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In this report, the results of detailed
physical analyses and costing studies have
been summarized to compare the
cameras of the crown jewel flagships from
the three smartphone market leaders:
Samsung, Huawei, and Apple. These are
the highest-end smartphone cameras the
2020 market had to offer, and we provide
insight into the design choices,
manufacturing
technologies,
supply
chains, and costs that went into them.
Our analyses cover the visible spectrum
camera modules in the Samsung Galaxy
S20 Ultra, Huawei P40 Pro, and Apple
iPhone 12 Pro Max, showing the complete
structure, design, and cost of each
module. Optical imaging and scanning
electron microscopy was used to collect
incredibly detailed information about the
front and rear RGB cameras; at the image
sensor level this includes the dimensions,
pixel configurations, technology node, and
stacking process.
Despite the trend of increasing module
counts, all three companies decided on a
triple camera setup for the rear and a
single camera for the front. The rear
cameras are all comprised of a wide-angle
main camera module, a secondary ultrawide module, and a telephoto module.
These visible spectrum cameras are
supported by infrared modules (not
covered in this report) for determining
depth information.
Autofocus and optical image stabilization

systems have a strong presence and were
found in at least two rear modules on all
three smartphones. The Galaxy S20 Ultra
and the P40 Pro also have autofocus
systems in their front cameras. The
iPhone 12 Pro Max features the first
generation of Apple’s new sensor-shift
stabilization technology – see our
dedicated report on the iPhone 12 Pro
Max for a deep dive into this innovation.
The manufacturing processes used to
create these sensors are illustrated in this
report, and a detailed manufacturing cost
analysis is performed. Also included is a
comparison and a study of the costs and
technological choices made by each
supplier.
COMPLETE TEARDOWN WITH
• Detailed photos

• Precise measurements
• Module cross-sections
• Sensor cross-sections
• Sensor measurements
• Color-filter pattern

• Manufacturing process flow
• Supply chain evaluation
• Manufacturing cost analysis
• Physical comparisons
• Cost and price comparisons

COMPOUND SEMICONDUCTORS - COMPUTING & SOFTWARE – DISPLAY – IMAGING – LIGHTING – MEMORY –
PACKAGING - PHOTONICS - POWER ELECTRONICS - RF - MANUFACTURING - SENSING

CAMERA MODULES COMPARISON 2021 - VOL. 1

TABLE OF CONTENTS
Overview / Introduction
Companies & Supply Chain
• Samsung, apple, huawei
• Players & market
• Supply chain
• Sony, SEMCO, sunny, LG innotek
Physical Comparison
• Camera Overviews
• Physical Comparison
• Overview of the Physical Analysis
✓ Samsung Galaxy S20 ultra
✓ Huawei P40 pro
✓ Apple iPhone 12 pro max
Manufacturing Processes
• Camera Module General Structure
✓ Mono camera module
✓ Periscope camera module
• Image Sensor Manufacturing Processes
✓ Sony
✓ Samsung

AUTHORS
Peter Bonanno, PhD. is
a Technology & Cost
Analyst, Imaging at
System Plus Consulting.
With a strong expertise
in the field of imaging
and optical sensors,
Peter performs reverse
engineering & costing
analyses as well as
custom projects.

Detailed Physical & Cost Analysis
• Samsung Galaxy S20 Ultra
✓ Front camera
✓ Rear tri camera
• Huawei P40 Pro
✓ Front camera
✓ Rear tri camera
• Apple iPhone 12 Pro Max
✓ Front camera
✓ Rear tri camera
Cost Comparison
• Image Sensor Die Cost Comparison
✓ Front facing
✓ Rear facing
•
•

Total Image Sensor Die Prices
Camera Module Cost Comparison
✓ Front facing
✓ Rear facing

• Total Camera Module Prices
Feedback

Véronique Le Troadec
has joined System Plus
Consulting as a
laboratory engineer.
Coming from Atmel
Nantes, she has
extensive knowledge in
failure analysis of
components and in
deprocessing of
integrated circuits.

Guillaume Chevalier
has joined System Plus
Consulting in 2018 to
perform physical
analyses. He holds a
degree in technology of
physical measurements
and instrumentation
technics, and previously
worked for four years
for chemistry,
mechanical and massmetrology laboratories.

RELATED REPORTS

Apple iPhone 12 Pro Max
Rear Camera

Smartphone Camera
Module Comparison 2020

Industry for Consumer &
Automotive 2020

Deep technical and cost analysis
of the first generation of Apple’s
Sensor-Shift OIS-equipped
camera.
March 2021 - EUR 3,990*

Latest flagship overview of
smartphone cameras released in
2019 with detailed technical &
cost analyses (Huawei P30 Pro,
Samsung Galaxy S10 5G/S10+ and
Apple iPhone 11 Pro).
April 2020 - EUR 6,490*

After proliferation, diversification
of camera modules comes into
play and sustains the growth of
the CMOS camera module
industry.
July 2020 - EUR 6,490*

REVERSE COSTING® – STRUCTURE, PROCESS & COST REPORT

COSTING TOOLS

Parametric
Costing Tools

IC
Price+

Process-Based
Costing Tools

MEMS
CoSim+

Display
Price+

Power
CoSim+

LED
CoSim+

3D
Package
CoSim+

PCB
Price+
SYSCost+

Our analysis is performed with our costing tools IC Price+ and MEMS CoSim+.
System Plus Consulting offers powerful costing tools to evaluate any process or device, the production cost
and selling price, from single chip to complex structures. All these tools are on sale under corporate
license.
IC Price+

MEMS CoSim+

The tool performs the necessary cost simulation
of any Integrated Circuit: ASICs, microcontrollers,
DSP, memories, smartpower…

Cost simulation tool to evaluate the cost of any
MEMS process or device.
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Buyer must note that placing an order means an agreement without any restriction with these terms and conditions.
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Prices of the purchased services are those which are in force on the date the order is placed. Prices are in Euros and
worked out without taxes. Consequently, the taxes and possible added costs agreed when the order is placed will be
charged on these initial prices.
System Plus Consulting may change its prices whenever the company thinks it necessary. However, the company
commits itself in invoicing at the prices in force on the date the order is placed.
3.REBATES and DISCOUNTS
The quoted prices already include the rebates and discounts that System Plus Consulting could have granted according
to the number of orders placed by the Buyer, or other specific conditions. No discount is granted in case of early
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System Plus Consulting delivered services are to be paid within 30 days end of month by bank transfer except in the
case of a particular written agreement.
If the payment does not reach System Plus Consulting on the deadline, the Buyer has to pay System Plus Consulting a
penalty for late payment the amount of which is three times the legal interest rate. The legal interest rate is the
current one on the delivery date. This penalty is worked out on the unpaid invoice amount, starting from the invoice
deadline. This penalty is sent without previous notice.
When payment terms are over 30 days end of month, the Buyer has to pay a deposit which amount is 10% of the
total invoice amount when placing his order.
5. OWNERSHIP
System Plus Consulting remains sole owner of the delivered services until total payment of the invoice.
6.DELIVERIES
The delivery schedule on the purchase order is given for information only and cannot be strictly guaranteed.
Consequently any reasonable delay in the delivery of services will not allow the buyer to claim for damages or to
cancel the order.
7.ENTRUSTED GOODS SHIPMENT
The transport costs and risks are fully born by the Buyer. Should the customer wish to ensure the goods against lost or
damage on the base of their real value, he must imperatively point it out to System Plus Consulting when the
shipment takes place. Without any specific requirement, insurance terms for the return of goods will be the carrier
current ones (reimbursement based on good weight instead of the real value).
8.FORCE MAJEURE
System Plus Consulting responsibility will not be involved in non execution or late delivery of one of its duties
described in the current terms and conditions if these are the result of a force majeure case. Therefore, the force
majeure includes all external event unpredictable and irresistible as defined by the article 1148 of the French Code
Civil?
9.CONFIDENTIALITY
As a rule, all information handed by customers to system Plus Consulting are considered as strictly confidential.
A non-disclosure agreement can be signed on demand.
10.RESPONSABILITY LIMITATION
The Buyer is responsible for the use and interpretations he makes of the reports delivered by System Plus Consulting.
Consequently, System Plus Consulting responsibility can in no case be called into question for any direct or indirect
damage, financial or otherwise, that may result from the use of the results of our analysis or results obtained using
one of our costing tools.
11.APPLICABLE LAW
Any dispute that may arise about the interpretation or execution of the current terms and conditions shall be resolved
applying the French law.
It the dispute cannot be settled out-of-court, the competent Court will be the Tribunal de Commerce de Nantes.

