
© OTI Lumionics Inc. − SID 2023 12023-05-24

Challenges and Opportunities for 
Under Display Camera and NIR 

Sensors in Mobile Devices 

Michael G. Helander, PhD

OTI Lumionics Inc., Toronto, Canada

michael.helander@otilumionics.com



© OTI Lumionics Inc. − SID 2023 22023-05-24

OTI Develops Advanced Materials for the Electronics 
Industry and is Backed by Leading Display Companies

OTI Lumionics

• Founded in 2011

• HQ in Mississauga, Canada (Toronto)

• 50+ FTEs (majority with PhD/MASc)

• 25,000 sqft R&D facility and HQ

OTI Lumionics HQ

Investors:
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OTI Has 25,000 Sq. Ft. Testing & Application Engineering 
Facility For Rapid Development of Complete Solutions

Application EngineeringSynthesisComputational Design Pilot Testing
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OTI Replaces Expensive Equipment and Toxic Chemicals for 
Patterning Thin Films with Nanoscale Driven Self-Assembly

How Patterning is Done Today

Our Goal: To enable >1 billion next-gen consumer electronic devices 

with lower cost and more sustainable manufacturing using CPM™

CPM™ Patterning Technology1

1. Deposit thin film 

2. Coat photoresist 

3. Expose, develop 

and bake photoresist

4. Rinse and dry

5. Chemical etching

6. Rinse and dry

7. Strip photoresist

1. Deposit CPM™

2. Deposit thin film

Film only deposits in areas 

without any CPM™ coating

• No extra equipment needed

• No toxic metal waste generated

• No post-processing required

• No exposure to air or liquids

Patterned 

Thin Film

How CPM™ Patterning Works

CPM™

Self-assembly at 

the atomic scale!

1. Cathode Patterning Material (CPM™)

See our prior SID papers for different applications of CPM™ in display production:

[1] Wang et al, SID 2019, p.853-856, [2] Wang et al, SID 2020, p.811-814, [3] Wang et al, SID 2021, p 285-288
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Display

NIR Sensor

µm holes patterned 

using OTI CPM™
Layer of 

Display

Effective NIR 

Transmission

Polarizer ~90%

Encapsulation ~90%

Cathode ~10%

Pixels ~90%

Backplane ~90%

Substrate ~90%

Cathode blocks the NIR signal

NIR signal goes 

through the holes

Hole

Pixel

Product Design

Device Structure

Manufacturing Process

Composition of Matter
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Application Protected by 150 

Patents Granted and Pending

Mass Production Qualified

OTI Has Developed Optimized Panel Designs Using CPM™
Patterning To Enable Under Display Camera + NIR Sensors



© OTI Lumionics Inc. − SID 2023 62023-05-24

OTI Technology is Mass Production Qualified for Mobile 
Display Manufacturing by Multiple Leading Panel Makers

2020 H1 2020 H2 2021 2022

Qualification Stage Concept R&D Pilot Mass Production

Equipment Size - Gen 1 Gen 4.5/H Gen 6/H

Substrate Size 25 x 25 mm 200 x 200 mm 730 x 460 mm 1,500 x 925 mm

Substrate Glass OLED Glass AMOLED Panel AMOLED Module

Canon Tokki Gen 6 OLED 

Mass Production Line

CPM™ tech added here

Source: Canon Tokki Source: LG Display

• New Material

• Process Recipe

Source: Canon Tokki
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Opportunity: Device OEMs are Looking for New Features 
to Create New Demand as Smartphone Sales Have Peaked
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Adoption of Digital IDs is Driving Demand for Biometric 
Authentication That is Fast, Secure, and Seamless to Use
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Rapid Advances in AI are Driving the Need for 3D Facial 
Recognition to Thwart Password Hacks and Deep Fakes 

Fingerprint unlock can now be easily hacked!
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Average Display Size for Mobile Phones Has Continued to 
Increase Year-over-Year, Driving Narrower Device Bezels
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Challenge: Broad Adoption of Under Display Camera and NIR 
Sensors Still Requires Significant Performance Improvement

Areas for Improvement:

1. Image Blur / Diffraction

2. Low Light Performance

3. AI Image Compensation

4. Pixel Lifetime / Burn-in

5. 3D Facial Recognition

Not much has changed in the 

product landscape since our 

previous report at SID 2022

ZTE 

Axon 30 5G

ZTE 

Nubia Z50 Ultra

Samsung

Galaxy Fold 3

Samsung

Galaxy Fold 4

Visionox BOE SDC SDC

6.9”, Rigid 6.8”, Flexible 7.6”, Foldable 7.6”, Foldable

NEW NEW
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SOCDriverUX/UI AI

Display Optics Sensor

Face

Unlock

Perfecting the User Experience of Under Display Camera 
and NIR Sensors Requires a Full System Level Solution

For under display camera and 

NIR sensors all components 

need to be designed together

SOCDriverUX/UI AI

Display Optics Sensor

Scene

Image

See Vampora et al, SID 2022, pg 117 – 120 for example of integrating ALS under display
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Nubia Z50Axon 30 Fold 3 Fold 4

Pixel and Aperture Design in the Transparent Region of 
the Display has Significant Impact on User Experience

Multiple pixels driven with each 

TFT reduces effective resolution

Lower resolution makes the 

transparent region obvious

Lower resolution makes the 

transparent region obvious

Photo of 

bright light
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Low Transparency of the Display Panel Limits Under 
Display Camera Performance in Low Light Settings

Users complain that camera based facial 

authentication doesn’t work in low light

Source: Weibo

Higher transparency is required using cathode pattering (e.g., CPM™), other 

improvements to the panel design, and using more sensitive camera sensors

Axon 30 Nubia Z50iPhone 14 Pro
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Under Display Cameras Require AI Image Processing to 
Correct for Degradation Caused by the Display Panel

AI image compensate requires considerable 

computational overhead (and energy)

New AI image processing software and/or hardware 

is required for delivering high quality real time 

compensation of under display camera photos

Overprocessing with AI is a real risk to avoid!

Raw 

Image AI Image 

Processing

Corrected 

Image
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Current AI Algorithms for Enhancing Images from 
Under Display Cameras Still Require Improvement

iPhone 14 Pro Nubia Z50 Fold 4iPhone X

• Artificial skin texture

• Unnatural skin tone

• Too much smoothing

• Unnatural skin tone
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Higher Resolution in the Transparent Region of Under 
Display Camera Panels Can Suffer From Pixel Burn-in

Luminance in Camera Region vs Time

Users complain they had to replace the screen 

because of under display camera region burn-in

Axon 30 after 100 hrs burn-in
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OTI Has Developed Optimized Panel Designs Using CPM™
Patterning To Increase Pixel Efficiency to Reduce Burn-in

Blue Red

CE CIE y CE CIE x

Standard 100% 0.048 100% 0.684

OTI Design 100% 0.048
150 -

180%
0.682

OLED device data with 8.5 nm cathode + 30 nm patterned cathode 

with 10 nm CPM layer deposited on the blue pixel

Anode

Cathode

R′
G′

B′

R-EML
G-EML

B-EML

HBL

ETL

HTL

OTI Design with Second Cathode
(cathode thickness optimized for each color)

CPM™

See SID 2023 25.2 Subpixel Optimization in 

AMOLED Displays by Self-assembled Patterning 

of a Secondary Cathode for further details
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Under Display 3D Facial Recognition Using NIR Doesn’t 
Function Without Patterning of the Cathode Layer

Without Patterning
(Face ID Fails)

With CPM™ Patterning
(Face ID Works)

Transparent 

OLED panel

NIR signal from Face ID module is 

blocked by thin cathode metal layer

Without Patterning
(Face ID signal blocked)

With CPM™ Patterning
(Face ID signal works)
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Conclusion

Challenge

• Perfecting the user experience of under 

display camera and sensors requires a 

full system level solution approach

Opportunity

• Under display camera and sensors can 

increase the value of display panels and 

drive new consumer demand
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Thank You

Michael G. Helander, PhD

Co-founder & CEO

michael.helander@otilumionics.com

https://otilumionics.com
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