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Antenna Study

» Client Name:34ED LLC, DBA Centegix

» Project Name:CE-BEA-02
» Debugging frequency band: 915/2400/2500MHz

> Valuation date: 2023.06.14
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PCB Antenna

Dongguan UB Electronics Co., Ltd

[ Testing 3D microwave darkroom(é6m*6m*6m) ]

[Testing environment ]
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PCB Antenna

Dongguan UB Electronics Co., Ltd

Antenna name: 2.4G/LoRa

Antenna Type: PCB Antenna

Covers : 915/2400/2500MHz
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S Parameter_Return Loss&VSWR (2.4G)

Dongguan UB Electronics Co., Ltd

1 Active ChfTrace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State 1 Active ChfTrace 2 Response 3 Stimulus 4 Merfanalysis 5 Instr State
PIE S11 GWR L1.000F Ref 1.000 [F1 M] piEE 511 Log Mag S.000dE/ Ref 0.000dE [F1 M]
11.00 2E.00
1 z2.4000000 GHz  2.5902 1 2.4000000 GHz -7.0734 dB
2 2.4p00000 gHz 3,276 2 2.4500000 GHz -5.43234 dB
3 2.5hOo0oo0 gHz  2L,91E59 3 2.5000000 gHz -4.5366 dB
10.00 4 B.A510000 GHz F.3224 20,00 4 L, AE00000 GHz -2, 2572 dB
& E,55ho000 GHz  S.6411 & 5.REOOO0O0 GHz -2.0094 dE
=& L. SERQO0000 GHz F.353%5 =6 GB.EE00000 gHz -2.3771 dB
15.00
10.00
E.000
0.000 5
g
-5.000 4
2
-10.00
-15.00
-20.00
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Efficiency and Gain-Smith (2.4G)
Dongguan UB Electronics Co., Ltd

1 Active ChyfTrace 2 Response 3 Stimulus 4 MkrfAnalysis 5 Instr State
P =11 Smith (R+33) Scale 1.0000 [F1 M]

1 2.4000000 GHz
2 2.4500000 GHz 14
3 2.5000000 GHz 126,
4 5.1500000 GHz 7,
5 5.5500000 GHz
#5&  5.3500000 GHz, Log Mag
Phase
Group Delay
. Srnith
R+
Polar
Lin Mag
SWR
Real
Imaginary
= “ oo
1 Stam 1GHz IFEW 70 kHz Stop 6 GHz [EEN (T
Frequency ID 1 2 3 4 5 6 7 8 9 10 11
Frequency (MHz) 2400.0| 2410.0| 2420.0| 2430.0| 2440.0| 2450.0| 2460.0) 2470.0| 2480.0| 2490.0| 2500.0
Gain (dBi) 1.08 0.52 -0.03 -0.70 -0.74 -1.16 -0.90 -1.16 -1.78 -2.01 -2.16
Efficiency (%) 35.38 33.99| 32.58 31.42| 29.54| 28.16] 27.86| 26.83| 24.84] 23.74) 22.47
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S Parameter_Return Loss&VSWR (LoRa)
Dongguan UB Electronics Co., Ltd

1 Active ChfTrace Z Response 3 Stimulus 4 Mkrfanalysis 5 Instr State 1 Active ChfTrace 2 Response 3 Stimulus 4 Mhkr/analysis 5 Instr State
PR 511 SWR 1.000 Ref 1.000 [F1 M] PIE 511 Log Mag G.000dBS Ref 0.000dE [F1 M]
11.00 25.00
1 S10.00000 1 910.00000 WHz -2.17t52 4B
2 S915.00000 2 915.00000 WHz -7.13:20 dB
=3 S920.00000 =3 920.00000 WMHz -5.6941 dB
10.00 20.00
] Log Mag
S.000 15.00
S.000 10.00
7000 E.000
£.000 0.000 M
S .000 -5.000
4,000 =10.00
F.000 -15.00
2.000 -20.00
1.000 p -25.00 =
- T
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Efficiency and Gain-Smith (LoRa)
Dongguan UB Electronics Co., Ltd

1 Active Ch{Trace 2 Response 3 Stimulus 4 Mkrfanalysis 5 Instr State
P 511 Smith (R+33) Scale 1.0000 [F1 M]

1 210.00000 MHz 55.743 0Q -
2 915.00000 MHz 45.520 = & _pF
=3 920.00000 MHz 38.8E8870 -E2.37& 0 32,2029

1 Start 500 MHz

IFRMW 70 kHz

Phase

Group Delay

Smith
R4 %

Palar

Lin Mag

SWR.

Real

Imaginary

Frequency ID

10

11

Frequency (MHz)

910.0

911.0

912.0

913.0

914.0

915.0

916.0

917.0

918.0

919.0

920.0

Gain (dBi)

-0.67

-0.65

-0.62

-0.58

-0.55

-0.51

-0.45

-0.41

-0.37

-0.34

-0.32

Efficiency (%)

26.21

26.02

25.87

25.80

25.72

25.58

25.56

25.44

25.25

25.01

24.74
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910.0MHz H+V, Eff: 26.2%
z

PN

911.0MHz H+V, Eff: 26.0%
z

S

912.0MHz H+V, Eff: 25.9%
z

Back View

l l |
B

Back View

l . |
*

Back View

Back View

-0.67
-2.51
-4.35

-6.19 -

-8.03
-9.88
-11.72
13.56

-0.65
-2.49
-4.33

-6.17 -

-8.01
-9.86
-11.7
13.54

-0.62
-2.47
-4.31

-6.15 -

-7.99
-9.83
-11.68
-13.52

-0.58
-2.43
-4.27

-6.11 -

-7.95
-9.79
-11.64
-13.48

910.0MHz Total(E1-XZ), Max= -2.18dBi

20

180170 130 170 180

911.0MHz Total(E1-XZ), Max= -2.23dBi

10 0,2 10

180470 130 170

912.0MHz Total(E1-XZ), Max= -2.27dBi
10 0,2 10

s 20

%0170 180 170

913.0MHz Total(E1-XZ), Max=-2.29dBi

0 0z +
20 1 90 20

180470 130 170

910.0MHz Total(E2-YZ), Max= -0.67dBi

-0 02 10
20 gu7 - 20

77170 180 170

911.0MHz Total(E2-YZ), Max= -0.66dBi

-0 0.z 10

-20 Fog® 20
%
o o
80 80
70 70
20 80
o0 0, ¥
100 100
-110 110
120 120
130 120
140
P7170 180 170 1
912.0MHz Total(E2-YZ), Max= -0.64dBi
<10 02 10
20 064 20
% B
8.64 “
L 5
0 &0
70 0
80 80
o 9.y
100 100
110 0
120 120
10 120

7170 180 170

o1 20

913.0MHz Total(E2-YZ), Max= -0.61dBi
20 0.0

20

%0

40
0 0
50 60
70 70
80 80
100 100
110 110
420 120
120 130

P*170 130 17

Total(H-XY), Max= -3.60dBi, CirD=23.75

11019 9GP 1o

Total(H-XY), Max= -3.63dBi, CirD=23.52

100 90 Y80

10

250 260 270 280 2%

Total(H-XY), Max= -3.66dBi, CirD=23.14
410 100 93780 4

Total(H-XY), Max= -3.68dBi, CirD=22.84

o 100 9Y80 1q

2%

280 270 280



914.0MHz H+V, Eff: 25.7%
z

Back View

l l |
B

Back View

Back View

l . |
B

Back View

l . |
*

-0.55
-2.39
-4.23

-6.07 -

-7.92
-9.76
-11.6
-13.44

-0.51
-2.35
-4.19

-6.03 -

-7.87
-9.72
-11.56
-13.4

-0.45
-2.29
-4.13

-5.98 -

-7.82
-9.66
-11.5
-13.34

-0.41
-2.25
-4.09

-5.93 -

-7.78
-9.62
-11.46
-13.3

914.0MHz Total(E1-XZ), Max= -2.32dBi

10 0,z 10
20 59

20

180170 130 170 82

915.0MHz Total(E1-XZ), Max= -2.36dBi

180

180470 180 170

916.0MHz Total(E1-XZ), Max= -2.35dBi
10 02 10

20
2 0
50
70 70
a0 80
% 20, x
100 100
110! 10
- 120
180170 130 170 180

917.0MHz Total(E1-XZ), Max=-2.37dBi

10

5710

%170 180 170

914.0MHz Total(E2-YZ), Max= -0.59dBi

P*170 180 170

915.0MHz Total(E2-YZ), Max= -0.56dBi

-20 G560 20

P70 130 170 10

916.0MHz Total(E2-YZ), Max= -0.51dBi
20 10 0Z 10

20
0 0

w0
0 %0
0 &0
70 70
80 80
o 9.y
100 100
110 110
120 120
10 120
- 140

=7"170 180 170

917.0MHz Total(E2-YZ), Max= -0.47dBi

20 O OZ 10

170 130 170 '

Total(H-XY), Max= -3.69dBi, CirD=22.45

110

250 560 270 280 20

Total(H-XY), Max= -3.71dBi, CirD=22.10

2%

280 270 280

Total(H-XY), Max= -3.74dBi, CirD=21.74

430 199 4 Y80 4

250 560 270 280 20

Total(H-XY), Max= -3.77dBi, CirD=21.35
g0

i

2%

280 270 280



918.0MHz H+V, Eff: 25.3% Back View
z

919.0MHz H+V, Eff: 25.0% Back View
z

920.0MHz H+V, Eff: 24.7% Back View
z

918.0MHz Total(E1-XZ), Max= -2.38dBi

20 ™ 02,00 2

180170 130 170 80

2.43dBi

919.0MHz Total(E1-XZ), Max=

10 02 10 |,
20 G42° 20

170 180 170

920.0MHz Total(E1-XZ), Max= -2.49dBi

20 1 OF 0 20

170 130 170

0 70480 170 10

918.0MHz Total(E2-YZ), Max= -0.44dBi

*70 180 170 1%

919.0MHz Total(E2-YZ), Max= -0.42dBi

10 0.2 10
442 20
0

W
50 50
0 &0
70 70
80 80
o ¥
100 100
110 110
120 120
10 120
140

180

170 180 170

920.0MHz Total(E2-YZ), Max= -0.41dBi

0 9,10 2

310.991

a0

170180 170 %0

Total(H-XY), Max= -3.80dBi, CirD=20.97

100 90.Y80
10 "
120 B 60

® 260 270 280 2%

Total(H-XY), Max= -3.82dBi, CirD=20.61

50
260 270 280

Total(H-XY), Max= -3.85dBi, CirD=20.21

R 100 9 Y80 1q

250 280 270 280

210.00MHz 110 190 90.Y80

240 200
250 260 270 280 2



2400.0MHz H+V, Eff: 35.4%

2410.0MHz H+V, Eff: 34.0%

2420.0MHz H+V, Eff: 32.6%
z

2430.0MHz H+V, Eff: 31.4%
z

Back View

Back View

Back View

Back View

1.08
-0.76
-2.6
-4.45
-6.29
-8.13
-9.97
-11.81

0.52
-1.33
-3.17
-5.01
-6.85
-8.69
10.54
12.38

-0.03
-1.88
-3.72
-5.56
-7.4
-9.24
-11.09
-12.93

-0.7
-2.54
-4.38
-6.22
-8.06
-9.91

-11.75
-13.59

2400.0MHz Total(E1-XZ), Max= -0.81dBi

20 2 Ge %
3T &
&0
70
8 0
o 90.x
i 100
110
120
120

187470 130 170 120

2410.0MHz Total(E1-XZ), Max=-0.83dBi

20 0 Ofgd® 20

189 470 180 170 '

2420.0MHz Total(E1-XZ), Max= -1.26dBi
10 0,2 10
Zod

20

20

100 170 430 170 e

2430.0MHz Total(E1-XZ), Max= -1.78dBi
-10 0,

2 #d° 2

2400.0MHz Total(E2-YZ), Max= -2.25dBi

20 20

150 470 130 170 %0

2410.0MHz Total(E2-YZ), Max= -2.12dBi

=20, -0, 20
430 e

150 170130 170 10

2420.0MHz Total(E2-YZ), Max= -2.54dBi
20 0200 o
30 526

150 470 130 170 %0

2430.0MHz Total(E2-YZ), Max= -3.11dBi
10

200 SFd0 2

170 180 170

% 170 180 170

Total(H-XY), Max= -0.63dBi, CirD=13.38

-
250 280 270 280 2%

Total(H-XY), Max= -0.80dBi, CirD=13.04

110 190 99.Y80

"

240 200

250 260 270 280 2%

Total(H-XY), Max= -1.37dBi, CirD=13.01
100 50380 4

250 200 270 900 20

Total(H-XY), Max= -2.03dBi, CirD=13.30

L 100 90, Y80

"o
P

12

290

250 260 270 280



2440.0MHz H+V, Eff: 29.5%

GN

2450.0MHz H+V, Eff: 28.2%

2460.0MHz H+V, Eff: 27.9%
z

3

2470.0MHz H+V, Eff: 26.8%

Back View

Back View

4

Back View

Back View

2440.0MHz Total(E1-XZ), Max= -2.26dBi 2440.0MHz Total(E2-YZ), Max= -3.400Bi

-0.74 0@ W, ‘ 0@ W
-2.59 ' i1
-4.43
-6.27
-8.11
-9.95
-11.8
-13.64

150 470 130 170 130 150 470 130 170 %0

2450.0MHz Total(E1-XZ), Max= -2.52dBi
_1 16 20 10 0ZJ0 20

2450.0MHz Total(E2-YZ), Max= -3.24dBi

180170 130 170 80 150 170130 170 10

020

2460.0MHz Total(E1-XZ), Max= -2.42dBi
20 1

2460.0MHz Total(E2-YZ), Max= -3.01dBi
0.9
2.74
-4.58
-6.42
-8.27
-10.11
11.95
-13.79
2470.0MHz TgtE:I(El-XZ), Max= -2.59dBi 2470.0MHz Total(E2-YZ), Max= -3.19dBi

z 10 55 10 0.2 10
“{98

1.16 ) A « ‘ 2

150 470 130 170 130 150 470 130 170 %0

20

180170 130 170 80 150 170180 170 10

Total(H-XY), Max= -2.27dBi, CirD=13.50

110 190 9980

240
250

E!
260 270 280 2%

Total(H-XY), Max= -2.09dBi, CirD=14.28

110 190 99, Y80

m
)

240 200
250 260 270 280 2%

Total(H-XY), Max= -1.91dBi, CirD=15.19

120

240
250

E!
280 270 280 2%

Total(H-XY), Max= -1.98dBi, CirD=16.36

100 90 Y80
1.98

10

]
60

250 260 270 280 2%



2480.0MHz H+V, Eff: 24.8%
z

2490.0MHz H+V, Eff: 23.7%

z

2500.0MHz H+V, Eff: 22.5%
z

Back View

Back View

Back View

-1.78
-3.62
-5.46
-7.31
-9.15
-10.99
-12.83
-14.68

-2.01
-3.85
-5.69
-7.53
-9.38
-11.22
13.06
-14.9

-2.16
-4
-5.84
-7.68
-9.53
-11.37
-13.21
-15.05

2480.0MHz Total(E1-XZ), Max= -3.06dBi

200 0,0 5

160 170 430 170 e

2490.0MHz Total(E1-XZ), Max= -3.65dBi

200 SE 0 2

180 470 130 170 '

240000 20 10 0ZJ0
2e2000mt -3
) “0

2480.0MHz Total(E2-YZ), Max= -3.43dBi

20 79 98579 20

150 470 130 170 %0

2490.0MHz Total(E2-YZ), Max= -3.75dBi

20

150 170180 170 10

2500.0MHz Total(E2-YZ), Max= -3.85dBi
20 10 0,210

4 570 20
20 Bor

150 470 130 170 %0

2400 000z 20 10 0Z 10 5
2420001tz 30 3

£204, 170 180 170 .

Total(H-XY), Max= -2.32dBi, CirD=16.42

240~ E!
250 280 270 280 2%

Total(H-XY), Max= -2.47dBi, CirD=16.62

110 190 QIR 7o

250 260 270 280 2%

Total(H-XY), Max= -2.57dBi, CirD=17.14
o100 3P 10

20
¥ 1
12 0.x
190 50

30
330
220
260
250 260 270 280 2%

200000 110 100 Y0 4y

2420000z 120 o 60
e 5

20500010
245010, 2
o 20

10
0.x
a0
0
7/ 30
20
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