
VSD Innovation Awards Entry - High Power SWIR 
All Rights Reserved 2017. 

1

Metaphase Technologies Inc., manufactures first 
high-power SWIR illuminators. 

In-field testing shows this new technology advances 
vision systems defect detection in carbon-rich materials, 
liquids, and multi-latyered objects. 

Metaphase Technologies has partnered with LED 
manufacturers to bring the first high-power SWIR 
LEDs to market, made possible by an alloy lattice of 
InAs and GaAs, commonly referred as InGaAs. SWIR 
LEDs and lights have previously been used in machine 
vision, however they were limited to 5-50mW LEDs. 
These new, high-powered SWIR LED illuminators can 
be more than 14X as powerful as these previous gen-
eration SWIR LEDs. The increased intensity allows for 
SWIR lights to be fully integrated into fast-paced, inline 
automation, creating new and exciting possiblities for 
SWIR applications. 

Metaphase’s SWIR LED lights are first to market due to 
the development and optimization of the optics with 
respect to diffusion and concentration of the LEDs in 
the SWIR spectrum in both area scan and line scan for-
mats. 

Metaphase debuted the high-power SWIR line lights in 
November of 2016 at VISION | Messe Stuttgart, with 
area scan SWIR illuminators being introduced in June 
of 2017.

SWIR LINE LIGHTS

SWIR AREA SCAN LIGHTS

November 2016 debuted at VISION 
Messe Stuttgart. - Stuttgart, Germany.

June 2017 launch. 

Hybrid Spotlight

BacklightLE110 Light

Dome Light

Ring LightEXO2 Bar Light

by James Gardiner, Jasmin Molina & Anthony Wong
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SWIR LEDs are made of Indium, Gallium, and Arsenide. SWIR technology employs the use of the In-
GaAs lattice to both capture and emit light in the SWIR spectrum (900nm-1700nm). SWIR technol-
ogy utilizing the InGaAs lattice is new to the commerical space, but it has been primarily limited to 
military applications due to its International Traffic in Arms Regulations (ITAR) restrictions. While a 
few cameras have had their ITAR restrictions lifted, there are certain high resolution cameras that 
still maintain these restrictions. 

InGaAs infrared cameras are paired with SWIR InGaAs illuminators as they share the same ma-
terial and spectral responsiveness. In 2017, Metaphase Technologies collaborated with system 
integrators to successfully pair high-power SWIR lights with ITAR-free InGaAs cameras for a variety 
of new and exciting inspection applications. 

Key Metrics of Metaphase’s
SWIR LED Illumination

1000nm-1700nm coverage
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6 Available High-power SWIR Wavelengths

Metaphase has developed a wide range of 
SWIR Illumination for various SWIR applica-
tions that include, but not limited to: area 
scan, line scan, and Microscopy coxial lens/
lighting systems (Meta- phase model LE110 
light engine). Like all imaging applications, 
selecting the proper SWIR (Short Wave Infra-
red) illumination is critical to  the success of 
the inspection application. When designing 
an automated, SWIR-based inspection sys-
tem, the illuminator selected must adhere 
to the same principles as visible light in-
spection systems. The light source selected 
must provide high uniformity, no specular 
reflection, sufficient intensity and the cover-
age area required yet provide the necessary 
contrast with the feature of interest. Like 
visible light inspection, the best SWIR illumi-
nator for a particular application could be 
a singular or combination of lights, includ-
ing: backlights, low-angled darkfield lights, 
on-axis front lights, diffuse multi-angled 
lights (dome light). Successful SWIR based 
inspection is also heavily dependent upon 
selecting the optimal wavelength(s). Meta-
phase offers SWIR illuminators configured 
with single or multiple of SWIR wavelengthS 
all in one illuminator with individual wave-
length control.
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Crisp Images in applications 
typically limited to X-ray
Much like x-rays, SWIR has the potential to 
provide imaging through different materials. 
Shorter wavelengths of light in the UV-visible 
cannot penetrate plastics like x-ray or SWIR. 
This can be beneficial for some applications 
that are currently utilizing x-ray technology. 
Where employable, SWIR technology has a 
significant advantage with respect to health 
(IR is safer for eyes and human interaction 
according to IEC-62471) and environmental 
hazards that are typical with x-ray imaging, 
but it is nondestructive, and is more eco-
nomical with respect to maintenance and 
equipment transportation. In certain ap-
plications, SWIR can have higher resolving 
power than x-ray imaging. When using SWIR 
to determine fill level of an opaque, plastic 
detergent bottle, Metaphase has been able 
to produce high contrast images for precise 
measurement.  

Adhesives, Liquid Gaskets, and Packaging
Through product testing, Metaphase has de-
termined that SWIR is effective at providing 
contrast between adhesives and solvents 
with different chemical properties Many 
applications for adhesive detection use UV 
additives to image the corresponding fluo-
rescence; when UV additives are not added, 
SWIR can provide high contrast on clear, tra-
sparent adhesives. The chemical make up of 
the adhesives have different absorption of 
SWIR light and provide different grayscale 
values. This same light interaction is used to 
differentiate a variety of solvents.  

2018 Substantiated High-Power 
SWIR Applications

1450nm SWIR Backlight illluminates plastic medical instrument examining 
definition between inner and outer sidewalls. 50mm lens; 30mm spacers.

Epoxies, caulks, and silicone on aluminum exhibit greater contrast when 
illuminated with SWIR than visible illumination. 

Chemical composition effects the absorption of SWIR, allowing for greater 
contrast between liquids. 

Backlit motor oil bottle finding fluid fill level. Done with Metaphase 1450nm 
Backlight

Courtesy of Princeton

Courtesy of Princeton

Courtesy of Princeton

Courtesy of Princeton
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Back Lights
SWIR backlights with SWIR grade diffusers provide high-
ly uniform illumination without the characteristic LED 
hot spots.

SWIR Grade Reflective Coating
SWIR Dome lights utilize a proprietary SWIR 
grade reflective coating for 94% efficiency in the 
SWIR spectral band. Ideal for front light applica-
tions.

SWIR Grade Quartz Diffusers
Quartz has been tested, substantiated, and integrated into all Metaphase SWIR products.
Properties of SWIR grade diffusers include superior absorption of SWIR for optimized efficiency.

Line Lights 
Metaphase SWIR line lights use a quartz focusing optics 
that produces a narrow focused beam. Available in col-
limated and covergence focal lengths

Bar Lights
120º light distribution is available with Metaphase 
SWIR bar light (EXO2). 

SWIR Backlight captured with RGB 
camera and acrylic lens.

SWIR Backlight with SWIR grade diffuser unifor-
mity curve.

SWIR Backlight with SWIR 
grade diffuser. Intensity 
measured across the 
surface. 

SWIR Backlight captured with
SWIR camera and acrylic lens. 

SWIR Backlight captured with 
SWIR camera, SWIR grade diffuser, 
illuminating bottle fill level. 
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SWIR based imaging has useful applications in the 
Food and Packaging industry. Water absorption 
spectra has a peak in the SWIR region, spefically 
around 1450nm. The unique property of water for 
SWIR applications, opens up many different, inter-
esting applications for automated inspection. The 
Food and Packaging industry need to maintain a 
certain level of moisture. The lower image to the 
left demonstrates inspection of bagged salad us-
ing the Xenic’s Bobcat SWIR camera (www.xenics.
com) and Metaphase’s 1450nm ISO2 linear front 
light. Using SWIR, dried lettuce reflects the light, 
while the moist lettuce, absorbs the SWIR light and 
produces a darker image. There is a linear correla-
tion between the grayscale values and the concen-
tration of moisture. 

The cannabis industry needs to ensure that crops 
are receiving the proper irrigation. Using the SWIR 
camera, growers can get immediate, quantitative 
feedback on the hydration of their crops. The low-
er image to the right, demonstrates this irrigation 
application using the Xenic Bobcat camera and 
Metaphase 1450nm ISO2 linear front light. 

Food, Agriculture & Packaging

Xenics Bobcat

Salad Bag Hydrated Leaf (L) vs Dry Leaf (R)
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Fill level detection with opaque containers is a chal-
lenging application for ultrasonic sensing or tradi-
tional vision inspection using visible light. Depend-
ing on the opacity of the container, liquids may not 
be visible through backlight illumination with visible 
light. Using SWIR technology, the longer wavelength 
light can penetrate the plastic and provide a very 
clear image of fill level as evident in the image to the 
left with a bottle of detergent. The water in the de-
tergent absorbs the SWIR light, providing excellent 
contrast typically seen with backlit inspections. The 
Xenic Bobcat is paired with the Metaphase Meta-
Standard SWIR 1450nm backlight for this inspection. 

Sugar and salt are very similar in appearance under 
visible light, but due to differences in their molecu-
lar make up, appear differently with SWIR as evident 
by the image to the lower left. Photon Focus (www.
photonfocus.com) exhibited this using their MV3 
SWIR camera and the Metaphase 1450nm ISO2 lin-
ear front light. Both images below highlight the vi-
sual difference and the spectral difference in remis-
sion. Sugar absorbs SWIR light significantly more in 
the 1400nm-1700nm range, producing a difference 
in grayscale visible on the MV3 camera. Applications 
have been used for both purity and contamination 
control. 

Food, Agriculture & Packaging Continued 

SWIR & Chemical Analysis

Spectral Information

Table Salt Powdered Sugar
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The differing densities of oil and water allows the 
less dense to float above water. The visual differ-
ence between the water and oil may not be easily 
discernible, especially to a camera. Princeton In-
frared demonstrated the visual difference of wa-
ter and oil on steel with their 1280SCICAM (www.
princetonirtech.com) and Metaphase SWIR light. 
The difference in grayscale between water and oil 
using SWIR camera and lighting make it possible to 
clearly differentiate between the two, especially on 
the metal background. 
Using a 1450nm or 1550nm SWIR illumination, us-
ing either the Metaphase ISO2 light for area scan-
ning or UL line light for line scanning, will provide 
the illumination necessary to create this contrast. 
The automotive industry is employing SWIR tech-
nology on machined or stamped automotive parts 
to inspect for properly cleaned machined parts (no 
oil residue), engine & shock absorber oil leaks, and 
presence/absence of gasketing material. 

Oil & Water Don’t Mix

1280SCICAM

Oil and Water on Steel

Note how oil and water don’t mix, very visible in SWIR band
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When it comes to semiconductor wafer inspec-
tion, SWIR has the ability to detect internal man-
ufacturing defects. Using the appropriate SWIR 
wavelength, the light penetrates the silicon wafer 
and appears transparent to the camera. The wave-
length required for SWIR imaging of wafers is de-
pendent on the doping of the semiconductor. Typi-
cal responsiveness are 1300nm, 1450nm and even 
1550nm. One of the largest semiconductor chip 
manufacturers is using SWIR camera and backlight 
to detect internal, thermal defects after the bond-
ing process. The Allied Vision Technologies’ Goldeye 
SWIR camera (www.alliedvision.com) was used with 
the Metaphase 1300nm SWIR backlight. The inspec-
tion included dust and contamination and for voids 
in coatings that appear as concentric rings. The in-
spection system calculates the number of rings to 
determine the layer of the defect. In addition to 
SWIR backlighting, other lights may be used, such 
as: diffused front lights, dome lights, or UL line scan 
lights. 

SWIR & Semiconductor Inspection

GOLDEYE

Like rings in a tree trunk, the circles in the silicon wafer above depict valuable information. Made visible by SWIR these rings show which layer con-
tainments occur. 
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The strict quality control and traceability required by 
the medical device and pharmaceutical industries 
have embraced the adoption of SWIR technology to 
address challenging UV-visible machine vision appli-
cations. Some of the applications being used are: fill 
level detection of intraveneous bags and vials, di-
mensioning of internal diameters of opaque tubing, 
and verifying text presence under plastic vial tops. 
Carbon inks also have absorbance in the SWIR spec-
trum, much light water. The text under the opaque 
plastic cap is a demonstration of this carbon absor-
bance of SWIR light; it was imaged using SWIR Vision 
Systems Acuros SWIR Camera (swirvisionsys-tems.
com) 1450nm SWIR hybrid spotlight. With the detec-
tion of carbon print, OCR/OCV can be used to verify 
correct vial tops for track and trace. Currently SWIR 
camera and backlight are used to inspect for fill lev-
el detection, accommodating different contents: sa-
line, water, blood, etc. 

Pharmaceuticals & Traceability

ACUROS
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Electronics & printed circuit boards (PCBs) is also 
a market segment utilizing SWIR technology. The 
miniaturization of electronic devices and use of 
multi-layering has created a need to image lay-
ers below the top surface without the use of x-ray 
technology. SWIR technology is being used to im-
age sublayers on a RFID card using New Imaging 
Technologies’ WiDy SWIR camera (www.new-imag-
ing-technologies.com). For lighting you have a lot of 
flexibility, you can use Front lighting style with Meta-
phase 1450nm SWIR front light or you can Backlight. 
SWIR has the ability to do trace inspections and part 
identification in an otherwise difficult application 
for standard visible spectrum illumination..  

Electronic & Printed Circuit Board
(PCB) Inspection

WiDy
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SWIR Imaging is not limited to just area scan ap-
plications, but is also very well suited for line scan 
camera applications. The same principles for lines-
can cameras for visible spectrum hold true for SWIR 
line scan cameras: even illumination of target, fast 
imaging, high resolution, etc. A significant difference 
between SWIR area scan and linescan cameras, is 
the cost. The cost of InGaAs material drives the cost 
of the cameras and lights and the line scan cameras 
have much less InGaAs material in the line scan for-
mat. The true advantage of a SWIR linescan setup 
is the resolution. Current ITAR restrictions limit the 
resolution of area scan cameras to VGA (640x480), 
while line scan cameras have ITAR restrictions above 
2k pixel resolution. 

Well known SWIR linescan cameras include the Lin-
ecam12 from Princeton Infrared (www.princeton-
irtech. com) and Lynx from Xenics (www.xenics.
com ). Halogen light source’s spectrum includes the 
SWIR wavelengths, however LED-based SWIR illumi-
nation has significant advantages. One of the main 
advantages include less heat generation that affect 
product integrity, safety, power requirements, and 
cooling. Some of the other advantages include: se-
lectable SWIR spectrum and lifetime. Images below 
were captured using the SWIR linescan camera, 
which emonstrates the light absorption of the car-
bon print below the water based paint. In the image 
to the left, a void was simulated by using a hand to 
block the clear coat from being applied. 

SWIR Line Scan

LineCam12

Visible: printed text covered by “visible”
opaque paint

SWIR: same part with 1450nm SWIR illumina-
tion penetrating the opaque paint revealing the 
hiding text

Hand Printed
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Art Inspection
• More examples
  - Reveal hidden sub-part

Another application is the use of SWIR 
lights and cameras to perform non-inva-
sive art authenticity. Museums and antiq-
uities dealers use SWIR to image the pen-
cil sketches on the canvas, due to carbon 
absorption in the SWIR spectrum. In cer-
tain instances, it can be used to determine 
forgery. Princeton Infrared and Meta-
phase have demonstrated this with both 
logos painted below water based paints 
and subsequently imaged with SWIR, the 
logos are clearly visible through the paint. 
Shown on the image to the left, are de-
tails in the artwork that can be seen with 
SWIR inspection using the Xenics camera 
and Metaphase light. The Metaphase LED 
light is a great alternative to halogen has 
it produces less heat then the halogen. 
The heat decreased heat helps make the 
inspecition safer for the art work. Espe-
cially when it comes to rare one of a kind 
art work. 

SWIR Line Scan Continued

Lynx

Special Thanks
Metaphase would like to thank all of our SWIR camera partners for helping us shine light on the 
growing the SWIR imaging market. The content and applications will help bring more awareness 
to the benefits and solutions SWIR can bring to the machine vision market.


