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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

The ZigBit RF233-Amp is a Zigbit module of the Atmel AT86RF233 radio transceiver and SE2431L
integrated PA, LNA front end IC. Radio transceiver supports the worldwide accessible 2.4GHz ISM band.

The system is designed standard-based applications such as ZigBee/IEEE 802.15.4, ZigBee RF4CE, and
6LOWPAN, as well as high data rate ISM applications.

Ratings and System Details

Operating Frequency 2400MHz — 2483.5MHz
No. of channels 15

Channel Spacing 5MHz

Modulation DSSS ( O-QPSK)
Transmitted Power 23.26 dBm

Data Rate 250 kbps

Antenna Type Ceramic Antenna
Number of antenna One

Antenna Gain 0dBi

Supply Voltage 1.8V to 3.6VDC
Dimensions 20mm x 25mm
Environmental -20°C to +85°C temperature range

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

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 100% duty cycle on low, mid and high channel.

Test Operation and Test Software

Hyper Terminal in the laptop was used to enable the transmission with 100% duty cycle and to change the

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

Frequenc
Frequency Band Channel No. (|3|HZ) y
11 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 2475

Note: Testing carried with different register value for different channel as listed below

Channel Register Value
Low (2405MHz) 0xD
Mid (2440MHz) 0x0
High (2475MHz) OxE
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Block Diagram

16 MHz crystal

[

XOSsC

IdS

Chip
Antenna

(PA+LNA)

|
L
AT86RF233 Transceiver SE2431L | ;s’/' —I

_I_ MS 147
connector

AVREG 1.8V DVREG 1.8V

(aoxu )  (1asm) (o ) (o)
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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 + Attenuation: 10.7dB (Included in the test results)

Test Result:
Total Output power L .
Frequency (MHz) (dBm) Limit (dBm) Margin (dB)
2405 15.44 30.00 -14.56
2440 23.26 30.00 -6.74
2475 12.75 30.00 -17.25
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Ref 30 dBm Atten 30 dB
#Peak
Log =
10
dB/
Offst

10.7
dB

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

Channel Power Power Spectral Density

15.44 dBm /1.5200 MHz -46.38 dBm/Hz

Channel Frequency: 2405 MHz

Ref 35 dBm Atten 35 dB
#Peak
Log =——
10
dB/
Offst

10.7
dB

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

Channel Power Power Spectral Density

23.26 dBm /1.6200 MHz -38.84 dBm/Hz

Channel Frequency: 2440 MHz
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Ref 25 dBm Atten 25 dB
#Peak
Log
10
dB/
Offst
10.7
dB

Center 2.475 GHz Span 2.5 MHz
#Res BW 1 MHz #/BW 3 MHz Sweep 9.99 ms (1000 pts)

Channel Power Power Spectral Density

12.75 dBm /1.6700 MHz -49.48 dBm/Hz

Channel Frequency: 2475 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 + Attenuation: 10.7dB (Included in the test results)

Test Result:

Frequency o .
(MH2) PSD (dBm) Limit (dBm) Margin(dB)
2405 -1.47 8.00 -9.47
2440 6.29 8.00 -1.71
2475 -4.05 8.00 -12.05

Test Report No.: 19660034 001 Date: 30.09.2013 Page 12 of 29



www.tuv.com

A TUVRheinland®

Ref 10 dBm

Atten 10 dB

Mkr1 2.4047510 GHz
-1.467 dBm

Log

F.
g

10
dB/

L

db

Offst
10.7

T

My
s

-

' MM'LM

LT

dB

el

TRHH

M1 52
53 FC

Center 2.405 GHz
#Res BW 3 kHz

#VBW 30 kHz

Span 2.5 MHz

Sweep 278.T ms (1000 pts)

Channel Frequency: 2405 MHz

Ref 15 dBm

Atten 15 dB

Mkr1 2.4398711 GHz
6.288 dBm

#Peak
Log

10
dB/f

Oftst
10.7

LY
LAl BT

dB

M1 52
53 FC

Center 2.44 GHz
#Res BW 3 kHz

#VBW 30 kHz

Span 2.5 MHz

Sweep 278.7 ms (1000 pts)

Channel Frequency: 2440 MHz
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Mkr1 2.4745383 GHz
Ref 10 dBm Atten 10 dB 4.05 dBm
#Peak

Log N

dB

M1 52
53 FC

Center 2.475 GHz Span 2.5 MHz
#Res BW 3 kHz #VBW 30 kHz Sweep 278.7 ms (1000 pts)

Channel Frequency: 2475 MHz
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6 dB Bandwidth Section 15.247(a) (2)

Result Pass
Test Specification FCC Part 15 Subpart C
Requirement The minimum 6 dB bandwidth shall be at least 500 kHz.

Test Method:

EUT Spectrum Analyzer

Cable Loss + Attenuation: 10.7dB (Included in the test results)

Test Result:
Fr?&ﬁé;‘cy Frle;gl\jveenrcy Frgqpupeer:cy Bar?d(\j/in)dth ((|3/|E|3—|Vzv)
(MHz) (MH2z) (MHz)
2405 2404.28 2405.81 1.53 2.40
2440 2439.24 2440.85 1.62 2.47
2475 2474.19 2475.87 1.67 2.54
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Mkr3 2.4058058 GHz

Ref 30 dBm Atten 30 dB 6.806 dBm
#Peak
Log z !
10 7 S I B B -»21__’_1
dB/ T
Offst
10.7
dB
Center 2.405 GHz Span 2 MHz
#Res BW 100 kHz #UBW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 IRH] Freq 24050110 GHz 12.81 dBm
2 ) Freq 2 4042803 GHz 8.804 dBm
3 IRH] Freq 2 4058058 GHz 8.208 dBm

Channel frequency: 2405 MHz

Mkr3 2.4408519 GHz

Ref 25 dBm Atten 25 dB 5.144 dBm
#Peak 1
L = I -+ =
1:}}!; L I S | T Lo
dB/
Offst
10.7
dB
Center 2.44 GHz Span 2 MHz
#Res BW 100 kHz #/BW 300 Hz Sweep 54.16 ms (1000 pts)
Marker Trace Type X Axis Amplitude

1 (1} Freq 2.4400911 GHz 11.2 dBm

2 (1} Freq 2.4392362 GHz 5.254 dBm

3 (1} Freq 2.4408519 GHz 5.144 dBm

Channel frequency: 2440 MHz
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Mkr3 2.4758679 GHz

Ref 19.7 dBm Atten 20 dB 2.522 dBm
#Peak ;
dB/
Offst
10.7
dB
Center 2.475 GHz Span 2 MHz
#Res BW 100 kHz #UBW 300 kHz Sweep 9.99 ms (1000 pts)
Marker Trace Type X Axis Amplitude
1 1 Freq 2 4745908 GHz 8498 dBm
2 (LM Freq 2 4741942 GHz 2,002 dBm
3 1 Freq 2 4758679 GHz 2527 dBm

Channel frequency: 2475 MHz

Ref 20 dBm Atten 20 dB

#Peak | ——brian
s o
10 > T
L+ 1= I M S Vi LV N SN
ofist | 5 [ i Y
10.7
dB

Center 2.405 GHz Span 10 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.99 ms (1000 pts

Occupied Bandwidth Occ BW % Pwr  99.00 %
2.4019 MHz xdB  -26.00dB

Transmit Freq Error 42 937 kHz
¥ dB Bandwidth 4.224 MHz

OBW Channel frequency: 2405 MHz
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Ref 25 dBm Atten 25 dB
#Peak L i
Lo.g N"fr— IH"'\-A
0 b AW
T N NS
dBl o AN A W
ofst |~ | il
10.7
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 4747 MHz xdB -26.00dB
Transmit Freq Error 37.302 kHz
¥ dB Bandwidth 4281 MHz

OBW Channel frequency: 2440 MHz

Ref 19.7 dBm Atten 20 dB

#Peak

Log o

10 o R e

dB/ S AV N N

Offst [ =/ [ 7 i

10.7

dB

Center 2.475 GHz Span 10 MHz

#Res BW 100 kHz #ABW 300 kHz Sweep 4 ms (401 pts
Occupied Bandwidth Occ BW % Pwr 99.00 %

2 5369 MHZ xdB -26.00dB

Transmit Freq Error 37.901 kH=z
* dB Bandwidth 4 405 MHz

OBW Channel frequency: 2475 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 Subpart C

Peak

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 + Attenuation: 10.7dB (Included in the test results)

Test Result:

Value at Band Edge
Channel Frequency Band Edge Reference | Band Edge Value Limit
(MH2z) Frequency Level Value (dB) (dB)
(MHz) (dBm) (dBm)
2405 2400.00 12.73 -26.92 -39.65 -20.00
2475 2483.50 08.57 -44.72 -53.29 -20.00

Test Report No.: 19660034 001 Date: 30.09.2013 Page 19 of 29
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Mkr1 2.4050138 GHz
Ref 25 dBm Atten 25 dB 12.73 dBm
#Peak
Log o

10 P
P ] L — A

[ T
wor | A -

dB -

M1 52
53 FC

Center 2.405 GHz Span 2.5 MHz
#Res BW 100 kHz #UBW 300 kHz Sweep 9.99 ms (1000 pts)

Reference Level: 2405 MHz

Mkr1 2400000 GHz
Ref 20 dBm Atten 20 dB -26.92 dBm
#Peak

n 7T
= T
L/ |

=

=
ci:
e
e
——
|

L]
m os2f Y /
33 FC
AA
Center 2.405 GHz Span 15 MHz
#Res BW 100 kHz #VBW 300 kHz Sweep 9.99 ms (1000 pts)

Channel frequency: 2405 MHz
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Ref 20 dBm

Mkr1 2.4745966 GHz

Atten 20 dB 8.571 dBm

#Peak
Log

10
dB/

Offst
10.7

dB

M1 52
53 FC

Center 2.475 GHz
#Res BW 100 kHz

Span 2 MHz

#UBW 300 kHz Sweep 9.99 ms (1000 pts)

Reference Level: 2475 MHz

Ref 19.7 dBm

Mkr1 2.48350 GHz

Atten 20 dB -44.72 dBm

#Peak
Log

10
dB/

/T

Offst
10.7

dB

Y

Y\
uvv

b " .
mi s2[V VY
$3 FC

Center 2.475 GHz
#Res BUWW 100 kHz

Span 20 MHz

#VBW 300 kHz Sweep 4 ms (401 pts)

Channel frequency: 2475 MHz
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Conducted Spurious Emission

Mkr1 2.396 GHz

Ref 30 dBm Atten 30 dB 10.29 dBm
#Peak
Log T
10 3
dB/
Offst
10.7
dB
M‘ﬂfmmmwwwm%_h : IR R R

Start 30 MHz Stop 26 GHz
#Res BW 100 kHz #UBW 300 kHz  Sweep 2.691 s (1000 pts)

Marker Trace Type X Axis Amplitude

1 5 Freq 23968 GHz 10.29 dBm

Channel frequency: 2405 MHz

Mkr2 9.753 GHz

Ref 30 dBm Atten 30 dB -29.72 dBm
#Peak 1
Lo-g 3
10
dB/
Offst
10.7
dB ;
P ST et .._.L-..- ww - SRS [P WP Py
Start 30 MHz Stop 26 GHz
#Res BW 100 kHz #VBW 300 kHz  Sweep 2.691 s (1000 pts)
Marker Trace Type X Axis Amplitude
1 {1} Freq 2.448 GHz 17.78 dBm
2 4} Freq 9.753 GHz -23.72 dBm

Channel frequency: 2440 MHz

Test Report No.: 19660034 001 Date: 30.09.2013 Page 22 of 29
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Mkr1 2.474 GHz

Ref 30 dBm Atten 30 dB 6.871 dBm
#Peak
Log 3
10 >
dB/
Offst
10.7
dB
WWWMW i e ihpg = N W

Start 30 MHz Stop 26 GHz
#Res BW 100 kHz #VBW 300 kHz  Sweep 2.691 s (1000 pis)

Marker Trace Type X Axis Amplitude

1 {1} Freq 2.474 GHz 8.871 dBm

Channel frequency: 2475 MHz

Test Report No.: 19660034 001 Date: 30.09.2013

Page 23 of 29



A_ TUVRheinland®

www.tuv.com

Spurious Radiated Emissions and

Restricted Bands of Operation Section 15.209 and 15.205
Result 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) (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 Report No.: 19660034 001 Date: 30.09.2013

Page 24 of 29



A_ TUVRheinland®

www.tuv.com

Test result:
Emission below 1 GHz:

Worst case emissions observed are listed below.

Antenna FrE?nt;ggizynof Field Strength Limit Margin
Polarization (MH2) (dBuVv/m) (dBuVv/m) (dB)
143.00 21.45 43.50 -22.05
174.91 23.95 43.50 -19.55
Vertical
195.87 25.82 43.50 -17.68
237.87 32.36 46.00 -13.64
Horizontal 248.92 25.72 46.00 -20.28
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Emission above 1 GHz:

Fgredqine]ﬁr;;al Antgnn.a FrE?nL::;coynof Field Strength Limit Margin
(MH2) Polarization (MH2) (dBpv/m) (dBpv/m) (dB)
2390(Pk) 51.99 74.00 -22.01
2390(Av) 4571 54.00 -08.29
2405(Pk) 104.49 * -
Vertical 2405(Av) 101.04 * -
4810(PK) 54.56 74.00 -19.44
4810(Av) 45.87 54.00 -08.13
7215(Pk) 58.29 74.00 -15.71
2405 7215(Av) 44.54 54.00 -09.46
2390(Pk) 56.13 74.00 -17.87
2390(Av) 50.27 54.00 -03.73
2405(PkK) 110.81 * -
Horizontal 2405(Av) 107.45 * -
4810(Pk) 57.99 74.00 -16.01
4810(Av) 50.02 54.00 -03.98
7215(PkK) 57.36 74.00 -16.64
7215(Av) 45.82 54.00 -08.18
2440(Pk) 106.81 * -
2440(Av) 103.52 * -
. 4880(Pk) 54.77 74.00 -19.23
Vertical
4880(Av) 45.42 54.00 -08.58
7320(PK) 59.27 74.00 -14.73
2440 7320(Av) 45.44 54.00 -08.56
2440(PK) 117.37 * -
2440(Av) 114.01 * -
. 4880(Pk) 57.17 74.00 -16.83
Horizontal
4880(Av) 49.04 54.00 -04.96
7320(Pk) 58.93 74.00 -15.07
7320(Av) 47.00 54.00 -07.00
2475(PK) 97.22 * -
2475(Av) 93.78 * -
2483.5(Pk) 52.51 74.00 -21.49
. 2483.5(Av) 42.88 54.00 -11.12
Vertical
4950(Pk) 50.04 74.00 -23.96
4950(Av) 39.76 54.00 -14.24
7425(PK) .
No Harmonics found
0475 7425(Av)
2475(PK) 104.23 * -
2475(Av) 100.63 * -
2483.5(PK) 59.61 74.00 -14.39
2483.5(Av) 51.05 54.00 -02.95
4950(Pk) 52.49 74.00 -21.51
Horizontal 4950(Av) 41.05 54.00 1295
7425(Pk) No Harmonics found
7425(Av)

* - --> 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 : 120VAC,60Hz

Limit of section 15.207

Frequency of Emission QP Limit AV Limit
(MHz) (dBuv) (dBuv/m)
0.15-05 66 — 56* 56 — 46*
05-5 56 46
5-30 60 50

* Decreases with the logarithm of the frequency
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Test Result:

RBW

MT

A TUVRheinland®

S kHz Marker
20 ms

Att 10 dB AUTC FREAMP ON

1

[Tl ]

53.81 dBpv
198.000000000 kHz

1 MHz

10 MH=Z

dBuv a0
L0
1 PK
CLRWR }EC‘B OP
60
[cLRWR |
[Tece nve

30 u
W M’\Mp/
ARVIE Wk psbens, o .-
W
\"‘\]"\J ,/A/“/FF\”J’J \\
o I MAL ¥ st

10 e
0

150 kHz 30 MHz

EDIT FEAE LIST (Final Measurement Results)
Tracel: FCCB_QFP
Trace: FCCB_AVG
Trace3: -
TRACE FREQUENCY LEVEL dBuv CELTA LIMIT dB

1 Quasi Peak w 48.44 L1 -15.24

2 Average 198 kHz 36.06 L1 -17.62

1 puasi Peak 182 kHz 46.53 Ll -17.85

1 puasi Peak 286 kHz 42.03 Ll -18.60

1 Quasi Peak 394 kHz 38.20 L1 -19.77

2 Average 298 kHz 28.53 L1 -21.76

1 Quasi Feak 494 kHz 33.55 L1 —22.55

2 Average 406 kHz 24.53 L1 -23.19

1 Quasi Feak 474 kHz 30.30 L1 —26.13

2 Average 518 kHz 19.67 L1 -26.32

1 Quasi Peak 586 kHz 28.57 L1 —-27.42

2 Average $9.258 MH=z 1le.76 L1 -33.23

1 Quasi Peak 10.142 MH=z 23.71 L1 -36.28

Mode: Line

AC
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® REW 9 kHz Marker 1 [T1 ]
MT 20 ms 52.88 dBuv

Att 10 4B AUTO PREAMP ON 202.000000000 kHz

depv [ 1 MHz 10 MHz

1 PK

70
CLRWR 7?5;8 op
50
BS

AVG

UiY:

—

N- Ac

Mh W \Jr\/\lﬂ% L

0

=
-—

=

150 kHz 30 MH=z

EDIT PERK LIST (Final Measurement Results)

Tracel: FCCB_QPF

TraceZ: FCCB_AVG

Trace3: -

TRACE FREQUENCTY LEVEL dBuv DELTA LIMIT dB

1 Quasi Peak m 48.89 N -14.63
1 Quasi Peak 298 kHz 42.93 N -17.36
1 OQuasi Peak 390 kHz 37.67 ™ -20.39
1 guasi Peak 334 kHz 37.59 N -21.76
1 ©Quasi Peak 522 kHz 32.52 ™ -23.47
1 ¢uasi Peak 4836 kHz 32.56 N -23.67
2 Average 406 kHz 23.10 N -24.62
1 Quasi Peak 478 kHz 31.52 ™ -24.85
Z Average 202 kHz 28.61 N -24.91
2 Average 298 kH=z 25.10 N -25.19
2 Average 522 kHz 19.98 N -26.01
1 gQuasi Peak 446 kH=z 29.75 N -27.19

Mode: Neutral
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