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1. GENERAL INFORMATION

EUT DESCRIPTION

Model 8216
EUT Type Physical Access Reader
Power Supply DC 12v

125 kHz : ASK, PSK, FSK

RF Specification 13.56 MHz : ASK
Operating Environment Indoor
Operating Temperature ) 0°C-49°C

RF SPECIFICATION SUBJECT TO THE REPORT

Operating Frequency Range 125 kHz, 13.56 MHz

RF Specification (Modulation) 13.56 MHz (ASK), 125 kHz (ASK , FSK, PSK)

13.56 MHz : 1 channel

Number of Channels 125 kHz - 1 channel

Antenna Specification Loop antenna

Firmware Version V2.3

ion @
Hardware Version Contact Smart Card PCBA : REVO

Hardware : Keypad Antenna PCBA : Rev0.5 / Main Board : Rev0.1 /

Date(s) of Tests February 7, 2020 ~ February 28, 2020

Note :
1. Operating temperature is declared by the manufacturer.
2. Firmware and Hardware Version are as received by the client.
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2. METHODOLOGY

The measurement procedure described in ANSI C63.10( Version : 2013) ‘the American National Standard of
Procedures for Compliance Testing of Unlicensed Wireless Devices'.

EUT CONFIGURATION

The EUT configuration for testing is installed on RF field strength measurement to meet the Commissions requirement
and operating in a manner that intends to maximize its emission characteristics in a continuous normal application.

EUT EXERCISE

The EUT was operated in the engineering mode to fix the Tx frequency that was for the purpose of the measurements.
According to its specifications, the EUT must comply with the requirements of the Section 15.207, 15.209 and 15.225
under the FCC Rules Part 15 Subpart C and RSS-GEN issue 5, RSS-210 issue 10.

GENERAL TEST PROCEDURES

Conducted Emissions

The EUT is placed on the turntable, which is 0.8 m above ground plane. According to the requirements in Section 6.2
of ANSI C63.10. (Version :2013) Conducted emissions from the EUT measured in the frequency range between 0.15
MHz and 30MHz using CISPR Quasi-peak and average detector modes.

Radiated Emissions

The EUT is placed on a turn table, which is 0.8 m above ground plane below 1GHz. Above 1GHz with 1.5m using
absorbers between the EUT and receive antenna. The turntable shall rotate 360 degrees to determine the position of
maximum emission level. EUT is set 3.75 m away from the receiving antenna, which varied from 1 m to 4 m to find out
the highest emission. Also, each emission was to be maximized by changing the polarization of receiving antenna both
horizontal and vertical. To find out the maximum emission, the relative positions of this hand-held transmitter (EUT)
was rotated through three orthogonal axes according to the requirements in Section 8 of ANSI C63.10. (Version: 2013)

DESCRIPTION OF TEST MODES

The EUT has been tested per test setup instruction provided by the manufacturer under continuous Tx operating
condition, entering combination of keypad to demonstrate radio transmission during testing.

3. INSTRUMENT CALIBRATION

The measuring equipment, which was utilized in performing the tests documented herein, has been calibrated in
accordance with the manufacturer's recommendations for utilizing calibration equipment’s, which is traceable to
recognized national standards. Especially, all antenna for measurement is calibrated in accordance with the
requirements of C63.5 (Version : 2017).
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4. FACILITIES AND ACCREDITATIONS

FACILITIES

The SAC (Semi-Anechoic Chamber) and conducted measurement facility used to collect the radiated data are located
at 1726 Ringwood Avenue, San Jose, California 95131, USA.
The site is constructed in conformance with the requirements of ANSI C63.4. (Version :2014) and CISPR Publication 22.
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Accredited Laboratory

HYUNDAI C-TECH, INC. DBA HCT AMERICA, INC.
San Jose, CA

for technical competence in the field of

Electrical Testing

This laboratory is accredited in accordance with the recognized International Standard ISO/IEC 17025:2017
General requirements for the competence of testing and calibration laboratories. This accreditation demonstrates
technical competence for a defined scope and the operation of a laboratory quality management system
(refer to joint ISO-ILAC-IAF Communiqué dated April 2017).

Presented this 25'h day of November 2019.

\A |
wﬁuaq%{ II/
%,
b ¢ ‘é‘ »
< SEA 7
b § %’wn j 2
y *‘L oF O . Vice President, Accreditation Services
w 42[ B f: For the Accreditation Council
L. Cerfificate Number 4201.01
7 Valid to July 31, 2021

For the tests to which this accreditation applies, please refer to the laboratory's Electrical Scope of Accreditation.

EQUIPMENT

Radiated emissions are measured with one or more of the following types of Linearly polarized antennas: tuned dipole,
bi-conical, log periodic, bi-log, and/or ridged waveguide, horn. Spectrum analyzers with pre-selectors and quasi-peak
detectors are used to perform radiated measurements.

Conducted emissions are measured with Line Impedance Stabilization Networks and EMI Test
Receivers. Calibrated wideband preamplifiers, coaxial cables, and coaxial attenuators are also used for making
measurements.

All receiving equipment conforms to CISPR Publication 16-1, “Radio Interference Measuring
Apparatus and Measurement Methods.”
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5. ANTENNA REQUIREMENTS

According to FCC 47 CFR §15.203:

“An intentional radiator antenna shall be designed to ensure that no antenna other than that furnished by the
responsible party can 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.”

(1) The antenna of this E.U.T is permanently attached and there is no provision for connection to an external antenna.
(2) The E.U.T Complies with the requirement of §15.203

Report No.: HCTA-2001-008-RF03 7/ 35
This document may not be copied or reproduced (reprinted) without written consent by Hyundai C-Tech, Inc. dba HCT America, Inc.
Hyundai C-Tech, Inc. dba HCT America, Inc., 1726 Ringwood Avenue, San Jose, CA 95131, USA TEL: +1-510-933-8848 FAX: +1-510-933-8849



=
AMERICA

Sy,

N\ 7,

SN/ 7,

i‘\l\\:,///i_

3

%7~ [ACCREDITED
KRR TESTING CERT #4201.01

6. MEASUREMENT UNCERTAINTY

The measurement uncertainties shown below were calculated in accordance with the requirements of

ANSI C63.10-2013.

All measurement uncertainty values are shown with a coverage factor of k = 2 to indicate a 95 % level of confidence.
The measurement data shown herein meets or exceeds the Uqspr measurement uncertainty values specified in CISPR
16-4-2 and, thus, can be compared directly to specified limits to determine compliance.

Parameter Expanded Uncertainty (+dB)
Conducted Disturbance (150 kHz ~ 30 MHz) 2.55
Radiated Disturbance (9 kHz ~ 30 MHz) 3.20
Radiated Disturbance (30 MHz ~ 1 GHz) 4.73
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7. DESCRIPTION OF TESTS

7.1. 20 dB Bandwidth / 99 % bandwidth

Limit

20 dB bandwidth : According to §15.215(c), the bandwidth at 20 dB down from the highest in-band spectral density is
measured with a spectrum analyzer connected to the receive antenna while the EUT is operating in transmission

mode at the appropriate frequencies.
99% Bandwidth : Section 6.7, RSS-Gen Issue 5

Test Configuration

Metal Full Soldered Ground Plane

Test Procedure (20 dB Bandwidth)

The Spectrum Analyzer setting :

= RBW =1kHz

= VBW 23 x RBW

= Detector = Peak

= Trace mode = max hold

= Sweep = auto couple

= Allow the trace to stabilize

Test Procedure (99 % Bandwidth)

Spectrum Analyzer
! Receiver

The transmitter output is connected to the spectrum analyzer.

= RBW =1kHz

= VBW =3 xRBW

= Detector = Peak

= Trace mode = max hold

= Sweep = auto couple

= Allow the trace to stabilize

Note :

RX Antenna

Bandwidth measurement feature in the spectrum analyzer was used to measure 20 dB bandwidth (X dB bandwidth

function) and 99 % bandwidth.
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7.2. Frequency Stability

Limit

§15.225 (e), RSS-210 Issue 10
The frequency tolerance of the carrier signal shall be maintained within +0.01% of the operating frequency.

Test Configuration

Temperature & Humidity
Chamber

Spectrum
| )

Test Procedure

For battery operated equipment, the equipment tests shall be performed using a new battery.

1) Turn the EUT OFF and place it inside the environmental temperature chamber. For devices that have oscillator
heaters, energize only the heater circuit.

2) Set the temperature control on the chamber to the highest specified in the regulatory requirements for the type of
device and allow the oscillator heater and the chamber temperature to stabilize.

3) While maintaining a constant temperature inside the environmental chamber, turn the EUT ON and record the
operating frequency at startup, and at 2 minutes, 5 minutes, and 10 minutes after the EUT is energized. Four
measurements in total are made.

4) Frequency tolerance of the carrier signal shall be maintained within +/- 0.01% of the operating frequency.

Note:

= Temperature humidity chamber is used to adjust the temperature between -20°C and + 50°C

= The primary supply voltage was adjusted between 85% to 115% of the nominal value for non hand-carried battery
and AC powered equipment. For hand-carried, battery-powered equipment, primary supply voltage is reduced to
the battery operating end point which shall be specified by the manufacturer.
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7.3. Radiated Test

Radiated Emission Limits

FCC: 47 CFR § 15.209
Frequency (MHz) Field Strength (uvV/m) Measurement Distance (m)
0.009 — 0.490 2400/F(kHz) 300
0.490 -1.705 24000/F(kHz) 30
1.705-30 30 30
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3
ISED : RSS-GEN Section 8.9
Frequency (MHz) Field Strength (uV/m) Measurement Distance (m)
0.009 - 0.490 6.37/F(kHz) 300
0.490 — 1.705 63.7/F(kHz) 30
1.705-30 0.08 30
30-88 100 3
88-216 150 3
216-960 200 3
Above 960 500 3

Operation within the band 13.110 MHz — 14.010 MHz

FCC : 47 CFR § 15.225 (a), (b), (c), (d) / ISED : RSS-210 ANNEX B.6
Frequency (MHz) Field Strength (uV/m) Measurement Distance (m)
13.553 - 13.567 15,848 30
13.410<f<13.553
13.567 <f<13.710 334 30
13.110<f<13.410
13.710<f<14.010 106 30
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Test Configuration

Below 30 MHz

RX Antenna

Metal Full Soldered Ground Plane

Spectrum Analyzer
/Receiver o

Test Procedure of Radiated spurious emissions (Below 30 MHz)

. The EUT was placed on a non-conductive table located on semi-anechoic chamber.
. The loop antenna was placed at a location 3m from the EUT
. The EUT is placed on a turntable, which is 0.8m above ground plane.
. We have done x, y, z planes in EUT and horizontal and vertical polarization in detecting antenna.
. The turntable shall be rotated for 360 degrees to determine the position of maximum emission level.
. Distance Correction Factor (0.009 MHz — 0.490 MHz) = 40*log(3 m/300 m) = - 80 dB

Measurement Distance: 3 m
7. Distance Correction Factor (0.490 MHz — 30 MHz) = 40*log(3 m/30 m) =- 40 dB

Measurement Distance: 3 m

8. Spectrum Setting

OO Uhs WN

= Frequency Range =9 kHz ~ 30 MHz
= Detector = Peak

= Trace = Max hold

= RBW =9kHz

= VBW 2 3*RBW

9. Total = Reading Value + Antenna Factor (A.F) + Cable Loss (C.L) + Distance Factor (D.F)
10. There is a comparison data both open-field test site and alternative test site — semi-Anechoic chamber according
to 414788 DO1. And the results are properly calibrated.
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30 MHz - 1 GHz
RX Antenna

Ant. feed
point
EUT

T [
44—  3m —_—

Metal Full Soldered Ground Plane

Spectrum Analyzer

/Receiver -, ole

Test Procedure of Radiated spurious emissions (Below 1GHz)

1. The EUT was placed on a non-conductive table located on semi-anechoic chamber.

2. The EUT is placed on a turntable, which is 0.8m above ground plane.

3. We have done x, y, z planes in EUT and horizontal and vertical polarization in detecting antenna.

4. The turntable shall be rotated for 360 degrees to determine the position of maximum emission level.
5. Spectrum Setting

(1) Measurement Type (Peak):
= Measured Frequency Range: 30 MHz — 1 GHz
= Detector = Peak
= Trace = Max hold
= RBW =100 kHz
= VBW 23*RBW

(2) Measurement Type(Quasi-peak):
= Measured Frequency Range: 30 MHz — 1 GHz
= Detector = Quasi-Peak
= RBW =120 kHz

In general, the method (1) is mainly used

6. Total = Reading Value + Antenna Factor (A.F) + Cable Loss (C.L)
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7.4. AC Power line Conducted Emissions

Limit

47 CFR § 15.207, RSS-GEN Section 8.8

For 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 puH/50 ohms line impedance
stabilization network (LISN).

Limits (dBuV)
Frequency Range (MHz) -
Quasi-peak Average
0.15 to 0.50 66 to 56* 56 to 46*
0.50to 5 56 46
5to 30 60 50

*Decreases with the logarithm of the frequency.

Compliance with this provision shall be based on the measurement of the radio frequency
voltage between each power line (LINE and NEUTRAL) and ground at the power terminals.

Test Configuration

See test photographs attached in Annex A for the actual connections between EUT and support equipment.
Test Procedure

1. The EUT is placed on a wooden table 80 cm above the reference ground plane.
2. The EUT is connected via LISN to a test power supply.

3. The measurement results are obtained as described below:

4. Detectors : Quasi Peak and Average Detector.

According to FCC KDB 174176 D01 Line Conducted FAQ v01r01 :
Devices Operating Above 30 MHz

For a device with a permanent or detachable antenna operating above 30 MHz, measurements must be performed
with the antenna connected as specified in clause 6.2 of ANSI C63.10-2013.

Devices Operating Below 30 MHz

For a device with a permanent or detachable antenna operating at or below 30 MHz, the FCC will accept

measurements performed with a suitable dummy load in lieu of the antenna under the following conditions:

(1) Perform the AC power-line conducted tests with the antenna connected to determine compliance with Section
15.207 limits outside the transmitter's fundamental emission band;

(2) Retest with a dummy load in lieu of the antenna to determine compliance with Section 15.207 limits within the
transmitter's fundamental emission band. For a detachable antenna, remove the antenna and connect a suitable
dummy load to the antenna connector. For a permanent antenna, remove the antenna and terminate the RF
output with a dummy load or network which simulates the antenna in the fundamental frequency band. All
measurements must be performed as specified in clause 6.2 of ANSI C63.10-2013.

Sample Calculation

Quasi-peak(Final Result) = Reading Value + Correction Factor
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7.5. Worst case configuration and mode
Radiated test

Measurement loop antenna polarization and EUT azimuth were varied to find the maximum level of emissions out of
the EUT. In addition, all X, Y, and Z positions were investigated to find the worst-case position.

Final test was performed by placing the EUT on the typical installation of the right up position (Z) assuming the EUT
will be used, mounted on the wall.

Conducted test

AC Line conducted emission test was performed in two modes because the EUT operates below 30 MHz
(1) Antenna connected to the EUT
(2) EUT with RF output terminated with dummy load
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7.6. Test Configuration

Radiated Emission

) usB DC
— | ——
Ac EUT
Adapter Control PC
Conducted Emission
'f‘:}' use .E{;. To LISN
—— | | H— —
AC DC
Adapter Control PC EUT Supplier

Note:

RFID keycard was placed next to the EUT for 13.56 MHz RFID transmission during testing.

The DC power supply was used for AC line conducted emission as a representative configuration per manufacturer
during testing.
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7.7. List of Support Equipment

Equipment Type Model No. Serial Number Manufacturer Qty Note
Laptop T440 TPOOO50A Lenovo 1 -
100-240 VAC, 1.5A
AC Adapter ADLX65SDC2A 36200350 Delta 1 50-60H2

Not shielded
USB cable (1.5m) i i i ! No choke attached

DC Supply PAB18-1A 1350582 Kikusui 1 0-18 VDC, 1A
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8. SUMMARY OF TEST RESULTS
FCC Part IC Part Test Test
Test D ipti Test Limi
est Description Section(s) Section(s) est Limit Condition | Result
20 dB Bandwidth §15.215 (c) - N/A PASS
. . Section 6.7
Occupied Bandwidth - RSS-GEN N/A PASS
Radiated E-Field Emissions §15.225 (a) Annex B.6 (a)(i) of Section 7.3 PASS

13.553 MHz - 13.567 MHz RSS-210

Radiated E-Field Emissions Annex B.6 (a)(ii)
13.410 MHz < f < 13.553 MHz §15.225 (b) RSS-élO cf. Section 7.3 Radiated PASS
13.567 MHz < f<13.710 MHz

Radiated E-Field Emissions Annex B.6 (a){iii)

13.110 MHz £ f<13.410 MHz §15.225 (c) RSS-210 cf. Section 7.3 PASS

13.710 MHz < f < 14.010 MHz
. . . Section 8.9 .

Radiated Spurious Emissions 15.209 RSS-GEN cf. Section 7.3 PASS

Frequency Stability §15.225 (e) RSS-210, B.6 cf. Section 7.2 PASS

AC Power line Conducted §15.207 RSS-GEN, 8.8 of. Section 7.4 | Conducted | PASS

Emissions
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9. TEST RESULT

9.1 20 dB BANDWIDTH / 99% BANDWIDTH

13,56 MHz

20 dB Bandwidth (kHz)

99% Bandwidth (kHz)

Limit

Mode

Frequency (MHz)

Result

Result

13.56 MHz ASK

2.942

2.985

N/A

125 kHz

20 dB Bandwidth (kHz)

99% Bandwidth (kHz)

Limit

Result
2.454
2.613
2.859

Result
2.891
2.902
2.907

Mode Frequency (MHz)
ASK
PSK

FSK

125 kHz N/A

= TEST PLOTS

125 kHz (ASK)

B Koy Specrom i~ Oecupied S0 =y

13.56 MHz (ASK)

B Koy Specrom i~ Oecupied S0 =y
3 0

i 01:05:23 P bt 04, 2020
Center Freq; 125.000 kHz Radio Std: None
Trig: Free Run AvglHold: 10/10

simlow | #Atten: 208

i 0152202 P e 04, o 2
Center Freg: 13.560000 MHz Radio Std: None Mech Atten 20 dB
Trig: Free Run AvglHold: 10/10

#Aren: 10 dB

Ref Value 20.00 dBm

PREAMP Rado Device: BTS

#FGain:Low Rado Device: BTS

Ref 20.00 dBm Ref -10.00 dBm

Anemnunn’
[10 dB]

Span 50 kHz
Sweep 47.8 ms|FS

Center 125 kHz
#Res BW 1kHz

Center 13.56 MHz

#Res BW 1kHz #VBW 3 kHz

#VBW 3 kHz Sweep 47.8 ms|

Total Power Occupied Bandwidth Total Power

2.454 kHz
4 Hz
2.891 kHz

Occupied Bandwidth
2.985 kHz
-82 Hz
2.942 kHz

OBW Power
x dB

99.00 %
-20.00 dB

OBW Power
x dB

99.00 %
-20.00 dB

Transmit Freq Error
x dB Bandwidth

Transmit Freq Error
x dB Bandwidth

sTaTE | DC Coupled STATUS | DC Coupled

125 kHz (PSK) 125 kHz (FSK)

B eyt Spectrum Analyzer - Occupied B0 T
o A& T anac
Avg/Hold Number 10

B Xeyagt Seecium P Geeomied B

g A&
Avg/Hold Number 10

I ' G1:13:30 PMMar 04, 2620
Center Freg: 125.000 kHz Radia Std: None
o= Trig: Free Run AvglHold: 1010

#Aten: 20 4B

I ' 01:12:28 PMMar 04,
Center Freg: 125.000 kHz Radia Std: None
e Trig: Free Run AvglHold: 1010 -
HFGain:Low __ #Atten: 20 dB Radio Device: BTS #F GalinLow Radio Device: BTS

Avg/Hold Num Avg/Hold Num
10 10

on off| on off|
Ref -10.00 dBm Ref -10.00 dBm

AvgMode| AvgMode|

Span 50 kHz,
Sweep 47.8 ms|

Span 50 kHz,

Center 125 kHz
# Sweep 47.8 ms|

Center 125 kHz
Res BW 1 kHz #

#VBW 3 kHz Res BW 1kHz #VBW 3 kHz

Total Power -27.8 dBm Occupied Bandwidth Total Power -27.6 dBm

2.859 kHz
-84 Hz
2.907 kHz

Occupled Bandwidth
2.613 kHz
63 Hz

2.902 kHz

99.00 %
-20.00 dB

OBW Power
x dB

99.00 %
-20.00 dB

Transmit Freq Error
x dB Bandwidth

OBW Power
x dB

Transmit Freq Error
x dB Bandwidth

staws | DC Coupled staws | DC Coupled
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9.2 FREQUENCY STABILITY

Operating Frequency 13.56 MHz

Reference Voltage 12vDC

Limit 100 PPM = 1356 Hz

Voltage Power Temp. Frequency Frequency Dev. Frequency

[%] [vDC] [°C] [MHz] [Hz] [ppm]
100% -20 13.559825 -175 -12.91
100% -10 13.559832 -168 -12.39
100% 0 13.559835 -165 -12.17
100% 1.0 +10 13.559805 -195 -14.38
100% +20(Ref.) 13.559813 -187 -13.79
100% +30 13.559762 -238 -17.55
100% +40 13.559775 -225 -16.59
100% +50 13.559790 -210 -15.49
High 13.8 +20 13.559793 -207 -15.27
Low 10.2 +20 13.559798 -203 -14.90
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9.3 RADIATED SPURIOUS EMISSIONS
Radiated Electric Field Emission within band 13.110 — 14.010 MHz
13.553 MHz-13.567 MHz
Frequency . Reading Corr.) Total Limit @ Margin | Measurement
(MHz) | Pelarization | i v) (dB) (dBuV/m) | (dBuV/m) (dB) Type
13.560 H 52.9 21.3 74.2 124 49.8 QP
13.560 \" 50.2 21.3 71.5 124 52.5 QP
13.410 MHz-13.553 MHz and 13.567 MHz-13.710 MHz
Frequency - Reading Corr.) Total Limit @ Margin | Measurement
(MHz) | Pelarization | V) (dB) (dBuV/m) | (dBuV/m) (dB) Type
13.452 H 23.6 21.3 44.9 90.5 45.6 QP
13.458 \" 20.7 21.3 42.0 90.5 48.5 Qp
13.660 H 24.9 21.3 46.2 90.5 44.3 QP
13.660 \Y 21.4 21.3 42.7 90.5 47.8 Qp
13.110 MHz - 13.410 MHz and 13.710 MHz-14.010 MHz
Frequency Polarization Reading Corr.™t) Total Limit Margin Measurement
(MHz) (dBuVv) (dB) (dBuV/m) (dBuV/m) (dB) Type
13.347 H 24.4 21.3 45.7 80.5 34.8 Qp
13.348 \Y 22.7 21.3 44.0 80.5 36.5 QP
13.772 H 26.6 21.4 48.0 80.5 32.5 Qp
13.772 Vv 21.9 21.4 43.3 80.5 37.2 Qp
Notes:
1. Correction Factor: Antenna Factor + Cable loss
2. Limit = specific Limits (dBuV) + Distance extrapolation factor
= The measurement distance is 3 meters.
= Distance extrapolation factor = 40 log (specific distance / test distance) (dB)
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= TEST PLOTS

Radiated E-Field Emission (Antenna Position 90°) : 13.110 — 14.010 MHz

[dB (uV/m) ]
107

100

<FCC 13.56MHz RFID Mask QP
—— QF

a0

<FCC EMI H 90Khz-30MHz>
- -  Range (H, PK)

g0

—&——  Suspected Item(H)
—=—— Final Item({H,QF)

70

e

1]

° 50

40

YT T[TTTIT[TTITT

30

Lottt s ung T Mo sy U ™ g

20

10

11.810

13.

000

Freguency

15.310
[MHz]

Radiated E-Field Emission (Antenna Position 180°) : 13.110 — 14.010 MHz

[dB {(uV/m) ]
1a7

100

FCC 13.56MHz RFID Mask QP

a0

— QP
'FCC EMI V 90Khz-30MHz>
—— Range(V,PK)

a0

—¥—— Suspscted Item(V)
——— Final Item(V,QF)

70

c0

BV
w
(=]

LK

l,ﬁl, ik

™ st

-

' i
A oo ) |

il IL.'\‘A.-

i
A
e

I 40y s

=
(=]
TTTT[TTTT

11.810

13.000

15.310
[MHz]

Note:

The worst-case plots are included in this report.
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Radiated Spurious Emission
ASK Modulation
Frequency Range : 9 kHz — 30MHz
Frequency — Reading Corr. @ Total Limit © Margin Measurement
Polarization
(MHz) (dBuV) (dB) (dBuV/m) (dBuV/m) (dB) Type
0.036 Vv 14.0 20.9 34.9 116.5 81.6 Qp
0.072 \Y 4.4 20.1 24.5 110.5 86.0 QP
0.125 H 35.7 19.8 55.5 105.7 50.2 QP
0.125 Vv 40.9 19.8 60.7 105.7 45.0 Qp
0.375 H 15.6 19.7 35.3 96.1 60.8 Qp
1.206 H 12.5 20.1 32.6 66.0 334 Qp
Notes:
1. Correction Factor: Antenna Factor + Cable loss
2. Limit = specific Limits (dBuV) + Distance extrapolation factor
= The measurement distance is 3 meters.
= Distance extrapolation factor = 40 log (specific distance / test distance) (dB)
Frequency Range : Below 1 GHz
Frequency . Reading Corr. @ Total Limit Margin Measurement
Polarization
(MHz) (dBuVv) (dB) (dBuV/m) (dBuV/m) (dB) Type
48.088 Vv 47.2 -12.2 35.0 40.0 5.0 QP
71.994 Vv 45.1 -12.5 32.6 40.0 7.4 QP
96.341 Vv 39.8 -11.4 28.4 43.5 15.1 QP
395.771 Vv 35.7 -4.8 30.9 46.0 15.1 QP
504.217 Vv 33.3 -2.1 31.2 46.0 14.8 QP
776.106 H 23.5 2.4 25.9 46.0 20.1 QP
Notes:

1. Correction Factor: Antenna Factor + Cable loss
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1. Correction Factor: Antenna Factor + Cable loss
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FSK Modulation
Frequency Range : 9 kHz — 30MHz
Frequency . Reading Corr. @ Total Limit @ Margin | Measurement
(MHz) | Pelarization | i v) (dB) (dBuV/m) | (dBuV/m) (dB) Type
0.036 H 11.4 20.9 323 116.5 84.2 QP
0.036 \" 11.8 20.9 32.7 116.5 83.8 Qp
0.125 W H 31.7 19.8 51.5 105.7 54.2 QP
0.125@ % 28.4 19.8 48.2 105.7 57.5 QP
0.375 H -2.6 19.7 17.1 96.1 79.0 Qp
0.375 Vv -5.0 19.7 14.7 96.1 81.4 QP
Notes:
1. 125 kHz is fundamental frequency
2. Correction Factor: Antenna Factor + Cable loss
3. Limit = specific Limits (dBuV) + Distance extrapolation factor
= The measurement distance is 3 meters.
= Distance extrapolation factor = 40 log (specific distance / test distance) (dB)
Frequency Range : Below 1 GHz
Frequency . Reading Corr. @ Total Limit Margin Measurement
(MHz) | Ferarization |y (dB) (dBuV/m) | (dBuV/m) (dB) Type
48.134 Vv 46.1 -12.2 33.9 40.0 6.1 QP
96.013 Vv 41.7 -11.5 30.2 43.5 13.3 QP
165.942 Vv 39.7 -8.6 31.1 43.5 12.4 QP
347.639 Vv 27.8 -6.0 21.8 46.0 24.2 QP
449.503 Vv 33.0 -3.0 30.0 46.0 16.0 QP
880.721 H 29.1 3.5 32.6 46.0 13.4 QP
Notes:
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1. Correction Factor: Antenna Factor + Cable loss

AMERICA K=
PSK Modulation
Frequency Range : 9 kHz — 30MHz
Frequency . Reading Corr. @ Total Limit @ Margin | Measurement
(MHz) | Pelarization | V) (dB) (dBuV/m) | (dBuV/m) (dB) Type
0.036 H 12.3 20.9 33.2 116.5 83.3 Qp
0.036 \" 11.2 20.9 32.1 116.5 84.4 QP
0.063 H 10.5 20.3 30.8 111.7 80.9 Qp
0.069 v -6.4 20.1 13.7 110.8 97.1 QP
0.125 @ H 32.7 19.8 52.5 105.7 53.2 QP
0.125 @ % 29.3 19.8 49.1 105.7 56.6 QP
0.373 H -9.1 19.7 10.6 96.2 85.6 Qp
0.375 Vv -7.2 19.7 125 96.1 83.6 Qp
Notes:
1. 125 kHz is fundamental frequency
2. Correction Factor: Antenna Factor + Cable loss
3. Limit = specific Limits (dBuV) + Distance extrapolation factor
= The measurement distance is 3 meters.
= Distance extrapolation factor = 40 log (specific distance / test distance) (dB)
Frequency Range : Below 1 GHz
Frequency . Reading Corr. @ Total Limit Margin Measurement
(MHz) | Folrization | g ) (dB) (dBuv/m) | (dBuV/m) (dB) Type
48.172 Vv 47.1 -12.3 34.8 40.0 5.2 QP
54.541 Vv 30.9 -13.6 17.3 40.0 22.7 QP
96.113 Vv 44.1 -11.5 32.6 43.5 10.9 QP
166.034 Vv 39.5 -8.6 30.9 43.5 12.6 QP
451.723 Vv 34.0 -3.0 31.0 46.0 15 QP
869.753 H 294 3.5 329 46.0 131 QP
Notes:
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Radiated Spurious Emission 9 kHz — 30 MHz (Antenna Position 90°) : ASK

[dB (uv/m) ]
130

\ <FCC 13.56MHz RFID Mask QP
120

T— QP
[Eou <FCC RSE V 90Khz-30MHz>
2 Range (V, PK)

\\ a3 Final Item(V,QP)

110

100

90
80

70

dBuv

60
50

40

LAAES LAAAN RS LENEE RALEN RRREN RALES LALES LAREE LARS i

30

r Al
e T A

20

10

. |
0.009 0.100 1.000 10.000 30.000
Frequency [MHz]

Radiated Spurious Emission 9 kHz — 30 MHz (Antenna Position 180°) : ASK

[dB (uv/m) ]
130 \ <FCC 13.56MHz RFID Mask QP

120

. OF
™~ <FCC EMI H 90Khz-30MHz>
t~d Range (H, PK)

110 ;
\ —&—— Final Item(H,QP)

100

90

80
70

dBuv

60

50

40

IEEENAAAANEREN ARARS RS RARANRRREN LERRS REREE LEES

30

20

10

0
0.009 0.100 1.000 10.000 30.000

Frequency [MHZ]

Note:
The worst-case plots are included in this report.
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[=] TEST PLOTS
Radiated Spurious Emission 30 MHz — 1 GHz : ASK
[dB (uV/m) ]
107 F <FCC B 3m>
100 F —— QP
o <FCC B 30M-1G>
S0 F Range (H, PE)
r Range (V, PK)
L © Final Item(H,QP)
80 Final Item(V,QP)
70 F
60 F
= r
9 so0F ]|—
u I
40 F
30 F
20 F
10 |
o E
30.000 50.000 100.000 500.000 1000.000
Freqguency [MHz]
Note:

The worst-case plots are included in this report.
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9.4. POWERLINE CONDUCTED EMISSIONS

AC Main : Device with antenna connected

Frequency - Reading Core.?) Level Limit Margin
(MHz) Line (dBuv) (dB) (dBpv) (dBpv) (dB)
QP CAV QP CAV QP CAV QP CAV
0.151 L1 -1.1 -3.7 9.8 8.7 6.1 66 56 57.3 49.9
0.359 L1 -5.5 -6.8 9.7 4.2 2.9 58.7 48.7 54.5 45.8
4.151 L1 26.9 19.8 9.9 36.8 29.7 56 46 19.2 16.3
4.342 L1 30.7 21.0 9.9 40.6 30.9 56 46 15.4 15.1
5.241 L1 28.5 13.3 9.9 38.4 23.2 60 50 21.6 26.8
24.001 L1 25.6 20.7 10.4 36.0 31.1 60 50 24.0 18.9
Frequency . Reading Core.?) Level Limit Margin
(MHz) Line (dBuv) (dB) (dBpv) (dBpv) (dB)
Qp CAV QP CAV QP CAV QP CAV
0.456 N -4.8 -6.9 9.7 4.9 2.8 56.8 46.8 51.9 44.0
0.494 N -0.4 -5.1 9.7 9.3 4.6 56.1 46.1 46.8 41.5
4.346 N 30.9 21.7 9.9 40.8 31.6 56 46 15.2 14.4
4.892 N 28.0 12.8 9.9 37.9 22.7 56 46 18.1 23.3
7.989 N 28.6 22.0 10.0 38.6 32.0 60 50 21.4 18.0
24.000 N 25.7 20.9 10.4 36.1 31.3 60 50 23.9 18.7
AC Main : RF output terminated with dummy load
Frequency . Reading Core.?) Level Limit Margin
(MHz) Line (dBpv) (dB) (dBpv) (dBuv) (dB)
QP CAV QP CAV QP CAV QP CAV
2.422 L1 4.8 -4.8 9.8 14.6 5.0 56 46 41.4 41.0
2.764 L1 -1.3 -5.6 9.8 8.5 4.2 56 46 47.5 41.8
4.449 L1 23.7 3.3 9.9 33.6 13.2 56 46 22.4 32.8
4,931 L1 20.6 12.2 9.9 30.5 22.1 56 46 25.5 23.9
5.010 L1 26.4 5.7 9.9 36.3 15.6 60 50 23.7 34.4
23.918 L1 27.0 18.7 10.4 374 29.1 60 50 22.6 20.9
Frequency . Reading Core.?) Level Limit Margin
(MHz) Line (dBpv) (dB) (dBpv) (dBuv) (dB)
QP CAV QP CAV QP CAV QP CAV
0.985 N -5.5 -7.3 9.8 4.3 2.5 56 46 51.7 43.5
1.282 N -54 -7.2 9.8 4.4 2.6 56 46 51.6 43.4
4.300 N 21.4 4.2 9.9 31.3 14.1 56 46 24.7 31.9
4.569 N 26.8 6.1 9.9 36.7 16.0 56 46 19.3 30.0
5.126 N 27.1 7.5 9.9 37.0 17.4 60 50 23.0 32.6
24.202 N 25.0 20.0 10.4 354 304 60 50 24.6 19.6
Note :
1. Quasi-peak(Final Result) = Reading Value + Correction Factor
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= TEST PLOTS

AC Line Conducted Emission (L1) : EUT with RF output

Level

[dR (pV) ]
100

90

80 —&—— Final Item(Ll, QP)
—&—— Final Item(L1l, AV)
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Limit (QP)
Limit (AV)

Scan(Ll, PK)

AC Line Conducted Emission (N) : EUT with RF output

Level

[dB (V) ]
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Note :

Peak

at the 13.56 MHz is a fundamental frequency of HF

Report No.: HCTA-2001-008-RF03

This document may not be copied or reproduced (reprinted) without written consent by Hyundai C-Tech,

29 / 35
Inc. dba HCT America, Inc.

Hyundai C-Tech, Inc. dba HCT America, Inc., 1726 Ringwood Avenue, San Jose, CA 95131, USA  TEL: +1-510-933-8848 FAX: +1-510-933-8849



M
N\ //,/”

X

~N—

N

K

AMERICA %7\ [ACCREBITED
il N TESTING CERT #4201.01
[ TEST PLOTS
AC Line Conducted Emission (L1) : RF output terminated with dummy load
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10. LIST OF TEST EQUIPMENT

No. Instrument Model No. CallbiationiDee Manufacture Serial No.
(mm/dd/yy)

Signal Analyzer ROHDE &

X (20 Hz ~ 40.0 GHz) ESU40 12/20/2020 SCHWARZ 100529
Signal Analyzer .

X (10 H2 ~ 26.5 GHz) N9020A 11/08/2020 Keysight MY52091291
BI-LOG Antenna

X (30 MHz~ 1 GH2) JB6 11/29/2020 Sunol A071116

Attenuator
X (20 dB, DC ~ 26.5 GHz) 8493C 12/13/2020 HP 09072
POWER AMP

X (0.3GHz ~ 1GHz) 8447D 10/08/2020 HP 2944
Loop Antenna

X (0.009 ~ 30 MH2) HLA 6121 08/27/2020 TESEQ 43964

X EMI Test Receiver ESR3 12/20/2020 Rohde & Schwarz 102363

|Z| LISN 3816/2SH 01/19/2021 EMCO 00205729

|Z| LISN ENV216 01/19/2021 Rohde & Schwarz 101349

g | Temp & Humidity TH-ME 09/05/2020 JEIO TECH 5070515

Chamber
|X| Frequency Counter 53181A 08/02/2020 Agilent MY40002090
Note:

1. Equipment listed above that calibrated during the testing period was set for test after the calibration.
2. Equipment listed above that has a calibration due date during the testing period, the testing is completed before
equipment expiration date
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APPENDIX A. TEST SETUP PHOTOS
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The setup photos are provided as a separate document
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APPENDIX B. PHOTOGRAPHS OF EUT

B.1. EXTERNAL PHOTOS

The setup photos are provided as a separate document
B.2. INTERNAL PHOTOS

The setup photos are provided as a separate document
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END OF TEST REPORT
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