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The Vision of Radar People
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NXP Leadership in Radar ICs

Distance measurement: 0.25 — 250 m
0.25-70m

Accuracy for dis. measurements: +/- 0.2m
speed measurement: -400 — 200 kph
FoV azimuth: -9° - +9° far range

-75° . + 75° near range
FoV elevation: 14°
Angle measurement accuracy: +/-2° (30°)
power consumption: 6 W

NXP MR2001 NXP

Scalable radar MPC577xK
transceiver chipset Radar processor
with antenna board
arrangement
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11 years of leadership on MMIC+MCU

Fully scalable platform for channels, performance,
software, and safety

Patents 76 granted, over 100+ disclosures

Over 100+ R&D engineers active in radar across NXP
including Millimeter Wave Center in Munich and design
centers throughout the world

Owned RF processes and fabs with full production test
capability at 77 GHz

Differentiating IP

Signal Processing Toolbox developed in cooperation with
Continental

First integrated A ADC for radar
High linearity Millimeter Wave VCO+PLL

Advanced programmable chirp generator

Introduced MIPI-CSI2 standard into the radar system
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Revolution in Radar Bandwidth, Processing, and Fusion

Evolving from Sensing to Perception: Dramatic Increases in Integration + Performance per Power + Reliability

NCAP 2016: Radar Modules

Active safety for AEB, ACC

Passive safety with FCW, BSD
Automotive Safety (ASIL B) and Security

Active Steering, Emergency Braking, Self Fully automated Vehicle & Fail-over
Park, Highway auto-pilot, Platooning operational System

Automotive Safety with Security Software Defined Radar for flexible
Direct interaction with navigation system modulation and adaptive radar

and V2X Digital modulation control

Object Detection in module-as-ECU
Stand-Alone Modules with CAN RFCMOS integration Radar Fusion Acceleration

CAN-FD and Ethernet Network “Radar Network Architecture”
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76-81 GHZ
TRANSCEIVER




Eagle: MR3003 Car Radar IC:
BICMOS Car Radar Transceiver for 76-81 GHz

Applications i S SRty L e N =

- Mid Range: Emergency Braking E TO

- Long Range Radar: ACC £ —E%XB

- Features RS
- Fully integrated BICMOS Radar Frontend for 76-81 GHz : | —

- 3 TX (W/ BPSK), 4 RX Channels M’_ AT CITe

- Optimized for Fast Chirp Modulation i A %
-0

- Support for 2 GHz bandwidth
- High Output Power
- Automotive Temperature Range

- Support cascading of 4 x MR3003 L°‘° T8>

- MIPI CSI-2 Interface N\ veo /> x> [ 14> |5

- 1S026262 compliant development - ASIL Level B :g 0+ i I o386 .

. u>5§ h o tlmlng —:—OKU’

- Benefits = +| “me | o8
- Low Power: 2.2W (1Tx 50%, 4 Rx 60%, BiST 10%) somtz | Z
- Few external components, Easy Integration = = ioc

. . Co- =0

- High Range Resolution <8cm : .”

i ] :
e g e u el

OO0 0O
ADC_CLK_OUT MCU_CLK
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Dolphin: TEF8102/4 Car Radar IC
RFCMOS Car Radar Transceiver for 76-81 GHz

- Mid, Short and Near Range Radar
- Autonomous Emergency Braking
- Cross Traffic Alert / Braking
- Blind Spot Detection, Lane Change Assist, Parking Aid
- State-of-the-art 40nm CMOS
- High Integration Level
- Programmable Fast Chirping, up to 2 GHz
Integrated IF filtering

\ .
Race
— >

Dolphin Runner

- TEF8102: 3Tx (w/ BPSK) and 4Rx, to support Multi-Mode Radar oL Tming
- TEF8104: 2Tx (w/ BPSK) and 4Rx, optimized for lower cost ) "Vveo [€ E”T‘”e
- High Performance ADCs (SFDR >= 63 dB, signal > -27 dBFS) '
Tx3  [€ SPI <€ >

- Integration Benefits |
Low Cost, Size, Weight, and Power Power Safety |

. . & Clock Monitor
Ease of Application (on PCB)

Y

Self-monitoring: Functional Safety Rl ADCL
Ease of Control (by MCU) . . csi-2

Y ; .
. Performance Benefits Y e A %

- Low Noise and High Linearity, for excellent
sensitivity and robustness against interference

Y

Y

Dolphin
Digital Out, Low Power, Highly Integrated

h
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Basic FMCW Modulation Shape
b)) \

Fs o

Down
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> amplitude and phase, al, pl ; amplitude and phase, a2, p2
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Simplified System RF-Frontend / MCU Connection

data & clock

- NXP packaged

RF/Analog Digital

solution

-
TX3 config & status General
solution

RX1 RX2 RX3 RX4
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#1 in Radar Processing: Integration and Performance Per Power

- Four generations of Digitalization s Smart integration
- Simplified Radar Processing mp SW Defined Radar

- Highest Safety & Security m ASIL-D and SHE assured
- Scalablemp Nano-radar to Hi-Perf LRR

() Central Smart Radar Fusion
High Resolution Long Range Multi-mode

O Multi-mode Integrated Corner radar

SR ——

One SW Platform from Smart Sensors to Fusion Unit

— A
)
% ‘ MCU gen3 SW Defined Radar &
o3 O 2016-2018 Radar Fusion
c o
)
=B ({_ MCUgen2 360° Multi-Mode Radar
05), % 2015-2017 Increased Digitization & RFCMOS
c €
- O ‘ MCU genl Front & Lateral Assist Radar (Basic NCAP)
) >
0 2013-2015
Sense e e Process o——o Detect o o Track e ° Cluster
SiGe to RFCMOS Signal Processing Toolbox High Perf. Cores ASIL-D Island Digitally Modulated Radar
24GHz to 76-81GHz Advanced Safe Processing App Management Secured Actuation Fusion Post-Processing

Value Creation through Full Digitalization = From Sensing to Clustering, Digitally Programmable Modulation, x
10 PUBLICUSE H#NXPFTE Safe, Secure and Reliable



RADAR
QUO VADIS




Future Sensors Development

Source: Delphi.com

Very compact Interference
size suppression

Small, single PCB Spectrum spreading,
Sensors mitigation proc., impr. Rx

Source: Conti-online.com

Higher Angular
Resolution

More Tx/RX, Lower Power

code MIMO next gen TRX/MCU
technology, specific SBCs

5D Scannin
_ g. Connected sensors Source: http://products.bosch-mobility-solutions.com/
Azimuth+Elevation & central processing

RADAR cocoon,
Stereo RADAR

Flex FOV and Next Gen Scalable sensor
Multi-mode Sensors concepts

One design —many
applications
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One Device — Scalable Applications for Autonomous Driving

RADAR Cocoon

processing up to clusters

- Local: sensing and

- Central: fusion of clusters
to objects, tracking, grid
mapping Radar MCU

- Enables very power-
efficient sensors and
maximizes compute
performance TRATHCE TRIEISL
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One Device — Scalable Applications for Autonomous Driving

Distributed Sensor Highl-/steed

- Local: sensing TRX + HS| TRX + HS|

- Central: processing and
fusion of clusters to
objects, tracking and grid
mapping Radar MCU

- Enables sensor
combination

(also non-RADAR) |
TRX + HSI

14  PUBLIC USE HNXPFTF M




One Device — Scalable Applications for Autonomous Driving

High Performance Sensor

- Increased resolution
(range, doppler, azimuth,

elevation)
- Processing up to object %
list

- Decision making
(brake/steer)

Radar MCU

Multi-CPU

b—
b—
b—
-
?’: cores
b—
p—
b—
p—

Radar
Proces
sing
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Where to Cut the Processing?

: ) medium .
Analog High bandwidth High bandwidth bandwidth Low bandwidth
signals Un-buffered buffered, . bulffert(_ed and
No flow control selective adjustable selective Level 2.3

Fusion
. Signal . . Clusterin
Recelver g . Slgnal anaIyS|s Detection : 9
conditioning Tracking
4x10MHz 4x20MSpsx12bit Complex spectra Clusters Targets coordinates -
bandwidth 960Mbps 1.3Gbps 100kbps..1Mbps 100kbps Occupancy grid

dep. on # targets

Point to point

CAN-FD connection

I/F capabilities Asymmetric cable transceiver —
High-speed uplink, low-speed downlink, 5..10m OPEN Ethernet topology

RFCMOS MCU
_ RADAR System Processors - IP +
echnology!
Semiconductor device capabilities e
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COCOON
RADAR




Cocoon Radar in System Context

Sensor 8
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Sensor Fusion ECU

Option:
Ethernet, HSI

CAN-FD network

Use Cases

Parking Distance Control
Parking Slot Detection
Blind Spot Monitoring
Cross Traffic Alert
Emergency Braking
Door Open Assist
Pre-crash Safety
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Cocoon Radar
Parking, Blind Spot Detection, Cross Traffic Alert, Emergency Braking

CAN-FD
Partial Networking

i i e S Schottky Diodes

00000

Radar Signal Processing
Dual MCU

Dual MOSFET

Radar Front-end IC

[ | Powessc B8 PowerSBC

Safety Watchdog
\ NPN Transistor
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Concept Design
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Cocoon Radar
Parking, Blind Spot Detection, Cross Traffic Alert, Emergency Braking

- CMOS is the next big step:
- Cocoons of radar sensors for 360° surround view

- Driving radar-based safety from premium into
volume market

- Making ultra-sonic parking sensors obsolete

Cocoon Radar
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Requirements on Cocoon Radar
Generic requirements for a small SRR sensor

Parameter Value

Range

Multi-mode

Field of View

# Antennae

Sensor Size
Temperature Range

Functional Safety

Network

System cycle

Power Supply

22
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0.05...50m @ 10dBsm RCS

MRR “NCAP” mode ~1GHz chirp BW, SRR Park-Assist 4GHz
160°

3 Transmit + 4 Receive

40 x 40 x 20mm

-40 to +85°C

ASIL B

CAN-FD, 2MBps, Partial Networking, Sleep Mode

40ms, 1 Tx 50%, 4 Rx 60%, Chirp 60%, BiST 10%

4V - 42V @ Battery Side. Power 4W (average @ max temp)

h
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Footprint Evolution

RF+MCU

>800 mm?
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CMOS VS BICMOS




Why CMOS And BiCMOS

Technology Choice:
Integration Level

Digital Content

(7))
. c
Market scenario 2
(D]
Analog Content =
o xe(\(\a ((\6(\0
Performance x A
c ,“,0 \(\e( Q\-\l .
9 ‘(\\ga\a‘o\\\ //71<e
U>)\ 50 f(///sgl’alo
0 ey Sl
/'9@ %)
S0y

Scalability: # of supported Tx, RX
SR 50m SMR 120m LR 300m
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EVALUATION KITS
AND
RADAR SENSORS




Dolphin Evaluation Kit - Coming
Fully Functional, and fully performing

oD

cht i it

1 ]
-»“"a «'I "‘t 'In

- s =
Test board and samples and software available soon hd T e s L
- For evaluation by selected customers % 5 |
. . . Tx3 [€— SPI <€ >

Prototype has full functionality of the final IC |
- Not implemented: power & clock infrastructure and self-testing & self-monitoring Jower Seey L
All functional blocks work, and work together

. . . Rx1 >» ADC1 > >
- Signal generation & Tx = Rx = ADC = Serializer ; ; serial %
All spec parameters perform well Y it sl avce sl
- Close to specification and simulation

h
P
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Eagle Evaluation Kit - Overview

28

00606060480

fidy

A

Culg

L LR

Various evaluation Kkits

pin header for USB to SPI bridge
no special power supply

easy to use interfaces

Today w/ Eagle ES1.x
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SPI

17:
Ext./ Int.
Chip Select

UsB 2.0

D4:
Power-LED

D8:
Error-LED

18:
40 Pin Pin Header
(Backside)

11/2:
Debug-Cfg.

SWi1:
Reset-

< Button

D10:
Reset-LED

D7/5/2/1:
Status-
LEDs

J10:
Programmer
/ Debug
Interface

USB to SPI bridge based on
Pigeon NXP MCU
Directly attached to EvVK

Hard- and software developed
by NXP sys & apps

USB

Qi

B[ &
< %
1 © R

EHRCH

Qi

(¢

GUI to send excel scripts

Full GUI to graphically control
chip parameter (in development)
Full GUI to accquire data from
measurement equipment

(in development)



Radar Demo Eagle + Radar MCU

~7.2 cm
 Eagle ES1 (MR3003) + Radar MCU
« RO3003 on FR4
« 3 Txand 4 Rx channels RFbeam Maonave (S
« Mechanical, and thermal design included pr
« Transparent radom
» 2 board design (RF + MCU)
« Ethernet interface
» Single supply

41

.
A
® Q}¢\ 4

W {~

Eagle ES1
Radar Demo

pE wu REEE
||l"'.'
P'||||II

P L
o
ganit
i
.\3

* Fully functional sensor
« Software included (Radar processing)

» Graphical Frontend (for Demo purpose)
* Demonstration on FTF2016
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Radar Demo Stack

« Two PCB design to achieve flexibility
 mmW board can be combined with full size Radar MCU Evaluation board

h
P
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Radar Demo Eagle+RaceRunner Family MCU

Back side, RRU with debug and Ethernet:

Top side, radom removed:
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Fullsize Radar MCU Evk with Attached Eagle RF Board

P |

7y ,’I:,Eagle‘:RFE"- :

.
.......
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SECURE CONNECTIONS
FOR A SMARTER WORLD
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