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Outline

[ Challenges of 4D Radar OTA Measure
O Introduction to Imaging Radar OTA Measure
-Passive ~ EIRP ~ Group delay - Imaging Analysis and MP
[0 EIRP & Image Issues Analysis
O Conclusion



Tesla Radar!!

4.2 Antenna Description

Tesla FCC ID: 2AEIM-1541584 (released 1n 2023.03)

External/Internal/Integral Total Antenna Gain (dBi) Antenna Type

8RX Integral 20.32 PCB Trace Antenna

S The antenna is factory-installed and 1s not modifiable by users.

N L AT
R Device has 6 Tx antennas, but only 4 can transmit at the same time. The maximum individual antenna gain is
14.3-dBi. Total antenna gam lnd-Vlﬂ‘llaLaQtt‘nna gain + 10log(number of antenna that transmit at the same

‘ llme) = 14.3 dBi + 10log(4) = 20.32 dBl

The antenna gain 1s Thformation ps pru\-'u:led by the customer.

Antenna boresight direction(s) and 3 dB beamwidth in both horizontal and vertical planes:

* Azimuth:

Bl 6TX o Boresight — 0 degrees

L ok o 3dB beam width — 48 degrees

TX Gain: 14.3 dBi i Az EL
o o Boresight — 0 degrees

o 3dB beam width — 14 degrees

Antenna
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4D Image Radar

Radiation pattern
AZ Scan!? Phase error wider 3D coverage
—) Tech. key ; lower EIRP
 — O EL scan : 1*n = n*n

O Distance enhance : low loss & high gain "
. . 2). PCB with inhomogeneous Dk =» phase erro
O High sensitive : SLL & XPL (2) N omoy - P A

O Algorithm : Channel emulation

(3). PCB via hole/pad =» phase error

Ant. eamformer

IC / | FT.'T.F-'P:IBE;B.FI;;.FE.;.FT.‘- ,

&« : Chip GND

| Antenna GND

PCB —

v
_ IC Measure items :
Insertion Loss O S-para. (matching) & OTA(SNR)
RFI/Algorithm O EIRP pattern
PCB O Field OTA : Multi objects ~ Doppler ~ coverage
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Antennas Measurement - OTA

Probing OTA System OTA Field OTA

- Sub-array

Inhomogeneous material
parameters (D, /Dy)

Algorithm of image

-2 =L -1 & ] L -1

Different antenna
characteristics

Insertion Loss & phase

et | e it 3

Large quiet zone (QZ)
Path loss & beam scan
EIRP

Group delay
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Challenges of Probing OTA

v Operator's feeling
v" Image from high-resolution

optical microscope

v' 821 signal remains stable
T GND

Thru \
Load
Shart --...\...

Open ——
shot — Source: MPI

Load T

Thru /

keep a
distance

perpendicular
to GND of AiP

v Low DK (g,)
v low Warpage
v" Toughness
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Probing OTA — MW5e

Metal frame can 1solate the probe
and the other fixtures

Absorbers
reduce
sidelobes

Reduced path
loss by
waveguide

sl

Absorbers reduce reflections
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Low path loss 18 achieved by a short distance | Featyres -

between an extender and an AUT.

Anti-vibration rack

Aerospace grade
hardness and low

Dk/Df material

Offset-fed rolled-edge reflector
(Edge diffraction suppression)

1. The probe station 1s outside the
chamber (Easy to operate)

2. S-parameter and radiation pattern
measurement in one (Time saving)

3. 3D-CATR (Compact)

The probe and probe station are kept a
distance by an extension design.

Solved problems :
1. Calibration to the tip of the probe
O Antenna input impedance measurement
form the RFIC-antenna feed point
O Load pull & G/T measurement
O Passive radiation pattern measurement
O Beam chart modeling
2. Predict Phase Array performance
O Reduce IC cost
O Debug



MW5e for Passive OTA

Radiation Pattern at 76 GHz

[F : 26 GHz

E-band Extender

R&S)
Flexible/RoteEion
waveguide

_,\.} ﬁnIJIIHBzﬁ}’EBE

=,
ms|

ZNA (R&S)

=>4 | () cable + probe

‘

[ |
AUT (FAue2812)

/7. | Simulation
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BW: 69.6 - 82.3GHz

S-parameter Results Matching netuork !

- —- i i ! !
-, Simulation | o Simulation ! E
M'Wsn:m ’ i ’ ) B5.00 ' i ' ) ?n:no ' ’ ’ ) rs:nq: ' fu.ln 75.00 80.00 : #5.00

Freq [GHz] 1 1 Freq [GHz] 1
& ! : |
Trel 511 dBEMag 10dR/Ref0dB Cal : : :
: R B ! :
Measurement | | | :
i E Measurement !
DU I S S g : S |
-10dB T - -10dB == = ul
1 W}l(\ ":.’\' 1 : e
: ‘l‘w vr : 1
4 '»V | 1

Ch1 Arbh Channel Base Start 60 GHr Pwr OdBm Bw 10 kHr Refl OSM P1 Stop 85 GHz
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Antenna GD OTA Measurement

§'4m T/ _ 5:0:_ 7 N T
& 200 | — g 2l

300 - _ 'Ripple

uw& 82 B4 86 Far:quengc“s:; a4 1] a8 10 L] a8z a4 86 ;:q“e:’y [G:;] a4 86 2.8 10

Chamber block diagram
DUT Feed horn
Air length
VNA + Switch box
PA
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Measured GD (3 meters length cable)
12.68

12.67

12.66

Group Delay (ns)
SO0 o
3 X &

12.62

12.61

12.6
500 3000 5500 8000 10500 13000 15500 18000

Frequency (MHz)




EIRP Measurement
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EIRP Measurement Result

Freq. : 77~78.7 GHz

Theta (deg.) AWRI1843 AWRI1843 AWR1843
: (TI Rxxx) (NP930 3TX) (NP930 2TX)
-45 -6 -4.3 -5.3
-40 -5.1 -34 -4.6
-35 -3.8 -2.2 -3.1
-30 3.1 -0.8 -1.9
-25 -24 0.2 -1
-20 -1.6 0.3 -1.3
-15 -0.5 0.4 -14
-10 -0.8 0.9 -0.5
-5 -0.7 1.2 -0.3
0 0 1.5 0.5
5 -0.1 1 0.1
10 -0.5 0.8 -0.3
15 -0.7 0.6 04
20 -1.7 0.3 -0.5
25 -2.1 0.1 -1.7
30 -2.3 -14 -2.6
35 -2.9 -1.5 -2.8
40 4.1 -2 -3.6
45 -54 -3.3 -4.7
HPBW 65 67 07

® Ref.: TIEVB
® Desion by NP822 : better 1.5 dBm
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Normalized EIRP (dBm)

X7 plane Theta vs Normalized EIRP

-45 -40 -35 30 -25 <20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45
Theta (deg.)

—— AWRI1843 (TI Rogers) =———AWRI1843 (NP930 3TX)
—— AWRI1843 (NP930 2TX) —— Simulation



Challenges of Field OTA

Frequency 77~81GHz

VSWR(Typical) <3

Dimension(Bending) ,mm | 71x50x0.52

Peak gain (dBi) 11.46

Measuring Range Under development
Detection Angle 100°

Interface USBC/CAN BUS

FLEX /um wBEREEES=

R&S TOGETHER WITH AVL
A SUCCESSFUL PARTNERSHIP FOR A GAME-CHANGING VIL SOLUTION

COMPANY CONFIDENTIAL
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Field OTA Measurement — MW5e

AREGI100A

(Mixer)

2)

+60

| Reflector |
— Reflector
b
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Doppler/RCS/Distance

AREG100A

Mixer + circulator

R WG
DUT

W
A\

4

Reflector




Measurement Result — Field OTA

Test angle: -60 to +60 deg(step Sdeg) with 2 target
» Range 50 meters Doppler 10 m/s RCS 20 dB
* Range 100 meters Doppler -10 m/s RCS 20 dB

X-Y Scatter Plot

Distance along longitudinal axis (moters)
=]
=]

Dstance along lateral axis (meters)
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EIRP OTA - MP OTA hambe aeeney - 1161 6z o

(e roies
Ay
NRPM I
=

C .
Multiple Switchh Al
Turntable ?ngsgg gg Hz)
(For AZ rotation) +84Bm
Control signal AL
T IF signal ' J: J
& == RF signal
SZMe0
(UIC 80~B0GHZ)
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Conclusion

4D Image Radar Need High Sensitive Antennas
S-parameter : Wideband Impedance Matching
Radiation Patterns : Coverage

EIRP : Substrate/S11/Ant. Gain

Group Delay : Phase Distortion Measure
Image : Application Scenarios Emulate

MW5e : Probing/System/Field OTA 3 in 1

YV V. V VYV VY V V
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