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Revised History

Date Version Revised Record
08/03/2021 | 1.01 | Antenna simulation
08/10/2021 | 1.02 | Improve isolation to -25 dB
08/30/2021 | 1.03 | Machine sample test.(Skul. Large heat sink)
08/30/2021 | 1.04 | Machine sample test.(Sku2. Small heat sink)
09/29/2021 | 1.05 | PCB add foolproof design, update S11
Ant4 & Ant6 layout changed, update isolation & radiation
10/13/2021 | 1.06
pattern.
11/05/2021 | 2.07 | Antenna test with pilot run sample
11/26/2021 | 2.08 | Antenna fine tune for new specification
04/11/2022 | 2.08_1 | Update cable length and cable loss
Update cable length and cable loss(add exposed cable
04/19/2022 | 2.08_2
length)
05/31/2022 | 2.09 | Update isolation test mathod
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Specification

Rough description

Dual Band 2G/5G antenna*4 , WIFI 6E antenna *4

ltem Initial Specification
Dimensions None
Impedance 500

Test environment

Spectrum

Freq. Range

WIFI Dualband: 2.4~2.5GHz & 5.05~5.825GHz
WIFI 6E: 5.925GHz ~ 7.125GHz

Antennatype

Dipole

Gain 24G <3.5dBi,5G <4 dBi, 6G < 3.5dBi
VSWR <1.92
Radiation

Polarization Linear
HPBW / H None
HPBW / E None
Rad. efficiency None
Connector type [-Pex
Cable type 1.13
Cable length None
Isolation <-20 dB
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圖章


S-parameter test results

2.1 S11 test results
2.1.1 Ant_1 (Dual band)

1 Ackive ChfTrace  Z Response 3 3timulus 4 Merfanalysis 5 Instr Skake

Trl 522 Smith (R+3%) Scale 1.0000 [Fz] Trz 522 SWR 1.000 Ref 1.000 [Fz]
1 2.4000000 . 4 315,71 pH R B v oo R
2 2.4500000 G . =Y 1.5554 nH 10.00 |2 2.4E00000 GHz 1.59485
3 2.5000000 . L 2.3596 pf 3 2.5000000 GHz 1.7635
4 5.0500009 5 . 1 15,226 pF 2.000 |4 5.0E00000 GHz 1.3720
5 51500000 = 5L7.54 pH E E.1EDO000 GHz 1.4331
& E.3800000 ; 4, FE2E pF 5.000 |g - 5,3500000 GHz 1.2779
7 E.7250000 GHy /59 4.3453 pf 7 E.7250000 GHz 1.3092
=5 §.825(000 4% bE7.e5 pH 7.000 |5 £.3ZE0000 GHz 1.2657
&.000
£.000
4,000
3.000
2.000 2 -
s Lot 1.000 W 4
PIEE 522 Log Mag 10.00dE# Ref 0.000dE [Fz]
50-00 5 Zmo0000 GHz 12,119 48
40.00 | 2 2.4500000 GHz -12.795 dE
3 2.5000000 GHz -11.171 dE
30.00 |4 E.0500000 GHz -1&.091 dE
§ E.1E00000 GHz -14.992 di
20.00 (& 3LA0000 GHz -18.276 dB
10.o | 7 B.72EOO00 GHz -17.464 dB
. B E.EZE0000 GHz -18.616 dB
0.000 M L]
-10.00 g ]
-20. F]
20.00 Tz 7t 4 i
-30.00
-40.00
-E0.00 =
1 Start 2 GHz IFEM 70 kHz Stop 6.5 GHz EELT

2.1.2 Ant_2 (WIFI 6E)

1 Active Ch{Trace 2 Response 3 Stimulus < Mkrfanalysis 5 Instr State

Trl 522 smith (R+3jx) Scale 1.0000 [Fz] P 52z SWR 1.000/ Ref 1.000 [Fz]
+1  §,9250000 179,55 pH .00 T 57en000 GH 1.5972
2 &.1250000 g 2.8048 pF 10.00 | 2 ©.1250000 GHz  1,2052
2 6.3250000 0,55 pH 3 .3250000 GHz 1.,3453
4 &.,525000 . . 101.70 pH 2.000 [ 4 &,5250000 GHz 1.,6445
£ .7250000 . . 1.6646 pF £ 5.7250000 GHz 1,3277
& 6.2250000 { . 137 .96 pH 5.000 | 59250000 GHz 1.13329
7 7.12E0000 H . 21.42 pH 7 7.1ZE0000 GHz 1.4553
- 7.000
&.000
£.000
4.000
2.000
2.000 t 2
A S A A AN 1.000 K A a |
Tr2 522 Log Mag 10.004E/ Ref 0.000d8 [F2]
5000 5rEoo00 GHz F1Z.813 4B
40,00 |2 ©.1250000 GHz -20.524 dB
3 £.3250000 GHz -16.640 dB
20.00 |4 £.5250000 GHz -12.262 dB
5 §.7250000 GHz -17.030 dB
20.00 |55 9250000 GHr -4 .049 dB
1g.00 | 7 7.1280000 GHz -14.63& dE
0.000 M 1 L]
-10.00
-20.00
-30.00
-40.00
-50.00 =
1 Start & GHz IFEW 70 kHz Stop £.5 GHz IEEI]T
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2.1.3 Ant_3 (WIFI 6E)

1 Active Ch{Trace 2 Response 3 Stimulus < MkrfAanalysis 5 Instr State

Trl 522 smith (R+3¥) Scale 1.0000 [F2] pIE 522 SWR 1.000F Ref 1.000 [Fz2]
+1  §,9250000 . 397,54 pH .00 T 7en000 GHz 103800
2 &.1250000 . . 4.6507 pF 10.00 |2 6.1250000 GHz  1,3542
3 6.3250000 25.564 pH 3 .3250000 GHz 1.0457
4 &.,525000 216.65 pH 2.000 [ 4 &,5250000 GHz 1,2358
£ &.7250000 212.24 pH £ &.7250000 GHz 11,3973
& 6.2250000 1.4132 pF 5.000 | 59250000 GHz — 1.4455
7 7.1280000 01,3550 pH - oog | 7 7+1250000 GHz 1,034
&.000
5.000
4.000
2.000
1
z.000 5
N NN 1.000 K 2 ey 1
Tr2 522 Log Mag 10.004E/ Ref 0.000d8 [F2]
5000 57Eo000 GHz -15.93F 48
40,00 |2 ©.1250000 GHz -16.451 dB
3 £.32250000 GHz -32.031 dB
20.00 |4 £.5250000 GHz -15.539 dB
5 §.7250000 GHz -15.601 dB
20.00 |55, 9280000 SHz -14. 786 dB
1g.00 |7 7.1280000 GHz -27.9E51 dE
0.000 M L]
-10.00
-20.00
-30.00
-40.00
-50.00 =
[1 Start 5 GHz IFEW 70 kHz Stop 3.5 GHz IEE]T

2.1.4 Ant_4 (Dual band)

1 Ackive ChfTrace  Z Response 3 3timulus 4 Merfanalysis 5 Instr Skake

Trl 522 Smith (R+3%) Scale 1.0000 [Fz] Trz 522 SWR 1.000 Ref 1.000 [Fz]
1 2.4000000 15,665 pf 1100 % goro0on oiE  Li5eed
2 2.4500000 G : 1.0170 nH 10.00 |2 2.4500000 GHz 1.500L
3 2.5000000 1.0005 nH 3 2.5000000 GHz 1.5456
4 5.0500009 . 1 2.1674 pF 2.000 |4 5.0E00000 GHz 1.3514
5 51500000 4T, 4,1453 pf E E.LEDOO00 GHz 1.1999
& E.3800000 i EELEFF pH 5.000 g 5,3500000 GHz 1.0599
7 E.7250000 3 . 2.4933 pf 7 E.7250000 GHz 1.3657
=5 §.825(000 0,554 pH 7.000 |5 £.ZE0000 GHz 1.2320
&.000
£.000
4,000
3.000
2.000 2 B
e PN 1.000 W A 4
PIEE 522 Log Mag 10.00dE# Ref 0.000dE [Fz]
50-00 5 Zmo0000 GRz 13,511 48
40.00 | 2 2.4500000 GHz -13.5977 dB
3 2.5000000 GHz -13.376 dB
30.00 |4 E.0500000 GHz -1&.511 dE
§ E.1500000 GHz -20.531 di
20.00 (&£ 3000000 GHz -30.730 dB
10.o | 7 B.72E0O00 GHz -16.157 dB
. B E.EZE0000 GHz -19.663 dB
0.000 K |
-10.00
-20.00
-30.00
-40.00
-E0.00
1 Start 2 GHz IFEM 70 kHz It
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2.15 Ant 5 (WIFI 6E)

1 Active Ch{Trace 2 Response 3 Stimulus < MkrfAanalysis 5 Instr State

Trl 522 smith (R+3X) Scale 1.0000 [F2] pIGE 522 SWR 1.000/ Ref 1.000 [Fz]
=1 5.9250000 . ] L85 mi 1&.993 pH .00 T 57eo000 GHE 112879
2 6.1250000 50 7Ed R —4.d 0 5.8335 pF 10.00 |2 6.1250000 GHz 1.0938
3 E.3250000 42,1140 5. 146 .54 pH 3 E.3250000 GHz 1.2142
4 &.52E00 49,9550 . 443,68 pH 2.000 |4 6.52E0000 GHz 1.4362
£ &.72E0000 Fl.341 0 18,194 0% 430,53 pH £ &.72E0000 GHz 1.5326
& &.2250@00 70136 Q-9.3955 0% 2.4461 pF .000 g 5,9250000 GHz 1.4522
7 F.1250000 58;%;%?%3233.881 04 1.6093 pF 2.ogn | 7 7-1250000 GHz 1.3514
=l
\kiﬂﬁﬁf &.000
2 5.000
6
4.000
2.000
Z.000 1 2
P N 1.DDD}W_ 4

Tr? 522 Log Mag 10.00dE/ Ref 0.000d48 [F2]

5000 57Eo000 GHz -1E.008 4B
40,00 |2 ©.1250000 GHz -26.972 dB
3 §.3250000 GHz -20.287 dB
20.00 |4 £.5250000 GHz -14.941 dB
5 §.7250000 GHz -12.519 dB
20,00 |& @, 9250000 GHz -14.685 dB
1g.00 |7 7.1280000 GHz -16.511 dE
0.000 M L]
-10.00
-20.00
-30.00
-40.00
-50.00 =
[1 Start 5 GHz IFEW 70 kHz Stop 3.5 GHz IEE]T

2.1.6 Ant_6 (Dual band)

1 Ackive ChfTrace  Z Response 3 3timulus 4 Merfanalysis 5 Instr Skake

Trl 522 Smith (R+3%) Scale 1.0000 [Fz] Trz 522 SWR 1.000 Ref 1.000 [Fz]
1 2.4000000 41585 pf 1100 % gomonon oi 14950
z Z. 5 3.7463 pf 10.00 |2 2.4E00000 GHz 1.4177
R 4,7EEE pF 3 2.5000000 GHz 1.3280
4 5, 57511 pH 2.000 |4 5.0E00000 GHz 1.4905
£ &, 517.22 pH E E.1EDO000 GHz 1.4143
& E. 7.3835 pf 5.000 fg - 5,3500000 GHz 1.3471
7 E. L3974 pf 7 G.7250000 GHz 1.2943
=5 E. 4744 pF 7.000 |5 £.3ZE0000 GHz 1.4433
&.000
£.000
4,000
3.000
] 2
2.000
e PN 1.000 W 4 4

pIEE S22 Log Mag 10.00dES Ref 0.000dE [F2]
£0.00

1 2.4000000 GHz [-14.734 dB
40.00 | 2 2.4500000 GHz -15.251 dE
2 2.5000000 GHz -17.022 dB
20.00 | 4 5.0800000 GHz |-14.113 dB
£ 5.1500000 GHz -15.3209 dB
20.00 (&£ 3000000 GHz -16.602 dB
10.00 |7 E.7250000 GHz -17.232 dB
. 8  5.8250000 GHz -14.826 dB
0.000 M
-10.00
-20.00
-30.00
-40.00
-50.00 =
1 Start 2 GHz IFEM 70 kHz Stop 6.5 GHz EE
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2.1.7 Ant_7 (WIFI 6E)

1 Active Ch{Trace 2 Response 3 Stimulus < MkrfAanalysis 5 Instr State
Trl 522 smith (R+3¥) Scale 1.0000 [F2] pIE 522 SWR 1.000F Ref 1.000 [Fz2]
+1  §,9250000 E45.53 pH .00 T 570000 GHz 1,554
2 &.1250000 15.588 pF 10.00 | 2 6.1250000 GHz  1,3055
3 6.3250000 &.5281 pF 3 .3250000 GHz 1.1342
4 &.,525000 130.98 pH 2.000 [ 4 &.,5250000 GHz 1.,171&
£ &.7250000 65813 pH £ &.7250000 GHz 11,2225
& 6.2250000 25,794 pF 5.000 | 59250000 GHz 1.13208
7 7.1280000 9.2211 pF 7 7.1250000 GHz 1.3351
7.000
&.000
5.000
4.000
2.000
z.000 &
2
POy N 1.000 p s 4
Tr2 522 Log Mag 10.004E/ Ref 0.000d8 [F2]
5000 5rEoo00 GHz -13.594 48
40,00 |2 ©.1250000 GHz -17.556 dB
3 §.3250000 GHz -24.023 dB
20.00 |4 £.5250000 GHz -22.045 dB
5 §.7250000 GHz -19.990 dB
20.00 |55, 9280000 SHz -24. 239 dB
1g.00 |7 7.1280000 GHz -16.263 dE
0.000 M
-10.00
-20.00
-30.00
-40.00
-50.00 =
[1 Start 5 GHz IFEW 70 kHz Stop 3.5 GHz IEE]T

2.1.8 Ant_8 (Dual band)

1 Ackive ChfTrace  Z Response 3 3timulus 4 Merfanalysis 5 Instr Skake

Trl 522 Smith (R+3%) Scale 1.0000 [Fz] Trz 522 SWR 1.000 Ref 1.000 [Fz]
1 2.4000000 2.2500 pF 1100 % goonon oi  Lirael
z Z. 5 G.7750 pF 10.00 |2 2.4500000 GHz 1.5254
R 559,40 pH 3 2.5000000 GHz 1.7525
4 5, 2.7035 pf 2.000 | 4 5.0E00000 GHz 1.4155
£ &, 19,679 pf E E.1EDO000 GHz 1.2710
& E. 2366 pH 5.000 g 5,3500000 GHz 1.15866
7 E. L0405 pF 7 E.7250000 GHz 1.3655

=5 E. L3357 pF 7.000 k5 £.3ZE0000 GHz 1.289G

&.000
£.000
7
4,000
3.000
2.000
Lot 1.000 M

ey
PEEE S22 Log
E0.00

Mag 10.00dE/ Ref 0.0004E [F2]

1 Z.4000000 GHz -11. 300 dB
40.00 | 2 2.4500000 GHz -13.595 dE
3 Z.5000000 GHz -11.268 dB
30.00 |4 E.0500000 GHz 15,289 dB
§ E.1E00000 GHz -18.464 di
20.00 (&£ 3LA0000 GHz -21.375 dB
7 E.7250000 GHz -16.221 dB
10.00 g . =250000 GHz -17.961 dB

-E0.00

1 Start 2 GHz

IFEW 70 kHz

Hold
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2.2 lIsolation test results
221 Ant 1toAnt 2

222 Ant 1toAnt 3
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2.2.3 Ant 1toAnt 4

224 Ant 1toAnt 5
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225 Ant 1toAnt 6

226 Ant 1toAnt 7
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2.2.7 Ant 1toAnt 8

2.2.8 Ant 2toAnt_3
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229 Ant 2toAnt 4

2.2.10 Ant 2to Ant_5
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2.2.11 Ant 2to Ant_6

2.2.12 Ant 2to Ant_7
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2.2.13 Ant 2to Ant_8

2.2.14 Ant 3toAnt 4
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2.2.15 Ant 3toAnt_ 5

2.2.16 Ant 3toAnt_6
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2.2.17 Ant 3toAnt_7

2.2.18 Ant 3to Ant_8
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2.2.19 Ant 4toAnt_5

2.2.20 Ant 4to Ant_6
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2.2.21 Ant 4to Ant_7

2.2.22 Ant 4to Ant_8
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2.2.23 Ant 5toAnt_6

2.2.24 Ant 5toAnt_7
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2.2.25 Ant 5toAnt_8

2.2.26 Ant 6to Ant_7
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2.2.27 Ant 6to Ant_8

2.2.28 Ant_ 7to Ant_8
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3.Gain & Patterns test results

3.1 Lab information

B ETS AMS-8500 Full-Size Rectangular
Serial No.: Euroshield-CT000114-1039
Date: 2009-11-13
B EMQuest EMQ-100 Pattern Measurement Software
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4.2 2D patterns
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4.2.2  Ant 2 (Wi-Fi 6E)
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4.2.3 Ant_3 (Wi-Fi 6E)
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4.2.4 Ant_4 (Dual band)
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425 Ant 5 (Wi-Fi 6E)
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4.2.6 Ant_6 (Dual band)
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4.2.7 Ant_7 (Wi-Fi 6E)
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4.2.8 Ant_8 (Dual band)
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S5.Summary

5.1 Return Loss

WIFI Dual band

Frequency | Ant_1(dB) | Ant_4 (dB) | Ant_6 (dB) | Ant_8 (dB)
2400 MHz 12 13 14 11
2450 MHz 12 13 15 13
2500 MHz 11 13 17 11
5050 MHz 16 16 14 15
5150 MHz 14 20 15 18
5350 MHz 18 30 16 21
5725 MHz 17 16 17 16
5825 MHz 18 19 14 17
WIFI 6E
Frequency | Ant_2 (dB) | Ant_3 (dB) | Ant_5(dB) | Ant_7 (dB)
5925 MHz 12 15 18 13
6125 MHz 20 16 26 17
6325 MHz 16 33 20 24
6525 MHz 12 19 14 22
6725 MHz 17 15 12 19
6925 MHz 24 14 14 24
7125 MHz 14 27 16 16
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5.2 Isolation

Ant_1 Ant_1 Ant_1 Ant_1 Ant_1 Ant_1 Ant_1
Frequency & & & & & & &
Ant 2 Ant_3 Ant 4 Ant 5 Ant 6 Ant 7 Ant 8
2G Isolation(dB) 31.0 35.9 22.5 38.5 28.7 38.5 38.7
5G Isolation(dB) 29.0 28.6 28.2 26.7 31.4 28.0 36.8
6G Isolation(dB) 31.5 29.8 31.3 - 37.7 -
Ant_2 Ant_2 Ant_2 Ant_2 Ant_2 Ant_2
Frequency & & & & & &
Ant 3 Ant 4 Ant 5 Ant 6 Ant 7 Ant 8
2G Isolation(dB) - 27.6 - 28.5 - 34.9
5G Isolation(dB) - 22.0 - 32.0 - 42.0
6G Isolation(dB) 22.0 23.9 27.0 37.9 34.0 42.0
Ant_3 Ant_3 Ant_3 Ant_3 Ant_3
Frequency & & & & &
Ant 4 Ant 5 Ant_6 Ant 7 Ant_8
2G Isolation(dB) 26.6 - 29.5 37.3
5G Isolation(dB) 35.0 - 31.0 37.0
6G Isolation(dB) 32.0 26.0 34.0 29.0 32.0
Ant_4 Ant_4 Ant_4 Ant_4
Frequency & & & &
Ant_ 5 Ant_6 Ant 7 Ant 8
2G Isolation(dB) 25.7 21.6 27.9 35.3
5G Isolation(dB) 25.0 25.0 27.0 35.0
6G Isolation(dB) 30.0 - 27.0 -
Ant_5 Ant_5 Ant_5
Frequency & & &
Ant_6 Ant 7 Ant 8
2G Isolation(dB) 21.4 - 35.5
5G Isolation(dB) 31.0 - 33.0
6G Isolation(dB) 26.5 27.0 32.0
Ant_6 Ant_6 Ant_7
Frequency & & &
Ant 7 Ant_8 Ant 8
2G Isolation(dB) 260.8 33.0 29.5
5G Isolation(dB) 24.1 30.0 25.0
6G Isolation(dB) 30.0 - 25.0
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5.3 3D total Peak Gain & Efficiency

WIFI Dual Band

Ant_1 Ant_4 Ant_6 Ant_8

Frequency | peak Gain | Efficiency | Peak Gain | Efficiency | Peak Gain | Efficiency | Peak Gain | Efficiency

(dBi) (%) (dBi) (%) (dBi) (%) (dBi) (%)
2400 MHz 3.12 71 3.39 74 3.49 75 3.31 81
2450 MHz 3.21 72 3.16 72 3.26 75 3.39 80
2500 MHz 3.48 70 2.73 71 3.31 75 3.33 75
5050 MHz 3.40 73 3.97 73 3.96 77 3.79 78
5150 MHz 3.05 72 3.79 71 3.55 75 3.47 75
5350 MHz 3.48 73 3.68 72 3.89 74 3.94 75
5725 MHz 331 70 3.67 70 3.62 76 3.93 76
5825 MHz 3.41 70 3.96 70 3.82 73 3.93 76

WIFI 6E
Ant_2 Ant_3 Ant_5 Ant_7

Frequency | peak Gain | Efficiency | Peak Gain | Efficiency | Peak Gain | Efficiency | Peak Gain | Efficiency

(dBi) (%) (dBi) (%) (dBi) (%) (dBi) (%)
5925 MHz 3.20 72 3.28 74 3.48 7 3.17 76
6000 MHz 3.24 70 3.26 71 3.29 76 3.25 75
6125 MHz 341 73 3.30 71 3.35 72 3.26 71
6225 MHz 3.45 73 3.40 73 3.19 73 3.47 71
6325 MHz 3.34 74 3.43 74 3.39 74 3.37 72
6425 MHz 3.30 73 3.33 75 3.46 74 3.37 74
6525 MHz 3.43 72 3.12 72 3.50 73 3.48 74
6625 MHz 3.45 71 3.43 74 3.31 72 3.33 72
6725 MHz 3.17 74 3.18 74 3.42 73 3.35 72
6825 MHz 3.30 75 3.37 75 3.30 75 3.11 74
6925 MHz 3.14 74 3.13 74 3.18 73 341 73
7000 MHz 3.20 75 3.41 75 3.45 73 3.49 76
7125 MHz 3.13 74 3.46 72 3.49 73 3.20 72
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6. 3D Pattern
Ant_1 (Dual band) :

XZ Plan(2450MHz)

YZ Plan(2450MHz)
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XY Plan(2450MHz)

XZ Plan(5350MHz)
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YZ Plan(5350MHz)

XY Plan(5350MHz)
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Ant_2 (WIFI 6E):

XZ Plan(6525MHz)

YZ Plan(6525MHz)

Page 57 of 73



XY Plan(6525MHz)
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Ant_3 (WIFI 6E) :

XZ Plan(6525MHz)

YZ Plan(6525MHz)
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XY Plan(6525MHz)
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Ant_4 (Dual band):

XZ Plan(2450MHz)

YZ Plan(2450MHz)
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XY Plan(2450MHz)

XZ Plan(5350MHz)
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YZ Plan(5350MHz)

XY Plan(5350MHz)
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Ant_5 (WIFI 6E):

XZ Plan(6525MHz)

YZ Plan(6525MHz)
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XY Plan(6525MHz)
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Ant_6 (Dual band):

XZ Plan(2450MHz)

YZ Plan(2450MHz)
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XY Plan(2450MHz)

XZ Plan(5350MHz)
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YZ Plan(5350MHz)

XY Plan(5350MHz)
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Ant_7 (WIFI 6E):

XZ Plan(6525MHz)

YZ Plan(6525MHz)
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XY Plan(6525MHz)
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Ant_8 (Dual band):

XZ Plan(2450MHz)

YZ Plan(2450MHz)
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XY Plan(2450MHz)

XZ Plan(5350MHz)
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YZ Plan(5350MHz)

XY Plan(5350MHz)
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