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Appendix C

RF Test Data for 2.4GWIFI (Conducted Measurement)

Product Name: M5PowerHub
=
Trade Mark: M5STACK

Test Model: PowerHub

Environmental Conditions

Temperature: 25.5°C
Relative Humidity: 52.4%
ATM Pressure: 100.0 kPa
Test Engineer: Emiya lin
Supervised by: Simba Haung
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1 Duty Cycle

1.1 Test Result

b 2412 Ant1 92.61 0.33 1

b 2437 Ant1 92.72 0.33 0.99

b 2462 Ant1 92.72 0.33 0.99

g 2412 Ant1 93.66 0.28 1.61

g 2437 Ant1 93.68 0.28 1.61

g 2462 Ant1 93.63 0.29 1.64
n20 2412 Ant1 93.96 0.27 1.61
n20 2437 Ant1 93.66 0.28 1.64
n20 2462 Ant1 94 0.27 1.61
n40 2422 Ant1 96.23 0.17 1.64
n40 2437 Ant1 96.19 0.17 1.64
n40 2452 Ant1 96.15 0.17 1.64
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1.2 Test Graphs

Test Graphs
b 2412MHz Ant1
Spectrum | :%-:i
Ref Level 20.00 dBm Offset 2.77 dB & RBW 1 MHz
e ALL 30 de & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 5.11 dBm|
750.00 ps)
,:mdam M2[1] 5.21 dBrr
Blpl. nE
-60 dem
-70 dBm
CF 2.412 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre | X-value | v-value | Function | Function Result |
M1 | 1 750.0 ps 5.11 dém
M2 | 1 850.0 ps 5.21 dBm |
| M3 1 1.85 ms 5.13 dém
I = W
L i X a

b 2437MHz Ant1

Spectrum | :%-:i

Ref Level 20.00 dBm Offset 2.80 dB & RBW 1 MHz

e ALL 30 de & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 5.58 dBm
710.00
0 dem . 5

! ] TR

14 1

- 1

30 1

-60 dém

-70 dBm

CF 2.437 GHz 10001 pts 10.0 ms/

Marker

Type | Ref | Tre X-value | v-value | Function | Function Result |
Mi | 1 710.0 ps 5.58 dBm
mz| 1 800.0 ps 5.66 dBm
M3 1 1.81 ms E.59 dBm

- J m
L JL i
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Test Graphs
b 2462MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offset 2.81 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 5.64 dBm
B50.00 ps)
M2[1] 5.63 dBm)|
PHDLOE L1s|
-60 dém
-70 dBm
CF 2.462 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
Mi | 1 850.0 ps 5.64 dBm
mz| 1 340.0 ps 5.63 dBm
M3 1 1,95 ms E.56 dBm
I = m
. 4L 4 ‘
g 2412MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offsat 2.77 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 1.21 dBm)
310.00 ps|
A0dBm m2[1] -11.20 dBm
L
2H
BH
ul
o
-60 dém
-70 dBm
CF 2.412 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
Mi | 1 310.0 ps 1.21 dem
mz| 1 360.0 ps -11.29 dBm
M3 1 980.0 ps 1,25 dBm
I = m
. 4L 4 ‘
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Test Graphs
g 2437MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offset 2.80 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 1.70 dBm)
350.00 ps)
paidbm m2[1] -10.95 dBm
20
i
:: T
-60 dBm
-70 dBm
CF 2.437 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function Function Result |
Mi | 1 350.0 ps 1.70 dém
mz| 1 400.0 ps -10.95 dBm
M3 1 1.02 ms 1.74 dBm
I = W
. 4L 4 ‘
g 2462MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offset 2.81 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 1.46 dBm
0.00000000 5
Luidbm m2[1] -1.36 dBm
il f
H i
& i
A i
=t T
-60 dém
-70 dBm
CF 2.462 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function Function Result |
Mi | 1 0.0s 1.45 dBm
mz| 1 60.0 ps -1.36 dém
M3 1 670.0 ps 1.52 dBm
I = W
. 4L 4 ‘
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Test Graphs
n20 2412MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offset 2.77 dB & RBW 1 MHz
e ALL 30 de & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 0.41 dBm
10.00 ps)
aaeem mM2[1] -22.37 dBm
HUID T’
LA el f
I T’
Al 1
FE ) e i
-60 dem
-70 dBm
CF 2.412 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| 1 10.0 ps 0.41 dBm
M2 | 1 60.0 ps -22,37 dBm
M3 1 680.0 ps -2.37 dBm
I = W
. 4L 4 ‘
n20 2437MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offset 2.0 dB & RBW 1 MHz
e ALL 30 de & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] -1.91 dBm|
240.00 ps|
= dem m2[1] -10.91 dBm

-60 dém

-70 dBm

CF 2.437 GHz 10001 pts 10.0 ms/

Marker

Type | Ref | Tre X-value | v-value | Function | Function Result |
1| 1 240.0 ps -1.91 dBm
mz| 1 290.0 ps -10.91 dBm
M3 1 900.0 ps 0,91 dém

L1 —
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Test Graphs
n20 2462MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offset 2.81 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 0.89 dBm
450.00 ps|
=0 dem m2[1] -23.37 dBm
Hip
‘ E
H#p
HaH
-60 dém
-70 dBm
CF 2.462 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
Mi | 1 450.0 ps 0.89 dém
| Mz 1 500.0 ps -23,37 dBm |
f M3 1 1.12 ms -1.92 dBm
I = W
L JL "

n40 2422MHz Ant1
Spectrum | I:%-:I
Ref Level 20.00 dBm Offset 2.78 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] 8.77 dBm
110.00 ps
10idBm m2[1] -29.90 dBm
0 dem 140.00 ps.
-60 dém
-70 dBm
CF 2.422 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
Mi | 1 110.0 ps ~8.77 dem
mz| 1 140.0 ps -22,39 dBm
M3 1 750.0 ps -8,65 dBm

- J W
L L wa
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Test Graphs
n40 2437MHz Ant1
Spectrum | :%-:i
Ref Level 20.00 dBm Offset 2.80 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] -8.71 dBm|
390.00 ps)
10idBm m2[1] -15.71 dBm
0 dem 430.00 ps|
-60 dém
-70 dBm
CF 2.437 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function Function Result |
Mi | 1 390.0 ps ~8.71 dém
mz| 1 430.0 ps -15.71 dBm
M3 1 1.04 ms -2.82 dBm
I = W
. 4L 4 u
n40 2452MHz Ant1
Spectrum | :%-:i
Ref Level 20.00 dBm Offset 2.80 dB & RBW 1 MHz
e ALL 30 dB & SWT 100 ms & VBW 3 MHz
SGL
@ 1Pk Clrw
M1[1] -9.50 dBm|
10.00 ps)
10idBm m2[1] -23.35 dBm
0.dem 50.00 ps|
-60 dém
-70 dBm
CF 2.452 GHz 10001 pts 10.0 ms/
Marker
Type | Ref | Tre X-value | v-value | Function Function Result |
Mi | 1 10.0 ps ~9.50 dBm
mz| 1 50.0 ps -23,35 dBm
M3 1 660.0 ps -9.42 dBm
I = W
. 4L 4 u
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2 Maximum Conducted Output Power

2.1 Test Result

Mode | Frequency (MHz) | Antenna | Conducted Power (dBm) | Limit (dBm) | Verdict
b 2412 Ant1 14.82 30 Pass
b 2437 Ant1 15.33 30 Pass
b 2462 Ant1 15.17 30 Pass
g 2412 Ant1 14.4 30 Pass
g 2437 Ant1 14.65 30 Pass
g 2462 Ant1 14.32 30 Pass

n20 2412 Ant1 14.24 30 Pass
n20 2437 Ant1 14.66 30 Pass
n20 2462 Ant1 14.3 30 Pass
n40 2422 Ant1 14.26 30 Pass
n40 2437 Ant1 14.5 30 Pass
n40 2452 Ant1 14.13 30 Pass
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3 -6dB Bandwidth
3.1 Test Result
Mode Frequency (MHz) Antenna -6 dB Bandwidth (MHz) Limit -6 dB Bandwidth (MHz) Verdict
b 2412 Ant1 9.366 0.5 Pass
b 2437 Ant1 9.03 0.5 Pass
b 2462 Ant1 9.06 0.5 Pass
g 2412 Ant1 16.314 0.5 Pass
g 2437 Ant1 16.311 0.5 Pass
g 2462 Ant1 16.065 0.5 Pass
n20 2412 Ant1 17.565 0.5 Pass
n20 2437 Ant1 17.04 0.5 Pass
n20 2462 Ant1 17.343 0.5 Pass
n40 2422 Ant1 35.106 0.5 Pass
n40 2437 Ant1 33.156 0.5 Pass
n40 2452 Ant1 35.688 0.5 Pass
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3.2 Test Graphs

Test Graphs
b 2412MHz Ant1

Spectrum | :%-:

Ref Level 20.00 dém Offset 2.77 dB & RBW 100 kHz

o AL 30dB SWT 37.9ps & VBW 300 kHz Mode Auto FFT
SGL Count 100,100
@ 1Pk Max
M1[1] 0.09 dBm
- 2.41351180 GHz
10 dBm - mM2[1] -5.91 dBm
g 2.40745800 GH
0dem i z

%l Y
-30 dém / \\n

-40 dem
ey "'MN \M. 2 I"lﬂ..n'hw

Ll '

-60 dBm
-70 dém
CF 2.412 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre | ¥-value | v-value | Function | Function Result |
| M1 1) 2.4135118 GHz 0,09 dBm

M2 1| 2.,407458 GHz -5.91 dBm

M3 1 2.416824 GHz -E.89 dBm

—
{ J (L

b 2437MHz Ant1

Spectrum | :%-:

Ref Level 20.00 dém Offset 2.20 dB & RBW 100 kHz

o AL 30 dB SWT 37.9ps @ VBW 300 kHz Mode Auto FFT
SGL Count 100,100
@ 1Pk Max
M1[1] 1.65 dBm
- 2.43601310 GHz
10 dBm M1 mM2[1] -4.32 dBm
= 2.43199000 GH
0 dBm iz I § Mz 2

B B

-40 dem
WL, W

e
-60 dBm
-70 dém
CF 2.437 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre | ¥-value | v-value | Function | Function Result |
M1 1) 2.4360131 GHz 1.65 dBm
M2 1| 2.43199 GHz -4,32 dBm
M3 1 2,44102 GHz -4,34 dBm

-~ W
L JA 4 “
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b 2462MHz Ant1

Spectrum |

Ref Level 20.00 dBm

(=)

Offset 2.81 dB & RBW 100 kHz

o ALL 30de SWT 37.9us @ VBW 300kHz Mode Auto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] 2.06 dBm
2.46301090 GHz,
10 dém W1 m2[1] -3.80 dBm
42 2.45796800 GH
0 dBm Mww&,\ FANW ; z
-10 dém

-20 dBm )/v \J\
-30 dBm

-40 dem
\'lsﬂ'?"*"" mN \1"“»\ bl gl
Bl il WLEE
-60 dém
-70 dBm
CF 2.462 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre X-value v-value | Function | Function Result |
1| | 1 2.4630109 GHz 2,06 dBm
Mz | 1 2.457968 GHz -3.80 dBm
M3 1 2.467028 GHz -3,91 dBm
I = W
. 4L 4 u
g 2412MHz Ant1
Spe m :%-:
Ref Level 20.00 dBm Offset 2.77 dB & RBW 100 kHz
o ALL 30de SWT 37.9 ps = VBW 300 kHz Mode suto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] -3.07 dBm|
2.41700650 GHz,
el M2[1] -9.07 dBm
2.40385800 GH
0 dBm L z
M2 M3
i oo it JwViedy s WM 'LWLMJ.H&, J
-10 dém iyl

-20 dBm r“‘ | lL ‘1
-30 dBm ‘M,’r 1\‘

lﬂl"«ﬂd

-40 dBm \,m
Brm fe

-60 dém
-70 dBm
CF 2.412 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.4170065 GHz -3.07 dBm
Mz | 1 2.403858 GHz -9.07 dBm
M3 1 2.420172 GHz -2,92 dBm
n g - W
. 4L 4 ‘
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g 2437MHz Ant1

Spectrum |

(=)

Ref Level 20.00 dBm

Offset 2.80 dB & RBW 100 kHz

o ALL 30de SWT 37.9 ps = VBW 300 kHz Mode suto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] -2.77 dBm|
2.43575210 GHz|
el M2[1] -8.65 dBm
11 2.42886100 GH
0 dBm M1 Z|
M2 M3
-10 dBm f',“-ﬂ"" ZOLTRS T LTS j‘"“”L‘“"’“"“ fouplit :
-20 dém ¥ Lo
= dBrn——,.ﬁ“wdﬂ M%\n
somn i o]
-60 dém
-70 dBm
CF 2.437 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.,4357521 GHz -2.77 dBm
Mz | 1 2.428861 GHz -8.65 dBm
M3 1 2.445172 GHz -2.74 dBm
I = W
. 4L 4 u
g 2462MHz Ant1
Spe m :%-:
Ref Level 20.00 dBm Offset 2.81 dB & RBW 100 kHz
o ALL 30de SWT 37.9 ps = VBW 300 kHz Mode suto FFT
SGL Count 100/100
@ 1Pk Max
M1[1] ~3.33 dBm|
2.46699750 GHz,
el M2[1] -9.28 dBm
2.45411300 GH
0 dBm 11 z
M2 M3
i & AT Y FIRT R OB JMJWhmﬂ/mlewm
-20 dém d‘rr \l;‘,‘
-30 dBm M."m M\"M"%
40 dm—f M
m
-60 dém
-70 dBm
CF 2.462 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.4669975 GHz -3.32 dBm
Mz | 1 2.454113 GHz -9.28 dBm
M3 1 2.470178 GHz -9,22 dBm
I = W
. 4L 4 u
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n20 2412MHz Ant1

Spectrum | :%-:

Ref Level 20.00 dBm Offset 2.77 dB & RBW 100 kHz

o ALL 30de SWT 37.9us @ VBW 300 kHz Mode Auto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] -3.72 dBm|
2.41075210 GHz,
10 dém M2[1] -9.63 dBm
0 dBm 2.40322800 GHz,
2 M
. A | S e I polay ol ot allnt Aol oo
-10 dBm {J""" e L / J . ]

-20 dBm i

-30 dBm "Jf %ﬂn
g Ty

-60 dém

-70 dBm

CF 2.412 GHz 10001 pts Span 30.0 MHz

Marker

Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.4107521 GHz -3.72 dBm
Mz | 1 2.403228 GHz -9.63 dBm
M3 1 2.420793 GHz -9.67 dBm

- J W
L J L 4 u

n20 2437MHz Ant1

Spe m | :%-:

Ref Level 20.00 dBm Offset 2.80 dB & RBW 100 kHz

o ALL 30de SWT 37.9 s @ VBW 300 kHz Mode Auto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] -2.79 dBm|
2.43826890 GHz
10 dBm m2[1] -8,73 dBm)
i M1 2.42874700 GHz

-10 dem r,i-:")ﬂ“l ettt gl Mﬂ{ il 'T':;I
20 dem

-30 dem M“JJ l\'\‘m
40 dem ',M ""\.M

-60 dém
-70 dBm
CF 2.437 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.4382689 GHz -2.79 dBm
Mz | 1 2.428747 GHz -8.73 dBm
M3 1 2.445787 GHz -8,72 dBm

- J W
L J L 4 u
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n20 2462MHz Ant1

Spectrum | :%-:
Ref Level 20.00 dBm Offset 2.81 dB & RBW 100 kHz
o ALL 30de SWT 37.9us @ VBW 300kHz Mode Auto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] -4.55 dBm|
2.46073110 GHz,
el mM2[1] -10.47 dBm
0 dBm ' 2.45346500 GHz,
M2 M
. ol .mnmnmw o e
10 dBm (,W..,. N .H Wiy
-20 dém ‘l'k\‘
-30 dBm wﬂ” \\\_"
-40 dBm e M
|
B
-60 dem
-70 dBm
CF 2.462 GHz 10001 pts Span 30.0 MHz
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.4607311 GHz -4,55 dBm
Mz | 1 2.453465 GHz -10.47 dBm
M3 1 2.470808 GHz -10.52 dBm
I = W
. 4L 4 u
n40 2422MHz Ant1
Spe m :%-:
Ref Level 20.00 dBm Offset 2.78 dB & RBW 100 kHz
o ALL 30de SWT 75945 @ VBW 300 kHz Mode Auto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] -7.65 dBm|
2.41951620 GHz|
el mM2[1] -13.63 dBm
0 dBm — 2.40446800 GHz,
_10 dBm 2 M 1 L A [
-20 dém J Hlf &
-30 dém

-40 dBm

L

M

-60 dém
-70 dBm
CF 2.422 GHz 10001 pts Span 60.0 MHz
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.4195162 GHz -7.65 dBm
Mz | 1 2.404468 GHz -13.63 dBm
M3 1 2.430574 GHz -13.40 dBm
n g - W
. 4L 4 ‘
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n40 2437MHz Ant1

Spectrum |

(=)

Ref Level 20.00 dBm

Offset 2.80 dB & RBW 100 kHz

-6.87 dBm
2.44075560 GHz
-12.84 dBm
2.42137600 GHz

o ALL 30de SWT 759 ys @ VBW 300 kHz Mode Auto FFT
SGL Count 100/100
@ 1Pk Max
M1[1]
10 dBm mM2[1]
0 dém
-10 dBm —

-20 dBm 'J

P ZpTTeT R ﬂ'«ﬁwn

-30 dBm .«;"
40 dBm

ot

TN

-60 dém
-70 dBm
CF 2.437 GHz 10001 pts Span 60.0 MHz
Marker
Type | Ref | Tre X-value | v-value | Function | Function Result |
1| | 1 2.4407556 GHz -6.87 dBm
Mz | 1 2.421376 GHz -12.84 dBm
M3 1 2.454532 GHz -12,61 dBm
I = W
. 4L 4 u
n40 2452MHz Ant1
Spe m :%-:
Ref Level 20.00 dBm Offset 2.80 dB & RBW 100 kHz
o ALL 30de SWT 75.9 s = VBW 300 kHz Mode tuto FFT
SGL Count 100/100
@ 1Pk Max
mM1[1] -7.56 dBm|
2.46326690 GHz
el M2[1] -13.26 dBm
0 dBm 2.43446200 GHz
-10 dBm 12 ' PO | 1
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4 Maximum Power Spectral Density Level

4.1 Test Result

Mode | Frequency (MHz) | Antenna Conducted PSD Limit Verdict
(dBm/3-100kHz) (dBm/3kHz)
b 2412 Ant1 -13.32 <8 Pass
b 2437 Ant1 -12.81 <8 Pass
b 2462 Ant1 -12.85 <8 Pass
g 2412 Ant1 -17.81 <8 Pass
g 2437 Ant1 -17.42 <8 Pass
g 2462 Ant1 -17.48 <8 Pass
n20 2412 Ant1 -17.58 <8 Pass
n20 2437 Ant1 -17.43 <8 Pass
n20 2462 Ant1 -17.41 <8 Pass
n40 2422 Ant1 -19.96 <8 Pass
n40 2437 Ant1 -20.05 <8 Pass
n40 2452 Ant1 -20.41 <8 Pass
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4.2 Test Graphs
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5 Band Edge

5.1 Test Result

Mode Frequency (MHz) Antenna Max Value (dBc) Limit (dBc) Verdict
b 2412 Ant1 -55.61 -20 Pass
b 2462 Ant1 -53.23 -20 Pass
g 2412 Ant1 -48.13 -20 Pass
g 2462 Ant1 -48.93 -20 Pass
n20 2412 Ant1 -47.43 -20 Pass
n20 2462 Ant1 -46.99 -20 Pass
n40 2422 Ant1 -41.81 -20 Pass
n40 2452 Ant1 -38.01 -20 Pass
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5.2 Test Graphs

Test Graphs
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