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6.7 Peak Output Power
6.7.1 Peak Output Power — Results Summary
Measured Peak I
Type Chan. Power Measured Tx Duty Power Limit Result
(dBm) Power (mW) cycle (mW) (mw)
1 15.06 32.06269325 | 0.9625 33.31 1000 | Pass
(llll\;klzps) 7 14.97 31.40508694 | 0.9670 32.48 1000 | Pass
11 15.16 32.80952931 | 0.9580 34.25 1000 | Pass
11g 1 13.19 20.84490883 | 0.8820 23.63 1000 | Pass
(54Mbps) 7 13.41 21.92804935 | 0.8856 24.76 1000 | Pass
11 13.45 22.1309471 | 0.8749 25.30 1000 | Pass
11n 12.62 18.28100216 | 0.8734 20.93 1000 | Pass
(MCS 7) 12.74 18.79316817 | 0.8749 21.48 1000 | Pass
11 12.85 19.27524913 | 0.8664 22.25 1000 | Pass
1 7.433 5.53732482 | 0.3064 18.07 1000 | Pass
(1'3;/5) 40 7.868 6.120684589 | 0.3064 19.98 1000 | Pass
79 7.146 5.183224264 | 0.3065 16.91 1000 | Pass
1 4.221 2.643017264 | 0.3118 8.48 1000 | Pass
(ZI\% /s) 40 4.219 2.64180039 | 0.3118 8.47 1000 | Pass
79 4.019 2.522899786 | 0.3118 8.09 1000 | Pass
1 4.211 2.636938493 | 0.3118 8.46 1000 | Pass
(3'\315-/5) 40 4.193 2.626031916 | 0.3120 8.42 1000 | Pass
79 3.977 2.498618781 | 0.3118 8.01 1000 | Pass
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6.7.2 Peak Output Power — Result Plots
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6.8 Spurious Emissions (2GHz to 26GHz)

6.8.1 Spurious Emissions (2GHz to 26GHz) — Results Summary

Company
Confidential

Carrier
Peak
Mod. Channel Emission Result
(dBuV/m)
99.09 Pass
11b
98.91
(11Mbps) Pass
11 100.55 Pass
96.19 Pass
11g
95.89
(54Mbps) Pass
11 96.31 Pass
1 95.44 Pass
11n
94.95
(MCS 7) 7 Pass
11 96.48 Pass
Wi-Fi Receive N/A Pass
101.12 Pass
Bluetooth 20 101.52 Pass
(1Mbps)
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1 96.81 Pass
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79 96.29 Pass
Bluetooth Receive 40 N/A Pass
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6.8.2 Spurious Emissions (2GHz to 26GHz) — Result Plots
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Modulation Channel Peak Emission (dBuV/m)

Bluetooth (1Mbps) 40 101.52
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Modulation Channel Peak Emission (dBuV/m
)
Bluetooth (1Mbps) 79 100.65
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Modulation Channel Peak Emission (dBuV/m)
Bluetooth (3Mbps) 79 96.29
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Comments: The 2GHz to 3GHz range was carried out with a 2.4GHz bandpass filter for

the limits test, and without a filter for the peak emission test.

In all runs, the spectrum analyser was set to max hold, and the turntable rotated slowly from
0° to 360°, at vertical polarisation, and then 360° to 0° at horizontal polarisation.

Bluetooth peak emission levels have been corrected for after sweeps performed.

Test Unit:
Test Setup:
Tested by:
Test Date/s:
Test Status:
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002 (Radiated)

B (Radiated)

D. Jamieson

23 to 24" February 2017
PASS
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6.9 Frequency Band Edges

6.9.1 Frequency Band Edges — Results Summary

Channel / Frequency
Type Area (GHz) Limit (GHz) Result
Bluetooth | 1/ Lower 2.401487179 | 2.400000000 | Pass
(1Mbps) | 79/ Upper 2.480625000 | 2.483500000 | Pass
Bluetooth | 1/ Lower 2.401326923 | 2.400000000 | Pass
(2Mbps) | 79/ Upper 2.480705128 | 2.483500000 | Pass
Bluetooth | 1/ Lower 2.401358974 | 2.400000000 | Pass
(3Mbps) | 79/ Upper 2.480737179 | 2.483500000 | Pass
6.9.2 Frequency Band Edges — Result Plots
-20dB L
Modulation Channel Frequency 0dB Lower Frequency
(MHz)
Bluetooth (1Mbps) 01 2.402GHz 2.401487179
® *RBW 100 kHz Marker 1 [T1 ]
*VBW 300 kHz -5.24 dBm
Ref 0 dBm *Att 10 dB *SWT 1 s 2.402048077 GHz
0 I ndB T1] 2¢.00 dB
BW 1.13782(0513 MHz
10 /R/\ Temp |1 [T1 ndB] u
-29.10 dBml SGL
1 P 2.401487179 GHz
BE |, Pompta toi ado
- = -2%.29 dBm
2.40262%000 GHz TDF
—-30
J .
--40
/ \
SWP 10 off 10 Mf/ \k\dw .
:M—6O MAAAA Pt A AN MANAMAM A~ DM AA AN P AAA AN ac
—-70
—-80
—-90
-100
Center 2.402 GHz 1 MHz/ Span 10 MHz
Date: 17.FEB.2017 11:13:27
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Modulation Channel Frequency -20dB Upper Frequency
(MHz)
Bluetooth (1Mbps) 11 2.480GHz 2.480625000

*RBW 100 kHz

Marker 1 [T1

]

*VBW 300 kHz -5.85 dBm
Ref 0 dBm *Att 10 dB *SWT 1 s 2.480048077 GHz
0 il ndB T1] 2¢.00 dB
R“ BW 1.13782(¢513 MHz
L _10 / Temp |1 [T1 ndB] [ A |
-2%.44 dBml| SGL
1 pxiy 2.479487179 GHz
_E L o Templ2 {21 ~dB]
L2 -2¢.21 dBm
2.48062%000 GHz | ¢pw
—-30
/'/ \ PS
——40
o // \
SWP 10 off 10 J/ \u\’w
3DB
WWW PN WV VL NPV WL BN IV PN VWAV AC
--70
—-80
—-90
-100
Center 2.48 GHz 1 MHz/ Span 10 MHz
Date: 17.FEB.2017 11:16:42
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. -20dB Lower Frequenc
Modulation Channel Frequency q ¥
(MHz)
Bluetooth (2Mbps) 01 2.402GHz 2.401326923
@ *RBW 100 kHz Marker 1 [T1 ]
*VBW 300 kHz -10.06 dBm
Ref 0 dBm *Att 10 dB *SWT 1 s 2.402432692 GHz
0 ndB T1] 2¢.00 dB
| BW |1.37820%4128 MHz
10 h 4 Temp |1 [T1 ndB] “
UU -3(¢.97 dBm|| SGL
EE - 2.40132¢923 GHz
r\Ye] m [ 21
—--20 B - -
-3(.32 dBm
1 2 2.40270%128 GHz | ¢pp
—-30
} \ PS
—-40 IJ \
I, AN
SWP 10 off 10 \/\\N apB
WWW/«M In A AL A A A A A A ML ac
—-70
—-80
—-90
-100
Center 2.402 GHz 1 MHz/ Span 10 MHz
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Modulation Channel Frequency -20dB Upper Frequency
(MHz)
Bluetooth (2Mbps) 11 2.480GHz 2.480705128

*RBW 100 kHz

Marker 1 [T1

]

*VBW 300 kHz -11.16 dBm
Ref 0 dBm *Att 10 dB *SWT 1 s 2.480416667 GHz
0 ndB T1] 2¢.00 dB
BW 1.37820%128 MHz
| _10 1 Temp |1 [T1 ndB] [ A |
-31.50 dBm||SGL
1 PKg /\ 2.479324923 GHz
_E L o Templ2 {21 ~dB]
-31.15 dBm
N 5 2.48070%128 GHz | opp
—-30
I \ PS
——40
—-50
SWP 10 off 10 Nwwyﬁvﬁ/ \k\/\\.w\M
3DB
M AN AN A MA A A A AR A M I AN ARAR AN NAAAAARIAINI AN LA
NP ac
--70
—-80
—-90
-100
Center 2.48 GHz 1 MHz/ Span 10 MHz
Date: 17.FEB.2017 11:23:14
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Modulation | Frequency -20dB Lower Frequency
(MHz)
Bluetooth (3Mbps) 01 2.402GHz 2.401358974

*RBW 100 kHz

Marker 1 [T1

]

*VBW 300 kHz -10.14 dBm
Ref 0 dBm *Att 10 dB *SWT 1 s 2.402208333 GHz
0 ndB T1] 2¢.00 dB
BW 1.37820%128 MHz
1
L 10 v Temp |1 [T1 ndB] [ A |
v -2$.91 dBml SGL
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_E L o Templ2 {21 ~dB]
-3(¢.89 dBm
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Template: v11.0 EMC2036/001 Page 108 of 128



Raymarine

Wi-Fi and Bluetooth Test Report

Company
Confidential

Modulation Channel Frequency -20dB Upper Frequency
(MHz)
Bluetooth (3Mbps) 11 2.480GHz 2.480737179

*RBW 100 kHz

*VBW 300 kHz

Marker 1 [T1

-11.21 dBm

Ref 0 dBm *Att 10 dB *SWT 1 s 2.480208333 GHz
0 ndB T1] 2¢.00 dB
BW 1.37820%128 MHz
1 . .
L 10 Temp |1 [T1 ndB
-3¢.93 dBm
1 PKg /\ 2.479354974 GHz
_E L o | Femp —— —
-32.16 dBm
1 2.480737179 GHz
—-30 [ KZ
——40 \\
—-50
SWP 10 off 10 MW'/\J/)j \\/N\~M
IS ANAMIMAAPUAAA A AIIAANAMAA I ANMAMAAPAUNANA LA A A A A A

—-60

SGL

TDF

PsS

3DB
AC

—-70
—-80
—-90
-100
Center 2.48 GHz 1 MHz/ Span 10 MHz
Date: 17.FEB.2017 11:26:37
Comments: None.
Test Unit: 001 (Conducted)
Test Setup: A (Conducted)
Tested by: D. Jamieson
Test Date/s: 17" February 2017
Test Status: PASS
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6.10 Directional Antenna with >6dBi
The TDK chip antenna design has been copied straight from the data sheet, and

measurements were performed in free space. Therefore, the maximum gain as taken from
their measured polar plots is 2.27dBi..

Company
Confidential

Due to the isotropic gain being less than 6dBi, this test requirement is not applicable.

6.10.1 Directional Antenna with >6dBi — Polar plots from TDK

Directivity Angle Polarisation

Y Axis Vertical

o
10(dBi)

180°
Vertical polarization

-===2.442GHz
—-—2.485GHz

Frequency(GHz) 2.400 2.442 2.485

Average(dBi) -962 -845 —-10.13

Maximum(dBi) 282 —-1.44 -3.02

Minimum(dBi) —36.90 —-34.11 -32.46
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Directivity Angle

Polarisation

Y Axis

Horizontal

180°

—---2.442GHz
—-—2.485GHz

Horizontal polarization
Frequency(GHz) 2.400 2.442 2.485
Average(dBi) -7.06 -544 -6.82
Maximum(dBi) -2.18 -0.48 -1.94
Minimum(dBi) —-27.38 —44.31 -29.46

Template: v11.0

EMC2036/001

Page 111 of 128



Raymar' IN@  Wi-Fi and Bluetooth Test Report

Company
Confidential

Directivity Angle Polarisation

X Axis Vertical

180°
Vertical polarization

——--2.442GHz
—-—2.485GHz

Frequency(GHz) 2.400 2.442 2.485

Average(dBi) -21.03 -19.00 —-20.43

Maximum(dBi) -13.19 —-12.04 —-12.29

Minimum(dBi) —48.22 —46.88 —40.26
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Directivity Angle Polarisation

X Axis Horizontal

135" e 2.400GHZ
-——=2.442GHz

1o —-—2.485GHz
Horizontal polarization

Frequency(GHz) 2.400 2.442 2.485
Average(dBi) -5.81 -4.32 -570

Maximum(dBi) 054 227 1.19
Minimum(dBi) —-26.20 —-27.25 -22.01
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Directivity Angle Polarisation

Z Axis Vertical

-
—

135" e 2.400GHz
——==2.442GHz

180°
Vertical polarization 2.485GHz

Frequency(GHz) 2.400 2.442 2.485

Average(dBi) -321 -1.68 -3.18
Maximum(dBi) -0.54 098 -0.23
Minimum(dBi) -7.87 -6.33 -7.97
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Directivity Angle Polarisation

Z Axis Horizontal

o
10(dBi)

180°
Horizontal polarization

Frequency(GHz) 2.400 2.442 2.485

Average(dBi) —-17.05 —-15.74 -17.47

Maximum(dBi) -11.24 -9.64 —-11.46

Minimum(dBi) —48.22 -51.80 —40.53

———-2.442GHz
—-—2.485GHz
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Directivity

X Axis

Directivity

Y Axis

270“( - )90“
L X

z'(/
o
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Directivity
Z Axis
e ;
270°C > 90
%;—4 Y
X 0°
Comments: Results taken from TDK Report 001-01 /20130901 /

rf_ant_ant016008lcd2442ma1_en
Test Unit: N/A
Test Setup: N/A
Tested by: N/A
Test Date/s: N/A
Test Status: N/A
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6.11.1 Power Spectral Density — Results Summary

Template: v11.0

Limit
Type Channel | (dBm/3kHz) (dBm) Result

1 -9.54 8 | Pass

116 7 9.46 8P
(11Mbps) = ass
11 -9.28 8 | Pass
1 -13.30 8 | Pass

llg 13.01 g|p
(54Mbps) i ass
11 -13.02 8 | Pass
1 -14.73 8 | Pass

Lin 14.56 g|p
(MCS 7) -14. ass
11 -14.58 8 | Pass

EMC2036/001

Company
Confidential

Page 118 of 128



Raymarine

Wi-Fi and Bluetooth Test Report

Company
Confidential

6.11.2 Power Spectral Density — Result Plots

Modulation

Channel

Power Spectral Density

ST SR I S T

Mn Agte Ll ARTVTTR NS

(dBm/3kHz)
11b (11Mbps) 01 -9.54
* RBW 10 kHz

® * VBW 30 kHz

Ref 0 dBm *Att 10 dB * SWT 50 s

--1

-2 [ 2
= SGL
[viEw| &t*qﬁgh“m‘ \ Auwﬁhurm W]

TDF

PS
3DB

AC

Center 2.4119919 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -9.54 dBm
Date: 3.MAR.2017 15:30:29
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Power Spectral Density
Modulation Channel
(dBm/3kHz)
11b (11Mbps) 07 -9.46
* RBW 10 kHz
* VBW 30 kHz

Ref 0 dBm *Att 10 dB * SWT 50 s
--1
_ [ 2

SGL

-4 W g

- i A oty AL s o
——6 TDF
-7
g PS
—_9 3DB

AC
Center 2.4419922 GHz 3 kHz/ Span 30 kHz
Tx Channel

Bandwidth 3 kHz Power -9.46 dBm
Date: 3.MAR.2017 15:33:31
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Power Spectral Density
Modulation Channel
(dBm/3kHz)
11b (11Mbps) 11 -9.28
* RBW 10 kHz
* VBW 30 kHz
Ref 0 dBm *Att 10 dB * SWT 50 s
--1
- [ 2
—_3 SGL
*

-5 LR LT PP MY
——6 TDF
-7
g PS
—_9 3DB

AC
Center 2.4619922 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -9.28 dBm

Date: 3.MAR.2017 15:35:24
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Power Spectral Density
Modulation Channel
(dBm/3kHz)
11g (54Mbps) 01 -13.30
*RBW 10 kHz
* VBW 30 kHz
Ref -5 dBm *Att 10 dB * SWT 100 s
-6
5 |
A —— SGL
—-8 v
[t M’M W
-9 — ]
—-10
11 TDF
—-12
—-13 PS
L 14 3DB
AC
Center 2.4123078 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -13.30 dBm

Date: 3.MAR.2017 15:44:07
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Power Spectral Density
Modulation Channel
(dBm/3kHz)
11g (54Mbps) 07 -13.01
* RBW 10 kHz
* VBW 30 kHz
Ref -5 dBm *Att 10 dB * SWT 100 s
-6
- [ 2
] M SGL
S - | e i L
Sl S
—-10
11 TDF
—-12
L 13 PS
L 14 3DB
AC
Center 2.4423078 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -13.01 dBm
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Power Spectral Density
Modulation Channel
(dBm/3kHz)
11g (54Mbps) 11 -13.02
* RBW 10 kHz
* VBW 30 kHz
Ref -5 dBm *Att 10 dB * SWT 100 s
-6
- [ 2
/«W’WW SGL
1 Pxi ‘WWN"VV“AN-V\ ‘\\M\\ |
-9
—-10
11 TDF
—-12
—-13 PS
L 14 3DB
AC
Center 2.4623087 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -13.02 dBm

Date: 3.MAR.2017 15:49:52
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Power Spectral Density

Modulation Channel (dBm/3kHz)
11n (MCS 7) 01 -14.73
* RBW 10 kHz
@ * VBW 30 kHz
Ref -5 dBm *Att 10 dB * SWT 100 s
-6
- [ 2
SGL

L R T P .
—-12
—-13 PS
14 3DB
AC
Center 2.4123066 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -14.73 dBm
Date: 3.MAR.2017 15:52:51
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Power Spectral Density
Modulation Channel
(dBm/3kHz)
11n (MCS 7) 07 -14.56

* RBW 10 kHz

* VBW 30 kHz
Ref -5 dBm *Att 10 dB * SWT 100 s
-6
- [ 2

SGL
WS SNTraT SV — e
«MV“NMNNMwﬂ*’” MW\MN*
—-10
RO A
11 TDF
—-12
L 13 PS
L 14 3DB
AC

Center 2.4423069 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -14.56 dBm

Date: 3.MAR.2017 15:55:22
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. Power Spectral Density
Modulation Channel
(dBm/3kHz)
11n (MCS 7) 11 -14.58
* RBW 10 kHz
@ * VBW 30 kHz
Ref -5 dBm *Att 10 dB * SWT 100 s
-6
. [ 2
SGL
|11 Mk
TDF
—-12
—-13 PS
L 14 3DB
AC
Center 2.4623075 GHz 3 kHz/ Span 30 kHz
Tx Channel
Bandwidth 3 kHz Power -14.58 dBm
Date: 3.MAR.2017 15:58:32
Comments:
Test Unit: 001 (Conducted)
Test Setup: A (Conducted)
Tested by: D. Jamieson
Test Date/s: 3™ March 2017
Test Status: PASS
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In accordance with UKAS requirements, all measuring equipment is on a calibration cycle.
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7.1 Setup A — Conducted with Receiver
Test Equipment Type Manufacturer and Type Number Serial Number Cal No. Cal Due
EMI Receiver 20Hz to 40GHz Rohde & Schwarz ESU40 100017 01721 14/12/2017

7.2 Setup B — Conducted with Peak Power Analyser
Test Equipment Type Manufacturer and Type Number Serial Number Cal No. Cal Due
Test Site 5 Global EMC N/A 02932 N/A
RF Peak Power Analyser Boonton 4500B 2061 01534 10/05/2017
Peak Power Sensor Boonton 56318 5789 02129 10/05/2017

7.3 Setup C - Radiated Emissions
Test Equipment Type Manufacturer and Type Number Serial Number Cal No. Cal Due
Semi-Anechoic Chamber, Site 1 Global EMC GEO001 02074 01/12/2017
Broadband Antenna 30MHz - 2GHz Chase EMC CBL6141 4254 01323 25/03/2017
Active Loop Antenna 9kHz - 30MHz | Chase EMC HLA6120 29905 02475 02/10/2017
Loop Antenna PSU/Charger Chase EMC CBP9720 n/a 02671 N/A
Antenna Horn 1GHz-18GHz Chase BBHA9120D 9120D-578 00852 16/11/2017
Antenna Horn 18GHz-26GHz Credowan 20-R-2843-0007 36755 00482 03/12/2017
EMI Receiver 20Hz to 26.5GHz Rohde & Schwarz ESI26 832692/006 00886 05/12/2017
EMI Receiver 20Hz to 40GHz Rohde & Schwarz ESU40 100017 01721 14/12/2017
Antenna Mast (4m) Site 1 Inn-co GmbH MM4000 MM4000/056/13750806/L 02075 N/A
Turntable Site 1 Inn-co GmbH DS1200S DS1200S/175/13750806/L 02076 N/A
Mast/Turntable Controller Site 1 Inn-co GmbH CO 2000 C0/2000/359/137/50806/L 02077 N/A
Computer (Site 1) HP Z800 Workstation CZC0087YD3 Site1PC N/A
Emissions Software DARE! RadiMation v5.3.18 N/A EMSoft01 N/A

7.4 Cable Calibration
Test Equipment Type Manufacturer and Type Number Serial Number Cal No. Cal Due
Signal Generator R&S SMR40 100164 01520 08/09/2017
EMI Receiver 20Hz to 40GHz Rohde & Schwarz ESU40 100017 01721 14/12/2017
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