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Design Concept

System Block Diagram
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Design Concept

Antenna position ( 5G Antenna Module)

D
4IN1 harness

Wire harness type

Dacar302

lllustrate:
1. IP: 5G Antenna Module. T-BOX
*Non silver plated glass for front and rear windshields
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Design Concept

5G antenna performance index

Frequency band

5G antenna performance index

698-960MHz
1452-1496MHz
1710-2690MHz
3300-5000MHz

VSWR <3
698-960MHz: =-1dB

Gain 1452-1496. 1710-2690MHz: =1.5dB
3300-5000MHz: =2.50dB
698-960MHz: =>13dB

Isolation 1452-1496., 1710-2690MHz: =20dB

3300-5000MHz: =20dB




& TREER

»’ SPEED

Design Concept

GNSS-1 performance index

GNSS performance index
Frequency band / L1: 1559-1606MHz
quency L5: 1164-1217MHz
Polarization / RHCP
0°: =0dBic
Gain / 60°: =-5dBic
87.5°. =-18dBic
0°: <6dB
Axial ratio / 60°: =<15dB
87.5°. <28dB
Impedance / 50Q
Sy / <-9.54dB
Noise figure / <2.5dB
LNA Gain
(LNA Gain) / 17+2dB
Efficiency / =50%
current / <60mA
Out of band rejection / FO+50MHz: =25dB
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Design Concept

BLE performance index

BLE performance index

Frequency band / 2400-2500MHz
Gain / > 2dBi
Efficiency / =50%
VSWR / <2
Su / <-9.54dB
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Design Concept

RFR performance index

RFR performance index

Frequency band / 433+1MHz
Efficiency / 30%
VSWR / <?

Sy, / <-954
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Design Concept
5G Antenna Module (Demo)
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Design Concept
5G Antenna Module (SETUP)
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Design Concept

5G Antenna Module test data

P S22
11.00

10.00

9.000

7.000

bw MID

5.000

b 522
11.00

10.00

2.000

SWR 1.000/ Ref

1
B
3
a

5
>6

1.000 [F2]

(VSWR)

538. 0000
960. 10000
1.4500000
2. 6900000
3.3000000
5.0000000

SWR 1.000/ Ref

MHZ
MH3Z
GHZ
GHZ,
GHZ
GHZ

2.8896
2.8705
1.9450
2.4605
2.3950
1.4430

5G1

M\Nx

HIGH

1.000 [F2]

10} 698. 00000
2T|960. 00000
1.4500000
2. 6300000

MH]
MHE
GHz
GHz
GHZ
GHz

SWR 1.000/ Ref 1.000 [F2]

69l 00000 mHg
9611, 00000 MH
1.4500000 GHZ
2.§900000 GHz
10.00 3.3000000 GHE

5.0000000 GHz

4.000

2.000

1.000!

2
2
2.
2.
2
2

swR 1.000/ Ref 2.000 [F1]

>l 432.00000 MHz

1.6363

TFEW

522 SWR 1,000
11.00

Ref 1.000

10.00

5G3

HIGH
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Design Concept

5G Antenna Module test data (Isolation)

bilEl 521 Log Mag 10.00dB/ Ref O.

il 521 Log Mag 10.00dB/ Ref 0.000dE [F2] PIE! S21 Log Mag 10.00de/ Ref 0.000de [F2]
50.00 50.00 50.00
698. 00000 MHZ -14.

1 698. 00000 MHz -21. 698. 00000 MHz -19.552
2 960.00000 MHz -13.

3

4

1
2 960.00000 MHZ -22. 960. 00000 MHz -15.862

1.4500000 GHz -23. 3 1.4500000 GHz -15. 1.4500000 GHz -32.710
2.6900000 GHz -33. 4 2.6900000 GHz -22. 2.6900000 GHz -30.974

5 2.3000000 GHz -27. 5 3.3000000 GHz -39. 3.3000000 GHZ -39.297
»6 5.0000000 GHz -22. =6 5.0000000 GHz -20. 5.0000000 GHz -19.946

30.00 30.00

5G1&5@G2 5G1&5G3 5G1&5G4

10.00 10.00

20.00
10.00

0.000y 0.000 0.000

-10.00

-10.00

-20.00

] S21 Log Mag 10.00ds/ Ref 0.000de [F2] MUY 521 Log Mag 10.00dB/ Ref 0.000dB [F2] DI S21 Log Mag 10.00d8/ Ref 0.000dB [F2]

50.00 e 50.00 50.00
gggggggg ::; :%’3 698. 00000 MHz -13. 698.00000 MHz -32.149
: A‘SDDDDO o _21- 960. 00000 MHZ -12. 960.00000 MHz -23.335
- 1z - 1.4500000 GHz -19. 1.4500000 GHz -17.793
2.6900000 GHz -52. 2.6900000 GHz -30. N 4 2.6900000 GHz -22.119
3.3000000 GHz -30. 3.3000000 GHz -20. 5 3.3000000 GHz -24.392
5.0000000 GHz -29 3.0000000 GHz -20. >6 5.0000000 GHz -17.814

30.00 30.00

20.00 20.00

SICPAEICE 5G2&5G4 5G3&5G4

0.000 0.000 pt
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Design Concept
5G Antenna Module test data (BLE Efficiency & Gain)

BLE

70.0
2410 -2.8 52. 6 3.2 50.0 —

40.0
2420 -2.9 51.5 3.2 30.0
2430 -2.8 52. 2 3.4 20.0
2440 -2.5 56. 1 33 100

0.0

2460 -2.0 63.5 3.6 e fficiency (%) e=——spec
2470 -2.0 62.9 3.8
2480 -2.2 60. 5 4.0
2490 -2.2 60. 9 4.3
2500 -2.92 60. 7 4.4
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Design Concept
5G Antenna Module test data (RFR Efficiency & Gain)

432 4.4 36.7 16
433 4.2 384 18
434 4.0 39.8 2.1

50

45

40

35

30

25

20

RFR

R HERR

432

433

e Ffficiency (%) —ess—spec

434
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Design Concept
5G Antenna Module test data (GNSS S11)

[8 start 1 GHz TFBWY 70 kHz Stop 2 GHz [@H[ [8 start 1 GHz IFBW 70 kHz stop 2 GHz [

L1 L5
1575MHz -9.86dB < -9.54dB

1176MHz -14dB <-9.54dB OK
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Design Concept
5G Antenna Module test data (GNSS L1 Gain)

L1 Gain-90°
0.25
0.2 M\-\
0.15
0.1
0.05

NONTNTN

e Theta=90° e SPEC

L1 Gain-30° L1 Gain-2.5°
0 0
FHLLLLFFLLS S FELLSL PP IS S
10— -10
-15 -15 e
-20 -20
e Theta=30° === SPEC o= Theta=2.5° e GpEC

90° =0 OK

30°
2.5°

L1

OK
OK
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Design Concept
5G Antenna Module test data (GNSS L5 Gain)

0.15

0.1

0.05

L5 Gain-90°

\/_/\/\/-—\/

1160
1162
1164
1166
1168
1170
1172
1174
1176
1178
1180
1182
1184
1186
1188

= Theta=90° === SPEC

-10

-15

-20

. o
L5 Gain-30
o o < (o) o] o o~ < [(e] o0 o (o] < (o) ]
(Vo) (o) [(e) [(e) [(s] ~ ~ ~ ~ ~ 0 o] [ee] 0 0]
— — — — — — — — — — — — — — —
— — — — — — — — — — — — — — —

s Theta=30° emm== SPEC

-10

-15

-20

1160
1162
1164

L5 Gain-2.5°
O 0 O N & W o0 O
O O I~ N N N N
L R I I R B |
L= = N N N s

1182
1184
1186
1188

e Theta=2.5° e== GpEC

90° 20 OK

LS

30°
2.5°

OK
OK
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Design Concept
5G Antenna Module test data (GNSS L1 AR)

L1 AR-90°

4

3

2 —
— —

1

0

9 D A AN 9 0 DD D Hm DS DL
57 07 o8 AT AT AT DD O OO (DO
NN N N N NN

e Theta=90° e  SPEC

L1

L1 AR-2.5°

L1 AR-30°
20
15
10
5
0
FESLSFLLEF LSS

30°
2.5°

e Thetg=30°" m— SPEC

90° <3 OK

e Theta=2.5°  emmmmm  SPEC

OK
OK
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Design Concept
5G Antenna Module test data (GNSS L5 AR)

L5 AR-90° L5 AR-30° L5 AR-2.5°
4 20 30
3 15 28
26
7 — o 10
24
1 5 22
0 0 20
S &P L PO A A A AL D gV o o o 8 3 T EERRIRRRE I & & 8 8 T 8 ERRIRRRI IS &
R S S G R N N == = = = = = T = = = = = == = = = = T = = = = =
e Theta=00°" =’ SPEC ==—=Theta=30° === oprC ==—=Theta=90° === SPEC
Frequency band Angle Specification Remark
90° <3 OK
L5 30° <15 OK

2.5° <28 OK
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Design Concept
5G Antenna Module test data (GNSS LNA VSWR)

12 Start 1 GHz TFBWY 70 kHz stop 2 GHz !
2 kH 10

Frequency band Frequency (MHz) VSWR Specification
OK

1575 1.62
L1 1559 1.32 OK
1664 1.38 OK
<1.9
1161 1.28 OK
L5 1176 1.60 OK

1189 1.59 OK
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Design Concept
5G Antenna Module test data (GNSS LNA Gain)

b 541 Log Mag 10

[12 start 1 GHz

L1

L5

IFBW 70 kHz

Meas

stop 2 GHz IEll1

[12 start 1 GHz

1575 16.9
1559 15.9
1610 16.4
1159 16.1
1176 15.9
1189 14.9

17+3

IFBW 70 kHz

OK
OK
OK
OK
OK

Meas

. [Meas[Siop[ExiRef[5uc]
L1 L5
OK

stop 2 GHz A1
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Design Concept
5G Antenna Module test data (GNSS LNA Out of band rejection)

) 521 Log Mag 10.00dB/ Ref 0.000dE [RT] MIBE 521 Log Mag 10.00dB/ Ref 0.000dB [RT]
00 50.00

m'ﬂh’ ity

|8 start 1 Gz IFBWY 70 kHz Stop 2 GHz [0 /2 Start1 GHz TFBUY 70 kHz stap 2 GHz [0

L1 L5
Frequency band Out of band rejectlon (dB)
>25dB
L1 >25dB 42 OK
>25dB 36 OK
L5

>25dB 46 OK
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Design Concept
5G Antenna Module test data (GNSS LNA P1dB)

Mag 10.00de/ Ref 0.000dE [RT]

P =42 Log Mag 10.00de/ ref 0.000de [RT]
50

dem -
dem
dem
dem
dem
Bm
dem

3 dem

dem

[ ESPIRT

6 dBm

10.00

0. 000 0.000

[12 Start -29.6 dBm CW 1.575 GHz Stop 0 dBm [t [12 Start -29.6 dBm CW 1.176 GHz Stop 0 dBm
_ﬂ_ Meas

Frequency ba P1dB

L1 -13.6 OK
>-20
LS -19.5 OK
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Design Concept
5G Antenna Module test data (GNSS Noise Figure)

Mkr3 1.608 GHz Mkr3 1.195 GHz
1.1746 dB 1.4463 dB|
¢
)
Gain Gain
7.0 dBIdiv Ref -5.0 dB 7.0 dBidiv Ref -10.0 dB
230 18.0
16.0 11.0
a0 40
20 -30
50 -10.0
-12.0 7.0
4190 240
-26.0 -3
330 80
Start Freq 1.50000 GHz Stop Freq 1.70000 GHz Start Freq 1.00000 GHz Stop Freq 1.30000 GHz
BW4.0MHz  Tcold 296.50K (Default)  Noise Source: SNS  Points 101 BW4.0MHz  Tecold 296.50K (Default)  Noise Source: SNS  Points 101
e . . S EmER 1.174000000 GHz 1.3161dB
— 7T — KT ]
(N (1 is7a000000GHz| 4170848 e B 1 T e T 1§11
e | 11 |-i-x-_"'E_—
- T
Frequency band Frequency (MHz) Noise Figure Specification Remark
1558 1.14
L1 1574 1.12 OK
1608 1.17 <25 OK
1159 1.28 i OK
L5 1174 1.31 OK

1195 1.44 OK
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Design Concept
5G Antenna Module test data (GNSS LNA Current consumption Setup)

Voltage(V) Current (mA)

5 16
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