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Appendix F: Conducted Spurious Emission
Test Result

FregRange RefLevel
[MHZ] [dBm]
BLE_1M Antl 2402 30~26500 -1.07 -42.85 <-21.07 PASS
BLE_1M Antl 2440 30~26500 -1.40 -43.06 <214 PASS
BLE_1M Antl 2480 30~26500 -2.13 -43.03 <-22.13 PASS
BLE_2M Antl 2402 30~26500 -3.20 -43.22 <-23.2 PASS
BLE_2M Antl 2440 30~26500 -3.48 -43.58 <-23.48 PASS
BLE_2M Antl 2480 30~26500 -4.24 -43.33 <-24.24 PASS

Test Mode | Antenna Frequency[MHz] Result[dBm] Limit[dBm] Verdict
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BLE 1M-Ant1-2402-30~26500-PASS

Input Z: 50 Q #Atten: 20 dB PNO: Fast #Avg Type: Power (RM:
Corr GCorr Gate: Off Trig: Free Run
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off PPPPPP

RefLvi Offset 17.90 dB Mkr2 25.880 6 GHz 26.4700000 GHz

Ref Level 20.00 dBm -42.85 dBm Swept Span
Zero Span

Center Frequency Settings

Start 30 MHz #Video BW 300 kHz Stop 26.50 GHz,
#Res BW 100 kHz Sweep ~2.54 s (10001 pts)

5 Marker Table v

2647000000 GHz

Auto
Mode Trace Scale X Y Function Function Width Function Value
N 1 f 24017 GHz -2.058 dBm
N 1 f 25.880 6 GHz -42.85 dBm

Apr 09, 2024
2:44:34 PM

BLE_1M-Ant1-2440-30~26500-PASS

Spectrum Analyzer 1
Swept SA Frequency

Input Z: 50 Q #Atten: 20 dB PNO: Fast #Avg Type: Power (RM: Center Frequenc
Corr GCorr Gate: Off Trig: Free Run €q Y Settings
Freq Ref: Int (S) IF Gain: Low 13.265000000 GHz
Sig Track: Off PPPPPP
Span

RefLvl Offset 17.74 dB Mkr2 26.158 5 GHz 26.4700000 GHz

Ref Level 20.00 dBm -43.06 dBm Swept Span
Zero Span

Start 30 MHz #Video BW 300 kHz Stop 26.50 GHz,
#Res BW 100 kHz Sweep ~2.54 s (10001 pts)

5 Marker Table v 2.647000000 GHz

Auto
Mode Trace Scale X Y Function Function Width Function Value
N 1 f 2.438 8 GHz -2.914 dBm
N il f 26.158 5 GHz -43.06 dBm

Apr 09, 2024
2:46:36 PM

BLE_1M-Ant1-2480-30~26500-PASS

a Frequency
Input Z: 50 Q #Atten: 20 dB PNO: Fast #Avg Type: Power (RM: Center F
Corr CCorr Gate: Off Trig: Free Run SLLTISSEE) Settings
Freq Ref: Int (S) IF Gain: Low 65000000 GHz

Sig Track: Off PPPPPP 5
pan

Ref Lvl Offset 17.74 dB Mkr2 26.192 9 GHz|| 26 4700000 GHz
Ref Level 20.00 dBm -43.03 dBm Swept Span
Zero Span

Full Spa
Start Freq
00000 MHz
Stop Freq
26.500000000 GHz
AUTOTUNE |
Start 30 MHz #Video BW 300 kHz Stop 26.50 GHz| | S
#Res BW 100 kHz Sweep ~2.54 s (10001 pts)| |CF Step
2.647000000 GHz
Auto
Mode Trace Scale X Y Function Function Width Function Value Man

N 1 f 24811GHz  -3.137 dBm ==
N i i 761929 GHz___43.03 dBm Dr:“ e
Z

5 Marker Table v

X Axis Scale
Log
Lin

a9 M ? T
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BLE_2M-Ant1-2402-30~26500-PASS

Spectrum Analyzer 1
Swept SA

KEYSIGHT [input RF
RL > Coupling: DC

Align: Auto

NP
Frequency 7 |e8S
Input Z: 50 Q
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 Settings

1 Spectrum

Scale/Div 10 dB

Start 30 MHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale X
N 1 f
N 1 1

? Apr 09, 2024
2:51:49 PM

BYsEC

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

KEYSIGHT et RF
Coupling:
AL 1 Align: Auto
1 Spectrum

Scale/Div 10 dB

5 Marker Table v

Mode Trace Scale X
N 1 f
N 1 1

? Apr 09, 2024
2:54:06 PM

BYsEC

24017 GHz
25.663 5 GHz

2438 8 GHz
26.486 8 GHz

Ref Lvl Offset 17.90 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

Y Function
-9.347 dBm
-43.22 dBm

#Atten: 20 dB
Gate: Off

IF Gain: Low
Sig Track: Off

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

Y Function
-4.201 dBm
-43.58 dBm

PNO: Fast

Span
MKr2 25.663 5 GHz|} 264700000 GHz

Swept Span
Zero Span

2.647000000 GHz

Auto

Function Width Function Value

NP
Frequency 7 |e8S
#Avg Type: Power (RM:

Trig: Free Run Settings

Span
MKr2 26.486 8 GHz|} 26.4700000 GHz

Swept Span
Zero Span

Start Freq
30.0000 Hz

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

BLE_2M-Ant1-2480-30~26500-PASS

Spectrum Analyzer 1
Swept SA

KEYSIGHT [nput RF

RL > Coupling: DC

Align: Auto
1 Spectrum

Scale/Div 10 dB

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

Start 30 MHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale X
N 1 f
N 1 1

Apr 09, 2024
2:55:52 PM

1~ ?

2478 5 GHz
25.7138 GHz

#Atten: 20 dB
Gate: Off

IF Gain: Low
Sig Track: Off

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

Y Function
-8.250 dBm
-43.33 dBm

PNO: Fast

Frequency v *: : :*
#Avg Type: Power (RM:
Trig: Free Run Settings
Span

MKkr2 25.713 8 GH2|} 26.4700000 GHz

Swept Span
Zero Span

Start Freq

30.0000 Hz
Stop Freq
26.500000000 GHz

‘ AUTO TUNE ‘
Stop 26.50 GH | | S —
Sweep ~2.54 s (10001 pts)| |{CF Step

2.647000000 GHz

Auto

Function Width Function Value




Appendix G: Duty Cycle
Test Result
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Test Mode

Antenna

Frequency[MHZz]

ON Time
[ms]

Period
[ms]

Duty Cycle
[%]

Duty Cycle
Factor[ds]

BLE_1M

Antl

2440

0.18

0.63

28.57

5.44

BLE_2M

Antl

2440

0.09

0.62

14.52

8.38
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NTNV-BLE_1M-Ant1-2440

KEYS|GHT Input: RF Input Z: 50 O #Atten: 20 dB PNO: Fast #Avg Type: Power (RM
RL Coupling: DC Corr CCorr Gate: Off Trig: Video W
Align: Auto Freq Ref: Int (S) IF Gain: Low Trig Delay: 200.0 ps
Sig Track: Off
Span
Ref Lvl Offset 17.74 dB AMkr3 630.0 ps|§ 5,00000000 Hz

Ref Level 20.00 dBm Swept Span

Zero Span

Full Span
Start Freq
440000000 GHz
Stop Freq
440000000 GHz

AUTO TUNE
Center 2.440000000 GHz #Video BW 3.0 MHz

Res BW 3.0 MHz
5 Marker Table v 3.000000 MHz

Auto

Mode Trace Scale X Y Function Function Width Function Value Man
N 1 t 6.640 ms -6.661 dBm
A 1 [ 1800 us (A) 5.619dB
A1 1 6300 us (A) 5.878 dB

oo BN =

a9 R ? T

NTNV-BLE_2M-Ant1-2440

KEYS|GHT Input: RF Input Z: 50 O #Atten: 20 dB PNO: Fast #Avg Type: Power (RM
Coupling: DC Corr CCorr Gate: Off Trig: Video W
Align: Auto Freq Ref: Int (S) IF Gain: Low Trig Delay: 200.0 ps
Sig Track: Off
Span
Ref Lvl Offset 17.74 dB AMkr3 620.0 ps|§ 0,00000000 Hz

Ref Level 20.00 dBm Swept Span

Zero Span

Full Span

Start Freq
440000000 GHz

Stop Freq
440000000 GHz

‘ AUTO TUNE \

Center 2.440000000 GHz #Video BW 3.0 MHz
Res BW 3.0 MHz

5 Marker Table v 3.000000 MHz

Auto

Mode Trace Scale X Y Function Function Width Function Value Man
N 1 t 4.780 ms -2.587 dBm
A1 1 t (A) 90.00 ps (A) -0.7099 dB
Al t__(4) 620.0 ps (A) -0.1632 dB

[N (I

9 ? T
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10.2.Test Result For Right Earbud

Appendix A: DTS Bandwidth
Test Result

Test Mode | Antenna Frequency[MHZz] FL[MHZz] FH[MHZz] Limit{MHz] Verdict

BLE_1M Antl 2402 2401.667 2402.330 0.5 PASS
BLE_1M Antl 2440 2439.649 2440.342 0.5 PASS
BLE_1M Antl 2480 2479.664 2480.327 0.5 PASS
BLE_2M Antl 2402 2401.460 2402.456 0.5 PASS
BLE_2M Antl 2440 2439.412 2440.582 0.5 PASS
BLE_2M Antl 2480 2479.382 2480.600 0.5 PASS
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BLE_1M-Ant1-2402-PASS

KEYSIGHT |Input: RF Input Z 50 Q #Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RM:
RL ) Coul Do Corr GCorr Gate: Off Trig: Free Run
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
Ref Lvl Offset 17.90 dB AMKkr3 663 kHz|| 300000000 MHz
Ref Level 20.00 dBm . Swept Span
Zero Span

Center 2.402000 GHz #Video BW 300 kHz
#Res BW 100 kHz
5 Marker Table v 300.000 kHz
Auto
Mode Trace Scale X Y Function Function Width Function Value
i 2401667 GHz  -8.441dBm
f 2401751 GHz  -2.578 dBm
1] 63 kHz (A] -0.1038 dB

') Apr 10, 2024
e | 11:48:58 AM

BLE_1M-Ant1-2440-PASS

Spectrum Analyzer 1
Swept SA
KEYSIGHT |Input: RF Input Z 50 Q #Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RM:
) Coul Do Corr GCorr Gate: Off Trig: Free Run
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
Ref Lvl Offset 17.74 dB AMkr3 693 kHz|| 500000000 MHz
Ref Level 20.00 dBm . Swept Span
Zero Span

2

Center 2.440000 GHz #Video BW 300 kHz
#Res BW 100 kHz
5 Marker Table v 300.000 kHz

Auto
Mode Trace Scale X Y Function Function Width Function Value
f 2.439 649 GHz -8.504 dBm
f 2.439 757 GHz -2.541 dBm
f(A) 693 kHz (A) 0.03248 dB

') Apr 10, 2024
e | 11:50:50 AM

BLE_1M-Ant1-2480-PASS

KEYSIGHT |Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Best Wide ~ #Avg Type: Power (RM:!
RL - C D Corr CCorr Gate: Off Trig: Free Run
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
Ref Lvl Offset 17.74 dB AMKr3 663 KHz|| 500000000 MHz
Ref Level 20.00 dBm . Swept Span
Zero Span

2
TE Full Spa
Start Freq
2.478500000 GHz
Stop Freq
81500000 GHz

AUTO TUNE
Center 2.480000 GHz #Video BW 300 kHz Span 3.000 MHz
#Res BW 100 kHz Sweep 1.00 ms (1001 pts)| |CF Step
300.000 kHz

Auto
Mode Trace Scale X Y Function Function Width Function Value Man
N 1 f 2.479 664 GHz -8.917 dBm
N 1 f 2479751 GHz__ -3.134 dBm I Freq Offset
A1 f__(4) 663 kHz (A) -0.1871 dB 0Hz

5 Marker Table v

X Axis Scale
Log
Lin

9 M ? T




KEYSIGHT nput RF
RL o [C DC

1 Spectrum
Scale/Div 10 dB

Center 2.402000 GHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale
N 1 f
N 1 f
A1 f
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BLE_2M-Ant1-2402-PASS

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

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

Input Z: 50 Q #Atten: 30 dB
Corr CCorr

Freq Ref: Int (S)
Span
AMkr3 996 kHz|| 600000000 MHz

Swept Span
Zero Span

RefLvl Offset 17.90 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

600.000 kHz

Auto

X Y Function Function Width Function Value Man
2.401 460 GHz -10.38 dBm
2.401 964 GHz -6.025 dBm

(4) 996 kHz (A) -1.190dB

o[ W [?] s

1 Spectrum
Scale/Div 10 dB

Center 2.440000 GHz
#Res BW 100 kHz

5 Marker Table v
Mode Trace Scale
N 1 f

N 1 f
A1 f

arm

Spectrum Analyzer 1
Swept SA

1 Spectrum
Scale/Div 10 dB

Center 2.480000 GHz
#Res BW 100 kHz

5 Marker Table v
Mode Trace Scale
f

f
f

50 m

BLE_2M-Ant1-2440-PASS

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

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

Input Z: 50 Q #Atten: 30 dB
Corr CCorr

Freq Ref: Int (S)
Span
AMkr3 1.170 MHz|| 600000000 MHz

Swept Span
Zero Span

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

600.000 kHz

Auto

X Y Function Function Width Function Value Man
2439412 GHz -10.66 dBm
2.439 994 GHz -4.865 dBm

(4) 1170 MHz (A) 0.4354 dB

9 Apr 10, 2024

e | 11:56:30 AM

BLE_ 2M-Ant1-2480-PASS

PNO: Best Wide
Gate: Off

IF Gain: Low
Sig Track: Off

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

Input Z: 50 Q #Atten: 30 dB
Corr GCorr

Freq Ref: Int (S)
Span
AMkr3 1.218 MHz|| 6.00000000 MHz

Swept Span
Zero Span

RefLvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

600.000 kHz

Auto

X Y Function Function Width Function Value Man
2479 382 GHz -11.82 dBm
2479 472 GHz

(A) 1.218 MHZz (A)

') Apr 10, 2024
o | 11:58:23 AM

Report No.ESTE-R2404185
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Appendix B: Maximum conducted output power
Test Result Peak

Report No.ESTE-R2404185

Test Mode

Antenna

Frequency[MHZz]

Conducted Peak
Powert[dBm]

Conducted
Limit[dBm]

Verdict

BLE_1M

Antl

2402

-1.86

<30

PASS

BLE_1M

Antl

2440

-1.76

<30

PASS

BLE_1M

Antl

2480

-2.41

<30

PASS

BLE_2M

Antl

2402

-3.58

<30

PASS

BLE_2M

Antl

2440

-3.50

<30

PASS

BLE_2M

Antl

2480

-4.20

<30

PASS
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BLE_1M-Ant1-2402-PASS

Frequency v - -

i~
'

Spectrum Analyzer 1
Swept SA
Input Z: 50 Q #Atten: 30 dB PNO: Fast #Avg Type: Power (RMS
Corr GCorr Gate: Off Trig: Free Run Settings
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
1 Spectrum Ref Ll Offset 17.90 dB Mkr1 2.402 262 875 GHz|| 3.00000000 MHz
Scale/Div 10 dB Ref Level 20.00 dBm . Swept Span
Zero Span

300.000 kHz
Auto

Center 2.402000 GHz #Video BW 3.0 MHz Span 3.000 MHz
#Res BW 1.0 MHz Sweep 1.07 ms (8001 pts)

') Apr 10, 2024
e | 11:48:51 AM

BLE_1M-Ant1-2440-PASS

Spectrum Analyzer 1
Swept SA ﬁ Frequency v

Input Z: 50 Q #Atten: 30 dB PNO: Fast #Avg Type: Power (RMS| Center Frequenc
Corr GCorr Gate: Off Trig: Free Run €q Y Settings
Freq Ref: Int (S) IF Gain: Low 40000000 GHz

Sig Track: Off PPPPPP

Span
1 Spectrum Ref Lvl Offset 17.74 dB Mkr1 2.440 214 125 GHz 3,00000000 MHz
Scale/Div 10 dB Ref Level 20.00 dBm . Swept Span
Zero Span

Full Sp:
38500000 GHz.

Start Freq
Stop Freq
2441500000 GHz

| AUTOTUNE |

CF Step
300.000 kHz

Auto

Center 2.440000 GHz #Video BW 3.0 MHz Span 3.000 MHz
#Res BW 1.0 MHz Sweep 1.07 ms (8001 pts)

Apr 10, 2024
== g') (ﬂ - ? 1$:r50:34AM

BLE_1M-Ant1-2480-PASS

ﬁ Frequency

KEYSIGHT |Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Fast #Avg Type: Power (RMS
Couplin Corr CCorr Gate: Off Trig: Free Run Center Frequency Settings
3 Freq Ref: Int (S) IF Gain: Low 2.480000000 GHz
Sig Track: Off PPPPPP

Span
Pp— Rof Ll Offsct 17.74 dB Mkr1 2.479 815 875 GHz|| 500000000 Mrz
Scale/Div 10 dB Ref Level 20.00 dBm . Swept Span

Zero Span

Full §
Start Freq
2.478500000 GHz
Stop Freq
2.481500000 GHz

AUTOTUNE |
CF Step

300.000 kHz

Auto
Man

Freq Offset
0 Hz
X Axis Scale

Center 2.480000 GHz #Video BW 3.0 MHz Span 3.000 MHz| Log
#Res BW 1.0 MHz Sweep 1.07 ms (8001 pts) Lin

O M ? T
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BLE_2M-Ant1-2402-PASS
Spectrum Analyzer 1

Swept SA Frequency

KEYSIGHT [nput RF Input Z: 50 O #Atten: 30 dB PNO: Fast #Avg Type: Power (RMS|
RL s Coupling: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency Settings
Align: Auto Freq Ref: Int (S) IF Gain: Low 402000000 GHz
Sig Track: Off PPPPPP
Span

1 Spectrum Ref Lvl Offset 17.90 dB MKr1 2.402 130 50 GHz 6.00000000 MHz
Scale/Div 10 dB Ref Level 20.00 dBm -3.58 dBm Swept Span
Zero Span

Start Freq
399000000 GHz

Stop Freq
405000000 GHz

AUTO TUNE
CF Step
600.000 kHz
Auto

#Video BW 6.0 MHz Span 6.000 MHz,
Sweep 1.07 ms (8001 pts)

Apr 10, 2024
11:54:35 AM

BLE_2M-Ant1-2440-PASS

Frequency

KEYSIGHT [nput RF Input Z: 50 O #Atten: 30 dB PNO: Fast #Avg Type: Power (RMS|
RL s Coupling: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency Settings
Align: Auto Freq Ref: Int (S) IF Gain: Low 0000 GHz
Sig Track: Off PPPPPP
Span
Ref Lvl Offset 17.74 dB Mkr1 2.440 213 00 GHzf 6 00000000 MHz
Ref Level 20.00 dBm -3.50 dBm Swept Span

Zero Span

600.000 kHz
Auto

Center 2.440000 GHz #Video BW 6.0 MHz Span 6.000 MHz,
#Res BW 2.0 MHz Sweep 1.07 ms (8001 pts)

Apr 10, 2024
e | 11:56:12 AM

BLE_2M-Ant1-2480-PASS

Frequency

KEYSIGHT [nput RF Input Z: 50 Q #Atten: 30 dB PNO: Fast #Avg Type: Power (RMS|
RL oy Coupiing: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency
Align: Auto Freq Ref: Int (S) IF Gain: Low 0000 GHz
Sig Track: Off PPPPPP
Span
Ref Lvl Offset 17.74 dB Mkr1 2.479 800 50 GHz|| 6.00000000 MHz
Ref Level 20.00 dBm -4.20 dBm Swept Span

Zero Span

Start Freq
477000000 GHz

Stop Freq
483000000 GHz

AUTO TUNE

CF Step
600.000 kHz

Auto

Center 2.480000 GHz #Video BW 6.0 MHz Span 6.000 MHz,
#Res BW 2.0 MHz Sweep 1.07 ms (8001 pts)

S A ? TEew
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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 -18.61 <8.00 PASS
BLE_1M Antl 2440 -18.56 <8.00 PASS
BLE_1M Antl 2480 -19.27 <8.00 PASS
BLE_2M Antl 2402 -25.57 <8.00 PASS
BLE_2M Antl 2440 -25.41 <8.00 PASS
BLE_2M Antl 2480 -26.30 <8.00 PASS
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BLE_1M-Ant1-2402-PASS

KEYSIGHT |Input: RF Input Z 50 Q #Atten: 20 dB PNO: Best Wide  #Avg Type: Power (RM:
Coul Do Corr GCorr Gate: Off Trig: Free Run
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off

RL o
Span
Ref Lvl Offset 17.90 dB Mkr1 2.401 830 9 GHz|| ge4.500000 kHz

RefLevel 10.00 dBm . Swept Span
Zero Span

99.450 kHz
Auto

Center 2.4020000 GHz #Video BW 10 kHz
#Res BW 3.0 kHz

') Apr 10, 2024
e | 11:49:22 AM

BLE_1M-Ant1-2440-PASS

Spectrum Analyzer 1
Swept SA
KEYSIGHT |Input: RF Input Z 50 Q #Atten: 20 dB PNO: Best Wide  #Avg Type: Power (RM:
Coul Do Corr GCorr Gate: Off Trig: Free Run
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off PPPPPP
Span

RefLvl Offset 17.74 dB 439 830 6 GHz 1.03950000 MHz

Scale/Div 10 dB Ref Level 10.00 dBm -18.56 dBm Swept Span
Zero Span

>

103.950 kHz
Auto

Center 2.4400000 GHz #Video BW 10 kHz Span 1.040 MHz
#Res BW 3.0 kHz Sweep 110 ms (1001 pts)

') Apr 10, 2024
e | 1M:51:13AM

KEYSIGHT |Input: RF Input Z: 50 Q #Atten: 20 dB PNO: Best Wide ~ #Avg Type: Power (RM:!
RL - C D Corr CCorr Gate: Off Trig: Free Run
N Freq Ref: Int (S) IF Gain: Low
Sig Track: Off

Span
Ref Lvl Offset 17.74 dB Mkr1 2.479 830 9 GHZ|| 994 500000 kiz

Ref Level 10.00 dBm . Swept Span
Zero Span

99.450 kHz
Auto
Man

Freq Offset

0 Hz

X Axis Scale

Center 2.4800000 GHz #Video BW 10 kHz Span 994.5 kHz| Log
#Res BW 3.0 kHz Sweep 105 ms (1001 pts) Lin

sl b
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BLE_2M-Ant1-2402-PASS

Spectrum Analyzer 1
Swept SA

KEYS|GHT Input: RF Input Z: 50 Q #Atten: 20 dB PNO: Best Wide  #Avg Type: Power (RMS|
RL s Coupling: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency Settings
Align: Auto Freq Ref: Int (S) IF Gain: Low 402000000 GHz

Sig Track: Off PPPPPP

Frequency

Span
1 Spectrum Ref Lvl Offset 17.90 dB MKr1 2.401 944 7 GHz 1.49400000 MHz

Scale/Div 10 dB Ref Level 10.00 dBm -25.57 dBm Swept Span
Zero Span

Start Freq
401253000 GHz

Stop Freq
402747000 GHz

AUTO TUNE
CF Step
149.400 kHz
Auto

Center 2.4020000 GHz #Video BW 10 kHz Span 1.494 MHz,
#Res BW 3.0 kHz Sweep 158 ms (1001 pts)

Apr 10, 2024
e | 11:56:12 AM

BLE_2M-Ant1-2440-PASS

Frequency

KEYS|GHT Input: RF Input Z: 50 Q #Atten: 20 dB PNO: Best Wide  #Avg Type: Power (RMS|
RL s Coupling: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency Settings
Align: Auto Freq Ref: Int (S) IF Gain: Low 0000 GHz
Sig Track: Off PPPPPP
Span

Ref Ll Offset 17.74 dB Mkr1 2.439 945 6 GHz|| 175500000 MHz
Scale/Div 10 dB Ref Level 10.00 dBm -25.41 dBm Swept Span
Zero Span

175.500 kHz
Auto

Center 2.4400000 GHz #Video BW 10 kHz Span 1.755 MHz,
#Res BW 3.0 kHz Sweep 185 ms (1001 pts)

Apr 10, 2024
:01 AM

BLE_2M-Ant1-2480-PASS

Frequency

KEYSIGHT [nput RF Input Z: 50 Q #Atten: 20 dB PNO: Best Wide  #Avg Type: Power (RMS|
RL oy Coupiing: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency
Align: Auto Freq Ref: Int (S) IF Gain: Low 0000 GHz
Sig Track: Off PPPPPP

Span
Ref Ll Offset 17.74 dB Mkr1 2.479 945 2 GHz|| 1.82700000 MHz
Scale/Div 10 dB Ref Level 10.00 dBm -26.30 dBm Swept Span
Zero Span

Start Freq
479086500 GHz

Stop Freq
480913500 GHz

AUTO TUNE

CF Step
182.700 kHz

Auto

Center 2.4800000 GHz #Video BW 10 kHz Span 1.827 MHz,
#Res BW 3.0 kHz Sweep 193 ms (1001 pts)

DA ? T
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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 2401.75 -2.68
BLE_1M Antl 2440 2439.75 -2.49
BLE_1M Antl 2480 2479.75 -3.15
BLE_2M Antl 2402 2401.51 -4.73
BLE_2M Antl 2440 2439.50 -4.55
BLE_2M Antl 2480 2479.51 -5.49
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BLE_1M-Ant1-2402-PASS

KEYSIGHT |Input: RF Input Z 50 Q #Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RM:
RL ) Coul Do Corr GCorr Gate: Off Trig: Free Run
X Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
Ref Lvl Offset 17.90 dB Mkr1 2.401 752 4 GHz|| 934 500000 kkz

Ref Level 30.00 dBm . Swept Span
Zero Span

99.450 kHz
Auto

Center 2.4020000 GHz #Video BW 300 kHz
#Res BW 100 kHz

') Apr 10, 2024
o | 11:49:27 AM

Spectrum Analyzer 1
Swept SA
KEYSIGHT |Input: RF Input Z 50 Q #Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RM:
) Coul Do Corr GCorr Gate: Off Trig: Free Run
X Freq Ref: Int (S) IF Gain: Low
Sig Track: Off

RefLvl Offset 17.74 dB
Ref Level 30.00 dBm - Swept Span
Zero Span

103.950 kHz
Auto

Center 2.4400000 GHz #Video BW 300 kHz Span 1.040 MHz
#Res BW 100 kHz Sweep 1.00 ms (1001 pts)

') Apr 10, 2024
e | 11:51:18 AM

KEYSIGHT |Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Best Wide ~ #Avg Type: Power (RM:!
RL - C D Corr CCorr Gate: Off Trig: Free Run
N Freq Ref: Int (S) IF Gain: Low
Sig Track: Off

Span
Ref Lvl Offset 17.74 dB Mkr1 2.479 750 4 GHz|| 994 500000 kiz

Ref Level 30.00 dBm . Swept Span
Zero Span

99.450 kHz
Auto
Man

Freq Offset

0 Hz

X Axis Scale

Center 2.4800000 GHz #Video BW 300 kHz Span 994.5 kHz| Log
#Res BW 100 kHz Sweep 1.00 ms (1001 pts), Lin

Dl b7
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BLE_2M-Ant1-2402-PASS

Spectrum Analyzer 1
Swept SA

KEYS|GHT Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RMS|
RL s Coupling: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency Settings
Align: Auto Freq Ref: Int (S) IF Gain: Low 402000000 GHz

Sig Track: Off PPPPPP

Frequency

Span
1 Spectrum Ref Lvl Offset 17.90 dB Mkr1 2.401 507 0 GHz|| 1.49400000 MHz

Scale/Div 10 dB Ref Level 30.00 dBm -4.73 dBm Swept Span
Zero Span

Start Freq
401253000 GHz

Stop Freq
402747000 GHz

AUTO TUNE
CF Step
149.400 kHz
Auto

#Video BW 300 kHz Span 1.494 MHz,
Sweep 1.00 ms (1001 pts)

Apr 10, 2024
e | 11:56:17 AM

BLE_2M-Ant1-2440-PASS

Frequency

KEYSIGHT [nput RF Input Z: 50 O #Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RMS|
RL s Coupling: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency Settings
Align: Auto Freq Ref: Int (S) IF Gain: Low 0000 GHz
Sig Track: Off PPPPPP
Span
Ref Lvl Offset 17.74 dB MKr1 2.439 496 3 GHz|| 175500000 MHz
Ref Level 30.00 dBm -4.55 dBm Swept Span

Zero Span

175.500 kHz
Auto

Center 2.4400000 GHz #Video BW 300 kHz Span 1.755 MHz,
#Res BW 100 kHz Sweep 1.00 ms (1001 pts)

Apr 10, 2024
:06 AM

BLE_2M-Ant1-2480-PASS

Frequency

KEYSIGHT [nput RF Input Z: 50 Q #Atten: 30 dB PNO: Best Wide  #Avg Type: Power (RMS|
RL oy Coupiing: DC Corr CCorr Gate: Off Trig: Free Run Center Frequency
Align: Auto Freq Ref: Int (S) IF Gain: Low 0000 GHz
Sig Track: Off PPPPPP
Span
Ref Lvl Offset 17.74 dB MKr1 2.479 512 2 GHz|| 182700000 MHz
Ref Level 30.00 dBm -5.49 dBm Swept Span

Zero Span

Start Freq
479086500 GHz

Stop Freq
480913500 GHz

AUTO TUNE

CF Step
182.700 kHz

Auto

Center 2.4800000 GHz #Video BW 300 kHz Span 1.827 MHz,
#Res BW 100 kHz Sweep 1.00 ms (1001 pts)

D A ? Rt
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Appendix E: Band edge measurements

Test Result

Report No.ESTE-R2404185

Test Mode

Antenna

ChName

Frequency[MHz]

RefLevel[dBm]

Result[dBm]

Limit[dBm]

Verdict

BLE_1M

Antl

Low

2402

-2.68

-40.74

<-22.68

PASS

BLE_1M

Antl

High

2480

-3.15

-41.47

=-23.15

PASS

BLE_2M

Antl

Low

2402

-4.73

-40.22

=-24.73

PASS

BLE_2M

Antl

High

2480

-5.49

-40.52

=-25.49

PASS
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KEYSIGHT [nput RF
RL ) Cou D

Start 2.30000 GHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale

1 f
1 f
1 f
1 f

S l?

Spectrum Analyzer 1
Swept SA

KEYSIGHT [nput RF
) Cou D

Start 2.47000 GHz
#Res BW 100 kHz

§ Marker Table v

Mode Trace Scale

Start 2.30000 GHz
#Res BW 100 kHz

5 Marker Table v

Mode Trace Scale

f
f
f
T

BLE_1M-Ant1-2402-PASS

PNO: Fast
Gate: Off

IF Gain: Low
Sig Track: Off

Input Z: 50 Q #Atten: 30 dB
Corr CCorr

Freq Ref: Int (S)

Ref Lvl Offset 17.90 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
2.339 270 GHz

-44.39 dBm
-45.13 dBm
-43.71 dBm
-40.74 dBm

Apr 10, 2024
11:49:34 AM

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

Swept Span
Zero Span

10.500000 MHz

Auto

Function Width Function Value

BLE_1M-Ant1-2480-PASS

PNO: Fast
Gate: Off

IF Gain: Low
Sig Track: Off

Input Z: 50 Q #Atten: 30 dB
Corr CCorr

Freq Ref: Int (S)

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

X Y Function
2.483 50 GHz
2.500 00 GHz
2.517 52 GHz

-44.04 dBm
-43.55 dBm
-41.47 dBm

Apr 10, 2024
24 AM

BLE_2M-Antl-

PNO: Fast
Gate: Off
IF Gain: Low

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

#Atten: 30 dB

Sig Track: Off

RefLvl Offset 17.90 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

X Y Function
-43.66 dBm
-43.89 dBm
-43.97 dBm
-40.22 dBm

2.400 000 GHz
2.390 000 GHz
2.310 000 GHz
2316275 GHz

Apr 10, 2024
11:55:23 AM

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

PPPPPP
Span
Mkr4 2.517 52 GHz 80.0000000 MHz
-41.47 dBm|}&s g yept span
Zero Span

8.000000 MHz
Auto

Function Width Function Value

2402-PASS

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

Swept Span
Zero Span

AUTO TUNE
Stop 2.40500 GHz
Sweep 10.1 ms (1001 pts)| |CF Step
10.500000 MHz
Auto
Function Value Man

I Freq Offset

Function Width

0 Hz

X Axis Scale
Log
Lin
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BLE_2M-Ant1-2480-PASS

Spectrum Analyzer 1
SA

KEYSIGHT |Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Fast #Avg Type: Power (RM
RL > C DC Corr CCorr Gate: Off Trig: Free Run
Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
Ref Lvl Offset 17.74 dB Mkr4 2.524 08 GHZ| g0,0000000 Mz
Scale/Div 10 dB Ref Level 20.00 dBm

1 Spectrum

Swept Span
Zero Span

Start Freq
70000000 GHz
Stop Freq
2.550000000 GHz
Start 2.47000 GHz #Video BW 300 kHz Stop 2.55000 GHz

#Res BW 100 kHz Sweep 7.67 ms (1001 pts)| |CF Step
5 Marker Table v 8.000000 MHz

Auto
Mode Trace Scale X Y Function Function Width Function Value Man

f 248350 GHz ~ -44.74 dBm
2.50000 GHz  -44.51 dBm
252408 GHz __ -40.52 dBm

Apr 10, 2024
11:59:08 AM
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Appendix F: Conducted Spurious Emission
Test Result

FreqRange RefLevel
[MHZz] [dBm]
BLE_1M Antl 2402 30~26500 -2.68 -43.1 <-22.68 PASS
BLE 1M Antl 2440 30~26500 -2.49 -42.98 <-22.49 PASS
BLE 1M Antl 2480 30~26500 -3.15 -43.52 <-23.15 PASS
BLE 2M Antl 2402 30~26500 -4.73 -43.07 <-24.73 PASS
BLE 2M Antl 2440 30~26500 -4.55 -43.03 <-24.55 PASS
BLE 2M Antl 2480 30~26500 -5.49 -43.5 <-25.49 PASS

TestMode Antenna Frequency[MHZ] Result[dBm] Limit[dBm] Verdict




Page 80 of 92 Report No.ESTE-R2404185

Test Graphs

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

Spectrum Analyzer 1
Swept SA
KEYSIGHT /Input RF Input Z 50 Q #Atten: 20 dB PNO: Fast
RL ., ‘Coupling: DC Corr GCorr Gate: Off
Align: Auto Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
1| S5 Ref Lv Offset 17.90 dB MKr2 26.235 3 GHz|| 264700000 GHz
Scale/Div 10 dB Ref Level 20.00 dBm

#Avg Type: Power (RM
Trig: Free Run

Swept Span
Zero Span

Start 30 MHz #Video BW 300 kHz
#Res BW 100 kHz

5 Marker Table Al 2.647000000 GHz

Auto
Mode Trace Scale X Y Function Function Width Function Value
N 1 f 24017GHz  -4.560 dBm

N 1 f 26.2353 GHz ___-43.10 dBm

ROl ? RN
BLE_1M-Ant1-2440-30~26500-PASS

Spectrum Analyzer 1 +
Swept SA
KEYSIGHT /Input RF Input Z 50 Q #Atten: 20 dB PNO: Fast
RL ., ‘Coupling: DC Corr GCorr Gate: Off
Align: Auto Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
1| S5 Ref Lv Offset 17.74 dB MKkr2 26.023 5 GHz|| 264700000 GHz
Scale/Div 10 dB Ref Level 20.00 dBm

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

Swept Span
Zero Span

Start 30 MHz #Video BW 300 kHz
#Res BW 100 kHz

5 Marker Table v 2.647000000 GHz

Auto
Mode Trace Scale X Y Function Function Width Function Value
N 1 f 24388 GHz  -3.028 dBm

N 1 f 26.0235 GHz __ -42.98 dBm

RO M ? T

Spectrum Analyzer 1 +
pt SA

KEYSIGHT Input: RF Input Z: 50 Q #Atten: 20 dB PNO: Fast
Coupling: DC Corr CCorr Gate: Off
Align: Auto Freq Ref: Int (S) IF Gain: Low
Sig Track: Off
Span
1 Spectrum Ref Lvl Offset 17.74 dB MKr2 26.404 7 GHz 26.4700000 GHz
Scale/Div 10 dB Ref Level 20.00 dBm

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

Swept Span
Zero Span

Start 30 MHz #Video BW 300 kHz
#Res BW 100 kHz

5 Marker Table v 2.647000000 GHz

Auto
Mode Trace Scale X Y Function Function Width
N 1 f 2.4811 GHz -3.590 dBm

N 1 1 264047 GHz _ -43.52 dBm

9 M ? T
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Spectrum Analyzer 1

Swept SA

KEYSIGHT nout 7~
Coupling:

AL 1 Align: Auto

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

#Atten: 20 dB

1 Spectrum
Scale/Div 10 dB

Ref Lvl Offset 17.90 dB
Ref Level 20.00 dBm

Start 30 MHz
#Res BW 100 kHz

#Video BW 300 kHz

5 Marker Table v
Mode Trace Scale X Y

N 1 f 24017 GHz  -7.054 dBm
N 1 1 26.1585 GHz _ -43.07 dBm

T DM ? T

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

KEYSIGHT nput RF #Atten” 20 dB

Coupling: DC
AL 1 Align: Auto

1 Spectrum
Scale/Div 10 dB

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 300 kHz

5 Marker Table v

Mode Trace Scale X Y
N 1 f 2.438 8 GHz -8.695 dBm
N 1 1 25.690 0 GHz -43.03 dBm

Function

M ? T

PNO: Fast
Gate: Off

IF Gain: Low
Sig Track: Off

Function

PNO: Fast
Gate: Off

IF Gain: Low
Sig Track: Off

Report No.ESTE-R2404185

BLE_2M-Ant1-2402-30~26500-PASS

Q Frequency v - : :

Center Frequency
13.265000000 GHz

#Avg Type: Power (RM:

Trig: Free Run Settings

PPPPPP
Span
MKkr2 26.158 5 GHz|} 264700000 GHz

Swept Span
Zero Span

2.647000000 GHz

Auto

Function Width Function Value

BLE_2M-Ant1-2440-30~26500-PASS

Q Frequency v - : :

Center Frequency
13.265000000 GHz

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

Settings
PPPPPP
Span
Mkr2 25.690 0 GHz|} 26.4700000 GHz

Swept Span
Zero Span

Start Freq
30.0000 Hz

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

BLE_2M-Ant1-2480-30~26500-PASS

Spectrum Analyzer 1
Swept SA
KEYSIGHT |Input RF

Coupling: DC
AL 1 Align: Auto

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

#Atten: 20 dB
Gate: Off

1 Spectrum
Scale/Div 10 dB

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

Start 30 MHz
#Res BW 100 kHz

#Video BW 300 kHz

5 Marker Table v

Mode Trace Scale X Y
N 1 f 2.478 5 GHz -11.79 dBm
N 1 1 25.909 7 GHz -43.50 dBm

Function

T M ? T

PNO: Fast

IF Gain: Low
Sig Track: Off

Q Frequency v - : :

Center Frequency
13.265000000 GHz

#Avg Type: Power (RM:

Trig: Free Run Settings

PPPPPP
Span
MKr2 25.909 7 GHz|} 26.4700000 GHz

Swept Span
Zero Span

Start Freq

30.0000 Hz
Stop Freq
26.500000000 GHz

‘ AUTO TUNE ‘
Stop 26.50 GHz/| | S ——

Sweep ~2.54 s (10001 pts)| |{CF Step
2.647000000 GHz

Auto

Function Width Function Value




Appendix G: Duty Cycle
Test Result
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Report No.ESTE-R2404185

Test Mode

Antenna

Frequency[MHZz]

ON Time
[ms]

Period
[ms]

Duty Cycle
[%]

Duty Cycle
Factor[dB]

BLE_1M

Antl

2440

0.18

0.63

28.57

5.44

BLE_2M

Antl

2440

0.09

0.62

14.52

8.38
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Spectrum Analyzer 1
Swept SA
KEYSIGHT |nput RF

Coupling: DC
AL Align: Auto

Center 2.440000000 GHz
Res BW 3.0 MHz

5 Marker Table v

Mode Trace Scale

N
A1 1 t
A 1

5 cd

KEYSIGHT {['DUl-‘,RF e
Coupling
AL o Align: Auto

Center 2.440000000 GHz
Res BW 3.0 MHz

5 Marker Table v

Mode Trace Scale

N 1 t
A1 1 t
A 1

5 c

NTNV-BLE_1M-Ant1-2440

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

Sig Track: Off

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

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 3.0 MHz

X Y
6.640ms  -7.770 dBm
180.0 ps (&) 5.679dB
530.0 ps (K)_5.917dB

Function

(8)
(4)

2024
3 AM

?

Apr 10,
11

#Avg Type: Power (RMS|
Trig: Video
Trig Delay: 200.0 ps

Span
AMkr3 630.0 ps|| 000000000 Hz

Swept Span
Zero Span

Full Span
Start Freq
440000000 GHz
Stop Freq
2.440000000 GHz
{ AUTO TUNE ]

3.000000 MHz

Auto

Function Width Function Value

NTNV-BLE_2M-Ant1-2440

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

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

Sig Track: Off

Ref Lvl Offset 17.74 dB
Ref Level 20.00 dBm

#Video BW 3.0 MHz

X Y
4780ms  -3.714 dBm
90.00 ps (A) -0.5997 dB
620.0 ps (A) -0.1440 dB

Function

(8)
(4)

? Apr 10, 2024
e | 11:56:23 AM

#Avg Type: Power (RMS|
Trig: Video

Trig Delay: 200.0 ps W

Span
AMkr3 620.0 ps|| 000000000 Hz

Swept Span
Zero Span

Full Span
Start Freq
440000000 GHz

Stop Freq
440000000 GHz

{ AUTO TUNE ]

Sweep 8.00 ms (1001 pts)| |CF Step
3.000000 MHz

Auto

Function Width Function Value
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11. TEST SETUP PHOTO

Radiated Test (Below 1GHz)
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12. EUT PHOTO
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External Photos
M/N: TW220
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External Photos
M/N: TW220
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External Photos
M/N: TW220
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Internal Photos
M/N: TW220
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Internal Photos
M/N: TW220
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Internal Photos
M/N: TW220

&
2oz 0 o 0s 09 oL 08 06 00Vvoy Q2 ©

g

TTT1ER A EEEEARRCALRRRACERR ALY

' a e ) '

Bluetooth
Antenna

/IIH/IH.',HI|l‘l!1.i'\\\\\\\\‘.\\\\\\\\\\\\\\\\\\\\\\\\
ww g, 0Z 0€ OF 0S 09 OL 0% 06 Q)0

= ®
¥— 20z 0c 0ov 05 09 0L 08 06 00% oL 0z 0T Qv 0%

ot [ [

L L .



30 40

90100 10 20

«?» 20 30 40 50 60 70 80

Page 92 of 92

Internal Photos
M/N: TW220
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