Application Note

ANO000709

Proximity Design
Considerations

Narrow Bezel, Large Airgap

v1-00 ¢ 2020-Jul-22



http://ams.com

qm Document Feedback Proximity Design Considerations
Content Guide

Content Guide

1 Introduction.......ccccoeevvvvviiiiiiieeeeees 3 5 Revision Information................... 10

2 Narrow Bezel Design..........ccc........ 4 6 Legal Information ........................ 11

3 Conclusion.......coocevieeeeiiiiiecein, 8

4 GloSSary ..ooveveeiiiieeie e 9

Application Note « PUBLIC
ANO000709 « v1-00 « 2020-Jul-22 11 | 2


http://www.ams.com/Document-Feedback
http://ams.com

Document Feedback Proximity Design Considerations
Introduction

am

1 Introduction

ams’ proximity sensors function by pulsing an IR emitter, which can be either an Infrared Light
Emitting Diode (IR-LED) or a Vertical Cavity Surface Emitting Laser (VCSEL), and measuring the
reflected IR returned from a target. The amount of reflected IR is inversely proportional to the target
distance and proportional to the target size and reflectance. The trend toward narrow bezel and no
bezel smart phone designs, with a higher screen-to-body ratio, presents new challenges for proximity
detection. Challenges beyond those that occur with traditional proximity system designs that use IR
ink apertures on a wide bezel with a small airgap. One option for these modern designs is to place the
proximity sensor in the narrow channel that exists where the cover glass meets the frame. The
TMD2755 was specifically designed for this type of application, where the ALS and proximity sensing
is achieved through a narrow channel (0.6mm minimum) with a large air gap (up to 3mm). This
application note discusses the challenges associated with narrow channel, large air gap designs using
the TMD2755.
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Narrow Bezel Design

Figure 1 illustrates a typical smart phone with narrow bezel. The high screen-to-body ratio means
there is only a narrow channel between the frame of the phone and the LCD display for the proximity
sensor to be placed. This generally forces the sensor to be located farther below the surface of the
display, resulting in a large air gap, a restricted Field of View (FOV) for the photodiode, and restricted
Field of lllumination (FOI) for the emitter. This concept is more clearly illustrated in Figure 2, which
shows a side view of the TMD2755 at the bottom of the narrow channel.

An opto-mechanical design of this type introduces several challenges that need to be addressed:

1. Higher crosstalk due to the large air gap.

2 Reduced response due to FOI/FOV restrictions.

3. Light leakage from the emitter aperture.

4 Crosstalk and light leakage from the edge of the LCD display.

Figure 1:
Top View of Narrow Bezel Smart Phone
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Figure 2:
End View of the TMD2755 and Channel
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Because of the large air gap, it is important to design the optical stack to minimize the crosstalk. High
crosstalk will be primarily due to reflections off the cover glass, but also due to reflections from every
surface within the channel between the sensor device and the cover glass. This crosstalk potential is
worsened by the intersection of the FOV/FOI cones below the surface of the glass. The worst
contributors to the crosstalk will be the direct (single-bounce) reflections of the emitted IR from the
underside of the glass. However, weaker multi-path reflections from every surface in the channel will
all add up to increase the crosstalk. In order to minimize system crosstalk, the following crosstalk
reduction techniques should be implemented (refer to Figure 3):

° Employ an optical barrier between the emitter and the detector from the top of the sensor device
to the bottom side of the cover glass. This will effectively create two separate channels: one for
the emitter and one for the detector. The barrier should be made of an opaque, low-reflectance
black material with a matte finish.

° Within each of the channels created by the barrier (emitter and detector), the surfaces should
be coated or lined with a black matte, low-reflectance material.
° Add an ink stripe to the bottom side of the glass between the emitter and the detector.

Notable in Figure 3 is the diffusor above the photodiode aperture. This diffusor is required in order to
achieve a reasonable FOV for Ambient Light Sensing (ALS). If the application is proximity only, the
diffusor is not required, and removing it will improve proximity performance. This is due to the higher
transmissivity without the diffusor allowing additional reflected IR to reach the phototdiode.
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Figure 3:
Optical Stack Crosstalk Reduction
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Figure 4 illustrates the effect on the FOI and FOV when a sensor is placed in a narrow channel. The
red circle represents the FOI of the emitter and the blue circle represents the FOV of the photodiode.
Clearly, both are restricted by the mechanical structure of this design. This loss of emitter power and
loss of photodiode response means more power will be required to get an acceptable proximity
response curve. With more power comes higher crosstalk, so it will be necessary to make
performance tradeoffs (power vs. crosstalk vs. detect/release distance). Using the widest possible
channel (Y), designing the apertures so there is minimal, if any, “clipping” in the “X” direction, and
maintaining tight mechanical tolerances will be key to getting the best performance.

On the photodiode side, the use of a diffusor or a light pipe will effectively widen the FOV. On the
emitter side, the aperture should remain IR ink to keep the transmissivity high and to reduce scatter.
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Figure 4.
FOI/FOV Restrictions
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Light leakage from the emitter aperture refers to any external light that finds a path from the emitter
aperture directly or indirectly to the photodiode, potentially affecting either proximity or ALS
measurements. This light leakage can be minimized using the same techniques previously discussed:
a barrier, coating surfaces with low-reflectance, black matte material, ink stripe, etc.

The edge of the LCD screen could be reflective enough to create crosstalk. It could also emit light that
would affect the ALS measurement. To eliminate these effects, add black ink, black film, etc. along the

display edge.
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3 Conclusion

The optical stack for a narrow bezel TMD2755 design should be carefully designed to overcome all
the large airgap challenges. It is recommended to simulate the optical stack design performance and

build prototypes for testing.
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4 Glossary

IR-LED: Infrared Light Emitting Diode

VCSEL: Vertical Cavity Surface Emitting Laser

ALS: Ambient Light Sensing

FOV: Field of View

FOI: Field of lllumination

IR Ink: Ink that passes IR wavelengths and blocks visible wavelengths

@ For further information, please refer to the following documents:

° TMD2755 Optical Design Guide ...
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5 Revision Information

Changes from previous version to current revision v1-00

Initial version
° Page and figure numbers for the previous version may differ from page and figure numbers in the current revision.
° Correction of typographical errors is not explicitly mentioned.
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6 Legal Information

Copyrights & Disclaimer

Copyright ams AG, Tobelbader Strasse 30, 8141 Premstaetten, Austria-Europe. Trademarks Registered. All rights reserved.
The material herein may not be reproduced, adapted, merged, translated, stored, or used without the prior written consent of the
copyright owner.

Information in this document is believed to be accurate and reliable. However, ams AG does not give any representations or
warranties, expressed or implied, as to the accuracy or completeness of such information and shall have no liability for the
consequences of use of such information.

Applications that are described herein are for illustrative purposes only. ams AG makes no representation or warranty that such
applications will be appropriate for the specified use without further testing or modification. ams AG takes no responsibility for
the design, operation and testing of the applications and end-products as well as assistance with the applications or end-product
designs when using ams AG products. ams AG is not liable for the suitability and fit of ams AG products in applications and
end-products planned.

ams AG shall not be liable to recipient or any third party for any damages, including but not limited to personal injury, property
damage, loss of profits, loss of use, interruption of business or indirect, special, incidental or consequential damages, of any
kind, in connection with or arising out of the furnishing, performance or use of the technical data or applications described
herein. No obligation or liability to recipient or any third party shall arise or flow out of ams AG rendering of technical or other
services.

ams AG reserves the right to change information in this document at any time and without notice.

RoHS Compliant & ams Green Statement

RoHS Compliant: The term RoHS compliant means that ams AG products fully comply with current RoHS directives. Our
semiconductor products do not contain any chemicals for all 6 substance categories plus additional 4 substance categories (per
amendment EU 2015/863), including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where
designed to be soldered at high temperatures, RoHS compliant products are suitable for use in specified lead-free processes.

ams Green (RoHS compliant and no Sh/Br/Cl): ams Green defines that in addition to RoHS compliance, our products are free
of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)
and do not contain Chlorine (Cl not exceed 0.1% by weight in homogeneous material).

Important Information: The information provided in this statement represents ams AG knowledge and belief as of the date that
it is provided. ams AG bases its knowledge and belief on information provided by third parties, and makes no representation or
warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. ams AG
has taken and continues to take reasonable steps to provide representative and accurate information but may not have
conducted destructive testing or chemical analysis on incoming materials and chemicals. ams AG and ams AG suppliers
consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for

release.

Headquarters Please visit our website at www.ams.com

ams AG Buy our products or get free samples online at www.ams.com/Products
Tobelbader Strasse 30 Technical Support is available at www.ams.com/Technical-Support

8141 Premstaetten Provide feedback about this document at www.ams.com/Document-Feedback
Austria, Europe For sales offices, distributors and representatives go to www.ams.com/Contact
Tel: +43 (0) 3136 500 0 For further information and requests, e-mail us at ams_sales@ams.com
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