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Revision History

2022/09/02 1.00 Antenna evaluation report

2022/09/08 1.01 Antenna evaluation report (PCB type S-parameter only)
2023/02/15 2.01 Antenna testing with real environment

2023/05/12 2.02 Antenna testing with new housing

2023/08/03 2.03 Add H-polarization & V-polarization peak gain (For FCC)
2023/08/15 2.03 Update test report
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Specification

Requirements of Antenna Design

RF Function Number of ANT | Frequency Band

WiFi 2G
WiFi 5G
WiFi 6G
BT

2400-2500 MHz

6 5150-5850 MHz PCB
6 5925-7125 MHz PCB
11 2400-2500 MHz PCB

Requirements of Measurement

Test Item Specification

Return Loss
Isolation

Peak gain
Efficiency
Radiation pattern

2GHz >10dB ;5GHz >10dB ; 6GHz > 8 dB ; BT > 5dB

2G-2G / 5G-5G / 6G-6G >15 dB
2G-5G / 2G-6G <10 dB
5G-6G >25 dB

NA
NA
Scale:+10~-40dBi, Angle step size: 5 degree
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Antenna Placement & Solution
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Antenna Placement & Solution

Ant.1 2G
(2400~2500 MHz)

Ant.3 2G
(2400~2500 MHz)

/\.“/\

BT 2G
(2400~2500 MHz)

Ant.2 2G
(2400~2500 MHz)

Ant.4 2G
(2400~2500 MHz)

ANT Type Size (L*W*H*T) Cable Length (mm) Cable Type

Ant.1

Ant.2 PCB
Ant.3 PCB
Ant.4 PCB
BT PCB

NA
NA
NA
NA

186 mm
165 mm
224 mm
197 mm

50 mm

®=1.13mm(LL)
®=1.13mm(LL)
®=1.13mm (LL)
®=1.13mm (LL)
®=1.13mm (LL)
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Antenna Placement & Solution

Ant.5 5G
(5150~5850 MH2)

Ant.6 5G
(5150~5850 MHz)

Ant.7 5G
(5150~5850 MHz)

Ant.5
Ant.6
Ant.7
Ant.8
Ant.9
Ant.10

PCB
PCB
PCB
PCB
PCB
PCB

NA
NA
NA
NA
NA
NA

116 mm
149 mm
75 mm
200 mm
177 mm
130 mm

Ant.8 5G
(5150~5850 MH2)

Ant.9 5G
(5150~5850 MHz)

Ant.10 5G
(5150~5850 MH2)

M.gear

®=1.13mm(LL)
®=1.13mm(LL)
®=1.13mm (LL)
®=1.13mm (LL)
®=1.13mm (LL)
®=1.13mm (LL)
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Antenna Placement & Solution

Ant.11 6G

ey — (5925~7125 MH?z)
Ant.13 6G = Vo N—

(5925-7125MHz) NG

Ant.15 6G 8 4 L ki E
(5925~7125 MHz) | - \ Ant.12 6G

(5925~7125 MHz)

ANt.16 6G | L y
(5925~7125 MH2) ’/( W/ ] Ant.14 6G
- —=k (5925~7125 MHz2)

Ant.11 PCB NA 303 mm ®=1.13mm(LL)

Ant.12 PCB NA 407 mm ®=1.13mm(LL)

Ant.13 PCB NA 64 mm ®=1.13mm (LL)

Ant.14 PCB NA 338 mm ®=1.13mm (LL)

Ant.15 PCB NA 62 mm ®=1.13mm (LL)

Ant.16  PCB NA 83 mm ®=1.13mm (LL) =
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Test Setup for S-parameter Measurement

Network

Keysight ES5063A MY54706080
Analyzer
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Return Loss Results

Ant.1 (2400-2500 MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State

Resize

il

50.00

Trl 522 smith (R+jX) Scale 1.000 U [F2]

1 2.4000000 GHz 34.
2 2.4500000 GHz
=3 2.5000000 GHz

Tr3 522 Log Mag 10.00 de/ rRef 0.000 dB [F2]

P 522 SwR 1.000 / Ref 1.000 [F2]

11.00

10.00

9. 000

8.000

7.000

6.000

5.000

4.000

3.000

1 2.4000000 GHz 1.7271
2.4500000 GHz 1.5296
> 2.5000000 GgHz 1.4924

40.00

30.00

-40.00

1 2.4000000 GHz -11.483 dB
2 2.4500000 GHz -13.583 dB

>3 2.5000000 GHz -14.086 dB

~50.00
1 Start 2 GHz

IFBW 70 kHz

stop 8 GHz el

Meas 2023-05-12 14:35

M.gear
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Return Loss Results

Ant.2 (2400-2500 MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State

Resize

Trl 522 smith (R+jX) Scale 1.000 U [F2]

P 522 SwR 1.000 / Ref 1.000 [F2]

1 2.4000000 GHz 43. 2.5769 pF 100 577660000 Gz 1,791
2 2.4500000 GHz ; .6013 pF 10.00 1.8482
>3 2.5000000 GHz "8523 pF : 1.5585
9. 000
8.000
7.000
6. 000
5. 000
4,000
3.000
2.000
A 1.000p
Tr3 522 Log Mag 10.00 de/ rRef 0.000 dB [F2]
30.00 53300000 Gz —11.711 g8
40.00 |2 2.4500000 GHz -10.522 d8
. >3 2.5000000 GHz -13.220 dB
30.00
20.00
10.00
0.000 q
3
-10.00
-20.00 12
-30.00
-40.00
-50.00 e
1 Start 2 GHz TFBW 70 kHz stop 8 GHz Il

Meas

2023-05-12 14:52

M.gear
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Return Loss Results

Ant.3 (2400-2500 MHz)

E5063A Network Analyzer

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] P 522 SwR 1.000 / Ref 1.000 [F2]
1 2.4000000 GHz 28. Q  2.69 178.66 pH L.00 1 2.4000000 GHz 1.75361
2 2.4500000 GHz L7760 17.063 0 10.00 2 2.4500000 GHz 1.5837
=3  2.3000000 GHz B . =3 2.3000000 GgHz 1.9050
9.000
8. 000
7.000
6. 000
5. 000
4.000
3. 000 2
3
2.000
A 1.000p 4
Tr3 522 Log Mag 10.00 de/ rRef 0.000 dB [F2]
50.00 1 2.4000000 GHz -11.235 dB
40.00 2 2.4500000 GHz -12.921 dB
. >3 2.5000000 GHz -10.130 dB
30.00
20.00
10.00
0. 000y q
: 3
-10.00
-20.00 13
-30.00
-40.00
~50.00 —
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el

Meas

2023-05-12 14:54

M.gear
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Return Loss Results

Ant.4 (2400-2500 MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 2.4000000 GHz 34. 438.60 pH L.00 1 2.4000000 GHz 1.4863
2 2.4500000 GHz L880 0 30.78B 0 . 0000 nH 10.00 2 2.4500000 GHz 1.7943
=3  2.5000000 GHz -"653.834 0 34.528 02,1981 nH . >3  2.3000000 GHz 1.9167
9.000
8. 000
7.000
6. 000
5. 000
4.000
3. 000
2.000
A 1.000p 4
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 2.4000000 GHz -14.242 dB
40.00 2 2.4500000 GHz -10.926 dB
. >3 2.5000000 GHz -10.057 dB
30.00
20.00
10.00
0.000 | 5 q
-10.00 3
-20.00 =
-30.00
-40.00
-50.00 i
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el

Meas 2023-05-12 15:06

D
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Return Loss Results

Ant.5 (5150-5850MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.1500000 GHz &7. 42.958 pF L.00 5.1500000 GHz 1.3476
2 5.3500000 GHz L4576 pF 10.00 5.3500000 z 1.6982
=3 5.8300000 GHz 4. 28 pH . > 5.8500000 z 1.4830
9.000
8. 000
7.000
6. 000
5. 000
4.000
3. 000
2.000
»
= a 1.000p
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.1500000 GHz -16.)591 dB
40.00 2 5.3500000 GHz -11.742 dB
. >3 5.8500000 GHz -14.220 dB
30.00
20.00
10.00
0.000 q
-10.00 = 3
-20.00 E
1
-30.00
-40.00
-50.00 =
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el

Meas

2023-05-12 14:06

M.gear
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Return Loss Results

Ant.6 (5150-5850MHzZ)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.1500000 GHz 35. . 2.8366 pF L.00 1 15 0000 GHz 1.5228
2 5.3500000 GHz s 6.171 pH 10.00 2 0000 GHz 1.5037
=3 5.8300000 GHz . 1.4968 pF . =3 000 GHz 1.53214
9.000
8. 000
7.000
6. 000
5. 000
4.000
3. 000
2.000
»
S . 1.000p AZ A& 4
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.1500000 GHz -13.671 dB
40.00 2 5.3500000 GHz -13.930 dB
. >3 5.8500000 GHz -13.690 dB
30.00
20.00
10.00
0.000 q
3
-10.00 3
-20.00 TR
-30.00
-40.00
-50.00 =
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el

Meas 2023-05-12 14:07

I
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Return Loss Results

Ant.7 (5150-5850MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.1500000 GHz 40. 0 -11.4 2.6941 pF L.00 500000 GHz 1.3893
2 5.3500000 GHz .636 0 -3.1131 0 . 5558 pF 10.00 500000 GHz 1.0995
=3 5.8300000 GHz 0 406,49 pH . 500000 GHz 1.5113
9.000
8. 000
7.000
6. 000
5. 000
1
4.000
3. 000
2
2.000
= a 1.000p AR a 4
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.1500000 GHz -15.759 dB
40.00 2 5.3500000 GHz -26.483 dB
. >3 5.8500000 GHz -13.826 dB
30.00
20.00
10.00
0.000 Y| q
3 3
-10.00
-20.00 i
-30.00
2
-40.00
| -50.00 =
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el
Meas 2023-05-12 14:08

.
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Return Loss Results

Ant.8 (5150-5850MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.1500000 GHz 83. 420.53 pH L.00 S511300PG0 GHz 1.7428
2 5.3500000 GHz . 0340 ?F 10.00 5 0 GHz 1.3346
=3 5.8300000 GHz .98 TF . > 3 000 GHz 1.8649
9.000
8. 000
7.000
6. 000
5. 000
4.000
3. 000
2.000
= A 1.000p
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.1500000 GHz -11.347 dB
40.00 2 5.3500000 GHz -16.873 dB
. >3 5.8500000 GHz -10.403 dB
30.00
20.00
10.00
0.000 s q
-10.00 3
-20.00 1
2
-30.00
-40.00
-50.00 =
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el

Meas 2023-05-12 14:09

D
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Return Loss Results

Ant.9 (5150-5850MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State

Resize

Trl 522 smith (R+jX) Scale 1.000 U [F2]

Tr2 522 SWR 1.000 / Ref 1.000 [F2]

1 5.1500000 GHz 53. 1.7210 pF 100 5% 5550000 ohz 1.4222
2 5.3500000 GHz ; 97.10 pH 10.00 |2 3-3500000 GHz 1.3127
>3 5.8500000 GHz .01 pH : >3 500000 GHz 1.4361
9. 000
8.000
6. 000
4,000
3.000
2.000
/\_/\,/\/2
= a 1.000p 4
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
30.00 559550000 Gz —15.074 g8
40.00 |2 5.3500000 GHz -17.380 dB
. >3 5.8500000 GHz -14.942 dB
30.00
20.00
10.00
0.000 q
_; 3
10.00 )
-20.00
13
-30.00
-40.00
-50.00 =
1 Start 2 GHz TFBW 70 kHz stop 8 GHz Il

Meas

2023-05-12 14:09

M.gear
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Return Loss Results

Ant.10 (5150-5850MHz)

E5063A Network Analyzer

1 Active Ch/Trace 2 Response Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 Swr 1.000 / ref 1.000
1 5.1500000 GHz L.00
9.000
8. 000
7.000
6. 000
4.000
3. 000
2.000 2
= a 1.000p 4
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.1500000 GHz -33.)512 dB
40.00 | 333300000 s -10: 608 d
30.00
20.00
10.00
0.000 W q
-10.00
-20.00
-30.00
-40.00 T
-50.00
1 Start 2 GHz stop 8 GHz el

2023-05-12 14:10

M.gear
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Return Loss Results

Ant.11 (5925-7125MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.9250000 GHz 38. 1.9442 pF L.00 1 5.9250000 GHz 1.5001
2 6.5250000 GHz 5 2 10.00 6.5250000 GHz 1.8852
=3 7.1250000 GHz . .1250000 cGHz 1.7081
9.000
8. 000
7.000
6. 000
5. 000
4.000
3. 000
2.000
»
A A a 1.000p
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.9250000 GHz -13.978 dB
40.00 2 6.5250000 GHz -10.263 dB
. >3 7.1250000 GHz -11.652 dB
30.00
20.00
10.00
0.000 q
-10.00
3
-20.00 T z
-30.00
-40.00
-50.00
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el

Meas 2023-05-12 14:21
3

M.gear
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Return Loss Results

Ant.12 (5925-7125MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.9250000 GHz . Q& 191.32 pH 11.00 1 5.9250000 GHz 1.3427
2 6.5250000 GHz &, . 9522 pF 10.00 2 6.5250000 GHz 1.8347
=3 7.1250000 GHz 242 LA 5.0183 pF . =3 7.1250000 GHz 1.39&3
o 9.000
8. 000
7.000
6. 000
5. 000
4,000
3. 000
2.000 3 ’
4
AN . 1.000p A a 4
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
30.00 1 5.9250000 GHz -16.698 dB
40.00 2 6.5250000 GHz -10.620 dB
. >3 7.1250000 GHz -15.595 dB
30.00
20.00
10.00
0.000 Y| q
-10.00 Wg
-20.00 z
1
-30.00
-40.00
-50.00 =
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el
Meas 2023-05-12 14:23

S
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Return Loss Results

Ant.13 (5925-7125MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.9250000 GHz 22. 12.829 pF L.00 1 5.9250000 KHz 2.1876
2 6.5250000 GHz s . 6600 pF 10.00 2 6.5250000 gHz 1.1422
=3 7.1250000 GHz .13 TF . =3 7.1250000 z 2.0993
9.000
8. 000
7.000
6. 000
23 5. 000
4.000
3. 000
2.000
A A a 1.000p
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.9250000 GHz -8.5761 dB
40.00 2 6.5250000 GHz -23.587 dB
. >3 7.1250000 GHz -9.0032 dB
30.00
20.00
10.00
0.000 W 3 q
-10.00 3
1
-20.00
-30.00 2
-40.00
-50.00 =
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el
Meas 2023-05-12 14:27

D
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Return Loss Results

Ant.14 (5925-7125MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.9250000 GgHz 37.786 . 5 82.827 pH L.00 1 5.9250000 GHz 1.3352
2 6.5250000 GHz s 2.7333 pF 10.00 2 6.5250000 GHz 1.2048
=3 7.1250000 GHz l 4.9607 pF . z3 7.1250000 GHz 1.2819
9.000
8. 000
7.000
6. 000
5. 000
4.000
3. 000
2.000 ﬁ\/\/\/Z
A A A 1.000p S N 4
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.9250000 GHz -16.867 dB
40.00 2 6.5250000 GHz -20.643 dB
. >3 7.1250000 GHz -18.166 dB
30.00
20.00
10.00
0.000 )| q
-10.00 3 3
-20.00
1
-30.00 2
-40.00
-50.00 =
1 Start 2 GHz IFBW 70 kHz stop 8 GHz el
Meas 2023-05-12 14:28

S
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Return Loss Results

Ant.15 (5925-7125MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.9250000 GHz 56. 341.61 pH L.00 1| 5.92%0000 GHz 1.3095
2 6.5250000 GHz s . 2073 pF 10.00 2 165259000 GHz 1.1493
=3 7.1250000 GHz . 1 94 pH . =3 | 7/1250000 GHz 1.3927
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A A a 1.000p
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
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Return Loss Results

Ant.16 (5925-7125MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 522 smith (R+jX) Scale 1.000 U [F2] Tr2 522 swr 1.000 / ref 1.000 [F2]
1 5.9250000 GHz 40. 22.346 pF L.00 1 5.92%0000 GHz 1.2299
2 6.5250000 GHz s . 6866 pF 10.00 2 6.5230000 GHz 1.7304
=3 7.1250000 GHz .94 pH . =3 7.1230000 GHz 1.5437
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A A a 1.000p
M 522 Log Mag 10.00 de/ rRef 0.000 de [F2]
50.00 1 5.9250000 GHz -19.738 dB
40.00 2 6.5250000 GHz -11.453 dB
. >3 7.1250000 GHz -13.403 dB
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Return Loss Results

BT (2400-2500MHz)

E5063A Network Analyzer
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State Resize
Trl 511 smith (R+jX) Scale 1.000 U [F2] Tr2 s11 swr 1.000 / ref 1.000 [F2]
1 2.4000000 GHz 18. . 6.4534 pF L.00 1 2.400!]005} GHz 2.8741
2 2.4500000 GHz 0.393 pF 10.00 2 2.4500000 GHz 2.3556
=3  2.3000000 GHz . ) 05 pF . =3 2.3000000 cHz 3.30533
9.000
8. 000
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{ j 6. 000
5. 000
4.000
3.000 2
2.000
2
Zi 1. 000p——2x {
b 511 Log Mag 10.00 de/ rRef 0.000 dB [F2]
50.00 1 2.4000000 GHz -6.3077 dB
40.00 2 2.4500000 GHz -7.8729 dB
. >3 2.5000000 GHz -5.4255 dB
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Isolation Results
2G to 2G
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Isolation Results
5G to 5G
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Isolation Results
6G to 6G
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Isolation Results

2G to 5G
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Isolation Results
2G to 6G
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Isolation Results
5G to 6G(5)
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Isolation Results
5G to 6G(6)
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Isolation Results
5G to 6G(7)
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Isolation Results
5G to 6G(8)
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Isolation Results
5G to 6G(9)
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Isolation Results
5G to 6G(10)
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est Setup for Radiation Pattern
Measurement

Chamber Information

SATIMO SG-24L Multi-Probe Antenna
Measurement System

* Angle between probes: 15°

 Frequency range: 400 MHz - 8.5 GHz
* Chamber Room Size: 5m L x 5m W x 5m H

Left Right(+X)
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results

Ant 11
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2D Radiation Pattern Results
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