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Test Result Summary

Clause Test Iltem 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/ FCC Spurious Radiated Emissions and Restricted Bands =

X ass
15.205 of Operation
FCC 15.207 Conducted Emissions on A.C Power lines Pass
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List of Type and Measurement Instruments

Equipment Manufacturer Model SIN Calibration

Due Date

EMI Test Receiver Rohde &Schwarz ESU 40 100288 04.10.2013

Hybrid Log Periodic antenna ETS Lindgren 3142D 00081354 01.11.2013

Broadband Horn Antenna Frankonia HAX-18 HAX18-802 10.10.2013

Emission Horn Antenna ETS Lindgren 116706 00107323 01.11.2013

Active Loop Antenna Frankonia LAX-10 LAX-10-800 | 01.11.2013
Agilent

Spectrum Analyser Technologies E4407B US41192772 | 22.03.2014

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

A_ TUVRheinland®

The RCB256RFR2-XPRO is a Xplained PRO extension module of the Atmel ATMega256RFR2 with MCU
and integrated radio transceiver. The IC integrates a powerful, 8-bit AVR® RISC microcontroller, an IEEE

802.15.4-compliant transceiver, and additional peripheral features. The built-in radio transceiver supports

the worldwide accessible 2.4GHz ISM band. The system is designed standard-based applications such as
ZigBee/lEEE 802.15.4, ZigBee RF4CE, and 6LoWPAN, as well as high data rate ISM applications. This

product will be used by professional users in Software development for Wireless applications using the

ZigBee protocol.

Ratings and System Details

Operating Frequency

2400MHz — 2483.5MHz

No. of channels

16

Channel Spacing

SMHz

Modulation DSSS ( O-QPSK)
Transmitted Power 4.69dBm

Data Rate 250 kbps

Antenna Type PCB Antenna

Number of antenna Two

Antenna Gain 0 dBi

Supply Voltage 3.3vDC

Dimensions 78.5mm x 50mm
Environmental -20 to +85 Degree C range

Test Conditions:

Voltage: Voltage: 5 V DC (from USB Port)

Environmental conditions:

Temperature: +23°C  RH: 62%

Test Report No.: 19660028 001

Date: 19.09.2013
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Test Set-up and Operation Mode

Principle of Configuration Selection

Transmission was enabled with 100% duty cycle on low, mid and high channel.

Test Operation and Test Software
Test software was used to enable the transmission with 100% 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 frequencies

Frequency Band Channel No. Frt(al\q/lﬁazr)]cy
11 2405
12 2410
13 2415
14 2420
15 2425
16 2430
17 2435
18 2440

2400-2483.5 MHz 19 2445
20 2450
21 2455
22 2460
23 2465
24 2470
25 2475
26 2480
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Block Diagram
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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
Detector Peak
Requirement <1 watt (30dBm).

Test Method:

EUT Spectrum Analyzer

Cable Loss: 0.68dB (Included in the test results)

Test Result:
Frequency (MHz) Total O(gg)nl’;t) power Limit (dBm) Margin (dB)
2405 4.58 30.00 -25.42
2440 4.69 30.00 -25.31
2480 4.37 30.00 -25.63

Test Report No.: 19660028 001 Date: 19.09.2013 Page 9 of 29
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Ref 10 dBm Atten 20 dB
#Peak | ]
Log

10
dB/
Offst
0.63
dB

Center 2.405 GHz Span 2.5 MHz
#Res BW 1 MHz #VBW 3 MHz Sweep 9.99 ms (1000 pts

Channel Power Power Spectral Density

4.58 dBm /1.5000 MHz -97.18 dBm/Hz

Channel Frequency: 2405 MHz

Ref 10 dBm Atten 20 dB
#Peak | e ]
Log

10
dB/
Ofist
0.68
dB

Center 2.44 GHz Span 2.5 MHz
#Res BW 1 MHz #VBW 3 MHz Sweep 9.99 ms (1000 pts

Channel Power Power Spectral Density

469dBm /1.5000 MHz -57.06 dBm/Hz

Channel Frequency: 2440 MHz
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Ref 10 dBm Atten 20 dB
#Peak | .
Log

10
dB/
Offst
0.68
dB

Center 2.48 GHz Span 2.5 MHz
#Res BW 1 MHz #VBW 3 MHz Sweep 9.99 ms (1000 pts

Channel Power Power Spectral Density

4.37dBm /1.5000 MHz -57.39 dBm/Hz

Channel Frequency: 2480 MHz
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Power Spectral Density Section 15.247(e)
Result Pass
Test Specification FCC Part 15 Subpart C

Detector Function Peak

Requirement For digitally modulated systems, the power spectral density conducted from the

intentional radiator to the antenna shall not be greater than 8 dBm.

Test Method:

EUT Spectrum Analyzer

Cable Loss: 0.68dB (Included in the test results)

Test Result:

Frequency PSD Limit Margin
(MHz) (dBm) (dBm) (dB)
2405 2.03 8.00 -5.97
2440 1.92 8.00 -6.08
2480 0.99 8.00 -7.01
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Ref 10 dBm

Atten 20 dB

Mkr1 2.4050867 GHz
2.039 dBm

Peak
Log

10
dBf

T

I

Offst
0.68

==

dB

M1 52
53 FC

Center 2.405 GHz
#Res BW 100 kHz

#ABW 300 kHz

Span 2.25 MHz

Sweep 9.99 ms (1000 pts)

Channel Frequency: 2405 MHz

Ref 10 dBm

Atten 20 dB

Mkr1 2.4399471 GHz
1.92 dBm

Peak
Log

i

10
dBf

=

e

Offst
0.68

dB

M1 52
53 FC

Center 2.44 GHz
#Res BW 100 kHz

#A/BW 300 kHz

Span 2.25 MHz

Sweep 9.99 ms (1000 pts)

Channel Frequency: 2440 MHz

Test Report No.: 19660028 001

Date: 19.09.2013
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Mkr1 2.4801538 GHz
Ref 10 dBm Atten 20 dB 0.996 dBm
Peak

Log e o ]

10 __.,.-...‘-"-._ o B
'Hll"'!ﬂ-u\-\\-

dB/ T M

Offst |~ R

0.68

dB

M1 52
53 FC

Center 2.48 GHz Span 2.25 MHz
#Hes BW 100 kHz #BW 300 kHz Sweep 9.99 ms (1000 pts)

Channel Frequency: 2480 MHz
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6 dB Bandwidth
Result

Test Specification
Requirement

Test Method:

FCC Part 15 Subpart C
The minimum 6 dB bandwidth shall be at least 500 kHz.

EUT

Spectrum Analyzer

Cable Loss: 0.68dB (Included in the test results)

A_ TUVRheinland®

Section 15.247(a) (2)
Pass

Test Result:
Fr(el\cjll;'ezg\cy Frlégl\jveer:cy Frgqpup(aer:cy Bar?d(\jNE?dth &i"z")
(MHz) (MHz) (MHz)
2405 2404.25 2405.76 1.51 2.21
2440 2439.19 2440.77 1.58 2.24
2480 2479.27 2480.77 1.50 2.28

Test Report No.: 19660028 001

Date: 19.09.2013
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Mkr3 2.4057678 GHz

Ref 10 dBm Atten 20 dB -5.831 dBm
Eeak - . o -
— - —
1:}19 it | @~ T ]
dB/f
Offst
0.68
dB
Center 2.405 GHz Span 2 MHz
#Res BW 100 kHz #F/BW 300 kHz Sweep 9.99 ms (1000 pts)
Markesr Trace Type X Axis Amplitude

1 13 Freg 24055255 GHz 1.3889 dBm

2 1 Freq 2 4042583 GHz -5.781 dBm

3 13 Freg 24057678 GHz -5.831 dBm

Channel frequency: 2405 MHz

Mkr3 2.4407738 GHz

Ref 10 dBm Atten 20 dB -4.53 dBm
Peak i =
== e ——
dB/f
Offst
0.68
dB
Center 2.44 GHz Span 2 MHz
#Res BW 100 kHz #A/BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type # Aais Amplitude

1 {1 Freq 2.4398749 GHz 1.544 dBm

2 1) Freq 24391962 GHz -4 648 dBm

3 {1 Freq 24407738 GHz -4.53 dBm

Channel frequency: 2440 MHz
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Mkrd 2.4807738 GHz

Ref 10 dBm Atten 20 dB -5.00% dBm
Peak = R
L _ ——— — ———— ]
0 ] i 2
dB/f
Offst
0.68
dB
Center 2.48 GHz Span 2 MHz
#Res BW 100 kHz #BW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 1} Freq 24801812 GHz 1.008 dBm
2 (1) Fraq 24792743 GHz -5.134 dBm
3 1 Freq 24807738 GHz -5.009 dBm

Channel frequency: 2480 MHz

Ref 10 dBm Atten 20 dB

#Peak el

Log ‘;,,.a' S

10 = 7 =

Offst et B S

ﬂ.ﬁﬂ I T T ] TR

dB

Center 2.405 GHz Span 10 MHz

#Res BW 100 kHz #WBW 300 kHz Sweep 9.99 ms (1000 pts

Occupied Bandwidth Occ BW % Pwr 99.00 %

2 2164 MHZ » dB -26.00 dB

OBW Channel frequency: 2405 MHz
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Ref 10 dBm Atten 20 dB
#Peak e
o
10 = R
dB/ i N
Offst ..-'M %"-q_....f.l
0.68 [t B e
dB
Center 2.44 GHz Span 10 MHz
#Res BW 100 kHz #/BW 300 kHz Sweep 9.99 ms (1000 pts
Occupied Bandwidth Occ BW % Pwr 99.00 %
2 24?1 MHZ x dB -26.00 dB

OBW Channel frequency: 2440 MHz

Ref 10 dBm Atten 20 dB

#Peak e

10 Sl L by e

dB/ 7

0.63 ibudsieasinte iy

dB

Center 2.48 GHz Span 10 MHz

#Res BW 100 kHz #WVBW 300 kHz Sweep 9.99 ms (10N pts

Occupied Bandwidth Occ BW % Pwr 99.00 %

2 28?8 M HZ x dB -26.00 dB

OBW Channel frequency: 2480 MHz
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Band-edge Compliance
Result

Test Specification
Detector Function

Requirement

Test Method:

FCC Part 15 Subpart C

Peak

A_ TUVRheinland®

Section 15.247(d)

Pass

If the peak output power procedure is used to measure the fundamental
emission power to demonstrate compliance to 15.247(b)(3) requirements,
then the peak conducted output power measured within any 100 kHz
outside the authorized frequency band shall be attenuated by at least 20
dB relative to the maximum measured in-band peak PSD level.

If the average output power procedure is used to measure the fundamental
emission power to demonstrate compliance to 15.247(b)(3) requirements,
then the power in any 100 kHz outside of the authorized frequency band
shall be attenuated by at least 30 dB relative to the maximum measured in-
band average PSD level.

EUT

Spectrum Analyzer

Cable Loss: 0.68dB (Included in the test results)

Test Result:

Value at Band Edge
Channel Frequency Band Edge Measured | Band Edge value Limit
(MHz) Frequency PSD Value (dBc) (dB)
(MHz) Level* (dBm)
2405 2400.00 2.03 -51.86 -53.89 -20.00
2480 2483.50 0.99 -47.48 -48.47 -20.00

Note: The reference values are taken from the plots reported under the Power spectral Density

Section 15.247(e).

Test Report No.: 19660028 001

Date: 19.09.2013
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Ref 10 dBm

Mkr2 2.400000 GHz

Atten 20 dB -51.86 dBm

Peak
Log

10
dBf

Offst
0.68

dB

M1 52
53 FC

e ™

el
W

Center 2.405 GHz
#Res BW 100 kHz

Span 15 MHz

#ABW 300 kHz Sweep 9.99 ms (1000 pts)

Channel frequency: 2405 MHz

Ref 10 dBm

Mkr2 2.483500 GHz

Atten 20 dB -A7.48 dBm

Peak
Log

1

10
dB/

A

Offst
0.68

\

dB

7y

M1 52

™

53 FC

Center 2.48 GHz
#Res BW 100 kHz

Span 15 MHz

#ABW 300 kHz Sweep 9.99 ms (1000 pts)

Channel frequency: 2480 MHz
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Conducted Spurious Emission

Ref 10 dBm Atten 20 dB
Peak
Log
10
dB/
Offst
0.63
dB

B

'::: Ifg wu%m%ﬂww%ﬂ:h# WW

Start 30 MHz Stop 26.5 GHz
#Res BUW 100 kHz #/BW 300 kHz Sweep 2.742 s (1000 pts)

Channel frequency: 2405 MHz

Ref 10 dBm Atten 20 dB
Peak
Log
10
dB/
Offst
0.63
dB

{2

M1 S2 f"""l"‘ﬂ“‘wm ] | —— R WL,

53 FC

AA
Start 30 MHz Stop 26.5 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 2.742 s (1000 pts)

Channel frequency: 2440 MHz
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Mkr1 2.494 GHz
Ref 10 dBm Atten 20 dB 0.598 dBm
Peak
Log
10
dB/
Offst
0.68
dB

O p

'::: I?g M‘MWW%WWMW el a4 Ly s =

Start 30 MHz Stop 26.5 GHz
#Res BW 100 kHz #/BW 300 kHz Sweep 2.742 s (1000 pts)

Channel frequency: 2480 MHz
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Spurious Radiated Emissions and
Restricted Bands of Operation
Result

Section 15.209 and 15.205
Pass

Test Specification FCC Part 15 Subpart C

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) (uVv/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
quasi-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 Report No.: 19660028 001 Date: 19.09.2013 Page 23 of 29
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Test result:

Worst case emissions observed are listed below.

Antenna Fréﬂ]ui:gi%ynof Field Strength Limit Margin
Polarization (MH2) (dBpVv/m) (dBpVv/m) (dB)
73.14 34.66 40 -5.34

Vertical 166.18 29.63 43.5 -13.87
236.02 34.87 46 -11.13

73.16 21.79 40 -18.21

Horizontal 167.35 26.22 43.5 -17.28
219.44 30.21 46 -15.79

Test Report No.: 19660028 001 Date: 19.09.2013 Page 24 of 29
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Emission above 1 GHz:

Antennatype: PCB Antenna 1

Fundamental Field o .
Frequency Ant'enn'a Fr.eq'uency of Strength Limit Margin
(MH2) Polarization Emission (MHz) (dBpv/m) (dBpVv/m) (dB)
2390(Pk) 41.12 74 -32.88
2390(Av) 30.63 54 -23.37
Vv 2405(Pk) 91.75 * -
2405(Av) 89.18 * -
4810(PK) 51.32 74 -22.68
2405 4810(Av) 38.51 54 -15.49
2390(Pk) 44.36 74 -29.64
2390(Av) 36.29 54 -17.71
H 2405(Pk) 101.22 * -
2405(Av) 98.62 * -
4810(Pk) 52.77 74 -21.23
4810(Av) 43.53 54 -10.47
2440(Pk) 90.67 * -
v 2440(Av) 87.84 * -
4880(PK) 50.16 74 -23.84
4880(Av) 38.44 54 -15.56
2440
2440(Pk) 100.19 * -
H 2440(Av) 97.43 * -
4880(PK) 52.33 74 -21.67
4880(Av) 43.1 54 -10.90
2480(Pk) 92.04 * -
2480(Av) 89.01 * -
v 2483.5(Pk) 49.53 74 -24.47
2483.5(Av) 38.85 54 -15.15
4960(PK) 50.66 74 -23.34
4960(Av) 38.93 54 -15.07
2480
2480(Pk) 101.89 * -
2480(Av) 98.86 * -
H 2483.5(Pk) 58.64 74 -15.36
2483.5(Av) 48.2 54 -05.80
4960(PK) 53.23 74 -20.77
4960(Av) 43.21 54 -10.79
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Antenna Type: PCB Antenna 2

Fundamental Field o .
Frequency Ant'enn'a Fr.eq'uency of Strength Limit Margin
(MH2) Polarization Emission (MHz) (dBpv/m) (dBpVv/m) (dB)
2390(Pk) 44.71 74 -29.29
2390(Av) 36.63 54 -17.37
Vv 2405(Pk) 101.34 * -
2405(Av) 98.78 * -
4810(PK) 50.00 74 -24.00
4810(Av) 38.78 54 -15.22
2405
2390(Pk) 41.84 74 -32.16
2390(Av) 30.44 54 -23.56
H 2405(Pk) 92.11 * -
2405(Av) 89.49 * -
4810(Pk) 51.61 74 -22.39
4810(Av) 41.89 54 -12.11
2440(Pk) 100.10 * -
v 2440(Av) 97.48 * -
4880(PK) 49.86 74 -24.14
4880(Av) 37.72 54 -16.28
2440
2440(Pk) 90.61 * -
H 2440(Av) 87.96 * -
4880(Pk) 52.21 74 -21.79
4880(Av) 41.79 54 -12.21
2480(Pk) 101.61 * -
2480(Av) 98.79 * -
v 2483.5(Pk) 58.27 74 -15.73
2483.5(Av) 48.05 54 -05.95
4960(PK) 51.18 74 -22.82
4960(Av) 39.00 54 -15.00
2480
2480(Pk) 92.11 * -
2480(Av) 89.28 * -
H 2483.5(Pk) 49.18 74 -24.82
2483.5(Av) 39.18 54 -14.82
4960(PK) 53.05 74 -20.95
4960(Av) 42.83 54 -11.17

* - --> Fundamental Frequency

Pk--> Peak Detector

Av--> Average Detector

Note: Emission measurement from 1GHz to 26GHz was done by rotating the EUT, and changing the
antenna in both height and polarization, to maximize the measured emission. The emission was kept
within the illumination area of the 3 dB beamwidth of the antenna so that the maximum emission from the

EUT was measured.
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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 : 110VAC,60Hz

Limit of section 15.207

Frequency of QP Limit AV Limit
emission
(MHz) (dBuV) (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

Test Report No.: 19660028 001 Date: 19.09.2013 Page 27 of 29



www.tuv.com

Test Result:

®

REBW

MT
Att 10 4dB AUTO PREAMP ON

9 kHz

A TUVRheinland®

20 ms

Marker 1

[Tl 1]

56.12 dBpv

198.000000000 kH=

dBuv a0

1 MHEH=Z

10

MHZ

1 PK
CLRWR

70
L 50
9
?sj( AV
50

AC

U %1}% r/"‘\fd"‘
20 Wh s Vel e bt peghlere
s
. (U NECUV ORI U IEVS o
o]
150 kHz 30 MH=zZ
EDIT PEAK LIST (Final Measurement Results)
Tracel: FCC_EB_QF
Trace2: FCC_B_AWV
Tracel: ——=
TRACE FREQUENCTY LEVEL dBpv DELTA LIMIT dB
1 oQuasi Peak m £1.35 Ll -12.34
2 Average 202 kH=z 37.46 L1l -16.06
1 ouaszi Peak 286 kH=z 44 .27 Ll -16.36
1 Quasi Peak 394 kH=z 40.78 L1l -17.19
1 oQuasi Peak 498 kH=z 36.47 Ll -19.586
2 Average 302 kHz 29.9¢6 L1l —-20.22
2 Average 402 kH=z 26.14 L1l —-21.67
2 Average 514 kHz 21.29 L1l —-24.70
2 Average 9.93 MH=z 16.54 L1l —-33.65
1 ©OQuasi Peak 9.758 MH=zZ 23.65 L1 -36.34

Mode: Positive
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®

Att 10 dB AUTC PREAMP ON

A TUVRheinland®

RBW
MT

S kH=z
20 ms

Marker 1 [T1 ]
56.42 dBuv

154.000000000 kH=z

dBnv

80 1 MH=z 10 MHEH=Z
-7 0
1 PK
CLRWR _oF
VE

/

LV

AC

W U’\r -" Y
\
\xwNwdv”v\\wA¢m“h#”“‘*fﬁ/ﬁ\\x4hfv I
10 = ]
o)
120 kH=z 30 MH=z
EDIT PEAK LIST (Final Measurement Results)
Tracel: FCC_B_QP
Trace2: FCC_B_AWV
Trace3: -
TRACE FREQUENCY LEVEL dBuW DELTZ LIMIT 4B
1 Quasi Peak w 51.68 -12.18
1 Quasi Peak 294 kH=z 45.07 T -15.33
1 Quasi Peak 390 kH=z= 40.06 g -17.399
1 CQuasi Feak 498 kH=z 36.42 v -19.61
1 Quasi Peak 438 kH=z 35.50 hug -21.Z20
2 Average 302 kH= 27 .70 iy —-22.48
2 Average 134 kH= 31.09 hng —22.76
2 Average 402 kH=z 24.77 Iy —23.03
1 CQuasi Feak 154 kH=z 42 .62 v —-23.1é
2 Average 510 kH=z 22.05 7 —-23.94
1 Quasi Feak 446 kH=z 32.29 v —24.65
1 Quasi Peak 614 kH=z 30.61 T —-25.38
1 Quasi Peak 726 kH=z 25.53 ™ -30.46
2 Average 154 kH= 23.73 7 —-32.05
1 Quasi Peak 5.902Z MH=z 192.906 g —-40.03

Mode: Negative

Test Report No.: 19660028 001

Date: 19.09.2013 Page 29 of 29



