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Chamber Information

* Test Date : 2025/05/21

» Test Engineer : LiKai Kuo

* Measurement System : ETS-AMS-8500
e Software Name : EMQuest

e Software Version : V1.0.8

JUniper
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Test Equipment

B Measurement System : ETS-AMS-8500
B Size:7.32(L)x3.66(W)x3.66(H)m

B Measurement Setup

— pattern & gain measurement
e ETS-Lindgren chamber (AMS-8500)
» ETS-Lindgren program (EMQuest)
» System overview
— Testitem
e antenna passive test 700MHz~10GHz

B Calibration Information

Device Type / Model Serial # Manufacture Cal. Date Cal. Until
Full Anechoic Wireless Test chamber ETS-Lindgren/AMS-8500 1380 ETS-Lindgren N.C.R N.C.R
Test Software EMQuest™ 98165 ETS-Lindgren N.C.R N.C.R
Dual Polarized Measurement Antenna ETS-Lindgren/3164-08 920253 ETS-Lindgren N.C.R N.C.R
Vector Network Analyzer Keysight— E5071C MY46733006 Keysight 2024-09-12 2025-09-12
Positioner EMCO - 2090 412HA ETS-Lindgren N.C.R N.C.R
Note: N.C.R. = No Calibration Request. JUﬂ”:)er 11
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Test Procedure

1. Place the device under test (DUT) on the fixture and align it
with the center of the chamber.

2. Connect the antenna cable to the RF connector inside the
chamber.

3. Use the software to configure parameters (such as antenna
name, frequency points, and measurement angles), then launch
the test software (EMQ).

4. Perform a scan with phi (@) from 0° to 360° and theta (0) from
0° to 180° in 3-degree steps to obtain 3D data, including
efficiency, peak gain, and 2D/3D radiation patterns.

5. This is a far-field test for antenna verification.

6. This is a passive measurement, meaning the device is powered
off and not in operating mode.

JUuniper ¢
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Summary

The summary of antenna performance are shown in below.

— Radiation efficiency
e  ~61% for 2.4GHz Wi-Fi 2G antennas [DBO, DB1]
e ~71% for 5GHz Wi-Fi 5G antennas [DBO, DB1, 5G2, 5G3]
e ~57% for 6GHz Wi-Fi 6G antennas [6G0, 6G1, 6G2, 6G3]
*  ~69% for 24GHz ~72% for 5GHz, ~65% for 6GHz Scanning antennas [Scanning]
» ~63% for 2.4GHz Zigbee(Thread) antenna [Zigbee(Thread)]
e ~65% for L1, ~49% for L5 GPS antenna [GPS]
e ~60% for 2.4GHz Omni BLE

— Peak gain
e 4.5dBi for 2.4GHz Wi-Fi Dual-band antennas [DBO, DB1]
» 5.5dBi for 5GHz Wi-Fi 5G antennas [DBO, DB1, 5G2, 5G3]
e 5.4dBi for 6GHz Wi-Fi 6G antennas [6GO0, 6G1, 6G2, 6G3]
» 4.8dBi for 2.4GHz, 5.9dBi for 5GHz, 6.0dBi for 6GHz Scanning antennas [Scanning]
» 4.3dBi for 2.4GHz Zigbee(Thread) antenna [Zigbee(Thread)]
e 4.8dBi for L1, 3.2dBi for L5 GPS antenna [GPS]
e 4.6dBi for 2.4GHz Omni BLE

L™
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Antenna Placement

DB(0-1) PIFA
5G(2-3) PIFA

BLERY 6G(0-3) Alford loop
Scanning PIFA
Zigbee(Thread) PIFA
GPS PIFA
BLE PIFA

DB 1

Zigbee y
5G 2 (Thread) |

z X
Antenna Plate: 221x221mm

JUniper
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Peak Gain Table

Zigbee(Thread) 4.3 dBi 0 =33.8°,¢=36.6°
BLE Position of Peak Gain (0, ¢)
BLE 4.6 dBi 0=1209°, ¢ =47.8°

JUNIPEr =
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¢ Maximum VSWR B Cable Length
— 2.0:1 on 24GHz DBO : 131mm
« Minimum Isolation DB1 : 231mm

— 28.4dB on 2.4GHz

Average Efficiency
- ~61% on 2.4GHz

Peak Gain
— 4.5dBi on 2.4GHz

JUniper
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VSWR wi-Fi 2G

5.0
2.4GHz ___Max__Mean Min |
DBO 2.0 1.7 1.6
DB1 1.8 1.4 1.1
4.0 Summary 2.0 1.6 1.1
o
= 3.0
>
2.0 ,
1.0 !
2000 2500 3000
Frequency [MHZz]

—DB0 =—DB1 =

JUniper
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Isolation Wi-Fi 2G

0
2.4GHz___[Max__Mean [Min
DBO_DB1 -284 -306 -323
-10
m -20
S
C
.0
(_§_30 JJ'\‘
- v
-40 /
-50
2000 2500 3000
Frequency [MHz]
—DB0_DB1 —

JUniper
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Efficiency Wi-Fi 2G

o 2.4GHz  Max Mean Min |
DBO 66% 63% 55 %
80% DB1 62% 59% 58%
Summary 66% 61% 65%
—~ B Cable Length
S 60%
g 'l DBO: 131Tmm
(@]
% DB1: 231Tmm
5 40%
20%
0%

23902401 2412 2422 2432 2437 2442 2452 2462 2472 2484 2495 2510
Frequency [MHZz]

DBO DB1

JUniper
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Peak Gain Wi-Fi 2G

8.0
2.4GHz___Max__[Mean Min |
DBO 3.7 dBi 3.5dBi 3.0 dBi
DB1 4.5 dBi 4.1 dBi 3.1 dBi
6.0 Summary  4.5dBi 3.8 dBi 3.0 dBi
B Cable Length
=
2 DBO : 131Tmm
T 4.0 ~N~———T ]
Y _ o DB1: 231Tmm
® iy N
9 N
N
2.0
0.0

2390 2401 2412 2422 2432 2437 2442 2452 2462 2472 2484 2495 2510
Frequency [MHZ]

DBO DB1
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Realized Gain Pattern Wi-Fi 2G @2.4G V+H

phi=0 phi =90 theta = 60

—DB0 =——DB1 =—Composite —DB0 =——DB1 =—Composite —DB0 =—DB1 =—Composite
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I-Fi 5G
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Maximum VSWR
— 2.0:1on 5GHz

Minimum Isolation
— 20.7dB on 5GHz

Average Efficiency
— ~71% on 5GHz

Peak Gain
— 5.5dBi on 5GHz

B Cable Length
DBO : 131mm
DB1 : 232mm
5G2 : 379mm
5G3 : 101mm

JUniper

riven

wMist AT 0.

‘ 16



VSWR Wi-Fi 5G

5.0
5GHz ____[Max__Mean Min |
DBO 2.0 1.4 1.1
DB1 2.0 1.4 1.1
4.0 5G2 1.4 1.2 1.0
5G3 1.6 1.4 13
Summary 2.0 14 1.0
o
=30
>
2.0
< =<3
1.0 |
5000 5500 6000

Frequency [MHZz]

—DB0 —DB1 —5G2 —5G3 —

JUniper
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Isolation Wi-Fi 5G

0

-10

Isolation (dB)

-50

5000 5500 6000
Frequency [MHZz]

—5G2_5G3 —DB0_5G2 —DB0_5G3 —DB0_DB1
—DB1_5G2—DB1_5G3 —
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5G2_5G3 -27.6
DB0_5G2 -31.7
DB0_5G3 -274
DBO_DBT -29.8
DB1_5G2 -20.7
DB1_5G3 -304
Summary  -20.7

-30.2 -335
-36.8 -55.1
-30.5 -33.2
-315 -34.2
216 -226
-32.7 -35.2
-30.2  -55.1
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Efficiency Wi-Fi 5G

100%

80%

;M ~

ARy

60%

Efficiency (%)

40%

20%

0%

O > P L LR PSP G N
¢><o"’ %”%W@%%"%”%”%Q’é%‘b%‘b%‘b@@

Frequency [MHZ]

—DB0 DB1 5G2 5G3
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5GHz ____[Max__Mean Min |
DBO 68% 65% 63%
DB1 2% 70% 68%
5G2 76% 69% 61%
5G3 2% 66% 60%
Summary 76% 71% 60%

B Cable Length

DBO : 131Tmm
DB1 : 232mm
5G3 : 101mm

Jun
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Peak Gain Wi-Fi 5G

Peak Gain (dBi)

8.0
6.0
Ny
" N
//\\2
N T T T
N -
4.0 N
] N/
/\ g
2.0
0.0

N}

O ® O © © O & O O 5 o
S LSS u
I IR A A R MR O IR RS

65 © O O
SR IR S CIe
AR R R R L

Frequency [MHZ]

—DB0 DB1 5G2 5G3
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5GHz ____Max __Mean Min |
DBO 42 dBi 3.6 dBi 3.2 dBi
DB 5.5 dBi 5.1 dBi 4.5 dBi
5G2 5.1 dBi 4.4 dBi 4.0 dBi
5G3 49 dBi 43 dBi 3.5 dBi

Summary  5.5dBi 4.3 dBi 3.2 dBi

B Cable Length

DBO : 131Tmm
DB1 : 232mm
5G3 : 101mm

JUniper
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Realized Gain Pattern Wi-Fi 5G @5G V+H

phi=0 phi =90 theta = 60

—DB0 —DB1 —5@G2 —DB0 —DB1 —5G2 —DB0 —DB1 —5@G2
—5@G3 ——Composite —5G3 ——Composite —5G3 ——Composite
JUuniper ¢
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i-Fi 6G

Maximum VSWR M Cable Length

— 2.0:1 on 6GHz 6GO * 133mm
e Minimum Isolation 6G1 : 57mm

— 25.2dB on 6GHz 6G2 : 267mm

. . 6G3 : 207

* Average Efficiency mm

— ~57% on 6GHz
e Peak Gain

— 5.4dBi on 6GHz

Juniper -«
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‘ 22

© 2023 Juniper Networks



VSWR Wi-Fi 6G

5.0
6GHz_____Max__Mean Min |
6G0 1.9 1.5 1.0
6G1 2.0 1.5 1.0
4.0 6G2 1.7 1.4 1.0
6G3 2.0 14 1.0
Summary 2.0 14 1.0
o’
= 3.0
>
2.0 - ,/
1.0 |
5800 6300 6800 7300

Frequency [MHZz]

—6G0 —6G1 —6G2 —6G3 —

JUniper
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Isolation Wi-Fi 6G

0

-10

-20

Isolation (dB)

-30

-40 - v

-50

5800 6300 6800 7300
Frequency [MHZz]

—6G0_6G1=—6G0_6G2—6G0_6G3—6G1_6G2
—6G1_6G3—6G2_6G3—

© 2023 Juniper Networks

6G0_6G1 -254
6G0_6G2 -32.3
6G0_6G3 -33.9
6G1_6G2 -33.7
6G1_6G3 -32.3
6G2_6G3 -25.2
Summary  -25.2

-27.8  -30.1
-348 -38.0
-37.1  -40.5
-35.6  -39.1
-352 -40.1
-26.7 -28.7
-32.2  -405
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Efficiency Wi-Fi 6G

100%
80%
SN
S 60% s S T~
~ e
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6G0 65 %
6G1 67 %
6G2 58 %
6G3 62 %

Summary 67 %

57 %
60 %
53 %
56 %
57 %

B Cable Length

6GO0 : 133mm
6G1 : 57mm
6G3 : 207mm

50 %
52 %
48 %
50 %
48 %

JUniper
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Peak Gain Wi-Fi 6G

8.0
6GHz_____Max__Mean Min |
6G0 4.6 dBi 4.0 dBi 3.6 dBi
6G1 5.4 dBi 4.9 dBi 4.3 dBi
6.0 6G2 3.8 dBi 3.0 dBi 2.3 dBi
6G3 5.2 dBi 4.0 dBi 3.2 dBi
- h NN
= T <>\</ T Summary 5.4 dBi 4.0 dBi 2.3 dBi
=) _/ = N
%40 +] )/ / ~ I h
Ul B/ N A B Cable Lengt
% NS
S | 4 /NN 6GO : 133mm
o \ / \J \’/
N\ 6G1 : 57mm
2.0
6G3 : 207mm
0.0
B A N % O MA@ MI DN ®
RRER2SCCEILEEEERACR
Frequency [MHZ]
—6G0 6G1 6G2 6G3

JUniper
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Realized Gain Pattern Wi-Fi 6G @6G V+H

phi=0 phi =90 theta = 60

—6G0 —6G1 ——6G2 —6G0 —6G1 —6G2 —6G0 —6G1 ——6G2
—6G3 ——Composite —6G3 ——Composite —6G3 ——Composite
JUNIPESN #
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Scanning Radio

« Maximum VSWR B Cable Length
— 1.7:10on 24GHz / 2.0:1 on 5/6GHz Scanning : 104mm

« Average Efficiency
- ~69% on 24GHz / ~72% on 5GHz / ~65% on 6GHz

e Peak Gain
— 4.8dBi on 2.4GHz / 5.9dBi on 5GHz / 6.0dBi on 6GHz

JUniper
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VSWR Scanning Radio

Scanning 1.7 1.6 1.6

5/6GHz___Max__Mean Min

4.0 { Scanning 2.0 1.6 1.1

VSWR
w
o
T ——

\./"\ /

1.0

2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
Frequency [MHZz]

—Scanning —

JUniper
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Efficiency Scanning Radio

100%

80%

60%

JAd\*N

Efficiency (%)

40%

20%

0%

2390
2412
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2432

2442
2462

2484

2510
5000
150
200
320

e——=SCaNNiNg e

5945
6055

6255

6455

6655

6855

7055

7130

Scanning 73% 69% 65%

Scanning 718% 72% 62%

Scanning 70% 65% 62%

B Cable Length

Scanning : 104mm

JUniper
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Peak Gain Scanning Radio

8.0

6.0

Scanning 4.8 dBi 4.2 dBi 3.5 dBi

V\/'\,\’\/"\_ Scanning 5.9 dBi 5.5 dBi 5.0 dBi

N Scanning 6.0 dBi 5.4 dBi 4.7 dBi

Peak Gain (dBi)
N
o
\

2.0

B Cable Length

Scanning : 104mm

0.0

2390
2412
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Realized Gain Pattern Scanning Radio @2.4G_V+H

phi=0 phi =90 theta = 60

_JdLJﬂIPGF.-!'l
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Realized Gain Pattern Scanning Radio @5G_V+H

phi=0 phi =90 theta = 60

_JdLJﬂIPGF.-!'l
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Realized Gain Pattern Scanning Radio @6G_V+H

phi=0 phi =90 theta = 60

_JdLJﬂIPGF.-!'l
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Zigbee(Thread)

[
« Maximum VSWR Cable Length

— 191 on 2.4GHz Zigbee(Thread) : 231mm

» Average Efficiency
- ~63% on 2.4GHz

» Peak Gain
— 4.3dBi on 2.4GHz

JUniper

driven by mlst FII .".
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VSWR Zigbee(Thread)

5.0
!E_ME!-ME_M_
Zigbee(Thread) 1.9 1.4
4.0
o
=30
>
2.0
1.0
2000 2500 3000
Frequency [MHz]
—Zigbee(Thread) —

JUniper
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Efficiency Zigbee(Thread)

1
24GHz  Max ___ Mean _ [Min |
Zigbee(Thread) 66 % 63 % 60 %
0.8 B Cable Length
Zigbee(Thread) : 231mm
’/’__\\
< 0.6 +—="
> N
c
@
= 04
0.2
0

2390 2401 2412 2422 2432 2437 2442 2452 2462 2472 2484 2495 2510
Frequency [MHZ]

—7igbee(Thread) =

JUniper
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Peak Gain Zigbee(Thread)

8.0
24GHz  Max __ Mean _ [Min |
Zigbee(Thread) 4.3 dBi 4.0 dBi 3.7 dBi
B Cable Length
6.0
Zigbee(Thread) : 231mm
.EE\
o
£ 4.0 //__\\
S LA~ ~—T | N
< A N\
&
2.0
0.0

2390 2401 2412 2422 2432 2437 2442 2452 2462 2472 2484 2495 2510
Frequency [MHZ]

—7igbee(Thread) =

JUniper
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Realized Gain Pattern Zigbee(Thread) @2.4G_V+H

phi=0 phi =90 theta = 60

——Zigbee(Thread) —Zigbee(Thread) —Zigbee(Thread)

JUniper
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GPS

Maximum VSWR
- 191TonlL1T / 2.0:10onL5

B Cable Length

GPS : 112mm
Minimum Isolation
— 33.5dBon L1 / 37.6dB on L5 / 24.6dB on 2.4G

Average Efficiency
- ~65% on L1 / ~49% on L5

Peak Gain
— 4.8dBion L1 / 3.2dBi on L5

JUniper
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VSWR aps

>0 L1 Max Mean Min |
GPS 20 19 18
L5  Max [Mean [Min |
4.0 GPS 19 15 12
[a'd
=30
>
2.0
1.0 i |
500 1000 1500 2000
Frequency [MHz]
—GPS —

JUniper
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Isolation GPS

-10

-20

Isolation (dB)

-30

-40

N

-50

1000
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1500 2000 2500
Frequency [MHz]

—GPS_DBO0 —GPS_DB1 —

3000

L1 Max__Mean Min__

GPS_DBO -335 -426 -60.0
GPS_DB1 -49.6  -56.0 -64.9
Summary  -33.5 -493 -64.9

L5 Max__Mean Min

GPS_DBO -376 -37.8 -383
GPS_DB1 -55.7 -56.8 -57.6
Summary -376 -473 -57.6

GPS_DBO 246 -249 -251
GPS_DB1 -325 -335 -347
Summary  -246 -29.2 -347

JUniper
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Efficiency GPS

100%

L1 Max__[Mean Min

GPS 68% 65% 58%
s0% L5 Max__Mean Min |
GPS 51% 49% 46%
/ ™

< 60% / B Cable Length

Z L J GPS : 112mm

k3 _ N

5 40%

20%

0%

G D O N HO DD DO DO DO
P QLN DR PSP IS
NEEN RN AN SN SN S SN NN N N N

Frequency [MHZ]

——GPS —

JUniper
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Peak Gain GPS

GPS 4.8 dBi 4.7 dBi 4.2 dBi
— 15— Max_Mean Min
NG GPS 3.2 dBi 2.9 dBi 2.2 dBi
4.0 ™~
B [ N B Cable Length
£ _ GPS : 112mm
S /ll \\—/
K

N

0.0
D RN H DD H AN N D
P’ O° O (K (K L AN DO (S
SN N N N R

S Q O A A6
T SN

NN NN
Frequency [MHZ]
= GPS —

JUniper
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Realized Gain Pattern GPS @L5 V+H

—GPS —GPS —GPS

_JdL_Jﬂll:Jer.-!'I

riven by mlst FII ‘ 45



Realized Gain Pattern GPS @L1 V+H

—GPS —GPS —GPS

_JdL_Jﬂll:Jer.-!'I
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Isolation among Radio

m  Wi-Fi 6G to Wi-Fi 5G
—  30.0dB on 5-7GHz

JUniper

srvenbyMist AT M.

‘ 47



Isolation Wi-Fi 5G to Wi-Fi 6G

-10

-20

Isolation (dB)

5000 5500 6000 6500 7000 7500 8000
Frequency [MHZz]

—5G2_6G0—5G2_6G1—5G2_6G2—5G2_6G3
—5G3_6G0—5G3_6G1—5G3_6G2—5G3_6G3
——DB0_6G0—DB0_6G1 DB0_6G2—DB0_6G3
—DB1_6G0—DB1_6G1—DB1_6G2—DB1_6G3

JUniper
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Omni BLE

e Maximum VSWR
— 1.8:1 on 2.4GHz

» Average Efficiency
— ~60% on 2.4GHz

* Peak Gain
— 4.6dBi on 2.4GHz

JUniper

driven by mlst FII .".
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VSWR Omni BLE

7 \ 2.4GHz___MaxMean Min |

Omni_ BLE 1.8 16 15
o\

\ /’\_/

/

N

1.0

2000 2100 2200 2300 2400 2500 2600 2700 2800 2900 3000
Frequency [MHz]

=——0Omni_BLE ==

JUniper

driven by mlst HI .".

50
© 2023 Juniper Networks ‘



Efficiency Omni BLE

100%

80%

60% -

40%

Efficiency (%)
\

20%

0%

2300 2350 2400 2440 2450 2480 2500 2550 2600

Frequency [MHZz]

e OMNi_BLE e
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Omni_BLE 63 %

60 %

56 %
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Peak Gain Omni BLE

8.
’ 2.4GHz _ [Max__[Mean [Min |
Omni_BLE 4.6 dBi 4.4 dBi 4.1 dBi
6.0
%\ T
= "
% 0 //'\v// \\
O
5 | —/
a
2.0
0.0

2300 2350 2400 2440 2450 2480 2500 2550 2600

Frequency [MHZz]

e OMNi_BLE e
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Realized Gain Pattern Omni BLE@2G V+H

phi=0 phi =90 theta = 60

= 0Omni_BLE = 0Omni_BLE = QOmni_BLE

JUniper
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