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A Little Night Vision
InGaAs shortwave infrared 
emerges as key complement 
to IR for military imaging

By Martin H. Ettenberg

The camouflage pattern on the 
Humvee blends into the environ-
ment in the visible (photo above). 
In the SWIR band, the pattern in 
camouflage is very reflective and 
actually becomes less effective 
(photo right).

A
lthough thermal imaging has been well estab-
lished for military night vision, indium gallium 
arsenide (InGaAs)-based shortwave infrared im-
aging (SWIR) is quietly earning a growing place 

as a vital complement to that technology. It is poised 
to make night vision capabilities even better than 
they are today.

Jeff Paul, program manager for the Defense Ad-
vanced Research Project Agency (DARPA), says:  “The 
shortwave region contains fi ve to seven times more 
energy from starlight and the glow of the night sky 
— even without moonlight — than any other spectral 
waveband. A variety of very interesting applications 
starts to come to mind once you have an imager that 
provides good, passive imagery in the SWIR spectral 
region. We are very interested in this technology.”

The reasons are simple. SWIR detectors and cameras 
can intrinsically see things that thermal detectors can-
not, and they can see them through glass. They can 
transmit digital information more readily than current 
image-intensifi er tubes and with greater sensitivity 
than intensifi ed imagers attached to CCDs (I2CCDs). 
Also, unlike SWIR cameras based on mercury cadmium 
telluride (HgCdTe) or indium antimony (InSb) detec-
tors, InGaAs SWIR cameras operate at 20C, require no 

cooling or mechanical shutters and never need fi eld 
Non Uniformity Corrections (NUCs). InGaAs is a prov-
en material, that has been used in high volumes by the 
telecommunication industry for more than 20 years. 

As a result, InGaAs SWIR cameras are as compact, 
versatile and simple to use as a commercial digital 
video camcorder. They provide analog video to stan-
dard TV or any commercial frame grabber card. Be-
cause they deliver simultaneous analog and digital 
outputs, advanced InGaAs SWIR cameras enable such 
easy transmission of information that Command and 
Control can see exactly what the soldier in the fi eld 
sees as he sees it.

They are also small and light. An InGaAs SWIR cam-
era about the size of a 9-volt battery went into fi eld test-
ing last year on unmanned aerial vehicles, including the 
Special Forces Pointer made by Aeroenvironment Inc. 
(Simi Valley,  CA)

EYE-SAFE
Also, there is the eye-safe benefi t. It so happens 

that the “hot” part of the InGaAs detector’s response 
characteristic is large and peaks in the eye-safe (greater 
than 1400 nanometers) laser range. This makes In-
GaAs the suitable platform for imaging universal eye-
safe laser-target illuminators. Lasers and LEDs at 1550 
nanometers, moreover, are invisible to the enemy eyes 
as well as to night-vision goggles (NVG) and silicon 
detectors. Older 1060-nanometer lasers, by contrast, 
blind friend and foe alike and reveal a user’s position 
to standard enemy imagers. 

Covert eye-safe lasers based on InGaAs technol-
ogy open up a range of military possibilities for the 
emerging “virtual army,” particularly in training, 
which is where the bulk of military lasers are used. 
Further innovations now allow InGaAs to cover 
the entire 400-1700 nanometer waveband, permit-
ting a single imager to detect visible and invisible 
laser target pointers and designators. 



LIMITATIONS OF THERMAL IMAGERS
While thermal imagers are good at spotting temperature differ-

entials, they have drawbacks that InGaAs technology covers neat-
ly, making the SWIR a complement to this technology. Thermal 
imaging does not work well at dawn or dusk, which are known as 
the crossover points.

What surveillance experts discovered is that SWIR works well 
around the clock and especially well at those crossover points. 
SWIR also produces images similar to a black and white visible 
camera, requiring almost no training to interpret. With SWIR, the 
foot soldier or tank gunner can tell a tank from a school bus, even 
on a moonless night. Interpretation of thermal images, by con-
trast, requires intensive training and, even then, does not permit 
defi nitive identifi cations.

Another drawback of thermal imagers is that they require 
costly germanium or silicon lenses and cannot see through 
plain glass. While a soldier can see through a window into a 
building with a SWIR camera, he cannot with a thermal camera. 
By the same token, a soldier can drive a HUMVEE at night by 
looking through the windshield with a helmet mounted SWIR 
camera inside the vehicle. A thermal camera must be mounted 
outside the vehicle because it can not see through glass. 

SWIR IMAGER DEVELOPMENT PROGRAM UPDATE
A look at several development programs involving InGaAs 

SWIR arrays, detectors and cameras will help illustrate some of 
the possibilities.

• DARPA’s MANTIS Program — The program looks to 
create a fused imaging system that makes the best of thermal, 
SWIR and visible imaging on a soldier’s helmet, and to network 
what he sees with Command and Control as well as his fellow 
soldiers. The image produced will be a real-time blend from the 
four cameras mounted on the soldier’s helmet — one visible, 
one thermal and two SWIR. Developed under a DARPA contract, 
Sensors Unlimited has delivered an all solid-state, 640x512-pix-
el prototype camera able to transmit both analog video as well 
as 12-bit digital imagery. The high-resolution camera can detect 
a camoufl aged man at 100 meters under starlight-only condi-
tions. Under the same program, Raytheon teamed with Sensors 
Unlimited Inc. (Princeton, NJ) to deliver a 1280x1024 InGaAs 
imager allowing greater resolution at longer ranges. DARPA 
plans to have prototypes ready by the end of fi scal 2005.

• LADAR (Laser Detection and Ranging) — This is simi-
lar to radar but uses laser light instead of radio waves. For a 1.55-
micrometer InGaAs LADAR and wavefront sensor system for the 
Missile Defense Agency, a specialized InGaAs sensor is under de-
velopment that can image in the SWIR band and then switch to 
the LADAR mode, all in the eye-safe range. The system combines 
staring-type imaging like visible cameras with the high sensitivity 
of LADAR at long-range and wavefront sensors for adjusting the 
optics in directed energy weapons. 

In this system, each pixel has a built-in PIN and APD (Avalanche 
Photodiode) detector. This is covered by several patents. Sensors 
Unlimited, in cooperation with Advanced Scientifi c Concepts 
(ASC; Santa Barbara, CA), demonstrated the fi rst 1.54-micometer 
32x32 InGaAs fl ash LADAR system able to image and range objects 
within 5-centimeter accuracy. This is an active illumination system 
where a pulsed laser is fi red to create an image with range informa-
tion provided for each pixel. Because it is eye-safe, it does not blind 
a person during the identifi cation process. 

The cameras for both programs are based on InGaAs focal 
plane arrays hybridized to CMOS Read Out Integrated Circuits 
(ROICs). This allows for the capitalization of the techno-
logical advances in CMOS technology while exploiting all of 
the benefi ts of InGaAs detection capabilities. Thanks to ear-
lier DARPA programs, detectors in current InGaAs cameras 
have low dark noise characteristics. Thus, compact InGaAs 
cameras handle like a commercial digital camcorder.

• Expanded Covert Imaging — Passive detectors use only 
the SWIR energy that is available in the atmosphere, whether 
from night glow or sunlight, to illuminate the desired fi eld of 
view. Active imaging — illuminating the area or object of inter-
est with a SWIR source — opens more possibilities. Early work is 
under way to develop SWIR headlights for military vehicles that 
are covert to everybody but the driver, who can see as well as if 
standard headlights were turned on. Similarly, consideration is 
being given to SWIR airfi eld illumination, with pilots equipped 
with SWIR goggles so that only they can see the fi eld outlined. 
Possibilities also exist for SWIR in night combat training, espe-
cially in friend or foe identifi cation. In fact, the bulk of military 
laser applications is in training. Imagine the value of being able 
to observe trainees’ night exercises without their knowing they 
are being observed. InGaAs technology makes this possible. 

• Lower Costs, Extended Ranges — SWIR detectors are now 
able to image in both the visible and SWIR range. Specially processed 
InGaAs detectors will cover the range from 400-1700 nanometers. 
These shorter-wavelength devices enable the military to see 850-
nanometer lasers as well as the 1.06- and 1.55-micrometer lasers, 
along with the visible image of the target being illuminated. Soon, 
detectors with upper limits extending to 2200 nanometers will be 
available for extended wavelength range hyperspectral imaging for 
more effective camoufl age detection and identifi cation. The 2200-
nanometer wavelength devices will also go into long-wave LADAR 
systems using 1.95-micrometer wavelength lasers.

ALTERNATIVES
Certainly other imaging options besides InGaAs are avail-

able. In fact, most military applications still use visible cameras, 
night vision tubes or thermal imagers. As the MANTIS pro-
gram clearly shows, visible, SWIR and thermal wavebands are 
complementary. Each type of imager can see or fi nd contrast 

Wavebands for mainstay imaging systems. Note that various InGaAs formula-
tions cover the entire SWIR range. Labeled bar across the bottom represents 
the wavelengths that work through glass. Above that range, more expensive 
silicon and germanium optics are required.

People, landscape and lit cigarette in moonlight. In a SWIR image, people 
can be clearly seen by starlight and from the light of a lit cigarette butt on 
the ground in foreground. 



between objects that the others cannot. Each 
technology has its place. 

Certainly, too, there has been progress in 
all three classes of camera. To varying de-
grees, all have grown smaller, lighter, more 
sensitive, more rugged, more feature-rich 
and lower in price. Microbolometers, or un-
cooled thermal imagers, are now being de-
ployed and at a lower cost than SWIR cam-
eras because of their large volume. However, 
they are slow, disqualifying them from any 
high-speed, fl ash or pulsed active illumina-
tion applications. Microbolometers also re-
quire costly silicon or germanium lenses and 
they need mechanical shutters because they 
need frequent NUCs in the fi eld. 

CCDs and CMOS visible wavelength im-
agers have evolved, too. These technologies 
now come in smaller pixel pitches, larger ar-
rays and with greater sensitivity at a far lower 
cost than previous iteratons. If the object or event of interest is 
visible to the eye, CCDs and CMOS cameras remain the choice 
for high fi eld-of-view, high-speed applications.

Intensifi ed imagers attached to CCDs (I2CCD) are also avail-
able. These devices allow digital transmission of imagery from 
an image intensifi er tube. I2CCDs have improved in sensitivity 
and size in recent years, yet are still not as sensitive as InGaAs 
detectors under starlight-only conditions. Moreover, these de-
vices are still unable to detect 1.55-micrometer eye-safe lasers 
and exhibit poor sensitivity to 1.06-micrometer lasers.

SWIR BENEFITS
InGaAs SWIR imaging offers a combination of intrinsic benefi ts 

that thermal and visible-spectrum cameras do not. Look at lenses, 
for instance. In gritty fi eld-combat applications, lens damage and 
replacement are inevitable. It is more economical to replace a glass 
lens in a SWIR camera than a germanium or silicon lens in a ther-
mal imager or microbolometer. Also, like visible CCD and CMOS 
detectors, SWIR detectors respond to refl ected light, which enable 
higher-resolution images than thermal cameras could possibly 
provide.

Moreover, InGaAs-based SWIR cameras need neither shutters 
nor expensive cryogenic cooling of the detector array. Eliminat-
ing these mechanical components adds reliability and cost, size 
and weight advantages not available in IR cameras, or even in 
SWIR cameras based on InSb or HgCdTe chips. With no moving 
parts, InGaAs SWIR devices are also more immune to vibration-
induced errors.

For these reasons, a strong case can be made to use the SWIR 
waveband for covert surveillance, guidance and fi re control. 
InGaAs detectors could be added to the seekers of laser-guided 

munitions. InGaAs SWIR also allows the 
use of longer wavelength eye-safe lasers, 
which have better transmission through 
smoke and fog as well as preventing 
damage to the retina. It could be a key 
to faster progress with drones and other 
unmanned vehicles. Virtually every ob-
ject or event of interest to the military 
refl ects or emits some SWIR radiation. 
Several applications along these lines are 
under development. 

SMALLER PACKAGES, 
BIGGER ARRAYS

For instance, a microcamera was re-
cently demonstrated for the military 
that measures 5.9x2.8x1.7 centimeters, 
weighs 70 grams, runs on 1.4 watts and 
outputs both 12-bit digital video (Camera 
Link standard) and RS-170 analog video. 

It also provides region of interest viewing at speeds exceeding 
10,000 frames per second for beam and target tracking. Again, 
it is a self suffi cient, all solid-state camera; there are no moving 
parts to fail or need attention. It also features factory-set NUCs, 
eliminating fi eld servicing.

Also, in conjunction with NASA and several military suppliers, 
1kx1k InGaAs arrays have been built and demonstrated. These 
high-resolution arrays allow imaging at long range with wide fi elds 
of view. Commercial 640x512 InGaAs arrays on a 25-micrometer 
pitch are currently being delivered on several programs. The cam-
era that operates this array provides RS-170 compatible video along 
with 14-bit digital (Camera Link standard), high sensitivity and 
high resolution with video rate imaging capability.

These custom development projects are leading to SWIR detec-
tors and imagers that will soon go into the fi eld and volume pro-
duction, using design, fabrication and camera assembly facilities, 
all within the United States. The many commercial applications 
for SWIR and NIR imaging in machine vision, semiconductor in-
spection, biomedical imaging and spectroscopy ensure that this 
dual-use technology will become a cost-effective tool for military 
surveillance and law enforcement.  

Martin H. Ettenberg, Ph.D is director of imaging products 
at Sensors Unlimited Inc. (Princeton, NJ). He can be reached at 
mettenberg@sensorsinc.com.

Do you have questions or comments regarding this 
story? Send them to questions@advancedimagingpro.
com. Include your name, city, state and e-mail address. 
We cannot reply to individuals, but selected questions 
will be posted at www.advancedimagingpro.com.
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Thermal cameras, while excellent for detecting 
targets under many conditions, perform poorly 
at dawn and dusk. The SWIR is an excellent 
complementary wavelength range, permitting 
excellent identification even under conditions 
where thermal cameras could have problems.


