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Envision the Universe with 
Princeton Instruments

Who We Are
Princeton Instruments not only helps astronomers 
see more of the universe, we help you understand 
more of what you see.

Our state-of-the-art cameras, spectrometers, optics, 
and coatings are utilized at leading observatories 
around the world, providing the most innovative 
technologies to meet the very latest challenges.

Whether your work calls for slow-scan imaging that 
necessitates hours of integration or for time-resolved 
photometry that demands blazing fast frame rates, 
Princeton Instruments has the right solution!

What We Do
Over the course of six decades, we’ve developed 
and perfected many vision-expanding technologies 
for astronomy. 

Deeper detector cooling, quicker device readout, 
higher spectral sensitivity over the UV-VIS-NIR-
SWIR range, back-thinned CMOS and CCD 
sensors, InGaAs focal plane arrays, and aberration-
free spectrographs are just a few of our key 
contributions.

We provide both off-the-shelf and customized 
detectors and coatings for even the most 
sophisticated astronomical observations.

Our innovations do not stop with hardware! 
Princeton Instruments offers the most 
comprehensive set of software tools available to 
the astronomy community. We make integration 
easy, regardless of installation size or application 
complexity.
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We Serve You
Hundreds of Princeton Instruments cameras are being used 
by astronomers all over the world to enable varied and novel 

 

We understand the formidable technical requirements of today’s 
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From high-speed imaging to long exposures, ultraviolet to infrared, 
Princeton Instruments has you covered. Our cameras utilize the most 
advanced detector cooling technologies, which enable you to stare at the 
universe for hours, while our fast readout and high frame rates are perfect 
for time-resolved photometry and speckle imaging. 

Whatever your application, Princeton Instruments has the right solution!

Princeton Instruments  
 

Imaging and Spectroscopy

See page 35 for photo credits.
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EMCCD
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BI-sCMOS
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One way in which Princeton Instruments helps keep astronomers at the forefront of 
discovery is by continually introducing and improving detector and optical technologies. 

camera systems, spectrographs, software, optics, and coatings. Expertise gained 
through decades of experience allows us to offer technological innovations that are 

reliable as well as remarkable.
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CCD 

EMCCD 
architectures are engineered to address the challenges of 

1.
the CCD dark. Spectral data is collected for Sample (S1), which is then shifted 
up on the CCD and held in position without reading out the data.

2. A second exposure is then taken as Reference (R1) and then the Sample and 
Reference “signals” are shifted down on the CCD.

3. Sample (S1) is re-exposed and shifted up. 

4. Reference (R1) is re-exposed and the process is repeated, alternating sample-
reference exposures – S1, R1, S2, R2, S3, R3, Sn, Rn, etc. – until the desired 
accumulations are achieved.

5. Sample spectral data is accumulated as S1+S2+S3+Sn while reference data 
is accumulated as R1+R2+R3+Rn.  Accumulated sample and reference data is 
then read out for processing.

Sample (S1)

Sample (S1) 
Reference (R1)

Sample (S1 + S2) 
Reference (R1)

1. Using a �ber or mask, the center rows of 
pixels are exposed, leaving the rest of the CCD 
dark. Spectral data is collected for Sample (S1), 
which is then shifted up on the CCD and held 
in position without reading out the data.

2. A second exposure is then taken as 
Reference (R1) and then the Sample and 
Reference “signals” are shifted down on
the CCD.

Reference (R1)
Sample (S1)

3. Sample (S1) is re-exposed and shifted up.

Sample (S1)

Reference (R1)
Sample (S1+S2)

5. Sample spectral data is accummulated
as S1+S2+S3+Sn while reference data is 
accummulated as R1+R2+R3+Rn.
Accummulated sample and reference
data is then read out for processing.

4. Reference (S1) is re-exposed and the process 
is repeated, alternating sample-reference 
exposures; S1, R1, S2, R2, S3, R3, Sn, Rn, etc., 
until the desired accummulations are achieved.

Reference (R1+R2)
Sample (S1+S2)Sample (S1 + S2) 

Reference (R1 + R2)

Camera Sensors
 

 

Advanced New ™  
the data.

Princeton Instruments has the broadest range of 
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Patented eXcelon®
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Back-Illuminated Deep-Deple�on CCD with eXcelon Thinned Back-Illuminated CCD with eXcelon

Standard Back-Illuminated Deep-Deple�on CCDStandard Thinned Back-Illuminated CCD

Front-Illuminated CCDWith op�onal UV coa�ng 

developed by Princeton Instruments and based on either 

CCDs (and etaloning almost eliminated for eXcelon 

Standard Thinned Back-Illuminated CCD eXcelon Back-Illuminated CCD

1 101 201 301 401 501 601 701 801 901

Distance (Pixel)

Improvement in etaloning in eXcelon back-illuminated CCD 
cameras (right) over standard thinned back-illuminated CCD 
cameras (left).

®
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TRUE -100°C sensor 

™

InGaAs cameras as 

cool with air only, liquid 
only

 
or both.

Heat Transfer

vacuum design that is 
guaranteed for life!

Ultra    
heat exchanger

ArcTec design advantages:

+
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®
 

® 
Windows®

® ® 
®

 Supports Princeton Instruments IntelliCal® wavelength 

region or peak in two or more datasets

Complete control of Princeton 
Instruments cameras and 
spectrometers
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LabVIEW/
MATLAB/
Python:  If you 

allowing you to command 

 

PICam:
is included for free with all 
Princeton Instruments 

ASCOM:  
Astronomy 

Common 

compliant drivers 
are available for easy 

Maxim DL™:

through the ASCOM driver 

SDK Linux®:  
PICam is also 
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Our partnership with the astronomy 

discoveries…
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Figure 1. Sentry 4” multispectral imager.

Figure 2.
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Princeton Instruments 
has supplied hundreds 
of cameras to leading 

of some of the 
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Pluto and Charon 

Pleiades 

Gravity Waves and Milky Way 

Solar Corona 
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SOPHIA®

MuSCAT (multicolor simultaneous camera) for studying atmospheres 
of transiting exoplanets installed on the 188 cm telescope at Okayama 
Astrophysical Observatory in Japan.

A Princeton Instruments CCD camera installed on the 1.0 meter 
telescope at Weihai Observatory of Shandong University, China.

back-illuminated CCDs 

and enhanced sensitivity over broad wavelength 
range

technology specially designed to cool large 
sensors down to -100°C 

readout architecture allow detection of faint 
signals with or without pixel binning 

photometry

from UV to NIR
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Typical QE of eXcelon back-illuminated CCDs and standard thinned back-
illuminated CCDs. Purple dotted line on the left represents enhanced QE 
in UV region with optional UV-enhancement coating.
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The improvement in QE provided by eXcelon back-illuminated CCDs relative to 
standard thinned back-illuminated CCDs.

 
   Precision photometry

 
       imaging

   Deep sky survey
   Astrometry

 
Images courtesy of Rozhen National Astronomical Observatory, Bulgaria.

SOPHIA cameras deliver 
an unprecedented 
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for Spectroscopy and Imaging

BLAZE™

BLAZE camera and IsoPlane 320 spectrometer used to observe 8-21-17 
solar eclipse from Willamette University (Salem, Oregon). Photo courtesy 

School (Brookline, Massachusetts).

highest NIR sensitivity with new proprietary 
sensors

high-resistivity sensors. 

deep-depletion sensors.

TRUE -100°C (using 20°C liquid assist) and 
-95°C using air (no chillers or cryocoolers) 
with no fear of condensation. Exclusive ArcTec 
technology thermoelectrically cools the CCD.
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HR-Sensors
LD-Sensors
BI-Sensors
Unichrome

1100

TRUE -100°C

DEEPEST 
COOLING

IntelliCal ResXtreme Multi-Fiber Dual Exit PortsAccuDrive

Sliding Tube Focus Triple Grating Turret LightField

®

USB

BLAZING  
FAST

Dual 16 MHz ReadoutsUp to 75% QE @ 1000 nm

IntelliCal ResXtreme Multi-Fiber Dual Exit PortsAccuDrive

Sliding Tube Focus Triple Grating Turret LightField

®

USB

SUPER 
SENSITIVE
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photometric system obtained with the Maksutov-type 

Lithuania. The planetary nebula NGC 6543 (Cat’s 
Eye Nebula) is indicated. Image reprinted from 
Astronomy & Astrophysics, volume 544, article A49 
(2012).

Images of the Andromeda galaxy taken with a PIXIS camera. Courtesy of Dr. Brian Oetiker, Sam Houston 
State University (Huntsville, Texas).

PIXIS

2k x 2k pixel array

technology

with reduced read noise for weak signals

vacuum guarantee
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   Precision photometry

   Deep sky survey

   Astrometry

   Exoplanets
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Typical QE of eXcelon back-illuminated deep-depletion CCDs and 
standard back-illuminated deep-depletion CCDs. 

The improvement in QE provided by eXcelon back-illuminated deep-
depletion CCDs relative to standard back-illuminated deep-depletion 
CCDs.

Gravity waves and Milky Way observed using a 

Image courtesy of Dr. Young-In Won, Korea Polar 
Research Institute.

Image of solar corona taken with a PIXIS 
camera. Courtesy of Prof. Shadia Habbal, 
University of Hawaii.

 

and etaloning performance when 
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2 pitch)

current back-illuminated CCDs

highest spectral rate

noise and increased effective dynamic range

and enhanced sensitivity over broad wavelength 
range

data interface

PyLoN®

A cryogenically cooled Princeton Instruments CCD camera installed A cryogenically cooled Princeton Instruments CCD camera installed on 
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Cryogenically Cooled eXcelon Sensors

   
   
   
   

correlated double sampling and bias 

 
   Precision photometry

   

   Deep sky survey

   Astrometry

   Exoplanets

   

Image courtesy of Rozhen National Astronomical Observatory, Bulgaria. 

 
x  

 
x  
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ProEM®-HS

ultra-fast frame rates

and enhanced sensitivity over broad wavelength 
range

repeatable precision for lifetime of camera

baseline reference

guarantee)

data interface

4   
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After OptiCAL, a high-precision EM gain 
calibration method that allows EM gain to be 
controlled in linear, absolute steps.  
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Princeton Instruments 
recommends EMCCD 

Typical QE of eXcelon3 back-illuminated EMCCDs and standard thinned 
back-illuminated EMCCDs. Solid/dashed purple lines on the left represent 
enhanced QE in UV region with optional UV-enhancement coatings.

The improvement in QE provided by eXcelon3 back-illuminated EMCCDs 
relative to standard thinned back-illuminated EMCCDs.
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   Speckle imaging
   Exoplanets
   Gamma ray bursts
   Wave front sensors
   Precision photometry

 
x  

 
x  

 
x  

Images of a solar eclipse taken with a ProEM camera at the Aryabhatta Research Institute of Observational 
Sciences (Nainital, India).
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Photos of KURO camera courtesy of Eliot Young, Southwest Research Institute (Boulder, Colorado).

KURO™

sensors

2 pixel pitch

no microlenses

reduced resolution

weak signals
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   Speckle imaging
   Exoplanets
   
   Solar astronomy Images captured with a KURO back-illuminated sCMOS camera. Star cluster (left), Orion Nebula. 

Courtesy of Southwest Research Institute (Boulder, Colorado).

sCMOS sensors provide 

range while preserving the 
impressive frame rates of 
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KURO sCMOS 
Back Illuminated 
(all incident angles)

sCMOS Front Illuminated 
Gen III (at 20deg Incidence)

sCMOS Front Illuminated 
Gen III (normal incidence)

sCMOS Front Illuminated 
Gen III (at 5deg Incidence)

sCMOS Front Illuminated 
Gen III (at 10deg Incidence)

Back-illuminated sCMOS technology 
provides higher QE than front-illuminated 
sCMOS sensors across a broad spectral 
range, including the UV. Unlike front-
illuminated sCMOS sensors, which claim 
~80% peak QE by relying on microlenses 

incident at any angle other than normal 
to the sensor surface), back-illuminated 
sCMOS sensors deliver >95% peak QE 
without microlenses or their associated 
compromises.

 
x  

x
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NIRvana®

integration time and low dark noise

2 pixel pitch)

guarantee)

data interface

outstanding dynamic range

Thermoelectrically cooled NIRvana cameras use a single optical 

photon throughput, >98% transmission, in the NIR / SWIR band.



29 princetoninstruments.com

Princeton Instruments | 3660 Quakerbridge Rd | Trenton, NJ 08619  USA | +1 609-631-4000 | www.princetoninstruments.com | info@princetoninstruments.com Princeton Instruments | 3660 Quakerbridge Rd | Trenton, NJ 08619  USA | +1 609-631-4000 | www.princetoninstruments.com | info@princetoninstruments.com 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50 1.60 1.70 1.80

Wavelength (µm)

Q
ua

nt
um

 E
ff

ic
ie

nc
y

Telescope and a NIRvana camera (Yunnan Astronomical Observatory, China).

 
   

   

   
   Exoplanet transit surveys
   Photometric measurements 

    

unique vacuum technology and 
advanced thermoelectric cooling 

 
x  
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InGaAs delivers superb photosensitivity in the 
NIR and SWIR regions of the spectrum.

NIRvana® LN

dark noise 

ambient thermal background

2 pixel pitch)

data interface

Shortwave IR Midwave IR Longwave IR
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Microwave Radio

Infrared
1 µm        3 µm                    6 µm                                14 µm

NIR

Atmospheric Absorption Regions

Ultraviolet Visible



31 princetoninstruments.com

    0%  

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

800 900 1000 1100 1200 1300 1400 1500 1600 

Wavelength (nm)

Q
ua

nt
um

 E
ff

ic
ie

nc
y 

@
 8

3 
K 

(-1
90

º C
)

Images of sunspots (1565.3 nm channel) taken using a NIRvana camera at the Yunnan 
Astronomical Observatory in China.

 
    

   

 

is cooled via liquid nitrogen down to  

 
x  



32 33princetoninstruments.com

SOPHIA  
CCD

PIXIS  
CCD

PyLoN
CCD

BLAZE
CCD

100HR 100LD 400HR 400LD

Sensor
type

Exclusive Back-Illuminated  
High-Resistivity Silicon

Resolution
(pixels)

2048 x 
2048

4096 x 
4096

1024 x 
1024

1340 x 
1300

2048 x 
2048

1340 x 
1300

2048 x 
2048 1340 x 100 1340 x 400

Pixel pitch 
(µm) 15 x 15 13 x 13 20 x 20 13.5 x 

13.5 13.5 x 13.5 20 x 20 20 x 20 20 x 20

Sensor
cooling  -90ºC  -70ºC  -60ºC  -110ºC -95º ºC

Typical 
dark
charge

0.0004
0.001 0.005 0.000083 0.00001 0.0015 0.0005 0.0015 0.0005

Max full 
frame rate 3 fps <1 fps 1.7 fps 1.07 fps 0.44 fps 2.04 fps 0.92 fps 218 fps 140 fps 54 fps 35 fps

Max read-
out speed 2 MHz 4 MHz 16 MHz 10 MHz 16 MHz 10 MHz

Camera selection guide
Dynamic
range Yes Yes Yes Yes

Sensitivity Yes Yes Yes Yes

Speed Very Good Good Good Very Good

UV-VIS-
NIR-SWIR UV-VIS-NIR UV-VIS-NIR UV-VIS-NIR UV-VIS-NIR

Computer
interface USB 3.0 USB 2.0 GigE USB 3.0
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ProEM-HS
EMCCD

KURO
BI-sCMOS

NIRvana
InGaAs

1200B 2048B 640 640ST 640LN

Sensor
type Back-Illuminated sCMOS InGaAs

Resolution
(pixels) 512 x 512 1024 x 1024 1024 x 1024 1200 x 1200 2048 x 2048 640 x 512 640 x 512

Pixel pitch 
(µm) 16 x 16 10 x 10 13 x 13 11 x 11 20 x 20 20 x 20

Sensor
cooling  -90ºC  -70ºC  -65ºC  -25ºC   -85ºC  -65ºC  -190ºC

Typical 
dark
charge

Max full 
frame rate 61 fps 30 fps 25 fps 82 fps (12 

bits) 41 fps (12 bits) 110 fps 2.77 fps

Max read-
out speed 20 MHz 36.67 MHz 30 MHz 10 MHz 250 kHz

Camera selection guide

Dynamic
range Yes No No Yes Yes

Sensitivity Yes Yes Yes

Speed Excellent Excellent Excellent Good

UV-VIS-
NIR-SWIR UV-VIS-NIR UV-VIS NIR-SWIR

Computer
interface GigE USB 3.0 GigE
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Spectrometers Set New Standards of 

IsoPlane® Spectrometers

Patented, astigmatism-free design

High resolution across the entire focal plane 

±0.01 nm* high wavelength accuracy  
with IntelliCal

±0.0015 nm* high wavelength repeatability  
with IntelliCal

Extremely high stray-light rejection 

Fixed-position camera mount with micrometer 
focus adjustment

* IsoPlane 320 with 1200 groove/mm grating @ 435 nm

PIXIS camera and IsoPlane 320 spectrometer 
used for spectroscopic detection of space debris 
test at SHAO 60 cm telescope. Photo courtesy of 
Prof. Zhenghong Tang, Shanghai Astronomical 
Observatory, Chinese Academy of Sciences.

BLAZE camera and IsoPlane 320 spectrometer used to observe 8-21-17 
solar eclipse from Willamette University (Salem, Oregon). Photo courtesy 

School (Brookline, Massachusetts).
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Copyright © 2017 Princeton Instruments, Inc. All rights reserved.
ArcTec, BLAZE, KURO, and SeNsR are trademarks of Princeton Instruments, Inc.

Linux is the registered trademark of Linus Torvalds in the U.S. and other countries.
Microsoft and Windows are registered trademarks of Microsoft Corporation in the United States and other countries.
All other brand and product names are the trademarks or registered trademarks of their respective owners and manufacturers.
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