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ATTESTATION OF TEST RESULTS

COMPANY NAME: CONTROL 4 CORP.
EUT DESCRIPTION: THERMOSTAT
MODEL.: C4-THERM

SERIAL NUMBER: 2010928

DATE TESTED: December 8 to 27, 2014

APPLICABLE STANDARDS

STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C Pass
INDUSTRY CANADA RSS-210 Issue 8 Annex 8 Pass
INDUSTRY CANADA RSS-GEN Issue 4 Pass

UL Verification Services Inc. tested the above equipment in accordance with the requirements
set forth in the above standards. All indications of Pass/Fail in this report are opinions
expressed by UL Verification Services Inc. based on interpretations and/or observations of test
results. Measurement Uncertainties were not taken into account and are published for
informational purposes only. The test results show that the equipment tested is capable of
demonstrating compliance with the requirements as documented in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL Verification Services Inc. and all revisions are duly
noted in the revisions section. Any alteration of this document not carried out by UL Verification
Services Inc. will constitute fraud and shall nullify the document. This report must not be used
by the client to claim product certification, approval, or endorsement by NVLAP, NIST, any
agency of the Federal Government, or any agency of any government.

Approved & Released For
UL Verification Services Inc. By: Tested By:

Porgs

PENG ZHANG CHARLES VERGONIO
PROJECT LEAD TEST ENGINEER
UL Verification Services Inc. UL Verification Services Inc.
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with ANSI C63.4-2009, FCC
CFR 47 Part 2, FCC CFR 47 Part 15, RSS-GEN Issue 4, and RSS-210 Issue 8.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 47173 and 47266
Benicia Street, Fremont, California, USA. Line conducted emissions are measured only at the
47173 address. The following table identifies which facilities were utilized for radiated emission
measurements documented in this report. Specific facilities are also identified in the test results
sections.

47173 Benicia Street 47266 Benicia Street
[ ] Chamber A(IC: 2324B-1) | [ | Chamber D(IC: 2324B-4)
X] Chamber B(IC: 2324B-2) | [ ] Chamber E(IC: 2324B-5)
[ ] Chamber C(IC: 2324B-3) | [ ] Chamber F(IC: 2324B-6)
[ ] Chamber G(IC: 2324B-7)
[] Chamber H(IC: 2324B-8)

UL Verification Services Inc. is accredited by NVLAP, Laboratory Code 200065-0. The full
scope of accreditation can be viewed at http://ts.nist.gov/standards/scopes/2000650.htm.

4. CALIBRATION AND UNCERTAINTY
4.1. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

Where relevant, the following sample calculation is provided:
Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) +
Cable Loss (dB) — Preamp Gain (dB)
36.5 dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m

4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests
erformed on the apparatus:

PARAMETER UNCERTAINTY
Conducted Disturbance, 0.15 to 30 MHz 3.52 dB
Radiated Disturbance, 30 to 26000 MHz 494 dB

Uncertainty figures are valid to a confidence level of 95%.
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5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The EUT is a residential-use wall-mount thermostat. The device has a 2.4 GHz Zigbee
transceiver. The EUT is powered by 24 V, 50/60 Hz, and has battery backup

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum peak conducted output power as follows:

Frequency Mode Output Power | Output Power
Range (dBm) (MW)
(MHz)

2405-2475 ZIGBEE 2.06 1.61

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes an FPCB antenna, with a maximum gain of 2.1 dBi.

5.4. WORST-CASE CONFIGURATION AND MODE

The worst-case data rate for each mode is determined to be as follows, based on input from the
manufacturer of the radio.

All final tests in the ZIGBEE mode were made at power setting 2.

For radiated emissions below 1 GHz the worst-case configuration is determined to be the mode
and channel with the highest output power.

The fundamental of the EUT was investigated in three orthogonal orientations X,Y,Z, it was

determined that Y orientation was worst-case orientation; therefore, all final radiated testing was
performed with the EUT in Y orientation.
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5.5.

SUPPORT EQUIPMENT

DESCRIPTION OF TEST SETUP

PERIPHERAL SUPPORT EQUIPMENT LIST

Description Manufacturer Model Serial Number
P_ower supply/HVAC Control 4 No M/N No S/N
simulator
Home Controller Control 4 C4-HC250-BL 1408090006
Remote control Control 4 C4-SR150RSK-B COLKA016131800033CHG
/O CABLES
I/O CABLE LIST
Cable Port # of Connector Cable Cable Remarks
No. Identical Type Type Length
Ports m
1 AC 1 2-prong Unshielded 1.6
AC 1 3-prong Unshielded 1.8
One 24 VAC cable and
two control cables.
Power and Terminal Control cables were
3 control 1 blocks Bundled 45 shielded but the shields
were not terminated at
either end.
Terminal .
4 Temp 2 block Unshielded 1
TEST SETUP

The EUT was operated according to instructions provided by the manufacturer and the display
monitored for the radio link and display functionality.
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SETUP DIAGRAM FOR TESTS

Power supply/HVAC
simulator

Sensors

Home controller

AL mains
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6. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this

report:
Test Equipment List
Description Manufacturer Model Asset Cal Due
Antenna, Biconolog, Sunol Sciences JB1 C01171 02/13/15
30MHz-1 GHz
Antenna, Horn, 18GHz EMCO 3115 C00783 10/25/15
Antenna, Horn, 25.5 GHz ARA MWH-1826/B | C00980 11/14/15
AFS42-
Amplifier, 1- 18GHz Miteq 00101800-25-S-| 1782153 6/23/2015
42
Preamplifier, 26.5 GHz Agilent / HP 84498 C01052 10/22/15
Spectrum Analyzer, 44 GHz Agilent / HP E4446A C01069 12/20/15
Peak Power Meter Agilent / HP E4416A C00963 12/13/15
Peak / Average Power Agilent / HP E9327A C00964 12/13/15
Sensor
LISN, 30 MHz FCC 50/250-25-2 C00626 01/14/15
Reject Filter, 2.4GHz Micro-Tronics BRM50702 N02684 CNR
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7. MEASUREMENT METHODS

KDB 558074 D01 DTS Meas Guidance v03r02: Measurement Procedure AVGPM-G is used for
power and AVGPSD-3 is used for power spectral density.

Unwanted emissions within Restricted Bands are measured using traditional radiated
procedures.

Band edge emissions within Restricted Bands are measured using RMS with duty cycle factor
offset method.
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8. SUMMARY

FCC Part RSS Test Description Test Limit Test Test Worst Case
Section Section(s) Condition Result

1(1')%;)7 RASBS;;)O Occupied Band width (6dB) >500KHz Pass 1.54MHz
21051 |pss.910 ag.5|B2Nd Edge / Conducted -20dBc Pass -34.2dBm
15.247 (d) Spurious Emission

Conducted

15.247 |RSS-210 A8.4|TX conducted output power <30dBm Pass 2.06dBm

15.247 |RSS-210 A8.2(PSD <8dBm Pass -7.45dBm
15.207 (a) |RSS-GEN 8.8 |\C Power Line conducted Section 10 Pass |35.13dBuV(PK)

emissions )
15.205 Radiated
15' 209’ RSS-GEN 8.9 [Radiated Spurious Emission < 54dBuVv/m Pass 52.51dBuV/m
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9. ANTENNA PORT TEST RESULTS
9.1. 6 dB BANDWIDTH

LIMITS

FCC §15.247 (a) (2)
IC RSS-210 A8.2 (a)

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

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The RBW is set to 100 kHz and the
VBW is set to 300 kHz. The sweep time is coupled.

RESULTS
Channel Frequency | 6dB Bandwidth | Minimum Limit
(MH2) (MH2) (MH2z)
Low 2405 1.8187 0.5
Middle 2440 1.8197 0.5
High 2475 1.8205 0.5
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MODEL: C4-THERM

6 dB BANDWIDTH PLOTS

LOW CHANNEL
i Agilent FE T |Freg/Channgl
A Mkrl 1818 7 MHz Contor F
enter Fred

Ref 10 dBm Atten 10 dB 0.02 dB
Pk 240500000 5Hz
Log
10 Start Freqg
dB/ P | 240250000 5Hz
Offst |
10.7
dB 3 — Stop Freq
DI 2. 40750000 5Hz
107 | A i
dBm CF Step

7 A00.000000 kHz
LgAv At Ilan|
M1 S2 Freq Offset
S3 FC 0.00000000 Hz

AR

aff): .
=50k Signal Track
Swp On off
Center 2.403 000 0 GHz Span 3 MHz
ZRes BW 100 kHz #VBW 300 kHz  Sweep 5461 ms (8192 pts)
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MODEL: C4-THERM

MID CHANNEL
i Agilent R T |Freg/Channel
A hkrl 1.818 7 MHz Contor F
enter Fred

Ref 10 dBm Atten 10 dB 0.16 dB
H#Paak 244000000 GHz
Log
10 Start Freq
dB/ P | 243750000 GHz
Offst |
10.7
dB ] — Stop Freg
DI 244250000 GHz
103 | SN L,
dBm CF Step

7 A00.000000 kHz
Lghv At Ian|
M1 s2 Freq Offset
53 FC 0.00000000 Hz

AA

aff): .
=50k Signal Track
Swp On off
Center 2.440 000 0 GHz Span 3 MHz
#Res BW 100 kHz #WVBW 200 kHz  Sweep 5461 ms (8192 pts)
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HIGH CHANNEL

i Agilent F T |Freg/Channel
A Mkl 1.820 5 MHz Contor F
enter Fred

Ref 10 dBm Atten 10 dB 0.04 dB
Pk 2. 47500000 5Hz
Log
10 Start Freqg
dB/ " 4 247250000 5Hz
Offst i A
10.7
dB 1 Stop Freq
DI 2. 47750000 5Hz
Mma | SN L)
dBm CF Step

] 500.000000 kHz
LgAv Auto Iar
M1 S2 Freq Offset
S3 FC 0.00000000 Hz

AR

aff): .
=50k Signal Track
Swp On Off
Center 2.473 000 0 GHz Span 3 MHz
#ZRes BW 100 kHz #VBW 300 kHz  Sweep 53.461 ms (8192 pts)
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LIMITS

None; for reporting purposes only.

TEST PROCEDURE

99% BANDWIDTH

Reference to KDB558074 D01 DTS Meas Guidance v03r02: The transmitter output is
connected to the spectrum analyzer. The RBW is set to 1% to 3% of the 99 % bandwidth and to
1% of the span. The VBW is set to 3 times the RBW. The sweep time is coupled. The spectrum
analyzer internal 99% bandwidth function is utilized.

RESULTS
Channel Frequency 99% Bandwidth
(MH2) (MH2)
Low 2402 2.3545
Middle 2440 2.3667
High 2480 2.3591
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99% BANDWIDTH PLOTS

LOW CHANNEL
e Agilent 18:22:12 Dec 10, 2014 R T |Freg/Channel
I . Il Center Freq
Ch Freq 2405 GHz Trig  Free 3 40500000 GHz
Occupied Bandwidth |,ﬂ.vemges: 100 I |
|| Start Freg
2. 40250000 5Hz
Ref 10 dBm Atten 10 dB
#Samp Stop Freg
Log e 2. 40750000 5Hz
-"] Yy . bl ARG LS s Bt §OF _6‘
dB/ > T < CF Step
ot [N Tl 500000000 k2
107 ROCCCTCTUUAT T [|Auto [GET
dB
Freq Offset
Center 2.405 000 0 GHz Span 5 MHz || H-00000000° Hz
#Res BW 30 kHz #VBW 91 kHz Sweep 16.93 ms (8192 pts)
i i Signal Track
Occupied Bandwidth Occ BYW % Pur 99.00 % |lon off
2 3545 MIHz ¥xdB  -2R.00 dB
Transmit Freq Errar 58.000 kHz
¥ dB Bandwidth 4.144 MHz*
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MID CHANNEL

- Agilent 18:24:25 Dec 10, 2014 R T |Freg/Channel
I , “ Center Freq
Ch Freg 244 GHz Trig  Free 3 44000000 GHz
Occupied Bandwidth |,ﬂ.vemges: 100 I |
|| Start Freg
243750000 5Hz
Ref 10 dBm Atten 10 dB
#Samp Stop Freg
Log o e 2. 442650000 5Hz
10 o miv [ i i
a8/ [t R T ABAINANER ), < CF Step
Offst | o400 [ (W T THES bt A00.000000 kHz
107 T T TR puta Marn)
dB
Freq Offset
Center 2.440 000 0 GHz Span 5 MHz || H-00000000° Hz
#Res BW 30 kHz #VBW 91 kHz Sweep 16.93 ms (8192 pts)
5 5 Signal Track
Occupied Bandwidth Occ BW % Pur 99.00 % |lon off
2 3667 MHz xdB 2600 dB
Transmit Freq Error BZ.616 kHz
¥ dB Bandwidth 4173 MHz*
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HIGH CHANNEL

i Agilent 18:27:14 Dec 10, 2014 R T |Freg/Channel
I . Il Center Freq
Ch Freq 2475 GHz Trig  Free 3 47500000 GHz
Occupied Bandwidth |,ﬂ.vemges: 100 I |
|| Start Freg
2. 47250000 5Hz
Ref 10 dBm Atten 10 dB
#Samp Stop Freg
Log [ o _ 2. 47750000 5Hz
10 PO hadind ol b b Lid 150 R rey
dB/ = Lt IS A VTR IR o R e WY - - Step
ot AR T || S M - 00000 kHz
o R 0 o | NS Wan
dB
Freq Offset
Center 2.475 000 0 GHz Span 5 MHz || H-00000000° Hz
#Res BW 30 kHz #VBW 91 kHz Sweep 16.93 ms (8192 pts)
; ; Signal Track
Occupied Bandwidth Occ BYW % Pur 99.00 % |lon off
2 3591 MHz ¥xdB  -2R.00 dB
Transmit Freq Errar B3.479 kHz
¥ dB Bandwidth 4.163 MHz*
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OUTPUT POWER

LIMITS

FCC §15.247 (b)
IC RSS-210 A8.4

The maximum antenna gain is less than or equal to 6 dBi, therefore the limit is 30 dBm.

TEST PROCEDURE

The transmitter output is connected to a power meter.

The cable assembly insertion loss of 10.2 dB (including 10 dB pad and 0.2 dB cable) was
entered as an offset in the power meter to allow for direct reading of power.

RESULTS
Limits
Channel |Frequency | Directional | FCC IC IC Max
Gain Power | Power EIRP |Power
Limit Limit Limit
(MHz) (dBi) (dBm) | (dBm) (dBm) | (dBm)
Low 2405 2.10 30.00 30 36 30.00
Mid 2440 2.10 30.00 30 36 30.00
High 2475 2.10 30.00 30 36 30.00
Results
Channel |Frequency| Chain O Total Power | Margin
Meas Corr'd Limit
Power Power
(MHz) (dBm) (dBm) | (dBm) (dB)
Low 2405 2.06 2.06 30.00 -27.94
Mid 2440 1.99 1.99 30.00 -28.01
High 2475 1.96 1.96 30.00 -28.04
Worst 2.06

Page 20 of 58

UL VERIFICATION SERVICES INC. FORM NO: CCSUP4701l
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000 FAX: (510) 661-0888
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.



REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

9.4. POWER SPECTRAL DENSITY

LIMITS

FCC §15.247 (e)
IC RSS-210 A8.2 (b)

The power spectral density conducted from the transmitter to the antenna shall not be greater
than 8 dBm in any 3 kHz band during any time interval of continuous transmission.

TEST PROCEDURE

Power Spectral Density was performed utilizing the “Method AVGPSD-3” under KDB558074
D01 DTS Meas Guidance v03r02

RESULTS
Channel | Frequency PSD Limit Margin
(MH2z) (dBm) (dBm) (dB)
Low 2405 -7.45 8 -15.45
Middle 2440 -7.79 8 -15.79
High 2475 -7.86 8 -15.86
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POWER SPECTRAL DENSITY PLOTS

LOW CHANNEL
wh o Agilent 19:15:43 Dec 10, 2014 FE T [|Freg/Channel
Mkr1 2.404 963 GHz Conter F
/ ) enter Fred
E::r;?i dBm Atten 30 (B 7.450 dBm 5 A0E00000 GHz
FAvVY
Log
10 Start Freg
dB/ 239500000 GHz
Offst
10.7
JdB ¢ Stop Freq
DI 241500000 GHz
8.0 T
dBm CF Step
2.00000000 MHz
PAvg At [GEN
100
M1 s2 Freq Offset
53 FC 0.00000000 Hz
AR
n{ﬂ: — 1] . L ]
FTun Signal Track
Swp On off
Center 2.405 000 GHz Span 20 MHz
ZRes BW 3 kHz #VBW 91 kH:z Sweep 67.18 ms {13500 pts)
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015

EUT: THERMOSTAT MODEL: C4-THERM
MID CHANNEL
i Agilent 19:18:49 Dec 10,2014 R T |Freg/Channel
Mkr1 2.440 170 GHz Contor F
4 5 enter Fred
E:L;H dBm Atten 30 dB 7.788 dBm 5 44000000 GHz
FAVY
Log
10 Start Freq
dB/ 243000000 GHz
Offst
10.7
dB " Stop Freg
DI 245000000 GHz
8.0 NN
dBm CF Step
2.00000000 kMHz
Phvyg - Auta lan|
100 1y
M1 s2 Freq Offset
53 FC i 0.00000000 Hz
AA
aff): I T | A i - _
FTun Signal Track
Swp On off
Center 2.440 000 GHz Span 20 MHz
#Res BW3 kHz #WBW 91 kHz Sweep 67.18 ms {13500 pts)
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015

EUT: THERMOSTAT

MODEL: C4-THERM

HIGH CHANNEL

b Agilent 19:22:00 Cec 10,2014 E T Freg/CChannel
Mkr1 2.474 637 GHz Center F
; enter Freq
Ref 24 dB Atten 30 (B -7.860 dB
P ;e = [ 247500000 GHz
7AvY
Log
10 Start Freq
dB/ 2. 46500000 5Hz
Offst
10.7
JdB o Stop Freg
DI 2.48500000 GHz
8.0 -
JdBm CF Step
2.00000000 kMHz
PAvg Auto Ian)
100
M1 S2 Freq Offset
S3 FC 0.00000000 Hz
AA
off): IR VT I Y P _
FTun Signal Track
Swp On off
Center 2.475 000 GHz Span 20 MHz
#Res BW3 kHz #WBW 91 kHz Sweep 67.18 ms (13500 pts)
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

9.5. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)
IC RSS-210 A8.5

Output power was measured based on the use of a average measurement, therefore the
required attenuation is 30 dB.

TEST PROCEDURE

The transmitter output is connected to a spectrum analyzer. The resolution bandwidth is set to
100 kHz. The video bandwidth is set to 300 kHz.

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels.
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015

MODEL: C4-THERM

RESULTS

SPURIOUS EMISSIONS, LOW CHANNEL

LOW CHANNEL BANDEDGE

# Agilent 18:58:16 Dec 10,2014 R T [Freg/Channel
Mkr1 2.400 000 0 GHz
Eef 10 dBm Atten 10 B 42.18 dBm 2_:%%35%65 rgeHg
ZPeak
Log
10 Start Freq
dB/ 2.39750000 GHz
Offst
10.7
dB Stop Freg
DI 2. 40250000 GHz
31.0
dBm CF Step
& £00.000000 kHz
LgAv Auto har
M1 S2 Freq Offset
83 FC 0.00000000 Hz
AA
aff: .
50k signal Track
Swp On Off
Center 2.400 000 0 GHz Span 5 MHz
#Res BW 100 kHz ZVBW 300 kHz  Sweep 1.067 ms (2001 pts)
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REPORT NO: 14U19506-E2E

EUT: THERMOSTAT

DATE: Jan 26, 2015

MODEL: C4-THERM

LOW CHANNEL SPURIOUS

s Agilenf 19:10:23 Dec 10, 2014 R T |Freg/Channel
Mkrd 1.874 GHz Cortor F
enter Freg
Ref 10 dB Atten 10 dB 51.30 dB
gl LA =M 13.0150000 GHz
ZPeak
Log
10 Start Freg
dB/ 30.0000000 MHz
Offst
10.7
dB : ¢ Stop Freg
oI Y 2F.0000000 GHz
31.0
dBm |— +- e - CF Step
2.59700000 GHz
LgAv Aurto Man|
Start 30 MHz Stop 26.000 GHz = Offset
#Res BW 100 kHz #VBW 300 kHz  Sweep 2.482 s (2001 pts) o oo
bl arher Trace Type X Pis Amplitude .
1 1) Freq 2406 GHz -2 54 dBm
z (1] Freq 4208 GHz 3550 dBm :
3 1) Freq 7211 &Hz 3983 dBm SIQHEH Track
4 1) Freq 1574 GHz -51.30 dBm On Off
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015

MODEL: C4-THERM

SPURIOUS EMISSIONS, MID CHANNEL

MID CHANNEL REFERENCE

% Agilent 18:56:45 Dec 10, 2014 R T |Freg/Channel
Mkr1 2.440 312 5 GHz Conter F
enter ~redg

Ref 10 dB Atten 10 dB -1.02 dB

ﬁe dBm en 10 ¢ dBm 2 44000000 G

#Peak

Log ~

10 . Start Freq

dB/ 243750000 5Hz

Offst

10.7

dB Stop Freg

DI 2. 442650000 5Hz

310 [/

dBm CF Step
7 A00.000000 kHz

LgAv Auto Iar

M1 S2 Freq Offset

53 FC 0.00000000 Hz

AR

s Signal Track

f=50k anal 1rac

Swp On off

Center 2.440 000 0 GHz Span 5 MHz

#Res BW 100 kHz ZVBW 300 kHz  Sweep 1.067 ms (2001 pts)

Page 28 of 58

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA

TEL: (510) 771-1000

FORM NO: CCSUP4701l

FAX: (510) 661-0888

This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.




REPORT NO: 14U19506-E2E

EUT: THERMOSTAT

DATE: Jan 26, 2015

MODEL: C4-THERM

MID CHANNEL SPURIOUS

f Agilenf 19:08:39 Dec 10, 2014 R T |Freg/Channel
Wit 1874 GHz |7
enter Freq
Ref 10 dB Atten 10 dB 51.63 dB
cheak —— == =l 13.0150000 GHz
Lﬂﬂ b
10 Start Freg
dB/ 30.0000000 MHz
Offst .
10.7
dB : < Stop Freg
o1 & 26.0000000 GHz
31.0
dBm - ; CF Step
259700000 GHz
LgAv Aurto Man|
Start 30 MHz Stop 26.000 GHz = Offset
#Res BW 100 kHz #VBW 300 kHz  Sweep 2.482 s (2001 pts) o oo
bl arher Trace Type X Pis Amplitude .
1 o Freq 2445 GHz -2.46 dBm
z 01 Frag 4873 GHz .34.82 dBm :
3 o Freq 7315 GHz -42 43 dBm Signal Track
q o Freq 1874 GHz 5162 dBm On Off
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015

MODEL: C4-THERM

SPURIOUS EMISSIONS, HIGH CHANNEL

HIGH CHANNEL BANDEDGE

% Agilent 19:00:42 Dec 10, 2014 R T |Freg/Channel
Mkr1 2.483 982 5 GHz Conter F
enter ~redg
Ref 10 dB Atten 10 dB 52.86 dB
Re dBm en 10 ¢ dBm 2 48350000 Gy
#Peak
Log
10 Start Freg
dB/ 2483100000 5Hz
Offst
10.7
dB Stop Freg
DI 248600000 5Hz
31.0
dBm CF Step
A00.000000 kHz
LgAv At Ilan|
M1 s2 C %
Freq Offset
53 FC 0.00000000 Hz
AR
s Signal Track
f=50k anal 1rac
Swp On off
Center 2.483 500 0 GHz Span 5 MHz
#Res BW 100 kHz ZVBW 300 kHz  Sweep 1.067 ms (2001 pts)
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015

MODEL: C4-THERM

HIGH CHANNEL SPURIOUS

s Agilent 19:05:13 Dec 10, 2014 R T |Freg/Channel
Mkrd 1.874 GHz Conter F
enter mredg
Bef 10 dBm . Atten 10 dB -21.92 dBm 13.0150000 GHa
#Peak
Log <
10 Start Freg
dB/ 30.0000000 MHz
Offst -
10.7
dB : < Stop Freqg
DI O 2R 0000000 GHz
310 [
dBm |MH—tpe— W N - CF Step
255700000 GHz
LgAv Aurto Man|
Start 30 MHz Stop 26.000 GHz = Offset
#Res BW 100 kHz #VBW 300 kHz  Sweep 2.482 s (2001 pts) o oo
bl arher Trace Type X Pis Amplitude .
1 1) Freq 2471 GHz -2.01 dBm
z i1 Freq 4051 GHz -34.20 dBm ;
= 1) Freq 7.431 GHz -42 .87 dBm Signal Track
4 1) Freq 1874 GHz -51.82 dBm On Off
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

10. RADIATED TEST RESULTS

10.1. LIMITS AND PROCEDURE

LIMITS

FCC 815.205 and 8§15.209
IC RSS-GEN Clause 8.9 (Transmitter)

IC RSS-GEN Clause 7 (Receiver)

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uvV/im)at3m (dBuV/m) at 3m
30 - 88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54

TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane. The antenna to
EUT distance is 3 meters. The EUT is configured in accordance with ANSI C63.4 - 2009. The
EUT is set to transmit in a continuous mode.

For measurements below 1 GHz the resolution bandwidth is set to 100 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements. Peak detection is used
unless otherwise noted as quasi-peak.

For measurements above 1 GHz the resolution bandwidth is set to 1 MHz, then the video
bandwidth is set to 1 MHz for peak measurements and add duty cycle factor for average
measurements. Duty cycle factor = 10 log (1/x). For this sample: DCF = 0dB(>98%)

The spectrum from 30 MHz to 26 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in the 2.4 GHz band.

The spectrum from 30 MHz to 40 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The

EUT is rotated through 360 degrees to maximize emissions received. The antenna is scanned

from 1 to 4 meters above the ground plane to further maximize the emission. Measurements are
made with the antenna polarized in both the vertical and the horizontal positions.
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

10.2. TRANSMITTER ABOVE 1 GHz
RESTRICTED BANDEDGE (LOW CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

12:UL Fremont,5m Chomber B 8 Dec 2814 B9:51:36
Restricted Bandedge
= Project Number: 14019506
" Client:Control 4
Config:EUT/ Power
Mode: 2485 Horizontal
185 Tested by:J. Hsu
A
95 f/ Yl
85 % \
:E\ Peak Limit (dBuU/m3 // \\
> 7? \
H /
: \
; AR
6!: \v
s5l..Averoge Limit (dBulym) .;\///v/ \{«\\/\‘N
MW Y "
ok M b b s b S ‘*‘\"w
4!: i ) f
3
pe i
35
2,31 8. 5MH=z/ 2.415
Frequency (GHz)
Range (6Hz) [E—T] W Avg Typ Sueep Pis #5ups/Mode  FPosition Ronge (GHz) Det  RBU VBl Avg Typ Sueep Pts  fSups/Made  Position
1:2.31-2.415 PEAK  TMC-6JB) M Pur Bvg(RNS) Auto/Cpled  8BBI  Inf/MAXH 74 degs 183 cn | 2:2.31-2.415 AUER  TH(-BdB) M Pur AvglRNS) Auto/Cpled  8EBT  188/TAVG 74 degs 183 om H
405 H.DAT 38815 27 Mar 2014 Rev 9.5 22 Jul 20814
HORIZONTAL DATA
Marker Frequen Meter Det AF T345 Amp/Cbl/ Correcte Average Margin Peak PK Azimuth Height Polarity
cy Reading (dB/m) Fltr/Pad d Limit (dB) Limit Margin (Degs) (cm)
(GHz2) (dBuV) (dB) Reading | (dBuVv/m) (dBuVv/m) (dB)
(dBuVv/m)
1 *2.39 41.93 PK 32.1 -22.7 51.33 - - 74 -22.67 74 103 H
2 *2.388 43.23 PK 32.1 -22.7 52.63 - - 74 -21.37 74 103 H
3 *2.39 32.4 RMS 32.1 -22.7 41.8 54 -12.2 - - 74 103 H
4 *2.39 32.62 RMS 32.1 -22.7 42.02 54 -11.98 - - 74 103 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK - Peak detector
RMS - RMS detection
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015
MODEL: C4-THERM

VERTICAL PEAK AND AVERAGE PLOT

12

_UL Fremont,5m Chamber B

8 Dec 2014 18:18:51

115

Restricted Bandedge

Project Number:14U19586
Client:Control 4
Config:EUT/ Power

Mode: 2485 Uertical

185 Tested by:J. Hsu
95 ]
Jr‘
8!: ‘ \
N Peak Limjt CdBuU/m) |
> 7l:
@
k] / \
65 R\
b
r \,
sel...Average Limit CdBuU/m) o a M
i R A " it PPNV ORI N (PR W WP TAORE RO o ok -‘“‘“"‘M
45
e
35
2.31 18 .5MH=/ 2.415
Frequency (GHz)
Range (6Hz) Dt REl VB fAvg Typ Sueep Pt #Sups/Mode  Position Range (GHz) Det  RBY VB fvg Typ Sueep Pte #Sups/Made  Position
317241 K 6 P R It : I XH 2 it
Low Chonnel Bondedge Method AD - Uertical .TST 38815 27 Mor 2014 Rev 9.5 22 Jul 2814
VERTICAL DATA
Marker Frequen Meter Det AF T345 Amp/Cbl/ Correcte Average Margin Peak PK Azimuth Height Polarity
cy Reading (dB/m) Fltr/Pad d Limit (dB) Limit Margin (Degs) (cm)
(GHz) (dBuv) (dB) Reading (dBuV/m) (dBuVv/m) dB)
(dBuVv/m)
1 *2.39 40.68 PK 32.1 -22.7 50.08 - - 74 -23.92 132 356 \
2 *2.384 42.82 PK 32.1 -22.7 52.22 - - 74 -21.78 132 356 \
3 *2.39 31.44 RMS 32.1 -22.7 40.84 54 -13.16 - - 132 356 \
4 *2.389 32.33 RMS 32.1 -22.7 41.73 54 -12.27 - - 132 356 \

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK - Peak detector
RMS - RMS detection
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

AUTHORIZED BANDEDGE (HIGH CHANNEL)

HORIZONTAL PEAK AND AVERAGE PLOT

12:UL Fremont,5m Chomber B 8 Dec 2814 18:26:46
Restricted Bandedge
s Er“gJect Number: 140195086
ient:Control 4
Config:EUT/ Power
Mode:2475 Horizontal
185 Tested by:J. Heu
91: /;:\\\
|
% \
85 i
E / Peak mit CdBul/mJ
3 75 Y
[an}
3 7N
65 / N\
55 j/ \\'\éq‘“jver‘ogf Limit CdBul/m)
MN/“I \‘\&MM“¢ | PR oAbl RPN NIRRT
4KM WM
35
2.46 8. 3MH=z/ 2.563
Frequency (GHz)
Range (GHz) Det RO B Avg Typ Sueep Pls #5ups/Mode  Position Range (GHz) Det  RBU VB Avg Typ Sueep Pts  fsups/Made  Position
1:2.46-2.563 PEAK  IMC-60B) M Pur Bvg(RMS) Auto/Cpled  8BBI  Inf/MAXH B6 degs 185 cn | 2:2.46-2.563 AUER  TM(-6dB) M Pur AvglRNS) huto/Cpled 8881 188/TAVG 66 degs 185 om H
High Channel Bandedge Method AD - Horizontaol .TST 38815 27 Mar 2814 Rev 9.5 22 Jul 2814
HORIZONTAL DATA
Marker Frequen Meter Det AF T345 Amp/Cbl/ Correcte Average Margin Peak PK Azimuth Height Polarity
cy Reading (dB/m) Fltr/Pad d Limit (dB) Limit Margin (Degs) (cm)
(GHz) (dBuV) (dB) Reading (dBuVv/m) (dBuV/m) (dB)
(dBuVv/m)
1 *2.484 47.48 PK 32.4 -22.6 57.28 - - 74 -16.72 66 185 H
2 *2.484 47.67 PK 32.4 -22.6 57.47 - - 74 -16.53 66 185 H
3 *2.484 37.83 RMS 324 -22.6 47.63 54 -6.37 - - 66 185 H
4 *2.484 38.08 RMS 32.4 -22.6 47.88 54 -6.12 - - 66 185 H

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK - Peak detector
RMS - RMS detection
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

VERTICAL PEAK AND AVERAGE PLOT

12:UL Fremont,5m Chomber B 8 Dec 2814 18:34:63
Restricted Bandedge
= Project Number:14U19586
t Client:Control 4
Config:EUT/ Power
Mode:2475 Uertical
185 ! Tested by:J. Heu
}
‘\
95 I
35
- |
< / Peak Limit (dBuU/ind
375
@ p N
o
- / \
65 #
8 \
- "‘/w/ i v\ékﬁ‘:‘er‘gge Limit CdBulU/m)
™ g o s i STV TP 90 MPRORPTRRVRY o ali ko FRVRTUMTIR EIAORT NI
455
35
2.46 8. 3MH=z/ 2.563
Frequency (GHz)
Range (GH) Det R [ Tgr Sueep Ple a‘SWMaﬁs ”ﬁnsman‘ Range (GHz) Det  RBW VB Avg Typ Sueep Pte #Sups/Mode  Position
High Channel Bandedge Method AD - Vertical (TST 38915 27 Mar 20814 Rev 9.5 22 Jul 2814
VERTICAL DATA
Marker Frequen Meter Det AF T345 Amp/Cbl/ Correcte Average Margin Peak PK Azimuth Height Polarity
cy Reading (dB/m) Fltr/Pad d Limit dB) Limit Margin (Degs) (cm)
(GHz) (dBuV) (dB) Reading (dBuVv/m) (dBuV/m) (dB)
(dBuVv/m)
1 *2.484 47.61 PK 32.4 -22.6 57.41 - - 74 -16.59 118 334 \
2 *2.484 47.98 PK 32.4 -22.6 57.78 - - 74 -16.22 118 334 \
3 *2.484 38.45 RMS 324 -22.6 48.25 54 -5.75 - - 118 334 \
4 *2.484 38.76 RMS 32.4 -22.6 48.56 54 -5.44 - - 118 334 \
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK - Peak detector
RMS - RMS detection
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL HORIZONTAL

| ‘EUL Fremont - Chomber E 9 Dec 2014 f1:54:15
Radiated Emissions 3-Meters
185 Project Number:14U19586
Client:Contral 4
Config EUT/ Pauer Supply
Mode ' HARM 2485
g5 Tested by!J. Hsau
a5
Peak Limit CdBul/m)
75
e
3 5
3 6
I
o
~ Avg Limit CdBuls/m2 1 4
55 0
2
45 o S
WM“ R
35 I L o W‘W“
o5
1 18 18
Freouency (GHz)
Fange (6H2) et REH UBH vy Tap Sweep Pl Poupelfode  Label Range D) ] TR Sweeg Fts  Towpefode  Lobel
1:0-3 FERK  MU-GdB) 3k Fur Aug(RMS)  Autortpled BAB1  Inf/MH  Horizomtal 3318 PERK HU-GdE) 30k Pur g5 futorCpled 1Bk Ini/MREH  Harizontal
HARM 2485 2.DAT 36915 7 Jul 2814 Rev 9.5 22 Jul z2@14

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor
which was at least 20dB below the specification limit.
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REPORT NO: 14U19506-E2E

EUT: THERMOSTAT

DATE: Jan 26, 2015
MODEL: C4-THERM

LOW CHANNEL VERTICAL

|

UL Fremont - Chamber E

9 Dec 2814 11:54:15

185

Project Numker:14U19586

slad}

Client:Contral 4
Config:EUT/ Power Supply
Mode :HARM 2485

g5

a5

Tosted by!J. Hou

Radiated Emissions 3-Meters

75

Peak Limit C(dBuU/m)

65

CaBull/m2

55

Avg Limit CdBul/ml

45

ala)

35

o5

Frequency (GHz)

Range (6Hz) Det. RE UEW

i

uesp

Fic  Foupe/liode

Tabel Fange (@2 [ B g Ty Sucep

Pt H5uperHode Lobel

HARM_2465_2.DAT 30915 7 Jul Z@14

Rev 9.5 22 Jul 2014

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor
which was at least 20dB below the specification limit.

Page 38 of 58

UL VERIFICATION SERVICES INC.
47173 BENICIA STREET, FREMONT, CA 94538, USA TEL: (510) 771-1000
This report shall not be reproduced except in full, without the written approval of UL Verification Services Inc.

FORM NO: CCSUP4701l
FAX: (510) 661-0888




REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015

MODEL: C4-THERM

LOW CHANNEL DATA

TRACE MARKERS
Marker Frequenc Meter Det AF T345 Amp/Cbl/ Correcte Avg Limit Margin Peak PK Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad d (dBuVv/m) (dB) Limit Margin (Degs) (cm)
(GHz) (dBuV) (dB) Reading (dBuVv/m) (dB)
(dBuVv/m)
7 2.405 94.15 PK 32.2 -22.7 103.65 - - - - 0-360 200 H
8 2.406 91.09 PK 32.2 -22.7 100.59 - - - - 0-360 200 Vv
1 4.809 51.51 PK 34.2 -29.7 56.01 - - 74 -17.99 0-360 101 H
4 7.213 46.85 PK 35.5 -27.4 54.95 - - - - 0-360 199 H
5 12.028 32.15 PK 38.7 -22.2 48.65 - - 74 -25.35 0-360 199 H
2 4.809 47.3 PK 34.2 -29.7 51.8 - - 74 -22.2 0-360 101 Vv
3 7.213 47.55 PK 35.5 -27.4 55.65 - - - - 0-360 101 Vv
6 12.023 33.06 PK 38.7 -22.2 49.56 - - 74 -24.44 0-360 199 \4
PK - Peak detector
Radiated Emissions
Frequenc Meter Det AF T345 Amp/Cbl/ Correcte protocol- Avg Limit Margin Peak PK Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad d based DC (dBuVv/m) (dB) Limit Margin (Degs) (cm)
(GHz) (dBuVv) (dB) Reading factor (dBuV/m) (dB)
(dBuV/m)
4.809 55.51 PK2 34.2 -29.7 60.01 - - 74 -13.99 357 107 H
4.809 55.51 PK2 34.2 -29.7 52.51 -7.5 54 -1.49 - -
7.424 47.31 PK2 35.6 -27.2 55.71 - - 74 -18.29 222 110 \
7.424 47.31 PK2 35.6 -27.2 48.21 -7.5 54 -5.79 - -

PK2 - KDB558074 Method: Maximum Peak
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

MID CHANNEL HORIZONTAL

| 1:UL Fremont,5m Chomber B 9 Dec 2814 13:18:56
Rodioted Emissions 3-Meters
= Project Number: 14U19586
18 Client:Control 4
Config:EUT/ Power Supply
Mode:HARM 2448
95 Tested by:J. Hsu
SC
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
[an}
o
~ Avg Limit (dBuU/m) 1
5|:
7
q
5
4: . Lk ek Q NIRRT I b st
bbbt
MWM PRV
m s
35 TR e it
b B
o5
1 18 18
Frequency (GHz)
Ronge (6Hz) Dot ROl VB fvg Typ Sasep Plo #oups/fods  Fosition Range (GHiz) Dot W VB fvg Typ Sneep Pts Fups/Mads  Fosition
13 PEFK IMG-68) 3k Pur Avg(RS)  Auto/Cpled  60BI  Inf/MXH  B-36Bdegs H | 3:3-18 PR 1H(-68) 3k Pur Avg(RNS)  Auto/Cpled 18k  Inf/MAXH  B-3Bdegs H
FCC Part!5 Subport C 2488MHz Spurious Emissions with Average Scon.TST 308915 7 Jul 2814 Rev 9.5 22 Jul 20814

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor
which was at least 20dB below the specification limit.
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015
MODEL: C4-THERM

MID CHANNEL VERTICAL

UL Fremont, 5m Choamber B

9 Dec 2014 13:18:56

"5 —_— - e -
Rodioted Emissions 3-Meters
= Project Number: 14U19586
18 Client:Control 4
Config:EUT/ Power Supply
Mode:HARM 2448
95 Tested by:J. Hsu
35
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
@
T
~ Avg Limit (dBuU/m)
55
@ o
6
45 D N
L OSSNSO A ORIy " VL GVNY . of P e
25
1 18 18
Frequency (GHz)
Ronge (6Hz) Dot RO VB fvg Typ Sasep Pls #oups/fods  Fosition Range (GHiz) Dot W VB fvg Typ Sneep Pts Fups/Mads  Fosition

FCC Part!S Subpart C 248@MHz Spurious Emissions with Averoge Scon.TST 308915 7 Jul 2014

Rev 9.5 22 Jul 2814

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor
which was at least 20dB below the specification limit.
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REPORT NO: 14U19506-E2E

EUT: THERMOSTAT

DATE: Jan 26, 2015
MODEL: C4-THERM

Trace Markers

MID CHANNEL DATA

Marker Frequenc Meter Det AF T345 Amp/Cbl/ Correcte Avg Limit Margin Peak PK Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad d (dBuVv/m) (dB) Limit Margin (Degs) (cm)
(GHz) (dBuV) (dB) Reading (dBuVv/m) (dB)
(dBuVv/m)

1 *4.881 52.12 PK 34.2 -30.7 55.62 - 74 -18.38 0-360 101 H

4 *7.318 43.87 PK 35.6 -28.4 51.07 - - 74 -22.93 0-360 101 H

5 *12.198 29.7 PK 38.9 -22.4 46.2 - - 74 -27.8 0-360 199 H

2 *4.881 49.85 PK 34.2 -30.7 53.35 - - 74 -20.65 0-360 101 \4

3 *7.321 45.48 PK 35.6 -28.4 52.68 - - 74 -21.32 0-360 101 Vv

6 *12.198 30.44 PK 38.9 -22.4 46.94 - - 74 -27.06 0-360 101 Vv
* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK - Peak detector
Radiated Emissions
Frequenc Meter Det AF T345 Amp/Cbl/ Correcte protocol- Avg Limit Margin Peak PK Azimuth Height Polarity

y Reading (dB/m) Fltr/Pad d based DC (dBuVv/m) (dB) Limit Margin (Degs) (cm)
(GHz) (dBuv) (dB) Reading factor (dBuVv/m) (dB)
(dBuV/m)

*4.879 53.73 PK2 34.2 -30.8 57.13 - - 74 -16.87 123 101 H
*4.879 53.73 PK2 34.2 -30.8 49.63 -7.5 54 -4.37
*7.322 50.79 PK2 35.6 -28.4 57.99 - - 74 -16.01 224 108 \
*7.322 50.79 PK2 35.6 -28.4 50.49 -7.5 54 -3.51

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK2 - KDB558074 Method: Maximum Peak
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

HIGH CHANNEL HORIZONTAL

| 1:UL Fremont,5m Chomber B 9 Dec 2814 13:43:41
Rodioted Emissions 3-Meters
185 Fr?\ject Number: 14019586
Client:Control 4
Config EUT/ Power Supply
Mode:HARM 2475
95 Tested by:J. Hsu
35
Peak Limit (dBulU/m)
75
‘e
3 5
3 6
@
T
~ Avg Limit (dBulU/m) 1
55 g
4
q "
45 " o T
i S
i
35 L MT M .
T W
o5
1 18 18
Frequency (GHz)
Ronge (6Hz) Dot ROl VB fvg Typ Sasep Plo #oups/fods  Fosition Range (GHiz) Dot W VB fvg Typ Sneep Pts Fups/Mads  Fosition
13 PEFK IMG-68) 3k Pur Avg(RS)  Auto/Cpled  60BI  Inf/MXH  B-36Bdegs H | 3:3-18 PR 1H(-68) 3k Pur Avg(RNS)  Auto/Cpled 18k  Inf/MAXH  B-3Bdegs H
FCC Part!5 Subport C 2488MHz Spurious Emissions with Average Scon.TST 308915 7 Jul 2814 Rev 9.5 22 Jul 20814

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor
which was at least 20dB below the specification limit.
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

HIGH CHANNEL VERTICAL

| 15UL Fremont,5m Chomber B 9 Dec 2814 13:43:41
Rodioted Emissions 3-Meters
= Project Number: 14U19586
18 Client:Control 4
Config:EUT/ Power Supply
Mode:HARM 2475
95 Tested by:J. Hsu
35
Peak Limit C(dBulU/m)
75
‘e
3 5
3 6
@
T
~ Avg Limit (dBuU/m) 2
55
3
o
45 \ & W
35 R
25
1 18 18
Frequency (GHz)
Ronge (6Hz) Dot RO VB fvg Typ Sasep Pls #oups/fods  Fosition Range (GHiz) Dot W VB fvg Typ Sneep Pts Fups/Mads  Fosition
FCC Part!5 Subport C 2488MHz Spurious Emissions with Average Scon.TST 308915 7 Jul 2814 Rev 9.5 22 Jul 20814

Note: Emission was scanned up to 26GHz; No emissions were detected above the noise floor
which was at least 20dB below the specification limit.
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

HIGH CHANNEL DATA
Trace Markers

Marker Frequenc Meter Det AF T345 Amp/Cbl/ Correcte Avg Limit Margin Peak PK Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad d (dBuVv/m) (dB) Limit Margin (Degs) (cm)
(GHz) (dBuV) (dB) Reading (dBuVv/m) dB)
(dBuVv/m)
1 *4.949 53.3 PK 34.2 -30.8 56.7 - - 74 -17.3 0-360 101 H
4 *7.426 40.65 PK 35.6 -27.1 49.15 - - 74 -24.85 0-360 101 H
5 *9.01 29.72 PK 36.2 -24.3 41.62 - - 74 -32.38 0-360 200 H
2 *4.949 52.58 PK 34.2 -30.8 55.98 - - 74 -18.02 0-360 200 Vv
3 *7.423 42.39 PK 35.6 -27.3 50.69 - - 74 -23.31 0-360 101 Vv
6 *12.373 28.22 PK 39 -22 45.22 - - 74 -28.78 0-360 101 \4

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK - Peak detector

Radiated Emissions

Frequenc Meter Det AF T345 Amp/Cbl/ Correcte protocol- Avg Limit Margin Peak PK Azimuth Height Polarity
y Reading (dB/m) Fltr/Pad d based DC (dBuVv/m) (dB) Limit Margin (Degs) (cm)
(GHz) (dBuv) (dB) Reading factor (dBuV/m) (dB)
(dBuV/m)

* 4,951 56.11 PK2 34.2 -30.7 59.61 - - 74 -14.39 122 129 H
*4.951 56.11 PK2 34.2 -30.7 52.11 -7.5 54 -1.89

*7.424 47.31 PK2 35.6 -27.2 55.71 - - 74 -18.29 222 110 \Y
*7.424 47.31 PK2 35.6 -27.2 48.21 -7.5 54 -5.79

* - indicates frequency in CFR15.205/IC7.2.2 Restricted Band
PK2 - KDB558074 Method: Maximum Peak
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015
MODEL: C4-THERM

10.4. WORST-CASE BELOW 1 GHz

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)

HORIZONTAL PLOT

9:UL Fremont,5m Chamber A

22 Dec 2814 19:45:24

Project Number: 14U19586

Rodioted Emissions - 3 Meters

85 Client:Control 4
Config:EUT only
Mode:Zigbee 244D
75 Tested byil. Lara
6:
55
45 (
PR Eimir e Tdedlus7ml

(dBulU/m2

RN P

.y

‘?[

iy
l& [}
W ol L

FAVAARESVA N
ol th mA..mw.l Al

J1

36 1668

Frequency (MHz)

1860

Range (MHz)
1 SBfZEB

ety RO VB fivg Typ Sucen Pis Houps/Mode  Position Ronge (Hz) Dot RBW VB0 fvg Tup Sucep
FERK 120k(-6) N Log-Purllides) D01tz 4001 oM O-Jebdegs H | 3:200-1080 PEK  120k(-6B) I Log-Purllides) BBIo/MHz

Pts  ESups/Made Position
8301 Inf/MAXH  B-36Bdegs H

FCC Part 15 Subpart C 36-1888MHz. TST 38915 15 Jul 2814

Rev 9.5 22 Jul 2814
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

VERTICAL PLOT

9:UL Fremont,5m Choamber A 22 Dec 2814 19:45:24
Rodioted Emissions - 3 Meters
= Project Number: 14U19586
3 ClientiContral 4
Config ET anly
Mode:Zighee 2440
75 Tested byiL. Lara
Y
6|:
55
,_E‘ ’_
~
> 4|: T
5 (€ e S| W1V P!
e |
° 3
35 e 4
A" M\« f\.\wu.\‘
{ Wil N
25 A y ‘\_\ A f‘q" 1 Avil.
Y W i v
o S W\ W
. W g
5
38 188 18808
Frequency (MHz)
Range () Tt R VB v Tgp Seeen Pio Aoups/fods  Pasition Range ) Dot R VB g Tep Sueep Pio  Foups/Mods  Position
2:30-200 PERK  12Bk(-6®) 1N Log-PurlVid @io/Hz BB InPMAXH  B-3Odege U | 4:200-1600 PEAK  120k(-6B) 1N LogfurCUideo) BBIs/MHz  83B1  InP/WAXH  G-366de
FCC Port 15 Subpart C 38-1888MHz. TST 38915 15 Jul 2814 Rev 9.5 22 Jul 2814
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REPORT NO: 14U19506-E2E
EUT: THERMOSTAT

DATE: Jan 26, 2015
MODEL: C4-THERM

BELOW 1 GHz TABLE

Trace Markers

Marker Frequenc Meter Det AF T130 Amp/Cbl Correcte QPk Limit Margin Azimuth Height Polarity
y Reading (dB/m) (dB/m) d (dBuV/m) (dB) (Degs) (cm)

(MHz) (dBuVv) Reading

(dBuVv/m)
3 46.405 57.51 PK 9.8 -31 36.31 40 -3.69 0-360 101 Vv
4 68.08 56.68 PK 8.1 -30.8 33.98 40 -6.02 0-360 101 Vv
1 153.0375 51.37 PK 12.4 -30.2 33.57 43.52 -9.95 0-360 200 H
2 185.89 52.91 PK 11.4 -30 34.31 43.52 -9.21 0-360 101 H
5 2315 51.02 PK 11.1 -29.8 32.32 46.02 -13.7 0-360 101 H
7 415.2 32.75 PK 15.8 -29.1 19.45 46.02 -26.57 0-360 101 \
6 445.3 34.2 PK 16.5 -28.9 21.8 46.02 -24.22 0-360 101 H
8 885.7 30.41 PK 22.2 -27.4 25.21 46.02 -20.81 0-360 101 Vv

PK - Peak detector
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

11. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen Issue 4 8.8

Fregueney of Emission (MHz) Conducted Limit (dBuV)
Quasi-peak Average
0.15-0.5 B tor 56 560 to 46
0.5-5 56 46
5-30 G0 S0

" Decreases with the logarithm of the frequency.

TEST PROCEDURE

ANSI C63.4 - 2009
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

RESULTS

6 WORST EMISSIONS

LINE 1 PLOT

UL Fremont, CA CE Room 11 Dec 2814 15:24.: 38
; ; N T N O I Conducted RFI Uaoltage

Project MNo:14U195656

Client Nome:Cantrol 4

Mode | /Device:AC

Test Uolt/Freq: |2ZBUAC/EBHz
Test By:D.Vu

95

Line-L1 dBul

.l:
Frequency L[MH=]

Ronge [MHz] Det  REUCHz] UBWCHz]  Sueep Label Ronge [MHz] Det  REWCHZ) UBWIHE]  Sueep Label
1:.15-38 PR Gl n‘a Ae/d Bz Line-L1

File: AC.DAT

LINE 1 RESULTS
Line-L1 .15 - 30MHz

Meter Corrected . CISPR 22 .
varker | PR | Reading | o | TR | TGS | Readng | GRGe | Umiem | OsE | Unils)

1 .2715 13 PK .6 0 13.6 61.1 -47.5 - -
2 .2715 2.13 Av .6 0 2.73 - - 51.1 -48.37
3 .645 12.49 PK .3 0 12.79 56 -43.21 - -
4 .645 3.2 Av 3 0 3.5 - - 46 -42.5
5 6.7785 34.83 PK 2 1 35.13 60 -24.87 - -
6 6.7785 32.9 Av 2 1 33.2 - - 50 -16.8
7 19.32 31.22 PK 3 .2 31.72 60 -28.28 - -
8 19.32 23.38 Av .3 .2 23.88 - - 50 -26.12

PK - Peak detector
Av - average detection
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015

EUT: THERMOSTAT MODEL: C4-THERM
LINE 2 PLOT
g5 UL Fremont, CA CE Room 11 Dec 2814 15:24: 38
: : T I Conducted RFI UVaoltage
Project Mo 14U193386
Client MName:Control 4
Mode | “Device:AC
Test Unlt/Freq: 1 20UAC/BBHz
Test By:D.Uu
=
]
o
T
ol
2
b
C
=
j Ii Pl JL ’
Frequency L[MH=]
Ronge CHHz] Det RBUCHzI UBWCHzZ]  Sweep Label Ronge [MHz] Det RBUCHZ] UBWIHzZ]  Sweep Label
1:.15-38 FE/B Ok nfa Aefd BkHz Line-L1
File: AC.DAT
LINE 2 RESULTS
Line-L2 .15 - 30MHz
Meter Corrected . CISPR 22 .
Frequency N T24 1L L2 LC Cables : CISPR 22 Margin to Margin to
Marker (MH2) R(sgi'\r;? Det (dB) 283 (dB) Reading ClassBQP | Limit (dB) C':\SIZ B Limit (dB)
9 2715 12.49 PK N4 0 13.19 61.1 -47.91 - -
10 2715 2.23 Av N4 0 2.93 - - 51.1 -48.17
11 6.0585 17.45 PK 2 1 17.75 60 -42.25 - -
12 6.0585 -2.73 Av .2 1 -2.43 - - 50 -52.43
13 26.3985 32.11 PK .3 .3 32.71 60 -27.29 - -
14 26.3985 20.34 Av .3 .3 20.94 - - 50 -29.06

PK - Peak detector
Av - average detection
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REPORT NO: 14U19506-E2E DATE: Jan 26, 2015
EUT: THERMOSTAT MODEL: C4-THERM

12. APPENDIX TRANSMITTER DUTY CYCLE CALCULATIONS

IEEE 802.15.4-2003 2.4 GHz PHY Consianis

Data Rate 250000 hits / sec
31250 bytes / sec
Symbolsibytie 2 sym [ bytes
Symbol Timing 62500 sym [ sec
0.000016  sec/sym
Byte Timing 0000032 sec/byte
PHY PSDU 3] bytes 4 Pramble, SPD, Length
Max Length 127 byles
Total Packet Length 133 bytes
Maximum Time TX PKT 0.004256  sec

Long Frame Scenario:

1) TX Frame Assume Frame is Data Frame
2) Wait for ACK

3) RX ACK

4) CPU Processing of ACK

5) Wait for Backoff

6) Repeat 1)

MAC-Level Calculation [LIFS)

Long InterFrame Spacing (Slotted w/ ACK)

Long Frame 127 byies
Data Frame Payload 102 bytes
ACK Frame bi] byles
tack 12 sym
LIFS 40 Sym
Backoff Period 20 Sym
Maximum Backoif 31 Random between 0 and 31
Backoff Required 2

Backofi Time 300 sym Average at 15
Transmit Time

TX Time {Packet) 0.004256

Total TX Time (sec) 0.004256

NOT Transmit time (RX or ldle)

Wait for ACK (tack) 0.000192

RX Time (ACK) 0.000352

Backoff Time {tho) 0.0048

CPU Processing (tcpu) 0.0002

CCA Assessment (tcca) 0.000128

Tum Around Time (RX to TX) 0.000192

Total Off Time (sec) 0.005364
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