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Measurement of RF Emissions from a Plano RF module Transmitter

1. INTRODUCTION

1.1. Scope of Tests

This report presents the results of the RF emissions measurements performed on a Plano RF module, Model
No. DX9 (hereinafter referred to as the Equipment Under Test (EUT)). The EUT was designed to transmit in
the 2400-2483.5 MHz band using an internal antenna. The EUT was manufactured and submitted for testing
by Horizon Hobby located in Champaign, IL.

The EUT was originally tested in July 2018. Since it was last tested, the EUT has been modified to include a
change in hardware. These tests were performed to determine if the changes will affect the compliance.

The original test results were presented in Elite Electronic Engineering Test Report No. 1801061-01A.

1.2. Purpose

The test series was performed to determine if the EUT meets the Class Il Permissive Change requirements of
the FCC “Code of Federal Regulations” Title 47, Part 2, Subpart J, Section 2.1043(b)(2) and the Class Il
Permissive Change requirements of the Innovation, Science, and Economic Development Canada RSP-100,
Section 7.3.

Testing was performed to the requirements of the FCC "Code of Federal Regulations" Title 47, Part 15,
Subpart C, Section 15.231 for Intentional Radiators, Innovation, Science, and Economic Development Canada
RSS-210, Annex A, and ANSI C63.4-2014.

1.3. Deviations, Additions and Exclusions
There were no deviations, additions to, or exclusions from the test specification during this test series.

1.4. EMC Laboratory Identification
This series of tests was performed by Elite Electronic Engineering Incorporated of Downers Grove, lllinois. The

laboratory is accredited by The American Association for Laboratory Accreditation (A2LA). A2LA Certificate
Number: 1786.01.

1.5. Laboratory Conditions
The temperature at the time of the test was 21°C and the relative humidity was 16%.

2. APPLICABLE DOCUMENTS

The following documents of the exact issue designated form part of this document to the extent specified
herein:
- Federal Communications Commission "Code of Federal Regulations", Title 47, Part 15, Subpart
C, dated 1 October 2016

- ANSI C63.4-2014, "American National Standard for Methods of Measurement of Radio-Noise
Emissions from Low-Voltage Electrical and Electronic Equipment in the Range of 9 kHz to 40
GHZz"

- Federal Communications Commission Office of Engineering and Technology Laboratory Division
Guidance for Performing Compliance Measurements on Digital Transmission Systems (DTS)
Operating Under Section 15.247, October 4, 2012

- Industry Canada Radio Standards Specifications, “Digital Transmission Systems (DTSs),
Frequency Hopping Systems (FHSs) and License-Exempt Local Area Network (LE-LAN) Devices”
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- Industry Canada Radio Standards Specification, RSS-Gen, “General Requirements for
Compliance of Radio Apparatus”, Issue 4, November 2014

- Industry Canada Radio Standards Specification, RSS-210, “License-Exempt Radio Apparatus:
Category | Equipment”, Issue 9, August 2016

3. EUT SETUP AND OPERATION

3.1. General Description

The EUT is a Horizon Hobby Plano RF module. This transmitter is made to fit in a controller. The controller in
junction with the Plano RF module commands the functions of a RC device. A block diagram of the EUT setup
is shown as Figure 1.

3.1.1.Power Input
The EUT was powered with four (4), 1.5VDC, AA batteries.

3.1.2.Peripheral Equipment
There was no peripheral equipment submitted with the EUT.

3.1.3.Signal Input/Output Leads
There were no interconnect cables submitted with the EUT.

3.1.4.Grounding
The EUT was ungrounded during the tests.

3.2. Operational Mode

For all tests the EUT and all peripheral equipment were placed on a 150cm high non-conductive stand. The
EUT and all peripheral equipment were energized. The EUT was set to the following modes:

DSMR 5.5ms - When powered up and set to its “Surface” protocol, the EUT was set to transmit at 2478MHz.
DSM2 22ms - When powered up and set to its “Air” protocol, the EUT was set to transmit at 2478MHz.

3.3. EUT Modifications
No modifications were required for compliance to FCC Title 47, Part 15, Subpart C, Section 15.247.

4. TEST FACILITY AND TEST INSTRUMENTATION

4 1. Shielded Enclosure

All tests were performed in a 32ft. x 20ft. x 18ft. hybrid ferrite-tile/anechoic absorber lined test chamber. With
the exception of the floor, the reflective surfaces of the shielded chamber are lined with ferrite tiles on the walls
and ceiling. Anechoic absorber material is installed over the ferrite tile. The floor of the chamber is used as
the ground plane. The chamber complies with ANSI C63.4-2014 for site attenuation.

4.2. Test Instrumentation
The test instrumentation and auxiliary equipment used during the tests are listed in Table 9-1.

Conducted and radiated emission measurements were performed with a spectrum analyzer. This receiver
allows measurements with the bandwidths and detector functions specified in the requirements. The receiver
bandwidth was 1MHz for the 1000MHz to 18000MHz radiated emissions data.
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4.3. Calibration Traceability

Test equipment is maintained and calibrated on a regular basis with a calibration interval not greater than two
years. All calibrations are traceable to the International System Units (SI).

4.4. Measurement Uncertainty

All measurements are an estimate of their true value. The measurement uncertainty characterizes, with a
specified confidence level, the spread of values which may be possible for a given measurement system.

The measurement uncertainty for these tests is presented below:

Conducted Emissions Measurements
Combined Standard Uncertainty 1.06 -1.06
Expanded Uncertainty (95% confidence) 212 -2.12

Radiated Emissions Measurements
Combined Standard Uncertainty 2.09 -2.09
Expanded Uncertainty (95% confidence) 4.19 -4.19

5. TEST PROCEDURES
5.1. Duty Cycle Factor Measurements

5.1.1.Requirements

Unless otherwise specified, when the radiated emission limits are expressed in terms of the average value of
the emission, and pulsed operation is employed, the measurement field strength shall be determined by
averaging over one complete pulse train, including blanking intervals, as long as the pulse train does not
exceed 0.1 seconds. As an alternative (provided the transmitter operates for longer than 0.1 seconds) or in
cases where the pulse train exceeds 0.1 seconds, the measured field strength shall be determined from the
average absolute voltage during a 0.1 second interval during which the field strength is at its maximum value.
The exact method of calculating the average field strength shall be submitted with any application for
certification or shall be retained in the measurement data file for equipment subject to notification or
verification.

5.1.2.Procedures

a. The EUT was placed on the non-conductive stand and set to transmit continuously.

b. A double ridged waveguide antenna was positioned at a 3 meter distance from the EUT. The output of
the antenna was connected to the input of a spectrum analyzer.

C. The center frequency of the spectrum analyzer was set to the transmit frequency of the EUT.

d. The frequency span of the spectrum analyzer was set to O0Hz so that the time domain trace of the
transmitted pulse of the EUT was displayed on the spectrum analyzer.

e. The sweep time of the spectrum analyzer was adjusted so that the beginning and end of a single
pulse could be seen on the display of the spectrum analyzer.

f. The single sweep function of the spectrum analyzer was used multiple times to determine the
maximum pulse width of the EUT.

g. The maximum pulse width display of the spectrum analyzer was recorded and then plotted using a
'screen dump' utility.

h. The sweep time of the spectrum analyzer was then adjusted to 100msec.

i. The single sweep function of the spectrum analyzer was used multiple times to determine the
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maximum number of transmitted pulses that occurred in a 100msec time period.
j- The maximum number of pulses transmitted in a 100msec time period was recorded and then plotted
using a ‘screen dump’ utility.
k. The duty cycle correction was calculated using the following equation:

Duty Cycle Correction Factor (dB) = D.C. (dB)
D.C. (dB) = 20 x log [((pulse width (msec)) x (#pulses in a 100msecperiod)) / 100msec]

5.1.3.Results

Duty cycle plots and calculations for the DSMR 5.5ms and DSM2 22ms modes are shown on pages 17
through 21.

5.2. Radiated Measurements

5.2.1.Requirements

Per section 15.247(d), RSS-247 Section 5.5 and RSS-Gen Section 8.9, in any 100kHz 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 100kHz
bandwidth within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated emissions measurement. Attenuation below the general limits specified in §15.209(a)
is not required. In addition, radiated emissions which fall in the restricted bands, as defined in §15.205(a),
must comply with the radiated emission limits specified in §15.209(a).

Radiated emissions which fall in the restricted bands, as defined in §15.205(a), must comply with the radiated
emission limits specified in §15.209(a).

Paragraph 15.209(a) has the following radiated emission limits:

Frequency Field Strength Measurement distance
MHz (microvolts/meter) (meters)

0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 3

30.0-88.0 100 3
88.0-216.0 150 3
216.0-960.0 200 3

Above 960 500 3

5.2.2.Procedures

All tests were performed in a 32ft. x 20ft. x 18ft. hybrid ferrite-tile/anechoic absorber lined test chamber. The
walls and ceiling of the shielded chamber are lined with ferrite tiles. Anechoic absorber material is installed
over the ferrite tile. The floor of the chamber is used as the ground plane. The chamber complies with ANSI
C63.4-2014 for site attenuation.

The shielded enclosure prevents emissions from other sources, such as radio and TV stations from interfering
with the measurements. All powerlines and signal lines entering the enclosure pass through filters on the
enclosure wall. The powerline filters prevent extraneous signals from entering the enclosure on these leads.

A preliminary radiated emissions test was performed to determine the emission characteristics of the EUT. For
the preliminary test, a broadband measuring antenna was positioned at a 3 meter distance from the EUT. The
entire frequency range from 1GHz to 18GHz was investigated using a peak detector function. The data was
then processed by the computer to calculate equivalent field intensity.

The final open field emission tests were then manually performed over the frequency range of 1GHz to
18GHz. Between 1GHz and 18GHz, a broadband double ridged waveguide antenna was used as the pick-up

Page 8 of 45



'! Engineering Test Report No. 1900598-01A
Elite

device for all frequencies. All significant broadband and narrowband signals were measured and recorded.
The peak detected levels were converted to average levels using a duty cycle factor which was computed from
the pulse train.

To ensure that maximum or worst case, emission levels were measured, the following steps were taken:

1) The EUT was set to the DSMR 5.5ms mode.

2) The EUT was rotated so that all of its sides were exposed to the receiving antenna.

3) Since the measuring antenna is linearly polarized, both horizontal and vertical field components were
measured.

4) The measuring antenna was raised and lowered from 1 to 4 meters for each antenna polarization to
maximize the readings.

5) Steps (1) through (4) were repeated with the EUT set to the DSM2 22ms mode.

5.2.3.Results

The preliminary plots, with the EUT transmitting at 2478 MHz, are presented on data pages 22 and 29. The
plots are presented for a reference only, and are not used to determine compliance.

The final open area radiated levels, with the EUT transmitting at 2478 MHz, are presented on data pages 30
through 35. As can be seen from the data, all emissions measured from the EUT were within the specification
limits. Photographs of the test configuration which yielded the highest (or worst case) radiated emission levels
are shown in Figures 3 through 4.

5.3. Peak Output Power

5.3.1.Requirement

Per section 15.247(b)(3) and RSS-247 Section 5.4(d), for systems using digital modulation the maximum peak
output conducted power shall not be greater than 1.0W (30dBm). Per section 15.247(b)(4), this limit is based
on the use of antennas with directional gains that do not exceed 6dBi. Since the limit allows for a 6dBi antenna
gain, the maximum EIRP can be increased by 6dB to 4 Watt (36dBm).

5.3.2.Procedures

The EUT was placed on the non-conductive stand and set to transmit. A double ridged waveguide antenna
was placed at a test distance of 3 meters from the EUT. The resolution bandwidth (RBW) of the spectrum
analyzer was set to greater than the 6dB bandwidth. The EUT was maximized for worst case emissions (or
maximum output power) at the measuring antenna. The maximum meter reading was recorded.

The equivalent power was determined from the field intensity levels measured at 3 meters using the
substitution method. To determine the emission power, a double ridged waveguide antenna was then set in
place of the EUT and connected to a calibrated signal generator. The output of the signal generator was
adjusted to match the received level at the spectrum analyzer. The signal level was recorded. The reading was
then corrected to compensate for cable loss and antenna gain, as required.

5.3.3.Results

The results are presented on pages 36 and 37. The maximum EIRP measured from the transmitter was 25.2
dBm or 0.331 W which is below the 4 Watt limit

5.4. Band Edge Compliance

5.4.1. Requirements

Per section 15.247(d) and RSS-Gen, the emissions at the band-edges must be at least 20dB below the
highest level measured within the band but attenuation below the general limits listed in 15.209(a) is not
required.
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5.4.2 Procedures

5421 Low Band Edge

1) The EUT was set to the DSMR 5.5ms mode.

2) The EUT was set to transmit continuously at the channel closest to the low band-edge
(hopping function disabled).

3) To determine the band edge compliance, the following spectrum analyzer settings were used:

a. Center frequency = low band-edge frequency.

b. Span = Wide enough to capture the peak level of the emission operating on the
channel closest to the band-edge, as well as any modulation products which fall
outside of the authorized band of operation.

c. Resolution bandwidth (RBW) = 1% of the span.

d. The 'Max-Hold' function was engaged. The analyzer was allowed to scan until the
envelope of the transmitter bandwidth was defined.

e. The marker was set on the peak of the in-band emissions. A display line was placed
20dB down from the peak of the in-band emissions. All emissions which fall outside of
the authorized band of operation must be below the 20dB down display line. (All
emissions to the left of the center frequency (band-edge) must be below the display
line.)

f. The analyzer's display was plotted using a 'screen dump' utility.

4) Step 3) was repeated with the DSM2 22ms mode.

5422  High Band Edge

1) The EUT was set to the DSMR 5.5ms mode.
2) The EUT was set to transmit continuously at the channel closest to the high band-edge.
3) To determine the band edge compliance, the following spectrum analyzer settings were used:

a. Center frequency = high band-edge frequency.

b. Span = Wide enough to capture the peak level of the emission operating on the
channel closest to the band-edge, as well as any modulation products which fall
outside of the authorized band of operation.

c. Resolution bandwidth (RBW) = 1% of the span.

d. The 'Max-Hold' function was engaged. The analyzer was allowed to scan until the
envelope of the transmitter bandwidth was defined.

e. The marker was set on the peak of the in-band emissions. A display line was placed
20dB down from the peak of the in-band emissions. All emissions which fall outside of
the authorized band of operation must be below the 20dB down display line. (All
emissions to the right of the center frequency (band-edge) must be below the display
line.)

f. The analyzer's display was plotted using a 'screen dump' utility.

5) Step 3) was repeated with the DSM2 22ms mode.

5.4.3.Results

Pages 38 through 41 show the radiated band edge compliance results. As can be seen from these plots, the
radiated emissions at the low end band edge are within the 20 dB down limits. The radiated emissions at the
high end band edge are within the general limits

5.5. 6dB Bandwidth Measurement

5.5.1.Requirement

Per 15.247(a)(2) and RSS-247 Section 5.2(a), the minimum 6dB bandwidth shall be at least 500kHz for all
systems using digital modulation techniques.
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5.5.2.Procedures

The EUT was allowed to transmit continuously. The transmit channel was set separately to low, middle, and
high channels. The resolution bandwidth (RBW) was set to 100kHz and the span was set to greater than the
RBW.

The 'Max-Hold' function was engaged. The analyzer was allowed to scan until the envelope of the transmitter
bandwidth was defined. The analyzer's display was plotted using a 'screen dump' utility.

5.5.3.Results

The plots on pages 42 through 45 show that the minimum 6 dB bandwidth was 679kHz which is greater than
the minimum allowable 6dB bandwidth requirement of 500kHz for systems using digital modulation
techniques. The 99% bandwidth was measured to be 1.069MHz.

6. OTHER TEST CONDITIONS

6.1. Test Personnel and Witnesses
All tests were performed by qualified personnel from Elite Electronic Engineering Incorporated.

6.2. Disposition of the EUT
The EUT and all associated equipment were returned to Horizon Hobby upon completion of the tests.

7. CONCLUSIONS

Since the modifications made on the EUT have degraded the performance by more than 3dB and the EUT met
the requirements of the FCC "Code of Federal Regulations" Title 47, Part 15, Subpart C, Section 15.231 for
Intentional Radiators, Innovation, Science, and Economic Development Canada RSS-210, Annex A, and ANSI
C63.4-2014, it was determined that the Horizon Hobby Plano RF module did fully meet the technical
requirements for a Class Il Permissive Change.

8. CERTIFICATION

Elite Electronic Engineering Incorporated certifies that the information contained in this report was obtained
under conditions which meet or exceed those specified in the test specifications.

The data presented in this test report pertains to the EUT at the test date. Any electrical or mechanical
modification made to the EUT subsequent to the specified test date will serve to invalidate the data and void
this certification.

This report must not be used to claim product certification, approval, or endorsement by A2LA, NIST or any
agency of the Federal Government.
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9. EQUIPMENT LIST

Table 9-1 Equipment List

EqID Equipment Description Manufacturer Model No. Serial No. FreRc;lrjlzr;cy Cal Date Due Date
PE2-35-120-

APW11 | PREAMPLIFIER PMI 5R0-10-12-SFF PL11685/1241 1GHZ-20GHZ 4/5/2018 4/5/2019

CDX8 COMPUTER ELITE WORKSTATION N/A

GRE1 SIGNAL GENERATOR AGILENT E4438C MY42081749 250KHZ-6GHZ | 2/13/2018 | 2/13/2019

NTA3 BILOG ANTENNA TESEQ 6112D 32853 25-1000MHz 10/3/2018 | 10/3/2019
DOUBLE RIDGED

NWQ1 WAVEGUIDE ANTENNA ETS-LINDGREN 3117 66655 1GHZ-18GHZ 4/10/2018 | 4/10/2020
DOUBLE RIDGED

NWQ2 WAVEGUIDE ANTENNA ETS LINDGREN 3117 66659 1GHZ-18GHZ 3/22/2018 | 3/22/2020

ROHDE &

RBG3 EMI ANALYZER SCHWARZ ESW44 101592 2HZ-44GHZ 2/20/2018 | 2/20/2019
SOFTWARE, UNIVERSAL

WKA1 RCV EMI ELITE UNIV_RCV_EMI 1 110

I/O: Initial Only

N/A: Not Applicable
Note 1: For the purpose of this test, the equipment was calibrated over the specified frequency range, pulse
rate, or modulation prior to the test or monitored by a calibrated instrument.
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Figure 2 — Photographs of the EUT
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) =-20.02

Page 18 of 45



!.! Engineering Test Report No. 1900598-01A
Elite
[ Multiview :[ Recaiver [ x || spectrum [ x || spectrum 2 EJ_I Spectrum 3 El 3

Ref Level 102.00 di & REW 1 MHz SGL
= Ate 0dE = SWT 100 ms  VBW 1 MHz Frequency 2.4781200 GH=z
Input 142 PS O match Off

TRG:WID

MI[2]  67.50 dEpy
10200 s
D[] 18,99 Jg
14550 ms

100 SBgy

S0 dBpi

0 A

T AL

¥
S0 —
0 dliuy

44 iy

20 dByy

e B [T T . B L I e | o T PR B

10 i

CF 247812 GHz 1001 pts — 10,0 i
)i o meady  REANERNEN e 17:32=44

Date. 15 FEB 2019 173244

Manufacturer : Horizon Hobby

Model Number : DX9

Serial Number :N/A

Test : Duty Cycle Calculation — 100ms

Mode : DSM2 22ms

Parameters : 10 “tall” pulses and 9 “short” pulses within 100ms
Date : Feb 12,2019

Notes : Tx @ 2478MHz
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!.! Engineering Test Report No. 1900598-01A
Elite
[ MultiView :[ Recsiver u]l Spectrum wl Spectrum 2 EJ_I Spectrum 3 El
Ref Level 102.00 dbyy ~ e REBW Itz BGL
= Ate 0dE = SWT 10ms  VBW 1§ MHs Frequency 2.4781200 GH=z

Input 142 PS On Motch Off
TRG:WID

D2[2] 0,42 Ji3

1. A35000) s
M1[2]  92.25 deuv
+ 0,00000000 s

100 SBgy

S0 dBpi

B0 A

T Al

-

20 dliu

440 ity

=0 dBp
e [ R TN T T T o NTEEE Y LRIV TR TR YNNI ¥ 1T

10 i

CF 247812 GHz 1001 pts — 1,0 s
)i o meady  REANERNEN e 17:31:45

Dae: 15.FEB 2019 17.31.43

Manufacturer : Horizon Hobby

Model Number : DX9

Serial Number :N/A

Test : Duty Cycle Calculation — “Tall” Pulse Length
Mode : DSM2 22ms

Parameters : Pulse length 1.435ms

Date : Feb 12,2019

Notes : Tx @ 2478MHz
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Engineering Test Report No. 1900598-01A

Elite

[ Multiview ;[ Receiver g]l Spectrum g]l w 2 EJ_I Spectrum 3 El 3

Ref Level 10200 dips

Input 1 A8C Ps
TRG:WID

100 SBgy

& RBW 1 MHz SGEL

= Ate 0dE = SWT 10ms  VBW 1§ MHs Frequency 2.4781200 GH=z

On Motch Off

MI[2]  6B7.41 dEpy
102000 rrvs
o] 20,96 J8

1. A0 ms|

S0 dBpi

B0 A

T Al

-

20 dliu

440 ity

=0 dBp

10 i

0 A . I T

CF 247812 GHz
—

Date. 1. FEB 2019 17.32:14

T pis 1.0 v
50
o meady  REANERNEN e 17:32:14

Manufacturer : Horizon Hobby

Model Number : DX9

Serial Number :N/A

Test : Duty Cycle Calculation — “Short” Pulse Length
Mode : DSM2 22ms

Parameters : Pulse length 1.455ms

Date : Feb 12,2019

Notes : Tx @ 2478MHz

Duty Cycle = 20 Log (

(10%1.435ms)+(9%1.455ms)\ _
100ms )_-11'17
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'! Engineering Test Report No. 1900598-01A

Elite

ELITE ELECTRONIC ENGINEERING Inc.
WAl 11/25/13 Douners Grave, III. 68515 UNIV RCU ENI RN 3
120
SPEC/TEST  : Preliminary Radiated Emissions PEAK DETECTOR TRACE
MANUFACTURER : Horizon Hobby
MODEL No.  :DX9
SERIALNo.  :N/A
165 MODE  :DSMR 55ms
ANT. POLARIZATION ~ ‘H
TESTDATE  : Feb 12,2019
NOTES :Tx @ 2478MHz
99
IR)
E
N
2>
J
o
° 6
.
[}
>
w
|
s
15
8
START = 1000 FREQUENCY  MHz STOP = 4500
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Engineering Test Report No. 1900598-01A

ELITE ELECTRONIC ENGINEERING Inc.

wat 1172513 Downers Grove, Ill. 68515 UNIV RCV ENI RN §
120
SPEC/TEST : Preliminary Radiated Emissions PEAK DETECTOR TRACE
MANUFACTURER : Horizon Hobby
MODEL No. : DX9
185 SERIAL No. :N/A
MODE : DSMR 5.5ms
ANT. POLARIZATION ‘H
TEST DATE : Feb 12,2019
NOTES 1 Tx @ 2478MHz

99

IR)
3
N
>
3
o

o 60
4
[}
=
[rf}
|

45

3

15

8

10080
START = 4500 FREQUENCY  MHz STOP = 18@@@
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'! Engineering Test Report No. 1900598-01A

Elite

ELITE ELECTRONIC ENGINEERING Inc.
WAl 11/25/13 Douners Grave, III. 68515 UNIV RCU ENI RN 2
120
SPEC/TEST : Preliminary Radiated Emissions PEAK  DETECTOR TRACE
MANUFACTURER  : Horizon Hobby
MODEL No.  :DX9
SERIALNo.  :N/A
185 MODE  :DSMR 5.5ms
ANT. POLARIZATION  :V
TESTDATE  : Feb 12,2019
NOTES :Tx @ 2478MHz
99
i)
E
N
>
J
[27]
o 60
|
[}
>
w
|
15
8
START = 1000 FREQUENCY MHz STOP = 4500
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Engineering Test Report No. 1900598-01A

ELITE ELECTRONIC ENGINEERING Inc.

Wal 11/25/13 Douners Grave, Ill. 68515 UNIV RCU ENI RUN 4
120
SPEC/TEST  : Preliminary Radiated Emissions
MANUFACTURER : Horizon Hobby PEAK  DETECTOR TRACE
MODEL No.  : DX9
SERIALNo.  :N/A
185 MODE  :DSMR 5.5ms
ANT. POLARIZATION  :V
TEST DATE  : Feb 12,2019
NOTES :Tx@ 2478MHz
9
IR)
E
N
2>
J
o
T 6
.
[}
>
w
|
45
30
15
8
10800
START = 4500 FREQUENCY MHz STOP = 180008
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'! Engineering Test Report No. 1900598-01A

Elite

ELITE ELECTRONIC ENGINEERING Inc.
WAl 11/25/13 Douners Grave, III. 68515 UNIV RCU ENI RN 4
128
SPEC/TEST : Preliminary Radiated Emissions PEAK DETECTOR TRACE
MANUFACTURER : Horizon Hobby
MODEL No. : DX9
105 SERIAL No. :N/A
MODE : DSM2 22ms
ANT. POLARIZATION :H
TEST DATE : Feb 12,2019
NOTES : Tx @ 2478MHz

9%

15
E
N
2>
J
o

T 6
)
(]
=3
w
-

&

15

8

START = 1088 FREQUENCY  MHz STOP = 4560
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'! Engineering Test Report No. 1900598-01A

Elite

ELITE ELECTRONIC ENGINEERING Inc.
WAL 11/25/13 Downers Grove, III. 68515 UNIV RCU ENT RN 2
128
SPEC/TEST  : Preliminary Radiated Emissions PEAK DETECTOR TRACE
MANUFACTURER  : Horizon Hobby
MODEL No. : DX9
SERIAL No. :N/A
165 MODE  :DSM2 22ms
ANT. POLARIZATION tH
TEST DATE : Feb 12,2019
NOTES : Tx @ 2478MHz
9%
15
3
N
>
3
[}
T 6
|
w
>
w
-
45
30
15
8
16888
START = 45008 FREQUENCY  MHz STOP = 16@ad
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'! Engineering Test Report No. 1900598-01A

Elite

ELITE ELECTRONIC ENGINEERING Inc.
wal 11/25/13 Douners Grave, Ill. 68515 UNIV RCU ENI RN 5
120
SPEC/TEST : Prelimii Radiated Emissi
MANUFACTURER : Hgii;?):?‘;zbb?/ aedEmissions PEAK  DETECTOR TRACE
MODEL No. : DX9
SERIAL No. :N/A
165 MODE  :DSM2 22ms
ANT. POLARIZATION Vv
TEST DATE : Feb 12,2019
NOTES 1 Tx @ 2478MHz
99
i)
E
N
>
J
[27]
o 60
|
(M)
>
w
-
85
15
8
START = 1000 FREQUENCY MHz STOP = 4500
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'! Engineering Test Report No. 1900598-01A

Elite

ELITE ELECTRONIC ENGINEERING Inc.
WAL 11/25/13 Downers Grove, III. 68515 UNIV RCU ENT RN 3
128
SPEC/TEST  :Preliminary Radiated Emissions PEAK DETECTOR TRACE
MANUFACTURER  : Horizon Hobby
MODEL No. : DX9
SERIAL No. :N/A
165 MODE  :DSM2 22ms
ANT. POLARIZATION Y
TEST DATE : Feb 12,2019
NOTES 1 Tx @ 2478MHz
9%
15
E
~
=
3
[
T 6
|
w
>
w
4
45
30
15
8
16888
START = 45008 FREQUENCY  MHz STOP = 16@ad
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'! Engineering Test Report No. 1900598-01A
Elite

MANUFACTURER Horizon Hobby
EUT Plano RF module
SPECIFICATION FCC 15 C, Section 15.247
TEST Radiated Emissions not in the Restricted Bands — Peak
MODE DSMR 5.5ms —2478MHz
DATE TESTED 02/12/2019

Peak Peak Peak
Meter CBL | Ant | Pre Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | dBuV/m uV/m uV/m | Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | at3m at3m at3m (dB)
2478.00 H 83.1 3.5 (325 0.0 119.0 | 896322.2
2478.00 Vv 82.5 3.5 [ 325 0.0 118.5 | 841325.7
9912.00 H 50.4 7.0 | 36.7 | -39.2 54.8 549.0 28344.2 | -34.3
9912.00 Vv 46.7 7.0 | 36.7 | -39.2 51.1 360.2 28344.2 | -37.9
14868.00 H 38.5 * 89 |39.7|-38.2| 48.9 278.0 28344.2 | -40.2
14868.00 V 37.7 * 8.9 |39.7 |-38.2| 481 253.8 283442 | -41.0
17346.00 H 38.3 * 9.7 (411 |-37.7 51.3 366.9 28344.2 | -37.8
17346.00 V 38.3 * 9.7 | 411 | -37.7 51.3 368.1 283442 | -37.7

Lo

Javier Cardenas

Tested By:
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'! Engineering Test Report No. 1900598-01A
Elite

MANUFACTURER Horizon Hobby
EUT Plano RF module
SPECIFICATION FCC 15 C, Section 15.247
TEST Radiated Emissions in the Restricted Bands — Peak
MODE DSMR 5.5ms —2478MHz
DATE TESTED 02/12/2019

Peak Peak Peak
Meter CBL | Ant | Pre Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | dBuV/m uV/m uV/m | Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | at3m at3m at3m (dB)
4956.00 H 55.4 49 |34.3|-39.3 55.3 582.2 5000.0 | -18.7
4956.00 Vv 56.6 49 | 34.3 | -39.3 56.5 668.5 5000.0 | -17.5
7434.00 H 61.2 6.2 | 35.7 | -39.4 63.7 1524.5 5000.0 | -10.3
7434.00 Vv 56.7 6.2 | 35.7 | -394 59.2 910.2 5000.0 | -14.8
12390.00 H 52.0 8.0 |38.8-39.0 59.8 972.5 5000.0 | -14.2
12390.00 V 50.5 8.0 | 38.8 | -39.0 58.3 818.3 5000.0 | -15.7

Tested By: — 7= 4@”@/

Javier Cardenas
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Engineering Test Report No. 1900598-01A

MANUFACTURER Horizon Hobby
EUT Plano RF module
SPECIFICATION FCC 15 C, Section 15.247
TEST Radiated Emissions in the Restricted Bands — Average
MODE DSMR 5.5ms — 2478MHz
DATE TESTED 02/12/2019
Average | Average | Average
Meter CBL | Ant | Pre | Duty Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | Cycle | dBuV/m uV/m uV/m Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | (dB) at 3m at3m at3m (dB)
4956.00 H 37.2 49 |343]-39.3]| -20.0 171 7.1 500.0 -36.9
4956.00 | V 37.7 49 |34.3]-39.3]| -20.0 17.6 7.6 500.0 -36.4
7434.00 H 38.74 6.2 |35.7|-39.4 | -20.0 21.2 11.4 500.0 -32.8
7434.00 Vv 36.3 6.2 |35.7 -394 | -20.0 18.7 8.6 500.0 -35.3
12390.00 | H 34.5 8.0 |38.8|-39.0 ]| -20.0 222 12.9 500.0 -31.8
12390.00 | V 34.1 8.0 |38.8]-39.0 ] -20.0 21.8 12.3 500.0 -32.2
Tested By: — 77+ %@M

Javier Cardenas
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'! Engineering Test Report No. 1900598-01A
Elite

MANUFACTURER Horizon Hobby
EUT Plano RF module
SPECIFICATION FCC 15 C, Section 15.247
TEST Radiated Emissions not in the Restricted Bands — Peak
MODE DSM2 22ms —2478MHz
DATE TESTED 02/12/2019

Peak Peak Peak
Meter CBL | Ant | Pre Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | dBuV/m uV/m uV/m | Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | at3m at3 m at3m (dB)
2478.00 H 83.2 3.5 (325 0.0 119.2 | 909838.2
2478.00 \Y 80.2 3.5 [325| 0.0 116.1 | 641156.7
9912.00 H 54.6 7.0 | 36.7 | -39.2 59.0 893.4 28771.6 | -30.2
9912.00 \Y 51.2 7.0 | 36.7 | -39.2 55.6 602.6 287716 | -33.6
14868.00 H 39.3 89 |39.7|-38.2| 498 307.6 287716 | -39.4
14868.00 Vv 38.7 8.9 [39.7 |-38.2| 491 285.5 28771.6 | -40.1
17346.00 H 37.9 * 9.7 (411 |-37.7 50.9 352.0 28771.6 | -38.2
17346.00 )Y 37.6 * 9.7 | 411 | -37.7 50.6 340.4 28771.6 | -38.5

o L

Javier Cardenas

Tested By:
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'! Engineering Test Report No. 1900598-01A
Elite

MANUFACTURER Horizon Hobby
EUT Plano RF module
SPECIFICATION FCC 15 C, Section 15.247
TEST Radiated Emissions in the Restricted Bands — Peak
MODE DSM2 22ms —2478MHz
DATE TESTED 02/12/2019

Peak Peak Peak
Meter CBL | Ant | Pre Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | dBuV/m uV/m uV/m | Margin

MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | at3m at3 m at3m (dB)
4956.00 H 56.1 49 |34.3|-39.3 56.0 631.8 5000.0 | -18.0
4956.00 Vv 55.2 49 | 34.3 | -39.3 55.1 567.6 5000.0 | -18.9
7434.00 H 62.9 6.2 | 35.7 | -39.4 65.3 1847.7 5000.0 -8.6
7434.00 \Y 57.5 6.2 | 35.7 | -394 | 60.0 994.6 5000.0 | -14.0
12390.00 H 51.4 8.0 |38.8-39.0 59.1 902.4 5000.0 | -14.9
12390.00 V 49.8 8.0 | 38.8 | -39.0 57.6 756.7 5000.0 | -16.4

Tested By: — 7= 4&»%1/

Javier Cardenas
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Engineering Test Report No. 1900598-01A

MANUFACTURER Horizon Hobby
EUT Plano RF module
SPECIFICATION FCC 15 C, Section 15.247
TEST Radiated Emissions in the Restricted Bands — Average
MODE DSM2 22ms — 2478MHz
DATE TESTED 02/12/2019
Average | Average | Average
Meter CBL | Ant | Pre | Duty Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | Cycle | dBuV/m uV/m uV/m Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | (dB) at 3m at3m at3m (dB)
4956.00 H 39.9 49 |343]-393]| -11.2 28.6 26.9 500.0 -25.4
4956.00 | V 37.8 49 |343]-393]| -11.2 26.4 20.9 500.0 -27.6
7434.00 H 43.87 6.2 |357 -394 | -11.2 35.1 56.8 500.0 -18.9
7434.00 | V 38.6 6.2 |357 -394 | -11.2 29.9 31.1 500.0 -24 .1
12390.00 | H 35.0 8.0 |38.8]-39.0]| -11.2 31.5 37.5 500.0 -22.5
12390.00 | V 34.5 8.0 [38.8]|-39.0] -11.2 31.0 35.4 500.0 -23.0

Tested By: — 7= %/Mﬁ/

Javier Cardenas
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'! Engineering Test Report No. 1900598-01A

Elite

Manufacturer : Horizon Hobby
Test ltem : Plano RF module
Serial No. :N/A

Mode : DSMR 5.5ms
Test : EIRP

Test Limits :FCC 15.247
Date : 02/12/2019
Notes : Tx @ 2478MHz

Wide BW | Matched Equivalent
Meter Sig. Gen. Antenna Cable

Freq. Ant Reading | Reading Gain Loss EIRP Limit Margin
(MHz) Pol (dBuV) (dBm) (dB) (dB) (dBm) (dBm) (dB)

2478.00 H 83.1 21.7 5.8 2.7 24.8 36.0 -11.2
2478.00 V 82.7 21.3 5.8 2.7 24.4 36.0 -11.6

g ,W’b‘ %&ua&/'

Javier Cardenas

Tested By:
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'! Engineering Test Report No. 1900598-01A

Elite

Manufacturer : Horizon Hobby
Test ltem : Plano RF module
Serial No. :N/A

Mode : DSM2 22ms
Test : EIRP

Test Limits : FCC 15.247
Date : 02/12/2019
Notes : Tx @ 2478MHz

Wide BW | Matched Equivalent
Meter Sig. Gen. Antenna Cable

Freq. Ant Reading | Reading Gain Loss EIRP Limit Margin
(MHz) Pol (dBuV) (dBm) (dB) (dB) (dBm) (dBm) (dB)

2478.00 H 83.4 22.1 5.8 2.7 25.2 36.0 -10.8
2478.00 V 82.1 21.5 5.8 2.7 24.6 36.0 -11.4

Lt . @yw@/ B

Javier Cardenas

Tested By: —

Page 37 of 45



~=y

Engineering Test Report No. 1900598-01A

Elite

Manufacturer : Horizon Hobby

Test ltem : Plano RF module

Serial No. :N/A

Mode : DSMR 5.5ms

Test : Low Band Edge Compliance
Test Limits :FCC 15.247

Date : 02/12/2019

Notes : Tx @ 2478MHz

[ Multiview [ Receiver

Fef Level 10200 di
= AL 0OdE & SWT 5 ms
PS5 L%5]

Input

1 A0
I Frequenty Swaeep
100 e

20 Al

) B

w_], Spectrum

Frequency 2.3991500 GH=z

[ * | spectrum 2

Maode Auts Swesd

nes|

&= RBW 1 MHz
VBW 1 MHz
Matdh o

B3.47 dBpy
& A052340 GHz

M1[2]

T dBp

[

20 il

0 gL

0 dR

10 dBp

CF 2.39915 GHz
—_

1001 pis Z.UMIIéF

Date: 13.FEB 2019 19:16:07

an 20,0 MHz
LELFA
19: 16:07

Maasuring...
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Engineering Test Report No. 1900598-01A

Manufacturer : Horizon Hobby
Test Item : Plano RF module
Serial No. :N/A
Mode : DSMR 5.5ms
Test : High Band Edge Compliance
Test Limits : FCC 15.247
Date : 02/12/2019
Notes : Tx @ 2478MHz
Peak Measurement
Peak Peak Peak
Meter CBL | Ant | Pre Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | dBuV/m uV/m uV/m | Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | at3m at3m at3m | (dB)
2483.50 H 34.1 3.5 |325| 0.0 70.1 3190.5 | 5000.0 | -3.9
2483.50 Vv 33.0 3.5 325 ]| 0.0 69.0 2827.2 |5000.0 | -5.0
Average Measurement
Average | Average | Average
Meter CBL | Ant | Pre | Duty Total Total Limit
Freq. Ant | Reading Fac Fac | Amp | Cycle | dBuV/m uV/m uV/m | Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | (dB) at 3m at3m at3m (dB)
248350 | H 10.3 3.5 325 | 0.0 | -20.0 26.3 20.6 500.0 -27.7
248350 | V 9.9 3.5 325 | 0.0 | -20.0 25.9 19.7 500.0 -28.1

Tested By: — A

Javier Cardenas
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Engineering Test Report No. 1900598-01A

Elite

Manufacturer : Horizon Hobby

Test Item : Plano RF module

Serial No. :N/A

Mode : DSM2 22ms

Test : Low Band Edge Compliance
Test Limits :FCC 15.247

Date : 02/12/2019

Notes : Tx @ 2478MHz

[ Multiview [ Receiver

Fef Level 10200 di
= AL 0OdE & SWT 5 ms
PS5 L%5]

Input

1 A0
I Frequenty Swaeep
100 e

20 Al

) B

w_], Spectrum

Frequency 2.3955500 GH=z

[ * | spectrum 2

Maode Auts Swesd

nes|

&= RBW 1 MHz
VBW 1 MHz
Matdh o

MI1[Z] 7991 dip

& A0 0030 GHz

S

T dBp

LR T

20 il

0 gL

0 dR

10 dBp

CF 2.395535 GHz
—_

1001 pis Z.UMIIéF

Date. 13.FEB 2019 19:20:49

an 20,0 MHz
LELFS
19: =40

Maasuring...
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Manufacturer

Test ltem
Serial No.
Mode

Test

Test Limits
Date
Notes

Engineering Test Report No. 1900598-01A

Peak Measurement

: Horizon Hobby
: Plano RF module

- N/A

: DSM2 22ms
: High Band Edge Compliance

:FCC 15.247

1 02/12/2019

: Tx @ 2478MHz

Peak Peak Peak
Meter CBL | Ant | Pre Total Total Limit
Freq. Ant | Reading Fac | Fac | Amp | dBuV/m uV/m uV/m | Margin
MHz Pol | (dBuV) | Ambient | (dB) | (dB) | (dB) | at3m at3m at3m | (dB)
2483.50 H 32.3 35 |325]| 0.0 68.3 2602.3 | 5000.0 | -5.7
2483.50 Vv 32.2 3.5 [325]| 0.0 68.2 2566.6 | 5000.0 | -5.8
Average Measurement
Average | Average | Average
Meter CBL | Ant | Pre | Duty Total Total Limit
Freq. Ant | Reading Fac Fac | Amp | Cycle | dBuV/m uV/m uV/m | Margin
MHz Pol | (dBuV) | Ambient| (dB) | (dB) | (dB) | (dB) at 3m at3m at3m (dB)
2483.50 | H 11.2 3.5 325 | 0.0 | -11.2 36.0 62.8 500.0 -18.0
2483.50 | V 11.1 3.5 325 | 0.0 | -11.2 35.8 61.8 500.0 -18.2

Tested

By: /'

L

Javier Cardenas
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Engineering Test Report No. 1900598-01A

Bt

Date: 12.FEB. 2019 17.27.16

Manufacturer
Model Number
Serial Number
Test

Mode
Parameters
Date

Notes

: Horizon Hobby

: DX9

:N/A

: 6dB Bandwidth

: DSMR 5.5ms

: 6dB Bandwidth = 699kHz
: Feb 12,2019

: TX @ 2478MHz

MultiView | Receiver [ * || spectrum [ * | spectrum 2 [ = ]
Ref Level 10200 dBps & RBW 100 kHz
= Att DdB & SWT Sms & VBW 200 kHz  Mode Aute Swisp Frequency 2.4780000 GH=z
Ingut 182  PS o Motdh Qff
100 By '-'III'.'| QZ.10 dEpyd
" 247773000 GHz
¥
(= Y r— A—
i
B dBy
0 dByt
B0 Al - - —
0 dBL
0 dELy T =
1 1
3 BBy ! Y . N L (N -
20 Al
10 dBLnF
CF 2.478 GHz 1001 pts 1.0 MHz/ Span 10.0 MHz
2 Marker Table
Iype | Ref | Tre | H-Value ¥-Value | Function | FunctionResult |
M1 2 2.47773 GHz 92.10 dBpV ndi 6,0 g8
T1 2 247761 GHz 8557 4BV B dowr BW 699.00 kHz
T2 2 2.47831 GHz 8608 BV ) Factor 35432
-
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Engineering Test Report No. 1900598-01A

Elite

[ Multiview | Receiver [ * | Spectrum [ x || spectrum 2 El
Ref Level 102.00 dbyy ~ RBW 100 kHz
= Att 0dB & SWT 496 ms & VEW 300 kHz  Made Suto Swedp Frequency 2.4780000 GH=z
Input 182 PS8 On Match off
100 S8y '-'I||'.'| !'-.I.I|I| el
247824000 GHz
a0l - -
0GB ¥
0 dBp
B0 iy - o
50 dBLh
40 dByy il
| A
30 dBp i e o m b =
20 Al
10 gty
CF 2,478 GHz 1001 pts 1.0 MHz/ Span 10.0 MHz
2 Marker Table
Type | Ref | Tre | H-Walue ¥-Value l Function | Function Resule |
M1 2 2.47824 GHz &9.66 dBpV
T1 2 2.4774406 GHz 77.60 B Dee Bw 1.068931069 MHz
T2 z 2. 4785095 GHz 78,06 BN
L I | Measuring...  SEEENERED WA s 1 ™ [T
Dty 15.FEB. 2019 172705
Manufacturer : Horizon Hobby
Model Number : DX9
Serial Number :N/A
Test : 99% Occupied Bandwidth
Mode : DSMR 5.5ms
Parameters : 99% Occupied Bandwidth = 1.069MHz
Date : Feb 12,2019
Notes : Tx @ 2478MHz
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Date: 15.FEB 2019 17.30:31

Manufacturer
Model Number
Serial Number
Test

Mode
Parameters
Date

Notes

: Horizon Hobby

: DX9

s N/A

: 6dB Bandwidth

: DSM2 22ms

: 6dB Bandwidth = 679kHz
: Feb 12,2019

: TX @ 2478MHz

[ Multiview H-ﬁ[ Raceiver | = II Spectrum X [ Spectrum 2 -.}l X E Spectrum 2 -.}@
Faf Level 102.00 dBi & REW 100 kHz
= Att DdB & SWT Sms & VBW 200 kHz  Mode Aute Swisp Frequency 2.4781200 GH=z
Input 182 PS8 O Matdh Qff
100 By ML '."| Q367 dEpy
1 2. 47200000 GHz
T
(= Y = ba
B dBy
0 dByt
B0 Al - —
0 dBL
40 By -
i
H
30 Ay T T e &
3 1
20 ity
10 dBLnF
CF 247812 GHz 1001 pts 1.0 MHz/ Span 10,0 MHz
2 Marker Table
Type | Ref | Tre | H-Walue ¥-Value l Function | Function Resule |
M1 ] 2.478 GHz 93.62 dBpV B 6.0 di
T1 2 2 47763 GHz 87.08 & B dowr BW 679.00 kHz
T2 r 2.47831 GHz B7.33 BV ) Factor 3I647.8
n 1503
T e
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Elite

[ Multiview H-ﬁ[ Raceiver x I Spectrum X II Spectrum 2 [31 Spectrum 2 -.}@
Ref Level 102.00 dbyy T RBW 100 kHz
= Att 0dB & SWT 496 ms & VEW 300 kHz  Made Suto Swedp Frequency 2.4781200 GH=z
Input 182 PS8 On Match off —
100 By M2 | -.-J.Ii 1 elBEp
A 247797000 GHz
L 4
a0l -
B dBy
0 dByt
[ -
0 dBL
0 dELy
i [ |
0 diy e 1
20 Al
10 dBLnF
CF 2.47812 GHz 1001 pts 1.0 MHz/ Span 10.0 MHz
2 Marker Table
Type | Ref | Tre | H-Walue ¥-Value l Function | Function Resule |
M1 2 2.47797 GHz 93.04 dBpV
T1 2 2.4774407 GHz 7870 B Dee Bw 1.058941059 MHz
T2 z 2. 4784596 GHz 7869 BN
L I | Measuring...  (EEENEEED W aiimreer 1 ™ [T
Dty 15.FEB. 2019 173105
Manufacturer : Horizon Hobby
Model Number : DX9
Serial Number :N/A
Test : 99% Occupied Bandwidth
Mode : DSM2 22ms
Parameters : 99% Occupied Bandwidth = 1.059MHz
Date : Feb 12,2019
Notes : Tx @ 2478MHz
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