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1. Experimental Setup
Z

LTSNS re e e

® Measurement Item :
a. Return loss
b. Radiation pattern

® Return Loss:
a. Instrument : vector network analyzer — Agilent N5230A

b. Calibration method : SOLT

® 3D Radiation Pattern :
a. Instrument: Satimo StarLab
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2. Return loss LEFT S11 MIDDLE S22 RIGHT S33

E0.00

Trl 511 Log Mag
Trz 522 Log Mag
PIEE 533 Log Mag
Tr4 521 Log Mag
Tr& 531 Log Mag
Trié 532 Log Mag

10,00dE/ Ref
10.00dB/ Ref
10.00dB/ Ref
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10.00dB/ Ref
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2. 4000000 GHz -14.535 dE

Chl Trl 211 1 2.4000000
Chl Trl 511 2 2.4500000
Chl Trl 511 3 2.5000000
Chl Trz S22 1 2.4000000
Chl Trz 522 2 2.4500000
Chl Tr2 522 3 2.5000000
Chl Tr3 333 =1 2.4000000
Chl Tr3 533 2 Z2.4500000
Chl Tr3 533 2 2. Coooooo
Rl Trd L L .

iThl _Ted 271 22 donnnnc

-13.324
-20.183
-17.787
-15.361
-20.374
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Trigger

Trl 511
Trz 522
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Trd4 521
TrE 5321
Tré 532
E0 .00
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Log
Log
Log
Log
Log
Log

Mag 10.00dE¢ Ref 0.000CE
Mag 10.00dES Ref 0.000E
Mag 10.00dE/ Ref 0.000CE
Mag 10,0048 Ref 0.0002
Mag 10.00cdE# Ref 0.000E
Mag 10.00dE/ Ref 0.000dE

[F3 Del]

[F=]
[F3]

b

2.4000000 GHz -14.82% dB

hl Trd4 521 1 2.4000000 GHz -&.5376 dB
hl Trd4 521 2 2.4500000 GHz -£.407& dE
hl Trd 521 3 2.5000000 GHz -5£.1312 4B
hl TrE 531 1 Z.4000000 GHz -12.702 dE
hl Tr5 531 £ 2.4500000 GHz -13.667 dE
hl TrE 531 3 2.5000000 GHz -14.552 dE
hl Tra 532 1 2.4000000 GHz -&.3644 dE
hl Tre 532 2 2.4500000 GHz -5.71432 4B
hl Tre 532 3 F.5000000 GHz -5.413939 dE
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3.Antenna Matching Circuit Diagram

Antenna Antenna
3.3nH GN
2.2PpF
0 Ohm
/O
/O
!
Antenna
8.2nH Ground
0 Ohm
/O
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4. Radiation Patterns p
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Y-Z Plane TSR 2SR
i
goe YZ-plane «
scanning directions
Horizontal Polarization
LEFT MIDDLE
if 0m ﬁ '|I N 0 A/ J 1
ke \\“-\-.__‘_ e /-’f b g | N e : I|
\: | yili) ALk )j
\\\\ \\____F_‘ :// ‘ \e_a;w_ ) /
Frequency(GHz)| Max Value(dBi) | Average(dBi) Frequency(GHz)| Max Value(dBi) Average(ddi)
24 -2.3 -8.36 24 -2.34 -8.03
245 -2.65 -8.41 2.45 -2.58 -8.23
2.5 -2.03 -7.82 2.5 -2.36 -8.33
Frequency(GHz)| Max Value(dBi)| Average(dBi)
2.4 -1.34 -1.52
2.45 -1.08 -1.3
2.5 -1.02 -7.55
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Y-Z Plane ity
Rt
goe YZ-plane «
scanning directions
Vertical Polarization
LEFT MIDDLE

Frequency(GHz)| Max Value(dBi) | Average(dBi) | | Frequency(GHz)l Max Value(dBi) | Average(dii)
24 -1.18 434 2.4 -16.78 -20.02
2.45 -1.32 -4.48 2.45 -18.52 -22.99
25 -1.82 452 2.5 -17.54 -23.43
RIGHT
Frequency(GHz)| Max Value(dBi) Average(dBi)
2.4 -0.6 -3.81
2.45 -1.21 -4.17
2.5 -1.23 -3.92
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Y-Z Plane

TOTAL
LEFT

‘‘‘‘‘‘‘

-

YZ-plane «
scanning directions

MIDDLE

Max Value(dBi)

Max Value(dBi)

Frequency(GHz) Average(dBi) Frequency(GHz) Average(dHi)
24 0.44 -2.89 24 -2.22 -1.76
245 0.31 -3 245 -2.51 -8.08
2.5 0.55 -2.85 2.5 -2.29 -8.2
RIGHT
Frequency(GHz)| Max Value(dBi) | Average(dBi)
2.4 1.34 -2.27
2.45 1.22 -2.45
2.5 1.44 -2.35
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X-Z Plane QTUD“":____’El_-__-\I)ngu
Sy ok = Fos
-.‘_ o ’-‘

Z,
o+ AZ-plane
scanning directions

Horizontal Polarization

LEFT MIDDLE

Frequency(GHz) | Max Value(dBi) Average(dBi) Frequency(GHz)| Max Value(dBi)| Average(dBi)
24 0.83 -4.14 2.4 -1.07 -5.48
245 0.85 -4.09 2.45 -1.68 -5.63
2.5 1.13 -3.98 2.5 -2.15 -5.66
RIGHT
Frequency(GHz)l Max Value(dBi) | Average(dBi)
2.4 0.89 -4.07
2.45 0.71 -4.07
2.5 0.59 -4.01
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Vertical Polarization
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scanning directions
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Frequency(GHz)

Max Value(dBi) | Average(dBi)

Frequency(GHz)

Max Value(dBi)

24
245

-23.99
-22.74

-28.05

24 -21.87

Average(d
-27.2

-28.36

245 -19.71

2.5

-22.1

-29.09

2.5

-20

-26.39
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Legend
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Frequency(GHz)

Max Value(dBi)

Average(dBi)

24

-23.77

-28.91

245

-20.11

-31.99

2.5

-24.28

-30.36

-20.16
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X-Z Plane

—

scanning directions

MIDDLE

o ' — SN
(/ “\] N
. - N R
| | T > Vi
|II I'. 3 I/I.'
\ \‘\‘\\ o ,_-,9’} , //
Frequency(GHz)[ Max Value(dBi) | Average(dBi) Frequency(GHz)| Max Value(dBi) | Average(dBi
2.4 0.84 -4.12 2.4 -1.04 -5.45
2.45 0.86 -4.08 2.45 -1.66 -5.59
2.5 1.13 -3.97 2.5 -2.12 -5.62

Legend
———H00MHz)

—2500{MHz)

RIGHT

Z7lideg

Frequency(GHz)

Max Value(dBi)

Average(dBi)

24

0.9

-4.06

245

0.71

-4.07

2.5

0.59

-4
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_ _;___2700"
X-Y Plane T T S
OD"X':-'—'-" .-.---:r- 1800+
I —
9\3: -
. . . XY—pI?ne “ .
Horizontal Polarization scanning direction-
LEFT MIDDLE

Frequency(GHz)| Max Value(dBi) | Average(dBi) Frequency(GHz)| Max Value(dBi) | Average(dB})
24 -3.84 -1.97 24 -13.59 -17.71
2.45 -4.34 -8.26 2.45 -14.34 -17.96
2.5 -4.58 -8.63 2.5 -13.76 -17.49
RIGHT
Frequency(GHz)| Max Value(dBi) | Average(dBi)
24 -3.69 -1.61
2.45 -4.37 -8.39
2.5 -4.75 -8.71
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Vertical Polarization ssanping directon:
LEFT MIDDLE
£ \ 1 e van™ \
E I;I—. 4;‘ A ll | o Ty = i I; s
| |\ A }I ] ElI » }_(\ .J |
\ Y ;/ b5 bﬁb!./- ,
Frequency(GHz)| Max VaIue(dBi)“. ; Average(dBi) Frequency(GHz)| Max VaIue(dBi).. J Average(dHi)
2.4 -5.02 -6.89 2.4 -3.48 -6.3
2.45 -4.67 -6.53 2.45 -3.45 -6.38
2.5 -4.14 -6.29 2.5 -3.18 -6.4
Legﬂjzmwwz]
———2500(MHz)

Udeg

272581 [24000Hz]

27ideg

Frequency(GHz)

Max Value(dBi)

Average(dBi)

24

-3.73

-5.64

245

-3.3

-5.43
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Frequency(GHz)| Max Value(dBi) [ Average(dBi) Frequency(GHz)| Max Value(dBi) | Average(dHi

24

-3.04

-4.38

24

-3.42

-6

245

-3.26

4.3

2.5

-3.25

-4.3

245

-3.41

-6.09

2.5

-3.13

-6.07
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Legend
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Frequency(GHz)

Max Value(dBi)

Average(dBi)

24

-2.21

-3.5

2.45
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-3.65
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-2.42
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5. Measurement Results
Frequency . . Y_Z. Plane A _
Antenna (GH2) Horizontal (dBi) Vertical (dB1) Total(dBi)
Max Value Average Max Value Average Max Value | Averafje
2.4 -2.3 -8.36 -1.18 -4.34 0.44 -2.39
LEFT 2.45 -2.65 -8.41 -1.32 -4.48 0.31 -3
2.5 -2.03 -7.82 -1.82 -4.52 0.55 -2.85
2.4 -2.34 -8.03 -16.78 -20.02 -2.22 -7.76
MIDDLE 2.45 -2.58 -8.23 -18.52 -22.99 -2.51 -8.08
2.5 -2.36 -8.33 -17.54 -23.43 -2.29 -8.2
2.4 -1.34 -7.52 -0.6 -3.81 1.34 -2.27
RIGHT 2.45 -1.08 -1.3 -1.21 -4.17 1.22 -2.45
2.5 -1.02 -7.55 -1.23 -3.92 1.44 -2.35
Frequency , , Xz Plane . .
Antenna (GH) Horizontal (dB1) Vertical (dBi) Total(dBi)
Max Value Average Max Value Average Max Value | Averafje
2.4 0.83 -4.14 -23.99 -28.05 0.84 -4.12
LEFT 2.45 0.85 -4.09 -22.74 -28.36 0.86 -4.08
2.5 1.13 -3.98 -22.1 -29.09 1.13 -3.97
2.4 -1.07 -5.48 -21.87 -27.2 -1.04 -5.45
MIDDLE 2.45 -1.68 -5.63 -19.77 -26.39 -1.66 -5.59
2.5 -2.15 -5.66 -20 -26.16 -2.12 -5.62
2.4 0.89 -4.07 -23.77 -28.91 0.9 -4.06
RIGHT 2.45 0.71 -4.07 -26.11 -31.99 0.71 -4.07
2.5 0.59 -4.01 -24.28 -30.36 0.59 -4
Frequency _ _ XY Plane . .
Antenna (GHz) Horizontal (dBi) Vertical (dBi) Total(dBi)
Max Value Average Max Value Average Max Value | Averafje
2.4 -3.84 -71.97 -5.02 -6.39 -3.04 -4.38
LEFT 2.45 -4.34 -8.26 -4.67 -6.53 -3.26 -4.3
2.5 -4.58 -8.63 -4.14 -6.29 -3.25 -4.3
2.4 -13.59 -17.71 -3.48 -6.3 -3.42 -6
MIDDLE 2.45 -14.34 -17.96 -3.45 -6.38 -3.41 -6.09
2.5 -13.76 -17.49 -3.18 -6.4 -3.13 -6.07
24 -3.69 -7.61 -3.73 -5.64 -2.21 -3.5
RIGHT 2.45 -4.37 -8.39 3.3 -5.43 -2.58 -3.65
2.5 -4.75 -8.71 -2.63 -5.35 -2.42 3.7
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