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Apple’s iPad Pro’s miniLED backlight:
how the company balanced cost and
performance1
System Plus Consulting reveals the Apple’s iPad Pro’s MiniLED secrets…
OUTLINE:
•
•

MiniLEDs and their assembly in the display’s backlight unit of the iPad Pro 2021, developed
by Apple
The new backlighting system:
It is composed of 10,384 mini-LEDs, divided up into 2,596 local dimming zones.
MiniLEDs are GaN2-based dies on patterned sapphire substrate with top & back dielectric
reflectors for light emission shape control.
COB3 assembly includes more than 10,000 miniLEDS
The miniLEDS are driven by 9 drivers from STMicroelectronics.
The main part of the backlight unit cost is due to the mini-LEDs at 37%...

•

Supply chain
Epistar, STMicroelectronics, Zhen Ding Tech (China) and TSMT are part of the Apple’s
supply chain.

“After more than three years of hype, excitement, and unfulfilled promises, miniLED backlights are
finally ready for prime time,” asserts Taha Ayari, Technology & Cost Analyst at System
Plus Consulting part of Yole Développement (Yole). And he explains: “MiniLED
monitors, and laptops have been available since late 2020. Most leading TV brands are adopting
miniLED backlights in their 2021 flagship models. The highly anticipated miniLED Apple iPad Pro was
officially announced in April 2021.”
In this context, the reverse engineering & costing company, System Plus Consulting announces
today an in-depth analysis of the miniLEDs and their assembly in the display’s backlight unit of
the 12.9-inch iPad Pro, 2021 edition. The company provides a full reverse costing study of the
miniLEDs and their assembly in the backlight unit of the display.
This report provides valuable insights regarding the technical choices made by Apple and the
supply chain behind. It includes technology data, manufacturing cost, and selling price of the
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BLU, with a focus on the miniLEDs and their drivers. This analysis also highlights an estimated
manufacturing cost of all the BLU’s components and a selling price analysis.

Properly designed miniLED backlights allow LCD4 displays to reach contrast performance
close to that of OLEDs5, while maintaining the high brightness characteristics of LCDs. All of
this while offering reduced power consumption, a very thin form factor (thickness), and
cost/price competitiveness with OLED.
“With this newest iPad Pro, Apple is really bringing this newer display technology to the consumer”,
comments Youssef El Gmili, PhD., Director, Laboratory Department at System
Plus Consulting. “As many different supply chain and technology choices are not settled yet, this
System Plus Consulting teardown report provides great insights into the choices Apple is bringing to
the table.”
The new backlighting system is composed of 10,384 miniLEDs divided into 2,596 local dimming
zones. The miniLEDs, which are GaN-based dies on patterned sapphire substrate, have an
engineered light-emission pattern using dedicated top and back dielectric reflectors.
“At System Plus Consulting, we think that they are manufactured by Epistar in Taiwan”, announces
Taha Ayari… This foundry has been created in 2017 in Taiwan. Its capacity is mainly focused
on discrete LEDs, on 100mm wafer size. System Plus Consulting report presents the detailed
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process flow of the miniLEDs and proposes a key cost analysis. This front-end analysis
combines the following costs: wafer, equipment, consumable, labor, clear room and yield
losses. The die cost analysis is a combination of front-end cost, probe test & dicing cost and
yield losses.
COB assembly of the more than 10,000 miniLEDS is believed to be done by TSMT in Taiwan.
The miniLEDs are mounted in flip-chip configuration.
The miniLEDS are driven by nine drivers from STMicroelectronics. These drivers are waferlevel chip-scale packaged. System Plus Consulting report also delivers a detailed cost analysis
of the drivers. Youssef El Gmili confirms: “The main part of the backlight unit cost is due to the
mini-LEDs at 37%...”
And the backlight unit is also part of System Plus Consulting cost analysis.
Eric Virey and Zine Bouhamri, PhD. and Analysts at Yole have supported the System
Plus Consulting’s team during its investigation. Both analysts published in 2020 a dedicated
technology and market report, Next Generation TV Panel Technology & Market Trends.
Today, they comment the technical choice made by Apple and give their analysis of this
backlight system including, for the 1st time, a miniLED technology. Discover their article: Deep
dive into Apple’s iPad Pro’s miniLED backlight: how the company balanced cost and
performance.

All year long, Yole Group of Companies, including System Plus Consulting and Yole Développement
publishes numerous reports and monitors. In addition, experts realize various key presentations and
organize key conferences.
Make sure to be aware of the latest news coming from the industry and get an overview of our
activities, including interviews with leading companies and more on i-Micronews. Stay tuned!
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About our analysts
Taha Ayari, Technology & Cost Analyst at System Plus Consulting part of Yole Développement, is engaged in
the development of compound semiconductor reverse engineering & costing reports. Prior to System Plus
Consulting, Taha was a researcher at Georgia Tech Lorraine (Metz, France). He published numerous papers with
a special focus on III-N materials. For this work, he received the EMRS Young Scientist award (Spring 2018).
Taha holds a PhD. in Electrical and Computer Engineering from the Georgia Institute of Technology (Atlanta,
USA).
Dr. Youssef El Gmili has joined System Plus Consulting's team in 2019 after ten years passed on high level
research and development on microelectronics. He has a deep knowledge in the study and analysis of
semiconductors Materials. He holds a master’s degree in Microelectronics, and a Phd in Physics/Materials Science.
About the reports
MiniLED Backlight Unit in the 2021 Apple iPad Pro report
In-depth technical and cost analysis of the first consumer miniLED backlight unit and its assembly. - Performed by System
Plus Consulting.
Next Generation TV Panel Technology & Market Trends
China has won the LCD war. Now, LG, Samsung and others are readying complex and expensive technology investments
to fight the battle for the next generation of TVs. - Performed by Yole Développement.
Related reports
•
•
•
•

APPLE iPad Pro 12.9-inch (5th Generation)
APPLE Ipad pro 11" 2nd gen
LG Display Medianav ECU Available in the Dacia Duster
LG Electronics Cluster and Infotainment Display Module in the Mercedes-Benz A-Class

About System Plus Consulting
System Plus Consulting specializes in the cost analysis of electronics, from semiconductor devices to electronic
systems. Created more than 20 years ago, System Plus Consulting has developed a complete range of services,
costing tools and reports to deliver in-depth production cost studies and estimate the objective selling price of
a product… More
About Yole Développement
Founded in 1998, Yole Développement (Yole) has grown to become a group of companies providing marketing,
technology and strategy consulting, media and corporate finance services, reverse engineering and reverse costing
services and well as IP and patent analysis. With a strong focus on emerging applications using silicon and/or
micro manufacturing, the Yole group of companies has expanded to include more than 80 collaborators
worldwide… More
For more information and images, please visit our website i-Micronews
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