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Automotive Radar — What is it ?

Advanced
Emergency

Evasive
Collision
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Adaptive Cruise Blind Spot Lane Change Rear traffic
Control (ACC) Monitoring Assist crossing alert
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A Quick Comparison to “Traditional” Radar
Development and Test

Traditional Systems:

« Long range

Electronic warfare

Lots of signal processing
Large budget programs
Low volume production

Automotive:

« Long range not a primary design challenge
Interference is typically unintentional

Low cost

High Volume

Regulation
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Regulatory

Frequency Band Compare

A
Freq

77GHz

ETSI EN 301 091 (since 1998)

76GHz to 77GHz
BW = 1GHz BW max
BW = 500-800MHz typ.

«35@
AN
24GHz UWB
ETSI EN 302 288 (since 2005)
22.00GHz to 26.65GHz
BW = 4.65GHz max
(until 2013 for Europe)
24.25GHz to 26.65GHz today

BW = 2.4GHz max
(until 2018 for Europe)

BW = 1.5GHz typ.

122GHz

ETSI EN 302 264 (since 2009)

122GHz to 123GHz
BW = 1GHz max
BW = ?GHz typ.

79GHz

ETSI EN 302 264 (since 2009)

77GHz to 81GHz

BW = 4GHz max

BW = 1-2GHz typ.
...but possibly higher ?

24GHz ISM NB
ETSI EN 302 858 (since 2011)

24.05GHz to 24.25GHz
BW = 200MHz max
BW = 100-200MHz typ.

2000

TLO Inbound Marketing and
Emerging Technologies
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Atmospheric Properties
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Q.1
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Attenuation (dB/km)
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Frequency (GHz)

Source: “Millimeter waves will expand the wireless future” by Lou Frenzel, Electronic Design Mar 2013
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Millimeter Frequencies

Traditionally the 30 to 300 GHz spectrum (i.e., wavelength 10 ~ 1 mm)
Research now extending to 500 GHz, 1 THz, and beyond
Benefits:

« Small antenna size

» High resolution

 Uncluttered spectrum

« Wide bandwidths

« Advantageous use of atmospheric properties
Measurement Issues:

« Small and more fragile cables, adapters and accessories
« Costs increases
 Lack of power standards
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Millimeter Signal Generation

Methods of generating signals

« Multiplication
« Upconversion

Considerations

* Frequency range requirements
 QOutput power requirements

« Modulation and bandwidth requirements
« Minimizing spurious signals
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Signal Generation
Multiply a Microwave Signal to Achieve Millimeter Frequencies
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Signal Multiplication
Pros and Cons

Pros

« A good choice for CW and pulse modulated signals
 Test setup simplicity
 Fixed or variable output power

« Commercially available modules from several manufacturers covering
waveguide bands up to 1 THz and above

Cons

« Saturated output power

« Pulse modulation rise/fall times may be altered

« FM and ®M deviation is multiplied by the multiplication factor
« AM modulation is severely distorted

» Not suitable for most digitally-modulated signals

 Creates harmonic, sub-harmonic and non-harmonic spurious signals,
-20 dBc typical
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Multiplication of Phase Noise

PSG Phase Noise vs. Frequency
due to 20log(n) Multiplication (SxxMS-AG)

N

40 - \\\
_60 ——PSG (15 GHz)
\\\\\\ ——60 GHz (15 GHz x4)
-80 \§ \ ——90 GHz (15 GHz x6)
~———120 GHz (15 GHz x8)
o0 N \\ ——180 GHz (15 GHz x12)
\\\\\ ——270 GHz (15 GHz x18)
-120 \\\ ~——— 450 GHz (15 GHz x30)

-140
N

-160

Phase Noise (dBc/Hz)

1 10 100 1,000 10,000 100,000 1,000,000 10,000,000
Frequency Offset from Carrier (Hz)
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Signal Upconversion Hodlaton Siane Generter
Pros and Cons = gl

Diﬁ.g o

LO Signal Generator

Pros
« Much better choice for modulated signals
» Can support wide bandwidth signals
« Reasonable output power

Cons
 Higher-complexity test setup — two sources required
» Limited choices among off-the-shelf upconverters
* Very limited amplitude control

 Creates images, harmonic, sub-harmonic and non-harmonic
spurious signals
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Signal Generation
Upconverting a Microwave Signal to Achieve Millimeter Frequencies

LOINPUT

+15VDC
IF INPUT
+~15V LED

12V LED REF INFL'T

ETETT TTT
o EEEMZEEFEIT 2=

e 2" |.F. 17.5 GHz
Transmitter Output:

AWG input: 5 GHz IF () - =\ II—»@—»/_ > ) +5dBm

57 ... 66 GHz

2" .0.22.5GHz

LO input: 10-12 GHz @ > Ax >/ N\ — N5152A Up Converter

-
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Millimeter Signal Analysis

Methods of analyzing signals
« External harmonic mixers

« Smart mixers
« Downconversion

Considerations
« Frequency range requirements
« Conversion loss and sensitivity requirements
« Modulation and bandwidth requirements
« Minimizing spurious signals
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Signal Analysis

Using a Harmonic Mixer to Extend the Spectrum Analyzer Frequency Range

Diplexer built-in to PXA/EXA
allows LO and IF signals to
share the same RF cable
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Some harmonic mixers
require DC bias
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Signal Identification

Agilent Spectrum Analyzer - Swept SA
B | ExTMDER

Trig: Free Run
IFGain:Low

Ref 0.00 dBm

Auto

Center 62.50 GHz Span 25.00 GHz
Res BW 3.0 MHz VBW 3.0 MHz Sweep 3.40 ms (1001 pts)

wse L Alignment Completed

i
Center Freq 62.500000000 GHz Frequency

62.500000000 GHz
50.000000000 GHz

75.000000000 GHz

2500000000 GHz

Auto Tune

Center Freq

StartFreq

Stop Freq

CF Step

Man

Agilent Spectrum Analyzer - Swept SA
B | EXTMIER SIG 1D

R
Marker 1 67.000000000000 GHz _
PNO: Fast L, 1vig:Free Run

IFGain:Low Atten: 10 dB

Peak Search

NextPeak

Ref 0.00 dBm -13.13 dBm

Next Pk Right

Next Pk Left

Marker Delta

Mkr—CF

Mkr—RefLvl

Center 62.50 GHz Span 25.00 GHz
Res BW 3.0 MHz VBW 3.0 MHz Sweep 3.40 ms (1001 pts)

MSG

Signal Identification OFF
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Signal Analysis

“Smart” Mixers Offer Improved Performance and Functionality

USB connection provides: |

 Automatic ID
« Harmonic number
 Conversion loss data

LO path loss

Frequency range

LO harmonic number'

LO input frequency range?
Maximum conversion loss®
Calibration accuracy (nominal)*
Maximum LO power

Maximum CW RF input level
Maximum RF peak pulse power

Odd order mixing product suppression
(nominal)

Gain compression level (< 1dB) (nominal)
Input SWR (nominal)
Noise figure (nominal)®

System displayed average noise level (DANL)
at 1 Hz resolution bandwidth (nominal)®
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60 to 90 GHz 50 to 75 GHz 50 to 80 GHz 75t0 110 GHz
—6/-8 -6 -8
9.42 to 12.56 GHz 8.39 to 12.56 GHz 8.39 to 13.39 GHz 9.42 to 13.80 GHz
27 dB 23 dB 25 dB
2.2
20 dBm
20 dBm (100 mW)
24 dBm with < 1 psec pulse (average power: + 20 dBm)
15dB
-1 dBm
2.6
40 dB 36 dB 38 dB
—136 dBm —140 dBm —138 dBm
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Signal Network Analysis
High Frequency up to THz region

No longer just traditional scalar
measurements:

* Non-linear analysis

« Materials measurements

« Frequency range to THz

« Integration with design software
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Design and Simulation
MMIC’s & Baseband Design Tools

Design tools should provide:
Accuracy

Standardized design
capability

Integrated test

Path from design to FAB

gilent EEsof MMIC Foundry Partne

NORTINROP CRUNMAN

bullt and cer“”‘db

Anticipate __Accelerate __Achieve

18

@ systemVue™ 201206 Beta
T S " ———r T T—

DG B 90 3¢ HEEP-#-0
o1L[E K ®Q [/ [ o

[E=E =R

[ DF T Data
9 DF_T_Datal (DF_C!
i3 Estimate Range

are created for modeling the FMCW Radar.
o FMCW environment model is created for
simulating the environment including return

=
= e | Notel = & ][] | B Estimate Range =E=]
i i D_Estimat.. D_Estimate V_Estimate_Index V_Estimate D |(raparpars =
g ;“:va:;ﬂﬂdﬂ' RADAR System Simulation 0 219727 0 22888 ==
P “Agient Technologies SystemVue Workspace L
[ FMCW_Test (Scher e
=4 Ecemple2-ChirpRadal This workspace provides an example of a FMCW Radar Flter By:
) Chirp Dara OF.c| | | SYStEMsimuiaion. b =
4 DeltaFrequency
5 OF Chirp (FMCW) + Models Name Descrition E
1 DF_Chirp2 (FMCW, Several new models using M code and ] " " || 33 RADAR_ANTE... Rachr Anterma_Patte

{4 DeltaFrequency

. Array Optimum Fiter
Barker Coded Wavefol

[S &= || &~ revar sare

Constant False Alarm |

[ FMCW (Schematic] target including target velocity, range, and 5} RADAR_CICD... RADAR CIC Degmatio) =
# OutWay channel condition. Clutter, jamming, and T [+ racer_crcr... RADAR CIC Interpolat
9 Triangle FM_Data intarfaranca can ha alen incartad Thie madalic ™ i B RADAR Clutter  RADAR dutter simuiat
B TaSpectrum — — £ -En RADAR_Clutt.. Radar clutter simulatio
s £ FMCW_Test =)o = 1 JERADAR Citt.. Racar ctter simuatio
kodel E Radiar C waveforn ¢
¥ channel (Model) g L ... Digital Aray Radar du
F- FMCW_Environme 3 .. Radar target 20 simulz
J> RADAR Target (M FMCW System = RADAR Digtal Down €
- Rangekst (Model) Direct Digital Synthesis

$ Signal Processing ( RADAR Detector
Tispect
J- VEst (Model) i RADAR Digtal Up Com
] Notel - Rader Range Equation
. Equationl I i 1 [+ RADAR Frank... Frank Coded Wavefor
T 1 b RADAR KALM... Racr Kaiman Fiter

i \ - RADRLIFH  LinearFrequency od:
7 ] A} RaDAR Matc... - generate the matched

4?—» RADAR MTD__ Moving TamTtBehedv 2

‘ ] 3

+ = = RADAR LFM -
Done CAP_NUM SCRL
e — el e e

3 M EETETD T oW -
S1iTrEEIiI s

RF

Analog Source - LO

Agilent Technologies

Radar

Aerospace & Defense
© Agilent Technologies 2013




Conclusions

In the future the automotive radar market is expanding into higher
frequencies

High frequency measurement challenges can be addressed with
technologies discussed:

Banded up/down converters or multipliers dividers
“Smart” external mixers

Improved Phase Noise

Wider bandwidth analyzers
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