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Appendix C: Maximum power spectral density
Test Result

Test Mode Antenna Frequency[MHz] Result[dBm/3kHz] Limit[dBm/3kHz] Verdict

BLE_1M Antl 2402 -12.36 <8.00 PASS
BLE_1M Antl 2440 -12.99 <8.00 PASS
BLE_1M Antl 2480 -13.66 <8.00 PASS
BLE_2M Antl 2402 -16.08 <8.00 PASS
BLE_2M Antl 2440 -16.78 <8.00 PASS
BLE_2M Antl 2480 -17.44 <8.00 PASS
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KEYSIGHT |nput RF
Coupling: DC
Align: Auto

Center 2.4020000 GHz
#Res BW 3.0 kHz

Spectrum Analyzer 1
Swept SA
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RL Coupling: DC
Align: Auto

1 Spectrum

Scale/Div 10 dB

Center 2.4400000 GHz
#Res BW 3.0 kHz
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#Res BW 3.0 kHz

S99~ M?
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Input Z: 50 O
Corr CCorr
Freq Ref: Int (S)

#Atten: 20 dB PNO: Best Wide
Gate: Off
IF Gain: Low

Sig Track: Off

#Avg Type: Power (RM:
Trig: Free Run

Mkr1 2.402 076 4 GHz
-12.36 dBm

Ref Lvl Offset 18.60 dB
Ref Level 10.00 dBm

#Video BW 10 kHz

Dec 06, 2023
2:19:12PM

+
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Gom CCorr
Freq Ref: Int (S)

#Atten: 20 dB PNO: Best Wide  #Avg Type: Power (RMS|

Trig: Free Run
PPPPPP

Mkr1 2.440 081 4 GHz,
-12.99 dBm

Ref Lvl Offset 18.44 dB
Ref Level 10.00 dBm

#Video BW 10 kHz

Dec 06, 2023
:03PM

BLE_ 1M-Ant1-2480-PASS

Input Z: 50 Q #Atten: 20 dB
Com CCorr

Freq Ref: Int (S)

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

#Avg Type: Power (RMS|
Trig: Free Run

PPPPPP

Mkr1 2.480 078 6 GHz
-13.66 dBm

Ref Lvl Offset 18.44 dB
Ref Level 10.00 dBm

#Video BW 10 kHz Span 1.049 MHz

Sweep 111 ms (1001 pts)

Dec 06, 2023
2:22:33 PM

Center Frequency Settings

1.07550000 MHz.

Swept Span
Zero Span

Full Sp
Start Freq
2.401462250 GHz
Stap Freq
2.402537750 GHz

| AUTOTUNE |

CF Step
107.550 kHz
Auto

Span
1.04400000 MHz

Swept Span
Zero Span

Start Freq
439478000 GHz

Stop Freq
440522000 GHz
| AUTOTUNE |

CF Step
104.400 kHz
Auto
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Span
1.04850000 MHz

Swept Span
Zero Span

Full Spal

Start Freq
479475750 GHz

104.850 kHz
Auto
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Coupling: DC
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#Res BW 3.0 kHz
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1 Spectrum
Scale/Div 10 dB

=~ ?

Page 47 of 70

BLE_2M-Ant1-2402-PASS

Input Z: 50 Q #Atten: 20 dB
Corr CCorr

Freq Ref: Int (S)

#Avg Type: Power (RMS|

PNO: Best Wide
3 Trig: Free Run

IF Gain: Low
Sig Track: Off PPPPPP
Mkr1 2.402 112 8 GHz

08 dBm

Ref Lvl Offset 18.60 dB
Ref Level 10.00 dBm

#Video BW 10 kHz Span 1.944 MHz|

Sweep 205 ms (1001 pts)|

Dec 06, 2023
2:24:36 PM

#Aitten: 20 dB PNO: Best Wide
Gate: Off
IF Gain: Low

Sig Track: Off

Input Z: 50 Q
Corr CCorr
Freq Ref: Int (S)

#Avg Type: Power (RMS|
Trig: Free Run

Ref Lvi Offset 18.44 dB
Ref Level 10.00 dBm

#Video BW 10 kHz Span 1.845 MHz|

Sweep 195 ms (1001 pts)|

Dec 06, 2023
2:26:32 PM

BLE_2M-Ant1-2480-PASS

#Alten: 20 dB PNO: Best Wide
Gate: Off
IF Gain: Low

Sig Track: Off

Input Z: 50 Q
Corr CCorr
Freq Ref: Int (S)

#Avg Type: Power (RMS|
Trig: Free Run

PPPPPP

Ref Lyl Offset 18.44 dB Mkr1 2.480 114 1 GHz

Ref Level 10.00 dBm

#Video BW 10 kHz

Dec 06, 2023
2:28:14 PM

Frequency

&

Center Frequency
2.402000000 GHz

Span
1.94400000 MHz

Swept Span
Zero Span

Full Sj
Start Freq
401028000 GHz
Stop Freq
2.402972000 GHz

| AUTOTUNE |

CF Step
194.400 kHz

Auto

Swept Span
Zero Span

184.500 kHz
Auto

&

Center Frequency
2.480000000 GHz

Frequency

Span
1.75500000 MHz

Swept Span
Zero Span

175.500 kHz
Auto
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Appendix D: Reference level measurement
Test Result

Test Mode Antenna Freq(MHz) Max.Point[MHz] Result[dBm]

BLE_1M Antl 2402 2402.32 1.86
BLE_1M Antl 2440 2440.33 1.25
BLE_1M Antl 2480 2480.09 0.71
BLE_2M Antl 2402 2402.08 1.10
BLE_2M Antl 2440 2440.07 0.28
BLE_2M Antl 2480 2479.59 -0.17
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KEYSIGHT |nput RF
Coupling: DC
Align: Auto

Center 2.4020000 GHz
#Res BW 100 kHz

Spectrum Analyzer 1
Swept SA

KEYSIGHT Input RF
RL Coupling: DC

Align: Auto
1 Spectrum
Scale/Div 10 dB

Center 2.4400000 GHz
#Res BW 100 kHz

"5 l?

Spectrum Analyzer 1
Swept SA

KEYSIGHT [nput RF
RL Coupling: DC

Align: Auto
1 Spectrum
Scale/Div 10 dB

Center 2.4800000 GHz
#Res BW 100 kHz

S99~ M?

Input Z: 50 O
Corr CCorr

Freq Ref: Int (S)

Dec 06, 2023
2:19:16 PM

+

Input Z: 50 Q
Gom CCorr
Freq Ref: Int (S)

Dec 06, 2023
2:21:07 PM

Input Z: 50 Q
Com CCorr
Freq Ref: Int (S)

Dec 06, 2023
2:22:37 PM

BLE_1M-Ant1-2402-PASS

#Atten: 30 dB PNO: Best Wide
Gate: Off
IF Gain: Low

Sig Track: Off

#Avg Type: Power (RM:
Trig: Free Run

Mkr1 2.402 317 3 GHz
1.86 dBm

Ref Lvl Offset 18.60 dB
Ref Level 30.00 dBm

#Video BW 300 kHz

#Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RMS|

Trig: Free Run
PPPPPP

Mkr1 2.440 327 8 GHz
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Ref Lvl Offset 18.44 dB
Ref Level 30.00 dBm

#Video BW 300 kHz

BLE_ 1M-Ant1-2480-PASS

#Aitten: 30 dB PNO: Best Wide
Gate: Off
IF Gain: Low

Sig Track: Off

#Avg Type: Power (RMS|
Trig: Free Run

PPPPPP

Mkr1 2.480 090 2 GHz
0.71 dBm|

Ref Lvl Offset 18.44 dB
Ref Level 30.00 dBm

#Video BW 300 kHz Span 1.049 MHz

Sweep 1.00 ms (1001 pts)

Center Frequency

1.07550000 MHz.

Swept Span
Zero Span

Full Sp
Start Freq
2.401462250 GHz
Stap Freq
2.402537750 GHz

| AUTOTUNE |

CF Step
107.550 kHz
Auto

Span
1.04400000 MHz

Swept Span
Zero Span

Start Freq
439478000 GHz

Stop Freq

440522000 GHz
| AUTOTUNE |
CF Step

104.400 kHz
Auto

Lo

Frequency

Span
1.04850000 MHz

Swept Span
Zero Span

Full Spal

Start Freq
479475750 GHz

104.850 kHz
Auto

Settings
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BLE_2M-Ant1-2402-PASS

Input Z: 50 Q #Atten: 30 dB
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3 Trig: Free Run
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Gate: Off
IF Gain: Low
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Trig: Free Run
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2:26:36 PM
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#Atten: 30 dB PNO: Best Wide
Gate: Off
IF Gain: Low

Sig Track: Off

Input Z: 50 Q
Corr CCorr
Freq Ref: Int (S)

#Avg Type: Power (RMS|
Trig: Free Run

PPPPPP

Ref Lyl Offset 18.44 dB Mkr1 2.479 591 1 GHz

Ref Level 30.00 dBm

#Video BW 300 kHz
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2:28:18 PM
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Appendix E: Band edge measurements

Test Result

Report No.ESTE-R2401159

TestMode

Antenna

ChName

Frequency[MHz]

RefLevel[dBm]

Result[dBm]

Limit[dBm]

Verdict

BLE_1M

Antl

Low

2402

1.86

-37.37

<-18.14

PASS

BLE_1M

Antl

High

2480

0.71

-37.52

=-19.29

PASS

BLE_2M

Antl

Low

2402

1.10

-34

<-18.9

PASS

BLE_2M

Antl

High

2480

-0.17

-38.52

=-20.17

PASS
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KEYSIGHT |nput RF
Coupling: DC
Align: Auto

Start 2.30000 GHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale

Spectrum Analyzer 1
Swept SA

KEYSIGHT Input RF
RL Coupling: DC

Align: Auto
1 Spectrum
Scale/Div 10 dB

Start 2.47000 GHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale

sl

Input Z: 50 O
Corr CCorr

Freq Ref: Int (S)

X

2.400 000 GHz
2.390 000 GHz
2.310 000 GHz
2.390 300 GHz

Dec 06, 2023
2:19:26 PM

Input Z: 50 Q
Gom CCorr
Freq Ref: Int (S)

X

2.483 50 GHz
2.500 00 GHz
2.491 68 GHz

9 Dec 06, 2023

2:22:42 PM

BLE_1M-Ant1-2402-PASS

#Atten: 30 dB PNO: Fast
Gate: Off
IF Gain: Low

Sig Track: Off

Ref Lvl Offset 18.60 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

Y Function

-43.24 dBm
-43.38 dBm
-44.70 dBm
-37.37 dBm

#Avg Type: Power (RM:
Trig: Free Run

Function Width Function Value

BLE_1M-Ant1-2480-PASS

#Aiten: 30 dB

Ref Lvl Offset 18.44 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

Y Function

-41.28 dBm
-44.62 dBm
-37.52 dBm

#Avg Type: Power (RM!
Trig: Free Run

Frequency

Span
105.000000 MHz

Swept Span
Zero Span

Full Span
Start Freq
2.300000000 GHz

10.500000 MHz
Auto

Span

Mkr4 2.491 68 GHz 80.0000000 MHz

Function Width

Swept Span
Zero Span

8.000000 MHz
Auto

Settings
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Spectrum Analyzer 1
Swept SA
KEYSIGHT [neut RF

Coupling: DC
[l o Align: Auto

Start 2.30000 GHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale

1 f
1 f
1 f
1 1

Spectrum Analyzer 1
Swept SA

KEYSIGHT [nput RF
RL o om0
1 Spectrum

Scale/Div 10 dB

+

Start 2.47000 GHz
#Res BW 100 kHz

5 Marker Table v
Mode Trace Scale
N 1 f
N 1 f
N il f

S l?

BLE 2M-Ant1-2402-PASS

Input Z: 50 Q
Gom CCorr
Freq Ref: Int (S)

#Aitten: 30 dB PNO: Fast
Gate: Off
IF Gain: Low

Sig Track: Off

Ref Lvl Offset 18.60 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

X Y Function
2.400 000 GHz:
2.390 000 GHz!
2.310 000 GHz:
2.399 960 GHz.

-34.00 dBm
-41.72 dBm
-43.17 dBm
-34.00 dBm

Dec 06, 2023 |
2:24:45 PM

Input Z: 50 O
Com CCorr
Freq Ref: Int (S)

#Atten: 30 dB PNO: Fast

IF Gain: Low
Sig Track: Off

Ref Lvl Offset 18.44 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

X Y Function
2.483 50 GHz.
2.500 00 GHz!
2.491 68 GHz:

-42.83 dBm
-44.75 dBm
-38.52 dBm

Dec 06, 2023 |
2:28:23 PM

#Avg Type: Power (RM!
Trig: Free Run

PPPPPP

MkrS 2.399 960 GHz
-34.00 dBm

Stop 2.40500 GHz|
Sweep 10.1 ms (1001 pts)

Function Width Function Value

#Avg Type: Power (RM!
Trig: Free Run

PPPPPP

Mkr4 2.491 68 GHz,
-38.52 dBm

Stop 2.55000 GHz|
Sweep 7.67 ms (1001 pts)

Function Width Function Value

105.000000 MHz

Swept Span
Zero Span

Start Freq
300000000 GHz

Stop Freq
405000000 GHz

AUTO TUNE

CF Step
10.500000 MHz

Auto

Frequency

80.0000000 MHz

Swept Span
Zero Span

Start Freq
2.470000000 GHz

Stop Freq
550000000 GHz

AUTO TUNE l

CF Step
8.000000 MHz

Auto
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Appendix F: Conducted Spurious Emission
Test Result

FregRange RefLevel
[MHZ] [dBm]
BLE_1M Antl 2402 30~26500 1.86 -42.18 <-18.14 PASS
BLE_1M Antl 2440 30~26500 1.25 -42.44 <-18.75 PASS
BLE_1M Antl 2480 30~26500 0.71 -42.22 <-19.29 PASS
BLE_2M Antl 2402 30~26500 1.10 -42.35 <-18.9 PASS
BLE_2M Antl 2440 30~26500 0.29 -41.41 <-19.71 PASS
BLE_2M Antl 2480 30~26500 -0.17 -42.24 <-20.17 PASS

TestMode Antenna Frequency[MHZz] Result[dBm] Limit[dBm] Verdict
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C

KEYSIGHT [nput RF
> upling: DC

Start 30 MHz
#Res BW 100 kHz

5 Marker Table
Mode Trace

N 1
N 1

Spectrum Analyzer 1

KEYSIGHT [nput RF

Coupling:

1 Spectrum
Scale/Div 10 dB
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#Res BW 100 kHz

5 Marker Table
Mode Trace

\! 1
|\ 1
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Coupling:

1 Spectrum
Scale/Div 10 dB

5 Marker Table

Mode Trace
N 1
N 1

BLE 1M-Ant1-2402-30~26500-PASS

L)

Center Frequency
13.265000000 GHz

Frequency

Input Z: 50 O
Corr CCorr
Freq Ref: Int (S)

#Atten: 20 dB PNO: Fast
Gate: Off
IF Gain: Low

Sig Track: Off

#Avg Type: Power (RM:
Trig: Free Run

PPPPPP
Span
Mkr2 26.208 8 GHz|} 26 4700000 GHz

Swept Span
Zero Span

Ref Lvl Offset 18.60 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

2.647000000 GHz

Auto

X Y
2.401 7 GHz 2.202 dBm
26.208 8 GHz __ -42.18 dBm

Function Function Width Function Value

Dec 06, 2023 |
2:20:00 PM

BLE 1M-Ant1-2440-30~26500-PASS

Input Z: 50 Q
Corr GCorr
Freq Ref: Int (S)

#Atten: 20 dB PNO: Fast
Gate: Off
IF Gain: Low

Sig Track: Off

#Avg Type: Power (RM:
Trig: Free Run

Span
Mkr2 26.314 7 GHz| 26.4700000 GHz

Swept Span
Zero Span

Ref Lvl Offset 18.44 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

2.647000000 GHz

Auto

X Y
24388 GHz -0.1978 dBm
26.314 7 GHz. -42.44 dBm

Function Function Width Function Value

Dec 06, 2023
2:21:39 PM

Frequency
#Atten: 20 dB PNO: Fast
Gate: Off
IF Gain: Low
Sig Track: Off

Input Z: 50 Q
Corr CCorr
Freq Ref: Int (S)

#Avg Type: Power (RM:
Trig: Free Run

Span
Mkr2 25.756 2 GHz|| 26 4700000 Gtz

Swept Span
Zero Span

Full Span

Start Freq
30.000000 MHz

Ref Lvl Offset 18.44 dB
Ref Level 20.00 dBm

Stop Freq
26.500000000 GHz

| AUTOTUNE
#Video BW 300 kHz Stop 26.50 GHz| | S——
Sweep ~2.54 s (10001 pts)| \CF Step

2.647000000 GHz

Auto

X Y
2.4811 GHz 0.06251 dBm
25.756 2 GHz. -42.22 dBm

Function Function Width Function Value

Settings

1,
vy |- -
7as

Settings
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1 Spectrum
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KEYSIGHT '"P"‘i‘ RF oo
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[l > Align: Auto
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BLE_2M-Ant1-2402-30~26500-PASS

Input Z: 50 Q
Corr CCorr
Freq Ref: Int (S)

#Aiten: 20 dB

#Avg Type: Power (RM:!
Trig: Free Run

IF Gain: Low

Sig Track: Off

Ref Lvl Offset 18.60 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

X Y
24017 GHz  -0.2851 dBm
26,1003 GHz ___ -42.30 dBm

Function

Dec 06, 2023
9PM

Input Z: 50 Q
Corr CCorr
Freq Ref: Int (S)

#Aitten: 20 dB PNO: Fast
Gate: Off

IF Gain: Low

Sig Track: Off

Ref Lvi Offset 18.44 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

X Y
24388 GHz  -2.380 dBm
24.007/ 4 GHz __-41.41 dBm

Function

Dec 06, 2023
2:27:09 PM

Input Z: 50 Q #Atten: 20 dB
Corr CCorr

Freq Ref: Int (S)

PNO: Fast
Gate: Off

IF Gain: Low
Sig Track: Off

Ref Lvi Offset 18.44 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

X Y
24811 GHz  -2.661dBm
25.7/483 GHz __ -42.24 dBm

Function

Dec 06, 2023
2:28:56 PM

Span
Mkr2 26.100 3 GHz|| 25.4700000 GHz

Swept Span
Zero Span

00000 MHz

Stop Freq
26.500000000 GHz
AUTO TUNE

Stop 26.50 GHz
Sweep ~2.54 s (10001 pts)| |CF Step

2.647000000 GHz

Auto

Function Width Function Value

Frequency

#Avg Type: Power (RM:
Trig: Free Run

Span
Mkr2 24.067 4 GHz 26.4700000 GHz

Swept Span
Zero Span

Full §
Start Freq
30.000000 MHz

Stop Freq
26.500000000 GHz

AUTO TUNE

Stop 26.50 GHz
Sweep ~2.54 s (10001 pts)||CF Step

2.647000000 GHz

Auto

Function Width Function Value

#Avg Type: Power (RM!
Trig: Free Run

PPPPPP
Span
Mkr2 25.748 3 GHz 26.4700000 GHz

Swept Span
Zero Span

2.647000000 GHz

Auto
Function Width
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Appendix G: Duty Cycle
Test Result

ON Time
[ms]
2.13
1.08

Period
[ms]
2.50
1.25

Duty Cycle
Factor[dB]
0.70
0.63

Duty Cycle
[%0]
85.20
86.40

TestMode Antenna Frequency[MHZz]

BLE_1M
BLE 2M

Antl
Antl

2440
2440

Test Graphs

NTNV-BLE_1M-Ant1-2440

Input Z: 50 O #Atten: 20 dB PNO: Fast

#Avg Type: Power (RM

KEYSIGHT nput: RE .

Couplin

Center 2.440000000 GHz
Res BW 3.0 MHz

5 Marker Table v

Mode Trace Scale
N 1 t
A1 1 t
Al t

(8)
(A)

o m?

Spectrum Analyzer 1
Swept SA

KEYSIGHT e o
RL 5= Align: Auio

1 Spectrum

Scale/Div 10 dB

Center 2.440000000 GHz
Res BW 3.0 MHz

5 Marker Table v

Mode Trace Scale
N 1 t
A1 1 t
A1 1 1

(8)
(A)

acm?

Corr CCorr
Freq Ref: Int (S)

Gate: Off
IF Gain: Low
Sig Track: Off

Ref Lvl Offset 18.44 dB
Ref Level 20.00 dBm

243401

#Video BW 3.0 MHz

X Y
2270 ms 2.394 dBm
2130 ms (A) -1.773dB
2.500 ms (A) 0.04189 dB

Function

Dec 06, 2023
2:20:34 PM

Trig: Video
Trig Delay: 200.0 ps

Function Width

w

Span
AMkr3 2.500 ms|} 9.00000000 Hz

Swept Span
Zero Span

Full Spa
Start Freq
2.440000000 GHz
Stop Freq
440000000 GHz

AUTO TUNE ]

Sweep 10.0 ms (1001 pts)|CF Step
3.000000 MHz

Auto
Man

Freq Offset
0 Hz

X Axis Scale
Log

Function Value

NTNV-BLE_2M-Ant1-2440

#Atten: 20 dB PNO: Fast
Gate: Off
IF Gain: Low

Sig Track: Off

Input Z: 50 O
Corr CCorr
Freq Ref: Int (S)

Ref Lvl Offset 18.44 dB
Ref Level 20.00 dBm

#Video BW 3.0 MHz

X Y
1.020 ms 1.769 dBm
1.080 ms (A) -42.81dB
1.250 ms (A) -4.637 dB

Function

Dec 06, 2023 |,
2:25:55 PM

#Avg Type: Power (RM
Trig: Video
Trig Delay: 200.0 us

Function Width

Frequency v - -

P
'

™ Center Frequency Settings

PPPPPP
Span
AMEkr3 1.250 ms|| 000000000 Hz

Swept Span
Zero Span

Full Span
Start Freq
440000000 GHz
Stop Freq
440000000 GHz

AUTO TUNE ]
Sweep 8.00 ms (1001 pts)| fCF Step

3.000000 MHz

Auto
Man

Freq Offset
0Hz
X

Scale
Log

Function Value
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12. TEST SETUP PHOTO

Conducted Test

1
i
1
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Radiated Test Below 1GHz

Radiated Test (Above 1GHz)
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13. EUT PHOTO
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External Photos
M/N: speakeasy 4
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External Photos
M/N: speakeasy 4
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External Photos
M/N: speakeasy 4
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Internal Photos
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