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Opening up new frontie

Introduction

There is a high degree of demand in the manufacturing sector for camera-based inspections with a range of purposes. In addition,
requests are increasing for improved image sensor features and performance. Against this backdrop, the scope of application is
expanding for UV (Ultraviolet) image sensors designed to capture the UV spectrum.

By combining UV lighting and UV-compatible lenses, cameras equipped with UV image sensors (UV cameras) can provide special
visual information which cannot be achieved by ordinary cameras with visible light imaging. Taking transparent plastics for example,
they may look the same under visible light despite the different materials they are made from, but the differences can be distinguished
under UV light. Leveraging this capability, UV cameras can be used for sorting raw materials.

Take a look at UV light and its characteristics, categorized from technological points of view, to understand its principles and example
applications. Sony’s IMX487 image sensor is also described, including its features and specifications.

Understanding ultraviolet (UV) light

The UV spectrum is illustrated in the diagram on the right. :
It is shorter in wavelength, ranging from 10 to 400 nm, QiUitraviolet (UV) b <« Visible ligfitihe - 4infrared b
than visible light which is between 400 and 780 nm.
Industrial inspections often use the 200-400 nm range
within this UV spectrum, and the IMX487, Sony’s latest Wavelength of light (ultraviolet 10nm to 400nm)
image sensor with a UV spectrum capability, is designed

to work with these wavelengths.

Wavelength 400nm 780nm

Features of Sony’s UV image sensors

High resolution and high speed

The IMX487 with a UV spectrum capability deploys Pregius S™ technology, a global shutter pixel technology for active pixel CMOS
image sensors designed with Sony’s unique back-illuminated pixel structure. This allows the user to realize a crisp, undistorted image
even of a target in fast motion.

The back-illuminated pixel structure also offers high flexibility in the metal wiring design inside the sensor, facilitating a high-spec
frame rate of 193 frames per second (when operating in 10-bit mode). This high-speed capability opens up new applications in
areas that demand high-speed operation, such as UV-based plastic material sorting in recycling plants.

UV-transmitting quartz glass

High sensitivity and low noise

To realize features specially designed for UV imaging, the H - '

IMX487 uses quartz glass and other high UV-transmitting
materials for the top part of the image sensor and on-chip lens
(OCL) of the pixel. Moreover, the light-receiving component is

A material of high UV-transmittance

designed with a unique structure that helps to reduce noise { is used in on-chip lens
while maintaining the sensor’s high sensitivity (see right figure).

Photodiode

Light receiving component specially
designed for UV sensing

* Pregius/Pregius S and the logos are registered trademarks or

otherwise trademarks of Sony Group Corporation or its affiliates. IMX487 in section view
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Ever-expanding scope of application for UV cameras

Using the scattering Using the high optical Leveraging UV transmittance = Leveraging the differences in UV Leveraging the
nature of UV light resolution of UV light variance by materials absorption rates among organisms | UV emission phenomenon
Ne O o M
Using the scattering nature of UV light \Tﬁv

UV light is highly scattering by nature, a property that can be used during inspection for microscopic defects.

Principle: UV light’s high scattering property

Light is scattered when it hits an uneven surface. The state of the scattering varies depending on the wavelength of light. A spectrum of
short wavelengths such as ultraviolet is scattered easily, even on a tiny dent or ridge, resulting in more prominent scattering than with
visible light. This property makes it easy to detect scratches on materials using UV imaging.

Yol [lZ1i[o3] Detection of fine scratches on metal plates JYelo[[eZ=1i[e]3l] Other use cases

It is not easy to identify scratches on metal plates with the
naked eye, but UV cameras make it possible to efficiently
identify them.

Comparing metal plate scratch inspections

o &

Detect fine scratches on
semiconductors

Detect fine scratches on
battery films

Under visible light Under UV light (365 nm)

Using the high optical resolution of UV light []

The short wavelengths of ultraviolet light can be leveraged to capture miniscule objects which cannot be
observed under visible light.

Principle: UV light offers high optical resolution
Any optical system is limited by the phenomenon of diffraction. This means that even a perfectly formed lens cannot focus meticulously
on one point, and there are always smudged areas in an image caused by diffraction. The smudged circle is called the Airy disk.

The shorter the light wavelength, the smaller the Airy disk radius and
therefore less blur. This means that UV light, which has shorter

wavelengths than visible light, produces a smaller Airy disk radius to
achieve higher optical resolution. At Wavelength of the incident light ~ F: F-number of the lens

The radius r of the Airy disk is defined by the following formula:
Radius r of Airy disk = 1.22AF

Vo] [%:1il]i ) Observation of microscopic objects

Higher resolutions are required in the inspection of microscopic targets such as
semiconductor patterns. For this purpose, there is growing interest in UV camera systems

with their high-resolution features attributable to the short wavelengths of ultraviolet light. Demiiv:

Concept Image
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Leveraging UV transmittance variance by materials \

UV transmittance varies by materials. By leveraging this variance, a broader and more diverse range of
inspections can be conducted.

Principle: UV transmittance varies by materials

The materials in glass and plastic transmit visible light, and therefore they appear transparent or translucent when captured with a
standard camera. But they have different transmittance in the UV spectrum. Higher transmittance means a material is more
transparent in the captured image, and lower transmittance results in more opaque images.

LY Jd=111l Sorting transparent plates

When comparing transparent plates, it is impossible to identify their materials under visible light but UV imaging enables this
identification. The photographs below show comparison between visible light (400-780 nm) and UV (365 nm) imaging of four
transparent plates in different materials against a white paper background. The visible light imaging cannot distinguish the
different materials as the plates appear transparent in the image. The UV imaging results in four different shades, corresponding to
the varied transmittance of each material.

Comparison of imaging with transparent plates of different materials

-

Under visible light Under UV light (365 nm)

Materials and abbreviations: @ PET: Polyethylene terephthalate ® PMMA: Polymethyl methacrylate (acrylic resin)
© PC: Polycarbonate @ PVC: Polyvinyl chloride

Descriptions - - - -
The chart in the right shows the correlations between the Variance of transmittance between different materials

four materials and their transmittance. Look at the red line, 100% |-
which indicates the wavelength at 365 nm. PET and PVC
pass more than 70% of UV at 365 nm. By contrast, the
transmittance of PC and PMMA is nearly 0%, therefore
hardly passing UV. This results in the photo (on the right,
above) in which the PC and PMMA plates appear in dark
shades because UV light is not transmitted through them so
the white paper background is not captured. PMMA PC
0% 1

200nm 300nm  365nm  400nm wavelength

PVC

Transmittance

Note) Transmittance varies, based on several factors including the
manufacturer, manufacturing processes, and thickness of
samples and additives.

LY J =111 Spotting counterfeit banknotes

Banknotes can be verified under UV light for the materials used in them. UV imaging plays a
major role in preventing the circulation of counterfeit banknotes.

4
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LY oJI=1[])l§ Observing transparent materials without being disturbed by background images

Background images may be distracting when observing transparent materials. Utilizing transmittance variance, it is possible to remove
this background disturbance. The photographs below compare the visible light and UV imaging of a scratched transparent PMMA
board placed over white paper as a background.

Photograph A shows that visible light passes through the PMMA board and is reflected on the white paper underneath it. The scattered
light on the scratches merges with the reflected light, resulting in an obscure image of the scratches.

By contrast in Photograph B, UV light does not reach the white paper as the PMMA hardly transmit this light. The result with UV imaging
is a clear image of the dispersed light on the scratches of the PMMA board, without background interference.

In this way, the appropriate wavelength can be chosen for imaging to optimally observe materials without being disturbed by the background.

Comparing images of scratches made with sandpaper on a transparent board

A. Under visible light B. Under UV light (365 nm)
(Left: Scratches made with grade 400 sandpaper; (Left: Scratches made with grade 400 sandpaper;
Right: Scratches made with grade 240 sandpaper) Right: Scratches made with grade 240 sandpaper)

The diagrams in the right illustrate how the Light behavior when the image A and B were taken

light behaves at the time of image capture. In

Diagram A, visible light passes through the A Visible light A UV
PMMA plate and is reflected on the white

paper background, obscuring the image of

the scratches. In Diagram B, UV light does PMMA
not pass through the PMMA plate, which

means dispersion on the scratches can be Background
captured clearly. (white)

Light passes Light does not
/hrough pass through

A. Under visible light B. Under UV light

LYJIlz1{]il Inspection of automobile window glass

UV light can be leveraged in automobile manufacturing to detect fine scratches on window glass.
Using the UV spectrum that does not get transmitted through transparent material, the images do
not include background objects behind car windows, allowing inspectors to easily focus on the ; e
glass surface conditions for precise scrutiny. Gonceptimage

LY dllez1]sl Quality inspection of sprayed resin coating

UV light can be leveraged in electronic device
manufacturing for quality inspections of sprayed resin
coating. Resin coating is a colorless transparent material,
yet it appears black under UV light, which means uneven
spraying can be discerned at a glance.

With resin

Without resin

2 I

! 5 e =3 N
Under visible light Under UV light
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Leveraging the differences in UV absorption rates among organisms ’(

UV imaging on plants, animals, and human bodies enables various types of observation. It is therefore being
increasingly adopted in the domains of agriculture and medical care.

Principle: UV light absorptance by organisms

It is not only inanimate objects such as plastic and glass that have different levels of UV light absorption. This can also differ between
various organisms and among the same types of organism, depending on growth stages. UV radiation emitted onto the skin of an
organism can also be detected in UV images, something that cannot be achieved under visible light alone.

LYo oile=1i{-]sl§ Application to organisms

Some animals have visual faculties that cover the UV spectrum. It has been reported that there

are insect groups in which UV absorptance varies between males and females so they can

visually distinguish the opposite sex. Male cabbage butterflies (Pieris rapae), for example, appear

black when captured under UV light. This means that UV cameras can be leveraged in research

activities for the identification and observation of specific species by verifying the target

organism’s UV-related attributes. UV light absorptance is also considered useful in agricultural
applications.

Images of cabbage butterflies

Under visible light Under UV light
(Left: Female; Right: Male) (Left: Female; Right: Male)

L=\ 1)l Usage in cosmetics and medical care

The human skin harbors hidden ‘discoloration’, which may not be apparent at the
time but can surface later. This latent melasma can be captured with a UV camera.
In the cosmetic industry, UV cameras are used to analyze such hidden
discolorations. UV imaging also has potential applications in medical care.”

* Please note that looking into a strong ray of UV light with the naked eye, directly or
indirectly, may cause damage to or loss of sight. Similarly, the radiation of strong ultraviolet
onto the skin can cause inflammation. Users are advised to observe country-specific safety
standards and recommended precautions.

Concept Image
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