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Laboratory Introduction

Vista Labs is an A2LA accredited 17025 compliant regulatory compliance testing laboratories (Cert. number: 4848-
01) strategically located in Orange County, providing services in the electrical and telecommunication industries.
Vista labs is also recognized testing facility for Australia (ACMA), Chinese Taipei (BSMI), Chinese Taipei (NCC), Hong
Kong (OFCA), Israel (MOC), Korea (RRA), Singapore (IMDA), Vietnam (MIC), etc.

Our comprehensive testing services include safety testing, EMC emission and susceptibility testing, RF and wireless
testing (including DFS).

As your partner, Vista investigates appropriate test standards, develops test plans, performs troubleshooting &

failure analysis, reviews documentation, and provides test reports for a complete compliance testing and
certification package.

17025 Product Testing Accreditation Certificate

Electromagnetic Compatibility 1261 Puerta Del Sol
Radio Frequency San Clemente, CA, 92673

Product Certification +1 (949) 393-1123
International Approval



http://www.vista-compliance.com/

Report Number:  PFE-18100201-LC-FCC-RF-LEAP Rev1.1

Product: Leap 2.4GHz RF Module Page 3 of 73

Model Number: 44-100312-00, 44-100312-01

TABLE OF CONTENTS
1  GENERAL INFORIMATION .......ooiiiiiiiiiiiiiii ettt e et e e sttt e st e e st e e s asee e e e sane e e e s bR e e e s amEe e e e sanne e e e anne e e e annreeesnreeeennnneeean 5
S B Voo 1 Tor- Y | TP SR PSSR 5
1.2 PrOdUCE INFOIMATION .....iitiiiie ittt et b e bbb e e ae e s b e ee e e b e e b e ebe e b e e neasbesbeabesbeebeebeeneenteneen 5
L T oo T oY IRy =T VPSS 6
1.4 Test standard aNd MELNOM .. ......oiiiiiiiiie bbbt bbbt ettt be st ne et b ne e 6
1.5 TeSt PUrPOSE @NA STATEMENT ...c.viiiiiiiiiiee ettt ettt ettt et e s be e s be e sbeesbeeaaesasesaeeebeebeesbeesbessbesteesbaesbeesbeenreanns 6
2 TEST SITEINFORIVMIATION. ...ttt oottt e e e e e e et b et e e e e e e s s bbbt e e e e e e e aaasbbb e e e e e e e aabnbbbeeeeeesaassbbnneeaeesannnnnes 7
3 IMODIFICATION OF EUT ... iiiiiiiiii ittt e ettt e e e e e st e et e e e e e e s s b e e e e e e e e s n bR e e e e e e e e s s s R Rbeeee e e e e aasnenseeeaeesannnnbnneaaeesannnnnns 7
4  TEST CONFIGURATION AND OPERATION......ccoiiiiiiiiiiieie ettt e e e ettt e e e e st e e e e e e e s snn e e e e e e e e e asntbe e e e e e e e s snsnnneeaaeannn 7
o O LU I =Ty W olo oY 7= {0 =14 T L o SRRSO 7
N LU I 7= By To T [ TSSO PRSPPI 7
YU oo Yo o= o TUT T Yo o T=T o Y OSSPSR 8
A L U I =t AU e [ =Y { = o o SRS OP RO URR PP 8
4.5 EUT OPEIALION 1uviitiiitieitic ittt ettt sttt ettt e e et e et e e s teesbeesbe e abesaeeebeeebeebeesbeesbe et besbaesbeesbeebeeabeeabeeasebeesbeesbeerbesteesrens 8
T U= Yo i 1Y T OO PUSUS 8
5 EUT AND TEST SETUP PICTURES ...ttt ettt ettt e e e e e e bbb et e e e e e e s nbbe et e e e e e e s abbbareeeeessansnrnneeeas 9
Bl EUT PICEUIES weeiitiiiiie e ittt ettt ettt s e et e st e e e ae e e s bt e e ebee e s bbeeebee e st beeebee e beeebee e bbeebee e st beebeeeabeeenbeeesbeeebeeesbeeenbeeesbeeenreens 9
5.2 EUT T@ST SETUP PICTUIES 1oviiivietieieitieiteeiteeiteesteete st e steeebeeebeesbeesbestbesbeesbeesbeebeeabesaseebseebeeabeeabeesbessbesbeesbeesbeebeenresnns 11
6 TEST SUIVIIMIARY .....ooiiiiiiiie ittt ettt e e e e et e e oo e e et e e e e e s R e e et e e e e e e o R R R Re e e e e e e e e s R R R R e et e e e e e e nn s ne e e e e e e e e annnnnneeeeenenn 22
7  UNCERTAINTY OF MEASUREMENT .......ooiiiiiiiiiiiiiii ettt et e s e nn e e e et e e snn e e s nn e e e e annn e e e nnnneas 23
8  TEST SUMMARY AND RESULT ..ottt ettt e e e ettt e e e e e e s s at b e et e e e e e e s sabbbe e e e e e e e anbbbeeeaeeessnnbbnneeaeenaann 24
T B Vo =T T I 2T U= o o =T o OO URURPRRTN 24
8.2 DTS (6 AB) BANUWIGTN....cuiitiiiiii ettt bbbt b e bt b e bt e b et e sb e s b e s be bt e be e e enneneen 25
8.3 IMaXimUIM OULPUL POWET ......iiiiiiiiiiectie ittt ettt ettt et e te et e et e et esteesbeesbeeebeeabeeateeaeeebeeebeeabeesbessbestaesbaesaeebeenresnns 31
8.4 POWEE SPECLIAl DENSITY ..vieveeuieniiiieiti ettt e ettt sttt e st es e st et e ettt e teemees e e e e beseeebeeseeseeseeneenteseesbesbeaneereeneeneeneens 37
8.5 Conducted Band-Edge & Unwanted Emissions MEASUIrEMENT ..........eieiieierierieriesiesiesieeseeseesieseesee e snesseeseeneeseens 43
8.6 Radiated Band-Edge & Spurious Emissions into Restricted Frequency Bands...........ccccceeeivievieiiiecsiecsve e 51
T A 1o T Ve (U1t =T I o s TE T o PSR RSRSN 69
9 TEST INSTRUIMENT LIST ...ttt ittt ettt oo e sttt e e e e e e tat bttt e e e e e e aaa bbb et e e e e e e s aabbb et e e e e e e sanbbbaeeaeeeesntbnneeaeeeaann 73

Electromagnetic Compatibility 1261 Puerta Del Sol
Radio Frequency San Clemente, CA, 92673

Product Certification +1 (949) 393-1123
International Approval



http://www.vista-compliance.com/

Report Number:  PFE-18100201-LC-FCC-RF-LEAP Rev1.1

Product: Leap 2.4GHz RF Module Page 4 of 73

Model Number: 44-100312-00, 44-100312-01

REVISION HISTORY

Revision Issue Date Description Note

Original 11/06/2018 Original release N/A

Add below 30MHz test data and update

Revl1.0 11/14/2018 . . .
equipment information, etc.

N/A

Update EUT information and procedure

Revl.1 11/20/2018 description

N/A
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1 General Information

1.1

1.2

Applicant

Applicant: Phase IV Engineering

Applicant address: 2820 Wilderness Place Suite C, Boulder, CO 80301
Manufacturer: Phase IV Engineering

Manufacturer Address: 2820 Wilderness Place Suite C, Boulder, CO 80301

Product information

Product Name

LEAP 2.4GHz RF Module

Model Number

On-board antenna version model: 44-100312-00
Off-board antenna version model: 44-100312-01

Serial Number N/A
Frequency Band 2405-2470MHz
Type of modulation DSSS
Equipment Class/ Category DTS

Maximum output power 18.532 dBm

Antenna Information

Internal PIFA Antenna (Amotech #AMAN301512ST01), Gain: 3.4 dBi
Folded Dipole Long (#ANT-2.4-CW-HW), Gain: 3.2 dBi

Folded Dipole Short (#W24-RSMA-M), Gain: 2.15 dBi

Monopole (#HG2407RD-RSP), Gain: 7 dBi

Yagi (#HG2412SY-NF), Gain: 12 dBi

Clock Frequencies N/A
Port/Connectors U.FL
Input Power 3.3VDC
Power Adapter Manu/Model  N/A
Power Adapter SN N/A
Hardware version Rev2.3
Software version N/A
Simultaneous Transmission N/A

Additional Info

This radio module has two hardware version, one with on-board chip
antenna and the other one with off-board external antennas. 4 different
external antennas were tested.

On-board antenna version is with C20, L3 and L4 populated which serve as
impedance matching, RF path selection and filtering purpose; these
components are not required for Off-board antenna version thus being
removed.

An FCC inquiry (Tracking Number 923500) was sent to FCC and response
was received to confirm that both hardware version can be certified with
an original filing.
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1.3 Power level setting

Antenna Channel Frequency (MHz) Power Level Setting
Internal PIFA Antenna 1-24 2405-2470 20
Folded Dipole Long 1-24 2405-2470 20
Folded Dipole Short 1-24 2405-2470 20
Monopole 1-24 2405-2470 20
Yagi 1-23 2405-2465 20
Yagi 24 2470 15

Note: Power level setting for Yagi antenna at 2470MHz is 15 only in order to meet FCC restricted band edge
requirement. Applicant shall ensure the correct setting is used by end user.

1.4 Test standard and method

Test standard 47CFR Part 15.247: 2018
ANSI C63.10: 2013
558074 D01 15.247 Meas Guidance v05

Test method

1.5 Test purpose and statement

The purpose of this test report is intended to demonstrate the compliance of product listed in section 1.2,
received from company listed in section 1.1, to the requirements of standard and method listed in section 1.3.
Based on our test results, we conclude that the product tested complies with the requirements of the

standards indicated.
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2 Test site information

Lab performing tests Vista Laboratories
Lab Address 1261 Puerta Del Sol, San Clemente, CA 92673 USA
Phone Number +1 (949) 393-1123
Website www.vista-compliance.com
Test condition Test Engineer Test Environment Test Date
RF conducted Sherwin Lee 23.5°C/58.2%/996 mbar ~ 10/18/2018 —10/26/2018
Radiated Sherwin Lee 23.5°C/ 58.2%/996 mbar ~ 10/18/2018 -11/14/2018

3 Modification of EUT

For RF conducted measurement purposes, the internal antenna port of the test sample was removed and
replaced with an external SMA connector; the external antenna port was unmodified because it has a direct
port to connect to. A short serial wire cable was soldered onto the PCB for sending commands from the laptop
to the EUT to enable RF testing mode; the special test firmware is used for testing purpose.

For radiated measurement, a short serial wire cable was soldered onto the PCB for sending commands from the

laptop to EUT to enable RF test mode; the special test firmware is used for testing purpose. No other physical
modification was made.

4 Test configuration and operation

41 EUT test configuration

The EUT is powered by a 3.3 VDC power supply. It is connected to a test laptop through a serial cable and
receives test commands for RF measurement. Radio test software is used to send commands to EUT to enable
the RF test mode.

4.2 EUT test mode

Radio Channel Data Rates Frequency (MHz)
2.4 GHz Transceiver 1 (Low) 250 kbps 2405
2.4 GHz Transceiver 18 (Mid) 250 kbps 2440
2.4 GHz Transceiver 24 (High) 250 kbps 2470
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4.3 Supporting Equipment
Index Description Model S/N Brand Remark
1 Laptop P29G003 G1H5102 Dell N/A
2 DC Power Supply DP712 DP7B194900487 RIGOL N/A
4.4 EUT setup diagram
NTRETRE EUT . DCPower
Supply

4.5 EUT operation

Radio test software is used to send command to EUT to enable the RF test mode.

4.6 Testsoftware

Index Description Remark
1 RadioTest exe Serial utility software to send command to device for running RF
test mode.
2 EMISoft Vasona 6.0049 EMC/Spurious emission test software used during testing

1261 Puerta Del Sol
San Clemente, CA, 92673
+1 (949) 393-1123

Electromagnetic Compatibility
Radio Frequency

Product Certification
International Approval
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5 EUT and test setup pictures

5.1 EUT pictures

EUT Pictures
EUT Top View — External antenna version EUT Bottom View — External antenna version
EUT Top View — Internal antenna version EUT Bottom View — Internal antenna version
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External Antenna

Yagi antenna (with U.FL connector) Monopole antenna (with RP-SMA connector)

Folded Dipole, Long (with RP-SMA connector) Folded Dipole, Short (with RP-SMA connector)

RF coupling cable (RP-SMA connector) - Front RF coupling cable (RP-SMA connector) - Top
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5.2 EUT test setup pictures

Radiated Emissions Below 30MHz setup

Front

Rear
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Radiated Emissions Below 1GHz setup (Yagi antenna)

Front

Rear
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Radiated Emissions Below 1GHz setup (monopole antenna)

Front

Rear
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Radiated Emissions Below 1GHz setup (folded dipole antenna, long)

Front

Rear
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Radiated Emissions Below 1GHz setup (folded dipole antenna, short)

Front

Rear
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Radiated Emissions Below 1GHz setup (internal antenna)

Front

Rear
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Radiated Emissions Above 1GHz setup (internal antenna)

Front

Rear
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Radiated Emissions Above 1GHz setup (Yagi antenna)

Front

Rear
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Radiated Emissions Above 1GHz setup (folded dipole, long)

Front

Rear
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Radiated Emissions Above 1GHz setup (folded dipole, short)

Front

Rear
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Conducted Emissions

Front

Rear
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6 Test Summary

Section in :
FCC Rules Test Item Test standard Verdict
report
§15.203 Antenna Requirement 47CFR Part 15.247 8.1 Pass
§15.247 (a)(2) DTS (6 dB) Channel Bandwidth 47CFR Part 15.247 8.2 Pass
§15.247(b)(3) Conducted Maximum Output Power 47CFR Part 15.247 8.3 Pass
§15.247(e) Power Spectral Density 47CFR Part 15.247 8.4 Pass
§15.247(d) Conducted Band-Edge & Unwanted Emissions 47CFR Part 15.247 8.5 Pass
§15.205, . .. .
§15.209, Rad'aﬁi i";z::tzg;rli"n'::cte‘;::;':s'°”s 47CFR Part 15.247 8.6 Pass
§15.247(d) quency
§15.207 (a) AC Power Line Conducted Emissions 47CFR Part 15.207 8.7 Pass
Note: N/A

Electromagnetic Compatibility
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Product Certification
International Approval
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7 Uncertainty of Measurement

Test item Measurement Uncertainty (dB)
RF Output Power (Conducted) +1.2dB
Power Spectral Density +0.9dB
Unwanted Emission (Conducted) +2.6 dB
Occupied Channel Bandwidth 5%
Radiated Emission (9KHz-30MHz) +3.5dB
Radiated Emission (30MHz-1GHz) +4.6 dB
Radiated Emission (1-18GHz) +4.9 dB
Radiated Emission (18-40GHz) +3.5dB
Conducted Emissions (150KHz-30MHz) +3.6 dB
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8 Test summary and result

8.1 Antenna Requirement

8.1.1 Requirement

Per § 15.203, an intentional radiator shall be designed to ensure that no antenna other than that furnished
by the responsible party shall be used with the device. The use of a permanently attached antenna or of an
antenna that uses a unique coupling to the intentional radiator shall be considered sufficient to comply with
the provisions of this section. The manufacturer may design the unit so that a broken antenna can be
replaced by the user, but the use of a standard antenna jack or electrical connector is prohibited.

8.1.2 Result

Analysis:
The EUT has an option of using the internal antenna, or an external antenna.

- For the internal antenna version, the EUT uses an Amotech PIFA chip antenna that is soldered and
permanently attached onto the PCB.

- For the external antenna version, the EUT has a provision for connection to an external antenna, using a
unique U.FL connector, and was tested with a Yagi, monopole, and folded dipole antennas provided by
the applicant. No other external antennas are to be used with the EUT.

- All dipoles antennas will be equipped with unique RP-SMA connector. RF cables with unique RP-SMA and
U.FL connector will be used to provide coupling between antenna and module.

- For Yagi antenna, it will have an adapter and RF cable permanently connected with industrial epoxy,
“Loctite” or solder to make the connection permanent prior to delivering to OEM Integrator or Host
Manufacturer. the connector type on the final assembly will be U.FL.

Conclusion:

EUT complies with antenna requirement in § 15.203.
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8.2

8.2.1

8.2.2

8.2.3

DTS (6 dB) Bandwidth

Requirement

Per § 15.247 (a)(2), systems using digital modulation techniques may operate in the 902-928 MHz,
2400-2483.5MHz, and 5725-5850MHz bands. The minimum 6 dB bandwidth shall be at least 500
KHz.

Test setup
|:"> Att t |:"> %
enuator
EUT /Splitter - Oﬁ
(o]
Test Procedure

According to section 8.2, option 2, in KDB 558074 D01 DTS Meas Guidance v05 and subclause 11.8
of ANSI C63.10-2013:

The automatic bandwidth measurement capability of an instrument may be employed using the X
dB bandwidth mode with X set to 6 dB, if the functionality described above (i.e., RBW = 100 kHz,
VBW = 3 x RBW, peak detector with maximum hold) is implemented by the instrumentation
function. When using this capability, care shall be taken so that the bandwidth measurement is not
influenced by any intermediate power nulls in the fundamental emission that might be > 6 dB.

1. Set RBW =100 kHz.

2. Set the video bandwidth (VBW) = 3 x RBW.
3. Detector = Peak.

4. Trace mode = max hold.

5. Sweep = auto couple.

6. Allow the trace to stabilize.

7. Use automatic bandwidth measurement capability on instrument to obtain BW result.
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8.2.4 Test Result

External Antenna version

Test Measured Minimum
Radio Output Power Frequency Bandwidth Bandwidth (KHz) Result
Setting (MHz) (KHz)
20 2405 1675 500 Pass
20 2440 1674 500 Pass
2.4 GH
z 20 2470 1677 500 Pass
15* 2470 1674 500 Pass

*The lower output power setting is to be used for the Yagi antenna only at 2470MHz.

Internal Antenna version

Test Measured -
A Output Power X Minimum
Radio Settin Frequency Bandwidth Bandwidth (KHz) Result
& (MHz) (KHz)
20 2405 1680 500 Pass
2.4 GHz 20 2440 1677 500 Pass
20 2470 1675 500 Pass
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8.2.5 Test Plots
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External Antenna Port Measurement

Agilent Spectrum Analyzer - Occupied BW

S0 QI A | ZNALIGH OFF

06:09:09 AM Oct 26, 2018

Center Freq: 2.405000000 GHz
(=) Trig: Free Run
#IFGain:Low

Marker 1 2.4050 GHz Radio Std: None

Avg|Held:>1/1

#Atten: 30 dB Radio Device: BTS

Ref 22.00 dBm

Center 2.405 GHz

Res BW 100 kHz #VBW 300 kHz

Total Power 24.6 dBm

Occupied Bandwidth

2.2988 MHz
5.879 kHz
1.675 MHz

OBW Power
x dB

Transmit Freq Error
x dB Bandwidth

6 dB Bandwidth - 2405MHz

Agﬁerlt Spectrum Analyzer - Occupied BW
QL i . i S ol 1 |

SEMSE:INT, ALIGNAUTO

Mkr1 2.405 GHz
11.220 dBm

07:50:26 AMOct 25, 2018

Peak Search

Center Freql: 2.440000000 GHz Radio 5td: Nohe
Trig: Free Run Avg|Hold:>111

#Atten: 30 dB

Marker 1 2.4400 GHz N

#IFGain:Low Radio Device: BTS

Ref 22.00 dBm

Center 2.44 GHz

Res BW 100 kHz #VBW 300 kHz

Total Power 25.2 dBm

Occupied Bandwidth

2.2885 MHz
9.122 kHz
1.674 MHz

OBW Power
x dB

Transmit Freq Error
x dB Bandwidth

Marker

Select Marker’

1
S

6 dB Bandwidth - 2440MHz
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Agﬁent Spectrum Analyzer - Occupied BW

e e e SEMSE:INT ALIGN AUTO 07:47:51 AM Oct 26, 2018 .
Marker 1 2.4700 GHz Center Freq: 2470000000 GHz Radio Std: None Auto Align
= Trig: Free Run Avg|Hold:>111
#IFGain:Low #Atten: 30 dB Radio Device: BTS Normal
(default)
Ref 22.00 dBm Y
Partial
(RBW & IQ)
)
off
| |
All but RF
on Off
||
Center 2.47 GHz
#Res BW 100 kHz #VBW 300 kHz Alert
[Time & Temp]

Occupied Bandwidth Total Power 25.2 dBm
2.2837 MHz

Transmit Freq Error 4.919 kHz OBW Power 99.00 %
x dB Bandwidth 1.677 MHz x dB -6.00 dB

6 dB Bandwidth - 2470MHz

Agilent Spectrum Analyzer - Occupied BW

SO : ALIGNAUTO  [0:06:21 AMOct 26,2019

Center Freq 2.470000000 GHz Center Freq: 2.470000000 GHz Radio Std: None Frequency
) Trig:Free Run Avg|Hold:>1/1

#IFGain:Low ™ AAtten: 48 dB Radio Device: BTS

Mkr1 2.44 GHz

Ref 22.00 dBm

2.470000000 GHz

Center 2.47 GHz
#Res BW 100 kHz #VBW 300 kHz

Occupied Bandwidth Total Power 20.4 dBm
2.2776 MHz

Transmit Freq Error 1.988 kHz OBW Power 99.00 %
x dB Bandwidth 1.674 MHz x dB -6.00 dB

6 dB Bandwidth - 2470MHz (15 dBm output power level setting for Yagi antenna)
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Internal Antenna Port Measurement

Agﬁerlt Spectrum Analyzer - Occupied BW
QL . i S ol 1 |

ALIGNAUTO

08:31:02 AMOct 25, 2018

Center Freq: 2.405000000 GHz Radio 5td: Nohe
Trig: Free Run Avg|Hold:>111

#Atten: 48 dB

Marker 1 2.4050 GHz N

#IFGain:Low

Ref 22.00 dBm

Center 2.405 GHz

#Res BW 100 kHz #VBW 300 kHz

Total Power 19.6 dBm

Occupied Bandwidth

2.2827 MHz
9.150 kHz
1.680 MHz

OBW Power
x dB

Transmit Freq Error
x dB Bandwidth

Radio Device: BTS

Mkr1 2.40498 GHz
6.9216 dBm

Select Marker’

1
S

6 dB Bandwidth - 2405MHz

Agﬁerlt Spectrum Analyzer - Occupied BW
Ll v | O

ALIGNAUTO

03:32:44 &M Oct 256, 2018

Center Freq: 2.440000000 GHz
Trig: Free Run Avg|Hold:>111
#Atten: 48 dB

Marker 1 2.4400 GHz Radio Std: None

#IFGain:Low

Radio Device: BTS

Peak Search

Ref 22.00 dBm

Center 2.44 GHz

#Res BW 100 kHz #VBW 300 kHz

Total Power 19.1 dBm

Occupied Bandwidth

2.2795 MHz
2.478 kHz
1.677 MHz

OBW Power
x dB

99.00 %
-6.00 dB

Transmit Freq Error
x dB Bandwidth

6 dB Bandwidth - 2440MHz
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Agilent Spectrum Analyzer - Occupied BW
e | SEMSEXINT| ALIGN AUTO 02:34:00 &M Oct 26, 2018
Marker 1 2.4700 GHz Center Freq: 2.470000000 GHz Radio $td: None Peak Search
(o) Trig: Free Run Avg|Hold:>111
#IFGain:L ow HAtten: 48 dB Radio Device: BTS

Ref 22.00 dBm

Center 2.47 GHz
#Res BW 100 kHz #VBW 300 kHz

Occupied Bandwidth Total Power 18.6 dBm

2.2821 MHz

Transmit Freq Error 2.957 kHz OBW Power 99.00 %
x dB Bandwidth 1.675 MHz x dB -6.00 dB

% STATUS

6 dB Bandwidth - 2470MHz
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8.3 Maximum Output Power

8.3.1 Requirement

Per § 15.247 (b)(3), for systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz,
and 5725-5850 MHz bands: the maximum output power is 1 Watt.

Per § 15.247 (b)(4), if transmitting antennas of directional gain greater than 6 dBi are used, the
conducted output power from the intentional radiator shall be reduced below the stated values in
paragraphs (b)(1), (b)(2), and (b)(3) of this section, as appropriate, by the amount in dB that the
directional gain of the antenna exceeds 6 dBi.

8.3.2 Testsetup
Att t |:|'> EEE
enuator
EUT /Splitter - géﬁ

8.3.3 Test Procedure

According to section 8.3.1.1 RBW=DTS bandwidth, in KDB 558074 D01 DTS Meas Guidance v05 and
subclause 11.9.1.1 of ANSI C63.10-2013:

Set the RBW 2 DTS bandwidth.
Set VBW 2 3 X RBW.

Set span 23 X RBW

Sweep time = auto couple.
Detector = peak.

Trace mode = max hold.

Allow trace to fully stabilize.

©® N @ v A w N R

Use peak marker function to determine the peak amplitude level.

8.3.4 Conducted output power limit calculation

Per FCC requirement, if antenna gain exceeds 6 dBi, conducted output power limit shall be reduced
by the amount in dB that the directional gain of the antenna exceeds 6 dBi.

Amount Original output New output
Antenna type A'.‘tenn? exceeding 6 dBi power limit power limit
gain (dBi) (dB) (dBm) (dBm)

Internal PIFA 3.4 N/A 30 30
Folded Dipole Long 3.2 N/A 30 30
Folded Dipole Short 2.15 N/A 30 30
Monopole 7 1 30 29
Yagi 12 6 30 24
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8.3.5 Test Result
Folded Dipole Antennas
Test Frequenc Measured Maximum
Radio Output Power 9 Y Output Power | Output Power Result
Setting (MHz) (dBm) (dBm)
20dB 2405 18.047 30 Pass
2.4 GHz 20dB 2440 18.446 30 Pass
20dB 2470 18.532 30 Pass
Yagi Antenna
Test Frequenc Measured Maximum
Radio Output Power 9 v Output Power | Output Power Result
Setting (MHz) (dBm) (dBm)
20dB 2405 18.047 24 Pass
2.4 GHz 20dB 2440 18.446 24 Pass
15dB 2470 13.591 24 Pass
Monopole Antenna
Test Frequenc Measured Maximum
Radio Output Power 9 Y Output Power = Output Power Result
Setting (MHz) (dBm) (dBm)
20 dB 2405 18.047 29 Pass
2.4 GHz 20dB 2440 18.446 29 Pass
20dB 2470 18.532 29 Pass
Internal Antenna
Test Frequenc Measured Maximum
Radio Output Power q Y Output Power = Output Power Result
Setting (MHz) (dBm) (dBm)
20dB 2405 15.279 30 Pass
2.4 GHz
20dB 2440 15.019 30 Pass
Module
20dB 2470 14.785 30 Pass
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8.3.6 Test Plots

External Antenna Port Measurement

Agﬁent Spectrum Analyzer - Swept SA

s e i oo B | e : ALIGN AUTO 34 i

Marker 1 2.405520000000 GHz Avg Type: Log-Pur e
Trig: Free Run Avg|Heold:>100{100

)
IFGain:Low ™ Atten: 36 dB

Mkr1 2.405 52 GHz NextPeak
Hrn 405 52 Grz |
Next Pk Right

Next Pk Left

Center 2.405000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.000 ms (1001 pts)

MSG ﬁE STATUS

Output power - 2405MHz

Ag-i-lent Spectrum Analyzer - Swept SA

- B e T E T e F | : ALIGH AUTO 04:35:12 AM Oct 27, 2018 e h

Marker 1 2.440510000000 GHz Avg Type: Log-Pur : SEeiEns
—— Trig: Free Run Avg|Heold:>100{100

IF Gain:Low Atten: 36 dB

Mkr1 2.440 51 GHz NextPeak
i 440 67 Grz |
Next Pk Right
||

Next Pk Left

Center 2.440000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.000 ms (1001 pts)

MSG E STATUS

Output power - 2440MHz
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Agﬁent Spectrum Analyzer - Swept SA

| T T : ALIGNAUTO s T
Marker 1 2.469300000000 GHz Avg Type: Log-Pur e
Trig: Free Run Avg|Heold:>100{100

PNO: Fast )
IFGain:Low Atten: 36 dB
Mkr1 2.469 30 GHz NextPeak

Ref Offset 0.7 dB
Ref 26.20 dBm 18.532 dBm ——

Next Pk Right

Next Pk Left

Center 2470000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.000 ms (1001 pts)

MSG ﬁE STATUS

Output power - 2470MHz

Agilent Spectrum Analyzer - Swept SA

O 0 501 U ; ALIGNAUTO|04:37:08 AMOct s
Marker 1 2.469360000000 GHz Avg Type: Log-Pur ek
—— Trig: Free Run Avg|Held:>100{100

IFGain:Low Atten: 36 dB
Mkr1 2.469 36 GHz NextPeak

Ref Offset0.7 dB

Ref 26.20 dBm 13.591 dBm ——
Next Pk Right
i |

Next Pk Left

Center 2.470000 GHz Span 10.00 MHz
#Res BW 2.0 MHz #VBW 6.0 MHz Sweep 1.000 ms (1001 pts)

MSG E STATUS

Output power - 2470MHz (15 dBm output power level setting for Yagi antenna)
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Agﬁent Spectrum Analyzer - Swept SA

Ref Offset 3.2 dB
Ref 26.20 dBm

Center 2.405000 GHz
#Res BW 2.0 MHz

Agilent Spectrum Analyzer - Swept SA
- [ T e

Marker 1 2.439330000000 GHz .
PNO: Fast L, 17ig:FreeRun
Atten: 34 dB

Ref Offset3.2 dB
Ref 26.20 dBm

Center 2.440000 GHz
#Res BW 2.0 MHz

SOIHEEACHE I

MSG ﬁE STATUS

MSG E STATUS

Internal Antenna Port Measurement

ALIGN AUTO
Avyg Type: Log-Pwr
Avg|Held:>100/100

TracelDetector

Trig: Free Run

PNO: Fast )
™ Atten: 34 dB

IFGain:Low

SelectTmce’
Mkr1 2.404 41 GHz

1
15.279 dEm [R—

Clear Write

Trace Average

View Blank’
Trace On

Span 10.00 MHz
#VBW 6.0 MHz

Avg Type: Log-Pwr Peak Search
Avg|Heold:>100{100

IFGain:Low

NextPeak

Mkr1 2.439 33 GH
15.019 dBm

Next Pk Right
]|

Next Pk Left

Span 10.00 MHz

#VBW 6.0 MHz Sweep 1.000 ms (1001 pts)

Output power - 2440MHz
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Agilent Spectrum Analyzer - Swept SA
soiQi el leaia e as : ALIGH AUTO 03:00:39 &AM Oct 27, 2018 B h
Marker 1 2.469350000000 GHz Avg Type: Log-Pwr Mt
PNO: Fast (o) 1rg:FreeRun Avg|Heold:>100{100
B i y
IFGain:Low Atten: 34 dB
Mkr1 2.469 35 GHz b2 A

Ref Offset 3.2 dB 14.785 dBm |

Ref 26.20 dBm

Next Pk Right
EE e sisay |

Next Pk Left

Center 2470000 GHz Span 10.00 MHz
#VBW 6.0 MHz Sweep 1.000 ms (1001 pts)

#Res BW 2.0 MHz
= ﬁESTATUS

Output power - 2470MHz
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8.4 Power Spectral Density

8.4.1 Requirement

Per § 15.247 (e), for digitally modulated systems, the power spectral density conducted from the
intentional radiator to the antenna shall not be greater than 8 dBm in any 3 kHz band during any
time interval of continuous transmission. This power spectral density shall be determined in
accordance with the provisions of paragraph (b) of this section. The same method of determining
the conducted output power is used to determine the power spectral density.

8.4.2 Test setup

o4
|:|'> Attenuator |:|'> o
EUT /Splitter - ?éﬁ

8.4.3 Test Procedure

According to section 8.4 in KDB 558074 D01 DTS Meas Guidance v05 and subclause 11.10.2 PKPSD
of ANSI C63.10-2013:

Set analyser centre frequency to DTS channel centre frequency.
Set the span to 1.5 X DTS bandwidth.

Set the RBW to: 3 kHz < RBW < 100 kHz.

Set the VBW 2> 3 x RBW.

Detector = peak.

Sweep time = auto couple.

Trace mode = max hold.

Allow trace to fully stabilize.

0 N o Uk~ W N PR

Use the peak marker function to determine the maximum amplitude level within the RBW.

10. If measured value exceeds limit, reduce RBW (no less than 3 kHz) and repeat.

8.4.4 Power spectral densty limit calculation

Per FCC requirement, if antenna gain exceeds 6 dBi, PSD limit shall be reduced by the amount in dB
that the directional gain of the antenna exceeds 6 dBi.

e Antenna exc:er:;:\l;n; dBi Original PSD limit New PSD limit
gain (dBi) (dB) (dBm/3KHz) (dBm/3KHz)
Internal PIFA 34 N/A 8 8
Folded Dipole Long 3.2 N/A 8 8
Folded Dipole Short 2.15 N/A 8 8
Monopole 7 1 8 7
Yagi 12 6 8 2
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8.4.5 Test Result

Folded Dipole Antennas

Output Measured Maximum
Radio Power Test Frequency Output Output Result
T (MHz) Power Power
J (dBm/3KHz)  (dBm/3KHz)
20dB 2405 1.614 8 Pass
2.4 GHz 20dB 2440 1.712 8 Pass
20dB 2470 2.052 8 Pass
Monopole Antenna
Output Measured Maximum
Radio Power Test Frequency Output Output Result
Settin (MHz) Power Power
J (dBm/3KHz)  (dBm/3KHz)
20dB 2405 1.614 7 Pass
2.4 GHz 20dB 2440 1.712 7 Pass
20dB 2470 2.052 7 Pass
Yagi Antenna
Output Measured Maximum
Radio Power Test Frequency Output Output Result
- (MHz) Power Power
J (dBm/3KHz)  (dBm/3KHz)
20 dB 2405 1.614 2 Pass
2.4 GHz 20dB 2440 1.712 2 Pass
15dB 2470 -1.840 2 Pass
Internal Antenna
Output Measured Maximum
Radio Power Test Frequency Output Output Result
R (MHz) Power Power
e (dBm/3KHz)  (dBm/3KHz)
20dB 2405 0.196 8 Pass
2.4 GHz 20dB 2440 0.008 8 Pass
20dB 2470 -0.295 8 Pass
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External Antenna Port Measurement

Agﬁent Spectrum Analyzer - Swept SA
ALIGNAUTO

Peak Search

R
Marker 1 2.405437697000 GHz . Avg Type: Log-Pwr
Trig: Free Run Avg|Heold:>100{100

PNO: Wide )
IFGain:Low #Atten: 48 dB

Ref Offset0.2 dB
Ref 20.20 dBm

Center 2.405000 GHz
#Res BW 3.0 kHz #VBW 10 kHz

MSG ﬁE STATUS

PSD - 2405MHz

Agilent Spectrum Analyzer - Swept SA

Mkr1 2.405 437 7 GHz
1614 B m (|

Span 2.516 MHz
Sweep 265.3 ms (1001 pts)

ALIGNALTO 02:17:41 AMOct 25, 2018
Peak Search

NextPeak

Next Pk Right

Next Pk Left

S0l Gl

Marker 1 2.440437697000 GHz . Avg Type: Log-Pwr
PNO: Wide (. Trig: Free Run Avg|Heold:>100{100
IFGain:Low #Atten: 48 dB

Ref Offset0.2 dB
Ref 20.20 dBm

Center 2.440000 GHz
#Res BW 3.0 kHz #VBW 10 kHz

MSG E STATUS

PSD - 2440MHz

Mkr1 2.440 437 7 GHz

Span 2.516 MHz
Sweep 265.3 ms (1001 pts)

NextPeak
17z dBm
Next Pk Right
|

Next Pk Left
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Agilent Spectrum Analyzer - Swept SA
Ll | O B

PFE-18100201-LC-FCC-RF-LEAP Rev1.1
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ALIGNAUTO

Marker 1 2.470437697000 GHz _
PNO: Wide (o) T1rig:Free Run

IFGain:Low #Atten: 48 dB

Ref Offset0.2 dB
Ref 20.20 dBm

Center 2470000 GHz

#Res BW 3.0 kHz #VBW 10 kHz

Agilent Spectrum Analyzer - Swept SA
501 O

MSG ﬁE STATUS

PSD - 2470MHz

Avg Type: Log-Pwr Peak Search

Avg|Hold:>100{100

NextPeak
 Geuancee manmmance |

Mkr1 2.470 437 7 GHz
2.052 dBm

Next Pk Right

Next Pk Left

Span 2.516 MHz
Sweep 265.3 ms (1001 pts)

ALIGN AUTO 08:14:00 AM Oct

RBW 3.0 kHz j
PNO: Wide (0 Trig: Free Run
IFGain:Low #Atten: 48 dB

Ref Offset0.2 dB
Ref 20.20 dBm

Center 2.470000 GHz

#Res BW 3.0 kHz #VBW 10 kHz

MSG E STATUS

PSD - 2470MHz (15 dBm output power level setting for Yagi antenna)

Avyg Type: Log-Pwr
Avg|Hold:>100/100

Res BW
3.0 kHz
Auto Man

Video BW||

10 kHz
Auto Man

VBW:3dB RBW||

100
Auto Man

Span:3dB RBW||

106
Auto Man

RBW Controlb
[Gaussian,-3 dB]

Mkr1 2.470 437 7 GHz
-1.840 dBm

Span 2.516 MHz
Sweep 265.3 ms (1001 pts)
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Internal Antenna Port Measurement

Agﬁent Spectrum Analyzer - Swept SA

Peak Search

R Ll v | O B : ALIGN AUTO
Marker 1 2.405438480000 GHz . Avg Type: Log-Pwr
Trig: Free Run Avg|Held: 551100

PNO: Wide )
IFGain:Low Atten: 34 dB

Ref Offset 3.2 dB
Ref 26.20 dBm

Center 2.405000 GHz
MSG ﬁESTATUS
PSD - 2405MHz

Agilent Spectrum Analyzer - Swept SA

T ) : ALIGNAUTO

Mkr1 2.405 438 48 GHz

Span 2.520 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 265.7 ms (1001 pts)

03:06:14 AMOct 27, 2018

NextPeak

0. 196 d B m e |

Next Pk Right

Next Pk Left

Peak Search

Marker 1 2.440437465000 GHz . Avg Type: Log-Pur
PNO: Wide L, Trig: Free Run Avg|Heold:>100{100

IF Gain:Low Atten: 34 dB

Ref Offset3.2 dB
Ref 26.20 dBm

Center 2.440000 GHz

MSG E STATUS

PSD - 2440MHz

Mkr1 2.440 437 5§ GH

Span 2.155 MHz
#Res BW 3.0 kHz #VBW 10 kHz Sweep 227.3 ms (1001 pts)

NextPeak
0.008 dBm |
Next Pk Right
|

Next Pk Left
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Agilent Spectrum Analyzer - Swept SA

Ll | O : ALIGNAUTO 04 T

Marker 1 2.470437175000 GHz Avg Type: Log-Pur e
Trig: Free Run Avg|Heold:>100{100

PNO: Wide G
IFGain:Low Atten: 34 dB y
Mkr1 2.470 437 2 GHz NextPeak

Ref Offset 3.2 dB -0.295 dBm |

Ref 26.20 dBm

Next Pk Right
EE e sisay |

Next Pk Left

Center 2470000 GHz Span 2.513 MHz
#VBW 10 kHz Sweep 264.9 ms (1001 pts)

#Res BW 3.0 kHz
= ﬁESTATUS

PSD - 2470MHz
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8.5 Conducted Band-Edge & Unwanted Emissions Measurement

8.5.1

8.5.2

8.5.3

8.5.4

Requirement

Per § 15.247 (d), in any 100 kHz bandwidth outside the frequency band in which the spread
spectrum or digitally modulated intentional radiator is operating, the radio frequency power that is
produced by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth
within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided the transmitter demonstrates compliance with
the peak conducted power limits.

Test setup

/Splitter

EUT |:> Attenuator |:> -%ﬂ
oo

Test Procedure

According to section 8.5 Emission level measurement, in KDB 558074 D01 DTS Meas Guidance v05
and subclause 11.11.3 in ANSI C63.10-2013:

. Set the center frequency and span to encompass frequency range to be measured.
. Set the RBW =100 kHz.

. Set the VBW >3 X RBW.

. Detector = peak.

. Sweep time = auto couple.

. Trace mode = max hold.

. Allow trace to fully stabilize.

0 N o U b~ W N

. Use the peak marker function to determine the maximum amplitude level.

Test Result

See test plots
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8.5.5 Test Plots

External Antenna Port Measurement

Agilent Spectrum Analyzer - Swept SA
Ll | O : ALIGHAUTO

Marker 1 A 4,740000000 MHz _ Avg Type: LogPur LT
Trig: Free Run Avg|Heold:>100{100

IFGain:Low e Atten: 36 dB . SelectMarker’
AMKr1 4.740 MHz
Ref Offset 0.7 dB
Ref 26.20 dBm 56.347 dB

‘1}_\.2

MX

Center 2.400000 GHz Span 15.00 MHz
#Res BW 100 kHz #VBW 300 kHz

MSG ﬁE STATUS

Agilent Spectrum Analyzer - Swept SA

502

_AC _ Mark
Marker 1 A -12.985000000 MHz l Avg Type: Log-Pur : bl
—— Trig: Free Run Avg|Heold:>100{100

IF Gain:Low Atten: 36 dB MM Select Man(er.
Ref Offset 0.7 dB AMkr1 -12.985 MHz

1
Ref 26.20 dBm 66.273 dB F———

‘1A2 Normal

Center 2.48350 GHz Span 35.00 MHz
#VBW 300 kHz

Conducted Band-Edge - 2470MHz
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Agilent Spectrum Analyzer - Swept SA

SOICHEEACHE I : ALIGHAUTO

Marker 1 A -13.020000000 MHz . Avg Type: Log-Pwr
PNO: Fast (o) 1rg:FreeRun Avg|Heold:>100{100

IFGain:Low ™ Atten: 36 dB e Select Marker
AMEKr1 -13.020 MHz

Marker

Ref Offset 0.7 dB

1
Ref 26.20 dBm 64.128 dB P ——

01.’_\.2

Center 2.48350 GHz Span 35.00 MHz
#Res BW 100 kHz #VBW 300 kHz

MSG ﬁE STATUS

Conducted Band-Edge - 2470MHz (15 dBm output power level setting for Yagi antenna)
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Agﬁent Spectrum Analyzer - Swept SA
B R i Ok : ALIGN AUTO 55 Display

Display Line -6.10 dBm . Avg Type: Log-Pwr
Trig: Free Run Avg|Held: 611100

PNO: Fast T,

IFGain:Low Atten: 36 dB

Mkr1 2.406 GHz |

Ref Offset0.7 dB
Ref 26.20 dBm 13.988 dBm ——
Title»

Graticule
Off

Display Line
6.10 dBm
Off]

5710 By

System
Display»
Settings

Start 30 MHz St?)p 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.386 s (1001 pts)

MSG EE STATUS

Conducted Unwanted Emission - 2405MHz

Agilent Spectrum Analyzer - Swept SA
50l e ; ALIGNAUTO |0 Display

Display Line -6.60 dBm _ Avg Type: Log-Pwr
PNO: Fast L, ) T1r9:Free Run Avg|Held: 101100

IFGain:Low Atten: 36 dB

Annotation»

Mkr1 2.441 GHz
Ref 26.20 dBm 14.641 dBm |G
¢ Title»

Graticule
on Off
Bttt |
Display Line

6.60 dBm
Off

-6 60 cBm

Settings

- Stop 25.00 GHz

Start 30 MHz
#VBW 300 kHz Sweep 2.387 s (1001 pts)

Conducted Unwanted Emission - 2440MHz
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Agﬁent Spectrum Analyzer - Swept SA
QL i . i S 1 | : ALIGN AUTO 145 Display

Display Line -8.80 dBm | Avg Type: Log-Pwr
Trig: Free Run Avg|Held: 121100

PNO: Fast ()

IFGain:Low Atten: 36 dB

Annotation»

Mkr1 2.477 GHz

Ref 26.20 dBm 12.769 dEm |G

1 Title»
¢

G|

Graticule

On Off

|

DisplayLine

-8.80 dBm

Off

Settings

Start 30 MHz Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.386 s (1001 pts)

MSG ﬁg STATUS

Conducted Unwanted Emission - 2470MHz

Agilent Spectrum Analyzer - Swept SA

BRI Re e Sso et ac B B ALIGNAUTO  [04:47:47 AMOCt27, 2018 B
Display Line -11.10 dBm Avg Type: Log-Pur : L
—— Trig: Free Run Avg|Hold: 281100

IF Gain:Low Atten: 36 dB

Annotation»

Mkr1 2.477 GHz
Ref Offset0.7 dB
Ref 26.20 dBm 9.011 B m |IENEG—
Title»
1
¢ e |

Graticule
Off

1 21 || IS |
DisplayLine
-11.10 dBm
Off

System
Display»
Settings

Stop 25.00 GHz

Start 30 MHz
#VBW 300 kHz Sweep 2.386 s (1001 pts)

#Res BW 100 kHz

Conducted Unwanted Emission - 2470MHz
(15 dBm output power level setting for Yagi antenna)
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Internal Antenna Port Measurement

Agﬁent Spectrum Analyzer - Swept SA

QR i | Ok : ALIGN AUTO 18 PP
Marker 1 A 5.505000000 MHz . Avg Type: Log-Pwr
PNO: Fast (o) 1rg:FreeRun Avg|Heold:>100{100

IFGain:Low  Atten: 34 dB Select Marker
AMKF1 5.505 MHz >

Ref 26.20 dBm 53.695 dB

.1A2

Properties»

Center 2.400000 GHz Span 15.00 MHz

#Res BW 100 kHz #VBW 300 kHz

MSG ﬁE STATUS

Agilent Spectrum Analyzer - Swept SA

SUICERENGE i : TR
Marker 1 A -13.055000000 MHz . Avg Type: Log-Pwr ‘
PNO: Fast [, ) 1rig:FreeRun Avg|Hold:>100/100
IF Gain:Low Atten: 34 dB Select Marker.

AMkr1 -13.0556 MH

Ref 26.20 dBm 63.680 dB

1A2

XWWWWWM Properties»

Center 2.48359 GHz Span 35.00 MHz

#Res BW 100 kHz #VBW 300 kHz .
E ESTATUS

Conducted Band-Edge - 2470MHz
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Agﬁent Spectrum Analyzer - Swept SA
QL i . i S 1 | : ALIGN AUTO 20 Display

Display Line -10.20 dBm | Avg Type: Log-Pwr
Trig: Free Run Avg|Held: 161100

PNO: Fast ()

IFGain:Low Atten: 34 dB

Annotation»

Mkr1 2.406 GHz
Ref 26.20 dBm 10.228 B m |G
Title»

s s |
Graticule
On Off
|
DisplayLine
-10.20 dBm
Off]

Settings

Start 30 MHz Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.386 s (1001 pts)

MSG ﬁg STATUS

Conducted Unwanted Emission - 2405MHz

Ag-i-lent Spectrum Analyzer - Swept SA

B s 0 o | : ALIGH AUTO

Display Line -9.40 dBm . Avg Type: Log-Pwr
—— Trig: Free Run Avg|Held: 151100

IF Gain:Low Atten: 34 dB

04:18:23 AMOct 27, 2018 =
Display

Annotation»

Mkr1 2.441 GHz
Ref 26.20 dBm 11.363 B m |IEG—
Title»

Graticule
Off

DisplayLine
9.40 dBm
Off

System
Display»
Settings

Stop 25.00 GHz

Start 30 MHz
#VBW 300 kHz Sweep 2.386 s (1001 pts)

Conducted Unwanted Emission - 2440MHz
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Agilent Spectrum Analyzer - Swept SA
- A o = e : ALIGNAUTO  |04:15:50 AMOct 27, 2018 m
Avg Type: Log-Pwr Display

Display Line -10.10 dBm .
Trig: Free Run Avg|Held: 191100

PNO: Fast ()

IFGain:Low Atten: 34 dB
Annotation®|

Mkr1 2.471 GHz
Ref Offset 3.2 dB 10.160 dBm e

Ref 26.20 dBm

Title»

‘1
s s |
Graticule
Off

-10.10 o | RN |

DisplayLine
-10.10 dBm
Off]

Start 30 MHz - Stop 25.00 GHz
#Res BW 100 kHz #VBW 300 kHz Sweep 2.386 s (1001 pts)

MSG ﬁE STATUS

Conducted Unwanted Emission - 2470MHz

Electromagnetic Compatibility 1261 Puerta Del Sol
San Clemente, CA, 92673

Radio Frequency
Product Certification +1 (949) 393-1123

International Approval



http://www.vista-compliance.com/

Report Number:  PFE-18100201-LC-FCC-RF-LEAP Rev1.1
Product: Leap 2.4GHz RF Module Page 51 of 73
Model Number:  44-100312-00, 44-100312-01

8.6 Radiated Band-Edge & Spurious Emissions into Restricted Frequency Bands

8.6.1 Requirement

Per § 15.247 (d), in any 100 kHz bandwidth outside the frequency band in which the spread
spectrum or digitally modulated intentional radiator is operating, the radio frequency power that is
produced by the intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth
within the band that contains the highest level of the desired power, based on either an RF
conducted or a radiated measurement, provided the transmitter demonstrates compliance with
the peak conducted power limits. If the transmitter complies with the conducted power limits
based on the use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of this
section, the attenuation required under this paragraph shall be 30 dB instead of 20 dB. 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 also comply with the radiated
emission limits specified in §15.209(a) (see §15.205(c)).

Frequency range (MHz) Field Strength (uV/m)
0.009~0.490 2400/F(KHz)
0.490~1.705 24000/F(KHz)

1.705~30.0 30
30-88 100
88 - 216 150
216 960 200
Above 960 500

8.6.2 Test setup
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8.6.3 Test Procedure

According to section 8.6 in KDB 558074 D01 DTS Meas Guidance v05 and subclause 11.12.2.7
Radiated spurious emission measurements in ANSI C62.10-2013 as well as the procedures for
maximizing and measuring radiated emissions that are described in ANSI C63.10 was followed.
Boresight antenna mast was used during the scanning to point to EUT to maximize the emission.
The process will be repeated in 3 EUT orientations.

1. The EUT was switched on and allowed to warm up to its normal operating condition.

2. The test was carried out at the selected frequency points obtained from the EUT
characterization. Maximization of the emissions, was carried out by rotating the EUT, changing
the antenna polarization, and adjusting the antenna height in the following manner:

a. Vertical or horizontal polarization (whichever gave the higher emission level over a full
rotation of the EUT) was chosen.

b. The EUT was then rotated to the direction that gave the maximum emission.
c. Finally, the antenna height was adjusted to the height that gave the maximum emission.

3. The resolution bandwidth and video bandwidth of test receiver/spectrum analyzer is 300 Hz for
frequency below 150KHz.

4. The resolution bandwidth and video bandwidth of test receiver/spectrum analyzer is 10 kHz for
frequency between 150KHz — 30MHz.

5. The resolution bandwidth and video bandwidth of test receiver/spectrum analyzer is 120 kHz for
Quasi-Peak detection at frequency between 30MHz - 1GHz.

6. The resolution bandwidth of test receiver/spectrum analyzer is 1IMHz and video bandwidth is
3MHz with Peak detection for Peak and average measurement at frequency above 1GHz.

7. Steps 2 and 3 were repeated for the next frequency point, until all selected frequency points
were measured.
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8.6.4 Test Result

9KHz — 150KHz test result

Test Standard: 47CFR 15.209 Mode: 2440MHz
Frequency Range: Below 150KHz Test Date: 11/14/2018
Antenna Type/Polarity: Loop / 0 deg & 90 deg Test Personnel: Sherwin Lee
Remark: Internal antenna Test Result: Pass
Frequency Raw  Cable AF c:-;:\elll Det Pol Height  Table Limit Margin
MHz dB dB dB m deg cm cm dBuV/m dB

0.015 60.54 0.35 10.84 71.73 PK 0 100 182 124.05 -52.32
0.018 56.28 0.37 11.16 67.81 PK 0 100 12 122.35 -54.54
0.043 43.87 0.46 13.04 57.36 PK 0 100 10 114.86 -57.50
0.096 3533 0.54 10.78 46.65 PK 0 100 0 108.00 -61.35
0.111 3404 0.55 11.00 45.59 PK 0 100 38 106.69 -61.10
0.138 29.81 0.57 11.00 41.38 PK 0 100 90 104.79 -63.41

Note: 1) Both 0 deg and 90 deg setup of the loop antenna have been verified and the worst case result is
presented here.

2) All different antenna versions have been verified and the worst case result is presented here.

3) EUT was tested in 3 orientations.
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150KHz — 30MHz test result

Test Standard: 47CFR 15.209 Mode: 2440MHz
Frequency Range: 150KHz — 30MHz Test Date: 11/14/2018
Antenna Type/Polarity: Loop / 0 deg & 90 deg Test Personnel: Sherwin Lee
Remark: N/A Test Result: Pass
Frequency = Raw Cable AF Level Det Pol Height Table Limit Margin
MHz dB dB dB dBuV/m deg cm cm dBuV/m dB

0.173 43.25 0.60 11.00 54.85 PK 0 100 62 102.84 -47.99
1.179 2748 0.79 12.97 41.24 PK 0 100 88 66.17 -24.93
2.184 23.15 0.85 13.18 37.18 PK 0 100 13 70.00 -32.82
17.180 13.54 1.60 13.61 28.76 PK 0 100 102 70.00 -41.24
18.399 12.10 1.68 13.92 27.70 PK 0 100 9 70.00 -42.30
29.416 1498 2.20 11.49 28.67 PK 0 100 360 70.00 -41.33

Note: 1) Both 0 deg and 90 deg setup of the loop antenna have been verified and the worst case result is
presented here.

2) All different antenna versions have been verified and the worst case result is presented here.
3) EUT was tested in 3 orientations.
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30-1000MHz test result for Yagi antenna

Test Standard: 47CFR 15.209 Mode: 2440MHz
Frequency Range: 30-1000MHz Test Date: 11/01/2018
Antenna Type/Polarity: Bi-Log/Hor & Ver Test Personnel: Sherwin Lee
Remark: N/A Test Result: Pass
Frequency Raw Cable AF Level Det Pol Height  Table Limit Margin
MHz dB dB dB dBuV/m deg cm cm dBuV/m dB

56.43 35.71 2.93 -24.71 13.92 QP v 399 286 40 -26.08
118.93 29.05 3.86 -23.19 9.71 QP H 384 57 435 -33.79
160.85 33.34 4.36 -22.34 15.36 QP H 119 62 43.5 -28.14
290.59 29.75 5.6 -18.82 16.54 QP H 150 354 46 -29.46
414.71 25.57 6.32 -13.64 18.25 QP H 224 44 46 -27.75
700.03 24.98 7.31 -6.43 25.87 QP v 324 28 46 -20.13

Note: For below 1GHz, all different channel and modes were verified but only the worst case result is
shown here. EUT was tested in 3 orientations.
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30-1000MHz test result for monopole antenna

Test Standard: 47CFR 15.209 Mode: 2440MHz
Frequency Range: 30-1000MHz Test Date: 11/01/2018
Antenna Type/Polarity: Bi-Log/Hor & Ver Test Personnel: Sherwin Lee
Remark: N/A Test Result: Pass
Frequency Raw Cable AF Level Det Pol Height Table Limit Margin
MHz dB dB dB dBuV/m deg cm cm dBuV/m dB

162.81 34.21 4.38 -22.31 16.27 QP H 188 170 43.5 -27.23
196.87 29.33 4.7 -21.85 12.19 QP H 115 26 43.5 -31.31
284.40 33.46 5.55 -18.88 20.14 QP H 152 356 46 -25.86
408.04 25.65 6.34 -13.54 18.45 QP \Y 280 136 46 -27.55
719.31 25.23 7.3 -6.5 26.03 QP H 314 317 46 -19.97
940.52 24.88 7.77 -6.79 25.85 QP H 321 198 46 -20.15

Note: For below 1GHz, all different channel and modes were verified but only the worst case result is
shown here. EUT was tested in 3 orientations

Electromagnetic Compatibility 1261 Puerta Del Sol
Radio Frequency San Clemente, CA, 92673

Product Certification +1 (949) 393-1123
International Approval



http://www.vista-compliance.com/

Report Number:  PFE-18100201-LC-FCC-RF-LEAP Rev1.1
Product: Leap 2.4GHz RF Module Page 58 of 73
Model Number:  44-100312-00, 44-100312-01

30-1000MHz test result for folded dipole (long) antenna

Test Standard: 47CFR 15.209 Mode: 2440MHz
Frequency Range: 30-1000MHz Test Date: 11/01/2018
Antenna Type/Polarity: Bi-Log/Hor & Ver Test Personnel: Sherwin Lee
Remark: N/A Test Result: Pass
Frequency = Raw Cable AF Level Det Pol Height Table Limit Margin
MHz dB dB dB dBuV/m deg cm cm dBuV/m dB

144.03 34.88 4.18 -22.63 16.42 QP H 257 192 43.5 -27.08
194.29 26.34 4.68 -21.88 9.15 QP H 350 0 43.5 -34.35
297.18 28.48 5.66 -18.75 15.39 QP H 129 101 46 -30.61
580.86 25.35 6.97 -10.41 21.92 QP H 228 86 46 -24.08
805.29 30.22 7.26 -6.79 30.69 QpP \Y 149 70 46 -15.31
878.38 26.16 7.53 -7.14 26.56 QP H 103 300 46 -19.44

Note: For below 1GHz, all different channel and modes were verified but only the worst case result is
shown here. EUT was tested in 3 orientations
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30-1000MHz test result for folded dipole (short) antenna

Test Standard: 47CFR 15.209 Mode: 2440MHz
Frequency Range: 30-1000MHz Test Date: 10/20/2018
Antenna Type/Polarity: Bi-Log/Hor & Ver Test Personnel: Sherwin Lee
Remark: N/A Test Result: Pass
Frequency Raw Cable AF Level Det Pol Height  Table Limit Margin
MHz dB dB dB dBuV/m deg cm cm dBuV/m dB

158.14 31 4.34 -22.39 12.95 QP H 258 41 435 -30.55
195.04 29.09 4.69 -21.87 11.91 QP H 108 0 435 -31.59
284.92 35.06 5.56 -18.88 21.74 QP H 101 105 46 -24.26
412.05 25.55 6.33 -13.6 18.28 QP H 103 0 46 -27.72
754.01 25.46 7.28 -6.62 26.12 QP H 202 132 46 -19.88
872.81 25.19 7.51 -7.11 25.59 QP Y 128 349 46 -20.41

Note: For below 1GHz, all different channel and modes were verified but only the worst case result is
shown here. EUT was tested in 3 orientations
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30-1000MHz test result for internal antenna

Test Standard: 47CFR 15.209 Mode: 2440MHz
Frequency Range: 30-1000MHz Test Date: 10/20/2018
Antenna Type/Polarity: Bi-Log/Hor & Ver Test Personnel: Sherwin Lee
Remark: N/A Test Result: Pass
Frequency = Raw Cable AF Level Det Pol Height Table Limit Margin
MHz dB dB dB dBuV/m deg cm cm dBuV/m dB
167.04 30.94 4.43 -22.25 13.11 QP H 124 14 43.5 -30.39
202.67 27.19 4.76 -21.65 10.3 QP H 272 360 43.5 -33.2

288.03 33.31 5.58 -18.84 20.05 QP H 155 1 46 -25.95
406.96 25.63 6.35 -13.53 18.45 QP H 127 40 46 -27.55
754.09 25.46 7.27 -6.62 26.11 QP H 169 46 46 -19.89
813.23 25.3 7.29 -6.83 25.76 QP H 376 129 46 -20.24

Note: For below 1GHz, all different channel and modes were verified but only the worst case result is
shown here. EUT was tested in 3 orientations
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1GHz — 25GHz Test Result for Internal Antenna

Test Mode: 2405MHz

Level Limit .
Freq. Raw Cable AF dBuv/ Meas. Pol Hgt Deg dBuv/ Margi Pas:<>
MHz dBuV  Loss dB m Type cm m n dB /Fail
1276.14  44.84 4.09 -11.7 37.23 Peak \ 299 287 74 -36.77 Pass
1276.14 | 31.15 4.09 -11.7 23.54 Average \ 299 287 54 -30.46 Pass
4813.11 38.81 6.87 -5.53 40.15 Peak \ 185 95 74 -33.85 Pass
4813.11 27.22 6.87 -5.53 28.56 Average \ 185 95 54 -25.44 Pass
13809.19 33.61 13.58 5.57 52.75 Peak \ 280 200 74 -21.25 Pass
13809.19 21.36 13.58 5.57 40.51 Average \ 280 200 54 -13.5 Pass
14340.84 32.56 14.5 8.36 55.42 Peak H 100 280 74 -18.58 Pass
14340.84 20.34 145 8.36 43.2 Average H 100 280 54 -10.8 Pass
Test Mode: 2440MHz
Level Limit
Freq. Raw Cable Meas. Hgt Margi Pass
MHz dBuV  Loss BHAE dB:‘V/ Type ] cm Deg dB:‘V/ n dB /Fail
1224.31 50.51 4 -11.86 42.65 Peak H 144 102 74 -31.35 Pass
122431  32.73 4 -11.86 24.87 Average H 144 102 54 -29.14 Pass
4878.99 @ 46.14 6.89 -5.55 47.49 Peak H 104 289 74 -26.51 Pass
4878.99 36.68 6.89 -5.55 38.03 Average H 104 289 54 -15.97 Pass
14343.37 31.77 14.5 8.37 54.64 Peak H 109 27 74 -19.36 Pass
14343.37  20.25 14.5 8.37 43.12 Peak H 109 27 54 -10.88 Pass
Test Mode: 2470MHz
Level Limit
Freq. Raw Cable Meas. Hgt Margi Pass
MHz dBuV  Loss AL dB:\V/ Type = cm Deg dBr:V/ n dB /Fail
1225.32  18.17 4 -11.86 10.31 Peak \Y 302 103 74 -63.69 Pass
1225.32 6 4 -11.86 -1.86 Peak \Y 302 103 54 -55.86 Pass
13807.21 33.23  13.58 5.56 52.37 Peak \Y 140 216 74 -21.63 Pass
13807.21 21.54 13.58 5.56 40.68 Average \Y 140 216 54 -13.32 Pass
14347.29 30.97 14.51 8.38 53.86 Peak H 158 289 74 -20.14 Pass
14347.29 19.81 14.51 8.38 42.7 Average H 158 289 54 -11.3  Pass
17482.32 17.49 17.15 10.97 45.62 Peak H 338 24 74 -28.39 Pass
17482.32 5.74 17.15 10.97 33.86 Peak H 338 24 54 -20.14 Pass

Note: EUT was tested in 3 orientations
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1GHz — 25GHz Test Result for Yagi Antenna

Test Mode: 2405MHz

Level Limit

Freq. Raw Cable AF Meas. Hgt Margi Pass
MHz dBuV  Loss dB dB:\V/ Type ] cm Deg dBr:V/ n dB /Fail
14346.73 32.31 14,51 8.38 55.2 Peak H 380 219 74 -18.8 Pass
14346.73 19.9 14.51 8.38 42.79 Average H 380 219 54 -11.21 Pass
17183.03 21.62 16.78 10.65 49.05 Peak \ 201 247 74 -24.95 Pass
17183.03 9.61 16.78 10.65 37.04 Average \ 201 247 54 -16.96 Pass
Test Mode: 2440MHz
Freq. Raw Cable AF (:'::3/ Meas. Pol Hgt De dL::\IIt / Margi Pass
MHz dBuV  Loss dB m Type cm J m n dB /Fail
14335.48 32.73 14.48 8.35 55.56 Peak H 294 360 74 -18.44 Pass
14335.48 20.39 14.48 8.35 43.22 Average H 294 360 54 -10.78 Pass
17490.32 21.63 17.16 11.08 49.87 Peak \ 104 262 74 -24.13 Pass
17490.32 9.78 17.16 11.08 38.02 Average \Y 104 262 54 -15.98 Pass
Test Mode: 2470MHz
Level Limit .
Freq. Raw Cable AF dBuv/ Meas. Pol Hgt Deg dBuv/ Margi Pas:<>
MHz dBuV  Loss dB m Type cm m n dB /Fail
11073.57 34.68 @ 12.59 2.6 49.87 Peak H 151 18 74 -24.13 Pass
11073.57 22.69 @ 12.59 2.6 37.89 Average H 151 18 54 -16.12 Pass
14334.19 3252 14.48 8.34 55.35 Peak \ 224 257 74 -18.65 Pass
14334.19 20.27 14.48 8.34 431 Average \ 224 257 54 -10.9 Pass

Note: EUT was tested in 3 orientations
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1GHz — 25GHz Test Result for Folded Dipole Antenna (Long)

Test Mode: 2405MHz

Level Limit .
Freq. Raw Cable AF dBuv/ Meas. Pol Hgt Deg dBuv/ Margi Pas:<>
MHz dBuV  Loss dB m Type cm m n dB /Fail
4809.03 48.3 6.87 -5.53 49.64 Peak H 178 292 74 -24.36 Pass
4809.03 40.2 6.87 -5.53 41.54 Average H 178 292 54 -12.46 Pass
14346.54 3199 14.51 8.38 54.88 Peak H 222 328 74 -19.12 Pass
14346.54 19.73 14.51 8.38 42.62 Average H 222 328 54 -11.38 Pass
14558.51 30.85 15.02 7.11 52.99 Peak \ 294 232 74 -21.01 Pass
14558.51 18.87 15.02 7.11 41.01 Average \ 294 232 54 -12.99 Pass

Test Mode: 2440MHz

Level Limit .
Freq. Raw Cable AF dBuv/ Meas. Pol Hgt Deg dBuv/ Margi Pas:<>
MHz dBuV  Loss dB m Type cm m n dB /Fail
1329.67 43.82 4.18 -11.7 36.31 Peak \ 334 54 74 -37.69 Pass
1329.67 325 4.18 -11.7 24.99 Average \Y 334 54 54 -29.01 Pass
4878.68 47.01 6.89 -5.55 48.35 Peak H 100 276 74 -25.65 Pass
4878.68 37 6.89 -5.55 38.35 Average H 100 276 54 -15.66 Pass
14333.61 32.18 14.48 8.34 55 Peak \ 160 286 74 -19 Pass
14333.61 20.13 14.48 8.34 42.95 Average \ 160 286 54 -11.05 Pass

Test Mode: 2470MHz

Level Limit .
Freq. Raw Cable AF dBuv/ Meas. Pol Hgt Deg dBuv/ Margi Pas:f>
MHz dBuV  Loss dB m Type cm m n dB /Fail
1275.88 48.42 4.09 -11.7 40.82 Peak \ 312 301 74 -33.18 Pass
1275.88 32.18 4.09 -11.7 24.58 Average \ 312 301 54 -29.42 Pass
4965.79 39.62 6.91 -5.68 40.84 Peak \ 131 308 74 -33.16 Pass
4965.79 28.02 6.91 -5.68 29.24 Average \ 131 308 54 -24.76 Pass
14261.72 30.35 14.3 8.12 52.77 Peak \ 310 203 74 -21.23 Pass
14261.72 18.08 14.3 8.12 40.51 Average \ 310 203 54 -13.49 Pass
14715.82  29.93 15.4 6.09 51.42 Peak H 240 0 74 -22.58 Pass
14715.82  17.12 15.4 6.09 38.6 Average H 240 0 54 -15.4 Pass

Note: EUT was tested in 3 orientations
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1GHz — 25GHz Test Result for Folded Dipole Antenna (Short)

Test Mode: 2405MHz

Level Limit
Freq. Raw Cable Meas. Hgt Margi Pass
MHz dBuV  Loss BHAE dB:‘V/ Type ] cm Deg dB:‘V/ n dB /Fail
1224.29 57.16 4 -11.86 49.3 Peak \ 115 275 74 -24.7 Pass
122429  33.23 4 -11.86  25.37 Average \Y 115 275 54 -28.63 Pass
4809.04  46.89 6.87 -5.53 48.23 Peak Vv 125 344 74 -25.78 Pass
4809.04 3841 6.87 -5.53 39.75 Average Vv 125 344 54 -14.25 Pass
14334.03  32.71 1448 8.34 55.53 Peak H 400 274 74 -18.47 Pass
14334.03 20.33 1448 8.34 43.16 Average H 400 274 54 -10.84 Pass

Test Mode: 2440MHz

Level Limit
Freq. Raw Cable Meas. Hgt Margi Pass
MHz dBuV  Loss SHE dB:\V/ Type ] cm Deg dB:‘V/ n dB /Fail
1224.37 45.1 4 -11.86 37.24 Peak \ 377 294 74 -36.77 Pass
1224.37 32.6 4 -11.86 24.74 Average \ 377 294 54 -29.27 Pass
4878.82  49.33  6.89 -5.55 50.67 Peak \Y 100 324 74 -23.33 Pass
4878.82 | 40.29 6.89 -5.55 41.63 Average \ 100 324 54 -12.37 Pass
14333.22 32.03 14.48 8.34 54.85 Peak H 336 307 74 -19.15 Pass
14333.22 20.19 14.48 8.34 43.01 Average H 336 307 54 -10.99 Pass

Test Mode: 2470MHz

Level Limit
Freq. Raw Cable Meas. Hgt Margi Pass
MHz dBuV  Loss 617 CL) dBr:V/ Type = cm Deg dBr:V/ n dB /Fail
1977.94 45.4 4.44 -10.59 39.25 Peak H 333 352 74 -34.75 Pass
1977.94 334 4.44 -10.59 27.26 Average H 333 352 54 -26.74 Pass
4961.79 | 43.09 6.91 -5.7 4431 Peak \ 108 150 74 -29.7 Pass
4961.79 31.58 6.91 -5.7 32.8 Average \ 108 150 54 -21.2 Pass
14335.33 32.3 14.48 8.35 55.13 Peak H 372 0 74 -18.87 Pass
14335.33  20.35 1448 8.35 43.18 Average H 372 0 54 -10.82 Pass

Note: EUT was tested in 3 orientations
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1GHz — 25GHz Test Result for Folded Dipole Antenna (Long)

Test Mode: 2405MHz

Level Limit .
Freq. Raw Cable AF dBuv/ Meas. Pol Hgt Deg dBuv/ Margi Pas:<>
MHz dBuV  Loss dB m Type cm m n dB /Fail
4813.07 27.08 6.87 -5.53 28.42 Average \ 175 243 54 -25.58 Pass
4813.07 38.73 6.87 -5.53 40.07 Peak \ 175 243 74 -33.93 Pass
14344.9 19.8 14.51 8.37 42.68 Average H 156 345 54 -11.32 Pass
14344.9 32.16  14.51 8.37 55.04 Peak H 156 345 74 -18.96 Pass
14495.33 17.85 @ 14.87 7.61 40.33 Average H 306 174 54 -13.67 Pass
14495.33 29.98 @ 14.87 7.61 52.46 Peak H 306 174 74 -21.54 Pass
Test Mode: 2440MHz
Level Limit
Freq. Raw Cable Meas. Hgt Margi Pass
MHz dBuV  Loss BHAE dB:‘V/ Type ] cm Deg dB:‘V/ n dB /Fail
1320.54 33,94 4.17 -11.67 26.44 Average Vv 171 307 54 -27.56 Pass
1320.54 @ 48.75 4.17 -11.67 41.25 Peak Vv 171 307 74 -32.75 Pass
4878.9 38 6.89 -5.55 39.34 Average \Y 101 327 54 -14.66 Pass
4878.9 47.1 6.89 -5.55 48.44 Peak Vv 101 327 74 -25.56 Pass
14332.6 345 26.7 8.34 49.52 Average H 125 294 54 -4.48 Pass
14332.6 31.61 14.48 8.34 54.43 Peak H 125 294 74 -19.57 Pass
1449498 17.83 @ 14.87 7.61 40.31 Average H 281 13 54 -13.69 Pass
1449498 29.76 @ 14.87 7.61 52.24 Peak H 281 13 74 -21.76 Pass
Test Mode: 2470MHz
Level Limit
Freq. Raw Cable Meas. Hgt Margi Pass
MHz dBuV  Loss AL dB:\V/ Type = cm Deg dB:\V/ n dB /Fail
1625.26  43.61 4.45 -11.89 36.18 Peak \ 138 55 74 -37.82 Pass
1625.26 31.11 4.45 -11.89 23.68 Average \ 138 55 54 -30.32 Pass
4961.56  44.93 6.91 -5.7 46.14 Peak \ 113 339 74 -27.86 Pass
4961.56 34.25 6.91 -5.7 35.46 Average \ 113 339 54 -18.54 Pass
14322.8 31.19 14.45 8.31 53.96 Peak H 323 33 74 -20.04 Pass
14322.8 19.04 14.45 8.31 41.8 Average H 323 33 54 -12.2 Pass

Note: EUT was tested in 3 orientations
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Radiated Band Edge Measurement Result for Internal Antenna
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2405MHz-Band Edge

2470MHz-Band Edge

Note: Both Horizontal and vertical polarities were investigated.

Radiated Band Edge Measurement Result for Monopole Antenna
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Note: Both Horizontal and vertical polarities were investigated.
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Radiated Band Edge Measurement Result for Yagi Antenna
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Note: Both Horizontal and vertical polarities were investigated.
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Radiated Band Edge Measurement Result for Folded Dipole Antenna (Long)
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Note: Both Horizontal and vertical polarities were investigated.

Radiated Band Edge Measurement Result for Folded Dipole Antenna (Short)
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Note: Both Horizontal and vertical polarities were investigated.
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8.7 Conducted Emissions

8.7.1 Requirement

Per § 15.207 (a), an intentional radiator that is designed to be connected to the public utility (AC)
power line, the radio frequency voltage that is conducted back onto the AC power line on any
frequency or frequencies, within the band 150 kHz to 30 MHz, shall not exceed the limits in the
following table, as measured using a 50 uH/50 ohms line impedance stabilization network (LISN).
Compliance with the provisions of this paragraph shall be based on the measurement of the radio
frequency voltage between each power line and ground at the power terminal. The lower limit
applies at the boundary between the frequency ranges.

Limits for Conducted Emissions at the Mains Ports

. Frequency ranges Limit (dBuV)
Sect
ection (MHz) QP Average
0.15-0.5 66 —56 56-46
Class B devices 0.5-5 56 46
5-30 60 50
NOTE 1 The lower limit shall apply at the transition frequencies.
Limits for Conducted Emissions at the Telecommunication Ports
. Frequency ranges Limit (dBuV)
t
SEEHE (MHz) QP Average
0.15-0.5 85-74 74 - 64
Class B devi
ass B devices 05_5 2 64

NOTE 1 The limits decrease linearly with the logarithm of the frequency in the range 0.15 MHz to 0.5 MHz
NOTE 2 The voltage disturbance limits are derived for use with an impedance stabilization network (ISN) which
presents a common mode (asymmetric mode) impedance of 150 Q to the telecommunication port under test
(conversion factor is 20 log10 150 / | = 44 dB).

8.7.2 Test setup
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8.7.3

o vk wnN

~

Test Procedure

The EUT and supporting equipment were set up in accordance with the requirements of the standard
on top of a 1.5m x 1m x 0.8m high, non-metallic table.

The power supply for the EUT was fed through a 50Q2/50uH EUT LISN, connected to filtered mains.
The RF OUT of the EUT LISN was connected to the EMI test receiver via a low-loss coaxial cable.

All other supporting equipment was powered separately from another main supply.

The EUT was switched on and allowed to warm up to its normal operating condition.

A scan was made on the NEUTRAL line (for AC mains) or Earth line (for DC power) over the required
frequency range using an EMI test receiver.

High peaks, relative to the limit line, were then selected.

The EMI test receiver was then tuned to the selected frequencies and the necessary measurements
made with a receiver bandwidth setting of 10 kHz. For FCC tests, only Quasi-peak measurements
were made; while for CISPR/EN tests, both Quasi-peak and Average measurements were made

All possible modes of operation were investigated. Only the worst case emissions were measured
and reported. All other emissions were relatively insignificant.

Note:
1) The AC line conducted emission was tested with antenna port terminated.

2) The AC line conducted emission was verified on both version boards and the worst case result
tested with external antenna version is presented here.
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8.7.4 Test Result

Live Line
Test Standard: 47CFR 15.207 Mode: Line
Frequency Range: 0.15-30MHz Test Date: 10/29/2018
Antenna Type/Polarity: N/A Test Personnel: Sherwin Lee
Remark: External antenna version Test Result: Pass
Frequency Raw Cable Factors Level Meas. Line Limit Margin Pass
(MHz) (dBuV) Loss (dB) (dB) (dBuV/m) Type (dBuV/m) (dB) /Fail
0.15 24.9 10.1 0.3 35.2 AV Line 56 -20.8 Pass
0.15 37.78 10.07 0.25 48.11 QpP Line 65.99 -17.89 Pass
0.16 27 10.1 0.3 37.3 AV Line 55.1 -17.8 Pass
0.16 37.53 10.08 0.25 47.86 QpP Line 65.11 -17.25 Pass
0.31 16.78 10.09 0.27 27.14 AV Line 49.79 -22.65 Pass
0.31 24.57 10.09 0.27 34.93 QP Line 59.79 -24.86 Pass
24.74 15 10.85 14.77 40.62 QP Line 60 -19.38 Pass
24.74 8.85 10.85 14.77 34.46 AV Line 50 -15.54 Pass
27.80 13.19 10.89 13.86 37.94 Qp Line 60 -22.06 Pass
27.80 7.36 10.89 13.86 32.11 AV Line 50 -17.89 Pass
29.99 19.1 10.93 12.72 42.76 AV Line 50 -7.24 Pass
29.99 26.07 10.93 12.72 49.72 QP Line 60 -10.28 Pass
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Neutral Line
Test Standard: 47CFR 15.207 Mode: Neutral
Frequency Range: 0.15-30MHz Test Date: 10/29/2018
Antenna Type/Polarity: N/A Test Personnel: Sherwin Lee
Remark: External antenna version Test Result: Pass
Raw .. q

Frequency (dBuV Cable Factor Level Meas. Line Limit Margin Pass
(MHz) ) Loss (dB) s (dB) (dBuV/m) Type (dBuV/m) (dB) /Fail
0.19 35.43 10.08 0.26 45.76 Qp Neutral 63.89 -18.13 Pass
0.19 23 10.1 0.3 33.3 AV Neutral 53.9 -20.6 Pass
0.31 24.54 10.09 0.27 34.9 Qp Neutral 59.89 -24.99 Pass
0.31 16.8 10.09 0.27 27.16 AV Neutral 49.89 -22.73 Pass
0.35 24.6 10.1 0.27 34.96 QP Neutral 58.95 -23.99 Pass
0.35 16.69 10.1 0.27 27.06 AV Neutral 48.95 -21.89 Pass
24.14 14.63 10.84 14.99 40.46 QP Neutral 60 -19.54 Pass
24.14 8.63 10.84 14.99 34.45 AV Neutral 50 -15.55 Pass
26.68 13.49 10.87 14.26 38.62 QP Neutral 60 -21.38 Pass
26.68 7.64 10.87 14.26 32.78 AV Neutral 50 -17.22 Pass
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Equipment Manufacturer Model . Cal. Date Cal. Due
Number
Semi-Anechoic Chamber ETS-Lindgren 10M VL0011 5/11/2018 5/11/2019
Shielding Control Room ETS-Lindgren Series 81 VLO06 N/A N/A
Spectrum Analyzer Keysight N9020A MY50110074 5/4/2018 5/4/2019
EMC Test Receiver R&S ESL6 100230 5/7/2018 5/7/2019
LISN (9KHz — 30MHz) EMCO 3816/2 9705-1066 5/4/2018 5/4/2019
Bi-Log Antenna ETS-Lindgren 3142E 217921 11/15/2017 | 11/15/2018
Horn Antenna (1-18GHz) Electro-Metrics EM-6961 6292 5/2/2018 5/2/2019
Horn Antenna (18-40GHz) Com-Power AH-840 101109 5/2/2018 5/2/2019
Preamplifier RF Bay, Inc. LPA-10-20 11180621 5/10/2018 5/10/2019
True RMS Multi-meter UNI-T UT181A C173014829 5/10/2018 5/10/2019
Temp / Humidity / Pressure PCE PCE-THB 40 R062028 5/9/2018 | 5/9/2019
Meter Instruments
RF Attenuator Pasternack PE7005-3 VL0061 5/10/2018 5/10/2019
10%5:’:_"22;2 Aeroflex 3;’77 115103312 064 5/10/2018 | 5/10/2019
EM Center Control ETS-Lindgren 7006-001 160136 N/A N/A
Turn Table ETS-Lindgren 2181-3.03 VL002 N/A N/A
Boresight Antenna Tower ETS-Lindgren 2171B VL003 N/A N/A
Loop Antenna (9k-30MHz) Com-Power AL-130 121012 5/9/2018 5/9/2019
RE test cable(below 6GHz) Vista RE-6GHz-01 RE-6GHz-01 5/10/2018 5/10/2019
RE test cable (1-18GHz) PhaseTrack 11-240 RE-18GHz-01 5/10/2018 5/10/2019
RE test cable (>18GHz) Sucoflex 104 344903/4 5/10/2018 5/10/2019
Pulse limiter Com-Power LIT-930A 531727 5/15/2018 5/15/2019
CE test cable #1 FIRST RF FRF-C-1002-001 CE-6GHz-01 5/10/2018 5/10/2019
CE test cable#2 FIRST RF FRF-C-1002-001 CE-6GHz-02 5/9/2018 5/9/2019
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