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Viewing, ADAS, and Autonomous Driving

* Viewing - Forward & Surround + Gesture Control
— ¢ ADAS & Autonomous Driving + Driver/Passenger Monitoring
¥ + Adaptive Cruise Control * Ultra-Sonic Park Assist
; + Blind Spot Monitoring ¢ Power Supplies
= + Auto-Braking * Electronic Parking Brake
% + Lane Departure Warning ¢ Smart Passive Sensing
+ Pedestrian, Vehicle, and Sign * Electronic Power Steering
Detection

*

eMirror

Vehicle Electrification and
Conventional Powertrain

e HEV/PHEV/EV * Power Supplies
* Fuel Cell * Fuel Injection Control

¢ 48 V Boardnet * Position Sensing . .

¢ Engine Control (Gas/Diesel) * Start-Stop Alternator Audio & Infotainment W
* Throttle Control e Electric Pump & Fan Control * Navigation Systems \ \ \
* |gnition Control * Turbo and Compressor * Satellite/Digital Radio
* Transmission Control Control * Power Supplies

¢ Sensor Interface ¢ Connectivity - HDMI, USB,

Bluetooth® Low Energy
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ON Semiconductor enables energy efficient automotive solutions that reduce emissions, improve fuel economy,
and enhance lighting, safety, connectivity, and infotainment power delivery systems. The company provides a
broad array of image sensors, power discretes, power management, protection, processing, signal conditioning

L
and control products that deliver solutions focused on areas such as; powertrain, viewing, ADAS, led lighting, n
climate control, door zone, park assist, IVN, body control and infotainment applications. E
a
>
_ (]
— Body & Convenience
o gy * Climate Control * Electric-Chromic Mirrors * Steering Wheel Sensors

* Instrument Clusters * Seat Positioning, Heating &  * Smart Passive Sensing

* Smart Junction Boxes Cooling * Body Computers &
* Power Supplies * Door/Mirror/Window Gateways
Control

LED Lighting
e [nterior: Door, Dome,
RGB Accent, Puddle

¢ Exterior: CHMSLs, RCLs,
Accent

* Advanced Front Lighting
& Motor Control

« Pixel Lighting
+ OLED Lighting

In-Vehicle Networking

¢ LIN * FlexRay™ e Ethernet
* CAN * PSI5 * USB
* System Basis Chips * SENT

ON Semiconductor®

ON Semiconductor Page 3



m
>
h)
m
~
=
(72)
m

Energy Efficient Innovations

Automotive Solutions

Automotive solutions from ON Semiconductor provide an optimized architecture, matched to customer requirements. The company
provides multiple options, based on technology and application:

* Application Specific Integrated Circuits (ASIC)

* Application Specific Standard Products (ASSP) * Analog
* Image sensors and co-processors
* In-vehicle networking

* Standard integrated circuits

e Discrete components

* Mixed-signal
* SBCs and SoCs
* Sensor interfaces

SOCs

Power Linear Voltage Regulators

LIN Supply SMPS
CAN /\
IVN v

FlexRa S A
Actuator
Sensor uC Driver
IIF @
[ Discrete Components

ASICs

ASSPs

Discretes

Integrated Drivers
Pre-Drivers
Standard FETs
Protected FETs

] I:‘ = ON Semiconductor Focus Area
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Automotive Excellence

Automotive Expertise

ON Semiconductor provides energy efficient silicon solutions
to the global automotive industry. The company has developed
a wide range of automotive components, by applying advanced
technology and extensive R&D expertise, in the fields of high-
voltage interfacing, smart power management, in-vehicle
networking, system level integration, and sensor interfaces.

In-house expertise includes:
* ASIC, ASSP, standard IC, and discrete capability
* Mixed-signal technologies
* High-voltage processes
* Directly owned and operated fabrication facilities
* Class A clean rooms
* High temperature wafer testing
* Burn-in capability
» Wafers and die

Solutions Engineering Centers

ON Semiconductor operates Solution Engineering Centers in
Munich, Germany; Shanghai, China; and Tokyo, Japan. These
SECs, located in automotive industry centers, provide local
customer support, including application knowledge and system
integration skills. Together with local technical field teams and
product specialists, the automotive SECs provide the following
services:

* Local technical support (system and device)

* Reference designs and demonstration boards

* Global application architecture consultation

* Optimization of system costs and performances

* Design integration support (ON Semiconductor devices into
customer applications)

e Component specification and customer/application test
specifications

Global Supply Chain Operations

Advanced Capability

ON Semiconductor invests in EDI, VMI, and other logistics
agreements.

Global Locations

Worldwide, ON Semiconductor employs ~32,000 people.
Headquartered in Phoenix, Arizona, U.S.A., the company owns
and operates multiple development centers and manufacturing
facilities located in the U.S.A., Europe, and Asia.

Global Supply Chain

ON Semiconductor operates a flexible, reliable, responsive supply
chain that supports complex manufacturing networks and dynamic
global market conditions. This includes multiple manufacturing
and logistics sites located near our customers to ensure supply
continuity.

Automotive Long-Term Availability Statement

ON Semiconductor is 100% committed to the long-term supply
of products in concert with the automotive industry’s supply
benchmark requirement. The company works with customers to
meet their specific supply requirements. ON Semiconductor will
make all commercially reasonable efforts to provide automotive
customers with advance notice of phase-outs and provide
compatible product renewals, when technically feasible and
within certain cost constraints, to help ensure long-term supply
considerations and requirements are fully achieved.

ON Semiconductor
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Energy Efficient Innovations

Automotive Technology

Proven Automotive Technical Capabilities

ON Semiconductor has developed a set of dedicated, high-
voltage automotive power technologies. With parasitic signals
running through automobiles, 80 V spikes can occur and must
be accounted for by the design team. Modules and components
need to be able to sustain such peaks and remain functional.
ON Semiconductor technology enables complex, high-voltage
system-on-chip (SoC) solutions that meet requirements for
maximum voltage and digital gate integration.

CMOS & BCD Platforms
100V

80V

50V

Voltage

12T30(E)

25V

5V

¢3/D3
0.35 um
Geometry

ONC25
0.25 ym

0.7 wm 0.6 um 0.18 um  +*Development

Extra Modules: NVM,
Powerkits, High Temperature

Electro Magnetic Compatibility

In-Vehicle-Networking  (IVN) applications require extended
immunity against ESD pulses and EMI. Growing vehicle electronic
content makes this even more important, and automobile

manufacturers set performance standards accordingly.
ON Semiconductor offers best-in-class devices using 13T50/80
and 14T30/45/70 technologies, that provide advanced
capabilities. Robust designs are achieved, for example, by deep
trench isolation, which reduces the interference between the
voltage domains on the chip.

ON Semiconductor offers a range of technologies that allow up
to 100 V supply, and enables component integration — including
embedded microprocessor cores.

ON Semiconductor technologies serve as the basis for automotive
ASIC and application specific standard product (ASSP) solutions
for powertrain (including high temperature applications with am-
bient temperatures 2150°C), safety, body, dashboard, in-vehicle-
networking (IVN), sensors, and actuator applications.

High Temperature Capability
ON Semiconductor offers a broad portfolio of products that operate
in extended temperature ranges, up to 150°C. The company has
also launched an initiative to extend high temperature capabilities
to 200°C. This initiative includes enhancements to:

* Packaging and Bonding

* High Temperature Testing

* Component Test Vehicles

* Product Test Vehicles

* CAD Tools

* Libraries

* Spice Device Models
Extended high temperature capabilities may be applied to ASICs
and ASSPs.

Page 6
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Automotive Quality

Automotive Grade Quality and Control Processes

For over 40 years, ON Semiconductor has been developing and
delivering robust, high-performance solutions that allow designers
to meet the demanding environmental and performance
requirements of automotive applications.

Quality Policy: “We will exceed Customer Expectations
with our Superior Products and Services.”

Quality Statement: “Every ON employee is personally
responsible for ensuring the highest Quality in the
products and services delivered to internal and external
customers. Continuous improvement in the Quality of
our processes, products and service is fundamental to
the achievement of customer satisfaction.”

For certification documents, visit the Quality page on our Web site.

ON Semiconductor Quality Processes
* Certified to ISO 9001:2015
* Certified to IATF 16949:2016
* Implemented ISO 26262 Functional Safety Standard

e Quality System and Business Operating System are
synonymous and are documented to meet the requirements
of the Automotive Standards

* Corrective action systems use various methodologies to
ensure we identify and correct the root cause of non-
conformance. Preventive action is also used to ensure we
eliminate potential non-conformances

* Quality System/Business Processes are documented and
controlled

Production Part Approval Process (PPAP)

Our documented process provides the methods, procedures,
and forms to initiate PPAP submission; prepare the documents
required for submission; and document customer approval
when required. This process ensures that ON Semiconductor
components comply with design specifications, and that customer
designs will maintain desired quality levels.

Zero-Defect Program

Focused Parts “Non-Zero” devices (bottoms-up approach)
* Problem solving methodology
* Adequate Failure Analysis facilities
* Incident ownership

Prevent Recurrence Systemic Improvement (top-down approach)

* Process characterization, control plan, and Failure Mode
Effect Analysis

* Maverick lot initiative
* Quarterly detailed Horizon Reports

ON Semiconductor's commitment to the automotive market
extends beyond the delivery of great products, to ensuring that our
manufacturing and quality processes meet the industry’s need
for reliability and robustness. The demanding standards of the
automotive industry drive the company’s design, manufacturing,
and delivery processes. ON Semiconductor delivered over 78
billion parts in 2018, with average defect rates of less than 140
parts-per-billion.

Change Management Processes

ON Semiconductor proactively manages product changes to
ensure Safe Customer Passage and Flawless Execution.

* ON Semiconductor follows the JEDEC 46D and JEDEC 48C for
all markets except automotive. For the automotive market we
follow ZVEI - Guideline for Customer Notifications of Product
and/or Process Changes (PCN) of Electronic Components for
Automotive Market for our change management process.

* Automotive Reliability Testing performed per Automotive
Electronic Council (AEC) Q100/Q101/Q104 and AQG324
Power Module Qualification Standard

* Use of detailed Process/Parameter Matching Checklist

* Use of detailed changes process flow, with various checkpoints
during and after the change implementation

* Use of program management methodology
* Customers notified through Product Change Notifications

ON Semiconductor
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Energy Efficient Innovations

Functional Safety Management: Development According to 1S0 26262

Functional Safety at ON Semiconductor

ON Semiconductor has a long and successful history of mixed
signal integrated circuit developments targeting safety critical
applications. Following the release of the ISO 26262 standard
in November 2011, ON Semiconductor created a dedicated
Functional Safety structure and implemented a dedicated design
flow to support the development of devices targeting safety critical
applications according to this new standard. This initiative has
proven to be successful, as today the company has experience
with the development of mixed-signal integrated circuits targeting
applications with safety goals up to ASIL D.

ON Semiconductor is highly involved in the Functional Safety
community, especially in 1ISO 26262. The company is a member
of the I1SO 26262 work group (TC22/SC32/WG8), as well as
part of the ISO 26262 related semiconductor sub-work group
that clarified the standard for semiconductor developments and
resulted in the release of ISO 26262-11:2018.

Creation of Dedicated and Independent Team

The purpose of the project independent team is to create a
safety culture in the company and to guarantee an independent
and critical look on the way functional safety will be guaranteed
during the development of the devices. This independent team,
driven partly by the quality department and partly by product
development, has responsibility to monitor and guide the project
Functional Safety Managers as well as the development teams
assigned to the different developments, and provide the tools
needed to follow the flow as described by the ISO 26262 standard.

Enhancing Experience

Through the ongoing developments and the dedicated Functional
Safety Structure, ON Semiconductor is attaining even more
significant experience, and is ready to support customers for
automotive Functional Safety related projects.

Monitor Support
o |

Project
Independent

'

'

!

Business Group
FSM Team
Support

Business Group
FSM Team
Support

Business Group
FSM Team
Support

Y Y Y
[Cemar | [Feanm] [Grsonr]

(. A A J

Y Y Y
(O | [ ] [ Gt |

Dedicated and Independent Team
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48 V Starter/Generator

48 V Supply
>
Gate Gate Gate Belt-Driven
Driver Driver Driver SIG Starter/Generator
J J J Position
48 V Ground and
> : 4 Current
Sense
12 V Supply
- DC-DC OpAmp Circuit (Current Sensing)
SBC
(LDO with 32-Bit Microcontroller
BEIEIREE) Auxiliary Microcontroller Main Control
Interface Safety Monitoring
Hl»— CAN/FlexRay
E>—  Interface EEPROM Reference Crystal
Key Products & Features
Current Sense Amplifiers: NCV2007x, NCV21x Medium Voltage MOSFETs: FDBL863xx-F085, FDBL860xx-FO85 &
* High-side and low-side current sensing NVMFS6H8xx
o | ow offset zero-drift architecture e Flat-lead performance paCkageS (80-8 FL & TOLL)
* Flexible system supply voltage * Very low RDS(ON)
* Low value current sense resistors for better power efficiency * Small footprint, high current
« Temperature sensitive applications * Superior reliability/robustness
* AEC-Q100 Qualified * AEC-Q101 Qualified

High/Low Side MOSFET Drivers: NCV51511, FAN7191-F085,
NCV5183

* High current capabilities

* Down to 30 ns Propagation delay

* Pin-to-pin compatible with industry standards

* AEC-Q100 Qualified

ON Semiconductor Page 9
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On-Board Charger

———— e P
Bridgeless PFC 0 ( DC/DC Full-Bridge ( Output n
Phase X | cs1 I | |
—— | Llj’ I | | | Rectifier |
| '_I | '_T 'J | | Bridge
| e | | e e | | |
o O : é;_ate '—_|:_ | | I | | % |
I Cs2 river | Gate Gate | |
T i e LlT T T Driver Driver [ | 1 I I \H/iéllth
| cst cs2 il I I +—— I T T satery
| Controller 2 |— |
Gat | [ — — | |
I e E: [ = L= |
Controller 1 Driver | |
| — ] ] i |
! l |
[ ] N ) w___)

High Voltage MOSFETs (SuperFET®): NVxyyyyN65S3F

* Low on-resistance and low gate charge performance

* Low conduction loss

* Fast Switching speeds

 Withstand extreme dv/dt rate and higher avalanche energy
* AEC-Q101 Qualified

Discrete 1GBTs: AFGB30/40T65SQDN, FGB/H40T65SPD-F085,
FGH40/60N60SMD-F085, FGH40/60N60SFDTU-F085, AFGHL50T65SQDC

* Fast switching
* Low cost
* AEC-Q101 Qualified

High Voltage Gate Drivers: NCV570x, NCV51xx and FAN7 1xx-FO85
* Family of rail-to-rail high current drivers for lower system
losses

* External (opto/silicon) or built-in galvanic isolation in
multiple packages for design flexibility

* Short propagation delays for faster switching

* Suitable for single ended, half bridge, and full bridge
topologies

* Operate in conjunction with high-speed switching
NSVS5003xSB buffer BJTs for high current IGBT control

* AEC-Q100 Qualified

* Pending 4Q19.

Single Phase Solution

Key Products & Features

MOSFET Modules: FAM65CRxx, FAM65HRxx

* High thermal performance

¢ Enhanced EMI, isolation, and current capabilities

* System level cost reduction

* Enable compact system solution with proven reliability

High Voltage Rectifiers: RURGxxxx-FO85, RHRGxxxx-F085,
ISL9R3060G2-F085, FFH50US60S-F085
* Both low VCE(sat) and high speed version available for
rectification and fast switching
* Avalanche energy rated
» AEC-Q101 Qualified

SiC Rectifiers: FFSPxxxxB-F085, FFSHxxxxB-F085*, FFSDxxxB-FO85*

* Superior switching performance in comparison to silicon
¢ Excellent thermal performance

* Fast operating frequency

* Increase power density and reduced EMI

SiC MOSFETs

* NVHLO8ON120SC1 — 1200V, 44 A, T0-247
* NVBGO20N120SC1 — 1200V, 98 A, D2PAK

670V Flyback Converters: NCV106x, NCV107x
* Enables compact designs for isolated and non-isolated
systems
e Qutput power from 2 Wto 15 W
* AEC-Q100 Qualified

Page 10
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EV Charging Stations

ON Semiconductor has a wide portfolio of products and solutions to cover the different topologies, approaches, and architectures that
come with this emerging market. SiC Diodes & MOSFETs complement traditional Super-Junction and IGBT solutions, and modules can
bring further benefits in terms of system integration and performance.

3-Phase Vienna PFC Main DC-DC Secondary
Rectification
- Mmoo
F W W Y A i
-~
gD 15 %4
- - <45%I}/DC
] <750 VDC
- 1 || P = Battery
T T
1 =
T T
F W W Y F W ¥
Current
= Sense
Auxiliary
Power ?
| Gate Drivers | | Gate Drivers |
Voltage . .
Soies Microcontroller Isolation |[«—{ ADC
¢ 4
Fee( s Brushless DC Touch Screen
| Communications | Motor Control Controller
I I I ) Display
RF PLC CAN LCD
BLDC Fan Backlighting
Motor

650 V SuperFET® IIl MOSFETs

e FCHO23N65S3 — 23 mQ,T0-247
* FCHO40N65S3 — 40 mQ,T0-247
* FCPO67N65S3 — 67 m€2,T0-220

High Voltage Rectifiers

¢ FFP30S60S — 600V, 30 A, STEALTH Il
e FFPF10UP60S — 600V, 10 A, Ultrafast Il
* RHRG75120 — 1200V, 75 A, Hyperfast

High Voltage Gate Drivers

* FOD8342 — 3 A Optocoupler Gate Driver
* NCD5700 — High Current Gate Driver
* NCP51705 — 6 A SiC MOSFET Driver

Silicon Carbide Diodes

e FFSH40120ADN — 1200V, 40 A, T0-247
e FFSH20120A — 1200V, 20 A, T0-247
* FFS2065A — 650V, 20 A, T0-220

650 & 1200V IGBTs

* FGH75T65SQD — 650V, 75 A, T0-247
* FGH50T65SQD — 650V, 50 A, T0-274
* NGTB4ON120FL3 — 1200V, 40 A

Current Sense Amplifiers

* NCS210R — 26V, 1% Gain Error, Amplifier
* NCS20074 — 3 MHz, Low Noise Op Amp

ON Semiconductor
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High Voltage Auxiliary

High Voltage Air Conditioning High Voltage PTC Heater
400 V Positive Rail
HV BUS (400 V) >
- HV
the
Half- _| Half- _| Half- _| orver
Flyback Converter: Bridge Bridge Bridge
Output to DC-DC (Zl:zjri:zrz) (2[())ri|\<’f|rz) (2I:())ri'\(/:rz) DC-DC PTC Element Tesmpergture
_| _| _| Position ’
Sense HV
G?te
2“3 Retum @/ Negative Rail Priver
DC-DC OpAmp Circuit (Current Sensing, Bus Voltage Sensing) OpAmp Circuit (Voltage Sensing)
SBC_ SBC_ o
\5\5;81;@) 32-Bit Microcontroller \}'\;331:&2‘) 32-(21_tBl;<llgLoﬁ<?gir::t>)ller |
Interface Interface
CAN/LIN — LIN/CAN
E»—— Interface EEPROM Reference | Crystal — Interface Reference Crystal
Key Products & Features
Discrete IGBTs: AFGHL40T65SPD, FGB/H40T65SPD-F085, High Voltage Integrated Power Module: NFVA3x065L32 (650 V,
FGH20/60N60UFDTU-FO85, FGH40N65UFDTU-FO85, AFGHL50T65SQDC 30/40/50A), NFVA23512NP (1200 V, 35A)
* Low saturation voltage * AEC-Q100/101 qualified module & support AQG324
* Fast switching * 3-phase IGBT IPM with low loss IGBTs and soft recovery
* Tight parameter distribution diodes optimized for auxiliary inverter in hybrid & electric
. AEC_Q].O]. Quallfled vehicle applications
* Electrically isolated DBC substrate (AIN/AIPO3) with low
High Voltage Gate Drivers: NCV570x, NCV5700x, NCV51xx and thermal resistance (0.34°C/W & 650 V/50 A) and high
FAN7 1xx-FO85 isolation voltage (2.5 kVac)
« High drive current * Adopted rugged Short Circuit Withstand Time FS Trench
Shg ; tion del IGBT; over 5 us & 400 V/175°C/15V
or propaga on detays , * Integrated gate drivers with internal VS connection, under-
* Fault detection and reporting voltage lockout, over-current shutdown, temperature sensing
* Designed for reliability unit, and fault out

» AEC-Q100 Qualified

670V Flyback Converters: NCV106x, NCV107x
* Enables compact designs for isolated and non-isolated
systems
e Qutput power from 2 Wto 15 W
* AEC-Q100 Qualified

Page 12 Automotive Solutions
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High Voltage-Low Voltage DC-DC Conversion

HV Positive Rail | Battery Rail
[ + I >
— H i A ||
Gate N Gate | Gate N Gate
Driver Driver 1 Driver Driver
5 H [ i
HV Positive Rail | Battery GND
> * ! * >
Flyback Converter: |
Gate Drivers and |
LV DC-DC |
Isolation Boundary_]I
. OpAmp Circuit
DC-DC (LDSOBS\,ith Isolated Drivers (Current and Bus Sensing)
Watchdog)
ﬁace CAN 32-Bit Microcontroller
—_ Interface
Key Products & Features
High Voltage MOSFETs (SuperFET®): NVxyyyyN65S3F Discrete IGBTs: FGB/H40T65SPD-F085, FGH40/60N60SMD-F085,
* Low on-resistance and low gate charge performance FGH40/60NGOSFDTU-F085, AFGHLH0T65SQDC
* Low conduction loss * Fast switching
* Fast switching speeds ¢ AEC-Q101 Qualified
» Withstand extreme dv/dt rate and higher avalanche energy ] .
« AEC-0101 Qualified ,Tvv;:;goltage MOSFETs: FDBL863xx-FO85, FDBL860xx-F085,
XX
High Voltage Gate Drivers: NCV570x, NCV5700x, NCV51xx and * Flat-lead performance packages (SO-8 FL & TOLL)
FAN71xx-F085 * Very low RDS(ON)
« Family of rail-to-rail high current drivers for lower switching * Small footprint, high current
losses * Superior reliability/robustness
* External (opto/silicon) or built-in galvanic isolation in ¢ AEC-Q101 Qualified

multiple packages for design flexibility
* Short propagation delays for faster switching
» Signal conditioning and noise immunity for reliable operation
* AEC-Q100 Qualified

670V Flyback Converters: NCV106x, NCV107x
* Enables compact designs for isolated and non-isolated
systems
e Qutput power from 2 Wto 15 W
* AEC-Q100 Qualified

ON Semiconductor Page 13
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Traction Inverter for HEV/EV

HV BUS (400 V)
>
Isolated Isolated Isolated
Gate Gate Gate
Flyback Converter: Driver Driver Driver
Gate Drivers and
LVDC-DC Isolated Isolated Isolated
Gate Gate Gate Posil
Driver Driver Driver osition
HV BUS Return and
> Current
Sense
DC-DC Opﬁm\e I\;lvplc'sj (g/ggg)nng OpAmp Circuit (Current Sensing)
SBC
(LDO with 32-Bit Microcontroller
Tri Core
Watchdog) Auxiliary Microcontroller Main Control
Interface Safety Monitoring
I»>—— CAN/FlexRay
E>——  Interface EEPROM Reference Crystal

Key Products & Features

Discrete IGBTs: FGY160T65SPD-F085, FGY120T655PD-F085

* Very low saturation voltage

* Tight parameter distribution

* 100% transient immunity tested
* Short circuit ruggedness > 6 us
* AEC-Q101 Qualified

High Voltage Gate Drivers: NCV570x, NCV5700x, NCV51705

* Family of rail to rail high current drivers for lower system
losses

* External (opto/silicon) or built-in galvanic isolation in
multiple packages for design flexibility

» DESAT, Miller Clamp, TSD and fault reporting to prevent
catastrophic failures

* Input signal conditioning and high noise immunity for reliable
operation

* Operate in conjunction with high-speed switching
NSVS5003xSB buffer BJTs for high current IGBT control

* AEC-Q100 Qualified

IGBT Modules: AHPM Dual Side Cooling Modules

Dual-side cooling for best in class power density & thermal
performance

Ultra low stray inductance (7 nH)
On die temperature and current sense
Best in class Trench Fieldstop IGBT with low recovery diodes

Bare Die IGBT and FRD

650 V and 750 V rated

* Very low saturation voltage

Ease of paralleling

Monolithic Temperature Sensor and Current Sensor
Solderable top metal available

AEC-Q101 Qualified

670V Flyback Converters: NCV106x, NCV107x

Enables compact designs for isolated and non-isolated
systems

Output power from 2 Wto 15 W

AEC-Q100 Qualified

Page 14
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Smart Passive Sensors

ON Semiconductor
Antenna Block 0 Antenna Block

Magnus IC®

Stimuli
Detection

Features
* Smart — Magnus® sensor IC with adaptable RF front end
* Passive — UHF energy harvesting antenna blocks
* Sensor — Stimuli detection for temperature, moisture, pressure, & proximity

Automotive Benefits Devices
* Safety * Wire & weight reduction * SPS1M001/MO002 for moisture
* Comfort * Improved fuel economy » SPSXT0O01 for temperature
* Convenience « Highly scalable * SPSDEVR1-8 for sensor reader hub
~ READER ANTENNAS &\'

In-Cabin
Temperature
Control
Wiper Control
L4
- : - /= Fluid Level
- j e - \ = g Detection
= S } ‘ s it = >
Quality 7
Control R

Seat Occupant
Detection System

Tire Pressure
Monitoring System

ON Semiconductor Page 15
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Capacitive Touch Sensors

LC717A capacitive touch sensors are high performance, cost-effective, highly usable capacitance converters for use in touch
switch applications and replacing mechanical switches.

The LC717A30UJ/UR has superior sensitivity performance, so it can detect hands with wearing multiple layers of gloves, and
hands within 15 cm of distance. It can also perform gesture recognition.

Features

* Differential capacitive detection using mutual capacitance, to
femto-Farad level

* High sensibility performance - even wearing multiple layers of
gloves, air gap, or thick material

* High adaptability - calibration function, noise reduction, wide
range temperature operation

* Design friendly - adhesive free, various circuit board (PCB/FPC)
design, minimal external components

* 8 sensing inputs

¢ SPI/12C interface control

* Voltage ranges of 2.6 - 5.5V

VbD ﬁ—u Cref
L VDD Cref CrefAdd
} VSS CdrvBar
L CinAdd0
= CinAdd4
Microcontroller nCs
SCL/SCK  Cino 0 | swi
SDA/SI Cin1 0 sw2
SA0/SO Cin2 | sw3
Cin3 0 [ sw4
GPIO »|nRST Cin4 0 | sws
EXTINT |« INTOUT Cin5 0 [ Swe
Cin6 0 sw7
Cin7 0 [ sws
VDD or VSS —|IFSEL cdrv—
LC717A30UJ/UR
LC717A30UJ/UR Application Diagram LC717A30UJ Evaluation Kit
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NIR-Enhanced Silicon Photomultipliers
for Long Range Automotive LiDAR Applications

Responsivity vs Wavelength
MicraRi-10010, MicroRS-10020. MicroRB-10035
@ Maximun Overvotage

Features

* High responsivity of >100 kA/W @ 905 nm due to combination of high
gain and detection efficiency

* PDE of >10 % at 905 nm

e Ultra-fast rise times and pulse widths from unique ‘fast output’ terminal

* Single photon sensitivity

MicroRB sensors - 1 mm sensor in a robust ArrayRA — 1 x 16 monolithic array in a DFN package
molded leadframe package

Pixel Size Microcell
Device Description (mm x mm) (um) Package
Single Sensors

MicroRB-10010-MLP

MicroRB-10020-MLP NIR-enhanced SiPM in a molded leadframe package
MicroRB-10035-MLP
Monolithic Array

ArrayRA-0116A20-DFN Monolithic array of 1 x 16 NIR-enhanced SiPM pixels in a DFN package 0.49x0.17 20 DFN
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Imaging Products for Automotive Applications

ON Semiconductor image sensors and co-processors enhance driver experience and safety. Since 2004, we have been the leading
supplier of imaging solutions for human viewing (backup, surround view and night vision) and machine vision applications (ADAS
- advanced driver assistance systems including lane departure warning, adaptive cruise control, pedestrian detection and more.)
Recent innovations targeted at the automotive market optimize our products for these, and other emerging applications include smart
headlights and driver monitoring.

Car DVR i $ .
Pedestrian/Object Detection

Driver Monitoring

Blind-Spot Detection

A\ Collision Mitigation

Adaptive Cruise Control
Backup Camera

+~ Smart Headlight/Mirror

Lane Departure Warning

Night Vision
CMOS Image Sensors
Operating
Sensor/ | Resolution | Optical Temp
SoC (MP) Format Frame Rate Shutter Type (°C)

ARO140AT Sensor 60 fps 3 Electronic Rolling Shutter Color -40 to +105
ARO132AT Sensor 1.2 45 fps, 720p 60 fps 3.8 Electronic Rolling Shutter Color, Mono, RCCC -40 to +105
ARO135AT Sensor 1.2 1/3" 60 fps @ 720p, 54 fps @ full res 3.8 Global Shutter Mono -40 to +105
ARO138AT Sensor 1.2 1/2.6" 69 fps @ 720p 4.2 Electronic Rolling Shutter RGB, RCCC -40 to +105
ARO143AT Sensor 1.3 1/4" 30 fps 3.0 Electronic Rolling Shutter RGB, RCCB -40 to +105
ARO144AT Sensor 1 1/4" 60 fps @ 720p 3.0 Global Shutter Mono -40 to +105
ARO147AT Sensor 1.3 1/4" 60 fps 3.0 Electronic Rolling Shutter RGB -40to +110
AR0220AT Sensor 1.7 1/1.8" 60 fps 4.2 Electronic Rolling Shutter RGB, RCCC, RCCB -40 to +105
AR0230AT Sensor 2 1/3" 30 @ fps 1080p 3.0 Electronic Rolling Shutter Mono, RGB -40 to +105
AR0231AT Sensor 2.3 1/2.7" i%ff‘;ssff‘illlll 2‘22%23 ‘;’;”’) 3.0 Electronic Rolling Shutter RGB -40to +125
ARO0233AT Sensor 2.6 1/2.5" 60 fps 3.0 Electronic Rolling Shutter RGB, RCCB -40 to +105
AR0234AT Sensor 2.3 1/2.6" 120 fps 3.0 Global Shutter Mono, RGB -40 to +85
AR0237AT Sensor 2.1 1/2.7" 60 fps 3.0 Electronic Rolling Shutter RGB -40 to +105
AR0239AT Sensor 2.3 1/2.7" 30 fps @ 3 exp, 90 fps @ 1080p 3.0 Electronic Rolling Shutter RGB -30 to +85
AR0323AT Sensor 3.1 1/2" 60 fps 3.0 Electronic Rolling Shutter RGB, RCCB -40 to +105
ARO820AT Sensor 8.3 172" 40 fps 21 Electronic Rolling Shutter RGB, RCCC, RCCB -40 to +105
ARX550AT Sensor VGA 1/5" 66.37 fps @ full res 3.8 Electronic Rolling Shutter RGB -40 to +105
MT9V024 Sensor WVGA 1/3” 60 fps 6.0 Global Shutter Color, Mono, RCCC -40 to +105
ASO0140AT SocC 1 1/4" 60 fps 3.0 Electronic Rolling Shutter RGB -40 to +105
ASO142AT soc 1 1/4" 45 fps at 1.0 MP, 60 fps at 720p 3.0 Electronic Rolling Shutter §332338Rff5ﬁi -40 to +105
ASO147AT socC 1.3 1/4" 45 fps @ full res (3 exposure), 60 fps @ 720p 3.0 Electronic Rolling Shutter RGB -40 to +105
AS0148AT SoC 1.3 1/4" 45 fps @ full res (3 exposure), 60 fps @ 720p 3.0 Electronic Rolling Shutter RGB -40 to +105
ASO0149AT sSoc 1.3 1/4" 30 fps @ 1280 x 960 3.0 Electronic Rolling Shutter RGB -40 to +105
ASX340AT SoC VGA 1/4” 60 fps digital, 30 fps analog 5.6 Electronic Rolling Shutter Color -40 to +105
ASX342AT socC VGA 1/4" 50/60 fps 5.6 Electronic Rolling Shutter RGB -40 to +105
ASX344AT soc VGA 1/4" Wi Ng‘chp gfgzrzéi'vlte”ace“' 5.6 Electronic Rolling Shutter RGB -40 to +105
ASX350AT SoC VGA 1/5" 60 fps digital, 30 fps analog 3.8 Electronic Rolling Shutter Color -40 to +105
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Co-Processors for Image Sensors

Image Co-Processors

Maximum | Supported Spatial Transform Engine Operating Temp
Device | Resolution |  Sensors Frame Rate Dewarp Software Add-on Overlays Sensor Interfaces | Output Interfaces Output Clock (°C) Package
AROIB2AT, 4 5 b 45 fps Yes s, 2anc HiSPi,  NTSC/PAL 27 MHz (NTSC/PAL)  -30 to +70 (CS Version)
APOI00  1.2MP AROL40AT, Yes ' o Multipleviewing  Yes Upto5 o : /ML 630 " VrBGA-100
ARXG50AT 720p60 Up to 165 options, PTZ 12-bit parallel  16-bit parallel 84 MHz parallel ~ -40 to +105 (AT Version)
ARO1324T, .
APOI01  12MP AROL4OAT, 12MP45fps  Yes No No No Upto5 12-bitparallel 16-bitparallel 6-30 84 MHzparallel o010 *70(CSVersion) - yepy o)
-40 to +105 (AT Version)
ARX550AT
ARO132AT, 30 fps @ 1080p, .
APOIO2AT 2.0MP AROLAOAT, 45fps@1.2Mp, Yes  No Yes Yes Upto7 Par:'i';',f"d “";"r;fe'l'"t iﬂﬁg 125 MHz _40°Cto+105°C  VFBGA-100
AROL36AT 60 fps @ 720p g
ARO132AT,
" 30ps @ 1080p, .
ARO136AT, 12-bit Parallel  Ethernet-MIl,  10-29 . .
APO20OAT 20MP oo o 4650f;fnss@@1£lgp, Yes No Yes Vs Upto7 Ll Taulaml Wiz 125 MHz -40°C to +105°C VFBGA-100
ARO230AT P P
ARO132AT,
" 301ps @ 1080p, :
ARO136AT, 12-bit Parallel ~ Ethernet-MIl,  10-29 . .
APO2OIAT 20MP oo 4:0?33@@151;;), Yes No No No | UptoT | S iic® | Rl o | M 125 MHz ~40°C to +105°C VFBGA-100
AR0230AT P P
30 fps @ 1080p, . N
02024 20mp ARUISZAT pc 1My, Yes Mo No Upto7 (1DitParallel - Upto24-bit  10-29 125 MHz 40°Cto+105°C  VFBGA-100
MROLEAT "0 oo and HisPi Parallel  MHz

Available SOC and Co-Processor Functionality*

* Spatial Transform Engine (STE) with dual transform support/software add-on
* Optimized for use with HDR (High Dynamic Range) sensors/HDR with ALTM
* Full auto-functions support (AWB and AE) and ALTM (Adaptive Local Tone Mapping) to enhance HDR images
* Pre-rendered graphical overlays
* Multi-camera synchronization support
» LED flicker detection and avoidance
* Dewarp, up to 165 degrees
* Qverlays
* GPIOs, upto 5
* Next generation color pipe with improved noise filtering & reduced chromatic aliasing
* Demosaic
¢ Gamma correction
¢ Auto white balance
¢ Defect correction
* Noise reduction
* Auto exposure

* See product information for device-specific functionality.
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Modular Automotive Reference System

The Modular Automotive Reference System (MARS) is a complete imaging solution for camera system developers and software developers
working on automotive imaging applications. MARS gives engineers and software developers the fundamental building blocks needed to
create next generation imaging systems, while reducing the design effort and resources required to develop a working solution.

Using the modular mix & match approach offered by this unique compact form factor platform, designers can bring together different
combinations of image sensors, co-processors (Image Signal Processor) and communication standards. The component boards
have consistent signal/power interconnect definitions to enable users to swap individual boards, creating a wide range of options

for experimenting, while eliminating the need for constructing custom boards. The result is a highly flexible solution where the various
modules are fully interchangeable.

For videos, tools and more information visit www.onsemi.com/MARS

Features

* Ready to use camera solution
e Compact form factor
* Modular and interchangeable building blocks
* Supported by comprehensive ecosystem
« Software development platforms
e Lens partners
* Schematic, gerbers, BOM

Benefits

* Accelerates development cycles

» Reduces need for technical resources
e Reduces development costs
 Eliminates redundant work
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Modular Automotive Reference System

* ADAS * Electronic mirrors

* Autonomous driving * In-cabin cameras for

* Viewing systems * Gesture recognition

* Backup cameras * Driver eye monitoring
¢ Surround view systems e Light level inspection

Individual MARS Board Order Descriptions

Sensor Board OPNs Short Description Sensor Board Description

MARS1-AR0230ATS-GEVB 2.1 MP, 1/2.7" MARS Sensor Board MARS sensor board with 2.1 MP, 1/2.7" high-dynamic range color ARO230AT image sensor
MARS1-AR0231AT6-GEVB 2.3 MP, 1/2.7" MARS Sensor Board MARS sensor board with 2.3 MP, 1/2.7" high-dynamic range color ARO231AT image sensor
with LED Flicker Mitigation and BSI pixel technology for superior low-light performance
MARS1-AR0132AT6-GEVB 1.2 MP, 1/3" MARS Sensor Board MARS sensor board with 1.2 MP, 1/3" high-dynamic range color ARO132AT image sensor
MARS1-AR0136AT3-GEVB 1.2 MP, 1/3" MARS Sensor Board MARS sensor board with 1.2 MP, 1/3" high-dynamic range color ARO136AT image sensor and
BSI pixel technology

MARS1-AR0140AT3-GEVB 1.0 MP, 1/4" MARS Sensor Board MARS sensor board with 1.0 MP, 1/4" high-dynamic range color ARO140AT image sensor
MARS1-AR0135AT2-GEVB 1.2 MP, 1/3" MARS Sensor Board MARS sensor board with 1.2 MP, 1/3" global shutter ARO135AT image sensor with high global

shutter efficiency and superior NIR performance

Co-Processor Board OPNs ‘ ‘ Image Co-Processor Description

MARS1-AP0200AT2-GEVB Up to 2.0 MP MARS Image Co-processor Board MARS Image Co-Processor (ICP)APO200AT High-Dynamic Range (HDR) ICP with built-in
MJPEG and H.264 encoder and Ethernet-MIl, RMII, GMII output interface

MARS1-AP0202AT2-GEVB Up to 2.0 MP MARS Image Co-processor Board MARS Image Co-Processor (ICP) with AP0202AT High-Dynamic Range (HDR) ICP with
parallel ouput

MARS1-AP0O100AT2-GEVB Up to 1.2 MP MARS Image Co-processor Board MARS Image Co-Processor (ICP) with APO100AT High-Dynamic Range (HDR) ICP with

sophisticated lens distortion correction and integrated video encoder for NTSC/PAL output

MARS1-AP0O101AT2-GEVB Up to 1.2 MP MARS Image Co-processor Board MARS Image Co-Processor (ICP) with APO101AT High-Dynamic Range (HDR) ICP and
parallel output

MARS1-AP0102AT2-GEVB Up to 1.2 MP MARS Image Co-processor Board MARS Image Co-Processor (ICP) with APO102AT High-Dynamic Range (HDR) ICP with

sophisticated lens distortion correction and parallel output

Serializer OPNs ‘ ‘ Serializer Description

MARS1-TI913-GEVK MARS Serializer Board Texas Instruments DS90UB913 Parallel to LVDS FPD-Link Serializer

MARS1-MAX96705-GEVB MARS Serializer Board Maxim MAX96705 Parallel to LVDS GMSL Serializer
Deserializer OPNs Desrializer Description

MARS1-TI914 MARS Deserializer Board Texas Instruments DS90UB914 LVDS to Parallel FPD-Link Deserializer

MARS1-MAX9706 MARS Deserializer Board Maxim MAX96706 LVDS to Parallel GMSL Deserializer

Ethernet PHY OPNs Ethernet PHY Description
MARS1-KSZ8081MNX-GEVB MARS Ethernet PHY Board MARS Micrel KSZ8081MNX-GEVB Ethernet PHY Board

Demo3 Adapter Board OPNs ‘ Demo3 Adapter Board Description
MARS1-DEMO3-ADAPTER-GEVB MARS Parallel to Demo3 Adapter MARS Adapter for adapting the parallel serializer boards into Demo3 Demo Kit Tool

Demo3 Board OPNs Demo3 Board Description
AGB1NOCS-GEVK Demo3 Demo3 Demo Kit Tool
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Automotive Lighting Systems

ON Semiconductor

offers standard

Stepper LED Xenon Halogen
prOdUCtS and custom devices for Drivers Drivers Drivers Drivers
. . . . . Advanced Front Lighting
automotive lighting applications. The
H H LED LCD RGB LED Bulb
company plays a promment role in the Matrix || Backlight LED ||Drivers||Drivers
market for Xenon driver ASICs, develope