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9.5 Spurious RF conducted emissions

Test Method

1. The RF output of EUT was connected to the spectrum analyzer by RF cable. The path
loss was compensated to the results for each measurement.

2. Set to the maximum power setting, the instrument center frequency is set to the nominal
EUT channel center frequency enable the EUT transmit continuously.

3. Use the following spectrum analyzer settings:
Span = wide enough to capture the peak level of the in-band emission and all spurious
emissions (e.g., harmonics) from the lowest frequency generated in the EUT up through
the 10" harmonic. Typically, several plots are required to cover this entire span.
RBW = 100 kHz, VBW=3RBW, Sweep = auto, Detector function = peak, Trace = max

hold

4. Allow the trace to stabilize. Set the marker on the peak of any spurious emission
recorded.

5. The level displayed must comply with the limit specified in this Section. Submit these
plots.

6. Repeat above procedures until all frequencies measured were complete.

Limit
Frequency Range Limit (dBc)
MHz
30-25000 -20
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Spurious RF conducted emissions
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Note: The emission which exceed the limit is the fundamental.
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Out-of-Band Emissions
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Note: The emission which exceed the limit is the fundamental.
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Out-of-Band Emissions

Channel 11 (2462MHz)

Spurious Emission (30MHz — 1GHz)
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Note: The emission which exceed the limit is the fundamental.
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Out-of-Band Emissions

Channel 1 (2412MHz)
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Spurious Emission (30MHz — 1GHz)
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Note: The emission which exceed the limit is the fundamental.
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Out-of-Band Emissions
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Spurious Emission (30MHz — 1GHz)
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Note: The emission which exceed the limit is the fundamental.
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Out-of-Band Emissions

Channel 11 (2462MHz)
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Spurious Emission (30MHz — 1GHz)
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Note: The emission which exceed the limit is the fundamental.
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802.11 N20 Antl

Out-of-Band Emissions

Channel 1 (2412MHz)

Reference point

Spurious Emission (30MHz — 1GHz)

Spectrum Anaiyzer 1 W[+
‘Swept SA
KEYSIGHT fivut RF WpUZ S0 WANen 300D PN Fast g Type Log-Power
RL  op. [CoWig AC  Coroctions 08 Fraama O Galo O MglHoid 1084100
g Ao Fron Rt It S} IF Gam Low Tng Frae fun
™ S Track 08 3
! Specium M Ref Lvi Offset 2.14 08
Scale/Div 10 48 Ref Level 20.00 dBm
Log Y
\Center 2.41200 GHz #Video BW 300 kHz Span 30.00 MHz|
#Res BW 100 KHZ Sweep 4.00 ms (30001 pts)|
l' g-) (1 - 9 Jun 20, 2024 - w L
L 3asisem wan e

Spectrum Analyzer 1 V4
Swept SA
KEYSIGHT raut ¢ WpuZ 500 Aen 3048 PNO Fast (A Type Log Pomer

KL -p. Cowling AC  Conoctons Of  Pioamp OF  Gala OF Avgieid 1010

Al Auto Froq Raf i {S) IF Gan Low  [Tng: Froe Run
Sq Track 08 e

1 Spectrum i} Ref Lv Offset 2.14 d8

Scale/Div 10 dB. Ref Level 20.00 aBm

Log M

i
‘Start 0.0300 GHz #Video BW 300 kHz Stop 1.0000 GHz,
#Res BW 100 kHz Sweep ~94.1 ms (30001 pts),
ll el #) | 4un 20, 2024 wa (] oY
¢ aaszsem S PAY

Spurious Emission (1GHz -5GHz)

Spurious Emission (5GHz —26.5GHz)

Spectrum Analyzer 1 4+
Swept SA
KEYSIGHT ot 7 WpAZ 500 MAen 3005 PNO Fast g Type Log Power
RL op. [COBINGAC  Comoctions 08 Pramo.Of  Galo OF Ao 10410
lign: Auto Frea Rt Int (5} ¥ Gan:low  Tng. Free Run
- g Tiack 08
1 Spoctuam v et Lt Oftoct 214 48 Mkr1 2.412 67 GHz
Scole/Div 10 68 Rof Level 20,00 dBm 1.2 dBm
Log v
.
[Start 1.000 GHz #ideo BW 300 kHz Stop 5.000 GHz
#Res BW 00 KHE Sweep ~364 ms (30001 pts)
5 Marker Tatke B
Mode | Trace Scale X Y Function Function Width Function Value
- T ALETCE GRFAT:
2 N [ 3.148 80 GHz| -54 61 dBm
3
a
s
]
Jun 20, 2024 e 1G] vy
o~ M| ? naR Ry PAY

Spectrum Analyzer 1 o+
Swept SA

KEYSIGHT ot a7 W7 500 #Aen 0GR PNO Fast [Ava Type: Log Power

RL g Cowing AC  Conoctons Of  Proatp Of  Gals OF it 010

i, Auto Freq Rat. nt ) W Gan Low Tng: Free Run

- Sq Track 0% 3

" Spoctum [ et Ll Ofeot 214 08 Mkr1 24.810 1 GHz
ScaieiDiv 10 48 Ref Level 20.00 dBm -45.58 dBm)
Log v

Start 5,00 GHz #Videa B 300 kHz Stop 26.50 GHz
#Res BW 100 kHz Sweep ~2.06 5 (30001 pts)

Jun 20, 2024 v 1G] vy

o el ? R By PAY

Note: The emission which exceed the limit is the fundamental.
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Out-of-Band Emissions

Channel 6 (2437MHz)

Reference point

Spurious Emission (30MHz — 1GHz)

Spectrum Analyzer 1 B Spectrum Analyzer 1 |+
‘Swept SA Swept SA
KEYSIGHT lnout RF input 7 50 0 #Aflen 3008 |PNO Fast [fog Type Log-Power KEYSIGHT ot e npud 7 50 01 #hfien S00B  PNO Fast A Type: Log-Power
RL Caugling. AC. Comections. O Praamp. Off Galg. O g |Hodd: 1004100 RL oy CouBling AC Comections. O Proamp. O Gate: OF AwalHoid 10/10 AR
JAlign: Auto Frag Ref- Int (S) IF Gam: Low Trig: Frae Run \Align: Auto Freq Rat. It (S) IF Gamn: Low Trig: Free Run
- ek o - B wack o0 .
1 Spacium i Ref Lyl Offset 2.15 08 Mkr1 2.438 309 GHZ 1 Spactrum v Ref Lul Offset 215 48 Mkr1 975.59 MHz
Scale/Div 10 dB Ref Level 20.00 dBm 2.59 dBm) Scale/Div 10 dB Ref Level 20.00 dBm -56.69 dBm
Log v Log v
\Center 2.43700 GHz #Video BW 300 kHz Span 30.00 MHz, Start 0.0300 GHz #Video BW 300 kHz Stop 1.0000 GHz,
#Res BW 100 kHz Sweep 4.00 ms (30001 pts)| #Res BW 100 kHz Sweep ~34.1 ms (30001 pts)
Jun 20, 2024 - (R ux Jun 20, 2024 - (R ux
@9 c M ?NES 2o B H 34 @9l ? N O FY
Spectrum Analyzer 1 B Spectrum Analyzer 1 |+
‘Swept SA Swept SA
KEYSIGHT lnout RF input 7 50 0 #Aflen 3008 |PNO Fast g Type: Log-Power KEYSIGHT ot e npud 7 50 01 #hfien S00B  PNO Fast A Type: Log-Power
RL Caugling. AC. Comections. O Praamp. Off Galg. O g |Hodd: 10110 RL oy CouBling AC Comections. O Proamp. O Gate: OF AwalHoid 10/10 AR
JAlign: Auto Frag Ref- Int (S) IF Gam: Low Trig: Frae Run Align: Auto Freq Rat. It (S) IF Gamn: Low Trig: Free Run
- ek o - B wack o0 .
1 Spactrum i Ref Lyl Offset 2.15 08 Mkr1 2.437 73 GHz 1 Spoctrum v Ref Lyl Offset 2.15 A8 Mkr1 26.431 9 GHz
Scale/Div 10 48 Ref Level 20.00 dBm 1.82 dBm) Scale/Div 10 dB Ref Level 20.00 dBm -44.68 dBm
'Start 1.000 GHz #Vigeo BW 300 kHz Stop 5.000 GHZ,
#Res BW 100 kHz Sweep ~184 ms (30001 pts)| 4
5 Markear Table A
Mode | Trace | Scale X Y Function Function Width Function Value
T N T AT TICHz] TEI{ dBm
2 N [ 3.167 60 GHz| -54.04 dBm
3]
4 'y
: Start 5.00 GHz #Video BW 300 kHz Stop 26.50 GHZ
#Res BW 100 kHz Sweep ~2.06 5 (30001 pts)|
Jun 20, 2024 - (R ux Jun 20, 2024 - (R ux
|9l 7 R .22 B 34 w9l ? N Rt iSSP

Note: The emission which exceed the limit is the fundamental.
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Out-of-Band Emissions

Channel 11 (2462MHz)

Spectrum Analyzer 1 B Spectrum Analyzer 1 |+
‘Swept SA Swept SA
KEYSIGHT lnout RF input 7 50 0 #Aflen 3008 |PNO Fast [fog Type Log-Power KEYSIGHT ot e npud 7 50 01 #hfien S00B  PNO Fast A Type: Log-Power
RL Caugling. AC. Comections. O Praamp. Off Galg. O g |Hodd: 1004100 RL oy CouBling AC Comections. O Proamp. O Gate: OF AwalHoid 10/10 AR
JAlign: Auto Frag Ref- Int (S) IF Gam: Low Trig: Frae Run \Align: Auto Freq Rat. It (S) IF Gamn: Low Trig: Free Run
- ek o - B wack o0 .
1 Spactrum i Ref Lyl Offset 2.15 08 Mkr1 2.464 587 GHz| 1 Spoctrum v Ref Lul Offset 215 48 Mkr1 703.08 MHz
Scale/Div 10 dB Ref Level 20.00 dBm 2.25 dBm) Scale/Div 10 dB Ref Level 20.00 dBm -57.17 dBm
Log v Log v
{
\Center 2.46200 GHz #Video BW 300 kHz Span 30.00 MHz, Start 0.0300 GHz #Video BW 300 kHz Stop 1.0000 GHz,
#Res BW 100 kHz Sweep 4.00 ms (30001 pts)| #Res BW 100 kHz Sweep ~34.1 ms (30001 pts)
Jun 20, 2024 - (R ux Jun 20, 2024 - (R ux
@9 c M ? RS 2o B H 34 @9 c Ml ? NS O FY
Spectrum Analyzer 1 B Spectrum Analyzer 1 |+
‘Swept SA Swept SA
KEYSIGHT lnout RF input 7 50 0 #Aflen 3008 |PNO Fast g Type: Log-Power KEYSIGHT ot e npud 7 50 01 #hfien S00B  PNO Fast A Type: Log-Power
RL Caugling. AC. Comections. O Praamp. Off Galg. O g |Hodd: 10110 RL oy CouBling AC Comections. O Proamp. O Gate: OF AwalHoid 10/10 AR
JAlign: Auto Frag Ref- Int (S) IF Gam: Low Trig: Frae Run Align: Auto Freq Rat. It (S) IF Gamn: Low Trig: Free Run
- ek o - B wack o0 .
1 Spactrum i Ref Lyl Offset 2.15 08 Mkr1 2.460 80 GHz 1 Spoctrum v Ref Lul Offset 215 48 Mkr1 26.495 0 GHz
Scale/Div 10 48 Ref Level 20.00 dBm 2.58 dBm) Scale/Div 10 dB Ref Level 20.00 dBm -45.91 dBm
¢
o
'Start 1.000 GHz #Vigeo BW 300 kHz Stop 5.000 GHZ,
#Res BW 100 kHz Sweep ~184 ms (30001 pts)| [
5 Markear Table A
Mode | Trace | Scale X Y Function Function Width Function Value
T N T 450 80 GHz| 2587 dBm
2 N [ 2.888 80 GHz, -54 58 dBm
3]
4 'y
: Start 5.00 GHz #Video BW 300 kHz Stop 26.50 GHZ
#Res BW 100 kHz Sweep ~2.06 5 (30001 pts)|
Jun 20, 2024 - (R ux Jun 20, 2024 - (R ux
@9 C M ? R .22 B 34 @9l ? R Rt iSSP

Note: The emission which exceed the limit is the fundamental.
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9.6 Band edge

Test Method

1. The RF output of EUT was connected to the spectrum analyzer by RF cable. The path
loss was compensated to the results for each measurement.

2. Set to the maximum power setting, the instrument center frequency is set to the nominal
EUT channel center frequency enable the EUT transmit continuously.

3. Use the following spectrum analyzer settings:
Span = wide enough to capture the peak level of the in-band emission and all spurious
RBW = 100 kHz, VBW=3RBW, Sweep = auto, Detector function = peak, Trace = max
hold

4. Allow the trace to stabilize, use the peak and delta measurement to record the result.
5. The level displayed must comply with the limit specified in this Section.
6. Repeat above procedures until all frequencies measured were complete and submit all
the plots.
Limit:

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated device is operating, the RF power that is produced shall be at least 20 dB below that
in the 100 kHz bandwidth within the band that contains the highest level of the desired power,
based on either an RF conducted or a radiated measurement, provided that the transmitter
demonstrates compliance with the peak conducted power limits. If the transmitter complies with
the conducted power limits based on the use of RMS averaging over a time interval, as
permitted under § 15.247(b)(3) and RSS-247 section 5.4(d), the attenuation required shall be 30
dB instead of 20 dB.

Frequency Range Limit (dBc)
MHz
30-25000 -20
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Test result

Test Graphs

Band Edge NVNT b 2412MHz Antl Ref

Swept SA

‘.Specirum Analyzer 1

RL -

KEYSIGHT |Input RF

Coupling: AC
Align: Auto

Input Z: 50 Q
Corrections: Off
Freq Ref: Int (S)

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

\Avg Type: Log-Power
Avg[Hold: 100/100
Trig: Free Run

3456
MWW W W W
PNNNNN

1 Spectrum

v

Scale/Div 10 dB

Ref Lvl Offset 2.14 dB
Ref Level 20.00 dBm

Mkr1 2.413 05 GHz
4.22 dBm

Center 2.41200 GHz
#Res BW 100 kHz

#Video BW 300 kHz

Span 30.00 MHz|
Sweep 2.93 ms (1001 pts)

RN Tk 5 T

SN

Band Edge NVNT b 2412MHz Antl Emission

Spectrum Analyzer 1
Swept SA
KEYSIGHT [Input RF Input Z: 50 0 #Atien: 30 dB PNO: Fast [Avg Type: Log-Power 3456
Coupling: AC Corrections: Off  |Preamp: Off Gate: Off Avg|Hold: 100/100
RL > Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run MWW
Sig Track: Off PNNNNN
1 Spectrum v Rof Lvl Offect 2414 dB Mkr1 2.413 1 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 4.84dBm
Lo«
100 0
0.00 B T
-100 DC B
-200
-30.0
-40.0
-50.0
60,0 prlsaiaien ans ‘
-70.0 ‘
Start 2.32700 GHz #Video BW 300 kHz Stop 2.42700 GHz|
#Res BW 100 kHz Sweep 9.60 ms (1001 pts)
5 Marker Table v
Mode | Trace | Scale X Y Fungtion Function Width Function Value
4131 GHz, 4837 dBm
400 0 GHz, -48.39 dBm
.390 0 GHz, -57.85 dBm
4 .387 1 GHz, -56.11 dBm
[

"o m?

Jun 20, 2024 [’ A

3:26:17 PM

IS IR
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Band Edge NVNT b 2462MHz Antl Ref

Spectrum Analyzer 1
Swept SA

KEYSIGHT |Input RF Input Z: 50 Q #Atten: 30 dB PNO: Fast Avg Type: Log-Power |1 > 3 4 56

Coupling: AC Corrections: Off Preamp: Off Gate: Off ‘Avg|Hold: 100/100
RL o> ign: Auto Freq Ref. Int (S) IF Gain: Low Trig: Free Run MWW W W
Sig Track: Off PNNNNN

1 spectrum v Ref Lyl Offsct 245 4B Mkr1 2.461 55 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 4.83dBm
Log T

10.0 M‘I

oo Eie S g

-10.0 f

00 M ™

Center 2.46200 GHz
#Res BW 100 kHz

#Video BW 300 kHz ‘Span 30.00 MHz|

Sweep 2.93 ms (1001 pts)

3:

®o - m?

Jun 20, 2024 A
:32:31 PM [’

L

Band Edge NVNT b 2462MHz Antl Emission

Spectrum Analyzer 1 v
Swept SA

KEYS|GHT Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Fast \Avg Type: Log-Power 3456
Coupling: AC Corrections: Off Preamp: Off Gate: Off \Avg|Hold: 100/100
Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run M
Sig Track: Off PNNNNN
1 Spectrum v Ref Lvl Offset 215 B Mkr1 2.461 6 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 4.17 dBm
Log 1
100 M‘?
netd gy
0.00 TRRatA
-10.0 3] \VJLt oL 7B
-200 g
-300 )’/}J L\”\‘”‘
400 mrvj\ NVV"W
-50.0 2 2
600 fon . L . A o Linaon,
-70.0
Start 2.44700 GHz #Video BW 300 kHz ‘Stop 2.54700 GHz|
#Res BW 100 kHz Sweep 9.60 ms (1001 pts)
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value
1 N 1 f 2.4616 GHz, 4.172 dBm
2 N f 24835 GHz -58.64 dBm
3] N f 2.500 0 GHz, -57.94 dBm
4 N f 2.486 5 GHz -56.07 dBm
5
6

-~ a2 ne

S5
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Band Edge NVNT g 2412MHz Antl Ref

Spectrum Analyzer 1

Swept SA

KEYSIGHT |Input RF Input Z: 50 Q #Atten: 30 dB PNO: Fast Avg Type: Log-Power |1 > 3 4 56

Coupling: AC Corrections: Off Preamp: Off Gate: Off ‘Avg|Hold: 100/100
RL o> ign: Auto Freq Ref. Int (S) IF Gain: Low Trig: Free Run MWW W W
Sig Track: Off PNNNNN

1 Spectrum v Ref Lvl Offset 2.14 dB Mkr1 2.413 32 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 2.35dBm
Log

10.0

?‘I
0.00 it B LR i
P e s
-10.0

e

g

Center 2.41200 GHz
#Res BW 100 kHz

#Video BW 300 kHz ‘Span 30.00 MHz|

Sweep 2.93 ms (1001 pts)

®o - m?

it Y

Jun 20, 2024 A
3:38:02 PM [’

Band Edge NVNT g 2412MHz Antl Emission

Spectrum Analyzer 1
Swept SA

o+

KEYS|GHT Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Fast \Avg Type: Log-Power 3456
Coupling: AC Corrections: Off Preamp: Off Gate: Off \Avg|Hold: 100/100
Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run M
Sig Track: Off PNNNNN
1 Spectrum v Ref Lyl Offset 214 B Mkr1 2.412 7 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 2.40 dBm
Log
100 ﬂ
0.00 Jﬂ'J -""hJ
-10.0 ] DL 17.65 dBm
DL B
-200 o
-30.0 SFaTS) mejf \\“"““W
-40.0 P =
-50.0 .
60,0 L o N e
-70.0
Start 2.32700 GHz #Video BW 300 kHz Stop 242700 GHz|
#Res BW 100 kHz Sweep 9.60 ms (1001 pts)
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value
1 N 1 f 24127 GHz 2.404 dBm
2 N f 2.400 0 GHz, -31.53 dBm
3] N f 2.390 0 GHz, -41.01 dBm,
4 N f 2.387 3 GHz, -39.48 dBm
5
6

=0 l?

SIS

Jun 20, 2024 A
3:38:05 PM [’
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Band Edge NVNT g 2462MHz Antl Ref

Spectrum Analyzer 1
Swept SA

KEYSIGHT |Input RF Input Z: 50 Q #Atten: 30 dB PNO: Fast Avg Type: Log-Power |1 > 3 4 56

Coupling: AC Corrections: Off Preamp: Off Gate: Off ‘Avg|Hold: 100/100
RL o> ign: Auto Freq Ref. Int (S) IF Gain: Low Trig: Free Run MWW W W
Sig Track: Off PNNNNN

1 spectrum v Ref Lyl Offsct 245 4B Mkr1 2.462 69 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 218 dBm
Log

10.0

’1
0.00 y A ol gy
ij bl T i T .

oo JJ WWL\"

-20.0 Wﬂ

300 WW S

40.0

-50.0

-60.0

-70.0
Center 2.46200 GHz #Video BW 300 kHz ‘Span 30.00 MHz|
#Res BW 100 kHz Sweep 2.93 ms (1001 pts)

e/ LY

Band Edge NVNT g 2462MHz Antl Emission

Spectrum Analyzer 1
Swept SA

o+

Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Fast \Avg Type: Log-Power 3456
Coupling: AC Corrections: Off Preamp: Off Gate: Off \Avg|Hold: 100/100
Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run M
Sig Track: Off PNNNNN
1 Spectrum v Ref Lvl Offset 215 B Mkr1 2.462 7 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 1.78 dBm
Log
10.0 i1
0.00 P i M =
10.0 ] ; SRR
-200 fﬁﬂ \‘1.,
30,0
40,0 s b, B2
50.0 T 3
60,0 bt Mo, L o ey e foletegydl
-70.0
Start 2.44700 GHz #Video BW 300 kHz ‘Stop 2.54700 GHz|
#Res BW 100 kHz Sweep 9.60 ms (1001 pts)
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width | Function Value
1 N 1 f 24627 GHz, - m
2 N f 2.4835GHz| -44.66 dBm
3] N f 2.500 0 GHz| -56.82 dBm
4 N f 24836 GHz| -41.39 dBm|
5
6

RN k%A T

S5
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Band Edge NVNT n20 2412MHz Antl Ref

Spectrum Analyzer 1
Swept SA
KEYSIGHT |Input RF Input Z: 50 Q #Atten: 30 dB PNO: Fast Avg Type: LogPower [ > 3 4 5 6
Coupling: AC Corrections: Off Preamp: Off Gate: Off ‘Avg|Hold: 100/100
Rt Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run MWW W W W
Sig Track: Off PNNNNN

1 Spectrum v
Scale/Div 10 dB
Log

Mkr1 2.414 55 GHz
2.63 dBm

Ref Lvl Offset 214 dB
Ref Level 20.00 dBm

1

Il ol fiet
te

Mo e £ e

Center 2.41200 GHz
#Res BW 100 kHz

#Video BW 300 kHz ‘Span 30.00 MHz|

Sweep 2.93 ms (1001 pts)

®o - m?

Jun 20, 2024 A
3:46:09 PM [’

L

Band Edge NVNT n20 2412MHz Antl Emission

Spectrum Analyzer 1 v
Swept SA

KEYS|GHT Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Fast \Avg Type: Log-Power 1 3456
Coupling: AC Corrections: Off Preamp: Off Gate: Off \Avg|Hold: 100/100
Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run M
Sig Track: Off PNNNNN
1 Spectrum v Ref Lvl Offset 2.14 dB Mkr1 2.417 1 GHz|
Scale/Div 10 dB Ref Level 20.00 dBm 2.58 dBm
Log
10.0 1
0.00 i I
Fn] ] L
-10.0 )FJ DLTL 737 dBm
-200
-30.0 3 ny \!WHN\,\,-
400 Y] orsdtet ™
-50.0
[P " L R
-70.0
Start 2.32700 GHz #Video BW 300 kHz Stop 242700 GHz|
#Res BW 100 kHz Sweep 9.60 ms (1001 pts)
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value
1 N 1 f 24171 GHz, 2. m
2 N f 2.400 0 GHz, -31.56 dBm
3] N f 2.390 0 GHz, -39.84 dBm
4 N f 2.3858 GHz, -38.56 dBm
5
6

RN k=5 Y
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Band Edge NVNT n20 2462MHz Antl Ref

Spectrum Analyzer 1
Swept SA

KEYSIGHT g‘i"“l RF ac
oupling:
RL o> ign: Auto

Input Z: 50 Q
Corrections: Off
Freq Ref: Int (S)

#Atten:
Preamp:

30dB PNO: Fast Avg Type: Log-Power |1 » 3 4 5 6
: Off Gate: Off Avg|Hold: 100/100
IF Gain: Low Trig: Free Run MWW W ww
Sig Track: Off PNNNNN

1 Spectrum v
Scale/Div 10 dB
Log

Ref Lvl Offset 2.15 dB

Ref Level 20.00 dBm

Mkr1 2.462 69 GHz
2.79 dBm

e

0.00
P
-10.0

e e

Center 2.46200 GHz
#Res BW 100 kHz

#Video BW 300 kHz

‘Span 30.00 MHz|

Sweep 2.93 ms (1001 pts)

®o - m?

Jun 20, 2024
3:52:47 PM

o/

it Y

Band Edge NVNT n20 2462MHz Antl Emission

Spectrum Analyzer 1
Swept SA

o+

KEYS|GHT Input: RF Input Z: 50 Q #Atten: 30 dB PNO: Fast \Avg Type: Log-Power 3456
Coupling: AC Corrections: Off Preamp: Off Gate: Off \Avg|Hold: 100/100
Align: Auto Freq Ref: Int (S) IF Gain: Low Trig: Free Run M
Sig Track: Off PNNNNN
1 Spectrum v Ref Lvl Offset 215 B Mkr1 2.465 8 GHz
Scale/Div 10 dB Ref Level 20.00 dBm 2.47 dBm
Log
10.0 ?1
0.00 = it ”L\.\
-100 J L DLT -17.21 dBm
20.0
-300 fr \\.,." \Q-
-40.0
500 LT - 3
w00 b L gl o rende
-70.0
Start 2.44700 GHz #Video BW 300 kHz ‘Stop 2.54700 GHz|
#Res BW 100 kHz Sweep 9.60 ms (1001 pts)
5 Marker Table v
Mode | Trace | Scale X Y Function Function Width Function Value
1 N 1 f 2.465 8 GHz, 2. m
2 N f 24835 GHz -43.73 dBm
3] N f 2.500 0 GHz, -57.74 dBm
4 N f 24836 GHz -42.72 dBm
5
6

D (]2

[

SIS

EMC_SHA_F_R_02.04E

TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
3-13, No.151, Heng Tong Road, Shanghai, 200070, P.R. China

Phone: +86 21 61410123, Fax:+86 21 61408600

Page 53 of 64
Rev. 23.00



Report Number: 709502400494-00A

9.7 Spurious radiated emissions for transmitter

Test Method

1. The EUT was place on a turn table which is 1.5m above ground plane for above 1GHz
and 0.8m above ground for below 1GHz at 3 meter chamber room for test. The table was
rotated 360 degrees to determine the position of the highest radiation.

2. The EUT was set 3 meters away from the interference — receiving antenna, which was
mounted on the top of a variable — height antenna tower.

3. The height of antenna is varied from one meter to four meters above the ground to
determine the maximum value of the field strength. Both horizontal and vertical
polarizations of the antenna are set to make the measurement.

4. For each suspected emission, the EUT was arranged to its worst case and then the
antenna was tuned to heights from 1 meter to 4 meters and the rotatable table was
turned from O degrees to 360 degrees to find the maximum reading.

5. Use the following spectrum analyzer settings According to C63.10
1) Procedure for Unwanted Emissions Measurements Below 1000 MHz
Span = wide enough to capture the peak level of the in-band emission and all spurious
RBW = 100 kHz to 120kHz, VBW=RBW for peak measurement, Sweep = auto, Detector
function = peak, Trace = max hold.

2) For Peak unwanted emissions Above 1GHz:

Span = wide enough to capture the peak level of the in-band emission and all spurious
RBW = 1MHz, VBW=RBW for peak measurement, Sweep = auto, Detector function =
peak, Trace = max hold.

Procedures for average unwanted emissions measurements above 1GHz

a) RBW = 1MHz.

b) VBW \ [3 x RBW].

c) Detector = RMS (power averaging), if [span / (# of points in sweep)] \ RBW / 2.
Satisfying this condition can require increasing the number of points in the sweep or
reducing the span. If the condition is not satisfied, then the detector mode shall be set to
peak.

d) Averaging type = power (i.e., rms) (As an alternative, the detector and averaging type
may be set for linear voltage averaging. Some instruments require linear display mode to
use linear voltage averaging. Log or dB averaging shall not be used.)

e) Sweep time = auto.

f) Perform a trace average of at least 100 traces if the transmission is continuous. If the
transmission is not continuous, then the number of traces shall be increased by a factor
of 1/ D, where D is the duty cycle. For example, with 50% duty cycle, at least 200 traces
shall be averaged. (If a specific emission is demonstrated to be continuous—i.e., 100%
duty cycle—then rather than turning ON and OFF with the transmit cycle, at least 100
traces shall be averaged.)

g) If tests are performed with the EUT transmitting at a duty cycle less than 98%, then a
correction factor shall be added to the measurement results prior to comparing with the
emission limit, to compute the emission level that would have been measured had the
test been performed at 100% duty cycle. The correction factor is computed as follows:

1) If power averaging (rms) mode was used in the preceding step e), then the correction
factor is [10 log (1 / D)], where D is the duty cycle. For example, if the transmit duty
cycle was 50%, then 3 dB shall be added to the measured emission levels.

2) If linear voltage averaging mode was used in the preceding step €e), then the correction
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&)

factor is [20 log (1 / D)], where D is the duty cycle. For example, if the transmit duty
cycle was 50%, then 6 dB shall be added to the measured emission levels.

3) If a specific emission is demonstrated to be continuous (100% duty cycle) rather than
turning ON and OFF with the transmit cycle, then no duty cycle correction is required
for that emission (AV) at frequency above 1GHz.

Limit

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated device is operating, the RF power that is produced shall be at least 20 dB below that
in the 100 kHz bandwidth within the band that contains the highest level of the desired power,
based on either an RF conducted or a radiated measurement, provided that the transmitter
demonstrates compliance with the peak conducted power limits. If the transmitter complies with
the conducted power limits based on the use of RMS averaging over a time interval, as
permitted under § 15.247(b)(3) and RSS 247 section 5.4(d), the attenuation required shall be 30
dB instead of 20 dB. Attenuation below the general field strength limits specified in § 15.209(a)
and RSS-Gen is not required. In addition, radiated emissions which fall in the restricted bands,
as defined in§ 15.205(a) and RSS-Gen scetion8.9, must also comply with the radiated emission
limits specified in 8§ 15.209(a) and RSS-Gen section 8.10.

Frequency Field Strength Field Strength Detector Measurement distance
MHz uV/im dBuV/m meters
0.009-0.490 2400/F(kHz) 48.5-13.8 AV 300
0.490-1.705 24000/F(kHz) 33.8-23.0 QP 30
1.705-30 30 29.5 QP 30
30-88 100 40 QP 3
88-216 150 43.5 QP 3
216-960 200 46 QP 3
960-1000 500 54 QP 3
Above 1000 500 54 AV 3
Above 1000 5000 74 PK 3

Note 1: Limit 3m(dBpV/m)=Limit 300m(dBuV/m)+40Log(300m/3m) (Below 30MHz)
Note 2: Limit 3m(dBpV/m)=Limit 30m(dBpV/m)+40Log(30m/3m) (Below 30MHz)

Spurious Radiated Emissions for Transmitter

According to C63.10, if the peak (or quasi-peak) measured value complies with the average limit, it is
unnecessary to perform an average measurement, so AV emission value did not show in below table if
the peak value complies with average limit.

Data of measurement within frequency range 9kHz-30MHz is the noise floor or attenuated more than
20dB below the permissible limits or the field strength is too small to be measured, so test data does not
present in this report.
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Above 1GHz Transmitting spurious emission test result as below:

802.11b
2412MHz
Frequency Igrlgl_nal Correct Emission Polarization Limit Detector Margin  Result
eceiver Facto Level
MHz dBuV dB/m dBuV/m dBuV/m dBuV/m
2388.25 50.69 -6.30 44.39 Horizontal 74 Peak 29.61 pass
4823.93 46.25 -2.20 44.05 Horizontal 74 Peak 29.95 pass
7235.28 48.70 1.30 50.00 Horizontal 74 Peak 24 pass
2386.31 45.99 -5.00 40.99 Vertical 74 Peak 33.01 pass
4825.53 43.79 -2.20 41.59 Vertical 74 Peak 3241 pass
7235.28 45.70 1.30 47.00 Vertical 74 Peak 27 pass
2437MHz
Frequency ROrlgl'naI Correct Emission Polarization Limit Detector Margin  Result
eceiver Facto Level
MHz dBuV dB/m dBuV/m dBuV/m dBuV/m
4874.40 44.00 -2.10 41.90 Horizontal 74 Peak 32.1 pass
7312.31 48.84 1.30 50.14 Horizontal 74 Peak 23.86 pass
4873.87 43.71 -2.10 41.61 Vertical 74 Peak 32.39 pass
7311.78 46.06 1.30 47.36 Vertical 74 Peak 26.64 pass
2462MHz
Frequency Orlgl_nal Correct Emission Polarization Limit Detector Margin  Result
Receiver Facto Level
MHz dBuVv dB/m dBuV/m dBuV/m dBuV/m
2483.68 52.96 -3.80 49.16 Horizontal 74 Peak 24.84 pass
4921.68 43.20 -1.90 41.30 Horizontal 74 Peak 32.7 pass
7385.62 46.57 1.40 47.97 Horizontal 74 Peak 26.03 pass
2483.59 49.71 -3.80 45,91 Vertical 74 Peak 28.09 pass
4922.75 42.86 -1.90 40.96 Vertical 74 Peak 33.04 pass
7385.62 44.24 1.40 45.64 Vertical 74 Peak 28.36 pass
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802.11 ¢
2412MHz
Frequency Igertl:%liczlr C;;;fgt ET;SVSellon Polarization Limit Detector Margin  Result
MHz dBuVv dB/m dBuVv/m dBuV/m dBuV/m
2389.53 67.46 -7.10 60.36 Horizontal 74 Peak 13.64 pass
2389.53 51.40 -7.10 44.30 Horizontal 54 AV 9.7 pass
4826.06 43.89 -2.20 41.69 Horizontal 74 Peak 32.31 pass
2388.98 57.84 -6.80 51.04 Vertical 74 Peak 22.96 pass
4824.46 43.51 -2.20 41.31 Vertical 74 Peak 32.69 pass
2437MHz
Frequency Igerclzgelirclzlr C:;étegt ET':VS;?n Polarization Limit Detector Margin  Result
MHz dBuVv dB/m dBuV/m dBuV/m dBuV/m
4874.93 44.04 -2.10 41.94 Horizontal 74 Peak 32.06 pass
7312.31 44.70 1.30 46.00 Horizontal 74 Peak 28 pass
4873.87 43.46 -2.10 41.36 Vertical 74 Peak 32.64 pass
2462MHz
Frequency ggége'ir\}zlr C:;;?gt ETLSVS;;)n Polarization Limit Detector Margin  Result
MHz dBuVv dB/m dBuVv/m dBuV/m dBuV/m
2483.57 69.77 -3.80 65.97 Horizontal 74 Peak 8.03 pass
2483.57 53.60 -3.80 49.80 Horizontal 54 AV 4.2 pass
2487.24 69.08 -5.30 63.78 Horizontal 74 Peak 10.22 pass
2487.24 48.30 -5.30 43.00 Horizontal 54 AV 11 pass
4926.64 43.59 -1.90 41.69 Horizontal 74 Peak 32.31 pass
2483.52 62.47 -3.80 58.67 Vertical 74 Peak 15.33 pass
2483.52 48.30 -3.80 44.50 Vertical 54 AV 9.5 pass
4924.87 42.90 -1.90 41.00 Vertical 74 Peak 33 pass
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802.11 n20
2412MHz
Frequency Igrlgl_nal Correct Emission Polarization Limit Detector
eceiver Facto Level
MHz dBuv dB/m dBuV/m dBpV/m
2389.49 69.16 -7.10 62.06 Horizontal 74 Peak
2389.49 54.40 -7.10 47.30 Horizontal 54 AV
4820.21 45.06 -2.20 42.86 Horizontal 74 Peak
7240.59 47.46 1.30 48.76 Horizontal 74 Peak
2389.37 65.27 -7.10 58.17 Vertical 74 Peak
2389.37 50.90 -7.10 43.80 Vertical 54 AV
4823.93 43.04 -2.20 40.84 Vertical 74 Peak
7237.93 44.66 1.30 45.96 Vertical 74 Peak
2437MHz
Frequency ROrlgl'naI Correct Emission Polarization Limit Detector
eceiver Facto Level
MHz dBuv dB/m dBuV/m dBuV/m
4877.59 43.48 -2.10 41.38 Horizontal 74 Peak
7315.50 45.69 1.30 46.99 Horizontal 74 Peak
4876.53 43.22 -2.10 41.12 Vertical 74 Peak
7312.84 46.35 1.30 47.65 Vertical 74 Peak
2462MHz
Frequency Orlgl_nal Correct Emission Polarization Limit Detector
Receiver Facto Level
MHz dBuVv dB/m dBuV/m dBuV/m
2483.57 72.91 -3.80 69.11 Horizontal 74 Peak
2483.57 56.10 -3.80 52.30 Horizontal 54 AV
2483.84 72.54 -3.80 68.74 Horizontal 74 Peak
2483.84 55.20 -3.80 51.40 Horizontal 54 AV
4923.28 43.62 -1.90 41.72 Horizontal 74 Peak
7387.21 45.78 1.40 47.18 Horizontal 74 Peak
2483.56 65.97 -3.80 62.17 Vertical 74 Peak
2483.56 50.90 -3.80 47.10 Vertical 54 AV
4920.00 44.29 -1.90 42.39 Vertical 74 Peak
7386.68 44.41 1.40 45.81 Vertical 74 Peak
Remark:
(1) Emission level= Original Receiver Reading + Correct Factor
(2) Correct Factor = Antenna Factor + Cable Loss -Amplifier gain
(3) Margin = limit — Corrected Reading
EMC SHA F R 02.04E TUV SUD Certification and Testing (China) Co., Ltd. Shanghai Branch
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Margin

dBpV/m
11.94
6.7
31.14
25.24
15.83
10.2
33.16
28.04

Margin

dBpV/m
32.62
27.01
32.88
26.35

Margin

dBpV/m
4.89
1.7
5.26
2.6
32.28
26.82
11.83
6.9
31.61
28.19

Result

pass
pass
pass
pass
pass
pass
pass
pass

Result

pass
pass
pass
pass

Result

pass
pass
pass
pass
pass
pass
pass
pass
pass
pass
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The worst case of Radiated Emission below 1GHz:

Site: 3 meter chamber

Time: 2024/06/17 - 09:04

Limit: FCC_Part15.209 RE(3m)

Engineer: Wengiang LU

Probe: VULB9168 Polarity: Horizontal

EUT: Thermal Monocular, Power: DC 5V

Model no: F335

Note: Transmit by at channel 2437MHz for 802.11HT20 (worst case).

RE_VULBY9168_pre_Cont_30-1000

80T
0T
B0
+ FCC.Par. 15 Class. B Radisted Emission Q. 3m
e 50—
Z T f
8 [ >
c 40 'I
° 1
>
3 |
0T
20T
101
0 } } } +—t } } } } } } } |
30 50 &0 g0 100M zan 300 400 500 oo 1G
Frequency in Hz
Limit and Margin
Frequency QuasiPeak | Meas. | Bandwidth | Height | Pol | Azimuth | Corr. Margin - Limit -
(MHz) (dBuV/m) Time (kHz) (cm) (deg) (dB) QPK QPK
(ms) (dB) (dBuV/m)
148.480000 29.7 | 1000.0 120.000 136.0 | H 109.0 21.0 13.8 43.5
364.520000 36.6 | 1000.0 120.000 185.0 | H 225.0 23.1 9.4 46.0
391.520000 37.0 | 1000.0 120.000 126.0 | H 32.0 23.9 9.0 46.0
420.000000 44.9 | 1000.0 120.000 1000 | H 95.0 24.7 1.1 46.0
445.480000 42.1 | 1000.0 120.000 1020 | H 52.0 25.8 4.0 46.0
459.000000 41.6 | 1000.0 120.000 1150 | H 136.0 25.8 4.4 46.0

Note 1: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB)
Factor (dB) = Cable Loss (dB) + Antenna Factor (dB/m)

Note 2: The test trace is same as the ambient noise and the amplitude of the emissions are attenuated
more than 20dB below the permissible (the test frequency range: 9kHz ~ 30MHz, 18GHz ~ 25GHz),

therefore no data appear in the report
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Site: 3 meter chamber

Time: 2024/06/17 - 10:06

Limit: FCC_Part15.209_RE(3m)

Engineer: Wengiang LU

Probe: VULB9168

Polarity: Vertical

EUT: Thermal Monocular,
Model no: F335

Power: DC 5V

Note: Transmit by at channel 2437MHz for 802.11HT20 (worst case).

Level in dBuV/m

RE_VULBY9168_pre_Cont_30-1000

FCC.Par. 15 Class. B Radisted Emission Q. 3m

101
0 } } } } } } } } |
30 50 &0 g0 100M zan 300 400 500 oo 1G
Frequency in Hz
Limit and Margin
Frequency QuasiPeak | Meas. | Bandwidth | Height | Pol | Azimuth | Corr. Margin - Limit -
(MHz) (dBuV/m) Time (kHz) (cm) (deg) (dB) QPK QPK
(ms) (dB) (dBuV/m)
148.480000 30.3 | 1000.0 120.000 1000 | V 96.0 | 21.0 13.2 43.5
175.440000 26.9 | 1000.0 120.000 106.0 | V 332.0 19.8 16.6 43.5
202.480000 24.8 | 1000.0 120.000 109.0 | V 206.0 17.6 18.7 43.5
420.000000 33.5 | 1000.0 120.000 1120 | V 125.0 24.7 12.5 46.0
445.480000 33.4 | 1000.0 120.000 1350 | V 184.0 25.8 12.6 46.0
539.960000 32.8 | 1000.0 120.000 1230 | V 108.0 27.2 13.2 46.0

Note 1: Measure Level (dBuV/m) = Reading Level (dBuV) + Factor (dB)

Factor (dB) = Cable Loss (dB) + Antenna Factor (dB/m)
Note 2: The test trace is same as the ambient noise and the amplitude of the emissions are attenuated
more than 20dB below the permissible (the test frequency range: 9kHz ~ 30MHz, 18GHz ~ 25GHz),

therefore no data appear in the report.
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10 Test Equipment List

List of Test Instruments

Test Sitel
DESCRIPTION MANUFACTURER HeIDEE SERIAL NO. | CAL. DATE Cii, DS
NO. DATE
Signal spectrum Agilent N9020B | MY59050168 | 2024-2-19 | 2025-2-18
analyzer
c W'deggrr]'gopr’o""er Rohde & Schwarz | NRP-z81 | 105903 2024-2-19 | 2025-2-18
10dB Attenuator Aeroflex Weinschel CG-4689 93459 2024-2-19 2025-2-18
EMI Test Receiver Rohde & Schwarz ESR3 101906 2023-8-1 2024-7-31
Signal Analyzer Rohde & Schwarz FSV40 101091 2023-8-1 2024-7-31
Trilog Super VULB
Broadband Test Schwarzbeck 9168 961 2021-9-23 2024-9-22
Antenna
Double-ridged
waveguide horn Rohde & Schwarz HF907 102393 2024-4-14 2027-4-13
RE antenna
Pre-amplifier Rohde & Schwarz SCU-18D 19006451 2023-8-1 2024-7-31
Loop antenna Rohde & Schwarz HFH2-Z2 100443 2023-6-26 2024-6-25
Loop antenna Rohde & Schwarz HFH2-Z2 100443 2024-6-26 2025-6-25
Double Ridged ETS-Lindgren 3116C | 00246076 | 2023-7-7 | 2026-7-6
Horn Antenna
3m Semi-anechoic TDK OXBX6 2024-5-8 | 202757
chamber
CE EMI Test Receiver Rohde & Schwarz ESR3 101907 2023-8-1 2024-7-31
LISN Rohde & Schwarz ENV216 101924 2023-8-1 2024-7-31
Measurement Software Information
Test Software Manufacturer Version
Item
c MTS 8310 MWRFtest 3.0.0.0
Power Viewer Rohde & Schwarz Vv 11.0
RE EMC 32 Rohde & Schwarz Vv10.50.40
CE EMC 32 Rohde & Schwarz Vv9.15.03

C - Conducted RF tests

Conducted peak output power

6dB bandwidth and 99% Occupied Bandwidth
Power spectral density*

Spurious RF conducted emissions

Band edge
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11 System Measurement Uncertainty

For a 95% confidence level, the measurement expanded uncertainties for defined systems, in
accordance with the recommendations of ISO 17025 were:

ltems

Extended Uncertainty

Terminals

Conducted Disturbance at Mains

150kHz to 30MHz, LISN, 3.16dB

Radiated Disturbance

9kHz to 30MHz, 3.52dB

30MHz to 1GHz, 5.03dB (Horizontal)
5.12dB (Vertical)

1GHz to 18GHz, 5.49dB

18GHz to 40GHz, 5.63dB

RF Conducted Measurement

Power related: 1.16dB
Frequency related: 6.00x10%

Measurement Uncertainty Decision Rule:

Determination of conformity with the specification limits is based on the decision rule according
to IEC Guide 115: 2021, clause 4.4.3 and 4.5.1.
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12 Photographs of Test Set-ups

Refer to the < Test Setup photos >.
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13 Photographs of EUT

Refer to the < External Photos > & < Internal Photos >.

End of Test Report
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