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Ordering Information

Pricing

- For the latest pricing information, visit our website at www.oceanoptics.com
or contact an Applications Scientist in your region. Published pricing does not
include taxes, duties and other charges that may apply in some circumstances.
Pricing is by component and typically does not reflect the overall system price.

- We honor pricing cited in our quotations for 30 days from the date of the quote.

- You can purchase Ocean Optics products from any of our four locations or from
one of our fine distributors. Some items are also available online at
www.oceanoptics.com.

- Ocean Optics prices are subject to change without notice.

Credit Cards
We accept American Express, MasterCard and VISA.

Terms
Net 30 with prior credit approval.

Sales Tax

Prior approval is required for tax exempt status. Please fax resale certificates to our
Accounting Department at +1 727-733-3962 for approval or contact
receivables@oceanoptics.com.

Shipping

Our Next Day Shipping guarantee applies to more than 500 Ocean Optics products,
including custom-configured spectrometers. All qualifying orders received before
4 p.m. (ET) Monday thru Friday will be shipped by the next business day from
Ocean Optics USA directly to customers anywhere in the world. International
shipping rates and fees apply. Contact your regional Ocean Optics office for details
on local shipping commitments.

This pledge refers to Ocean Optics’commitment to ship next day and not to the
shipping method itself. Orders are shipped UPS Ground unless otherwise specified.
Customers may reverse shipping charges to the carrier of their choice.

Need Extra Assistance?
You can contact an Ocean Optics representative 24-hours a day through Live Chat
on our website.

The Americas Europe Europe Asia

830 Douglas Avenue Geograaf 24 Maybachstrasse 11 666 Gubei Road, Kirin Tower
Dunedin, FL 34698 6921 EW Duiven D-73760 Ostfildern Suite 601B - Changning District
+1727-733-2447 The Netherlands Germany Shanghai, PRC 200336
+1727-733-3962 fax +31 26-319-0500 +49 (0) 711 3416 96-0 +86 21-6295-6600
www.oceanoptics.com +31 26-319-0505 fax +49 (0) 711 34 16 96-85 fax +86 21-6295-6708 fax
info@oceanoptics.com www.oceanoptics.eu ostfildern@oceanoptics.com www.oceanopticschina.cn

Staying Friends with Ocean Optics
We hope you'll take the time to look us up on your favorite social networking site.
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Spectrometers

Ocean Optics pioneered the concept
of modular, miniature spectroscopy
to offer more flexibility in your
optical sensing applications. Our line
of spectrometer models ranges from
the world’s most popular general-

purpose miniature spectrometers to

compact, scientific-grade units that

perform as well as most high-priced

laboratory-grade systems.

Our spectrometers address the needs
of users across a wide range of
industries and disciplines involved in
basic research and science discovery,
OEM development and industrial
process control. Our expertise comes
from assisting you in designing the
optimum spectroscopy system for
your needs, a service we've provided

for more than 150,000 applications.
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Fact

If you placed every spectrometer
we've sold atop each other, the
stack would reach nearly 20,000 feet
— about the height of Alaska’s Mt.
Denali, the tallest mountain in North

America.
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Torus Concave Grating Spectrometers
Compact Spectrometer Delivers Low Stray Light and High Throughput

NOW WITH
TRIGGERING!

Torus is a family of aberration-corrected holographic concave
diffraction grating spectrometers that delivers low stray light, high
throughput and excellent thermal stability for a wide range of
research and OEM applications.

Our initial Torus model is a Visible range spectrometer (360-825 nm)
whose spectral range and low stray light make it especially useful
for measuring color. Its high throughput and great thermal stability
make it ideal for demanding applications.

Like most Ocean Optics spectrometers, Torus interfaces with a
computer via the USB port and couples to our line of SMA 905-
terminated optical fibers, light sources and accessories.
Spectrometer operation is as simple as installing SpectraSuite
spectroscopy software and then connecting the USB cable from the
spectrometer to the computer. Wavelength calibration coefficients
- unique to each spectrometer - are programmed into a memory
chip right on the unit and the software reads these values from the
spectrometer.

Key Features

Concave Grating-based Spectrometer
Toroidal diffraction grating ensures low stray light and high
throughput

Robust Performance in a Small Footprint
Ideal for applications requiring color or radiometric accuracy, low
stray light and absorbance measurements up to 3.0 OD

Low Stray Light with Excellent Throughput

Provides viable alternative to standard miniature spectrometers
for applications such as color and high-concentration absorbance
measurements and precision light metrology

Physical

Dimensions: 149.9 mm x 119.4 mm x 63.5 mm (5.9 in. x 4.7 in. x
2.5in.)
Weight: 954 g (2.11b.)

Operating temp.: 0 to 50 °C, non-condensing

Detector

Detector type: Sony ILX511B
Detector range: 200-1100 nm
Pixels: 2048

Pixel well depth: ~62,500 e-

Optical Bench
Flat field
85 mm

5, 10, 25, 50 or 100 ym wide slit or fiber with user-
selectable aperture (tested at F3 and F4)

Design:

Focal length:

Entrance aperture:

Gratings: Toroidal concave holographic (blazed @ 400 nm)

Mechanical interface: ~ 8-32 threaded holes at base (3 places)

Optical input interface:  SMA 905 fiber connector and C-mount lens adapter

Spectroscopic

360-825 nm

<1.6 nm FWHM over the spectral range
250:1 (at full signal)

16 bits

50 RMS counts, 300 counts peak to peak

Wavelength range:

Optical resolution:

Signal-to-noise ratio:

A/D resolution:

Dark noise:

Dynamic range: 8.5 x 107 (system); 1300:1 (single acquisition)

1ms-65s
0.015% @ 400 nm
<0.0056 nm/ °C (wavelength stability)

Integration time:
Stray light:
Thermal stability:

Power consumption: 250 mMA @ 5 VDC
USB or GPIO port

Full spectrum every 1 ms with USB 2.0 port, 15 ms with
USB 1.1 port, 200 ms with serial port

Power options:

Data transfer speed:

Connector: USB or GPIO port

Inputs/Outputs: Yes, 8 onboard digital user-programmable GPIOs
Analog channels: 0

Breakout box: Supported

Trigger modes: 4 modes

Strobe functions: Yes

Computer Requirements
USB 2.0, RS-232
Any supported by OmniDriver/SeaBreeze or RS-232

Computer interface:

Operating systems:

CE mark: Yes
RoHS: Yes

Operating software: SpectraSuite support (extra), Overture

Dev. software: OmniDriver/SeaBreeze driver (extra)
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Torus Concave Grating Spectrometers
Low Stray Light, High Throughput
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Holographic Concave Grating Design

Reflective concave gratings are concave mirrors that disperse light; the concavity of the grating reflects and focuses the light and the grating groove
pattern disperses the light. These aberration-corrected concave gratings are known for their low stray light and high efficiency. The toroidal (the
radius of curvature in the focusing and dispersion directions are different) grating used in Torus further enhances the aberration correction

and efficiency.

For our Visible Torus spectrometer, we use a variable line spacing grating with 550 (+/-2) grooves/mm groove density at center and a blaze wave-
length of 400 nm. Blaze wavelength is the wavelength of maximum diffraction efficiency and depends on bench design and other considerations.

Next Generation of High-Value Miniature Spectrometers
Torus is the first of a new line of Ocean Optics spectrometers distinguished by scientific-grade spectral performance in the compact, flexible bench
design that is our hallmark.

Like our flagship USB2000+ Spectrometer, Torus uses a Sony ILX511B linear CCD-array detector. However, the Torus debuts a unique flat field optical
bench design. The Torus has the same robust, high-speed electronics made popular by our USB2000+, but with improved throughput and less stray
light due to the aberration-corrected toroidal grating. What's more, Torus has good thermal stability. Its wavelength drift is mitigated and peak shape
stays the same over a wide temperature range. As a result, Torus makes possible precision metrology, fluorescence and absorbance applications with
demanding stray light and thermal stability requirements.

Torus Options

Torus is responsive from 360-825 nm and is available with the same optical bench accessories - slits, order-sorting filters and more - as our
USB2000+ Spectrometer. The Torus accommodates SMA 905-terminated optical fibers, light sources and accessories. Free-space optical coupling is
accommodated with standard C-mount adapters. Torus is fully operational in SpectraSuite software and is compatible with our

OmniDriver and SeaBreeze software development platforms. Software is priced separately.

Typical Applications
Torus works well for applications where low stray light, high throughput and great thermal stability are necessary. Here are some examples:
- Absorbance of optically dense solutions (the smaller the amount of stray light present, the higher the absorbance values
that can be measured)
- Precision measurement of LEDs, lasers and other light sources
- Medical dosimetry in tissue and biological media
- Trace gas amounts in the atmosphere

Stray Light Performance of Torus Spectrometer Sample Results with Torus Spectrometer

Measured with Tungsten Halogen Source

and 610 nm High-pass Filter Spectral Emission Lines of Argon Source

www.oceanopticscom Tel: +1727-733-2447 5
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Understandin% Ocean Optics Spectrometers

Helpful Hints in Choosing the Optimum Spectrometer Model

Spectroscopy is a technique in which the design criteria exist as a set of trade-offs. The optimal spectrometer for you depends entirely upon the
application — and your budget. The design process begins by asking a series of questions: What are you trying to measure? How fast do you need the
measurement? Where is the sample? Who will be operating the instrument? Then, there’s the most important question of all: Why are you making
the measurements?

Armed with the answers to those questions, Ocean Optics can help guide you to the best spectrometer, at the best value, for your application.
Here’s a quick guide to your primary choices:

Spectrometer Models at a Glance

Spectrometer Family Most Popular Detector Type Typical Use

USB USB2000+, USB4000, Linear CCD arrays General-purpose and educational; applications include absor-
CHEMUSB and Jaz bance, emission and color

HR HR2000+, HR4000 Linear CCD arrays Characterization of lasers and atomic emission lines

QE65000 QE65000 Back-thinned, TE-cooled CCD High-sensitivity, low light-level applications such as

array fluorescence and Raman

Maya Maya2000 Pro Back-thinned CCD array High-sensitivity applications; also, deep UV

Holographic Concave Torus models Linear CCD arrays Low stray light, high-sensitivity applications

Grating

NIR NIRQuest512, TE- cooled InGaAs linear array Wide range of NIR applications from 900-2500 nm
NIRQuest256-2.5

Mid-IR SIR models InGaAs, InAs Transient-event applications from 900-3400 nm; especially

suited for laser applications
S8 STS-VIS, STS-NIR CMOS OEM applications

Spectrometer Configuration Types
Throughout this catalog, we describe the majority of our spectrometer models in one of
three ways:

- User-configured describes spectrometers for which you select the optimum
combination of optical bench components, including gratings, slits, filters and more.
These built-to-suit spectrometers offer maximum flexibility.

- Preconfigured spectrometers have all the optical bench components already
selected. We offer these “preset” spectrometers for general UV-VIS and VIS-NIR
applications, extended-range (UV-NIR) use, fluorescence and irradiance.

- The term Spectrometer Systems most often applies to an application-specific,
spectroscopy-based instrument that often includes sampling accessories, software
and the like. Our primary system models are in Raman, LIBS and metrology and are
covered elsewhere in this catalog.

All spectrometers are available with an extensive selection of complementary
accessories and are covered by our exclusive 3-year warranty (excluding OEM models).

6
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USB Series Spectrometers Overview
Choosing the Best USB2000+ or USB4000 Option for Your Application

Ocean Optics USB-Series spectrometers are versatile performers for a wide array of applications. Although our flagship USB2000+ and USB4000
spectrometers have comparable electronics and architecture, they do have one very important difference: their linear CCD array detectors. In
addition, USB2000+ and USB4000 spectrometers are available in application-ready (preconfigured for specific application types) and
build-your-own (user-configured for maximum flexibility) versions.
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Comparing the USB2000+ and USB4000 Spectrometers

The USB2000+ has a 2048-element Sony ILX511B detector and the USB4000 has the 3648-element Toshiba TCD1304AP detector. Both are linear
silicon CCD arrays with an effective range of 200-1100 nm and are available with the same optical bench accessory options (quartz window for UV
performance, order-sorting filters and so on).

Advantages of the USB2000+
- Its Sony ILX511B detector is coated with a phosphor for better response in the UV -
making it especially useful for applications below 350 nm.

- It has a faster minimum integration time — 1 ms (compared with 3.8 ms for the
USB4000). That's an advantage for applications involving transient events such as
measuring a pulsed light source.

- In applications where you have a considerable amount of light, its faster integration
time helps you avoid saturating the detector.

- It has better optical resolution performance — an advantage when resolving fine
spectral features is necessary.

Advantages of the USB4000
- It has better response at wavelengths beyond 400 nm — making it a good choice for
VIS-Shortwave NIR applications.

- Its signal to noise ratio (300:1) is slightly better than that for the USB2000+. This is
important in low-light level applications.

- It's slightly less expensive than the USB2000+. Both systems offer great value at a
reasonable price.

USB Series Spectrometer Models at a Glance
You can configure a USB2000+ or USB4000 with gratings and optical bench accessories for a variety of applications. Or, over the next
several pages, investigate one of the many application-ready USB2000+/USB4000 systems described in the table below:

Best for USB2000+ Series USB4000 Series
General Use USB2000+UV-VIS USB4000-UV-VIS
USB2000+VIS-NIR USB4000-VIS-NIR
General Use with Enhanced Sensitivity USB2000+UV-VIS-ES USB4000-UV-VIS-ES
USB2000+VIS-NIR-ES USB4000-VIS-NIR-ES
Extended Range (200-1025 nm) USB2000+XR1 USB4000-XR1
Extended Range USB2000+XR1-ES USB4000-XR1-ES
(200-1025 nm) with Enhanced Sensitivity
Fluorescence No preconfigured models USB4000-FL (several excitation wavelength options)
Irradiance USB2000+RAD No preconfigured models

www.oceanopticscom Tel: +1727-733-2447 7
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USB2000+UV-VIS and USB2000+VIS-NIR

Application-ready Spectrometers for the UV-VIS and VIS-NIR

We offer general-purpose UV-VIS and VIS-NIR spectrometers — where all
of the optical bench accessories are already selected — for basic
spectroscopy applications such as measuring absorbance in solutions
and reflectance of solids. Here are some key features:

- Each of the four models has an order-sorting filter and 25 um slit for
optical resolution of ~1.5 nm (FWHM)

- The USB2000+UV-VIS covers the 200-850 nm range and the
USB2000+VIS-NIR covers 350-1000 nm

- Enhanced sensitivity models (ES) have an installed detector
collection lens for increased light collection efficiency

Solutions absorbance is a common application for a USB2000+-VIS-NIR. A typical

setup could include a 1 cm cuvette holder with optical fibers and a visible light

source.

USB2000+UV-VIS

Linux operating systems

USB2000+VIS-NIR

USB2000+UV-VIS-ES

- Software is priced separately and operates on Windows, OS X and

USB2000+VIS-NIR-ES

Specifications

Dimensions: 89.1 mm x 63.3 mm x 34.4 mm 89.1 mm x 63.3 mm x 34.4 mm 89.1 mm x 63.3 mm x 34.4 mm  89.1 mm x 63.3 mm x 34.4 mm
Weight: 190 g 190 g 190 g 190 g
Detector: 2048-element linear silicon CCD = 2048-element linear silicon CCD = 2048-element linear silicon 2048-element linear silicon

array

array

CCD array

CCD array

Integration time:

1 ms - 65 seconds

1 ms - 65 seconds

1 ms - 65 seconds

1 ms - 65 seconds

Dynamic range:

8.5 x 107 (system), 1300:1
(single acquisition)

8.5 x 107 (system), 1300:1 (single
acquisition)

8.5 x 107 (system), 1300:1
(single acquisition)

8.5 x 107 (system), 1300:1
(single acquisition)

Sensitivity:

75 photons/count; also,

2.9 x 10”7 joule/count

2.9 x 10" watts/count (for 1-sec-
ond integration)

75 photons/count; also,

2.9 x 10”7 joule/count

2.9 x 10" watts/count (for 1-sec-
ond integration)

75 photons/count; also,
2.9 x 107" joule/count

2.9 x 107 watts/count (for
1-second integration)

75 photons/count; also,
2.9 x 107" joule/count

2.9 x 107 watts/count (for
1-second integration)

Signal-to-noise ratio:

250:1 (at full signal)

250:1 (at full signal)

250:1 (at full signal)

250:1 (at full signal)

Dark noise: 50 (RMS) 50 (RMS) 50 (RMS) 50 (RMS)

Grating: 600 lines/mm, set to 200-850 nm 600 lines/mm, set to 350- 600 lines/mm, set to 200- 600 lines/mm, set to 350-
(blazed at 300 nm) 1000 nm (blazed at 500 nm) 850 nm (blazed at 300 nm) 1000 nm (blazed at 500 nm)

Slit: 25 pm width (height is 1000 um) 25 pm width (height is 1000 pm) 25 pm width (height is 25 pym width (height is

1000 pm)

1000 pm)

Detector collection lens:

No

No

Yes

Yes

Focal length: 42 mm (input); 68 mm (output) 42 mm (input); 68 mm (output) 42 mm (input); 68 mm (output) 42 mm (input); 68 mm
(output)

Order-sorting: Single-piece, multi-bandpass Single-piece, multi-bandpass Single-piece, multi-bandpass Single-piece, multi-band-
detector coating to eliminate detector coating to eliminate detector coating to eliminate pass detector coating to
second-order effects from 200- second-order effects from 350- second-order effects from 200- | eliminate second-order
850 nm 1000 nm 850 nm effects from 350-1000 nm

Resolution: 1.5 nm (FWHM) 1.5 nm (FWHM) 1.5 nm (FWHM) 1.5 nm (FWHM)

Stray light: < 0.05% at 600 nm <0.05% at 600 nm < 0.05% at 600 nm < 0.05% at 600 nm

<0.10% at 435 nm
<0.10% at 250 nm

<0.10% at 435 nm

<0.10% at 435 nm
<0.10% at 250 nm

<0.10% at 435 nm

Fiber optic connector:

SMA 905 to single-strand optical
fiber (0.22 NA)

SMA 905 to single-strand optical
fiber (0.22 NA)

SMA 905 to single-strand opti-
cal fiber (0.22 NA)

SMA 905 to single-strand
optical fiber (0.22 NA)

8 www.oceanopticscom Tel: +1727-733-2447



USB4000-UV-VIS and USB4000-VIS-NIR

Application-ready Spectrometers for the UV-VIS and VIS-NIR

Specifications

Dimensions:

USB4000-UV-VIS
89.1 mm x 63.3 mm x 34.4 mm

USB4000-VIS-NIR
89.1 mm x 63.3 mm x 34.4 mm

The USB4000-UV-VIS and USB4000-VIS-NIR are reliable,
robust spectrometers that have a 3648-element linear

CCD array detector for good si

gnal-to-noise performance

as well as enhanced electronics for controlling the

spectrometer and accessories.

Each spectrometer has a 3648-element Toshiba
TCD1304AP detector with a multibandpass order-sorting

filter and 25 um slit for optical
(FWHM). We also offer enhanc

resolution to ~1.5 nm
ed-sensitivity (ES) models —

distinguished by more efficient light collection optics. The
USB4000-UV-VIS covers the 200-850 nm wavelength range
and the USB4000-VIS-NIR covers 350-1000 nm. Software

is priced separately and operates on Windows, OS X and

Linux.

Although the USB4000-UV-VIS and USB4000-VIS-NIR have

a preconfigured optical bench

, there’s still flexibility built

in. That's because these spectrometers are compatible
with our entire range of SMA 905-terminated fiber
optic accessories. UB4000-UV-VIS and USB4000-VIS-NIR
spectrometers make great choices for a variety of basic
absorbance, reflectance and emission applications.

USB4000-UV-VIS-ES
89.1 mm x 63.3 mm x 34.4 mm

USB4000-VIS-NIR-ES
89.1 mm x 63.3 mm x 34.4 mm

Weight:

190g

190 g

190g

190 g

Detector:

Toshiba TCD1304AP Linear
CCD array

Toshiba TCD1304AP Linear CCD
array

Toshiba TCD1304AP Linear
CCD array

Toshiba TCD1304AP Linear
CCD array

Integration time:

3.8 ms-10 seconds

3.8 ms-10 seconds

3.8 ms-10 seconds

3.8 ms-10 seconds

Dynamic range:

3.4 x 10° (system), 1300:1 for a
single acquisition

3.4 x 10¢ (system), 1300:1 for a
single acquisition

3.4 x 10° (system), 1300:1 for
a single acquisition

3.4 x 10° (system), 1300:1 for
a single acquisition

Sensitivity:

130 photons/count at 400 nm;
60 photons/count at 600 nm

130 photons/count at 400 nm;
60 photons/count at 600 nm

130 photons/count at 400 nm;
60 photons/count at 600 nm

130 photons/count at 400 nm;
60 photons/count at 600 nm

Signal-to-noise ratio:

300:1 (at full signal)

300:1 (at full signal)

300:1 (at full signal)

300:1 (at full signal)

Dark noise: 50 (RMS) 50 (RMS) 50 (RMS) 50 (RMS)

Grating: 600 I/mm, set to 200-850 mm 600 I/mm, set to 350-1000 nm 600 I/mm, set to 200-850 mm 600 I/mm, set to 350-1000 nm
(blazed at 300 nm) (blazed at 500 nm) (blazed at 300 nm) (blazed at 500 nm)

Slit: 1000 um x 25 uym 1000 um x 25 uym 1000 um x 25 uym 1000 um x 25 uym

Detector collection lens:

No

No

Yes

Yes

Focal length:

42 mm (input); 68 mm (output)

42 mm (input); 68 mm (output)

42 mm (input); 68 mm (output)

42 mm (input); 68 mm (output)

Order-sorting:

Single-piece, multi-bandpass
detector coating to eliminate
second-order effects from 200-
850 nm

Single-piece, multi-bandpass
detector coating to eliminate
second-order effects from 350-
1000 nm

Single-piece, multi-bandpass
detector coating to eliminate
second-order effects from
200-850 nm

Single-piece, multi-bandpass
detector coating to eliminate
second-order effects from
350-1000 nm

Optical resolution:

1.5-2.3 nm (FWHM)

1.5-2.3 nm (FWHM)

1.5-2.3 nm (FWHM)

1.5-2.3 nm (FWHM)

Stray light:

<0.05% at 600 nm; 0.10% at
435 nm

<0.05% at 600 nm; 0.10% at
435 nm

<0.05% at 600 nm; 0.10% at
435 nm

<0.05% at 600 nm; 0.10% at
435 nm

Fiber optic connector:

SMA 905 to single-strand opti-
cal fiber (0.22 NA)

SMA 905 to single-strand optical
fiber (0.22 NA)

SMA 905 to single-strand opti-
cal fiber (0.22 NA)

SMA 905 to single-strand opti-
cal fiber (0.22 NA)
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USB Series Spectrometers

Extended Range XR Spectrometers

Our XR-Series USB Spectrometers are responsive across a wide
spectral range and provide you optical resolution of ~2.0 nm
(FWHM) with the convenience of a single, monolithic unit that
covers wavelengths from ~200-1025 nm.

The XR option is now available for our USB2000+ (USB2000+XR1)
and USB4000 (USB4000-XR1) Spectrometers and can be configured
into custom systems (specify GRATING_#XR1). The extended-range
grating is also available in a portable Jaz Spectrometer configuration
(see JAZ-EL200-XR1 in the Jaz section). And for enhanced sensitivity,
select the USB2000+XR1-ES or USB4000-XR1-ES.

With the XR Series, there’s no need to daisy-chain multiple
spectrometers to enable UV-NIR coverage. Thanks to the XR's

500 lines/mm groove density grating, you have the advantages of
broader spectral coverage as well as good optical resolution.

This grating delivers 825 nm of spectral range and is blazed at
250 nm. And, because their optical bench designs are not affected,
the USB2000+ and USB4000 experience no trade-off in performance

with the new grating.
Specifications USB2000+XR1 USB4000-XR1 USB2000+XR1-ES USB4000-XR1-ES
Spectrometer type: USB2000+ advanced USB4000 general-purpose USB2000+ enhanced- USB4000 enhanced-
electronics spectrometer spectrometer sensitivity spectrometer sensitivity spectrometer
Grating: Grating #31, 500 I/mm, Grating #31, 500 I/mm, Grating #31, 500 I/mm, Grating #31, 500 I/mm,
blazed at 250 nm blazed at 250 nm blazed at 250 nm blazed at 250 nm
Spectral range: 200-1025 nm 200-1025 nm 200-1025 nm 200-1025 nm
Entrance slit: 25 pm 25 uym 25 pm 25 uym
Detector collection lens: No No Yes Yes
Optical resolution (FWHM): ~1.7-2.1 nm ~1.7-2.0 nm ~1.7-2.1 nm ~1.7-2.0 nm
Order-sorting filter: Yes Yes Yes Yes

Note: Dimensions, detector and electronics specifications are comparable to the specifications for the USB2000+ and USB4000 Spectrometers and

their application-ready versions.

XR Extended Range Grating Efficiency

Technical Tip: XR-Series Applications

XR-series spectrometers are especially useful
for solar irradiance measurements, atomic
emission line analysis, plasma monitoring,
process applications and more.

Those applications benefit from the XR's
unique optical characteristics. The diffraction grating provides cover-
age from 200-1025 nm, but that’s only part of the story. The broad range
doesn’t do you much good if you are unable to manage higher-order
spectral sorting. So we developed a proprietary order-sorting filter that
is applied directly to the detector to eliminate second- and third-order
effects.

10
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USB4000-FL Fluorescence Spectrometers

Preconfigured Spectrometers for Fluorescence

The USB4000-FL, USB4000-FL-450 and USB4000-FL-395
Spectrometers are preconfigured for fluorescence measurements
from 360-1100 nm. Each spectrometer comes with a 200 um slit and
detector collection lens for increased light throughput and features
plug-and-play operation, a high-performance 3648-element
CCD-array detector and fast USB 2.0 connectivity.

There are three USB4000-FL options:

- USB4000-FL
Our basic fluorescence spectrometer can be combined with
various excitation sources and accessories for probe- and cuvette-
based setups. We offer an extensive range of separate LEDs for
excitation.

- USB4000-FL-450 and USB4000-FL-395
These models offer all the advantages of our USB4000-FL, but
with a direct-attach 470 nm LED (pictured) or 395 nm LED for
excitation. The LED connects to the spectrometer via a 10-pin
connector. The spectrometer powers and controls (through
software) the LED. The direct-attach LED option provides you with
a convenient, small-footprint package for your single-wavelength
excitation needs.

Filtering Options

USB4000-FLs can be used with our LVF-series Linear Variable Filters
for simple yet effective separation of excitation and fluorescence
energy. Use our LVF-L Linear Variable Low-pass Filter to fine-tune
your excitation source for maximum signal with minimum overlap.
Our LVF-H Linear Variable High-pass Filter can be effective on the
detection side. Additional blocking filter options are also available.

2
©
)
0
=r
o
3
D
0
)
(2}

Physical

Dimensions: 89.1 mm x 63.3 mm x 34. 4 mm (spectrometer only);
89.1 mm x 120.3 mm x 34.4 mm (spectrometer w/LED)
Weight: 190 g (spectrometer only); 310 g (spectrometer w/LED)

Detector Specifications

Detector: Toshiba TCD1304AP Linear CCD array
Detector range: 200-1100 nm

Pixels: 3648 pixels

Pixel size: 8 uym x 200 ym

100,000 electrons

130 photons/count at 400 nm; 60 photons/count at
600 nm

Pixel well depth:

Sensitivity:

Optical Bench

Design: /4, Asymmetrical crossed Czerny-Turner

Focal length: 42 mm (input); 68 mm (output)

Entrance aperture: 200 pym wide slit

Grating: Grating #3 -- groove density 600 I/mm, set to

360-1000 nm, 500 nm blaze
Yes, L4

Detector collection
lens:

Fiber optic connector: SMA 905 to 0.22 numerical aperture single-strand opti-

cal fiber

Spectroscopic

Wavelength range: 360-1000 nm
Optical resolution: ~10.0 nm FWHM
Signal-to-noise ratio: ~ 300:1 (at full signal)
A/D resolution: 16 bit

50 RMS counts
3.4 x 10° (system), 1300:1 for a single acquisition

Dark noise:

Dynamic range:

3.8 ms-10 seconds
<0.05% at 600 nm; 0.10% at 435 nm
>99%

Integration time:
Stray light:
Corrected linearity:

LED Specifications for USB4000-FL-450 and USB4000-FL-395

460-490 nm (USB4000-FL-450) and 380-410 nm
(USB4000-FL-395)

60 mA @ 5 VDC
60 W (minimum) into a 600 um fiber

Wavelength:

Power consumption:

Power output:
Stability: +/-1.0% drift after 2-minute warm-up period
Power consumption: 250 mA @ 5 VDC

Full scans to memory every 5 ms with USB 2.0 port

Data transfer speed:

Inputs/Outputs: Yes, 8 onboard digital user-programmable GPIOs
Analog channels: No

Auto nulling: Yes

Trigger modes: 4 modes

Strobe functions: Yes

Connector: 22-pin connector

www.oceanopticscom Tel: +1727-733-2447 1
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USB2000+RAD Spectrometer

Preconfigured for Irradiance Measurements

NOW WITH
TRIGGERING!

The USB2000+RAD Spectroradiometer is a preconfigured
combination of a powerful 2-MHz analog-to-digital (A/D) converter,
programmable electronics, a 2048-element CCD-array detector,

a high-speed USB 2.0 port and cosine corrector. This innovative
combination produces our fastest spectrometer yet and provides
resolution to 0.35 nm (FWHM). The USB2000+RAD allows you to
capture and store a full spectrum into memory up to once per
millisecond when the spectrometer is interfaced to a computer via a
USB 2.0 port.

This spectroradiometer system features a USB2000+ Spectrometer
and attached CC-3-DA cosine corrector. It does not require in-field
NIST-traceable UV-VIS calibration as it is precalibrated by Ocean
Optics with our SPEC-CAL-UV radiometric calibration service for UV
spectrometers. The USB2000+RAD is preconfigured and ready for
measurement "out of the box" so that installation and measurement
is fast, accurate and convenient.

Features

- Programmable microcontroller

- Up to 1,000 full spectra per second

Modular design

Automatically reads wavelength calibration coefficients of the
spectrometer and configures operating software

- RoHS and CE compliant

Physical

Dimensions:

89.1 mm x 63.3 mm x 34.4 mm

Weight:

Detector

190 g

Detector: Sony ILX511B linear silicon CCD array
Detector range: 200-1100 nm

Pixels: 2048 pixels

Pixel size: 14 ym x 200 ym

Pixel well depth:

~62,500 electrons

Sensitivity:

75 photons/count at 400 nm; 41 photons/count at
600 nm

Optical Bench

Design:

fl4, Symmetrical crossed Czerny-Turner

Focal length:

42 mm input; 68 mm output

Entrance aperture: 50 ym wide slit

Grating: Grating # 2 groove density 600 I/mm, set to 250-800 nm
(400 nm blaze)

Detector collection Yes, L2

lens:

Collimating and Standard

focusing mirror:

UV enhanced
window:

UV2 quartz window

Fiber optic connector:

Spectroscopic

SMA 905 to 0.22 numerical aperture single-strand
optical fiber

Wavelength range: 200-850 nm
Optical resolution: ~2.0 FWHM
Signal-to-noise ratio: ~ 250:1 (at full signal)
A/D resolution: 16 bit

Dark noise:

50 RMS counts

Dynamic range:

8.5 x 107 (system); 1300:1 for a single acquisition

Integration time:

1 ms to 65 seconds (20 s typical)

Stray light:

<0.05% at 600 nm; <0.10% at 435 nm

Corrected linearity:

>99%

Electronics

Power consumption:

250 mA @ 5 VDC

Data transfer speed:

Full scans to memory every 1 ms with USB 2.0 or 1.1
port, 300 ms with serial port

Trigger modes: 4 modes
Strobe functions: Yes
Gated delay feature:  Yes

Connector:

22-pin connector

Turn your USB2000+RAD into a spectroradiometric system for calculating Photosynthetically Active Radiation (PAR). SpectraSuite-PAR
is a plug-in for our SpectraSuite spectroscopy software that uses absolute irradiance of the light incident on plants and other samples

and converts the irradiance values from pW/cm? (microwatts per square centimeter) to pmol/m?/s (micromoles per square meter per
second) -- the measurement unit more commonly used for PAR analysis.
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USB User-Configured S

Optimizing the USB2000+ and US

With standard USB2000+ and USB4000 Spectrometers, you select the ultimate combination of optical bench options - gratings, slits, filters, mirrors
and more - to optimize the system for your application. Hundreds of different setups can be configured for each model.

With the exception of the detector, the USB2000+ and USB4000 use identical optical bench accessories.

USB2000+/USB4000 Optical Bench Options

Maximum flexibility is available with USB2000+ and USB4000 Spectrometers. Here are the optical bench accessories available for your

spectrometer:

[1] SMA 905 Connector
Light from a fiber enters the optical bench through the
SMA 905 Connector. The SMA 905 bulkhead provides
a precise locus for the end of the optical fiber, fixed slit,
absorbing filter and fiber clad mode aperture.

[2] Fixed Entrance Slit: specify slit size
Light passes through the installed slit, which acts as the
entrance aperture. Slits come in various widths from
5 pm to 200 um. The slit is fixed in the SMA 905 bulkhead
to sit against the end of a fiber.

[3] Longpass Absorbing Filter: optional
If selected, an absorbing filter is installed between the slit
and the clad mode aperture in the SMA 905 bulkhead.
The filter is used to limit bandwidth of light entering
spectrometer or to balance color.

[4] Collimating Mirror: specify standard or SAG+
The collimating mirror is matched to the 0.22 numerical
aperture of our optical fiber. Light reflects from this
mirror, as a collimated beam, toward the grating. You can
opt to install a standard mirror or a UV absorbing SAG+
mirror.

[5] Grating and Wavelength Range: specify
grating and starting wavelength
We install the grating on a platform that we then rotate
to select the starting wavelength you've specified. Then
we permanently fix the grating in place to eliminate
mechanical shifts or drift.

[6] Focusing Mirror: specify standard or SAG+
This mirror focuses first-order spectra on the detector
plane. Both the collimating and focusing mirrors are
made in-house to guarantee the highest reflectance and
the lowest stray light possible. You can opt to install a
standard or SAG+ mirror.

Eec’[rome’rers Overview
4

000 Spectrometers for Your Application
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[4]

L2/L4 Detector Collection Lens: optional

This cylindrical lens, made in-house to ensure aberration-free
performance, is fixed to the detector to focus the light from the
tall slit onto the shorter detector elements. It increases light-

collection efficiency.

Detector

We offer a 2048-element Sony ILX511B and 3648-element
Toshiba TCD1304AP linear CCD array detector. Each pixel
responds to the wavelength of light that strikes it. Electronics
bring the complete spectrum to the software.

OFLYV Variable Longpass Order-sorting Filter:
optional

Our proprietary filters precisely block second- and third-order
light from reaching specific detector elements.

UV2/UV4 Detector Upgrade: optional

When selected, the detector’s standard BK7 window is
replaced with a quartz window to enhance the performance of
the spectrometer for applications <340 nm.

www.oceanopticscom Tel: +1727-733-2447 13
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USB2000+ Spectrometer

User-configured for Maximum Flexibility

NOW WITH
TRIGGERING!

The USB2000+ Spectrometer is a clever combination of technologies:
a powerful 2-MHz A/D converter, programmable electronics, a
2048-element CCD-array detector and a high-speed USB 2.0 port.

This innovative design produces our fastest spectrometer and provides

resolution to 0.35 nm (FWHM). The USB2000+ allows you to capture
and store a full spectrum into memory up to once per millisecond
(nearly 1,000 full spectra every second) when the spectrometer is
interfaced to a computer via a USB 2.0 port (performance may vary
depending on computer and process loading). The USB2000+ is
perfect for chemical, biochemical and other applications where fast
reactions need to be monitored.

Features

- Up to 1,000 full spectra/second

- Programmable microcontroller

- Modular design - hundreds of configurations possible

- Built-to-suit wavelength range and resolution

- Automatically reads the wavelength calibration coefficients of the
spectrometer and configures operating software

- USB-to-PC interface; no external power requirements

- RoHS and CE compliance

Programmable Microcontroller

The USB2000+ has an onboard programmable microcontroller that
provides flexibility in controlling the spectrometer and accessories.
Through a 22-pin connector, you can implement all operating
parameters in the software, such as controlling external light sources,
creating processes and routines and retrieving data from external
devices.

Physical

Dimensions: 89.1 mm x 63.3 mm x 34.4 mm
Weight: 190 g

Detector

Detector: Sony ILX511B linear silicon CCD array
Detector range: 200-1100 nm

Pixels: 2048 pixels

Pixel size: 14 ym x 200 pym

Pixel well depth:

~62,500 electrons

Sensitivity:
Optical Bench
Design:

75 photons/count at 400 nm; 41 photons/count at 600 nm

/4, Symmetrical crossed Czerny-Turner

Focal length:

42 mm input; 68 mm output

Entrance aperture:

5, 10, 25, 50, 100 or 200 pm wide slits or fiber (no slit)

Grating options:

14 different gratings, UV through Shortwave NIR

XR grating option:

Yes

Detector collection
lens option:

Yes, L2

OFLYV filter options:

OFLV-200-850; OFLV-350-1000

Other bench filter
options:

Longpass OF-1 filters

Collimating and
focusing mirrors:

Standard or SAG+

UV enhanced
window:

Yes, UV2 quartz window

Fiber optic connector:

Spectroscopic

Wavelength range:

SMA 905 to 0.22 numerical aperture single-strand opti-
cal fiber

Grating-dependent

Optical resolution:

~0.3-10.0 nm FWHM

Signal-to-noise ratio:

250:1 (at full signal)

A/D resolution:

16 bit

Dark noise:

50 RMS counts

Dynamic range:

8.5 x 107 (system); 1300:1 for a single acquisition

Integration time:

1 ms to 65 seconds (20 seconds typical)

Stray light:

<0.05% at 600 nm; <0.10% at 435 nm

Corrected linearity:

Power consumption:

>99%

250 mA @ 5 VDC

Data transfer speed:

Full scans to memory every 1 ms with USB 2.0 or 1.1
port, 300 ms with serial port

Inputs/Outputs: Yes, onboard digital user-progammable GPIOs
Analog channels: No

Auto nulling: No

Breakout box compat- No

ibility:

Trigger modes: 4 modes

Strobe functions: Yes

Gated delay feature:  Yes

Connector:

22-pin connector

14
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If you're looking for an economical, versatile spectrometer, you'll find
the USB4000 to be an exceptional solution. This compact, modular
unit packs a 3648-element Toshiba linear CCD-array detector to
provide increased signal-to-noise and enhanced electronics for
control of the spectrometer as well as its accessories.

The USB4000 Spectrometer is distinguished by its enhanced
electronics: 16-bit A/D resolution with auto nulling feature (an
enhanced electrical dark-signal correction); EEPROM storage of
calibration coefficients for simple spectrometer start-up;

8 programmable GPIO signals for controlling peripheral devices;
and an electronic shutter — a handy feature to prevent detector
saturation.

The USB4000 couples easily via an SMA 905 connector to our line of
spectroscopic accessories. Direct-attach accessories are available as
well as discrete light sources, optical fibers, sampling devices such
as cuvette holders and flow cells and many more. In most instances,
changing the sampling system from one experiment setup to
another is as easy as unscrewing a connector and swapping out
accessories.

Features

- Programmable microcontroller

- Modular design

- Automatically reads wavelength calibration coefficients of the
spectrometer and configures operating software

- RoHS and CE compliant

USB4000 Spectrometer

Physical

Dimensions:

User-Configured to be Flexible

2
©
0,
O
=r
o
3
D
0
)
(2}

89.1 mm x 63.3 mm x 34.4 mm

Weight:
Detector

190 g

Detector: Toshiba TCD1304AP linear CCD array
Detector range: 200-1100 nm

Pixels: 3648 pixels

Pixel size: 8 um x 200 um

Pixel well depth:

100,000 electrons

Sensitivity:

Optical Bench

130 photons/count at 400 nm; 60 photons/count at
600 nm

Design:

/4, Asymmetrical crossed Czerny-Turner

Focal length:

42 mm (input); 68 mm (output)

Entrance aperture:

5, 10, 25, 50, 100 or 200 uym wide slits or fiber (no slit)

Grating:

Multiple gratings, UV through Shortwave NIR

OFLYV filter:

OFLV-200-850, OFLV-350-1000

UV enhanced window:

Yes, UV4 quartz window

Fiber optic connector:

SMA 905 to 0.22 numerical aperture single-strand opti-
cal fiber

Spectroscopic

Wavelength range:

Grating dependent

Optical resolution:

~0.1-10 nm FWHM

Signal-to-noise ratio:

300:1 (at full signal)

A/D resolution:

16 bit

Dark noise:

50 RMS counts

Integration time:

3.8 ms-10 seconds

Dynamic range:

3.4 x 108 (system), 1300:1 for a single acquisition

Stray light:

<0.05% at 600 nm; 0.10% at 435 nm

Corrected linearity:

>99%

Power consumption:

250 mA @ 5 VDC

Data transfer speed:

Full spectrum to memory every 5 ms with USB 2.0 port

Inputs/Outputs:

Yes, 8 onboard digital user-programmable GPIOs

Breakout box compat-
ible:

Yes, with the USB-ADP-BB adapter

Trigger modes:

4 modes

Strobe functions:

Yes

Connector:

22-pin connector

Fun Fact: Our USB Spectrometers are among the most popular selling miniature spectrometers on the market and can trace their
lineage to the S1000 - the world’s first miniature spectrometer -- which we introduced in 1992. The first miniature spectrometer we

sold went to a researcher at Los Alamos National Laboratories, whose work involved plutonium. Years later we tracked down that first
spectrometer and now display it at company headquarters.

www.oceanopticscom Tel: +1727-733-2447 15



USB User-configured Spectrometers
Bench Accessories for USB2000+/USB4000 Spectrometers
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The magic behind our USB2000+ and USB4000 miniature spectrometers is the range of options you can select to configure your optical bench to
perfectly suit your unique application needs. By consulting with an Ocean Optics Applications Scientist, you can choose the optimum combination
of aperture size, detector accessories, filters, gratings and more.

SMA 905 Connectors
This precision connector aligns to the spectrometer’s entrance slit and ensures concentricity of the
fiber. While SMA 905 is standard, connector adapters are available for mating to ST or FC connectors.

Fixed Entrance Slits
Our entrance slits are rectangular apertures that are T mm tall and come in varying widths from
5 um to 200 um. Smaller slit sizes achieve the best optical resolution.

Description USB2000+ Pixel Resolution USB4000 Pixel Resolution
SLIT-5 5-um wide x 1-mm high ~3.0 pixels ~5.3 pixels
SLIT-10 10-uym wide x 1-mm high ~3.2 pixels ~5.7 pixels
SLIT-25 25-uym wide x 1-mm high ~4.2 pixels ~7.5 pixels
SLIT-50 50-pm wide x 1-mm high ~6.5 pixels ~11.6 pixels
SLIT-100  100-pm wide x 1-mm high = ~12 pixels ~21 pixels
SLIT-200  200-pm wide x 1-mm high = ~24 pixels ~42 pixels

Note: Torus uses INTSMA-Series slits. See Jaz section for options.

Longpass Absorbing Filters

Whether you select a Longpass Absorbing or Blocking Filter, each has a transmission band and a
blocking band to restrict radiation to a certain wavelength region. This helps eliminate second- and
third-order effects. Filters are installed permanently.

Iltem Description

OF1-WG305 Longpass filter; transmits light >305 nm
OF1-GG375 Longpass filter; transmits light >375 nm
OF1-GG395 Longpass filter; installed, transmits light >395 nm
OF1-GG475 Longpass filter; transmits light >475 nm
OF1-0OG515 Longpass filter; transmits light >515 nm
OF1-0G550 Longpass filter; transmits light >550 nm
OF1-0G590 Longpass filter; transmits light >590 nm
SAG+ Mirror Reflectivity
100%
Collimating and Focusing Mirrors s0%

You can replace our standard aluminum-coated reflective mirrors with our proprietary
UV-absorbing SAG+ Mirrors. These increase reflectance in the VIS-NIR range while increasing your
spectrometer’s sensitivity. They also absorb nearly all UV light - reducing the effects of excitation
scattering in fluorescence measurements. .

Item Code: SAG+UPG 200 400 600 800 1000
WAVELENGTH (nm)

60%-|

REFLECTIVITY

40%-|

20%-|

Grating and Wavelength Range

With a choice of multiple gratings, you can easily customize the spectral range and most efficient
region of your USB Series Spectrometer. Our gratings are permanently fixed in place at the time of
manufacture and are available in both ruled and holographic versions. See pages 20-21 for grating
options and efficiency curves and consult an Ocean Optics Applications Scientist for details.
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USB User—Confi%ured Spectrometers

Detectors and Accessories for USB2000+/USB4000 Spectrometers
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Detectors

The USB2000+ has a 2048-element Sony ILX511B detector and the USB4000 has a 3648-element
Toshiba TCD1304AP detector. Both are linear silicon CCD arrays with an effective range of
200-1100 nm. Detectors come with BK7 or quartz windows. Order-sorting filters and collection
lenses are optional.

Detector Collection Lenses

These cylindrical lenses ensure aberration-free performance and are fixed to the detector’s
window to focus light from the tall slit onto the shorter detector elements. The L2 (for the
USB2000+) and L4 (USB4000) increase light collection efficiency and help reduce stray light. They
also are useful for low-light level applications where a large-diameter fiber is being used.

Detectors with OFLV Filters
OFLV Variable Longpass Order-sorting Filters are applied to the detector’s window to eliminate second- and third-order effects. We use a patented
coating technology to apply the filter to the substrate.

UV2 and UV4 Detector Window Upgrades
For any application <350 nm, we replace the detector’s standard BK7 glass window with a quartz window. Quartz transmits in the UV and provides
better UV performance.

Detector Description Spectrometer
DET2B-200-850 Sony ILX511B detector, installed, w/200-850 nm variable longpass filter and UV2 quartz window; best USB2000+
for UV-VIS systems configured with Grating #1 or #2
DET2B-200-1100 Sony ILX511B detector, installed, w/200-850 nm variable longpass filter and UV2 quartz window; best USB2000+
for UV-VIS systems configured with XR-1 Grating
DET2B-350-1000 Sony ILX511B detector, installed, with 350-1000 nm variable longpass filter; best for VIS system config- = USB2000+
ured with Grating #2 or #3
DET2B-UV Sony ILX511B detector, installed, with UV2 quartz window; best for systems configured for <360 nm USB2000+
DET2B-VIS Sony ILX511B detector, installed, with VIS BK7 window; best for systems configured for >400 nm USB2000+, Torus
DET2B-TORUS-OSF Sony ILX511B detector, installed, with Torus Order-Sorting Filter Torus
DET4-200-850 Toshiba TCD1304AP detector, installed, w/200-850 nm variable longpass filter and UV2 quartz window; = USB4000
best for UV-VIS systems configured with Grating #1 or #2
DET4-200-1100 Toshiba TCD1304AP detector, installed, with 200-850 nm variable longpass filter and UV4 quartz win- USB4000
dow; best for systems configured with XR-1 grating
DET4-350-1000 Toshiba TCD1304AP detector, installed, with 350-1000 nm variable longpass filter; best for VIS sys- USB4000
tems configured with Grating #2 or #3
DET4-UV Toshiba TCD1304AP detector, installed, with UV4 quartz window; best for systems configured for USB4000
<360 nm
DET4-VIS Toshiba TCD1304AP detector, installed, with VIS BK7 window; best for systems configured for >400 nm = USB4000

Additional detector configurations — including a no-window option — are available. Please consult an Application Scientist for details.

Technical Tip: Optimizing Your Spectrometer
Our spectrometers can be optimized for parameters such as spectral range, optical resolution (FWHM) and sensitivity
by selecting gratings, entrance apertures (slits) and other optical bench accessories appropriate to your application.
Customers frequently ask if they can change the system's spectral range and optical resolution in the field. For
spectral range, the short answer is: no. Spectral range is a function of the detector and grating, both of which are
fixed in place. To change a grating requires returning the spectrometer to Ocean Optics for reconfiguration. For
optical resolution, you have a little more leeway. For example, if your spectrometer has no slit installed, you can affect
optical resolution by using optical fibers of different diameters. Also, our Jaz spectrometer has replaceable slits. Otherwise, slit changes require
returning the spectrometer to us.

www.oceanopticscom Tel: +1727-733-2447 17



USB Series Spectrometers
USB Direct-Attach Accessories
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We offer a variety of compact, modular Direct-Attach Accessories that enable you to make your USB Series Spectrometer a custom-tailored solution
for your unique application needs. Each accessory is designed and manufactured to be robust and provide years of reliable service.

USB-ISS-UV-VIS

Sampling System

This clever, integrated sampling system is a direct-attach sample holder and deuterium tungsten light
source for 200-1100 nm. You can control the USB-ISS-UV-VIS's shutter through software. A separate
5V power supply is included.

Item Code: USB-ISS-UV-VIS

USB-ISS-VIS

Sampling System

The USB-ISS-VIS is a snap-on cuvette holder and visible light source combination that holds a 1-cm
square cuvette and features a range of 390-900 nm. The system’s light source features a long-life
tungsten bulb and multiple violet light emitting diodes. Powered via USB.

Item Code: USB-ISS-VIS

USB-LS Series

Integrated LEDs

Turn your USB2000+ or USB4000 into a spectrofluorometer by adding an integrated LED module.
Standard versions are available with 395 nm and 470 nm excitation wavelengths; the 470 nm LED
module is also available with a 4-20 mA output.

Item Code: USB-LS-395, USB-LS-450, USB-LS-450-4-20

USB-FHS

Snap-On Filter Holder

The USB-FHS is a combination light source-filter holder that is optimized for 390-900 nm measurements.
It can be used for fast, convenient absorbance and transmission measurements of square and round
filters up to 2". The USB-FHS features long-life tungsten bulbs and multiple violet light emitting diodes.
Powered via USB.

Item Code: USB-FHS

USB-BP

Portable Battery Pack

The USB-BP is a portable Lithium lon battery pack that gives you up to eight hours of continuous power
to your USB Spectrometer and any additional direct-attach accessories. This battery pack delivers

2 amp-hours at 5 volts through its two lithium cells. The USB-BP charges in three hours with its

included charger.

Item Code: USB-BP
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USB User-Configured Spectrometers

Choosing the Right Grating

Groove Density

The groove density (mm) of a grating determines its dispersion, while the
angle of the groove determines the most efficient region of the spectrum. The
greater the groove density, the better the optical resolution possible, but the
more truncated the spectral range.

Spectral Range

Spectral range (bandwidth) is the dispersion of the grating across the linear
array and is a function of the groove density. When you choose a starting
wavelength for a spectrometer, you add its spectral range to the starting
wavelength to determine the wavelength range. For several gratings, the
Spectral Range of a grating varies according to the starting wavelength range.
The rule of thumb is this: the higher the starting wavelength, the more
truncated the spectral range.

Blaze Wavelength
For ruled gratings, blaze wavelength is the peak wavelength in an efficiency
curve. For holographic gratings, it is the most efficient wavelength region.

Best Efficiency ( >30%)

All ruled or holographically etched gratings optimize first-order spectra at
certain wavelength regions; the “best” or most efficient region is the range
where efficiency is >30%. In some cases, gratings have a greater spectral range
than is efficiently diffracted. For example, Grating 1 has about a 650 nm
spectral range, but is most efficient from 200-575 nm. In this case, wavelengths
>575 nm will have lower intensity due to the grating’s reduced efficiency.

Note: Although the spectral range of a spectrometer with Grating 13 is broad, the detector will respond to light only from 300-1100 nm. Also,
because the grating has broad spectral range, optical resolution <3.0 nm FWHM is not possible. More important, second-order effects are much
more difficult to eliminate or mitigate through order-sorting filters. Our XR grating (#31) is a better choice for broad-range applications.

We offer multiple gratings for our USB2000+/USB4000 Spectrometers.

Grating Intended Groove Spectral Blaze Best
Number Use Density Range Wavelength Efficiency (>30%)

1 uv 600 650 nm 300 nm 200-575 nm

2 UVv-vIs 600 650 nm 400 nm 250-800 nm

& VIS-Color 600 650 nm 500 nm 350-850 nm

4 NIR 600 625 nm 750 nm 530-1100 nm

5 UV-VIS 1200 300 nm Holographic UV 200-400 nm

6 NIR 1200 200-270 nm 750 nm 500-1100 nm

7 UV-VIS 2400 100-140 nm Holographic UV 200-500 nm

8 uv 3600 50-75 nm Holographic UV 290-340 nm

9 VIS-NIR 1200 200-270 nm Holographic VIS 400-800 nm

10 UV-VIS 1800 100-190 nm Holographic UV 200-635 nm

11 UV-VIS 1800 120-160 nm Holographic VIS 320-720 nm

12 UV-vVIS 2400 50-120 nm Holographic VIS 260-780 nm

13 UV-VIS-NIR 300 1700 nm 500 nm 300-1100 nm

14 NIR 600 625 nm 1000 nm 650-1100 nm

31 UV-NIR 500 200-1025 nm 250 nm 200-450 nm
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(%— The graphs below are grating efficiency curves for gratings with groove densities of 500, 600, 1200, 1800 and 2400 mm™'. Additional information is
available at www.oceanoptics.com/Products/bench_grating_usb.asp.
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Grating Selection Tips: Groove Density of 500 mm-"
- These efficiency curves relate only to the grating. System response
is affected by a number of variables, including detector response.
- Grating selection often involves trade-offs. For example, gratings
with very high groove density (lines/mm’') allow greater optical >
resolution but at the expense of a truncated spectral range. If the §
user is characterizing two or three closely aligned laser &
wavelengths, such a trade-off of resolution for range might be H
acceptable. For other applications, a wider range with good §
resolution would make better sense.
- The XR grating (#31) is a good option for broad spectral
coverage (200-1025 nm) without sacrificing optical resolution
(~2.0 nm FWHM with a 25 pm slit). For efficiency of Grating #8
(3600 mm™), visit our website.
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Predicted Ranges and Resolution

USB Series Spectrometers

Predicted Ranges and Resolution

These graphs demonstrate the range and resolution of your “USB” Bench Spectrometer with a 25 um slit.

“USB” Bench with Sony Detector: USB2000+

600 mm Grating and 25 pym Slit

1800 mm*' Grating and 25 pm Slit

2400 mm' Grating and 25 pm Slit

Example:

If the starting
wavelength is 350 nm,
then the range is
~674 nm, providing
a350-1024 nm
wavelength range and
1.38 nm resolution.

Example:

If the starting
wavelength is 400 nm,
then the range is
~316 nm, providing
a400-716 nm
wavelength range and
0.65 nm resolution.

Example:

If the starting
wavelength is 400 nm,
then therange is
~195 nm, providing
a400-595 nm
wavelength range and
0.40 nm resolution.

Example:
If the starting

wavelength is 350 nm,
then the range is
~137 nm, providing

a 350-487 nm
wavelength range and
0.28 nm resolution.

“USB” Bench with Toshiba Detector: USB4000

600 mm' Grating and 25 pm Slit

1200 mm" Grating and 25 pym Slit

1800 mm-' Grating and 25 pm Slit

2400 mm™ Grating and 25 pym Slit
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Example:

If the starting
wavelength is 350 nm,
then the range is
~692 nm, providing
a350-1042 nm
wavelength range and
1.40 nm resolution.

Example:

If the starting
wavelength is 400 nm,
then the range is
~325 nm, providing
a400-725 nm
wavelength range and
0.67 nm resolution.

Example:

If the starting
wavelength is 400 nm,
then therange is
~195 nm, providing
a400-595 nm
wavelength range and
0.40 nm resolution.

Example:
If the starting

wavelength is 350 nm,
then the range is
~140 nm, providing
a350-490 nm
wavelength range and
0.29 nm resolution.
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USB Series Spectrometers

Adapters, Cables and Other Accessories

Adapters, Cables and Device Control

Item Code Description

ACC-CON-US4 Spectrometer accessory connector for external triggering on USB4000s

USB-ADP-BB Adapter to connect USB4000 to HR4000 Breakout Box

USB-ADP-PC Cable and adapter block to connect from serial port on spectrometer to serial port on computer; included with USB-CBL-PS power supply
USB-ADP-PC-E European version of USB-ADP-PC

USB-ADP-PX2 Adapter block and cable to connect PX-2 Pulsed Xenon Lamp to USB2000+/USB4000

USB-AQOUT 4-20 mA Analog Output Module for USB4000, USB2000+ Spectrometers
USB-CBL-0.5M USB cable, 0.5 m length, for spectrometer-to-PC interface
USB-CBL-1 USB cable, 1 m length, for spectrometer-to-PC interface

USB-CBL-MINI Mini USB cable for spectrometer-to-PC interface

Power Supplies

USB-CBL-PS 5 V universal power supply for spectrometers in serial mode

USB-BP Direct-attach Lithium lon battery pack for USB2000+/USB4000 Spectrometers

WT-12V Regulated 12 V universal power supply (1.5A, 110/220 VAC)

WT-12V-R Regulated 12 VDC power supply (2.5 A, 110 V)

WT-12V-R-E Regulated 12 VDC power supply 2.5 A, with European-version cord for connecting power supply to wall outlet
WT-24V 24 VVDC power supply (110 V)

Note: Most Ocean Optics power supplies are universal power supplies. Please contact an Applications Scientist for details.

Miscellaneous Spectrometer Accessories

Item Code Description
SPEC-CADDY0350 Rugged, water-tight Pelican case for spectrometers and accessories; dimensions are 20” x 20” x 20” (50.8 x 50.8 x 50.8 cm)
SPEC-CADDY1500 Rugged, water-tight Pelican case for spectrometers and accessories; dimensions are 16.75" x 11.18" x 6.12" (42.5 x 28.4 x 15.5 cm)
SPEC-CADDY 1520 Rugged, water-tight Pelican case for spectrometers and accessories; dimensions are 18.06" x 12.89" x 6.72" (45.9 x 32.7 x 17.1 cm)
SPEC-CADDY 1560 Rugged, water-tight Pelican case for spectrometers and accessories; dimensions are 20.37" x 15.43" x 9.00" (51.7 x 39.2 x 22.9 cm)

USB-CUT Demonstration USB Spectrometer with cutaway open optical bench; non-functioning spectrometer that's ideal as a teaching tool

STEADIQ-UV Cooler-like, environmentally controlled enclosure compatible with USB2000+/USB4000 and other spectrometers; covers 200-1100 nm
wavelength range

STEADIQ-VIS Cooler-like, environmentally controlled enclosure compatible with USB2000+/USB4000 and other spectrometers; covers 400-2500 nm

wavelength range

Note: Accessories specific to the Jaz Spectrometer are available in the Jaz section. Also, additional information on SteadiQ is available at the end of
the Spectrometers section.
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USB-TC

Increase Thermal Wavelength Stability
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USB-TC Specifications

USB-TC w/USB2000+ or USB4000

Size (cm): 6.35x8.9x3.18
Weight: 227 g (8 0z.)

Wavelength thermal stability: +/-0.1 °C of setpoint temperature
+/-0.025 pixels/ °C

Setpoint temperature: Factory-adjustable between 25-55 °C

Time to stabilize: With constant ambient temperature, stabilizes to
within 0.1 °C of the final temperature within 30
minutes of power-up

Operating range: 5 °C to 40 °C below setpoint (A over which stabil-
ity is maintained to +/-0.1 °C)
w Ambient temperature range: = Controls spectrometer to selected temperature
“ whtjn ambient temperature is between 5 °C and
“ 204\2 — S 4(1 C belo:v selected temperature
nvironmental conditions: 0°Cto50°C
Temperature accuracy: Selected temperature+/-2 °C
Over-temperature threshold: 65 °C +/-2 °C
The new USB Temperature Controller (USB-TC) is an attachable BRI 0-95% non-condensing
heating device for our USB4000 and USB2000+ Miniature between 25-55 °C and comes with a 12 VDC, 3A power supply. With
Spectrometers that greatly improves the thermal stability of your constant ambient temperature, the USB-TC stabilizes to within 0.1 °C of the
measurements. The USB-TC attaches directly to the spectrometer final temperature within 30 minutes of power-up. The system will operate in
and maintains wavelength thermal stability to within +/-0.025 temperatures ranging from 5-40 °C below the setpoint temperature.
pixels/ °C, making it ideal for industrial and other settings where
temperature variations can affect spectral performance. The USB-TC and is available with new spectrometer purchases or as a
retrofit option for existing owners of USB2000+ and USB4000
The USB-TC is available with pre-selected setpoint temperatures spectrometers. Contact an Applications Scientist for details.

TechTip

Thermal Wavelength Stability in Spectrometers

Stability is a broad term that encompasses various elements of temperature in the QE65000, NIRQuest and other
the spectrometer system, including the optical bench, electronics spectrometers.
and light source. More specifically, thermal wavelength
stability in spectrometers is a measure of the change in - In Passive Temperature Stabilization, the spectrometer’s
specifications (performance) at various temperatures; thermal athermal design promotes stability. For example, Torus has
stability is typically expressed in pixels per °C for a passive device an optical bench design that minimizes temperature-related
or as +/- °C per setpoint temperature with an active device. instability.
Ocean Optics provides three primary options for maintaining - The Procedural Approach uses experiment controls to mitigate
thermal stability in spectrometers: the effects of temperature variation. Examples include taking
frequent reference and dark measurements, integrating refer-
- Temperature Controllers are active devices for controlling ence monitoring into the procedure and using electrical dark
temperature. Examples are the USB-TC, which regulates device correction.
temperature; our SteadiQ spectrometer chamber, which
regulates the environment temperature; and the See individual product pages for thermal wavelength stability
thermoelectric coolers that typically regulate detector specifications.

www.oceanopticscom Tel: +1727-733-2447 23
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Application Notes

Extended-range Measurement of a Deuterium-Halogen Light Source

Broad UV-NIR spectral coverage can be achieved in a miniature spectrometer configured with our XR-1 Extended Range grating, which is
responsive from 200-1025 nm. Our USB2000+ Spectrometer with an XR-1 grating maintains good optical resolution over the UV-NIR range,
making it useful for applications such as measuring the relative output of a combination deuterium-halogen light source.

Introduction
The ability to provide UV-NIR coverage in a single miniature
spectrometer has always been a challenge. Trade-offs inherent

to most diffraction gratings — most noticeably, the effect of blaze

angle on the efficiency of the diffraction — can pose challenges
for certain applications. While gratings were available that dif-

fracted over a wide range, this came at the expense of decreased

optical resolution and increased problems associated with
second- and third-order overlap.

Newer gratings such as the XR-1 provide good efficiency over

a wider wavelength range (200-1025 nm) than is otherwise
possible with standard gratings. What's more, good optical
resolution (<2.0 nm FWHM for most setups) can be maintained,
and second- and third-order effects are eliminated by apply-
ing proprietary filtering technology to the CCD-array detector
window. Transmission efficiency is affected only marginally by
this filtering.

Broad spectral response in a single spectrometer offers
convenience for those who regularly make measurements in
both the UV-VIS and VIS-NIR, yet it also offers a solution for
applications where samples are responsive across that same
broad range. Examples include certain plasmas, solar irradiance,
atomic emission lines and broadband light sources.

Experimental Conditions

To test the response of the XR-1 grating, we installed the

500 lines/mm groove density grating in the optical bench of our
USB2000+. The spectrometer’s optical bench also included a

25 pm slit and order-sorting detector filter. The grating provides
825 nm of spectral range and is blazed at 250 nm.

The test sample for the experiment was our DH-2000-BAL
Deuterium Tungsten Halogen Light Source. The DH-2000-BAL
combines the continuous spectrum of deuterium and tungsten
halogen light sources in a single optical path to produce a pow-
erful, stable output from 215-2000 nm (we observed only the
region from 200-1025 nm). A UV-VIS optical fiber collected the
signal from the light source. We recommend our QP450-2-XSR

Spectral Output of Deuterium-Halogen Light Source

optical fiber, which is a 455 um core diameter fiber with excellent solariza-
tion resistance properties. Integration time of 10 milliseconds is typically
sufficient for measuring a light source such as the DH-2000-BAL.

Results

The emission spectrum of the UV-NIR light source measured with the
USB2000+XR matched the anticipated spectral output. The XR-1 grating
showed good efficiency across the 200-1025 nm spectral range, with the
best efficiency in the UV. Optical resolution was ~1.7 nm (FWHM) with a
25 um slit (the standard slit option for the USB2000+XR1) and at ~1.2 nm
(FWHM) with a 5 um slit. Other expected spectrometer performance
characteristics were unaffected by the presence of the grating.

Conclusions

Results demonstrate that an Ocean Optics spectrometer configured with
the XR-1 extended-range grating will provide spectral coverage across the
200-1025 nm spectral range without sacrificing optical resolution perfor-
mance or being subject to second- and third-order diffraction effects. The
XR-1 is available in the application-ready USB2000+XR1, USB4000-XR1 and
JAZ-EL200-XR1 Spectrometers (each has a 25 um slit and order-sorting
filter) or as a custom option in one of our other spectrometers. For ap-
plications requiring broad range and sub-nanometer optical resolution
(FWHM), our HR2000+CG and HR4000CG-UV-NIR composite-grating
spectrometers are recommended.
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HR Series Spectrometers

High Resolution Miniature Spectrometers

Our HR Series Spectrometers combine optics and electronics that are
ideal for applications demanding high resolution and fast
measurements. Popular for laser characterization, gas absorbance and
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emission line analysis, our HR Series Spectrometers are especially
useful where rapid reactions need to be monitored.

We offer two HR Series models, HR2000+ and HR4000, in both
application-ready (preconfigured for specific application types) and
build-your-own (user-configured for maximum flexibility) versions.
Also, the HR2000+ and HR4000 have comparable electronics and
architecture, but different linear CCD array detectors.

HR Optical Bench
Our HR Optical Bench is responsive from 200-1100 nm and can be
configured to address your application needs through customization

NOW WITH
TRIGGERING!

of gratings, mirror coatings, detector window and aperture size. Its
onboard A/D converter allows you to capture and transfer up to one
full spectrum into memory every millisecond when interfaced via USB
to your computer.

The HR2000+ has a 2048-element Sony ILX511B detector and the HR4000 has the 3648-element Toshiba TCD1304AP detector. Both are linear sili-
con CCD arrays, with an effective range of 200-1100 nm, and are available with the same optical bench accessory options (quartz window for UV
performance, order-sorting filters and so on). The HR2000+ has slightly better response in the UV and faster integration time; the HR4000 has an
electronic shutter feature.

Onboard Microcontroller

The HR Series feature an onboard microcontroller that provides you considerable flexibility in controlling your spectrometer and accessories.
Through its 30-pin connector, you can control the HR's operating parameters and light sources, create processes and retrieve information on exter-
nal objects. Ten user-programmable digital inputs/outputs allow you to interface with other equipment or a triggering device.

Plug and Play USB Operation

The HR Series Spectrometers interface easily to a PC, PLC or other embedded controller via USB 2.0 or RS-232 serial port. Data unique to your
spectrometer is programmed into a memory chip inside that is read by our spectrometer operating software — enabling hot-swapping between
computers.

Electronic Shutter
HR4000 Spectrometers come with an electronic shutter for control of integration time from 10 ps-3.8 ms — an especially useful option for measuring
transient events such as laser pulses.

HR Series Spectrometer Models at a Glance
You can configure an HR2000+ or HR4000 with gratings and optical bench accessories for a wide range of applications, or you can select from one
of several application-ready HR2000+/HR4000s described in the table below:

Best for HR2000+ Series HR4000 Series
High resolution over extended range (200-1050 nm) HR2000+CG HR4000CG-UV-NIR
High resolution and enhanced sensitivity over HR2000+ES NA

extended range (200-1050 nm)

www.oceanopticscom Tel: +1727-733-2447 25
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NOW WITH
TRIGGERING!

HR2000+CG

The HR2000+CG Composite Grating Spectrometer is preconfigured
with our HC-1 Grating. This proprietary variable-blazed grating was
specifically designed to provide full spectral output throughout the
200-1050 nm range.

Also, the HR2000+CG optical bench is preconfigured with a 5 um
slit for excellent optical resolution and our OFLV-200-1100 Variable
Longpass Order-sorting Filter to eliminate second- and third-order
effects.

The HR2000+CG is ideal for biological and chemical applications
where fast measurements and high resolution are needed.

Features

- Broad UV-NIR response

- High resolution (1.0 nm FWHM) over entire available range
- Captures up to 1,000 full scans per second

- Programmable microcontroller

Technical Tip

plication-Ready Spectrometer

Preconfigured for High Resolution over Extended Range

Physical
Dimensions: 148.6 mm x 104.8 mm x 45.1 mm
Weight: 570g

Detector

Detector: Sony ILX511B linear silicon CCD array
Detector range: 200-1100 nm

Pixels: 2048 pixels

Pixel size: 14 pm x 200 pm

Pixel well depth: ~62,500 electrons

Sensitivity: 75 photons/count at 400 nm; 41 photons/count at 600 nm

Optical Bench

Design: f/4, Symmetrical crossed Czerny-Turner

Focal length: 101.6 mm input and output

Entrance aperture: 5 ym wide slit
Grating: HC-1
OFLYV filter: OFLV-200-1100

UV enhanced window: Yes, UV2 quartz window

Fiber optic connector: SMA 905 to 0.22 numerical aperture single-strand fiber

Spectroscopic

Wavelength range:

200-1100 nm (best response 200-1050 nm)

<1.0 nm FWHM

Signal-to-noise ratio: ~ 250:1 (at full signal)

A/D resolution: 14 bit

12 RMS counts

8.5 x 107 (system); 1300:1 for a single acquisition

Optical resolution:

Dark noise:

Dynamic range:

1 ms to 65 seconds
<0.05% at 600 nm; <0.10% at 435 nm
Corrected linearity: >99%

Integration time:

Stray light:

Power consumption: 220 mA @ 5 VDC

Full scans into memory every 2 ms with USB 2.0 port;
every 15 ms with USB 1.1 port

10 onboard digital user-programmable GPIOs

Data transfer speed:

Inputs/outputs:

Analog channels: One 13-bit analog input and one 9-bit analog output

Trigger modes: 4 modes

Strobe functions: Yes

Connector: 30-pin connector

The HC-1 Grating is a variable blazed grating that provides our HR Spectrometers with broad wavelength coverage
(200-1050 nm). That extended range can be illuminated with a combination deuterium-tungsten halogen source like
our DH2000-BAL, but an optical fiber for your system is a different matter. Because no single fiber covers the entire UV-
NIR range, we suggest using a “mixed” bifurcated fiber assembly. A bifurcated assembly has two fibers, each of which
can be configured for a different range — UV-VIS for one leg and VIS-NIR for the other leg.

Also of note, the HC-1 grating's native response at longer wavelengths is not as good as it is at shorter wavelengths. But
you can take steps to mitigate the grating’s response characteristics. For example, for relative mode measurements, increasing the number of signal
averages may be a useful technique for optimizing response at longer wavelengths. Ensuring your light source and optical fiber are suited to longer
wavelengths also is helpful. To ensure best results, we recommend consulting an Applications Scientist for assistance.
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HR2000+ES Application-Ready Spectrometer

Preconfigured for Hig

Physical

Dimensions:

Resolution and Sensitivity
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148.6 mm x 104.8 mm x 45.1 mm

Weight:

Detector

Detector:

570 g

Sony ILX511B linear silicon CCD-array

Detector range:

200-1100 nm

Pixels:

2048 pixels

Pixel size:

14 pm x 200 pm

Pixel well depth:

~62,500 electrons

Sensitivity: 75 photons/count at 400 nm; 41 photons/count at 600 nm
Design: /4, Symmetrical crossed Czerny-Turner
Focal length: 101.6 mm input and output
NOW WITH Entrance aperture: 10 pym wide slit
TRIGGERING! Grating: HC-1 provides 200-1100 nm range
Detector collection Yes, L2
HR2000+ES lens:
The HR2000+ES Spectrometer is a preconfigured system for OFLV filter: OFLV 200-1100 nm

enhanced sensitivity. This system integrates a high-resolution

optical bench with a powerful 2-MHz A/D converter, programmable

electronics and a 2048-element CCD-array detector for optical
resolution to ~1.33 nm (FWHM).

The HR2000+ES has a slightly larger entrance slit (10 um) and an L2
detector collection lens for additional sensitivity in extended-range
applications. We also include a UV2 quartz window for UV transmis-
sion and the OFLV-200-1100 Variable Longpass Order-sorting Filter

to eliminate second- and third-order effects.

Features

- Up to 1,000 full spectra per second
- Programmable microcontroller

- High-resolution bench

- Plug and play operation

Sample Applications for HR2000+CG/HR2000+ES
- Thin film measurements of various substrates

- Plasma monitoring

- Reflectance of nanoparticles

- Analysis of phosphors

- Characterization of lasers

- Solar irradiance

- Spectral output of light sources

UV enhanced window:

Yes, UV2 quartz window

Fiber optic connector:

Spectroscopic

SMA 905 to 0.22 numerical aperture single-strand
optical fiber

Wavelength range:

200-1100 nm (best response 200-1050 nm)

Optical resolution: ~1.33 nm FWHM
Signal-to-noise ratio: ~ 250:1 (at full signal)
A/D resolution: 14 bit

Dark noise:

12 RMS counts

Dynamic range:

8.5 x 107 (system); 1300:1 for a single acquisition

Integration time:

1 ms-65 seconds (20 s typical)

Stray light:

<0.05% at 600 nm; <0.10% at 435 nm

Corrected linearity:

>99%

Power consumption:

220mA @ 5 VDC

Data transfer speed:

Full scans to memory every 1 ms with USB 2.0 port,
15 ms with USB 1.1 port

Inputs/Outputs:

Yes, 10 onboard digital user-programmable GPIOs

Analog channels:

One 13-bit analog input; one 9-bit analog output

Auto nulling:

No

Breakout box compat-
ibility:

Yes, HR4-BREAKOUT

Trigger modes: 4 modes
Strobe functions: Yes
Gated delay feature: No

Connector:

30-pin connector

What puts the “Extra Sensitivity” into the HR2000+ES? In large part, it's the addition of a detector collection lens. We fix a cylindrical,
aberration-free lens to the detector to focus the image from the tall slit (entrance aperture) of the spectrometer bench onto the shorter

detector elements. Depending on the optical bench configuration, this helps increase light-collection efficiency considerably. In fact,
the lens collects light so efficiently that in many HR2000+/HR4000 applications — especially laser characterization — adding the lens
would cause detector saturation.

www.oceanopticscom Tel: +1727-733-2447
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HRA000CG-UV-NIR Spectrometer

Preconfigured for High Resolution and Extended Range
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Physical

HR4000CG-UV-NIR

Our HR4000CG-UV-NIR Composite Grating Spectrometer uses our
HC-1 Grating and provides full spectral output from 200-1100 nm with
best efficiency at 200-1050 nm.

This preconfigured system has an OFLV variable Longpass
Order-sorting filter that eliminates second- and third-order effects
and utilizes a 5 um entrance slit for improved optical resolution
performance.

Features

- Broad UV-NIR response

- High resolution (0.75 nm FWHM)

- Installed HC-1 composite grating and order-sorting filter

Dimensions:

148.6 mm x 104.8 mm x 45.1 mm

Weight:

570 g

Detector

Detector: Toshiba TCD1304AP linear CCD array
Detector range: 200-1100 nm

Pixels: 3648 pixels

Pixel size: 8 um x 200 um

Pixel well depth:

~100,000 electrons

Sensitivity:

130 photons/count at 400 nm; 60 photons/count at 600 nm

Optical Bench
Design:

/4, Symmetrical crossed Czerny-Turner

Focal length:

101.6 mm input and output

Entrance aperture:

5 um wide slit

Grating:

HC-1

Detector collection lens:

Yes, L4

OFLYV filter:

OFLV 200-1100 nm

UV enhanced window:

Yes, UV4 quartz window

Fiber optic connector:

SMA 905 to 0.22 numerical aperture single-strand
optical fiber

Spectroscopic

Wavelength range:

200-1100 nm (best response 200-1050 nm)

Optical resolution:

<0.75 nm FWHM

Signal-to-noise ratio:

250:1 (at full signal)

A/D resolution:

14 bit

Dark noise:

12 RMS counts

Dynamic range:

3.4 x 10° (system); 1300:1 for a single acquisition

Integration time:

3.8 ms-10 seconds

Stray light:

<0.05% at 600 nm; <0.10% at 435 nm

Solar Irradiance Spectrum

Irradiance (uwatts/cm2/nm)

Corrected linearity:

>99%

Power consumption:

450 mA @ 5 VDC

Data transfer speed:

Full scans to memory every 4 ms with USB 2.0 port,
15 ms with USB 1.1 port

Inputs/Outputs:

Yes, 10 onboard digital user-programmable GPIOs

Analog channels:

One 13-bit analog input; one 9-bit analog output

Auto nulling:

No

Breakout box compat-
ibility:

Yes, HR4-BREAKOUT

Trigger modes: 4 modes
Strobe functions: Yes
Gated delay feature:  No

Connector:

30-pin connector

A cosine corrector is a useful tool for measuring solar irradiance. The cosine corrector consists of a screw-on stainless steel barrel with
a thin disk of diffusing material inside and is designed to collect radiation from 180° field of view. (By comparison, an optical fiber will

collect light from approximately 25 ° field of view.) Cosine correctors can be attached directly to the spectrometer or to an optical fiber.
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HR User-Configured Spectrometers Overview
Optimizing the HR2000+ and HR4000 Spectrometers for Your Application

All components within the HR Series Spectrometers are fixed in place at the time of manufacture and designed to give you years of reliable
performance. Select the optical bench options to configure a system to perfectly suit your unique application needs.

With the exception of the detector, the HR2000+ and HR4000 use identical optical bench accessories. By consulting with an Ocean Optics
Applications Scientist, you can choose the optimum combination of aperture size, detector accessories, filters, gratings and more.

HR Optical Bench Options
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Maximum flexibility is available with HR2000+ and HR4000 Spectrometers. Here are the optical bench accessories available for your spectrometer:

[1] SMA 905 Connector
Light from a fiber enters the optical bench through the
SMA 905 Connector. The SMA 905 bulkhead provides
a precise locus for the end of the optical fiber, fixed slit,
absorbing filter and fiber clad mode aperture.

[2] Fixed Entrance Slit: specify slit size
Light passes through the installed slit, which acts as the
entrance aperture. Slits come in various widths from
5 pm to 200 um. The slit is fixed in the SMA 905 bulkhead
to sit against the end of a fiber.

[3] Longpass Absorbing Filter: optional
If selected, an absorbing filter is installed between the slit
and the clad mode aperture in the SMA 905 bulkhead.
The filter is used to limit the bandwidth of light entering
the spectrometer or to balance color.

[4] Collimating Mirror: specify standard or SAG+
The collimating mirror is matched to the 0.22 numerical
aperture of our optical fiber. Light reflects from this
mirror, as a collimated beam, toward the grating. You can
opt to install a standard mirror or a UV absorbing SAG+
mirror.

[5] Grating and Wavelength Range: specify
grating and starting wavelength
We install the grating on a platform that we then rotate
to select the starting wavelength you've specified. Then
we permanently fix the grating in place to eliminate
mechanical shifts or drift.

[6] Focusing Mirror: specify standard or SAG+
This mirror focuses first-order spectra on the detector
plane. Both the collimating and focusing mirrors are
made in-house to guarantee the highest reflectance and
the lowest stray light possible. You can opt to install a
standard or SAG+ mirror.

Bl
] — \@

L2/L4 Detector Collection Lens: optional

One of these cylindrical lenses, made in-house to ensure
aberration-free performance, is fixed to the detector to focus
the light from the tall slit onto the shorter detector elements.
This increases light-collection efficiency. The L2 is for the
HR2000+; the L4 is for the HR4000.

Detector

We offer a 2048-element Sony ILX511B and 3648-element
Toshiba TCD1304AP linear CCD array detector. Each pixel
responds to the wavelength of light that strikes it. Electronics
bring the complete spectrum to the software.

OFLYV Variable Longpass Order-sorting Filter:
optional

Our proprietary filters precisely block second- and third-order
light from reaching specific detector elements.

UV2/UV4 Detector Upgrade: optional

When selected, the detector’s standard BK7 window is
replaced with a quartz window to enhance the performance of
the spectrometer for applications <340 nm.

www.oceanopticscom Tel: +1727-733-2447 29
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HR2000+ Spectrometer

User-Configured for Flexibility

NOW WITH
TRIGGERING!

HR2000+

One of our most popular items, the HR2000+ Spectrometer features
a high-resolution optical bench, a powerful 2-MHz analog-to-digital
(A/D) converter, programmable electronics, a 2048-element
CCD-array detector and a high-speed USB 2.0 port.

This innovative combination produces an extremely fast
spectrometer and provides resolution to 0.035 nm (FWHM).

The HR2000+ allows you to capture and store a full spectrum into
memory nearly every millisecond (that’s up to 1,000 full spectra every
second) when the spectrometer is interfaced to a computer via a USB
2.0 port. The HR2000+ is perfect for chemical, biochemical and other
applications where fast reactions need to be monitored and fine
spectral features need to be resolved.

The HR2000+ interfaces to a computer via USB 2.0 or RS-232 serial
port. When using the serial port, the HR2000+ requires a single 5-volt
power supply (not included).

Data unique to each spectrometer are programmed into a memory
chip on the HR2000+; SpectraSuite software reads these values for
easy setup.

Features

- Up to 1,000 full spectra per second

- Programmable microcontroller

- High-resolution performance

- Multiple bench and interface options

Physical

Dimensions: 148.6 mm x 104.8 mm x 45.1 mm
Weight: 570 g

Detector

Detector: Sony ILX511B linear silicon CCD-array
Detector range: 200-1100 nm

Pixels: 2048 pixels

Pixel size: 14 ym x 200 ym

Pixel well depth:

~62,500 electrons

Sensitivity:
Optical Bench

Design:

75 photons/count at 400 nm; 41 photons/count at 600 nm

fl4, Symmetrical crossed Czerny-Turner

Focal length:

101.6 mm input and output

Entrance aperture:

5, 10, 25, 50, 100 or 200 ym wide slits or fiber (no slit)

Grating options:

Multiple gratings, UV through Shortwave NIR

HC-1 grating option:

Provides 200-1050 nm range

Detector collection
lens option:

Yes, L2

OFLYV filter options:

OFLV 200-1100 nm

Other bench filter
options:

Longpass OF-1 filters

Collimating and
focusing mirrors:

Standard or SAG+UPG-HR

UV enhanced window:

Yes, UV2 quartz window

Fiber optic connector:

Spectroscopic

Wavelength range:

SMA 905 to 0.22 numerical aperture single-strand
optical fiber

Grating dependent

Optical resolution:

~0.035-6.8 nm FWHM

Signal-to-noise ratio:

250:1 (at full signal)

A/D resolution:

14 bit

Dark noise:

12 RMS counts

Dynamic range:

8.5 x 107 (system); 1300:1 for a single acquisition

Integration time:

1 ms-65 seconds (20 s typical)

Stray light:

<0.05% at 600 nm; <0.10% at 435 nm

Corrected linearity:

Power consumption:

>99%

220mA @ 5 VDC

Data transfer speed:

Full scans to memory every 2 ms with USB 2.0 port,
15 ms with USB 1.1 port

Inputs/Outputs:

Yes, 10 onboard digital user-programmable GPIOs

Analog channels:

One 13-bit analog input; one 9-bit analog output

Auto nulling:

No

Breakout box compat-
ibility:

Yes, HR4-BREAKOUT

Trigger modes: 4 modes
Strobe functions: Yes
Gated delay feature: No

Connector:

30-pin connector
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HRA000 Spectrometer

User-Configured for Flexibility
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Dimensions: 148.6 mm x 104.8 mm x 45.1 mm

Weight: 570g

Detector

Detector: Toshiba TCD1304AP linear CCD array

Detector range: 200-1100 nm

Pixels: 3648 pixels

Pixel size: 8 um x 200 ym

Pixel well depth: ~100,000 electrons

Sensitivity: 130 photons/count at 400 nm; 60 photons/count at 600 nm
Design: /4, Symmetrical crossed Czerny-Turner

Focal length: 101.6 mm input and output

Entrance aperture: 5, 10, 25, 50, 100 or 200 um wide slits or fiber (no slit)
Grating options: Multiple gratings, UV through Shortwave NIR

HC-1 grating option: Provides 200-1050 nm range (best efficiency)
HR4000 Detector collection Yes, L4

Inside the HR4000 Spectrometer is a 3648-element CCD-array lens °p_t'°n: _
Toshiba detector that enables optical resolution as precise as Gl Op.t'onS: OFLV-200-1100 ‘
0.02 nm (FWHM). Responsive from 200-1100 nm, the HR4000 canbe ~ Other bench filter Longpass OF-1 filters

; . . . options:
customized for your setup needs through a choice of gratings, slits —
. . Collimating and Standard or SAG+UPG-HR
and other optical bench options.

focusing mirrors:

UV enhanced window: Yes, UV4 quartz window

The HR4000 gives you the freedom to set integration time and
9 y, . g, . Fiber optic connector: = SMA 905 to 0.22 numerical aperture single-strand
features an electronic shutter that helps minimize saturation — even optical fiber

with 3.8 ms integration. Spectroscopic

. . . Wavelength range: Grating dependent
The HR4000 interfaces easily Wl.th your computer or PLC through Optical resolution: 0.02.8.4 nrm FWHM
USB 2.0 or RS-232 ports. And, with its 10 user-programmable digital ; - ; -
. L X Signal-to-noise ratio: ~ 300:1 (at full signal)
inputs/outputs, the HR4000 offers unparalleled connectivity with
. A/D resolution: 14 bit
external equipment.
Dark noise: 12 RMS counts
Features Dynami.c rarfge: 3.4 x 10° (system); 1300:1 for a single acquisition
- Onboard microcontroller and electronic shutter Integration time: 3.8 ms-10 seconds
H . 0, . 0,
- 0.02 nm optical resolution (FWHM) possible Sy Lt <0.05% at 600 nm; <0.10% at 435 nm
Corrected linearity: >99%

- Choice of configurations and accessories

Technical Tip Power consumption: 450 mA @ 5 VDC

The dynamic range of a system is Data transfer speed:  Full scans to memory every 4 ms with USB 2.0 port
the full scale signal divided by the Inputs/Outputs: Yes, 10 onboard digital user-programmable GPIOs
minimum resolvable signal. For our Analog channels: One 13-bit analog input; one 9-bit analog output

spectrometers, the minimum e il No

resolvable signal is the standard
. 9 . Breakout box compat- Yes, HR4-BREAKOUT
deviation of the dark signal. A ibility:

common misunderstanding is to interchange dynamic range and

A/D resolution. However, a dynamic range measurement includes Trigger mOd?S: 4 modes

the system’s minimum noise level (e.g., detector readout noise Strobe functions: Yes

and electronic noise). It’s most applicable to low light level Gated delay feature: ~ No
applications because it defines minimum detectable signal. Connector: 30-pin connector
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The magic behind our HR2000+ and HR4000 miniature spectrometers is the range of options you can select to configure your optical bench to
perfectly suit your unique application needs. By consulting with an Ocean Optics Applications Scientist, you can choose the optimum combination
of aperture size, detector accessories, filters, gratings and more.

SMA 905 Connector
This precision connector aligns to the spectrometer’s entrance slit and ensures concentricity of the
fiber. While SMA 905 is standard, connector adapters are available for mating to ST or FC connectors.

Fixed Entrance Slits
Our entrance slits are rectangular apertures that are T mm tall and come in varying widths from
5 pm to 200 um. Smaller slit sizes achieve the best optical resolution.

HR2000+ HR4000
Description Pixel Resolution Pixel Resolution
SLIT-5 5-um wide x 1-mm high ~1.5 pixels ~2.0 pixels
SLIT-10 10-pum wide x 1-mm high ~2.0 pixels ~3.7 pixels
SLIT-25 25-ym wide x 1-mm high ~2.5 pixels ~4 .4 pixels
SLIT-50 50-pum wide x 1-mm high ~4.2 pixels ~7.4 pixels
SLIT-100 100-pm wide x 1-mm high ~8.0 pixels ~14.0 pixels
SLIT-200 200-pm wide x 1-mm high ~15.3 pixels ~26.8 pixels

Longpass Absorbing Filter

Whether you select a Longpass Absorbing or Blocking Filter, each has a transmission band and a
blocking band to restrict radiation to a certain wavelength region. This helps eliminate second- and
third-order effects. Filters are installed permanently.

Item Description

OF1-WG305 Longpass filter; transmits light >305 nm
OF1-GG375 Longpass filter; transmits light >375 nm
OF1-GG395 Longpass filter; transmits light >395 nm
OF1-GG475 Longpass filter; transmits light >475 nm
OF1-0G515 Longpass filter; transmits light >515 nm
OF1-0OG550 Longpass filter; transmits light >550 nm
OF1-0G590 Longpass filter; transmits light >590 nm SAG+ Mirror Reﬂectivity

100%1
Collimating and Focusing Mirrors

You can replace our standard aluminum-coated reflective mirrors with our UV-absorbing SAG+
Mirrors. These mirrors increase reflectance in the VIS-NIR range while increasing your spectrometer’s
sensitivity. They also absorb nearly all UV light - reducing the effects of excitation scattering in
fluorescence measurements. They have excellent reflectivity (more than 95% across the VIS-NIR). ,

Item Code: SAG+UPG-HR 200 400 600 800 1000
WAVELENGTH (nm)

80%

60%

REFLECTIVITY

40%-|

20%

Grating and Wavelength Range

With a choice of multiple gratings, you can easily customize the spectral range and most efficient
region of your HR Series Spectrometer. Our gratings are permanently fixed in place at the time of
manufacture and are available in both ruled and holographic versions. See pages 34 and 35 for
grating options and efficiency curves and consult an Ocean Optics Applications Scientist for details.
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Detectors

The HR2000+ utilizes the Sony ILX511B linear silicon CCD array detector. Our HR4000 High-
resolution Spectrometer utilizes the Toshiba TCD1304AP linear CCD array detector, which has some
electronic advances over the Sony, such as an electronic shutter. Both are linear silicon CCD arrays,
with an effective range of 200-1100 nm, and with the same dynamic range (1300:1). The Toshiba
detector has a slightly better SNR of 300:1 versus 250:1.

L2 and L4 Detector Collection Lens

These cylindrical lenses ensure aberration-free performance and are fixed to the detector’s
window to focus light from the tall slit onto the shorter detector elements. The L2 and L4 increase
light collection efficiency and help reduce stray light. They are also useful in configurations with
large-diameter fibers for low light-level applications.

Detectors with OFLV Filters
OFLV Variable Longpass Order-sorting Filters are applied to the detector’s window to eliminate second- and third-order effects. We use a patented
coating technology to apply the filter to the substrate.

UV2 and UV4 Detector Window Upgrades
For any application <360 nm, we replace the detector’s standard BK7 glass window with a quartz window. Quartz transmits in the UV and provides
better UV performance.

Detector Description Spectrometer

DET2B-200-1100 Sony ILX511B detector, installed, w/200-1100 nm variable longpass filter and UV2 quartz window; best for ' HR2000+

UV-NIR systems configured with Grating # HC-1
DET2B-UV Sony ILX511B detector, installed, with UV2 quartz window; best for systems configured for <360 nm HR2000+
DET2B-VIS Sony ILX511B detector, installed, with VIS BK7 window; best for systems configured for >400 nm HR2000+
DET4-200-1100 Toshiba TCD1304AP detector, installed, w/200-1100 nm variable longpass filter and UV2 quartz window; ~ HR4000

best for UV-NIR systems configured with Grating # HC-1
DET4-UV Toshiba TCD1304AP detector, installed, with UV4 quartz window; best for systems configured for HR4000

<360 nm
DET4-VIS Toshiba TCD1304AP detector, installed, with VIS BK7 window; best for systems configured for >400 nm HR4000

Additional detector configurations — including a no-window option for deep UV applications — are available. Custom-configured HR2000+/HR4000
Spectrometers using the HC-1 extended-range grating require the DET2B-200-1100 or DET4-200-1100, which include quartz window and variable
longpass filter. Please consult an Applications Scientist for details.

Technical Tip

With CCDs, a photodiode is covered by a transparent capacitor that accumulates the signal during an interval (inte-
gration period). A linear CCD array is the same architecture but consists of a single line of CCD devices instead of bare
photodiodes. CCDs have low readout noise. But their capacitors absorb UV light, limiting response below 350 nm.
There are two remedies: use proprietary processes to coat the CCD array with a phosphor that absorbs UV light and
emits visible light or use a thin detector that is illuminated from the back. This exposes the photodiodes to UV light
resulting in a device that is much more sensitive in the UV. Maya2000 Pro and QE65000 use back-thinned detectors.

Our optical bench accessories work in harmony with the detector to optimize spectrometer performance. For example, in the symmetrical
crossed Czerny-Turner optical design, there are two mirrors that help move light around the optical bench on its way to the detector: the collimat-
ing mirror (first mirror), which makes parallel the light entering the bench and then reflects that light onto the grating; and the focusing (second)
mirror, which focuses the light onto the detector plane. Newer-generation coated and dichroic thin-film optics like our SAG+ mirrors have helped
to improve signal response at UV, Visible and near infrared wavelengths. For example, silver-coated mirrors have very high reflection values
(>97%) across Visible and near infrared wavelengths, and over a wide range of angles of incidence. Another first- and second-dichroic mirror
option uses a UV-enhanced aluminum design to greatly boost signal <300 nm.
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HR User-Configured Spectrometers
Choosing the Right Grating

Groove Density

The groove density (mm™) of a grating determines its dispersion, while the
angle of the groove determines the most efficient region of the spectrum. The
greater the groove density, the better the optical resolution possible, but the
more truncated the spectral range.

Spectral Range

The dispersion of the grating across the linear array is also expressed as the
“size” of the spectra on the array. The spectral range (bandwidth) is a

function of the groove density and does not change. When you choose a
starting wavelength for a spectrometer, you add its spectral range to the
starting wavelength to determine the wavelength range. For several gratings,
the spectral range of a grating varies according to the starting wavelength
range. The rule of thumb is this: the higher the starting wavelength, the more
truncated the spectral range.

Blaze Wavelength
For ruled gratings, blaze wavelength is the peak wavelength in an efficiency
curve. For holographic gratings, it is the most efficient wavelength region.

Best Efficiency ( >30%)

All ruled or holographically etched gratings optimize first-order spectra at
certain wavelength regions; the “best” or “most efficient” region is the range
where efficiency is >30%. In some cases, gratings have a greater spectral

range than is efficiently diffracted. For example, Grating 1 has about a 650 nm
spectral range, but is most efficient from 200-575 nm. In this case, wavelengths
>575 nm will have lower intensity due to the grating’s reduced efficiency.

Grating and Wavelength Range

With a choice of multiple grating options, you can easily customize your HR Series Spectrometer for all sorts of applications across the UV-Shortwave
NIR. Our gratings are fixed in place at the time of manufacture. Also, we've added grating options that provide flexibility for UV applications, Raman
and more. Efficiency curves and other information for these “H” gratings are available in the QE65000/Maya2000 Pro Spectrometers section and on
our website.

Grating Intended Groove Spectral Blaze Best
Number Use Density Range Wavelength Efficiency (>30%)

HC-1 UV-NIR 300/600 variable 900 nm Variable 200-1050 nm

H1 uv 600 425-445 nm 300 nm 200-575 nm

H2 UVv-VvIS 600 415-445 nm 400 nm 250-800 nm

H3 VIS-Color 600 410-440 nm 500 nm 350-850 nm

H4 NIR 600 410-430 nm 750 nm 530-1100 nm

H5 UV-VIS 1200 205-220 nm Holographic UV 200-400 nm

H6 NIR 1200 140-195 nm 750 nm 500-1100 nm

H7 UV-VIS 2400 72-102 nm Holographic UV 200-500 nm

H9 VIS-NIR 1200 165-205 nm Holographic VIS 400-800 nm

H10 UVv-VvIS 1800 95-140 nm Holographic UV 200-635 nm

H11 UV-VIS 1800 75-135 nm Holographic VIS 320-720 nm

H12 UVv-VvIS 2400 60-100 nm Holographic VIS 260-780 nm’

H13 UV-NIR 300 800-900 nm 500 nm 300-1100 nm

H14 NIR 600 410-420 nm 1000 nm 650-1100 nm

“Consult an Applications Scientist regarding setups >720 nm.
Note: Additional information on gratings is available at Oceanoptics.com.
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The graphs below are grating efficiency curves for gratings with groove densities of 600, 1200, 1800 and 2400 mm™ (the HC-1 has variable groove
density). Additional information is available at www.oceanoptics.com/Products/bench_grating_hr.asp.

Groove Density of 600 mm-! Groove Density of 1200 mm-*
mmm Grating #H1 == Grating #H2 === Grating #H3 mss=Grating #H4 Grating #H14 [— Grating #H5 wssm Grating #H6 === Grating #H9 ]
Groove Density of 1800 mm-* Groove Density of 2400 mm"*
£ w
'“ 2
[ Grating #H10 s Grating #H11] [ Grating #H7 wssm Grating #H12 |
Grating Selection Tips: Variable Groove Density of 600 mm/300 mm-*
- These efficiency curves relate only to the grating. System response
is affected by a number of variables, including detector response.
- The HC-1 grating is a good option for broad spectral coverage 9
(~200-1050 nm) without sacrificing optical resolution. oy
E
- We now offer gratings that provide even greater flexibility for r
your application needs. Among the new options are five different 3
gratings, each blazed at 250 nm or lower, for UV applications; and <
options for Raman and more. These “H” gratings are designed for
HR2000-+/HR4000, QE65000 and Maya2000 Pro Spectrometers.
Grating efficiency curves and other information are available in the
QE65000/Maya2000 Pro Spectrometers section and at our website.
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Predicted Ranges and Resolution
These graphs demonstrate the range and resolution of your “HR” Bench Spectrometer with a 5 um slit.
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“HR"” Bench with Sony Detector: HR2000+

Example:

If the starting
wavelength is 400 nm,
then the range is
~437 nm, providing
a400-837 nm
wavelength range and
0.32 nm resolution.

Example:

If the starting
wavelength is 600 nm,
then the range is
~188 nm, providing

a 600-788 nm
wavelength range and
0.137 nm resolution.

Example:

If the starting
wavelength is 700 nm,
then the range is

~90 nm, providing

a 700-790 nm
wavelength range and
0.065 nm resolution.

Example:
If the starting

wavelength is 400 nm,
then the range is

~82 nm, providing
a400-482 nm
wavelength range and
0.06 nm resolution.

HR User-Configured Spectrometers

Predicted Ranges and Resolution

“HR” Bench with Toshiba Detector: HR4000
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Example:

If the starting
wavelength is 400 nm,
then the range is
~437 nm, providing
a400-837 nm
wavelength range and
0.239 nm resolution.

Example:

If the starting
wavelength is 300 nm,
then the range is
~215 nm, providing
a300-515 nm
wavelength range and
0.117 nm resolution.

Example:

If the starting
wavelength is 700 nm,
then the range is

~90 nm, providing

a 700-790 nm
wavelength range and
0.05 nm resolution.

Example:
If the starting

wavelength is 400 nm,
then the range is

~82 nm, providing

a 600-682 nm
wavelength range and
0.045 nm resolution.
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Breakout Box

For easier access to a variety of functions in the HR Series, the HR4-BREAKOUT
is a passive module that separates signals from the spectrometer’s 30-pin
accessory port to an array of standard connectors and headers. The Breakout
Box allows multiple interfaces to the spectrometer.

- External triggering - RS-232interface
- General Purpose - Light sources
Inputs/Outputs (GPIO) - Analog Inputs/Outputs

In addition to the accessory connector, the Breakout Box

features a circuit board based on a neutral breadboard pattern that allows

custom circuitry to be prototyped on the board itself. The Breakout Box re-

ceives its power from the spectrometer, which runs off a PC via a USB port, or

requires a separate 5-volt power supply when the spectrometer interfaces to

a PCvia the serial port. If you are wiring custom circuitry on the Breakout Box, you likely will need the USB-CBL-PS power supply (purchased sepa-
rately). The Breakout Box can be used with the following spectrometers:

- USB4000 Plug-and-Play Spectrometers - HR2000+ High-speed, High-resolution Spectrometer
- HR4000 High-resolution Spectrometers - QE65000 Scientific-grade Spectrometer

Item Code: HR4-BREAKOUT Item Code: HR4-CBL-DB15
HR4, USB4, HR2+, QE adapter for external connections Accessory cable

Technical Tip: Spectrometer Triggering Options

We've enhanced the triggering functions for Ocean Optics spectrometers to provide accurate timing and synchroni-
zation between our spectrometers and other devices. Four low-jitter trigger modes and normal (free-running spec-
tral acquisition) operating modes are now possible. Applications include the pulsing of a light source to occur when
acquiring a spectra and synchronizing spectral acquisition to coordinate with samples moving through a process
stream or sensors reaching a certain temperature level.

Triggering provides precise timing between devices. Each spectrometer can be triggered so that sending the spectrometer a pulse causes it
to do something such as a turn off or on a light, activate a pulse in a light source or start or end spectral acquisition in the spectrometer. For
example, in the External Triggering mode, an event outside the sampling system (such as a button push, lever activation or laser) electronically
pulses the spectrometer’s trigger pin and starts acquisition of the spectra with microsecond accuracy.

Most of our spectrometers can be operated using Normal mode (the spectrometer continuously acquires spectra) and four trigger modes:

- External Software Trigger. While the spectrometer is in free-running mode, data collected in the period up to the triggering event is
transferred to software.

- External Hardware Level Trigger. The spectrometer waits for a sharp rise in voltage on the trigger input pin, and then acquires spectra until
the voltage is removed.

- External Synchronous Trigger. The spectrometer acquires data from an external trigger event (such as a push button) until the next time the
trigger is activated; the spectrometer then ceases spectral acquisition and begins a new acquisition. Integration time cannot be set and is the

effective period between triggers.

- External Hardware Edge Trigger. The spectrometer waits for a sharp rise in voltage on the trigger input pin and then acquires one spectrum.
One spectrum will be acquired for each trigger unless an acquisition is already in progress.

More detailed information on this topic is available at http://www.oceanoptics.com/technical.asp.
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QE65000 and Maya2000 Pro Spectrometers

Scientific-Grade Spectroscopy in a Small Footprint

- QE65000-RAMAN

Ocean Optics offers highly sensitive spectrometers specifically suited for
low light-level applications such as fluorescence, DNA sequencing and
Raman spectroscopy. The QE65000 achieves up to 90% quantum
efficiency with high signal-to-noise and excellent signal processing speed.
Although the QE65000 features a back-illuminated detector that has great
response in the UV, the Maya2000 Pro is an even better choice for deep-UV
response (<190 nm).

User-configured and Application-ready Options

Both the QE65000 and Maya systems can be optimized for your
application needs by specifying various optical bench accessories and
grating options. In addition, the QE65000 is available in three application-
ready models:

- QE65000-ABS
Preconfigured for absorbance measurements and includes an
HC1-QE grating (starting at 200 nm), an OFLV-QE-200 order sorting filter
and a 10 ym entrance slit. Spectrometer Operating Software and our
Annual Service Package are also included.

QE65000-FL

Preconfigured for fluorescence measurements and includes an HC1-QE
grating (starting at 350 nm), OFLV-QE-350 and a 200 um entrance slit.
Spectrometer Operating Software and our Annual Service Package are
also included.

Preconfigured for low light-level Raman spectroscopy and includes an H6 grating (starting at 780 nm) and a 50 um entrance slit. Operating

software and service packages are available separately.

Comparing QE65000 and Maya2000 Pro Spectrometers

Choose the QE65000 Scientific-grade Spectrometer for low light-level applications such as Raman and fluorescence, particularly when you need to
integrate over long periods of time. Its TE-cooled detector features low noise and low dark signal and holds stability to +/-0.1 °C of set temperature

within two minutes.

The Maya2000 Pro Spectrometer is a perfect choice for deep-UV applications such as plasma monitoring in semiconductor processing and
biological sample analysis in life sciences, as well as high sensitivity requirements that don't require long integration times. And because there’s no
thermoelectric cooling involved, the Maya2000 Pro is slightly less expensive than the QE65000.

Maya2000 Pro QE65000

Spectral range:
configuration also available

200-1100 nm with window; deep UV (<190 nm)

200-1100 nm

Integration time: 6 ms-5 seconds

8 ms-15 minutes

Sensitivity: ~0.32 Counts/e-

~0.065 Counts/e-

Quantum efficiency: 75% peak QE

Up to 90%

Dynamic range: 10000:1 (typical: ~12000:1)

7.5 x 10° (system); 25000:1 single acquisition

Stray light: <0.05% at 600 nm; <0.10% at 435 nm <0.08% at 600 nm; 0.4% at 435 nm
Thermoelectric cooling: No Yes
Strobe functions: Yes Yes
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QE65000 and Maya2000 Pro Spectrometers

Optimizing QE65000 and Maya2000 Pro Spectrometers for Your Application
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Our high-sensitivity back-thinned 2D FFT-CCD spectrometers for low light-level, UV-sensitivity and other scientific applications are available in sev-
eral versatile options: an improved version of our thermoelectrically cooled QE65000 Spectrometer, distinguished by improved stray light and low
noise characteristics; and the uncooled Maya2000 Pro®, which offers greater than 75% quantum efficiency, high dynamic range and excellent UV
response.

QE65000 and Maya2000 Pro optical bench options are described below. Although the bench diagram is specific to the QE65000, the optical design
is nearly identical to the Maya2000 Pro. The primary differences are the detector and thermoelectric cooler.

[4]

[1] SMA 9205 Connector

Light from a fiber enters the optical bench through the SMA 905
Connector. The SMA 905 bulkhead provides a precise locus for the end of
the optical fiber, fixed slit, absorbance filter and fiber clad mode aperture.

Fixed Entrance Slit: specify slit size

Light passes through the installed slit, which acts as the entrance aperture.

Slits are available in widths from 5 pm to 200 pm. Each is permanently
fixed to the SMA 905 bulkhead. (Without a slit, a fiber acts as the entrance
aperture.)

Longpass Absorbing Filter: optional

If selected, an OF-1 absorbing filter is installed between the slit and the
clad mode aperture in the SMA 905 bulkhead. The filter is used to limit
bandwidth of light entering the spectrometer.

Technical Tip

[4]

Collimating Mirror: specify standard

or SAG+

The collimating mirror is matched to the 0.22 numerical
aperture of our optical fiber. Light reflects from this
mirror, as a collimated beam, toward the grating. Opt to
install a standard mirror or a SAG+UPG-HR mirror.

Grating: specify grating

We install the grating on a platform that we then rotate
to select the starting wavelength you've specified. Then
we permanently fix the grating in place to eliminate
mechanical shifts or drift.

Focusing Mirror: specify standard

or SAG+

This mirror focuses first-order spectra on the detector
plane and sends higher orders to light traps built into
the optical bench. Both the collimating and focusing
mirrors are made in-house to guarantee the highest
reflectance and the lowest stray light possible. Opt for a
standard mirror or a UV-absorbing SAG+UPG-HR mirror.

Detector with TE cooling

The TE-cooled, back-thinned, “2D" detector provides
great signal processing speed, improved signal-to-noise
ratio and great native response in the UV. It generates
virtually no dark noise, allowing for long integration
times.

OFLV Filters: optional
Our proprietary filters precisely block second- and third-
order light from reaching specific detector elements.

In a typical symmetrical crossed Czerny-Turner optical design, there are two mirrors that help move light around the
optical bench on its way to the detector: the collimating mirror (first mirror), which makes parallel the light entering
the bench and then reflects that light onto the grating; and the focusing (second) mirror, which focuses the light

onto the detector plane.

The SAG+ mirrors we use were developed by our sister company Ocean Thin Films. These silver-coated mirrors have
very high reflection values — >97% across Visible and near infrared wavelengths. What's more, they absorb nearly all

UV light, a characteristic that reduces the effects of excitation scattering in fluorescence measurements.

www.oceanopticscom Tel: +1727-733-2447
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QEE5000 Spectrometer

Scientific-Grade Spectroscopy in a Small Footprint
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Dimensions: 182 mm x 110 mm x 47 mm

Weight: 1.18 kg (without power supply)

Detector: Hamamatsu S7031-1006

Detector range: 200-1100 nm

Pixels: 1024 x 58 (1044 x 64 total pixels)

Pixel size: 24 ym?

Pixel well depth: 300,000 electrons/well, 1.5 m elec/column
Sensitivity: 22 electrons/count all A; 26 photons/count @ 250 nm

Quantum efficiency: 90% peak; 65% at 250 nm
Optical Bench

Design: /4, Symmetrical crossed Czerny-Turner
Now WITH Focal length: 101.6 mm input and output
TRIGGER'NG! Entrance aperture: 5, 10, 25, 50, 100 or 200 um wide slits or fiber (no slit)
Grating options: Multiple grating options, UV through Shortwave NIR
QE65000 HC-1 grating: Provides 200-1050 nm range (best efficiency)
The QE65000 Spectrometer is the most sensitive spectrometer OFLYV filter options: OFLV-QE (200-950 nm); OFLV-QE-250 (250-1000 nm);

OFLV-QE-300 (300-1050 nm); OFLV-QE-350
(350-1100 nm); OFLV-QE-400 (400-1150 nm)

Other filter options: Longpass OF-1 filters

we've developed. Its Hamamatsu FFT-CCD detector provides 90%
quantum efficiency as well as superior signal-to-noise ratio and
signal processing speed.

Fiber optic connector:  SMA 905 to 0.22 NA single-strand optical fiber

QE65000's onboard programmable microcontroller puts you in Spectroscopic

command of the spectrometer and its accessories and provides 10 NG (N Grating dependent
user-programmable digital inputs/outputs as well as a pulse Optical resolution: ~0.14-7.7 nm (FWHM) (slit dependent)
generator for triggering other devices. Signal-to-noise ratio: ~ 1000:1 (at full signal)
A/D resolution: 16 bit
The QE65000's great quantum efficiency is not its only distinguish- Dark noise: 3 RMS counts
ing feature. Its 2D area detector lets us bin (or sum) a vertical row Dynamic range: 7.5 x 109 (system), 25000:1 for a single acquisition
of pixels. That offers significant improvement in the signal-to-noise Integration time: 8 ms-15 minutes
ratio (>1000:1) performance and signal processing speed of the Stray light: <0.08% at 600 nm; 0.4% at 435 nm
detector compared with a linear CCD, where signals are digitally Corrected linearity: >99%

added by an external circuit.

Power consumption: 500 mA @ 5 VDC (no TE cooling); 3.5 A @ 5 VDC (with

Because the QE65000's detector is back-thinned, it has outstanding TE cooling)
native response in the UV. It's an excellent option for low light-level Data transfer speed:  Full scans to memory every 8 ms with USB 2.0 port,
applications such as fluorescence, Raman spectroscopy, DNA 18 ms with USB1.1 port, 300 ms with serial port
sequencing, astronomy and thin-film reflectivity. Its TE-cooled Inputs/Outputs: 10 onboard digital user-programmable GPIOs (general
detector features low noise and low dark signal, enabling low light- purpose inputs/outputs)
level detection and long integration times from 8 ms to 15 minutes. Breakout box: Yes, HR4-BREAKOUT
Trigger modes: 4 modes
Features Gated delay feature:  Yes
- Onboard programming Connector: 30-pin connector
- Multiple interface and bench options Power-up time: <5 seconds
- Quantum efficiency of 90% Dark current: 4000 e-/pixel/sec @ 25 °C; 200 e-/pixel/lsec @ 0 °C
- ldeal for low light level applications
Temperature limits: 0 °C to 50.0 °C; no condensation
Set point: Lowest set point is 40 °C below ambient
Stability: +/-0.1 °C of set temperature in <2 minutes
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Maya2000 Pro Spectrometer

High Sensitivity and Deep UV Measurement

NOW WITH
TRIGGERING!

Maya2000 Pro
Our Maya2000 Pro® Spectrometer offers you the perfect solution for
applications that demand low light-level, UV-sensitive operation.

This back-thinned, 2D FFT-CCD, uncooled instrument offers greater
than 75% quantum efficiency, high dynamic range and UV response
to 190 nm and lower. The Maya2000 Pro can deliver

accurate analysis down to 185 nm with high dynamic range and
good signal-to-noise ratio.

The Hamamatsu FFT-CCD detector used in the Maya2000 Pro has
excellent performance characteristics. Because of their UV response,
FFT-CCD detectors do not require UV-sensitive coatings and provide
performance advantages such as low dark current and good signal
processing.

Maya2000 Pro has very good response across the UV and is a great
choice for vacuum ultraviolet applications such as analysis of semi-
conductor materials, measurement of biological samples and noble
gases, and determination of chemical elements such as sulfur.

Features

- Low-noise electronics

- Optical resolution to ~0.035 nm (FWHM)

- Multiple grating options including HC-1 composite grating for
coverage from 200-1050 nm (additional charge)

- Slits available in widths of 5, 10, 25, 50, 100 and 200 um

Maya2000 Pro

Dimensions: 149 mm x 109 mm x 50 mm
Weight: 0.96 kg (without power supply)
Detector: Hamamatsu S10420

Architecture:

Back-thinned, 2D

Thermoelectric cooling: No

Pixels: All: 2068 x 70
Active: 2048 x 64

Pixel size: 14 ym square

Column height: 896 um

Pixel depth: 200,000 e-

Peak QE: 75%

QE @ 250 nm: 65%

CCD effective number of bits: ~14 bit

Integration time:

7.2 ms — 5 seconds

A/D converter:

16 bit, 250 kHz

Dynamic range:

10000:1+ (typical: ~15000:1+)

Signal-to-noise ratio: 450:1
Non-linearity (uncorrected): ~10.0%
Linearity (corrected): <1.0%

Column sensitivity: ~0.32 Counts/e-
2D Imaging: Yes
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Nitrogen Purgebox for Maya VUV Applications

Maya2000 Pro Spectrometers have excellent response <190 nm and are even
useful for vacuum ultraviolet (VUV) measurements to ~150 nm. But because
oxygen and water absorb in the VUV spectral band, maintaining sufficient
signal outside a vacuum is not possible without an option such as the Maya
Nitrogen Purgebox. The purgebox flushes the environment with nitrogen to
help mitigate water and oxygen absorption in the VUV.

- Optional filters to eliminate second- and third-order effects
- Fully controllable strobe signals (single or continuous)
- 10 onboard digital user- programmable GPIOs
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Bench Accessories for Your High-sensitivity Spectrometers
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SMA 905 Connector
This precision connector aligns to the spectrometer’s entrance slit and ensures concentricity of the
fiber. While SMA 905 is standard, connector adapters are available for mating to ST or FC connectors.

Fixed Entrance Slits

One option available with the user-configured spectrometer is the size of the entrance aperture,
with the width determining the amount of light entering the bench. A slit is fixed in place; it only
can be changed by our technicians.

Description QE Pixel Resolution Maya Pixel Resolution
SLIT-5 5-uym wide x 1-mm high ~2.0 pixels ~1.5 pixels
SLIT-10 10-uym wide x 1-mm high ~2.2 pixels ~2.0 pixels
SLIT-25 25-uym wide x 1-mm high ~2.6 pixels ~2.5 pixels
SLIT-50 50-pym wide x 1-mm high ~3.3 pixels ~4.2 pixels
SLIT-100 100-um wide x 1-mm high ~4.7 pixels ~8.0 pixels
SLIT-200 200-pm wide x 1-mm high ~8.9 pixels ~15.3 pixels

Longpass Absorbing Filter

We offer longpass absorbing or blocking filters; each filter has a transmission band and a blocking
band to restrict radiation to a certain wavelength region for eliminating second- and third-order
effects. These filters are installed permanently between the slit and the clad mode aperture in the
bulkhead of the SMA 905 Connector.

Item Description

OF1-WG305 Longpass filter; transmits light >305 nm
OF1-GG375 Longpass filter; transmits light >375 nm
OF1-GG395 Longpass filter; transmits light >395 nm
OF1-GG475 Longpass filter; transmits light >475 nm
OF1-0G515 Longpass filter; transmits light >515 nm
OF1-0G550 Longpass filter; transmits light >550 nm
OF1-0G590 Longpass filter; transmits light >590 nm

SAG+ Mirror Reflectivity

Collimating and Focusing Mirrors
You can replace the standard aluminum-coated reflective mirrors with our proprietary, 100%1
UV-absorbing SAG+ Mirrors, which increase reflectance in the VIS-NIR and, in turn, increase the 80%)
sensitivity of the spectrometer. SAG+ Mirrors are often specified for fluorescence. These mirrors also
absorb nearly all UV light, which reduces the effects of excitation scattering in fluorescence mea-

surements. Unlike most silver-coated mirrors, the SAG+ mirrors won't oxidize. 20%-

0

60%

REFLECTIVITY

40%-

Item Code: SAG+UPG-HR 200 400 600 800 1000

WAVELENGTH (nm)

Grating and Wavelength Range

With a choice of multiple gratings, you can easily customize the spectral range and most efficient
region of your QE65000 or Maya2000 Pro Spectrometer. Our gratings are permanently fixed in place
at the time of manufacture and are available in both ruled and holographic versions. See pages
44-47 for grating options and efficiency curves and consult an Ocean Optics Applications Scientist
for details.

42 www.oceanopticscom Tel: +1727-733-2447



QE65000 and Maya2000 Pro Spectrometers

Detectors and Accessories for Your High-sensitivity Spectrometers

W
©
0,
O
=r
o
3
D
0
)
(0]

Back-thinned Area Detectors

The Hamamatsu FFT-CCD detectors used in the QE65000 and Maya2000 Pro have great UV
response and provide up to 90% quantum efficiency (defined as how efficiently a photon is
converted to a photo-electron). The QE65000 uses the S7031-1006 2D array detector and the
Maya2000 Pro uses the S10420 detector. Each detector is responsive from 200-1100 nm.

Detectors with OFLV Filters
OFLV Variable Longpass Order-sorting Filters are applied to the detector’s window to eliminate second- and third-order effects. We use a patented
coating technology to apply the filter to the substrate.

QE65000 Detector Options

Item Description

DET-QE Hamamatsu S7031 detector, installed, w/no variable longpass filter

DET-QE-OFLV-200 Hamamatsu S7031 detector, installed, w/OFLV-QE-200 variable longpass filter
DET-QE-OFLV-250 Hamamatsu S7031 detector, installed, w/OFLV-QE-250 variable longpass filter
DET-QE-OFLV-300 Hamamatsu S7031 detector, installed, w/OFLV-QE-300 variable longpass filter
DET-QE-OFLV-350 Hamamatsu S7031 detector, installed, w/OFLV-QE-350 variable longpass filter
DET-QE-OFLV-400 Hamamatsu S7031 detector, installed, w/OFLV-QE-400 variable longpass filter

DET-QE-WINDOWLESS Hamamatsu S7031 detector, installed, with no window options; required for VUV applications

Maya2000 Pro Detector Options

Item Description Spectrometer
DET-MAYAPRO Hamamatsu S10420 detector, installed, w/no variable longpass filter Maya2000 Pro
DET-MAYAPRO-OFLV-200 Hamamatsu S10420 detector, installed, w/OFLV-200 variable longpass filter Maya2000 Pro
DET-MAYAPRO-UV Hamamatsu S10420 detector, installed, w/UV window Maya2000 Pro
DET-MAYAPRO-VIS Hamamatsu S10420 detector, installed, w/VIS window Maya2000 Pro
DET-MAYAPRO-WINDOWLESS Hamamatsu S10420 detector, installed, with no window options; required for VUV applications Maya2000 Pro
MAYA-DEEP-UV DET-MAYAPRO-UV, installed, w/MgF, window in place of standard UV window Maya2000 Pro

Technical Tip

Just as flexibility is built into your spectrometer options, so, too, is flexibility built in to your experiment param-
eters. We use the term Scope Mode in software to indicate “raw signal” coming from the spectrometer. The Scope
Mode spectrum is the digital signal created from the detector’s analog signal, which is generated as the result of
photons being converted into electrons. The arbitrary units of the Scope mode spectrum are called “counts.”’

By changing the integration time, adjusting signal averaging and so on you can condition the raw signal to
maximize intensity or reduce noise, for example. Once you have optimized your base signal you are ready to enter a Processed Mode. Pro-
cessed data involves taking a dark, taking a reference and then going into a specific mode such as absorbance, transmission, reflection, relative
irradiance, absolute irradiance, color and so on. In a Processed Mode the y-axis units are no longer arbitrary and therefore can be used to make
qualitative, and in some cases quantitative, comparisons.
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Choosing the Right Grating
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Groove Density

The groove density (lines/mm™) of a grating determines its dispersion, while the
angle of the groove determines the most efficient region of the spectrum.The
greater the groove density, the better the optical resolution possible, but the
more truncated the spectral range.

Spectral Range

The dispersion of the grating across the linear array is also expressed as the "size"
of the spectra on the array. The spectral range (bandwidth) is a function of the
groove density and does not change. When you choose a starting wavelength
for a spectrometer, you add its spectral range to the starting wavelength to
determine the wavelength range. For several gratings, the spectral range of a
grating varies according to the starting wavelength range. The rule of thumb is
this: The higher the starting wavelength, the more truncated the spectral range.

Blaze Wavelength
For ruled gratings, the blaze wavelength is the peak wavelength in an efficiency
curve. For holographic gratings, it is the most efficient wavelength region.

Best Efficiency ( >30%)

All ruled or holographically etched gratings optimize first-order spectra at certain
wavelength regions; the “best” or “most efficient” region is the range where
efficiency is >30%. In some cases, gratings have a greater spectral range than is
efficiently diffracted. For example, Grating 1 has about a 650 nm spectral range,
but is most efficient from 200-575 nm. In this case, wavelengths >575 nm will
have lower intensity due to the grating’s reduced efficiency.

Grating and Wavelength Range

With a choice of multiple grating options, you can easily customize your QE65000 and Maya2000 Pro Spectrometers for various applications across
the UV-Shortwave NIR. Our gratings are fixed in place at the time of manufacture. Also, we've added grating options that provide flexibility for UV
applications, Raman and more. A table describing these new gratings, as well as efficiency curves and other information, is available beginning on
page 46 and on our website.

Grating Intended Groove Spectral Blaze Best
Number Use Density Range Wavelength Efficiency (>30%)
HC-1 w/QE65000 UV-NIR 300/600 (variable) 750 nm Variable 200-950 nm
HC-1 w/Maya2000 Pro UV-NIR 300/600 (variable) 850 nm Variable 200-1050 nm
H1 uv 600 373-390 nm 300 nm 200-575 nm
H2 UVv-vis 600 365-390 nm 400 nm 250-800 nm
H3 VIS-Color 600 360-386 nm 500 nm 350-850 nm
H4 NIR 600 360-377 nm 750 nm 530-1100 nm
H5 UVv-vIS 1200 180-193 nm Holographic UV 200-400 nm
H6 NIR 1200 123-170 nm 750 nm 500-1100 nm
H7 UV-VIS 2400 63-90 nm Holographic UV 200-500 nm
H9 VIS-NIR 1200 145-180 nm Holographic VIS 400-800 nm
H10 UV-VIS 1800 83-123 nm Holographic UV 200-635 nm
H11 UV-VIS 1800 66-120 nm Holographic VIS 320-720 nm
H12 UV-VIS 2400 52-88 nm Holographic VIS 260-780 nm’
H13 UV-NIR 300 790 nm 500 nm 300-1100 nm
H14 NIR 600 360-370 nm 1000 nm 650-1100 nm

“Consult an Applications Scientist regarding setups >720 nm.
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Gratings for QE65000/Maya2000 Pro Spectrometers
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The graphs below are grating efficiency curves for gratings with groove densities of 600, 1200, 1800 and 2400 mm. Additional information is
available at www.oceanoptics.com/Products/bench_grating_hr.asp. Newer grating curves are on the next page.

Groove Density of 600 mm-' Groove Density of 1200 mm™!
g %
g :
mem Grating H1 == Grating H2 === Grating H3 s===Grating H4 Grating H14 [— Grating H5 wssm Grating H6 === Grating H9 ]
Groove Density of 1800 mm-* Groove Density of 2400 mm-*
g &
[ Grating H10 === Grating H11 [ Grating H7 Grating H12|
Grating Selection Tips: Variable Groove Density of 600 mm™/300 mm™
- These efficiency curves relate only to the grating. System response
is affected by a number of variables, including detector response.
- Grating selection often involves trade-offs. For example, gratings =
with very high groove density (mm™) allow greater optical 3
resolution but at the expense of a truncated spectral range. If the é
user is characterizing two or three closely aligned laser r
wavelengths, such a trade-off of resolution for range might be 3
acceptable. For other applications, a wider range with good <
resolution would make better sense.
- We've added several different gratings to provide even more
flexibility. Turn the page for details.
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Gratings for QE65000/Maya2000 Pro Spectrometers

We've added grating options for QE65000 and Maya2000 Pro Spectrometers that provide added flexibility for UV
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applications, Raman analysis and more. A table describing these new gratings, as well as efficiency curves and other E
information, is available beginning on this page and is posted at our website. Please take note that the x and y axis N 0,‘2
scaling varies from graph to graph. These new gratings are also available for use in HR Series Spectrometers. FOR"

New grating options are just one area of enhanced performance we've addressed with our high-sensitivity, scientific-grade

spectrometer offering. Soon to be released are spectrometer options with even greater sensitivity, improved response in certain

regions from the UV-NIR, replaceable slits and improved thermal wavelength stability. With our extensive offering of gratings and optical bench
accessories, thousands of customized spectrometer configurations are possible. That's flexibility that few manufacturers can match.

Grating Intended Groove Blaze Best
Number Use Density Wavelength Efficiency (>30%)

H33 Absorbance 300 200 nm 200-450 nm
H34 UV Raman 3600 250 nm 200-550 nm
H35 NIR Raman 1200 1000 nm 525-1625 nm
H36 VIS Raman 900 500 nm 325-1225 nm
H5U Absorbance 1200 250 nm 225-450 nm
H7U Absorbance 2400 240 nm 200-800 nm
H10U Absorbance 1800 250 nm 210-475 nm
Groove Density of 300 mm-* Groove Density of 3600 mm"*
>
o
4
5 5
£ z
w o
g &
E w
o
(4
WAVELENGTH (nm) WAVELENGTH (nm)
. 1 ]
Groove Density of 1200 mm-, Groove Density of 900 mm""

Blazed at 1000 nm

EFFICIENCY
EFFICIENCY

WAVELENGTH (nm) === Grating H36 | WAVELENGTH (nm)
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Gratings for QE65000/Maya2000 Pro Spectrometers
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i -1
Groove Density of 1200 mm-, Groove Density of 2400 mm""
Blazed at 1000 nm
] ]
& &
3] 3]
w w
i f
WAVELENGTH (nm) WAVELENGTH (nm)
Groove Density of 800 mm" Technical Tip: Ruled or Holographic?
A ruled grating is formed by mechanically
ruling grooves into a thin coating of gold
or aluminum on a large glass blank. Ruled
gratings provide good performance at
. lower groove densities and over broad
g ranges. Holographic gratings are formed
w o .
S by the interference of expanded Gaussian beams at the surface of
i a photoresist-covered substrate that is chemically developed into a
master grating. The grating may be coated or replicated.
Tradeoffs with ruled and holographic gratings include performance
at high or low groove frequencies, the diffraction efficiency or inten-
WAVELENGTH (nm) sity diffracted into the appropriate order, and stray light performance.

New Grating #H36 Ideal for Modular QE65000 Raman Systems

Grating #H36 is a 900 mm-1 grating that is well suited for
applications over a wide UV-NIR range and makes a great choice for
modular Raman systems utilizing the QE65000 Spectrometer.

Predicted Spectral Range for Grating H36 by
Starting Wavelength

The grating is blazed at 500 nm and has good response at both
the 532 nm and 785 nm laser illumination wavelengths typical of
Raman spectroscopy. In the graph here, you'll see the predicted
spectral range possible for Grating #H36 as a function of starting
wavelength.

EFFICIENCY

Details on modular and turnkey Raman options are available in the
LIBS and Raman section.

WAVELENGTH (nm)
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Predicted Ranges and Resolution
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600 mm- Grating and 5 pm Slit Example: 1200 mm- Grating and 5 pm Slit Example:
380 losr If the startlng 190 [ 0.32 If the starting
375 < | ses wavelength is 490 nm, 180 st wavelength is 600 nm,
gomo \ L es = then the range is g _ | thentherangeis
g 365 R- T - 0.54 E ~364 nm, prOWdlng g 160 0.30 E ~152 nm, providing
2 w0 N %4 = | a400-764nm Z 150 <' TS 020 & | @600-752 nm
L = <3 E
5 s \\ 0.63 g wavelength range and 4 140 N g wavelength range and
o L i 14 .
£ 350 \ 062 @ 0.645 nm resolution. £ 130 \ 028 @ | 0295 nm resolution.
a 345 o6t & 120 &
@ @ \ Lo.27
340 0.60 110
335 0.59 100 0.26
200 400 600 800 1000 200 400 600 800 1000
STARTING WAVELENGTH (nm) STARTING WAVELENGTH (nm)
1800 mm- Grating and 5 pm Slit Example: 2400 mm- Grating and 5 pm Slit Example: )
120 Lo.23 If the starting 85 If the starting
o \ O A _———— wavelength is 300 nm, N %% | wavelength is 450 nm,
£ I\\ | 022 then the range is T \ loaas | thentherangeis
i \ " E| ~112nm, providing c e \ £ | ~62nm, providing
8 £ 8 R A — 014 £
z % I z | a300-412nm E \.\ z|a 450-512 nm
L = 55 L] =
E : 0.21 E | wavelength range and e . \ ro135 & | wavelength range and
g 1 @ | 0.226 nm resolution. E 4 1 loas 8| 0-139 nm resolution.
o 7 i loz0 & i 1 \ o
) ! \\ @ 3 1 \\ r0.125
1 . :
50 1 0.19 25 1 0.12
200 400 600 800 1000 200 400 600 800 1000
STARTING WAVELENGTH (nm) STARTING WAVELENGTH (nm)

Note: These predicted range and resolution figures apply only to QE65000 Spectrometers.

QEB5000 Detector

About the QE65000 Detector

The QE65000's Hamamatsu S7031-1006 FFT-CCD area detector provides
90% quantum efficiency (defined as how efficiently a photon is converted
to a photoelectron). The TE-cooled detector features low noise and low
dark signal, which enables low-light-level detection and long integration
times, thus achieving a wide dynamic range. Maya2000 Pro Spectrometers

have a similar detector but without the TE cooling device.
Detector Quantum Efficiency
The S7031 is a 2D array, which allows us to bin pixels in a vertical column
to acquire light from the entire height of the spectrometer’s slit image. This
improves light collection and signal-to-noise significantly. Because the
detector is back-thinned (or back-illuminated), it has great native response
in the UV and does not require the UV detector upgrade that we apply to
other detectors.

100 === Hamamatsu
S§7031-1006

80 | === Typical linear CCD

== == Typical linear CCD
with UV Coating

60

40
In our spectrometers with linear CCDs, the slit's width, not its height,

regulates the amount of light entering the bench because linear CCDs
cannot efficiently collect the light from the entire height of the slit. But

QUANTUM EFFICIENCY%

20 4

[

in the QE65000, the 2D area detector can better take advantage of the 0 ‘

T T T T
200 400 600 800 1000 1200

height of the entrance slit and the additional light, greatly improving WAVELENGTH (nm)

system sensitivity.

48 www.oceanopticscom Tel: +1727-733-2447



Application Notes

Maya2000 Pro Spectral Measurements Extend to 153 nm

Our Maya2000 Pro Spectrometer delivers high quantum efficiency and high dynamic range and is responsive in the deep UV (~185-300 nm).
The Extra-Deep UV option extends spectral measurements to 153 nm.

Introduction

Spectral measurements to 153 nm can be achieved easily and
economically with the high-sensitivity Maya2000 Pro with the
Extra-Deep UV option. A variety of materials have spectral
signatures in the vacuum ultraviolet (VUV) spectral region (from
10 nm-200 nm); VUV spectroscopy is useful for applications
ranging from biomedicine to semiconductor testing.

Because the spectral

response of

standard

silicon charge-

coupled device

(CCD) detectors

drops off rapidly

at wavelengths as

long as 400 nm, and

because oxygen and water
absorb in the VUV spectral band,
maintaining sufficient signal outside a
vacuum is not possible.

Nitrogen purging of the spectrometer helps to mitigate water
and oxygen absorption in the VUV. Spectrometers with a vacu-
um purging feature require custom configuration and are often
too expensive and unwieldy for many common applications.

The Maya2000 Pro with the Extra-Deep UV option’s clever design
changes all that. The spectrometer features a 101.6-mm focal
length optical bench with a compact crossed Czerny-Turner
design and a back-thinned CCD detector that offers superior UV
and VUV performance. To minimize signal attenuation inside the
optical path, the spectrometer bench is purged with nitrogen,
achieving a robust signal for VUV experiments at wavelengths as
low as 153 nm.

Experimental Conditions

To test performance, we started with a Maya2000 Pro configured
with a high resolution, UV-enhanced 2400 g/mm holographic
diffraction grating and a 5 um slit. The back-thinned detector
(Hamamatsu S10420-1106) features a peak quantum efficiency
of 75%, with UV quantum efficiencies as high as 50%. A custom
magnesium fluoride (MgF2) glass window is placed over the
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Maya2000 Pro Emission Spectrum of VUV Source

The sharply defined spectral peaks at wavelengths as low as 153 nm are measured using the
Maya2000 Pro.

detector for improved transmission over VUV wavelengths. The test sample
for the experiment was a VUV deuterium lamp with a VUV-grade optical
window, coupled directly to the spectrometer. We enclosed the source

and spectrometer and purged the region with standard laboratory-grade
nitrogen.

Results

Integration time for the measurement was 50 ms. The resultant emission
spectrum shows sharply defined spectral peaks at wavelengths as low

as 153 nm, with a strong central peak around 161 nm (see spectra). The sys-
tem operated with a spectral resolution of 0.1 nm and a SNR of 450:1.

We have also used the system to measure a solution containing carbon,
hydrogen/deuterium, nitrogen, oxygen, sulfur, chlorine, bromine, silicon
and fluorine chromatographically separated into a column and placed in
a vacuum chamber with a helium plasma mixture. VUV spectral features
were clearly apparent in the spectrum, suggesting a wide variety of short-
wavelength applications is achievable.

Conclusions

The results demonstrate that the reliable and economical Maya2000 Pro
can be easily extended to VUV applications. If you have spectroscopy
experiments or applications in the VUV, look no further than the Maya2000
Pro as your short-wavelength, affordable, robust solution.
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NIR and Mid-IR Spectrometers

Full Range of Options from 900-3400 nm
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We offer two great technologies for your NIR (900-2500 nm) and Mid-IR (900-3400 nm) application needs:

- NIRQuest® Spectrometers
Feature a fixed optical bench, fiber input and an InGaAs array of
detector elements. Array-based systems are a must for capturing
transient phenomena and are recommended for high speed
acquisition in general.

- SIR-Series Spectrometers
These rotating grating (scanning) spectrometers use a stepper motor
with optical encoder to rotate a grating through 45,000 steps. The
NOW WITH detector is fixed in placed and because of its large area, has exceptional
TRIGGERING! optical resolution and signal to noise. SIRs can be used with optical
fibers or in free-beam mode using direct-attach lenses.

NIR and Mid-IR Spectrometer Models at a Glance

With NIRQuest and SIR Spectrometers, you can opt for the standard,
default configuration or mix and match gratings, slits and other
accessories for a custom setup:

TRIGGERING!
L]

Type Wavelength Range Models Best for These Application Needs

Array-based  800-1600 nm NIRQuest512-XR Response at Shortwave NIR wavelengths (<900 nm)

Array-based  900-1700 nm NIRQuest512 Optimum response at ~1600 nm and good optical resolution (~3.0 nm FWHM)

Array-based  1100-1900 nm NIRQuest512-1.9 Good response from 1100-1900 nm with good optical resolution ~3.1 nm (FWHM)

Array-based  900-2050 nm NIRQuest256-2.1 Good response at higher wavelengths (peak detector response ~1900 nm) and optical resolution
<8.0 nm (FWHM)

Array-based  900-2200 nm NIRQuest512-2.2 Good response across 900-2200 nm without sacrificing optical resolution performance (~4.6 nm
FWHM)

Array-based ~ 900-2500 nm NIRQuest512-2.5 Good optical resolution (~6.3 nm FWHM) and low dark noise at long integration times

Array-based  900-2500 nm NIRQuest256-2.5 Good response at higher wavelengths (peak detector response ~2200 nm) and optical resolution
<10.0 nm (FWHM)

Scanning 900-2600 nm SIR-2600 Good optical resolution and SNR performance, especially for characterizing lasers

Scanning 1300-3400 nm SIR-3400 Good optical resolution and SNR performance at longer wavelengths, especially for characterizing
lasers

Tech Tip: NIR Wavelength Calibration

Spectrometer wavelength calibration sources are useful tools for maintaining calibration in your spectrometer. For
NIRQuest, use our AR-1 Argon Source (696-1704 nm) or XE-1 Xenon Source (916-1984 nm), which have atomic emis-
sion lines that extend into the NIR. With a wavelength calibration source, you can recalibrate your spectrometer using
a spreadsheet program such as Microsoft Excel or a calculator that performs third-order polynomial regressions.
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Physical

Dimensions (mm):

Near-Infrared Measurements for Nearly Anything

NOW WITH
TRIGGERING!

NIRQuest512-XR
182 x 110 x 47

NIRQuest Spectrometers
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NIRQuest Spectrometers

These small-footprint spectrometers cover various ranges from 900-2500 nm
and are ideal for demanding applications ranging from moisture detection and
chemical analysis to high-resolution laser and optical fiber characterization.
Each NIRQuest spectrometer model is preset with optical bench and grating
options appropriate for a wide range of NIR applications. We also offer a full
range of slit, filter and grating options to optimize your setup for higher resolu-
tion needs or other performance requirements.

Features

- Choice of multiple spectrometer options for optimizing setups across the
range from 800-2500 nm.

- Wide range of gratings, slits and accessories for maximum flexibility

- External hardware triggering function for capturing data when and external
event occurs or to trigger and event after data acquisition

NIRQuest512
182 x 110 x 47

NIRQuest512-1.9
182 x 110 x 47

Weight:

1.18 kg (2.6 Ib.)

1.18 kg (2.6 Ib.) 1.18 kg (2.6 Ib.)

Optical Bench

Entrance aperture (standard): 25 um 25 uym 25 uym
Entrance aperture (custom options): 10 pm, 50 pm, 100 pm and 200 ym 10 ym, 50 pm, 100 pm and 200 pm 10 pm, 50 pm, 100 pm and 200 ym
(or no slit) (or no slit) (or no slit)

Grating options (standard):

Grating NIR3, 150 I/mm, 900-1700 nm

Grating NIR3, 150 I/mm, 900-1700 nm  Grating NIR3, 150 I/mm, 900-1700 nm

Grating options (custom):

NIR10, NIR11, NIR12, NIR13 and

NIR10, NIR11, NIR12, NIR13 and NIR10, NIR11, NIR12, NIR13 and

NIR14 NIR14 NIR14
Longpass filter: OF1-CGA-780 filter (standard); non- OF1-RG830 longpass NIR filter OF1-CGA1000 (standard); non-fluo-
fluorescing, transmits >1000 nm (optional) rescing, transmits >1000 nm

Fiber optic connector:

Spectroscopic

SMA 905 to 0.22 numerical aperture

single-strand optical fiber

SMA 905 to 0.22 numerical aperture
single-strand optical fiber

SMA 905 to 0.22 numerical aperture
single-strand optical fiber

Wavelength range:

800-1600 nm w/Grating NIR3

900-1700 nm w/Grating NIR3 1100-1900 w/Grating NIR3

Optical resolution (FWHM):

~3.1 nm w/25 um slit

~3.1 nm w/25 pm slit ~3.1 nm w/25 pm slit

Signal-to-noise ratio at full signal:

>15000:1 @ 100 ms integration;
>13000:1 @ 1000 ms integration

>15000:1 @ 100 ms integration;
>13000:1 @ 1000 ms integration

>15000:1 @ 100 ms integration;
>13000:1 @ 1000 ms integration

A/D resolution

16-bit

16-bit 16-bit

Dark noise:

6 RMS counts @ 100 ms

6 RMS counts @ 100 ms 6 RMS counts @ 100 ms

12 RMS counts @ 1 s

12RMS counts @ 1s 12 RMS counts @ 250 ms

Dynamic range:

150M (system); 15K:1 for a single

acquisition

150M (system); 15K:1 for a single
acquisition

7.5M (system); 10K:1 for a single
acquisition

Integration time:

1 ms -120 seconds

1 ms -120 seconds 1 ms -1 second

Noise Equivalent Power:

0.5pW

0.5pW. 10.0pW

Power consumption:

USB power +5V, 0.5 A maximum; DC

input jack +5V, 3 A maximum

USB power +5V, 0.5 A maximum; DC
input jack +5V, 3 A maximum

USB power +5V, 0.5 A maximum; DC
input jack +5V, 3 A maximum

Data transfer speed:

Full scan to memory every 5 ms with

Full scan to memory every 5 ms with Full scan to memory every 5 ms with

USB 2.0 port USB 2.0 port USB 2.0 port

Inputs/outputs: External trigger input + single strobe External trigger input + single strobe External trigger input + single strobe
output output output

Trigger modes: 4 modes 4 modes 4 modes

Connector:

30-pin connector

30-pin connector 30-pin connector
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IRQuest Spectrometers

Specifications Comparison Table

Physical NIRQuest256-2.1 NIRQuest512-2.2 NIRQuest512-2.5

NIRQuest256-2.5

Dimensions (mm): 182 x 110 x 47 182 x 110 x 47 182 x 110 x 47

182 x 110 x 47

Weight: 1.18 kg (2.6 Ib.) 1.18 kg (2.6 Ib.) 1.18 kg (2.6 Ib.)
Optical Bench

1.18 kg (2.6 Ib.)

Design: f/4, symmetrical crossed f/4, symmetrical crossed f/4, symmetrical crossed f/4, symmetrical crossed
Czerny-Turner Czerny-Turner Czerny-Turner Czerny-Turner
Entrance aperture (standard): 25 um 25 pym 25 ym 25 pym

Entrance aperture (custom 10 ym, 50 pm, 100 pm and 10 um, 50 pm, 100 pm and 10 ym, 50 pm, 100 pm and

10 um, 50 pm, 100 pm and

options): 200 pm (or no slit) 200 pm (or no slit) 200 pm (or no slit) 200 pm (or no slit)

Grating options (standard): Grating NIR2, 100 I/mm, 900-  Grating NIR2, 100 I/mm, 900- = Grating NIR1, 75 I/mm, 1075- = Grating NIR1, 75 I/mm, 1075-
2050 nm 2050 nm 2500 nm 2500 nm

Grating options (custom): NIR2, NIR3, NIR10, NIR11, NIR2, NIR3, NIR10, NIR11, NIR2, NIR3, NIR10, NIR11, NIR2, NIR3, NIR10, NIR11,
NIR12 and NIR13 NIR12 and NIR13 NIR12 and NIR13 NIR12 and NIR13

Order-sorting filter: Yes (standard w/NIR2) Yes (standard w/NIR2) Yes (standard w/NIR1) Yes (standard w/NIR1)

Longpass filter: OF1-RG830 longpass NIR OF1-RG830 longpass NIR OF1-RG830 longpass NIR OF1-RG830 longpass NIR
filter (optional) filter (optional) filter (optional) filter (optional)

Collimating and focusing Gold-coated for enhanced Gold-coated for enhanced Gold-coated for enhanced Gold-coated for enhanced

mirrors: NIR reflectivity NIR reflectivity NIR reflectivity NIR reflectivity

Fiber optic connector: SMA 905 to 0.22 numerical SMA 905 to 0.22 numerical SMA 905 to 0.22 numerical SMA 905 to 0.22 numerical
aperture single-strand optical = aperture single-strand optical = aperture single-strand optical ~ aperture single-strand optical
fiber fiber fiber fiber

Spectroscopic

Wavelength range: 900-2050 nm w/Grating NIR2 ~ 900-2200 nm w/Grating NIR2 = 900-2500 nm w/Grating NIR1  900-2500 nm w/Grating NIR1
Optical resolution (FWHM): ~7.6 nm w/25 um slit ~5.0 nm w/25 um slit ~6.3 nm w/25 um slit ~ 9.5 nm w/25 um slit
Signal-to-noise ratio at full 10000:1 @ 100 ms integration = 10000:1 @ 100 ms integration 10000:1 @ 100 ms integration = 7500:1 @ 10 ms integration
signal:
A/D resolution 16-bit 16-bit 16-bit 16-bit
Dark noise: 6 RMS counts @ 100 ms 6 RMS counts @ 100 ms 16 RMS counts @ 10 ms 8 RMS counts @ 10 ms
12 RMS counts @ 250 ms 12 RMS counts @ 250 ms 24 RMS counts @ 30 ms 12 RMS counts @ 30 ms
Dynamic range: 15M (system); 10K:1 for a 7.5M (system); 10K:1 for a 100K (system); 7.5K:1 for a 500K (system); 7.5K:1 for a
single acquisition single acquisition single acquisition single acquisition
Integration time: 1ms-2s 1ms-1s 1ms—-30ms 1 ms-60 ms
Noise Equivalent Power: 5.0pW 10.0pW 100.0pW 25.0pW

Power consumption: USB power +5V, 0.5 A maxi- USB power +5V, 0.5 A maxi- USB power +5V, 0.5 A maxi- USB power +5V, 0.5 A maxi-
mum; DC input jack +5V, 3A  mum; DC input jack +5V, 3A  mum; DC input jack +5V, 3A  mum; DC input jack +5V, 3 A
maximum maximum maximum maximum

Data transfer speed: Full scan to memory every 5 Full scan to memory every 5 Full scan to memory every 5 Full scan to memory every 5
ms with USB 2.0 port ms with USB 2.0 port ms with USB 2.0 port ms with USB 2.0 port

Inputs/outputs: External trigger input + single ~ External trigger input + single  External trigger input + single ~ External trigger input + single
strobe output strobe output strobe output strobe output

Breakout box compatibility: Yes Yes Yes Yes

Gated delay: Yes, with external hardware Yes, with external hardware Yes, with external hardware Yes, with external hardware
trigger delay trigger delay trigger delay trigger delay

Connector: 30-pin connector 30-pin connector 30-pin connector 30-pin connector

Temperature and Thermoelectric Cooling

Temperature limits 10-35 °C (0-90% non-con- 10-35 °C (0-90% non-con- 10-35 °C (0-90% non-con- 10-35 °C (0-90% non-con-

(environmental): densing) densing) densing) densing)

TEC setpoint (software Control at -20 °C (up to 45 °C = Control at -20 °C (up to 45 °C  Control at -20 °C (up to 45°C = Control at -20 °C (up to 45 °C

controlled): below ambient) below ambient) below ambient) below ambient)

TEC stability: ‘+/-0.5 °C of set temperature ‘+/-0.5 °C of set temperature +/-0.5 °C of set temperature ‘+/-0.5 °C of set temperature
in <1 minute; typical long-term in <1 minute; typical long-term in <1 minute; typical long-term ' in <1 minute; typical long-term
stability +/-0.1 °C stability +/-0.1 °C stability +/-0.1 °C stability +/-0.1 °C
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NIRQuest Spectrometers
Optical Bench Options for Your Custom NIRQuest Spectrometer
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Each NIRQuest® model is available as a standard configuration comprising some combination of InGaAs array detector, grating, order-sorting filter
and 25 um slit. In addition, you can customize your NIRQuest by mixing and matching optical bench accessories with the assistance of an Ocean
Optics Applications Scientist. Here are your options:

Detectors

Each NIRQuest Spectrometer uses a different Hamamatsu InGaAs-array detector and comes with a
preconfigured combination of that detector and optical bench components. If you wish to
customize your setup - for example, change the slit size - you'll need to itemize the components,
beginning with these detector options:

Item Description

NQ256-2.1 NIR Spectrometer, 900-2100 nm, 256-element InGaAs array
NQ256-2.5 NIR Spectrometer, 900-2500 nm, 256-element InGaAs array
NQ512-XR NIR Spectrometer, 800-1600 nm, 512-element InGaAs array
NQ512 NIR Spectrometer, 900-1700 nm, 512-element InGaAs array
NQ512-1.9 NIR Spectrometer, 1100-1900 nm, 512-element InGaAs array
NQ512-2.2 NIR Spectrometer, 900-2200 nm, 512-element InGaAs array
NQ512-2.5 NIR Spectrometer, 900-2500 nm, 512-element InGaAs array

Fixed Entrance Slits
Our entrance slits are rectangular apertures that are T mm tall and come in various widths. The
standard NIRQuest configuration has a 25 pm slit. Here are your other options:

Slit Description Pixel Resolution (approximate), by Model
NIRQuest512 Models NIRQuest256 Models
SLIT-10 10 ym width x 1 mm 1.3 pixels 1.5 pixels
height
SLIT-25 25 pm width x 1 mm 2.0 pixels 1.7 pixels
height
SLIT-50 50 pm width x 1 mm 2.3 pixels 2.0 pixels
height
SLIT-100 100 uym width x 1 mm 4.2 pixels 2.5 pixels
height
SLIT-200 200 pm width x 1 mm 7.9 pixels 4.0 pixels
height

Order-sorting and Longpass Filters

Order-sorting filters and longpass filters are installed in the optical bench. Order-sorting filters are
standard with all NIRQuest models except the NIRQuest512. For custom NIRQuest orders, you'll
need to specify the appropriate OSF filter (see table). The OF1-RG830 is a longpass filter
recommended for custom configurations with Grating NIR1, Grating NIR2 or Grating NIR3 (with an
NQ512 Spectrometer). OF1-RG830 is not recommended in setups with a 10 um slit.

Item Description

OSF-NIRQUEST256-2.1 Order-sorting filter, installed, for custom NIRQUEST256-2.1 configurations
OSF-NIRQUEST256-2.5  Order-sorting filter, installed, for custom NIRQUEST256-2.5 configurations

OSF-NIRQUEST512-xx Order-sorting filter, installed, for custom NIRQUEST512 configurations; contact
an Applications Scientist for details

OF1-RG830 Longpass filter, installed, transmits >830 nm; recommended for custom NIR-
Quest configurations with Grating NIR1, Grating NIR2 or Grating NIR3
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NIRQuest Séoec’[rome’[ers
Choosing the Right Grating

Grating Options

Customized NIRQuest Spectrometers are available with a choice of multiple gratings. With each
grating, you consider its groove density (which helps determine the resolution), its spectral range
(which helps determine the wavelength range) and its blaze wavelength (which helps determine
the most efficient range).

Groove Density

Grating Intended Use (lines/mm) Spectral Range Blaze Wavelength Best Efficiency (>30%)

NIR1 NIRQuest256-2.5 75 1600 nm 1700 nm 1075-2500 nm

NIR2 NIRQuest256-2.1, NIRQuest256-2.5, NIRQuest512-2.2 100 1200 nm 1600 nm 900-2050 nm

NIR3 NIRQuest256-2.1, NIRQuest256-2.5, NIRQuest512, 150 ~800 nm 1100 nm 900-1700 nm
NIRQuest512-1.9, NIRQuest512-2.2, NIRQuest512-XR

NIR10 NIRQuest256-2.1, NIRQuest256-2.5, NIRQuest512, 300 350-380 nm 1200 nm 750-2200 nm
NIRQuest512-1.9, NIRQuest512-2.2, NIRQuest512-XR

NIR11 NIRQuest256-2.1, NIRQuest256-2.5, NIRQuest512, 400 240-290 nm 1600 nm 980-2500 nm
NIRQuest512-1.9, NIRQuest512-2.2, NIRQuest512-XR

NIR12 NIRQuest256-2.1, NIRQuest256-2.5, NIRQuest512, 500 160-220 nm 1370 nm 900-2500 nm
NIRQuest512-1.9, NIRQuest512-2.2, NIRQuest512-XR

NIR13 NIRQuest256-2.1, NIRQuest256-2.5, NIRQuest512, 600 100-180 nm 1200 nm 800-2500 nm
NIRQuest512-1.9, NIRQuest512-2.2, NIRQuest512-XR

NIR14 NIRQuest512, NIRQuest512-1.9, NIRQuest512-XR 1000 50-90 nm 1310 nm 900-1700 nm

Additional grating options, adjustments to starting and ending wavelengths and similar customization may be available. Also, spectral range can
vary by starting wavelength. With the exception of NIRQuest512-XR, starting wavelengths should be set at > 900 nm. Please contact an Applications
Scientist for details.

Grating NIR1, 75 I/mm, 1075-2500 nm Grating NIR2, 100 I/mm, 900-2500 nm

For more grating curves, see next page.

Technical Tip

Gratings and slits are fixed in place and can only be replaced at our manufacturing facility. That's why it's important
to consider all the variables involved in system performance, including detector and grating response, slit size and
other bench accessories. Our Applications Scientists have configured thousands of spectrometers for all sorts of ap-
plications and can offer invaluable consultation as you consider your application.
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NIRQuest Spectrometers
NIRQuest Grating Efficiency Curves

Grating NIR3, 150 I/mm, 900-1700 nm

Grating NIR10, 300 I/mm, 750-2200 nm

Grating NIR11, 400 I/mm, 980-2500 nm

Grating NIR12, 500 I/mm, 900-2500 nm

Grating NIR13, 600 I/mm, 800-2500 nm

Grating NIR14, 1000 I/mm, 900-1700 nm
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Predicted Ranges and Resolution

75 I/mm Grating and 25 pm slit

100 I/mm Grating and 25 pm slit

150 I/mm Grating and 25 pm slit

300 I/mm Grating and 25 pm slit

Example:

If the starting
wavelength is

1000 nm, then the
range is ~1662 nm,
providing a

1000-2662 nm
wavelength range and
5.34 nm resolution.

Example:

If the starting
wavelength is

1300 nm, then the
rangeis ~1236 nm,
providing a

1300-2536 nm
wavelength range and
3.98 nm resolution.

Example:

If the starting
wavelength is

1300 nm, then the
rangeis ~815 nm,
providing a

1300-2115 nm
wavelength range and
2.63 nm resolution.

Example:

If the starting
wavelength is

1700 nm, then the
range is ~380 nm,
providing a
1700-2080 nm
wavelength range and
1.23 nm resolution.

These graphs demonstrate the range and resolution of a NIRQuest512 model spectrometer with a 25 um slit.

400 I/mm Grating and 25 pm slit

500 I/mm Grating and 25 pm slit

600 I/mm Grating and 25 pm slit

1000 I/mm Grating and 25 pm slit

NIRQuest User-Configured Spectrometers

Predicted Ranges and Resolution

Example:

If the starting
wavelength is

1700 nm, then the
rangeis ~270 nm,
providing a

1700-1970 nm
wavelength range and
0.85 nm resolution.

Example:

If the starting
wavelength is

1900 nm, then the
rangeis ~192 nm,
providing a

1900-2092 nm
wavelength range and
0.62 nm resolution.

Example:

If the starting
wavelength is

1700 nm, then the
rangeis ~154 nm,
providing a

1700-1854 nm
wavelength range and
0.49 nm resolution.

Example:

If the starting
wavelength is

1300 nm, then the
range is ~74 nm,
providing a

1300-1374 nm
wavelength range and
0.24 nm resolution.
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Application Notes

High-resolution NIR Analysis

New detector and optical bench options make it possible to configure near-infrared spectrometer setups for high-resolution applications such
as laser and optical fiber characterization. Our NIRQuest Series spectrometers cover various segments of the 900-2500 nm region and serve a

variety of application needs.

Introduction

Near-infrared spectroscopy is a common analytical technique
for chemistry and process control, where typical applications
include identification of species and determination of water
and fat content. In applications like those, absorbance peaks
are often broad and optical resolution requirements of lesser
concern than performance parameters such as low noise and
high sensitivity.

Yet there also are a number of NIR applications where optical
resolution of <5.0 nm (FWHM) or better is critical.
Characterization of laser lines — including, for example, solid state
lasers at <1064 nm and at wavelengths from 1020-1050 nm, as
well as semiconductor lasers with response in the 900-1800 nm
range - often require even better optical resolution. Optical fiber
characterization is another high-resolution NIR application.

Experimental Conditions

To test the optical resolution performance of our
NIRQuest512-2.2 Spectrometer, which has a Hamamatsu
G9206-512W InGaAs-array detector and is responsive from
900-2200 nm, we measured the spectrum of a xenon source
used for spectrometer wavelength calibration. The low-pressure
gas-discharge source has a number of closely aligned emission
lines in the region from ~820-2000 nm, making it a good choice
for our experiment.

The NIRQuest512-2.2 was configured with a 100 lines/mm
grating set to 900-2050 nm, with a 25 um slit and gold-coated
collimating and focusing mirrors for enhanced reflectivity. This is
the standard bench configuration for the NIRQuest product line,
which includes models for 900-1700 nm, 900-2050 nm,
900-2200 nm and 900-2500 nm. Additional grating options and
slit sizes are available for custom setups.

We used a 50 um VIS-NIR optical fiber to collect signal from the
xenon source. (For optimum results, we recommend the use of a
50 um diameter or smaller optical fiber with all of our
spectrometer wavelength calibration sources.) NIRQuest512-2.2
integration time was set to 350 ms and spectral averaging set

to 5.
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NIRQuest 512-2.2 Emission Spectrum of Pulsed Xenon Source

The closely aligned peaks of a xenon source used for spectrometer wavelength calibration
can be distinguished with the high-resolution NIRQuest NIR spectrometer.

Results

The spectrum from the xenon calibration source illustrates that optical
resolution of ~4.6 nm (FWHM) is possible with the NIRQuest512-2.2 in its
standard configuration (above). What's more, even better optical
resolution is possible in a NIRQuest512-2.2 configured with a grating that
has a narrower spectral bandwidth. For example, a NIRQuest512-2.2 with
a 600 I/mm grating set over a 100-nanometer bandwidth and configured
with a 25 um slit would yield optical resolution of <0.5 nm (FWHM).
Resolution would improve even more with a 10 um slit, but at the expense
of throughput. For most laser applications, that's likely to be an acceptable
trade-off.

Conclusions

New NIR detectors and optical bench options allow researchers to experi-
ence high optical resolution performance in the region from 900-2500 nm.
This elevates the versatility of smaller footprint, more modular NIR
spectrometers for applications previously thought to be out of reach.

In addition, NIRQuest has external hardware triggering functions that
allow users to capture data when an external event occurs, or to trigger an
event after data acquisition. This can be especially useful for synchronizing
a laser event to spectral acquisition and for capturing data from automated
processes or from devices that flash synchronously.
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SIR Series Spectrometers

Scanning Infrared Spectroscopy

SIR-Series
Our SIR-Series Spectrometers are fiber-based systems that use a unique design
that allows rapid spectral scans over their entire spectral range.

SIR Systems can also provide real-time data from several discrete wavelengths.
The system’s compact design allows you to integrate the SIR easily into OEM
applications and online process environments. SIRs are especially useful for
laser-based applications.

SIR spectrometers use single-point detectors and high angular resolution-
tunable grating systems. The zero-backlash mechanical design provides
superior accuracy and repeatability.

This combination, along with an innovative 24-bit A/D converter, provides high spectral resolution and

very high signal-to-noise data.

Features
- USB 2.0 compliant
- Fast data transfer

- Rugged aluminum housing
- Extended IR range

NOW WITH
TRIGGERING!

Specifications
SIR-2600 SIR-3400
Range: 0.9-2.6 ym 1-3.4 ym
Detector: Extended range InGaAs with InAs with 3 stage cooler

2 stage cooler

Diffraction grating: 600 lines

300 lines

Optical design: Czerny-Turner F3

Czerny-Turner F3

Slits available: 10 um, 50 pm, 100 um,

200 pm, 500 pym

10 pym, 50 pm, 100 pm,

200 pm, 500 pm

Optical input: SMA-905/906 with optional

lensed input

SMA-905/906 with optional

lensed input

Analog resolution: 24-bit, 16,777,216 counts

24-bit, 16,777,216 counts

Internal and external
synchronization

Triggering options:

Technical Tip

IR Light Sources

Because SIR Spectrometers cover NIR and mid-IR

wavelengths, you'll need to consider light sources

with response in those regions. Our HL-2000 Tung-

sten Halogen Source has response to about

2500 nm, so you'll need something different for
most SIR models. We recommend our Cool Red Light Source, a high-power
silicon nitride emitter with output from ~600-6500 nm. Additional
information on the Cool Red is available in the Light Sources section. Also,
you'll need optical fibers and sampling accessories that will transmit at the
longer mid-IR wavelengths. Consult an Applications Scientist for details.

Internal and external
synchronization

SIR Bench Accessories

SIR-DARK-SHUTTER

SIR Dark Reference Shutter

SIR-FS-LP2500

SIR High-Pass Filter Shutter - choice of
two filters

SIR-SLIT-10 10 pym Slit for SIR Series
SIR-SLIT-50 50 pm Slit for SIR Series
SIR-SLIT-100 100 pm Silit for SIR Series
SIR-SLIT-200 200 pm Slit for SIR Series
SIR-SLIT-500 500 um Slit for SIR Series
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Spectrometer Accessories
Additional Options Add Value to Your Spectrometer
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The SteadiQ provides an environmentally controlled atmosphere for your Ocean Optics
spectrometer, helping to stabilize temperature effects and eliminate temperature drift in inclement
conditions or extreme temperatures. The rugged, portable device ensures more accurate, reliable
results in field applications including solar irradiance, volcanic observation, greenhouse monitoring
and industrial environments such as cold food storage.

Available in both UV and VIS versions, the SteadiQ interfaces directly with our USB, HR, Maya,
QE65000 and NIRQuest Series spectrometers. In extreme hot or cold conditions, SteadiQ operates
independently from outside temperatures. It connects easily to the spectrometer with preconfigured
plug-ins and communicates via the spectrometer’s USB port.

Features Spectrometer Models Supported

- Interfaces directly with your Ocean Optics spectrometer - USB2000+ - Maya2000 Pro

- Operates independently from outside temperatures - USB4000 ~ NIRQuest512

- Perfect for extreme hot or cold conditions - HR2000+ _ NIRQUest256-2.1
- Available in UV-NIR (200-1100 nm) and VIS-NIR (400-2500 nm) versions - HR4000 ~ NIRQUEst256-2.5
- Externally controlled dark measurement ~ QE65000

Physical
Dimensions: 465 mm x 300 mm x 414 mm

Weight (SteadiQ only): 12 kg
Spectroscopic

Wavelength range SteadiQ-UV: 200-1100 nm (practical range depends on the spectrometer configuration)
Wavelength range SteadiQ-VIS:

Temperature Stability
Inside temperature: 23 °C £ 1 °C between +5 °C to +40 °C
23 °C % 2 °C between -20 °C and +60 °C

400-2500 nm (depending on spectrometer configuration)

Electronics and Communication
Operating voltage: Including 110/220 VAC > 24 VDC; 7 A

Communication interface: Via USB connection on the spectrometer

Application Notes

SteadiQ Helps in Solar Panel Testing

In environments where dramatic temperature swings can affect The SteadiQs were connected with a bifurcated mixed fiber (one leg
spectrometer performance, an environmentally controlled box such as UV-VIS and one VIS-NIR) with a customized glass-domed integrating
SteadiQ can help keep your spectrometer operating reliably. sphere at the common end. The sphere itself was quite clever, with a
Temperature effects such as baseline drift are lessened or eliminated. dry air pump to prevent condensation inside the dome. The complete

system was calibrated and used to perform absolute irradiance
In one recent case our customer, a well regarded international standards-  measurements under extreme conditions.
setting organization, was faced with the challenge of making quality

control measurements of photovoltaic panels being tested outdoors, Atool like SteadiQ can be very effective for applications where

where conditions ranged from -20 °C to +50 °C. The application required  environmental conditions are likely to create challenges. While some

an unusual but effective custom configuration to cover UV-NIR spectrometers have thermoelectric cooling functions, the benefit they
wavelengths (200-1700 nm): a QE65000 Spectrometer in a SteadiQ-UV provide may be limited to a certain level below the ambient temperature
and a NIRQuest512 in a SteadiQ-VIS. and, if large temperature changes are anticipated, may take a long time

to reach the set point (stability).
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ONL;S here Spectrometer
The New RaySphere Solar Analysis System

new,

)

RaySphere

Meet the new optical measurement system for absolute irradiance
measurements of solar simulators and other radiant sources. The new
RaySphere measures absolute irradiance over spectral ranges from
the UV to the NIR (350 to 1700 nm).

RaySphere includes two thermoelectrically cooled detectors that
perform repeatable and accurate spectral analysis of solar flashers
from 350 to 1700 nm, and a second version contains a single cooled
detector for measurement to 1100 nm.

This portable system is ideal for solar simulator manufacturers and
research and development labs as a tool to validate the output of
installed solar flashlamps.

The RaySphere system delivers the accuracy and resolution needed to
measure and analyze the performance and stability of the flasher with
ultralow jitter triggering electronics for timing the measurement to
the flashes. Calibration is validated by an accredited certification lab
to ensure accurate detection. This enables evaluation and
qualification of the spectral distribution of solar flashers and
simulators according to the IEC60904-9 (2007) standard.

RaySphere includes high-speed electronics and an intuitive
powerful software interface. Brief measurement times enable
detection of a complete spectrum during a flash or even during a
portion of the flash. The measurement can be triggered by a fast
response photodiode that reacts on the increasing intensity of the
flashlight with sub-microsecond response times.

Features

- Intuitive graphical interface

- Graphical and table display of classification results by
wavelength bin

- Output of actual spectra in mW/cm?/nm

- Output of actual measurement and triggering timing with
+/- 41 ps resolution

- Printable classification report

RaySphere RaySphere 1700

Spectral range:

350-1100 nm

300-1700 nm

Spectral resolution:

1.9 nm (FWHM) for 300
- 1100 nm and 12.5 nm
(FWHM) for 1100-
1700 nm

1.9 nm (FWHM) for 300
-1100 nm and 12.5 nm
(FWHM) for 1100-
1700 nm

Optical input: 50 mm integrating 50 mm integrating
sphere sphere
Detector types: TEC stabilized Hama- TEC stabilized Hama-

matsu CCD sensor

matsu InGaAs sensor

Dynamic range:

25000:1 (Back-thinned
Si); 15000:1 (InGaAs)

25000:1 (Back-thinned
Si); 15000:1 (InGaAs)

Corrected linearity:

>99%

>99%

Minimum integration
time:

8 ms

8 ms

Calibration:

Calibrated for irradi-
ance measurements
using national traceable
standards (NIST, PTB,
CNIM)

Calibrated for irradi-
ance measurements
using national traceable
standards (NIST, PTB,
CNIM)

Calibration accuracy:

Validated by accredited
certification institute,
typical values better
than 2% accuracy in
400-1100 nm range

Validated by accredited
certification institute,
typical values better
than 2% accuracy in
400-1100 nm range

Triggering options:

Built-in photo trigger,
external trigger, manual
trigger

Built-in photo trigger,
external trigger, manual
trigger

Operating environment:

Ambient temperatures
10-35°C

Ambient temperatures
10-35 °C

Software:

Custom analysis
software for Windows
XP, Vista and 7 (32 and
64 bit)

Custom analysis
software for Windows
XP, Vista and 7 (32 and
64 bit)

Communications:

USB 2.0 high-speed

USB 2.0 high-speed

Irradiance (pwatts/cm2/nm)

Wavelength (nm)

Spectrum Solar Simulator — RaySphere
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Jaz Modular Spectroscopy

Meet Jaz® - the world’s coolest

modular measuring suite.

Like nothing you've ever seen be-
fore, Jaz is a community of stackable,
modular and autonomous instru-
ments that combine to create the

ultimate in smart sensing for lab, field

and anywhere your work takes you.

Jaz is unfettered by the limits of
traditional optical sensing
instrumentation. Its unique features
and expandable platform make it
uniquely suited for field applications,
remote sensing, process flow, quality

assurance and more.

Jaz brings you an unparalleled level
of flexibility. With replaceable slits, a
choice of various modules and more,

Jaz is what you make it.




4 Smarter than the Average Spectrometer
Meet the Jaz Modular Sensing Suite

We designed Jaz® to incorporate a number of autonomous modules
that share common networking and electronics. Because of its modular
design, high-performance spectrometer, Ethernet connectivity, battery
operation and PC-free performance, Jaz is nimble in a virtually endless
array of applications.

And, since your Jaz can operate independently of your computer, there's
no limit to where it can take you.

Customize your Jaz modules to include light sources, multiple channels
and more. The choices are only limited by your imagination.

Make Jaz Your Own

Imagine having all the gear needed for optical sensing in one,
convenient form. That's what we've done with Jaz while blending the
functionality of all its parts into a single, seamless instrument.

A basic Jaz includes the spectrometer module and onboard DPU. All
other modules are optional so you can mix and match for the configura-
tion that best handles your application. Jaz has a home in the lab, the
field, the process line and anywhere you need reliable, accurate optical
sensing.

Operating software and development packages are available separately.

In the Lab

Jaz's Ethernet connectivity and battery
operation make it a brilliant lab companion
— perfect for remote sensing and sharing
data across your network. Mix and match Jaz
modules to optimize setups for absorbance,
reflectance and emission applications.

In the Field

With Jaz's onboard display and
microprocessor, you're free to roam! Ideal for
field analysis, Jaz does its processingin a
convenient, handheld modular stack -
storing data to an SD card and processing
spectra through its powerful onboard DPU.

www.oceanopticscom Tel: +1727-733-2447

Multichannel Sampling

With Jaz, you can add up to eight
spectrometer modules for the most simple
and convenient multichannel analysis ever.
Jaz's spectrometers are incredibly robust for
demanding environments and even
temperatures of -10 °C to +55 °C.




Jaz Spectrometer Module

- Benchmarked to the performance standards of
the USB2000+ Spectrometer

- 200-1100 nm Sony ILX511B CCD array detector

- Multiple gratings available

Jaz DPU Module

- 128 x 64 OLED display

- Choice of two screen/button orientations

- Embedded microprocessor for data processing
- Custom programmable scripting

Jaz Ethernet Module
100 Mbps, IEEE 802.3 compliant connectivity
SD card slot
Enables remote access via any computer on the
same network
Single-cable solution that provides PoE

Jaz Industrial Module
- Communicates with RS-232 and RS-485
- Provides analog and digital inputs/outputs

Jaz Battery Module

- Lithium-lon battery for up to 8 hours of use

- Rechargeable from Ethernet, USB or external
power supply

- 2D card slots for memory and other functions

Jaz Light Source Modules

- VIS-NIRTungsten Halogen

- UV-VIS Deuterium-Tungsten Halogen
- Pulsed Xenon

- LED options

Jaz Side Mount Module

- Lets you affix Jaz to tripod, breadboard and
more

- Has %"-20 threaded mounts on three sides of
the module

POWER LED

OLED DISPLAY
POWER SAVE

SCROLL UP/

MENU UP YES/

ACCEPT

SCROLL LEFT

SCROLL DOWN/
MENU DOWN

SCROLL RIGHT HOME/

RETURN

No/
CANCEL

—
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Have it your way

Jaz Modules

Here's How it Breaks Down

—— DPU Module

—— Ethernet Module

— Industrial Module (Indy)
—— Battery Module
—— Side Mount Module

—— VIS/NIR Light Source Module

—— LED Light Source Module

—— UV/VIS Light Source Module

Jaz PX Pulsed Xenon
Light Source Module

NeoFox Sport Phase
Measurement Module

Spectrometer Modules

* lllustration only - your configuration may vary.

In Jaz, modularity takes on a new dimension — the “z” dimension. Our configuration
stacks modules vertically, with each layer adding more functionality. The drawing above
conveys all the options available for making spectral measurements. Toward the bottom
of the stack you'll notice the NeoFox Sport. NeoFox is its own instrument - the detector
part of our optical oxygen sensor systems — and wouldn't appear in a stack like this, but
we included it here to demonstrate that the Jaz architecture can be engineered into
other types of monolithic, portable sensing devices. For more on NeoFox, see page 164.

www.oceanopticscom Tel: +1727-733-2447
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Under the Hood

Mix and match Jaz modules to create a smart, reliable system specifically
for your own application.

Not sure which configuration best suits your application? Contact an Ocean Optics Applications Scientist or visit us online at www.oceanoptics.com.

Physical: 109.2 mm x 63.5 mm x 57 mm LWH; 352 g (JAZ-COMBO only)

Detector: Sony ILX511B linear silicon CCD array (200-1100 nm)

Wavelength range: Grating dependent (extended-range grating available for 200-1025 nm coverage)

Optical resolution: ~0.3-10.0 nm FWHM

Signal-to-noise ratio: 250:1 (at full signal)

A/D resolution: 16 bit

Dark noise: 50 RMS counts

Dynamic range: 8.5 x 107 (system); 1300:1 for a single acquisition

Integration time: 870 ps to 65 seconds (20 s typical maximum)

Stray light: <0.05% at 600 nm; <0.10% at 435 nm

Sensitivity: 75 photons/count at 400 nm; 41 photons/count at 600 nm

Fiber optic connector: SMA 905 to 0.22 numerical aperture optical fiber

Electronics connector: 19-pin MHDMI connector; use ADP-MHDMI-RS232 adapter to interface to RS-232

Channels supported: Up to 8 spectrometers

OEM integration supported: Yes

Power options: Wall transformer (+5VDC); Power over Ethernet (Class Ill PoE provides 12 Watts); USB; integrated battery module
(JAZ-B); Solar charger and external batteries

Inputs/Outputs: Yes, 4 onboard digital user-programmable GPIOs

Computer interface: Onboard Blackfin® microprocessor

Operating systems: Windows XP, Vista (32/64 bit), Windows 7 (32/64 bit); OS X and Linux when using the USB interface on PCs

Ethernet Module (optional) IEEE 802.3-compliant 10/100; includes 2 GB SD card

Industrial Communications Module Interfaces (RS-232, RS-485); 4 analog I/0O, 8 digital /0

(optional):

Trigger modes: Normal (free-running), Software, Synchronization and External Hardware

Strobe functions: Continuous, Single, Lamp Enable

Operating software: Basic Jaz software (included) operates from DPU interface; SpectraSuite (separate purchase) acquires data from USB or
Ethernet connection; Overture software also available

Applications software: Irradiance measurement and other options available; application is loaded to an SD card and operates from DPU interface

Development software: Scripting program and API option for writing your own applications

Battery Options

JAZ-B Module (optional integrated Rechargeable Lithium-lon; lifetime depends on number of modules (~8 hours for JAZ-COMBO only)
battery):

Rechargeable battery accessories: Lithium-Polymer solar battery, ~12 hours lifetime w/JAZ-COMBO; Lithium-lon external battery, 21 hours lifetime w/JAZ-

COMBO
SD card storage: JAZ-B module includes (2) 2-GB SD cards
JAZ-UV-VIS (optional module): Deuterium-Tungsten Halogen (210-1100 nm); lifetime is ~1,500 hours (recommended for UV absorbance)
JAZ-PX (optional module): Pulsed Xenon (190-1100 nm); lifetime is 4 x 108 flashes to 50% of initial intensity
JAZ-VIS-NIR (optional module): Tungsten Halogen (360-1100 nm); lifetime is 500-10,000 hours depending on power setting
LEDs (optional module w/replace- 365 nm, 405 nm, 470 nm, 590 nm, 640 nm and White wavelength options
able bulbs):
CE mark: Yes (all modules)
RoHs: Yes (all modules)
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Preconfigured Jaz Sdgs’[ems

Special Software for Calculating Irradiance Values

With its Jaz-A-IRRAD irradiance software, the Jaz-ULM-200 allows users
to capture, process and store full spectra without a PC. Jaz-A-IRRAD

is stored on an SD card and loaded to the system. In just three simple
clicks, the software collects spectral irradiance information from the
selected light source. This data can be processed to give the intensity
parameter of choice, including uW/cm?nm, lumens, lux, PAR or any
other light intensity parameter. The system’s three-button wizard
simplifies operation so that even non-spectroscopy experts are able to
perform fast and accurate measurements. More detailed analysis can
be performed using SpectraSuite software on a PC.

Advantages of the Jaz-ULM-200

- All-in-one system with everything you need for irradiance
measurements

Simple calculation of key irradiance parameters in a single device
Capture and storage of spectral characteristics right on the unit
Lightweight, portable system convenient for lab, process or field
Remote access and networking capability with built-in Ethernet

About the Applications

Portable Setups for Field and Beyond

At the heart of the Jaz-ULM-200 is a spectroradiometrically calibrated
spectrometer with built-in microprocessor and display. Also in the
instrument stack is an Ethernet module for remote measurements, a
battery module for handheld or field operation and a mounting fixture for
orienting the system in different positions. Additional components include
SD cards for data storage, a direct-attach cosine corrector for collecting
radiation within a 180° Field of View, and both soft-sided and Pelican-brand
carrying cases.

400 10[0) 610]0) 700
Wavelength (nM)

The Jaz-ULM-200 setup is an ideal solution for spectral irradiance applications such as process control in LED sorting systems,
monitoring of LED output in greenhouse and other operations and quality control analysis of UV curing sources. The system is also
conveniently appointed for solar irradiance measurements.
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Preconfigured Joz Sdgs’tems
Portable Setups for Field and Beyon

Thanks to its small footprint, built-in computing power and onboard display, Jaz is an
excellent option for field applications of all types. Build your own Jaz setup or select from
one of these fully integrated, application-ready options:

Jaz-EL Spectrometers

We offer three versions of a lightweight, portable spectrometer system complete with
integrated Lithium-lon battery, SD card storage of your spectra and software for
post-processing of data back in the lab. Each option is available with our standard line of
Jaz accessories.

- JAZ-EL200 is for UV-VIS measurements from 200-850 nm
- JAZ-EL350 is for VIS-NIR measurements from 350-1000 nm
- For extended-range coverage, the JAZ-EL200-XR1 is responsive from 200-1025 nm

SpectroClip-JAZ-TR

This fully integrated system comprises the SpectroClip sampling optic, a two-channel

Jaz spectrometer (each channel covers 350-1000 nm), a VIS-NIR light source, Ethernet
and battery modules, three optical fibers, a reflection standard and a carrying case. Also
included is a software script for optimizing the two-channel Jaz spectrometer setup.

The SpectroClip-TR has two integrating spheres to collect light transmitted through the
sample and reflected from the sample. SpectroClip-JAZ-TR is ideal for diffuse
transmission/reflection measurements of flat samples such as leaves and other biological
materials. There's additional information on SpectroClip on the next page.

Jaz Field System Specifications

Features JAZ-EL200 JAZ-EL200-XR1 JAZ-EL350 SPECTROCLIP-JAZ-TR
Spectometer module: Single channel Single channel Single channel Two channel

Preconfigured spectral range:  200-850 nm 200-1025 nm 350-1000 nm 350-1000 nm (both channels)
Ethernet module: Optional Optional Optional Included

Battery module: Included Included Included Included

Light source module: Optional; recommend UV-VIS  Optional; recommend UV-VIS

Optional; recommend VIS-

Included (VIS-NIR source)

source or Pulsed Xenon source NIR source
module
Optical fibers: Optional Optional Optional Included (3x 1-meter length
QP-600-VIS-NIR patch cords)
Accessories: Optional Optional Optional Included (SpectroClip-TR)
and reflection standard
Software: Jaz Standard Operating Jaz Standard Operating Jaz Standard Operating Jaz Standard Operating Soft-

Software and SpectraSuite
Operating Software

Software and SpectraSuite
Operating Software

Software and SpectraSuite
Operating Software

ware and custom SpectroClip
software script

Optional; recommend Jaz-
Pack-S shoulder holster

Carrying case: Optional; recommend Jaz-

Pack-S shoulder holster

Spectrometer

Optional; recommend Jaz-
Pack-S shoulder holster

Included (Pelican case)

Entrance aperture: 25 pm width slit 25 pm width slit

25 pm width slit

25 um width slit

Gratings: Grating #1 (200-850 nm) Grating #31 (200-1025 nm) Grating #2 (350-1000 nm) Grating #2 (350-1000 nm)
(both channels)

Detector collection lens: Yes, L2 Yes, L2 Yes, L2 Yes, L2

UV enhanced window: Yes, installed with detector Yes, installed with detector No No

200-850 nm filtering installed
at the detector

Order sorting options: 200-850 nm filtering installed

at the detector

350-1000 nm filtering installed

at the detector

350-1000 nm filtering installed
at the detector

Optical resolution: ~1.3 nm (FWHM) 1.7 nm (FWHM)

~1.3 nm (FWHM)

~1.3 nm (FWHM)
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Jaz SpectroClip and Field Accessories

Convenient Tools for Jaz Field Analysis

We offer several handy tools for your Jaz field work, including extra battery power options, sampling devices and carrying cases. Thanks to its small
size, built-in computing power and monolithic design, Jaz is ideal for applications requiring portability and reliability.

Jaz SpectroClip

SpectroClip is the perfect handheld device for measuring thin materials and other
samples in the field and is especially suited to chlorophyll analysis in leaves and other
plants. With SpectroClip and a suitable Jaz or other Ocean Optics spectrometer, you can
easily measure diffuse flat objects in both transmission and reflection simultaneously.
Samples with maximum thickness of T mm can be measured.

Two integrating spheres function as SpectroClip's collection probes and can be con-
nected to any Ocean Optics spectrometer for acquiring data. The top integrating sphere
also includes an input port for a fiber-coupled light source to illuminate your sample.
SpectroClip's integrating spheres capture diffuse reflected or transmitted light more
efficiently than lens-based collection optics. Indeed, SpectroClip is ideal for transmission
measurements of very diffuse samples such as leaves, where scattering makes the use of
collimating lenses impractical.

SpectroClip can be purchased as part of a fully integrated Jaz system (SpectroClip-Jaz-TR)
or in one- or two-integrating sphere versions:

- SpectroClip-R has one integrating sphere to collect reflected light from your sample.
- SpectroClip-TR has two integrating spheres that collect both transmitted light through your sample and reflected light from the sample.

Jaz Field Accessories

Extra Power Options and Carrying Packs

Jaz Pack Jaz Solar Pack Jaz External
Our Jaz Packis the Harness the power Battery
rough and tumble Jaz of the sun when The Jaz External
accessory made from you're in the field! Battery Pack is
lightweight, water-resis- The Jaz Solar Pack is a multipurpose,
tant fabric that stretches the handy acces- rechargeable
to hug your Jaz safely sory that powers and Lithium-lon
and securely. Its unique recharges your Jaz battery that con-
flip-top helps you see battery module via nects directly to the 5V power
your OLED display in the its mini-USB cable. connection on the DPU module of your Jaz.
brightest of sunshine and its adjustable fit The Jaz Solar Pack recharges itself through This powerful accessory is ideal for remote
easily accommodates your configuration. the sun or electrical socket and can indepen- sensing and field applications and can triple
Jaz Pack Shoulder Strap Item Code - JAZ-PACK-S dently power your Jaz for up to 4 hours. the operating lifetime of your Jaz unit.
Jaz Pack Waist-belt Item Code - JAZ-PACK-W Item Code - JAZ-SOLAR Item Code - JAZ-EXT-BP-50WH
S About the Applications

With add-on software such as SpectraSuite-PAR, users can turn Jaz into a tool for calculating Photosynthetically Active Radiation
(PAR). PAR is important in evaluating the effect of light on plant growth. It is defined as the integral over the range 400-700 nm
of the absolute irradiance spectrum (the spectrum of light incident on the plants), which is then converted from pW/cm? to
pmol/m?/s.
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4 The Jaz Spectrometer

Smart Design Makes all the Difference

We took a page from our USB2000+ miniature spectrometer and built the Jaz spectrometer module to be just as powerful and just as accurate.
The system’s 2048-pixel, Sony ILX511B linear silicon CCD array detector delivers outstanding performance and -- though Jaz's Czerny-Turner optical

bench may be familiar -- the rest of the Jaz spectrometer module is anything but ordinary.

L2 Detector Collection Lens
Jaz's cylindrical lens ensures aberration-free performance and is fixed to the detector’s
window to focus light onto the shorter detector elements. It increases light-collection

efficiency by 5x and reduces stray light.

Replaceable Slits
Unlike the fixed slits in most spectrometers, Jaz allows you to change your entrance
aperture to suit your application. Most Jaz slits are 1 mm tall and come in various widths

from 5 to 200 um.

Slit Description Pixel Resolution
INTSMA-005 5 ym wide x 1 mm high ~3.0 pixels
INTSMA-010 10 ym wide x 1 mm high ~3.2 pixels
INTSMA-010S 10 pm wide x 50 pm high ~3.2 pixels
INTSMA-025 25 ym wide x 1 mm high ~4.2 pixels
INTSMA-050 50 pm wide x 1 mm high ~6.5 pixels
INTSMA-100 100 ym wide x 1 mm high ~12.0 pixels
INTSMA-200 200 pm wide x 1 mm high ~24.0 pixels

Grating and Wavelength Range
Choose from multiple gratings for each Jaz spectrometer channel. Your choice of
grating groove density helps to determine optical resolution, spectral range and blaze

Longpass Absorbing Filter

We offer longpass absorbing or blocking filters

— each with a transmission band and a blocking
band to restrict radiation to a certain wavelength
region. This helps to eliminate second- and third-
order effects. These filters are installed permanent-
ly between the slit and the clad mode aperture in
the bulkhead of the SMA 905 connector.

Item Description
OF1-WG305
OF1-GG375
OF1-GG475
OF1-0G515
OF1-0G550
OF1-0G590

Transmits light >305 nm

Transmits light >375 nm

Transmits light >475 nm

Transmits light >515 nm

Transmits light >550 nm

Transmits light >590 nm

Collimating and Focusing Mirrors

You can replace standard aluminum-coated reflec-
tive mirrors with our proprietary, UV-absorbing
SAG+ Mirrors. These special mirrors increase

wavelength. reflectance in the VIS-NIR and increase the sensitiv-
Best ity of your Jaz. SAG+ Mirrors can be specified for
Grating Intended Groove Spectral Blaze Efficienc fl Th - | bsorb v all
Number Use Density Range Wavelength U y uorescence. ese mirrors also a s_or .nearya
(>30%) UV light to reduce the effects of excitation scatter-
1 uv 600 650 nm 300 nm 200-575 nm ing in fluorescence measurements.
2 UV-VIS 600 650 nm 400 nm 250-800 nm Detector A Obti
3 VIS-Color 600 650 nm 500 nm 350-850 nm etector Accessory Uptions
4 NIR 600 625 nm 750 nm 530-1100 nm Detector Description
5 UVv-vIS 1200 300 nm Holographic ~ 200-400 nm DET2B-200-850  Sony ILX511B detector, installed,
uv w/200-850 nm variable longpass
NIR 1200 200-270 nm 750 nm 500-1100 nm filter and UV2 quartz window;
- best for UV-VIS systems config-
UV-VvIS 2400 100-140 nm E{)/Iograpmc 200-500 nm ured with Grating #1 or #2
- DET2B-350-1000 Sony ILX511B detector, installed,
8 uv 3600 50-75 nm Holographic ~ 290-340 nm with 350-1000 nm variable long-
v pass filter; best for VIS system
9 VIS-NIR 1200 200-270 nm  Holographic ~ 400-800 nm configured with Grating #2 or #3
vis DET2B-UV Sony ILX511B detector, installed,
10 UV-VIS 1800 100-190 nm Holographic ~ 200-635 nm with UV2 quartz window; best for
uv systems configured for <360 nm
11 uv-vIsS 1800 120-160 nm  Holographic ~ 320-720 nm DET2B-VIS Sony ILX511B detector, installed,
VIS with VIS BK7 window; best for
12 UV-VIS 2400 50-120nm  Holographic  260-780 nm systems configured for >400 nm
VIS DET2B-200-1100 Sony ILX511B detector, installed,
14 NIR 600 625 nm 1000 nm 650-1100 nm W/200-850 nm variable longpass
filter and UV2 quartz window;
31 UV-NIR 500 200-1025 nm 250 nm 250-450 nm

best for XR grating #31
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The Jaz Spectrometer
Optical Bench Options: Gratings

The graphs below are grating efficiency curves for gratings with groove densities of 500, 600, 1200, 1800 and 2400 mm'. Additional information is

available at www.oceanoptics.com/Products/bench_grating_usb.asp.

Groove Density of 600 mm*

Relative Efficiency

mmm Grating #1 wes= Grating #2 === Grating #3 ====Grating #4 Grating #14

Groove Density of 1200 mm"*

Relative Efficiency

[=== Grating #5 wss=Grating #6 === Grating #9 |

Groove Density of 1800 mm"*

Relative Efficiency

[= Grating #10 === Grating #11 |

Groove Density of 2400 mm*

Absolute Efficiency

[=== Grating #7 me== Grating #12 |

Grating Selection Tips:

- You must specify a grating for each Jaz spectrometer channel.

- These efficiency curves relate only to the grating. System response is
affected by a number of variables, including detector response.

- Grating selection often involves trade-offs. For example, gratings
with very high groove density (mm™) allow greater opitical
resolution but at the expense of a truncated spectral range. If the
user is characterizing two or three closely aligned laser
wavelengths, such a trade-off of resolution for range might be ac-
ceptable. For other applications, a wider range with good
resolution would make better sense.

- The XR grating (#31) is a good option for broad spectral cover-
age (200-1025 nm) without sacrificing optical resolution (~2.0 nm
FWHM with a 25 um slit).

Groove Density of 500 mm™’

Relative Efficiency

=== Grating #31 (XR)

C
O
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o Jaz DPU and Microprocessor Module

The Brains of the Operation

Jaz DPU Module

JAZ-DPU-GPIO-2, JAZ-DPU-GPIO-R

The Jaz DPU module combines a powerful onboard micropro-

Module dimensions:

109.2 mm x 63.2 mm x 14.2 mm

cessor and 128 x 64 OLED display that delivers clear and vivid

Module weight:

90.72 g

viewing of spectra in real time. This clever user interface features

Display:

OLED

an intuitive menu-driven system and touchpad and is available
in two orientations to ensure convenient operation. Its embed-

Area:

128 x 64 pixels; orientation can be rotated
180°

ded microprocessor provides quick and reliable data process-

Display lifetime:

55,000 hours

ing and easily orchestrates up to 8 spectrometer modules for
multipoint sampling.
Item Codes: JAZ-DPU-GPIO-2, JAZ-DPU-GPIO-R

NOWWITH

Keypad:

Push-button function

Available in 180° orientation versions (stan-
dard and reversed)

Power and charging indicator

Contact switches lifetime of 200,000 contacts
(minimum)

Anti-glare ethyl-butyl-acrylate overlay material

RoHS compliant

Temperature range: -40 °C - +70 °C (storage)
and 0 °C - +50 °C (operating)

Microprocessor

Blackfin® embedded microprocessor with
data processing and storage capability

SDRAM:

64 MB

Power consumption:

Joz Ethernet Module

Connectivity and More for Your Jaz

The Jaz Ethernet Module turns your Jaz spectrometer system into a
powerful network appliance. Use it to power your Jaz over Ethernet con-
nectivity, access Jaz remotely or share data with others on your network.
The 100 Mb/S Ethernet connection is a single-cable solution that powers
the system and enables remote access by any node on your network or
via the Internet. The Jaz Ethernet Module also includes a 2 GB SD card slot
for instant data storage.

A Jaz stack with an Ethernet Module has both USB and Ethernet port
connectors, to connect the spectrometer to a computer via a USB port or
to a network via a connection from the Ethernet port. This port connects

~1-2 Watts

to a Power over Ethernet (PoE) bridge or a switch to the network (e.g., a
network hub). Your Jaz stack receives power from either connection, and
both connections enable Jaz to be recognized by our software. Spectral
acquisition time in a Jaz system with an Ethernet Module —

100 scans per second - is identical to the acquisition time using USB.

The Ethernet Module is a Class lll PoE device that provides 12 watts of
power and can recharge a JAZ-B Battery Module in approximately

four hours (longer if the Jaz is in operation). The latter is particularly handy
for a Jaz setup that's used as a handheld device in the lab or in the field.
Item Code: JAZ-E

JAZ-E Ethernet Module

Dimensions: 109.2 mm x 63.2 mm x 20.8 mm
Weight: 90.72 g
Data transfer rate: 100 Mbps

Power over Ethernet (PoE) standard:

IEEE 802.3-compliant 10/100

Data storage:

2 GB SD card (stores up to 100,000 spectra)

Ethernet cable:
sion

14 ft. length, ferrite bead included for electronic noise suppres-

PoE adapter (not included):

Recommend D-Link DWL-P50 or equivalent
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Jaz Battery and Memory Modules

Because You Need to Stay Mobile

JAZ-B Battery Module

The Jaz Battery and External Memory Module is built on a
rechargeable Lithium-lon battery that provides up to 8 hours
battery life. It allows autonomous data collection with power-
conserving sleep mode for long-term measurements. The

Jaz Battery Module also includes two SD card slots for memory,
applications and data storage. High-capacity SD cards (>2 GB) are
not compatible with the battery module.

Item Code: JAZ-B

Jaz Solar Battery Supply

The Jaz Solar Pack is a handy accessory that powers and recharges
your Jaz unit via its mini-USB cable. Jaz Solar Pack recharges itself
through sun or socket and can independently power your Jaz for
up to four hours.

Item Code: JAZ-SOLAR

JAZ-EXT-BP-50WH External Battery

This external battery pack connects to the 5V power connection of
the Jaz DPU module and extends the charge of your Jaz by up to
3x. The JAZ-EXT-BP-50WH is a multipurpose, rechargeable Li-lon
battery rated at 50 watt-hours. It comes with an AC wall charger, a
car charger and its own holster and belt clip.

Item Code: JAZ-EXT-BP-50WH

Jaz Battery Options JAZ-B Battery Module JAZ-SOLAR Solar Charger JAZ-EXT-BP-50WH External Battery
Battery type: Lithium-lon Lithium Polymer Lithium-lon
Rechargeable: Yes (via wall power or PoE) Yes (service lifetime minimum 500 full  Yes (includes Quick AC charger and
charges) car kit charger)

Charging time: When Jaz is off, 8 hours via USB and 4 hours via USB; 2-3 hours via PoE; 3 hours (from fully discharged) via

4 hours via wall power and PoE 2-3 hours via 12 VDC wall power PoE; 3 hours via 12 VDC wall power
Charging current: ~4A @ 5V maximum w/wall plug 360 mA 2000 mA

adapter or 0.5A @ 5V through the

USB port
Capacity: 14.8 Watt hours ~7-10 Watt hours 50 Watt hours
Lifetime when combined w/ ~8-10 hours 3-5 hours standard; ~12 hours w/ 21 hours standard; 28 hours w/
JAZ-COMBO (DPU + single-channel JAZ-B battery module JAZ-B battery module
spectrometer):
Lifetime when combined w/ 2 hours ~3 hours w/JAZ-B battery module 8.5 hours standard; 10.5 hours w/
JAZ-COMBO and Light Source: JAZ-B battery module
Data storage via (2) SD card slots: Yes No No
SD cards included: Yes (2) No No

www.oceanopticscom Tel: +1727-733-2447
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4 Jaz Light Sources

An llluminating Difference

Whether your work takes you to the lab, the field or the process line, you can make the most of your Jaz modular sensing suite with the addition of an
optional light source, optimized for your application needs.

These compact, low-cost, modular light sources fit directly into the Jaz stack of appliances and feature outstanding bulb life as well as lower power
consumption than comparable sources.

Jaz Lamp Module Comparison

Jaz 1-channel spectrometer w/25 pym slit and collection lens

For spectral output of Jaz PX, see page 73.

Jaz-VIS-NIR

NEVZUAVAYEY

Dimensions: 109.2 mm x 63.5 mm x 31.8 mm  109.2 mm x 63.5 mm x 109.2 mm x 63.5mm x 26.7 mm  109.2 mm x 63.5 mm x 28.58 mm
29.5 mm

Type: Pulsed Xenon Tungsten Halogen Deuterium Tungsten Halogen LED

Wavelength range: 190-1100 nm 360-1100 nm 210-400 nm (deuterium); 365 nm - White

400-1100 nm (tungsten)

Best for: Absorbance, transmission, Absorbance, transmission Absorbance and transmission Excitation source for fluores-
fluorescence and UV-VIS biore- ' and reflection only cence, luminescence
flectance

Stability: <1% flash to flash Decay rate is ~0.01%/hour After 30-minute warm-up, 0.3%  +/-0.5% (typical short-term) after

@ power setting of 1024 and
0.1%/hour at setting of 4095

peak to peak over 4 hours

warm-up

Time to stable output:

10 flashes

~20 minutes

10 minutes (deuterium);
1 minute (tungsten halogen)

~30 minutes (~5 minutes for <3%
drift for 470 nm LED)

Lamp life:

4 x 108 flashes to 50% of initial
intensity

>10,000 hours @ 1024 power
setting; 500 hours @ 4095
power setting

~1500 hours (deuterium); 1500
hours (tungsten halogen)

>25,000 hours to 70% of initial
intensity

Operating life in typical
field setup:

~3 hours w/JAZ-COMBO and
battery module

~6 hours w/JAZ-COMBO and
battery module

~2 hours w/JAZ-COMBO and
battery module

~25,000 hours to 70% of initial
intensity (battery has negligible
effect on LED life)

Power consumption: 4.5W 1w W <0.2W
Operating tempera- 0 °C-+55°C 0°C-+55°C 0°C-+55°C -10 °C-+55 °C
ture:
Storage temper