device with no moving parts, and the
transmitted wavelength is
independent of device geometry. In
fact, the transmitted wavelength is
determined only by the frequency of
the applied RF, which can be
generated with digital precision. This

Figure 3. Schematic representation oa a noncollinear AOTF.

An AOTF acts as an electronically
tunable spectral bandpass filter. It is a
solid state electro-optical device with
no moving parts. It consists of a
crystal in which acoustic (vibrational)
waves, at radio frequencies (RF) are
used to separate a single wavelength
of light from a broadband or multi-
color source. The wavelength of light
selected is a function of the
frequency of the RF applied to the
crystal. Thus, by varying the
frequency of the RF, the wavelength
of the separated or filtered light can
be varied. This wavelength is
independent of device geometry.

Technical Details

The most common types of AOTF
which operate in the NIR region use
a crystal of Tellurium Dioxide (TeO2)
in a so-called non-collinear
configuration - the acoustic and
optical waves propagate at quite
different angles through the crystal.
Figure 3 is a schematic
representation of a TeO2 AOTF. A
transducer is bonded to one side of
the TeO2 crystal. This transducer
emits vibrations (acoustic waves)
when RF is applied to it. The
frequency of the vibrations equals
the frequency of the applied RF. As
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vibrations and shocks will not affect
the wavelength calibration.

Closed System / Fiber Coupling

Other hazards presented by the
industrial environment may include
dust and corrosive vapors. The
AOTF is easily incorporated into a
bidirectional (bifurcated) fiber system
as shown in Figure 5. In such a setup,
the fiber is sealed directly to both
the AOTF and detector to make a
completely air-tight closed system.
This allows remote sensing and also
protects all the optical and electro-
optical components from damage by
dust or chemicals.

Efficiency / Sensitivity

The AOTF is a high efficiency
device with transmission at the
selected wavelength as high as 98%.
Furthermore, the output of the
AOTF is circular, collimated beam,
which is ideally suited for coupling to
a fiber, unlike the exit slit of a
monochromator. High efficiency
translates directly into higher
sensitivity and therefore faster data
acquisition.

Hands-Off Device

Once the AOTF or AOTF based
spectrometer has been programmed
to record a particular data set to
compute a quality parameter or
control a process, it requires no
further attention. It can be
programmed by an engineer or
technician and then be operated in a
hands-off mode or by an unskilled
worker.

Use with Lock-in Amplifiers

Both the wavelength and intensity
of the selected light are controlled
electronically and can be rapidly
modulated. This makes the AOTF
ideal for use with a lock-in (phase
sensitive) amplifier.

PRACTICAL AOTF

A O T F - N I R  S P E C T R O M E T E R S

means that once an AOTF or AOTF
spectrometer is factory calibrated, it
will not need to be recalibrated.
Since NIR applications usually require
measurements at multiple
wavelengths, short and long term
wavelength repeatability are highly
advantageous. As an example, a
typical TeO2 AOTF has a guaranteed
wavelength repeatability error of less
than ±0.05 nm.

Wavelength Purity

In NIR spectroscopic
measurements, out of band
transmission must be kept to a
minimum, preferably zero. Out of
band transmission is defined as the
light transmitted at wavelengths
other than the theoretical narrow
band defined by the filtering device,
in this case the AOTF. Clearly, out of
band transmissions could cause
severe problems in NIR spectroscopy
making it difficult if not impossible to
derive meaningful answers from the
corrupted experimental data.
Fortunately, the AOTF excels in this
area too, with out of band
transmissions as low as 10-5 for
some devices (see figure 4).

Speed/Random Access

When the frequency of the rf is
changed, the rate limiting factor in
changing the wavelength is the time it
takes for the changed RF to fill the
AOTF crystal - typically 20
microseconds. This means that entire
spectra can be scanned at very high
speed, or discrete wavelengths may
be accessed at rates of 10 KHz or
greater, even when separated by
hundreds of nanometers.

Computer Control / Integration

One of the most useful features of
the AOTF is its high degree of
controllability or programmability. In
commercial AOTF's, the RF
generator is interfaced directly to a
microprocessor or computer. This
enables an AOTF based spectrometer
to be programmed to scan or access
different wavelengths very rapidly,
and even to change the output
intensity at those wavelengths. In
use, therefore, it is easily integrated
into almost any computer controlled
test or experiment.

Closed Loop Process Control

Computer control and/or on-board
intelligence makes an AOTF
spectrometer an ideal tool
for closed loop process
control. For example, an
instrument of this type could
reliably and rapidly measure
the aspartane concentration
in soda and, as a result,
control the blending process
in real-time.

Rugged Device / No
Moving Parts

AOTF's are both compact
and rugged. Clearly a device
with no moving parts is
much more insensitive to
damage in industrial
applications. Just as 
important, short of actually 
breaking the device,

Figure 4. Plot of output spectrum of a Brimrose
model TEAF-.8-1.8S AOTF tuned to 1450nm. Note
absence of out band transmissions.
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Applying AOTF technology to NIR
spectroscopic applications is
analogous to many other areas of
applied technology; some
applications require custom
instrumentation whereas others can
be served perfectly well by standard
instruments. BRIMROSE has over
eight years of experience with AOTF
technology, and now offers standard
and custom self-contained
spectrometers (visible and NIR)
based on their own AOTF devices, as
well as stand-alone AOTF's which can
be readily used to construct custom
spectrometers. The basic elements of
an AOTF spectrometer are shown in
Figure 5, a schematic representation
of the Brimrose Luminar 2000 AOTF.
This particular spectrometer was
designed primarily for closed loop
industrial process control, including
fiber coupling for remote operation.
However, it is a versatile instrument
that can also function as a powerful
laboratory tool.

In this spectrometer, the output of

Figure 1. Transmission spectra of three beverages obtained with the Brimrose
Luminar 2000 Spectrometer which shows the increase in absorption at around 1700
nm as the alcohol content increases.

a white light source (quartz halogen
lamp) is collimated and directed into
a TeO2 AOTF. The monochromatic
output beam from the AOTF is
coupled into a bifurcated fiber
bundle. The fiber exits the
spectrometer and terminates in a
probe designed for reflectivity or
finite path absorption measurements.
Light from the sample passes back

along the fiber where it is focused on
to a photodetector. The signal
intensity at each wavelength is
digitized by a high speed 16-bit A/D
converter before being stored and/or
analyzed by the CPU. Having an
internal or dedicated CPU is
extremely important for both
industrial and laboratory applications,
because analysis of NIR spectra
always requires some degree of
numerical computation. For process
control applications, an embedded
computer with appropriate software
lends itself well to closed loop
operation since the computer can be
programmed not only to measure a
process but to also control it by
responding to the measured
constituents. These responses can
take the form of numerous kinds of
digital or analog I/O to control flow
valves, trip alarms or data transfer
over a network to a central
computer for storage or integration
into a large scale process.

Figure 6 shows a transmission
spectra of several alcoholic beverages
recorded using this instrument.
Notice the increased intensity of the
methyl and methylene bands at
approximately 1700 nm as the
alcohol content increases.

Figure 5. Schematic showing elements of a typical AOTF spectrometer (Brimrose
Luminar)

SPECTROMETERS
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LUMINAR 2030/3030 
CONTACTLESS SAMPLE ANALYSIS

FEATURES
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LUMINAR 2060/3060 
MULTIPLE POINT ANALYTICAL RESULTS IN PROCESS

FEATURES
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LUMINAR 3076
100% SEED INSPECTION AND SORTIMG

FEATURES
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LUMINAR 3076
100% SEED INSPECTION AND SORTIMG
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LUMINAR 3075
BLEND CONTROL ANALYZER
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The Corporation has developed a next
generation on-line process analyzer
platform that integrates optics and
electronics into one compact enclosure
and provides greater versatility of
measurement. The Luminar series
FreeSpace˛ design performs
measurements directly on the sample
surface or through process sight glasses
and eliminates the need for fiber-optic
cables

The Luminar 4030 Process
Spectrometer is a rugged process
analyzer that utilizes Brimrose's high
performance AOTF-NIR (Acousto-Optic
Tunable Filter- Near Infrared) technology
to deliver real-time measurements with
laboratory precision. By delivering rapid,
multi-component analysis for a wide
variety of applications that include diffuse

reflective measurements of powders,
pellets, liquids, web-based and solid
products, use of the Luminar 4030 offers

Measurements
* Moisture
* Fat/ Sugar/Protein
* Active Ingredients
* Blend Assay
* Recycled Plastic ID
* Particle Size

The Corporation has developed a
new portable platform for conducting
nondestructive and contact/non-
contact analytical testing and
inspection that extends versatility
from the laboratory to the
production floor and to the field.

The Luminar 6030 Mini-
Spectrometer is a rugged hand-held
analytical instrument that utilizes
Brimrose's high performance AOTF-
NIR (Acousto-Optic Tunable Filter-
Near Infrared) technology. By
delivering rapid, multi-component
analysis for a wide variety of
applications that include diffuse
reflective measurements of powders,
pellets, liquids,

web-based and solid products, use
of the Luminar 5030 offers a new
powerful tool for quality control and
process troubleshooting.

The Luminar 5030 Mini-
Spectrometer consists of an
integrated optical sensor module
with light source, detector and
electronics, battery-pack and
operating/analytical software with PC
interface

Contact Brimrose for additional
information.

Typical Applications

* Powders
* Polymer Pellets/Resins
* Paper/Textile Goods
* Fruit/Grain
* Liquids
* Raw Material ID

Measurements

* Moisture
* Fat/ Sugar/Protein
* Active Ingredients
* Coating Weight
* Blend Assay
* Recycled Plastic ID

LUMINAR 4030/PROCESS SPECTROMETER

LUMINAR 5030/MINI-SPECTROMETER

Luminar 4030 Process Spectrometer Front and

Side View

Luminar 6030 Hand Held FreeSpace˛ Spectrometer with

Battery Pack and PC Interface

Luminar 4030

Process

Spectrometer

mounted on hopper

to measure solid product

through sight glass in blending operation.

a new powerful tool for process control.
Contact Brimrose for additional

information.

Typical Applications

* Powders
* Polymer Pellets/Resins
* Paper/Textile Goods
* Spray Dryers
* Blenders/Blending Operations
* Raw Material ID


