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Test Result Summary

Clause Test Item Result
FCC 15.247(b) (3) Maximum Conducted Peak Output Power Pass
FCC 15.247(a) (2) 6dB Bandwidth Pass
FCC 15.247(e) Power Spectral Density Pass
FCC 15.247(d) Band-edge compliance Pass
FCC 15.209 Spurious Radiated Emissions Pass
FCC 15.205 Restricted Bands of Operation Pass
FCC 15.207 Conducted Emissions on a.c Power lines Pass
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List of Type and Measurement Instruments

TUV Rheinland (India) Pvt

. Ltd, Bangalore

Equipment Manufacturer Model SIN Calibration

Due Date

EMI Test Receiver Rohde &Schwarz ESU 40 100288 04.10.2014

Hybrid Log Periodic antenna ETS Lindgren 3142D 00081354 26.07.2014

Broadband Horn Antenna Frankonia HAX-18 HAX18-802 23.03.2014

Double-Ridged Waveguide ETS Lindgren 116794 00133356 | 01.09.2014

Horn Antenna

Emission Horn Antenna ETS Lindgren 116706 00107323 24.08.2014

Active Loop Antenna Frankonia LAX-10 LAX-10-800 11.04.2014

Spectrum Analyser Agilent E4407B US41192772 | 21.03.2014
Technologies

Testing Facilities:

1) TUV Rheinland (India) Private Limited
No. 108, West Wing
Electronic city Phase |
Bangalore — 560100
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General Product Information

Product Function and Intended Use

The SRMANM Module is designed to be used for Zigbee Wireless network applications. The Module is
2.4GHz ZigBee/802.15.4 Wireless device to be used with Host device to create low power wireless
network. The Module has RF Front end SoC to boost the RF Power level for range extension. The module
will be soldered on Host Board and will be powered through Host Board power system. The module will
transmit/receive data over the air. The module will communicate with Host CPU through SPI/UART

interface and 1/O pins.

Ratings and System Details

Operating Frequency 2400MHz — 2483.5MHz

No. of channels 16

Channel Spacing 5MHz

Modulation DSSS

Transmitted Power 0.37dBm

Data Rate 250 kbps

Antenna Type PCB Inverted F Antenna

Number of antenna 1

Antenna Gain 2dBi

Supply Voltage 2.7V - 3.6V

Dimensions Height: 21.72mm
Width: 20.96mm

Environmental Temp: : -30 °C - +75 °C
Humidity: 20-80% RHG

Test Conditions:

Voltage: 3.3V DC

Environmental conditions:
Temperature: +23°C  RH: 62%
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Test Set-up and Operation Mode

Principle of Configuration Selection

Transmission was enabled with highest possible duty cycle on low, mid and high channel.
Test Operation and Test Software

Test software was used to enable the transmission with highest possible duty cycle and channels in 2.4
GHz band on the EUT for the tests in this report.
Special Accessories and Auxiliary Equipment

- None

Countermeasures to achieve EMC Compliance

- None

Table of carrier frequencies

Frequency Band Channel No. Fr?&‘f_'ez';cy
1 2405
12 2410
13 2415
14 2420
15 2425
16 2430
17 2435

2400-2483.5 MHz 18 2440
19 2445
20 2450
21 2455
22 2460
23 2465
24 2470
25 2480
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Test Methodology

Radiated Emission Test

The radiated emission measurement was performed according to the procedures in ANSI C63.4-2003.
The equipment under test (EUT) was placed at the middle of the 80 cm high turntable, and the EUT is 3
meters far from the measuring antenna. The turntable was rotated 360° for obtaining the maximum
emission. The height of the measuring antennas was scanned between 1m and 4m, and the antenna
rotated to repeat the measurements for both the horizontal and vertical antenna polarizations. Repeat the
measurement steps until the maximum emissions were obtained. The measurement above 1000MHz was
performed by horn antenna. The measurement below 30MHz was performed by loop antenna.

The EUT was rotated around the X-, Y-, and Z-Axis and the results from worst case axis are recorded.

Semi-anechoic

L | ‘ ‘ ‘ Pre-Amplifier Measuring Receiver /

EUT M | Spectrum Analyzer
I 1 Turntable
Ground
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Test Results

Maximum Conducted Peak Output Power Section 15.247(b) (3)

Result Pass
Test Specification FCC Part 15 Subpart C
Measurement Bandwidth (RBW) 1 MHz
Requirement <1 watt (30dBm).

Test Method:

EUT Spectrum Analyzer

Test Result:

Attenuator: 6dB
Cable Loss: 1.00 dB

Frequency Total Output Limit
(MHz) power (dBm) (dBm)
2405 0.21 30.00
2440 0.37 30.00
2480 -0.27 30.00
Test Report No.: 19660058 001 Date: 03.01.2014 Page 8 of 26
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Ch Freq

IChannel Power

Ref 15 dBm Atten 20 dB
#Peak
Log
10
dB/
Offst

T
dB

Center 2.405 GHz Span 3 MH=z
#Res BW 1 MH=z #ABW 3 MH=z Sweep 9.99 ms (1000 pts)

Channel Power Power Spectral Density

0.21 dBm /1.6000 MHz -61.83 dBm/Hz

Channel Frequency: 2405 MHz

Ch Freqg 244 G Trig Free

Channel Power

Ref 15 dBm Atten 20 dB
#Peak
Log "1
10
dBf
Offst
T

dB

Center 2.44 GHz Span 3 MHz
#RHes BW 1 MHz #WVBW 3 MH=z Sweep 9.99 ms (10 pts

Channel Power Power Spectral Density

0.37 dBm [/1.6000 MHz -61.67 dBm/Hz

Channel Frequency: 2440 MHz
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Ch Freq

Channel Power

Ref 15 dBm Atten 20 dB
#Peak
Log ]
10
dB/
Offst
7

dB

-t o

Center 2.48 GHz Span 3 MHz
#Res BW 1 MH=z #WVBW 3 MH=z Sweep 9.99 ms (1000 pts

Channel Power Power Spectral Density

-0.27 dBm /1.6000 MHz -62.32 dBm/Hz

Channel Frequency: 2480 MHz
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Power Spectral Density

Result

Test Specification
Detector Function

Requirement

Test Method:

A_ TUVRheinland®

Section 15.247(e)
Pass
FCC Part 15 Section 15.247 (e)
Peak

For digitally modulated systems, the power spectral density conducted from the
intentional radiator to the antenna shall not be greater than 8 dBm in any 3 kHz
band during any time interval of continuous transmission.

EUT

Spectrum Analyzer

Test Result:

Attenuator: 6dB
Cable Loss: 1.00 dB

Frequency Total PSD Limit
(MHz) (dBm) (dBm)
2405 -5.399 8.00
2440 -5.527 8.00
2480 -5.702 8.00
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Ref 15 dBm

Mkr1 2.4049587 GHz

Atten 20 dB -5.399 dBm

Peak
Log

10
dBf

Offst

T ]

i Pl

ferd (Yo,

dB

W‘\J‘"“

Yerf
hen

M
V

"
¥

M1 S2
53 FC

Center 2.405 GHz
#Res BW 10 kHz

Span 2.5 MH=z

#FW/BW 30 kHz Sweep 25.9 ms (1000 pts)

Channel Frequency: 2405 MHz

Ref 15 dBm

Mkr1 2.4399562 GHz

Atten 20 dB -5.527 dBm

Peak
Log

10
dB/f

Offst
T

P

foprh

dB

h]rﬂ*.r'

W"Hfﬂ'mﬁﬂﬂun.
o

e (™
¥

[y "
v

U\vﬂu e

M1 52
53 FC

Center 2.44 GHz
#Res BW 10 kHz

Span 2.5 MHz

#FWVBW 30 kH=z Sweep 25.9 ms (1000 pts)

Channel Frequency: 2440 MHz
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Mkr1 2.4799562 GHz
Ref 15 dBm Atten 20 dB 5702 dBm
Peak
Log
10
dB/f

7 Y P o

A0 ey

aB [ fi ’/\.qu“r' l'\JI 0 I,J V ' "‘"-,l'e”k]m
V u 2al
M1 52
53 FC
Al
Center 2.48 GHz Span 2.5 MH=z
#Res BW 10 kHz #FVBW 30 kHz Sweep 25.9 ms (1000 pts)

Channel Frequency: 2480 MHz
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6 dB Bandwidth

Result

Section 15.247(a)(2)

Pass

Test Specification

FCC Part 15 Section 15.247 (a) (2)
Requirement

The minimum 6 dB bandwidth shall be at least 500 kHz.

Test Method:

EUT Spectrum Analyzer

Test Result:

Attenuator: 6dB
Cable Loss: 1.00 dB

Carrier Lower Upper 6 dB OBW
Frequency Frequency Frequency Bandwidth (MH2)
(MHz) (MHz) (MH2z) (MH2z)
2405 2404.10 2405.71 1.61 2.60
2440 2439.11 2440.71 1.60 2.59
2480 2479.11 2480.70 1.59 2.59

Test Report No.: 19660058 001
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Mkr3 2.405713 GHz

Ref 15 dBm Atten 20 dB 6.102 dBm
Peak N
L.
Lo T S g . e -
dB/ _...-—"'"M i
= “k\
Offst
7 ]
dB
Center 2.405 GHz Span 3 MH=z
#Res BUWW 100 kHz #ABYW 300 kH=z Sweep 9.99 ms (1000 pts)
Marker Trace Tywpe X Axis Amplitude
1 (1} Freq 2.405149 GHz 0.228 dBm
2 (1} Freq 2.404108 GHz -6.228 dBm
3 (1} Freq 2.405713 GHz -6.102 dBm

Channel frequency: 2405 MHz

Mkr3 2.440716 GHz

Ref 15 dBm Atten 20 dB 5.087 dBm
Peak L 2
10 ]
dBs = ki
L "q\
Offst
T
dB
Center 2.44 GHz Span 3 MH=z
#Res BW 100 kHz #FBW 300 kH=z Sweep 9.99 ms (1000 pts)
Marker Trace Type X oAois Amplitude
1 [} Freq 2 440128 GH= 0.0832 dBm
b1 13 Freq 2439117 GH= -4.892 dBm
= ()] Freg 2.440718 GHz 8.087 dBm

Channel frequency: 2440 MHz
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Mkr3 2.480707 GHz

Ref 15 dBm Atten 20 dB 6.039 dBm
Peak N
L
1:}3’9 Y, Ll T T 5—-—-*;.
[~ ""\-\_\
Offst
7 e
dB
Center 2.48 GHz Span 3 MHz
#Res BUWW 100 kH=z #FWVBW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Aois Amplitude
1 1) Fraq 2 479644 GHz 0.235 dBm
2 1) Freq 2479117 GH=z -8.09 dBm
3 1} Freq 2.480707 GH=z -8.039 dBm

Channel frequency: 2480 MHz

Ch Freqg

Occupied Bandwidth

Ref 15 dBm Atten 20 dB

#Peak

Log P i ) iV g o e, .

10 — = ML e,

dB/ " i T T i PR

Offst

T

dB

Center 2.405 GHz Span 3 MH=z

#Res BUW 100 kHz FBW 300 kHz Sweep 9.99 ms (1000 pts
Occupied Bandwidth Occ BW % Pwr 99.00 %

2.6029 MHz xdS  -26.00dB

Transmit Freq Error -97.140 kH=z
x dB Bandwidth 4911 MH=

OBW Channel frequency: 2405 MHz
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Ch Freqg 244 G Trig Free

ccupied Bandwidth

Ref 15 dBm Atten 20 dB
#Peak
L‘)g P T i Y N
r——aa e
10 e T
NEN RIS ] I,
Offst
T
dB
Center 2.44 GHz Span 5 MHz
#Res BW 100 kHz #FBYWW 300 kH=z Sweep 9.99 ms (1000 pts
Occupied Bandwidth Occ BW % Pwr 99.00 %
2.5976 MHz xdB  -26.00 dB
Transmit Freq Error -97.828 kH=z
» dB Bandwidth 4890 MH=

OBW Channel frequency: 2440 MHz

Ch Freqg

IDccupied Bandwidih

Ref 15 dBm Atten 20 dB
#Peak
T T e e e,y
Log e e
10 o M
dBf > =TT L e
Offst
T
dB
Center 2.48 GHz Span 5 MHz
#Res BW 100 kHz #FBW 300 kH= Sweep 9.99 ms (1000 pts
Occupied Bandwidth Occ BW % Pwr 99.00 %
2.5976 MHz xdB  26.00d8
Transmit Freq Error -98.510 kH=z
x dB Bandwidth 4910 MH=

OBW Channel frequency: 2480 MHz
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Band-edge Compliance
Result
Test Specification

Detector Function
Requirement

Test Method:

A TUVRheinland®

Section 15.247(d)

Pass

FCC Part 15 Section 15.247(d)

Peak

In any 100 kHz bandwidth outside the frequency band in which the spread
spectrum or digitally modulated intentional radiator is operating, the radio
frequency power that is produced by the intentional radiator 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, and provided 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 paragraph
(b)(3) of this section, the attenuation required under this paragraph

Shall be 30 dB instead of 20 dB.

EUT

Spectrum Analyzer

Test Result:

Attenuator: 6dB
Cable Loss: 1.00 dB

Fundamental Value at Band Edge I
Limit
Channel Frequency Frequency Value (dBc)
(MHz) (MH2) (dBc)
Low 2405 2400.00 -48.72 -20.00
High 2480 2483.50 -44.61 -20.00

Test Report No.: 19660058 001 Date: 03.01.2014 Page 18 of 26
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Mkr1 2.400000 GHz
Ref 15 dBm Atten 20 dB 48372 dBm
Peak

Log
10

dB/ fnge
= 7N
dB

DI ih .II \

02, 7 7

L
M1 s2 i i
53 FC preniy "‘ﬂﬁﬂ M-"M’HJJM
AR
Center 2.405% GHz Span 15 MH=z
#Res BYW 100 kHz #FABW 300 kHz Sweep 9.99 ms (1000 pts)

Channel frequency: 2405 MHz

Mkr1 2.483500 GHz
Ref 15 dBm Atten 20 dB -44.61 dBm
Peak

Log
10

dB/ Pk
o A
DI o f \\ -

. f o
o [

I+
L 3
M1 52| e R
53 FC
AR
Center 2.48 GHz Span 15 MHz
#Res BW 100 kH=z #ABW 300 kHz Sweep 9.99 ms (1000 pts)

Channel frequency: 2480 MHz
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Conducted Spurious Emission

A TUVRheinland®

Ref 15 dBm Atten 20 dB

Mkr1 7.256 GHz
-49.35 dBm

Peak
Log

10

dB/

Offst
T

dB
]|

1.0
dBm

M1 S2
53 FC

Start 1 GHz

#Res BYWW 100 kHz #VBW 300 kHz

Stop 26 GHz

Sweep 2.59 s (1000 pts)

Channel frequency: 2405 MHz

Ref 15 dBm Atten 20 dB

Mkr1 7.331 GH=z
-48.73 dBm

Peak
Log

10

dB/f

Offst
T

dB
Dl

0.4
dBm

M1 52 MJA\“W‘I&“M@—MMWMMW

53 FC

Start 1 GHz

#Res BYW 100 kHz #ABYW 300 kH=z

Stop 26 GHz

Sweep 2.59 s (1000 pts)

Channel frequency: 2440 MHz
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Mkr1 7.431 GHz
Ref 15 dBm Atten 20 dB -48.55 dBm
Peak
Log
10
dBr
Offst
T
dB
(]|
0.7
dBm

;ﬂ:: ggwkmﬁamwmm‘ i PR WW

Start 1 GHz Stop 26 GHz
#Res BW 100 kHz #FBYW 300 kHz Sweep 2.59 s (1000 pts)

Channel frequency: 2480 MHz
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Section 15.209 and 15.205

Pass

Spurious Radiated Emissions and Restricted Bands of Operation

Result

Test Specification FCC Part 15 Section 15.209 &15.205

Test Method ANSI C63.4-2003

Measurement Location Semi Anechoic Chamber

Measuring Distance 3m

Detection QP for frequency below 1GHz, Peak and Average for frequency
above 1GHz

Requirement As per the limits mentioned in the bellow table

Limit for Radiated Emission of Section 15.209:

Frequency Field strength Field strength Distance of
(MHz) (uV/m) (dBuV/m) Measurement (m)
0.009 - 0.490 2400/F(kHz) 48.50 - 13.80 300*
0.490-1.705 24000/F(kHz) 33.80 — 23.00 30*
1.705 -30 30 29.54 30*
30-88 100 40.0 3
88-216 150 435 3
216-960 200 46.0 3
Above 960 500 54.0 3

Remark: * the limit shows in the table above of frequency range 0.009 — 0.490, 0.490 — 1.705 MHz and
1.705-30MHz is at 300 meter, 30 meter and 30 meter range respectively, which corresponds to
88, 50 — 53.80, 53.80 — 43.00 and 49.5dBuV/m at 3m range by extrapolation calculation and the
measurement of loop antenna.

The emission limits shown in the above table are based on measurements employing a CISPR
guasi-peak detector except for the frequency bands 9-90 kHz, 110-490 kHz and above 1000
MHz Radiated emission limits in these three bands are based on measurements employing an
average detector.

Test result:

There were no emissions found in the frequency range below 1GHz and hence they are not
reported.

Test Report No.: 19660058 001 Date: 03.01.2014 Page 22 of 26
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Fundamental Antenna Spgriqus Field Limit Margin
Frequency Polarization Emission Strength (dBpVv/m) (dB)
(MHz) (MHz) (dBuVv/m)
2404.4 (Pk) 81.65 * -
2404.8 (Av) 75.76 * -
2389.3 (Pk) 47.23 74 -26.77
: 2390.0 (Av) 34.92 54 -19.08
4810.25 (Pk) 46.65 74 -27.35
2405 4810.25 (Av) 35.64 54 -18.36
2404.4 (Pk) 85.31 * -
2404.9 (Av) 79.91 * -
2388.5 (Pk) 47.61 74 -26.39
v 2389.8 (Av) 35.03 54 -18.97
4810.25 (Pk) 45.84 74 -28.16
4810.25 (Av) 34.72 54 -19.28
2440.3 (Pk) 85.62 * -
2440.3 (Av) 79.79 * -
: 4878.5 (Pk) 49.45 74 -24.55
2440 4880.2 (Av) 37.04 54 -16.96
2440.3 (Pk) 87.05 * -
2440.0 (Av) 80.70 * -
v 4882.1 (Pk) 48.51 74 -25.49
4879.6 (Av) 37.59 54 -16.41
2480.4 (Pk) 81.68 * -
2479.9 (Av) 74.88 * -
2483.5 (Pk) 46.97 74 -27.03
: 2483.5 (Av) 35.76 54 -18.24
4960.0 (Pk) 49.93 74 -24.07
4959.7 (Av) 38.37 54 -15.63
2480
2480.4 (Pk) 87.23 * -
2480.1 (Av) 81.35 * -
Y, 2483.5 (Pk) 48.76 74 -25.24
2483.5 (Av) 37.09 54 -16.91
4960.3 (Pk) 50.30 74 -23.70
4959.8 (Av) 39.03 54 -14.97

* - --> Fundamental Frequency
Pk--> Peak Detector
Av--> Average Detector
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Conducted Emission Test on a.c. Power Line Section 15.207
Result Pass

Test Specification : FCC Part 15 Section 15.207

Test Method : ANSI C63.4-2003

Testing Location : Screened room

Measurement Bandwidth : 9kHz

Frequency Range : 150kHz — 30MHz

Supply Voltage : 3.3vDC

Limit of section 15.207

Frequency of QP Limit AV Limit
emission
(MHz) (dBpVv) (dBuV/m)
0.15-0.5 66 — 56* 56 — 46*
0.5-5 56 46
5-30 60 50

* Decreases with the logarithm of the frequency
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Test Result:

Mode: Positive

A TUVRheinland®

<8> REBW 9 kHz
MT 20 ms
Att 10 4B AUTO FPREAMP ON
dBpv 1 MHz 10 MHz
o0
SEL
50
70
2 av
[rec| B 0P Ths
50
[Tsc) B_av
50
a0
6DB
AC
30
|20 WV PP N
:;\'\AA A HJ J’\A A
RN v
150 kHz 30 MH=z
EDIT PEAE LIST (Final Measurement Results)
Tracel: FCC_B_QF
TraceZ: FCC_B_AWV
Trace3: —
TRACE FREQUENCTY LEVEL dBpVv DELTA LIMIT dB
1 Quasi Peak 6 MH=zZ 26.48 Ll -259.51
2 Rverage 17.20 L1 -33.54
2 Average 214 kH=z 18.45 L1 -34.5%9
2 Rverage 1.254 MH= 10.06 L1 -35.93
2 Rverage 1.882 MH= 9.87 L1 -36.12
1 Quasi Peak 282 kHz 20.32 11 -40.43
1 9uasi Peak 214 kH=z z21.78 L1 -41.2¢
1 Quasi Peak 1.85 MHz 14.39 Ll —-41.60
1 Quasi Peak 150 kHz 22.92 11 -43.07
1 9uasi Peak 6.278 MHzZ 14.%0 L1 -45.09
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EDIT PEAE LIST (Final Measurement Results)
Tracel: FCC B QP
TraceZ: FCC B AV
Trace3: -
TRACE FREQUENCTY LEVEL JdBuv DELTA LIMIT dB
1 Quasi Peak 23.39 ™ -32.061
2  Average 282 kH=z 17.20 ™ -33.556
2 Rverage 1.254 MH= 11.18 ™ -34.81
2 Rverage 214 kHz 18.23 ™ -34.81
1 Quasi Peak 25.378 MH=z 24.72 ™ -35.27
1 9uasi Peak 28.074 MH= 24.54 N -35.45
2 Rverage 1.938 MH= 10.27 ™ -35.73
1 Quasi Peak 1.45 MH=z 19.14 ™ -36.86
1 Quasi Peak 1.894 MH=Z 17.41 ™ -38.58
1 Quasi Peak 150 kH=z 23.05 i) -42.94
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