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3.4 3D Polar Pattern
NORMALIZED TO MAX
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Appendix

A Global Min and Max values and directions
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2400 2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 5100 5200 5300 5400 5500 5600 5700

I
5800

5910
Freq. [MHz] Freq. [MHz]
. Freq. Min  Omin ¢Min  Max  Omax  PMax
Freq.  Min  Omin ¢mMin  Max  Oyax  Pmax . .
MH dB d d dB d d
(MHz) (dBi) (deg) (deg) (dBi) (deg) (deg) (MHz)  (dBi) (deg) (deg) (dBi) (deg) (deg)
2400 -38.38 178 299 -0.03 93 11 2;88 :ig:g i;i iz iig gi igg
2410 -36.39 178 299 0.02 93 12 ) ’
5300 -21.21 174 52 1.99 86 167
2420 -33.68 178 298 0.04 93 12 5400 —21.60 48 311 231 89 166
2430 -3291 177 294 0.05 93 11 ) ’
5500 -23.60 50 313 2.36 89 166
2440 -32.66 177 293 0.05 93 11 5600  —21.30 59 313 538 88 166
2450 -33.53 177 291 0.11 93 10 ) ’
5700 —18.06 52 321 2.33 87 167
2460 -33.07 177 291 0.11 93 9 5800 —14.37 50 330 1.99 84 168
2470 -31.26 177 293 0.10 93 7 ) )
5900 -13.63 7 320 1.78 85 243
2480 -31.05 178 293 0.07 93 7 5910  —14.03 7 391 167 84 242
2490 -30.49 177 293 0.04 93 6 ) ’
2500 -30.43 178 293 —-0.02 94 7
Globally: Globally:
Freq. Min  Oumin  ®Min Max  Omax PMax .
; : Freq. Min  Omin OMin @ Max  Oyax Pwmax
(MHz) (dBi) (deg) (deg) (dBi) (deg) (deg) . .
g _ces g _cee (MHz) (dBi) (deg) (deg) (dB) (deg) (deg)
ijgg —38.38 178 299 011 93 9 5200 -27.89 174 44
) 5600 2.38 88 166
A The Global Min and Max refer to the antenna placed in free-space
as indicated in Sec. 3.2.
Modulo AL-10-31 Rev 6 del 30-06-11 Aug 10,2017

Approver: Martino Rosin
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		Freq. (MHz)		 Global Min (dB)		 phi_Min (deg)		 theta_Min (deg)		 Global Max (dB)		 phi_Max (deg)		 theta_Max (deg)

		2350		-32.189		178		297		-0.24769		92		9

		2360		-34.835		178		299		-0.22783		92		8

		2370		-36.846		178		298		-0.1894		93		10

		2380		-40.438		178		300		-0.067767		93		10

		2390		-41.366		178		300		-0.051653		93		10

		2400		-38.379		178		299		-0.030855		93		11

		2410		-36.391		178		299		0.017799		93		12

		2420		-33.678		178		298		0.036452		93		12

		2430		-32.909		177		294		0.047336		93		11

		2440		-32.664		177		293		0.047927		93		11

		2450		-33.53		177		291		0.10869		93		10

		2460		-33.071		177		291		0.11326		93		9

		2470		-31.259		177		293		0.097308		93		7

		2480		-31.051		178		293		0.07239		93		7

		2490		-30.487		177		293		0.04483		93		6

		2500		-30.429		178		293		-0.021555		94		7

		2510		-30.391		178		293		-0.043729		94		7

		2520		-29.937		178		292		0.016833		94		7

		2530		-29.965		178		293		0.030115		94		7

		2540		-29.37		177		294		0.004336		94		6

		2550		-34.121		177		300		0.078045		95		6

		4900		-19.754		22		324		1.0888		81		168

		5000		-19.132		22		47		1.382		82		168

		5100		-20.552		174		43		1.5881		82		168

		5200		-27.888		174		44		1.7728		84		167

		5300		-21.206		174		52		1.9877		86		167

		5400		-21.598		48		311		2.3098		89		166

		5500		-23.599		50		313		2.3583		89		166

		5600		-21.305		52		313		2.3811		88		166

		5700		-18.056		52		321		2.3347		87		167

		5800		-14.367		50		330		1.9937		84		168

		5900		-13.626		7		320		1.7794		85		243

		5910		-14.03		7		321		1.6705		84		242

		6000		-15.483		20		332		1.3965		83		242



"C5 Gain Min-Max.csv"
D:/WORKS/measurements/]2017[/170712_NF_Starlab_WLAN_C5_C6/matlab/subtables/../"C5 Gain Min-Max.csv"
Right click for Downloading Menu
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BT WIFI Dualband Antenna (Bugatti)

Molex Part Number Bugatti Part Number | Part Description
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Antenna electrical Characteristics

Parameters Min Typ Max Units Remarks
Frequency Band 2.4GHz 2400 2483.5 | MHz
Frequency Band 5GHz 5150 5850 MHz
3D Efficiency 60 % FI!’13| Assembly; measured
without harness.
3 .
5 dBi @ f <4.9GHz;
Antenna Peak Gain @ f>4.9GHz;
Measured without harness.
Polarization Vertical also horizontal
S22 (Return Loss) -8 dB matching
Impedance 50 Ohm Both bands
Diagnostic Resistor 9 10 11 KOhm

Connections

Single Fakra ll, Code G, male

Antenna Orientation




Antenna peak values

f [MHz]
5550

f [MHz]
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
5100
5150
5200
5250
5300
5350
5400
5450
5500
5550
5600
5650
5700
5750
5800

H - overall peak

max [dB]
2,63458679

phi [°]
340

H - peak values

max [dB]
1,21905871
1,37903599
1,43412394
1,37576434
1,38299612
1,34245887
1,48013625
1,41239651
1,30163021
1,3609937
1,33425597
2,34259652
1,94971276
2,24032973
2,05674312
2,18997632
2,15840245
2,34537031
2,31839742
2,51967581
2,63458679
2,50380553
2,4643903
2,22622551
2,50122628
2,43724023

phi [°]
186
184
186
184
186
186
186
186
184
186
186
18
18
18
328
328
336
336
338
340
340
342
342
344
348
348

elevation [°]
-86

elevation [°]
-50

f [MHz]
5600

f [MHz]
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
5100
5150
5200
5250
5300
5350
5400
5450
5500
5550
5600
5650
5700
5750
5800

V - overall peak

max [dB]
4,0570684

phi [°]
270

V - peak values

max [dB]
0,59348167
0,71979746
0,82626247
0,72447664
0,7095765
0,70647293
0,83437951
0,81557035
0,6757775
0,50494027
0,48468508
2,42378646
2,58413962
3,15152737
3,28829198
3,38213639
3,56555509
3,67829067
3,69990588
3,86243897
4,04730467
4,0570684
4,01961046
3,81938365
3,75201399
4,03162441

phi [°]
268
268
266
268
268
270
88
90
88
268
270
284
282
282
284
282
282
266
266
268
266
270
270
270
270
272

elevation [°]
-78

elevation [°]
-78
-78
-76
-76
-78
-78
90
90
90
88
88
-52
-54
-54
-52
-54
-54
-78
-78
-78



Antenna matching with ground ( S22 Parameter )



Antenna matching without ground ( S22 Parameter )
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The Future in Motion

Bitte decken Sie die schraffierte Flache mit einem Bild ab.
Please cover the shaded area with a picture.
(24,4 x 7,6 cm)

9Y0 051 506, A,...

BTLE antenna

www.continental-corporation.com Interior



Porsche Bluetooth Antenna: BTANTPO01

Porsche No. Ct?s(:g:::c;??\:o EZ-No. Car Function  Homologation Title BT-Gen. Country TGS
9Y0 051 506 50011040 POS536 BT-ANT BTANTPO1 - RDW 02S
9Y0 051 506 A 36231264 52512577 PO513,536,992,AUS13  gr aNT BTANTPO1 - RDW 01S

www.continental-corporation.com

Interior
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>

>

>

Max. Ratiated Power/ EIRP for each antenna=-2,2 dBm (0,6mW)

Max. Conducted Power =-4,0 dBm

Max Combined Power =-0,97 dBm

BT-Antenna
Car-mounted
in rear
bumper

BT-Antenna
Car-mounted
in front
bumper

Antenna hardware:

» both antennas can transmit simultaneously

Radiated Power

max. -2,2 dBm
(-3,2 dBm 1 dB)

Antenna
Gain
max. 4 dBi

» No MIMO possible (passive splitted)

Combined Pout
(Output 1 & 2)

max. -0,97 dBm
Cable length
min. 2,5 m
Loss: 0,88 dB/m
Per Port
Pout max. -4 dBm
Pout (-5 dBm 1 dB)

max. -6,2 dBm

(-7,2 dBm 1 dB)

Space for Sender Information
Confidential

06.04.2021



Antenna Design
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9Y0.051.506_/ A:

= Antenna Type:
= Polarization:
= Antenna Gain:

= Antenna Rated Power:

= Antenna Connector:
Fakra-Connector acc.
Frequency:
Impedance:
Return Loss:

Decoupling:
Temperature Range:

Slot Patch Antenna
Circular

max. 4 dBi

max. -2,2 dBm

ISO 20860-1
DC to 6 GHz
50 Ohm
>15dB

> 16 dB
-40 °C to +105 °C

Space for Sender Information
Confidential

06.04.2021



GNSS antenna

Porsche P0426

Datasheet : Part No: 95C.035.500, Fuba 30006738
GNSS Performance in Heckscheibe

27.07.2021

M. Schoneberg

Fuba Electrical Engineering
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2.2 Passive Measurement Radom



2.2 Passive Measurement Radom

Partno: 95C.035.500

Fuba Automotive Electronics GmbH - Confidential



2.2. Passive Measurement Results GNSS

Avg. Realized Gain in dBi

S SO SR R S S ——RHC Pol. AUT | S SO SR R S S ——RHC Pol. AUT |
——LHC Pol. AUT ——LHC Pol. AUT
- e AR - o 00 030003 a0a §aaea06aa aaaadpaaoaa s R — Tot Pol. AUT | - e AR - o 00 030003 a0a §aaea06aa aaaadpaaoaa s R — Tot Pol. AUT
: : | | : —— AR Pol. AUT : : | | : —— AR Pol. AUT
_27_ ............ Lo, Lol Lo Lo Lo T | P | S — T ... _27_ ............ Lo, Lol Lo Lo Lo T | P | S — T ...
1500 1520 1540 1560 1580 1600 1620 1640 1660 1500 1520 1540 1560 1580 1600 1620 1640 1660

Freq. in MHz

Avg. Realized Gain in dBi

Fuba Automotive Electronics GmbH - Confidential

Freq. in MHz




2.2.

Passive Measurement Results GNSS

Avg. Realized Gain in dBi

Freq. in MHz

Avg Realized Gain for Theta 20-40°

——RHC Pol. AUT |
—LHC Pol. AUT
— Tot Pol. AUT |
—AR Pol. AUT

-27-
1500 1520 1540 1560 1580 1600 1620 1640 1660

Fuba Automotive Electronics GmbH - Confidential
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2.2. Measurement Results 2D-Chart (GNSS L1)

Realized Gain Cut(s) f=1600MHz

Realized Gain Cut(s) f=1590MHz

Realized Gain Cut(s) f=1580MHz
3450 0" 150

AUT | ¢=0°, RHC, Avg: -1.0dBi
AUT , ¢=45°, RHC, Avg: -0.8dBi
AUT , ¢=90°, RHC, Avg: -1.3dBi
AUT , ¢=135°, RHC, Avg: -1.2dBi
GPS Spec, 03, typ.

----- GPS Spec, 03, min.

3450 0° 450

195° 1gg- 165°

AUT , ¢=0°, RHC, Avg: -1.8dBi
AUT |, $=45°, RHC, Avg: -1.6dBi
AUT |, ¢=580°, RHC, Avg: -2.0dBi
AUT , $=135°, RHC, Avg: -2.1dBi
GPS Spec, 03, typ.

----- GPS Spec, 03, min.

3450 0° 450

195¢° 180° 165°

Fuba Automotive Electronics GmbH - Confidential

AUT , ¢=0°, RHC, Avg: -3.4dBi
AUT | ¢=45°, RHC, Avg: -3.2dBi
AUT | $=90°, RHC, Avg: -3.5dBi
AUT | $=135°, RHC, Avg: -3.8dBi
GPS Spec, 03, typ.

————— GPS Spec, 03, min.




2.2. Measurement Results 3D-Chart (GNSS L1)
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3.0 LNA Measurements GNSS 1559-1605 MHz
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1"

GNSS LNA Measurements

3.1 Gain1559-1606 MHz

File  “iew Channel

Sweep Calibration Trace Scale  Marker Spstem Window  Help

Stimuluz

Stop [ 3000000000 GHz =] St Gtep | Center | | Span |

10.00dE#
0.00dE  Loghd

Reduced
Gain = 20,6 dB

28mA@ 5Volt

Status

CH1:

E0.00 - 1: 1575000 GH:  POEZE 4B
2 [F95.000040 MHz 42580 dB
a3 fMH= #4220 4B

K000

=4 1762000 GHz  P7413dE
(=000
201 010 e
1

10.00

0.0a

L1000 Hl

L2000

30,00 \\Wﬂ\

L40.00 /

R_Diag

Lo0.00 ;ﬂ.ul 4

Ch1: Start 500000 pMHz  — Stop 3.00000 GHz
521 fbd em C Responze LCL

Fuba Automotive Electronics GmbH - Confidential

VCC

—

1559 MHz -
1606 MHz

1600 MHz |2

GNSS
Stage2

Fakra
Kode C
GNSS

GNSS
1600 MHz

3dB /90°

Ant-
Matchi

ng

12

GNSS
Stage1
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GNSS LNA Measurements

3.2 Pus

Gain = 20,6 dB
Pin1dB= '13,4 dBm

Poutigg= 7,2 dBm

Elle “iew Channel Sweep Calbration Trace Scale Marker

System  Window  Help

Stirnuluz

10.00dE#
0.00dE  Loghd

Status

CH1:

' Freq I 1.582000000 GHz |j Cw Freq - - -

5000 [gSaN

000

-20.00
-13.45

U0 dBm  19.553 dB
00 dBm  13.557 dB

30.00

[20.00

10.00

0.0a

10,00

L2000

L3000

tA0.00

5000

Ch1: Start 200000 dBm ——

EE1 Fbd em | C* 2-Part

Stop 10,000 dEm

LCL

Fuba Automotive Electronics GmbH - Confidential




GNSS LNA Measurements

33 Intermodulation Measurement, OIP3, 1559-1605 MHz

. I ain Menu [F8
Intermodulation Calculator - —
Intercept
T 1 S ” Intere
apa-[565 |em O e Puint
Sig1=[103  dBm
Gain = |20 dB FL[mIdamen;‘]aI
slope =
IM 1= 64 dBm
3rd Order

Sig= dBm __________ i [slope = 3]

Graph Reference
£ Input
& Output

» Fin

1. IP3reference ¢ Input & Output

2. Signal reference ¢~ Input & Output

3 IM reference  Input = Output Calculate [F4]

Mote: Sig iz level of each individual signal
. IM = -—54 dBm
Used frequencies - e

f1 =1.58 GHz & IP3 Giver: Psig and M level

1M level Giver: Psig level and IP3

f2 = 1 59 GHZ " Psiglevel  Giverc IP3and IM level

OIP3 = 15,6 dBm, with 20,6 dB LNA gain

Fuba Automotive Electronics GmbH - Confidential
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GNSS LNA Measurements
34 Noise
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