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Specification ‘“.geal.

Requirements of Antenna Design

RF Function Number of ANT | Frequency Band m

2400 - 2500 MHz / 5150 - 5850 MHz / 5925 — 7125 MHz

DB 2 2400 - 2500 MHz / 5150 - 5850 MHz
6G 2 5925 - 7125 MHz
BT 1 2400 - 2500 MHz

Requirements of Measurement

Test Item Specification M

Return Loss >10dB
Isolation >25 dB
Peak gain 2.4 GHz: <5 dBi
5 GHz: < 6 dBi
Efficiency >60%
Radiation pattern Scale: +10 ~ -40dBi, Angle step size: 5 degree
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Antenna Dimension and Placement MN.gear

PIFA 31mm*11.5mm*6.8mm 167 mm 1.13 Low Loss ( k)
TB1 PIFA 31mm*11.5mm*6.8mm 263 mm 1.13 Low Loss ( #% )
DBO PIFA 31mm*11.5mm*6.8mm 102 mm 1.13 Low Loss ( E5)
DB1 PIFA 31mm*11.5mm*6.8mm 254 mm 1.13 Low Loss ( 4L )
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Antenna Dimension and Placement MN.gear

Dipole 28mm*8.55mm*0.6mm(H=12) 225 mm 1.13 Low Loss ( 7% )
6G1 Dipole 28mm*8.55mm*0.6mm(H=12) 140 mm 1.13 Low Loss ( = )
BT Dipole 60mm*60mm*0.8mm(H=12.7) 170 mm

1.13 Low Loss ( A )
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Test Setup for S-parameter Measurement MN.gear
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Network Keysight E5063A MY54706080
Analyzer




E5S063A Network Analyzer

1 Active Ch/Trace 2 Response 3 Stimulus

4 Mkr/Analysis

5 Instr State

W
O L
1@ A A L R R B

Trl 522 smith (R+jx) sScale 1.000 U [F2]

PIEE 522 SwWR
11.00

1.000 / ref 1.000

[F2]

10.00
9. 000
8. 000

7.000

6. 000
5. 000
4. 000

3. 000

SISV LA L R RS RS

B

25 T A A 1.000)p
Tr3 522 Log Mag 10.00 dB/ ref 0.000 dB8 [F2]
30-00 51500000 chz A3.355 @B
40.00 |2 2.4370000 GHz -19.368 dB
i 3 2.5000000 GHz
4 5.1500000 GHzZ
30.00 |—5—5.5000000 GHz
6 5.8500000 GHz
20.00 |7 5.9250000 GHz
>8 £.5250000 GHz
10.00 | 9 7.1250000 GHz

Y

A\\ ogea I

Antenna

Frequency

TBO

2400 — 2500 MHz
5150 — 5850 MHz
5925 — 7125 MHz




A\\ ogeal'

ES0634 Network Analyzer Antenna Frequency
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State
Trl 522 smith (R+jX) sScale 1.000 u [F2] b s22 swr 1.000 / Ref 1.000 [F2] 2400 - 2500 MHZ
1 2.4000000 11.00 3 7060000 Gnz L.3716 TB 1 5150 — 5850 MHz
2 2. 10.00 | 2 2-4370000 GHz| 1.1625
3 2. . 3 2.5000000 GHz 1.2479 —
4 5. 4 5.1500000 GHz 1.1530 5925 — 7125 MHz
5 5 9.000 | 5 5.5000000 GHz 1.2754
6 5. 6 3. GHz 1.3825
7 5. 8.000 75, GHz —1.5541
=8 6. 8 6. GHz 1.0458
9 7. 7.000 [0 7. GHZ 1.
6.000
5.000
4.000
3.000
2.000
2
24 o A A 1.000p
Tr3 522 Log Mag 10.00 dB/ Ref 0.000 d& [F2]
30-00 57550000 cAz 16, dB
40.00 |2 2.4370000 GHz —22. dB
. 3 2.5000000 GHz -19. dB
4 5.1500000 GHz -22. dB
30.00 |—5—5.5000000 GHz -18: dB
6 5.8500000 GHz -15. ds
20.00 |7 5.9250000 GHz =13. dB
-8 6.5250000 GHz -33. dB
10.00 | 9 7.1250000 cHz -39, dB
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E5063A MNetwork Analyzer
1 Active Ch/Trace

2 Response

35timulus 4 Mkr/Analysis 5 Instr State

W

N b L R
(SRR L NY YN

i
P S22
50.00

.4000000 GHZ
. 4370000 gf

Trl s22 smith (R+jx) Scale 1.000 U [F2]

Log Mag 10.00 dB/

Tr2z 522 swr 1.000 / rRef 1.000 [F2]

11.00

10.00
9.000
8.000
7.000
6. 000
5.000
4.000

3.000

40.00

30.00

-50.00

>1
2
4
4
5
6

r

4000000
.4370000
. 5000000
. 1500000
5000000
8500000

(O R NN

GHz —11.
GHz -17.
GHz -14.
GHZ —26.

GHZ
GHZ

—14.
13.7
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Antenna

Frequency

DB O

2400 — 2500 MHz
5150 — 5850 MHz
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E5063A Network Anahyzer Antenna Frequency
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 5 Instr State
Trl 522 smith (R+jX) Scale 1.000 u [F2] Tr2 522 SwR 1.000 / Ref 1.000 [F2] DB 1 2400 - 2500 MHZ
>1 2.4000000 GHZ 55,2 =5 104.21 pH 12.00 i3 7060000 ohz L1.1107 5150 — 5850 MHz
2 2.4370000 5.6504 pF 10.00 2.4370000 GHz 1.3185
3 2.5000000 F—relh. 662 1 4.0134 pF . 3 2.5000000 GHz 1.3980
4 5.1500008 11. 38 pH 4 5.1500000 cHz 1.3372
5 5.5000000 9075 1, 8088 pF 9.000 | 5 55000000 GHZ| 1.4768
6 5.8500000 @A 4 1G5 0173 pF 6 5.850P000 GHz 1.3639
8. 000
7.000
6. 000
5.000
4,000
3.000
2.000
1.000p

0 SN
P 522 Log mag 10.00 dB/ Ref 0.000 dB [F2]

30-00 =35 7500000 crz J25.74L dB
40.00 | 2 2-4370000 Ghz -17.244 dB
- 3 2.5000000 GHz —15.603 d8
1 5.1500000 GHz -16.817 d8
30.00 |5 5.5000000 GHz —14.312 dB
6 5.8500000 GHz —16.255 dB
20.00
10.00
0.000 )|

-10.00

-30.00

-40.00

-50.00 e
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ES50834 Network Analyzer Antenna Frequency

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mki/Analysis 5 Instr State

Trl 522 smith (R+jx) Scale 1.000 U [F2] Tr2 s22 swR 1.000 / rRef 1.000 [F2] 6G 0 5925 - 7125 MHZ

11.00 —

>7 5.9250000 GHz

5.9250000 GHZ| 1.5185
6.5250000 GHz, 1.0502
7.1250000 GHz, 1.2062

10.00
9.000
£.000
7.000

6. 000

5.000

4.000

3.000

. 000

o

. & 1.000p
piE 522 Log Mag 10.00 dB/ rRef 0.000 d& [F2]

30-00 =% 5350000 chz J13.720 0B
t0.00 | 8 6.5250000 Gz -32.228 db
40. 5 7.1250000 GHz —20.588 dB
30. 00

20.00

10.00

0.000|

-10.00

-20.00

-30.00

-40.00

-50.00
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ES0634 Network Analyzer Antenna Freq uency
1 Active Ch/Trace 2 Response 3 Stimulus 4 Mkr/Analysis 3 Instr State
Trl 522 smith (R+jX) sScale 1.000 u [F2] Tr2 522 SwR 1.000 / rRef 1.000 [F2] 6G 1 5925 — 7125 MHZ
=7 5.9250000 GHz 7 0 7.4766 pF H1 00 7 |5.9250000 GHz! 1.3414
& 6.5250000 g 0 33.002 pH 10.00 8 |/6.5250000 GHz| 1.3010
9 7.1250000 233.09 pH £ § I7.1¢50000 GHz, 1.4833
9. 000
8.000
7.000
6.000
5.000
4,000
- 3.000
2,000
2
1.000p q

~
P 522 Log mMag 10.00 dB/ rRef 0.000 dB [F2]

30-00 =55 5750000 cAz 16.725 0B

10,00 | 8 ©.5250000 chz -17.668 de
- 5 7.1250000 GHz —14.216 dB

30. 00

20.00
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E5063A Netwo

1 Active Ch/Trace 2 Response 3 Stimulus 4 Mki/Analysis 5 Instr State

rk Analyzer

A\\ ogeal'

Antenna

Frequency

BT

2400 — 2500 MHz

Trl s22 smith (R+jx) Scale 1.000 U [F2] Tr2 522 swrR 1.000 / Ref 1.000 [F2]
1 2.4000000 GHz 38 0 5.9537 pr 1100 55 Zog0000 oz L1.67%4
2 2.4370000 G Q 13,274 pF 10.00 |2 2:-4370000 GHz 1.1309
=3 2.5000000-GHz 1.6865 nH 7 >3  2.500§000 GHz 1.8963

o 9.000

8.000
7.000
6.000
5.000
4.000
3. 000
2.000

i 1.000p

P 522 Log Mag 10.00 dB/ rRef 0.000 d& [F2]

20.00 1 2.4000000 GHz -11.968 dB

10.00 2 2.4370000 GHz -24 0 de

e >3 2. 5000000 GHz —11.77

30.00

20,00

10.00

0.000p|

3

-10.00
-20.00
-30.00
-40.00
-50.00 i
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Isolation
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Test Setup for Radiation Pattern Measurement M.gear

*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
*Software: Wave Studio

Chamber Information

@ WHA YU INDUSTRIAL CO., LTD., All Rights Reserved
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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

TB1-2G
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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

6G0

A\\ogeal'

;|
x

e

T k,uT

M 5925 MH: YZ-Plane H+V ZO o W 5925 MH: 5925 MHz
1 5945 MH: 5945 MH: 5945 MHz

6125 MHz 6125 MHz 6125 MHz

8325 MHz 6325 MH: 8525 MHz
W 6415 MHz W 6415 MHz 6415 MHz
I 6475 MH: I 6475 MH: | 6475 MHz

6525 MHz 6525 MHz 6525 hiHz
I 5655 MH: M 6655 MH: 8655 MHz
M 6725 MH: W 6725 MH: 6725 MHz
M 575 MH: W 6575 MH: W 5575 MH:
M 7115 MH:z (90) W 7115 MH: 7115 MHz
B 7125 MH: W 7135 MH: 7125 MHz
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2D Radiation Pattern Results
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2D Radiation Pattern Results
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2D Radiation Pattern Results

TB-2437 MHz (Composite gain)
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2D Radiation Pattern Results

TB-5500 MHz (Composite gain)
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2D Radiation Pattern Results
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2D Radiation Pattern Results ‘“.geal.

DB-2437 MHz (Composite gain)

e

2437 MH 2437 MHy
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2D Radiation Pattern Results

DB-5500 MHz (Composite gain)
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2D Radiation Pattern Results ‘“.geal.

6G-7125 MHz (Composite gain)

|
X
|l

5 Fr .
X Tk P
bWy : v
Qi

o 7125 MHz

7125 MHz

38 s © WHA YU INDUSTRIAL CO., LTD., All Rights Reserved



Results Summary - Return Loss MN.gear

Frequency | TBO TB1 DBO DB1 6G0 6G1 BT
(MHz) (dB) (dB) (dB) (dB) (dB) (dB) (dB)

2400 13.3 16.1 11.9 25.7 11.9
2437 19.3 22.5 17.5 17.2 - - 244
2500 20.0 19.1 14.3 15.6 - - 11.7
5150 19.2 22.9 26.3 16.8 - - -
5500 17.5 18.3 14.0 14.3 - - -
5850 13.8 15.8 13.7 16.2 - - -
5925 13.8 13.2 - - 13.7 16.7 -
6525 23.0 331 - - 32.2 17.6 -
7125 10.8 39.5 - - 20.5 14.2 -

© WHA YU INDUSTRIAL CO., LTD., All Rights Reserved
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Results Summary - Isolation

Frequenc | TB0OTo | TB0OTo | TBO0OTo | TBOTo | TB0OTo | TBOTo
y(MHz) |TB1 (dB)|DBO0 (dB)|DB 1 (dB)|6G 0 (dB) (6G 1 (dB)| BT (dB)
28 29 26 32 34 29

2400
2437
2500
5150
5500
5850
5925
6525
7125

28 28
27 26
27 32
29 27
34 32
36 32
37 32
45 39

© WHA YU INDUSTRIAL CO., LTD., All Rights Reserved

26
26
29
29
33
33
42
33

28
27
38
38
40
37
36
37

35
36
45
41
41
45
44
46

26
31
49
47
44
44
42
39
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Results Summary - Isolation

Frequenc | TB1To | TB1To | TB1To | TB1To | TB1To
y(MHz) |DB 0 (dB)|DB 1 (dB)|6G 0 (dB)|6G 1 (dB)| BT (dB)
32 26 40 27 32

2400
2437
2500
5150
5500
5850
5925
6525
7125

33 25
26 27
41 29
46 37
37 35
36 35
38 51
38 31
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37
29
41
40
44
44
40
42

28
29
37
40
35
34
33
40

29
26
40
42
39
40
46
38
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Results Summary - Isolation

Frequenc | DB0To | DB0OTo | DB0To | DB 0 To
y(MHz) |DB 1 (dB)|6G 0 (dB)|6G 1 (dB)| BT (dB)
37 32 32 34

2400
2437
2500
5150
5500
5850
5925
6525
7125

31 34
25 34
31 46
28 36
33 39
33 36
37 33
33 36
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35
35
55
61
43
58
49
51

33
38
39
44
38
39
38
50
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Results Summary - Isolation

Frequenc | DB1To | DB1To | DB1To | 6G0To | 6G0To | 6G1To
y(MHz) |(6G0(dB)|6G1(dB)| BT (dB) [6G 1 (dB)| BT (dB) | BT (dB)
35 27 29 43 37 28

2400
2437
2500
5150
5500
5850
5925
6525
7125

39 27
41 29
45 34
37 33
34 31
32 31
38 33
46 37
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32
34
40
56
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45
43
69

41
40
36
41
49
48
52
40

35
32
37
41
48
45
41
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29
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45
45
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Results Summary

Frequency
3D Peak gain & Efficiency ( TBO )

© WHA YU INDUSTRIAL CO., LTD., All Rights Reserved

2400
2437
2500
5150
5180
5300
5500
5700
5825
5850
5925
5945
6125
6325
6415
6475
6525
6655
6725
6975
7115
7125

Peak Gain
(dBi)
4.0
3.8
4.3
4.7
4.7
4.8
5.2
6.0
5.9
6.4
6.5
6.4
6.6
7.6
7.8
7.8
7.8
7.9
7.8
7.4
71
6.9

Efficiency (%)

63.0
63.2
65.2
73.8
74.1
75.2
75.5
71.4
70.3
72.1
71.6
69.3
71.1
73.6
74.1
72.8
74.5
71.3
71.8
69.8
65.9
64.3
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Results Summary

Frequency
3D Peak gain & Efficiency ( TB1 )
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2400
2437
2500
5150
5180
5300
5500
5700
5825
5850
5925
5945
6125
6325
6415
6475
6525
6655
6725
6975
7115
7125

Peak Gain
(dBi)
3.1
3.4
4.7
6.0
5.8
5.3
5.1
5.0
4.5
4.6
4.7
4.7
5.1
5.3
5.8
6.1
6.4
6.6
6.8
5.7
6.0
6.0

Efficiency (%)

63.8
68.7
69.3
68.7
68.4
68.2
70.5
64.6
66.2
66.8
63.5
61.1
65.3
64.0
66.5
65.8
67.5
65.6
68.5
63.0
65.9
65.3
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Results Summary
3D Peak gain & Efficiency ( DBO )

© WHA YU INDUSTRIAL CO., LTD., All Rights Reserved

(MHz)
2400
2437
2500
5150
5180
5300
5500
5700
5825
5850

Peak Gain
(dBi)
4.6
5.2
5.5
5.6
5.5
4.9
5.3
5.2
5.5
5.9

Efficiency (%)

62.2
68.1
70.0
82.2
82.0
81.7
79.4
73.5
72.4
77.8
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Results Summary
3D Peak gain & Efficiency ( DB1)

© WHA YU INDUSTRIAL CO., LTD., All Rights Reserved

(MHz)
2400
2437
2500
5150
5180
5300
5500
5700
5825
5850

Peak Gain
(dBi)
4.3
3.8
4.6
6.1
6.2
5.8
54
5.6
5.7
5.8

Efficiency (%)

65.3
67.6
63.1
71.8
71.6
71.4
71.8
66.1
70.3
71.1
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Results Summary
3D Peak gain & Efficiency ( 6GO0 )

© WHA YU INDUSTRIAL CO., LTD., All Rights Reserved

(MHz)
5925
5945
6125
6325
6415
6475
6525
6655
6725
6975
7115
7125

Peak Gain
(dBi)
4.9
5.1
5.8
6.0
5.8
5.8
5.7
6.2
6.6
5.6
5.5
5.5

Efficiency (%)

68.1
68.7
72.3
71.3
73.8
72.3
73.8
69.7
72.9
70.6
71.9
71.4
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Results Summary
3D Peak gain & Efficiency ( 6G1)
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(MHz)
5925
5945
6125
6325
6415
6475
6525
6655
6725
6975
7115
7125

Peak Gain
(dBi)
5.7
5.7
6.3
6.4
71
7.2
71
6.9
71
6.1
6.1
6.1

Efficiency (%)

79.1
80.0
80.2
80.0
80.7
78.5
79.8
79.3
82.0
76.6
76.9
76.4
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Results Summary
3D Peak gain & Efficiency ( BT )
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Frequency
(MHz)
2400

2437
2500

Peak Gain
(dBi)
5.3
5.8
5.7

Efficiency (%)

66.4
72.1
63.0
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Results Summary M.gear

Composite gain ( TB ) —— I

2437 6.16
5180 7.73
5300 6.90
5500 7.29
5700 71.72
5825 8.50
5945 8.7
6415 9.01
6475 9.17
6655 9.14
6975 9.03

7115 8.94

1 eesssssssssssss © WWHA YU INDUSTRIAL CO., |_-|-D.= All Rights Re:Si8 Ve (. 1



Results Summary M.gear

Composite gain ( DB )
Frequency | Peak Gain
(MHz) (dBi)

2437 6.33
5180 8.13
5300 7.75
5500 6.94
5700 7.32

5825 7.35
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Results Summary M.gear

Composite gain ( 6G )
Frequency | Peak Gain
(MHz) (dBi)

5945 7.43
6415 8.12
6475 8.17
6655 7.98
6975 7.84

7115 7.28
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