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Section 1

Section 1.

Report summary

Report summary

Nemko

1.1 Applicant and manufacturer

Company name
Address

City
Province/State
Postal/Zip code
Country

Miroculus, Inc.

458 Brannan Street
San Francisco

CA

94107

USA

1.2 Test specifications

FCC 47 CFR Part 15, Subpart C, Clause 15.225

RSS-210, Issue 10

RSS-Gen, Issue 5, Amendment 1, March 2019

1.3  Test methods

Operation within the band 13.110-14.010 MHz
License-Exempt Radio Apparatus: Category | Equipment
General Requirements for Compliance of Radio Apparatus

ANSI C64.3-2014

ANSI C63.10-2013

American National Standard for Methods of Measurement of Radio- Noise Emissions from Low-Voltage

Electrical and Electronic Equipment in the Range of 9 kHz to 40 GHz

American National Standard of Procedures for Compliance Testing of Unlicensed Wireless Devices

1.4  Statement of compliance

In the configuration tested, the EUT was found compliant.

Testing was performed against all relevant requirements of the test standard. Results obtained indicate that the product under test complies in full with the
requirements tested. The test results relate only to the items tested.

See “Summary of test results” for full details.

1.5  Exclusions

None

1.6 Test report revision history

Revision #

Details of changes made to test report

460572-ATRFWL

Original report issued
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Section 2: Summary of test results

Section 2. Summary of test results

Nemko

2.1 FCCPart15 Subpart C, general requirements test results
Part Test description Verdict
§15.207(a) Conducted limits Pass
§15.31(e) Variation of power source Pass
§15.203! Antenna requirement Pass
§15.215 20 dB bandwidth Pass
Notes: !The Antenna is internal to device or with unique antenna coupling.
2.2 FCCPart15 Subpart C, intentional radiators test results
Part Test description Verdict
§15.225(a) Field strength within 13.553-13.567 MHz band Pass
§15.225(b) Field strength within 13.410-13.553 MHz and 13.567-13.710 MHz bands Pass
§15.225(c) Field strength within 13.110-13.410 MHz and 13.710-14.010 MHz bands Pass
§15.225(d) Field strength outside 13.110-14.010 MHz band Pass
§15.225(e) Frequency tolerance of carrier signal Pass
Notes: None
2.3 ICRSS-GEN, Issue 5 Amendment 1, test results
Part Test description Verdict
7.3t Receiver radiated emission limits Not applicable
7.41 Receiver conducted emission limits Not applicable
8.8 Power Line Conducted Emissions Limits for Licence-Exempt Radio Apparatus Pass
8.10 Restricted Frequency Bands Pass
6.62 Occupied bandwidth Pass
6.112 Transmitter frequency stability Pass

Note: !According to sections 5.2 and 5.3 of RSS-Gen, Issue 4, the EUT does not have a stand-alone receiver nor is it a scanner receiver and is therefore

exempt from receiver requirements.

2.4 IC RSS-210, Issue 10, test results
Part Test description Verdict
B.6 (a) The field strength within the band 13.553-13.567 MHz. Pass
B.6 (b) The field strength within the bands 13.410-13.553 MHz and 13.567-13.710 MHz Pass
B.6 (c) The field strength within the bands 13.110-13.410 MHz and 13.710-14.010 MHz. Pass
B.6 (d) The field strength outside the band 13.110-14.010 MHz. Pass
B.6 Carrier frequency stability shall be maintained to +0.01% (+100 ppm) Pass
Note: None.
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Section 3: Equipment under test (EUT) details

Section 3. Equipment under test (EUT) details

Nemko

3.1 Sample information

Receipt date
Nemko sample ID number

3.2 EUT information

March 7, 2022
NEx: 460572

Product name

Micro Canvas

Model Canvas 1.0

Serial number C122010091

Part Number 100729001
3.3 Technical information

Frequency band 13.56 MHz

Frequency Min (MHz) 13.56 MHz

Frequency Max (MHz) 13.56 MHz

Power requirements
Antenna information

100-240Vac, 50-60 Hz

The EUT uses a unique antenna coupling/ non-detachable antenna to the intentional radiator.
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Section 3: Equipment under test (EUT) details

3.4 Product description and theory of operation

The EUT is a novel digital microfluidics technology to automate and miniaturize genomic protocols such as NGS library prep, synthetic biology, cell editing,
and combinatorial chemistry, in a compact system.

3.5 EUT exercise details

EUT was exercised with the 13.56 MHz RFID transmitter operating at maximum power.

3.6  EUT setup diagram

G
-

Figure 3.6-1: EUT setup diagram

3.7 EUT sub assemblies

Table 3.7-1: EUT sub assemblies

Description Brand name Model/Part number Serial number

N/A N/A N/A N/A

Table 3.7-2: Support equipment

Description Brand name Model/Part number Serial number Rev.
AC/DC Medical Adapter Delta Electronics, Inc. MDS-150AAS24B EOFWO0BWO0077 01
8 Port Gigabit desktop switch TP-Link TL-SG108 215B310003022 --
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Section 4: Engineering consideration

Nemko

Section 4. Engineering considerations

4.1  Moadifications incorporated in the EUT

There were no modifications performed to the EUT during this assessment.

4.2 Technical judgment

None

4.3 Deviations from laboratory tests procedures

No deviations were made from laboratory procedures.
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Section 5: Test conditions

Nemko

Section 5. Test conditions

5.1  Atmospheric conditions

Temperature 15-35°C
Relative humidity 20-75%
Air pressure 860-1060 mbar

When it is impracticable to carry out tests under these conditions, a note to this effect stating the ambient temperature and relative humidity during the
tests shall be recorded and stated.

5.2  Power supply range

The normal test voltage for equipment to be connected to the mains shall be the nominal mains voltage. For the purpose of the present document, the
nominal voltage shall be the declared voltage, or any of the declared voltages +5 %, for which the equipment was designed.
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Section 6: Measurement uncertainty

@emko

Section 6. Measurement uncertainty

6.1  Uncertainty of measurement

Measurement uncertainty budgets for the tests are detailed below. Measurement uncertainty calculations assume a coverage factor of K = 2 with 95%
certainty.

Test name Measurement uncertainty, dB

All antenna port measurements

0.55
Conducted spurious emissions 1.13
Radiated spurious emissions 3.78
AC power line conducted emissions 1.38
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Section 8
Test name
Specification

Section 7.

Test Data

Field strength of spurious emissions
FCC §15.225(a)-(d) and RSS-210 Issue 10 B.6

Nemko

71 Field strength of spurious emissions
7.1.1 Definitions and limits
FCC:
a.  The field strength of any emissions within the band 13.553-13.567 MHz shall not exceed 15,848 microvolts/meter at 30 meters.
b.  Within the bands 13.410-13.553 MHz and 13.567-13.710 MHz, the field strength of any emissions shall not exceed 334 microvolts/meter at 30
meters.
c.  Within the bands 13.110-13.410 MHz and 13.710-14.010 MHz the field strength of any emissions shall not exceed 106 microvolts/meter at 30
meters.
d. The field strength of any emissions appearing outside of the 13.110-14.010 MHz band shall not exceed the general radiated emission limits in §
15.209.
ISED:

The field strength of any emission shall not exceed the following limits:

15.848 mV/m (84 dBuV/m) at 30m, within the band 13.553-13.567 MHz;
334 uV/m (50.5 dBpV/m) at 30m, within the bands 13.410-13.553 MHz and 13.567-13.710 MHz;
106 uV/m (40.5 dBuV/m) at 30m, within the bands 13.110-13.410 MHz and 13.710-14.010 MHz; and
RSS-Gen general field strength limits for frequencies outside the band 13.110-14.010 MHz.

a.

b
c.
d

Table 7.1-1: FCC §15.209 and RSS-Gen — Radiated emission limits

Frequency, Field strength of emissions Measurement distance, m
MHz uv/m dBuV/m

0.009-0.490 2400/F 67.6 — 20 x log1o(F) 300
0.490-1.705 24000/F 87.6 — 20 x log1o(F) 30
1.705-30.0 30 29.5 30
30-88 100 40.0 3
88-216 150 43.5 3
216-960 200 46.0 3
above 960 500 54.0 3

Notes: In the emission table above, the tighter limit applies at the band edges.

Table 7.1-2: IC restricted frequency bands

For frequencies above 1 GHz the limit on peak RF emissions is 20 dB above the maximum permitted average emission limit applicable to the
equipment under test

MHz MHz MHz GHz
0.090-0.110 12.51975-12.52025 399.9-410 5.35-5.46
2.1735-2.1905 12.57675-12.57725 608-614 7.25-7.75
3.020-3.026 13.36-13.41 960-1427 8.025-8.5
4.125-4.128 16.42-16.423 1435-1626.5 9.0-9.2
4.17725-4.17775 16.69475-16.69525 1645.5-1646.5 9.3-9.5
4.20725-4.20775 16.80425-16.80475 1660-1710 10.6-12.7
5.677-5.683 25.5-25.67 1718.8-1722.2 13.25-13.4
6.215-6.218 37.5-38.25 2200-2300 14.47-14.5
6.26775-6.26825 73-74.6 2310-2390 15.35-16.2
6.31175-6.31225 74.8-75.2 2655-2900 17.7-21.4
8.291-8.294 108-138 3260-3267 22.01-23.12
8.362-8.366 156.52475-156.52525 3332-3339 23.6-24.0
8.37625-8.38675 156.7-156.9 3345.8-3358 31.2-31.8
8.41425-8.41475 240-285 3500-4400 36.43-36.5
12.29-12.293 322-335.4 4500-5150 Above 38.6

Note:

Certain frequency bands listed in Table 8.3-2 and above 38.6 GHz are designated for low-power license-exempt applications. These frequency
bands and the requirements that apply to the devices are set out in this Standard

Report reference ID: 460572-4TRFWL
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Section 8 Testing data

Test name Field strength of spurious emissions

Specification FCC §15.225(a)-(d) and RSS-210 Issue 10 B.6

Table 7.1-3: FCC restricted frequency bands

@emko

MHz MHz MHz GHz
0.090-0.110 16.42-16.423 399.9-410 4.5-5.15
0.495-0.505 16.69475-16.69525 608-614 5.35-5.46

2.1735-2.1905 16.80425-16.80475 960-1240 7.25-7.75
4.125-4.128 25.5-25.67 1300-1427 8.025-8.5
4.17725-4.17775 37.5-38.25 1435-1626.5 9.0-9.2
4.20725-4.20775 73-74.6 1645.5-1646.5 9.3-9.5
6.215-6.218 74.8-75.2 1660-1710 10.6-12.7
6.26775-6.26825 108-121.94 1718.8-1722.2 13.25-13.4
6.31175-6.31225 123-138 2200-2300 14.47-14.5
8.291-8.294 149.9-150.05 2310-2390 15.35-16.2
8.362-8.366 156.52475-156.52525 2483.5-2500 17.7-21.4
8.37625-8.38675 156.7-156.9 2690-2900 22.01-23.12
8.41425-8.41475 162.0125-167.17 3260-3267 23.6-24.0
12.29-12.293 167.72-173.2 3332-3339 31.2-31.8
12.51975-12.52025 240-285 3345.8-3358 36.43-36.5
12.57675-12.57725 322-335.4 3600-4400 Above 38.6

13.36-13.41
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Section 8 Testing data

Test name Field strength of spurious emissions

Specification FCC §15.225(a)-(d) and RSS-210 Issue 10 B.6 Ne m kO
7.1.2 Test summary

Verdict Pass

Test date (3m chamber) March 18, 2022 Temperature (3m chamber) 19°C

Test engineer (3m chamber) Martha Espinoza, Wireless Test Engineer Air pressure (3m chamber) 1003 mbar

Test location 10m semi anechoic chamber Relative humidity (3m chamber) 53 %

7.1.3 Observations, settings and special notes

In order to investigate the spectrum from the lowest radio frequency signal generated in the device to the tenth harmonic of the highest fundamental
frequency, per 47 CFR § 15.33 (a)-1, radiated emissions were measured from 9 kHz to 150 MHz.

7.1.4 Setup details

Spectrum analyzer settings for radiated measurements within restricted bands from 9 kHz to 30 MHz:

Resolution bandwidth 200 Hz from 9 — 150 kHz, 9 kHz from 150 kHz — 30 MHz
Video bandwidth 600 Hz and 30 kHz respectively
Detector mode - Peak (Preview measurement)
- Quasi-peak (Final measurement)
Trace mode Max Hold
Measurement time - 100 ms (Peak preview measurement)

- 15000 ms (Quasi-peak final measurement)

Spectrum analyzer settings for radiated measurements within restricted bands from 30 — 1000 MHz:

Resolution bandwidth 120 kHz
Video bandwidth 300 kHz
Detector mode - Peak (Preview measurement)

— Quasi-peak (Final measurement)

Trace mode Max Hold
Measurement time

100 ms (Peak preview measurement)

- 5000 ms (Quasi-peak final measurement)

Table 7.1-4: Radiated disturbance equipment list

Equipment Manufacturer Model no. Asset no. Cal cycle Next cal.
EMI Test Receiver Rohde & Schwarz ESU40 E1131 1year 03-02-2023
System controller Sunol Sciences SC104V E1191 NCR NCR

Active Loop Antenna (9kHz-30MHz) Hewlett Packard 6502 E1267 2 years 12-04-2022
Bilog Antenna (30-1000MHz) Schaffner-Chase CBL6111D 1480 2 years 10-28-2022
Notes: None

Table 7.1-5: Radiated disturbance test software details

Manufacturer of Software Details
Rohde & Schwarz EMC32 V10.35.10 (3m chamber)
Notes: None

Report reference ID: 460572-4TRFWL
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Section 8 Testing data
Test name Field strength of spurious emissions
Specification FCC §15.225(a)-(d) and RSS-210 Issue 10 B.6 Ne m ko
7.1.4 Testing data
Full Spectrum Full Spectrum
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Figure 7.1.1: Radiated spurious emissions, 13.11-14.01 MHz (3m at 0°)
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Figure 7.1.2: Radiated spurious emissions, 13.11-14.01 MHz (3m at 90°)

Table 7.1.6: Radiated field strength measurement results, 13.11-14.01 MHz (3m at 0°)

Frequency QuasiPeak Limit Margin Meas. Time Bandwidth Pol Azimuth Corr.
(MHz) (dBuV/m) (dBuV/m) (dB) (ms) (kHz) (deg) (dB/m)
13.503060 13.62 90.48 76.86 15000.0 9.000 H 172.0 11.1
13.534884 13.74 90.48 76.74 15000.0 9.000 H 146.0 11.1
13.537137 13.39 90.48 77.08 15000.0 9.000 H 55.0 11.1
13.562277 24.57 124.00 99.42 15000.0 9.000 H 64.0 11.1
13.588164 13.35 90.48 77.13 15000.0 9.000 H 105.0 11.1
13.641891 13.43 90.48 77.05 15000.0 9.000 H 214.0 11.1
Table 7.1.6: Radiated field strength measurement results, 13.11-14.01 MHz (3m at 90°)
Frequency QuasiPeak Limit Margin Meas. Time Bandwidth Pol Azimuth Corr.
(MHz) (dBuV/m) (dBuV/m) (dB) (ms) (kHz) (deg) (dB/m)
13.391307 16.03 80.51 64.48 15000.0 9.000 H 193.0 11.1
13.510725 14.51 90.48 75.96 15000.0 9.000 H 0.0 11.1
13.523232 16.22 90.48 74.25 15000.0 9.000 H 244.0 11.1
13.560675 31.36 124.00 92.64 15000.0 9.000 H 237.0 11.1
13.599462 17.51 90.48 72.97 15000.0 9.000 H 241.0 11.1
13.719042 15.80 80.51 64.71 15000.0 9.000 H 193.0 11.1
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Section 8 Testing data
Test name Field strength of spurious emissions

Specification FCC §15.225(a)-(d) and RSS-210 Issue 10 B.6 Nem kO

7.1.5 Testing data, continued

Full Spectrum
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Figure 7.1-1: Radiated spurious emissions, 9 kHz-30 MHz at 0°
Table 7.1-6: Radiated disturbance (Quasi-Peak) results
Frequency QuasiPeak Limit Margin | Meas. Time | Bandwidth | Pol Azimuth Corr.
(MHz) (dBpV/m) (dBpV/ (dB) (ms) (kHz) (deg) (dB/m)
0.018418 50.36 122.28 71.93 15000.0 0.200 H 0.0 14.8
0.070999 40.79 110.57 69.78 15000.0 0.200 H 55.0 10.9
0.383345 48.05 95.93 47.89 15000.0 9.000 H 273.0 10.0
0.762410 41.49 69.97 28.48 15000.0 9.000 H 89.0 10.2
3.646935 22.80 69.50 46.70 15000.0 9.000 H 151.0 10.6
23.804655 21.30 69.50 48.20 15000.0 9.000 H 295.0 10.0
Notes: 1Field strength (dBuV/m) = receiver/spectrum analyzer value (dBuV) + correction factor (dB)

2 Correction factors = antenna factor ACF (dB) + cable loss (dB) — amplifier gain (dB)
3The maximum measured value observed over a period of 15 seconds was recorded.
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Section 8 Testing data
Test name Field strength of spurious emissions
Specification FCC §15.225(a)-(d) and RSS-210 Issue 10 B.6 Nem ko
7.1.5 Testing data, continued
Full Spectrum
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Figure 7.1-2: Radiated spurious emissions, 9 kHz-30 MHz at 90°
Table 7.1-7: Radiated disturbance (Quasi-Peak) results
Frequency QuasiPeak Limit Margin | Meas. Time Bandwidth Pol | Azimuth Corr.
(MHz) (dBuV/m) (dBuV/m) (dB) (ms) (kHz) (deg) (dB/m)
0.016291 51.25 123.35 72.10 15000.0 0.200 H 200.0 15.7
0.055016 42.16 112.78 70.62 15000.0 0.200 H 294.0 11.3
0.367405 44.69 96.30 51.61 15000.0 9.000 H 67.0 10.0
1.518645 30.72 64.00 33.29 15000.0 9.000 H 219.0 10.5
5.987145 18.86 69.50 50.64 15000.0 9.000 H 29.0 10.7
23.670330 19.41 69.50 50.09 15000.0 9.000 H 190.0 10.0
Notes: 1Field strength (dBuV/m) = receiver/spectrum analyzer value (dBuV) + correction factor (dB)

2 Correction factors = antenna factor ACF (dB) + cable loss (dB) — amplifier gain (dB)
3The maximum measured value observed over a period of 15 seconds was recorded.
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Section 8
Test name
Specification

Testing data

Field strength of spurious emissions
FCC §15.225(a)-(d) and RSS-210 Issue 10 B.6

7.1.5 Testing data, continued

Nemko

Full Spectrum
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Figure 7.1-3: Radiated spurious emissions, 30 MHz — 150 MHz
Table 7.1-8: Radiated disturbance (Quasi-Peak) results
Frequency QuasiPeak Limit Margin | Meas. Time | Bandwidth Height Pol Azimuth Corr.
(MHz) (dBuV/m) | (dBupV/m) (dB) (ms) (kHz) (cm) (deg) (dB)
35.084000 19.58 40.00 20.42 5000.0 120.000 98.0 V 51.0 21.9
51.964000 24.04 40.00 15.96 5000.0 120.000 98.0 \Y 260.0 14.0
77.928000 25.37 40.00 14.63 5000.0 120.000 194.0 \ 127.0 13.8
83.320000 28.41 40.00 11.59 5000.0 120.000 300.0 H 80.0 14.3
106.836000 32.86 43.50 10.64 5000.0 120.000 106.0 \Y 22.0 17.8
108.512000 33.40 43.50 10.10 5000.0 120.000 98.0 \Y 23.0 17.9
116.404000 28.80 43.50 14.70 5000.0 120.000 401.0 H 278.0 18.1
138.880000 39.32 43.50 4.18 5000.0 120.000 201.0 H 275.0 18.6
Notes: 1Field strength (dBuV/m) = receiver/spectrum analyzer value (dBuV) + correction factor (dB)

2 Correction factors = antenna factor ACF (dB) + cable loss (dB)

3The maximum measured value observed over a period of 5 seconds was recorded.
4 The spectral plot is a summation of a vertical and horizontal scan.

5> The spectrum was investigated from the lowest radio frequency signal generated in the device to the tenth harmonic of the highest fundamental frequency.
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Section 7 Testing data
Test name Conducted emissions
Specification FCC 47 CFR Part 15, Subpart C — §15.207 Ne m kO

7.2

Conducted emissions

7.2.1 References

Title 47 = Chapter | - Subchapter A = Part 15 - Subpart C - §15.207 / ANSI C63.4: 2014

(a)

(b)

(c)

Except as shown in paragraphs (b) and (c) of this section, 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 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.

Conducted limit (dBuV)
Frequency of emission (MHz) Quasi-peak Average
0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50

*Decreases with the logarithm of the frequency
The limit shown in paragraph (a) of this section shall not apply to carrier current systems operating as intentional radiators on frequencies below 30
MHz. In lieu thereof, these carrier current systems shall be subject to the following standards:
a.  For carrier current system containing their fundamental emission within the frequency band 535-1705 kHz and intended to be received using
a standard AM broadcast receiver: no limit on conducted emissions.
b.  Forall other carrier current systems: 1000 uV within the frequency band 535-1705 kHz, as measured using a 50 pH/50 ohms LISN.
c.  Carrier current systems operating below 30 MHz are also subject to the radiated emission limits in §15.205, §15.209, §15.221, §15.223, or
§15.227, as appropriate.
Measurements to demonstrate compliance with the conducted limits are not required for devices which only employ battery power for operation and
which do not operate from the AC power lines or contain provisions for operation while connected to the AC power lines. Devices that include, or make
provisions for, the use of battery chargers which permit operating while charging, AC adapters or battery eliminators or that connect to the AC power
lines indirectly, obtaining their power through another device which is connected to the AC power lines, shall be tested to demonstrate compliance with
the conducted limits.
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Section 7 Testing data

Test name Conducted emissions
Specification FCC 47 CFR Part 15, Subpart C — §15.207 Ne m kO
7.2.2 Conducted Emissions Test summary
Verdict Pass
Test date March 21, 2022 Temperature 20°C
Test engineer Martha Espinoza, Wireless Test Engineer Air pressure 1003 mbar
Test location Ground Plane Relative humidity 58 %
7.2.3 Notes
None
7.2.4 Setup details
Port under test AC Mains
EUT setup configuration Table top

Measurement details

Receiver settings:
Resolution bandwidth
Video bandwidth
Detector mode

Trace mode
Measurement time

9
3

A preview measurement was generated with the receiver in continuous scan mode. Emissions detected within 6 dB or

above limit were re-measured with the appropriate detector against the correlating limit and recorded as the final

measurement.

kHz
0 kHz

- Peak and Average (Preview measurement)
- Quasi-peak and CAverage (Final measurement)
Max Hold

100 ms (Peak and Average preview measurement)
5000 ms (Quasi-peak final measurement)
5000 ms (CAverage final measurement)

Table 7.2-1: Conducted disturbance at mains port equipment list

Equipment Manufacturer Model no. Asset no. Cal cycle Next cal.
EMI Test Receiver Rohde & Schwarz ESCI 7 E1026 1 year 03-22-2024
Two Line V-Network Rohde & Schwarz ENV216 E1019 1year 09-20-2022
Transient Limiter (10 dB pad) Hewlett Packard 11947A 681 NCR NCR

Notes: None

Table 7.2-2: Conducted disturbance at mains port test software details

Manufacturer of Software Details
Rohde & Schwarz EMC 32 V10.20.01
Notes: None
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Section 7 Testing data
Test name Conducted emissions
Specification FCC 47 CFR Part 15, Subpart C — §15.207 Ne m kO
7.2.5 Conducted Emissions Test data
Full Spectrum
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The spectral plot has been corrected with transducer factors. (i.e. cable loss, LISN factors, and transient limiters)
Figure 7.2-1 Conducted disturbance at AC mains plot (Quasi-Peak and Average)
Table 7.2-3 Conducted disturbance at AC mains results (Quasi-Peak and Average)
Frequency | QuasiPeak CAverage Limit Margin | Meas. Time | Bandwidth | Line | Filter Corr.
(MHz) (dBuV) (dBpV) (dBuV) (dB) (ms) (kHz) (dB)
0.162000 - 21.70 55.36 33.66 5000.0 9.000 L1 ON 19.6
0.162000 41.98 - 65.36 23.38 5000.0 9.000 L1 ON 19.6
0.238000 35.85 - 62.17 26.32 5000.0 9.000 N ON 19.5
0.238000 - 19.34 52.17 32.83 5000.0 9.000 N ON 19.5
0.318000 41.96 - 59.76 17.80 5000.0 9.000 L1 ON 19.5
0.318000 - 37.70 49.76 12.06 5000.0 9.000 L1 ON 19.5
0.354000 - 40.56 48.87 8.31 5000.0 9.000 L1 ON 194
0.354000 44.42 - 58.87 14.45 5000.0 9.000 L1 ON 194
0.566000 33.95 - 56.00 22.05 5000.0 9.000 L1 ON 194
0.566000 - 30.17 46.00 15.83 5000.0 9.000 L1 ON 19.4
0.674000 - 31.90 46.00 14.10 5000.0 9.000 L1 ON 19.4
0.674000 36.42 - 56.00 19.58 5000.0 9.000 L1 ON 19.4
0.918000 - 30.12 46.00 15.88 5000.0 9.000 N ON 194
0.918000 34.26 - 56.00 21.74 5000.0 9.000 N ON 194
2.294000 - 23.66 46.00 22.34 5000.0 9.000 N ON 194
2.294000 31.27 - 56.00 24.73 5000.0 9.000 N ON 19.4
10.106000 - 18.39 50.00 31.61 5000.0 9.000 L1 ON 19.5
10.106000 28.91 - 60.00 31.09 5000.0 9.000 L1 ON 19.5
15.202000 28.34 - 60.00 31.66 5000.0 9.000 L1 ON 20.2
15.202000 - 20.75 50.00 29.25 5000.0 9.000 L1 ON 20.2

Notes:

1Result (dBuV) = receiver/spectrum analyzer value (dBuV) + correction factor (dB)
2 Correction factor (dB) = LISN factor IL (dB) + cable loss (dB) + transient limiter (dB)
3 The maximum measured value observed over a period of 5 seconds was recorded.
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Section 7 Testing data
Test name Carrier frequency stability
Specification FCC 47 CFR Part 15, Subpart C - §15.225(e) and RSS-210 Issue 9 B.6.b Ne m kO

7.3 Frequency stability

7.3.1 References

47 CFR § 15.225 - Operation within the band 13.110-14.010 MHz
e) The frequency tolerance of the carrier signal shall be maintained within £0.01% of the operating frequency over a temperature variation of -20
degrees to + 50 degrees C at normal supply voltage, and for a variation in the primary supply voltage from 85% to 115% of the rated supply voltage
at a temperature of 20 degrees C. For battery operated equipment, the equipment tests shall be performed using a new battery.

RSS-210 Issue 9 B.6
b)  The carrier frequency stability shall not exceed +100 ppm

7.3.2 Carrier frequency stability Test Summary

Verdict Pass
Test date March 21, 2022 Temperature 20°C
Test engineer Martha Espinoza, Wireless Test Engineer Air pressure 1004 mbar
Test location Wireless workbench Relative humidity 59 %
7.3.3 Notes

None

7.3.4 Test Methods and equipment list

ANSI C63.10-2013

Table 7.3-1: Carrier frequency stability equipment list

Equipment Manufacturer Model no. Asset no. Cal cycle Next cal.
Signal and Spectrum Analyzer Rohde & Schwarz FSV40 E1120 2 years 12-09-2023
Active Loop H Field Antenna Hewlett-Packard 6502 E1267 2 years 12-04-2022
Variac Shanghai China TDGC $1043 NCR NCR
Environmental chamber Cincinnati Sub-Zero ZPH-32-2-2-H/AC S1179 1year 08-18-2022
Notes: None

7.3.5 Test results

Temp (C°) Voltage Fc (MHz) Variation (ppm) Variation (%)
+50 Nominal (120 Vac) 13.559961785 2.818252 0.000282
+40 Nominal (120 Vac) 13.559985065 1.101401 0.000110
+30 Nominal (120 Vac) 13.559964831 2.593584 0.000259
+20 Nominal (120 Vac) 13.559943269 4.183702 0.000418
+20 85% Nominal (102 Vac) 13.559943191 4.189454 0.000419
+20 115% Nominal (138 Vac) 13.559920848 5.837168 0.000584
+10 Nominal (120 Vac) 13.559977877 1.631490 0.000163

0 Nominal (120 Vac) 13.559972487 2.028982 0.000203

-10 Nominal (120 Vac) 13.559902255 7.208333 0.000721

-20 Nominal (120 Vac) 13.559871631 9.466740 0.000947
Notes: The carrier frequency (Fc) was measured at each temperature and supply voltage using the Spectrum Analyzer Signal Count marker function. The

Variation was calculated as follows:

Variation (ppm) = ((M>X1000000>; Variation (%) = <(W)x100>

fexpected fexpected
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Section 7 Testing data

Test name Occupied Bandwidth: 99% OBW and 20 dB Bandwidth
Specification FCC 47 CFR Part 15, Subpart C— §15.215(c) and RSS-Gen Issue 5, Section 6.7 Nem ko
7.4  Occupied Bandwidth: 99% OBW and 20 dB Bandwidth

7.4.1

References

RSS-Gen — 6.7 Occupied bandwidth (or 99% emission bandwidth) and x dB bandwidth

The occupied bandwidth or the “99% emission bandwidth” is defined as the frequency range between two points, one above and the other below
the carrier frequency, within which 99% of the total transmitted power of the fundamental transmitted emission is contained. The occupied
bandwidth shall be reported for all equipment in addition to the specified bandwidth required in the applicable RSSs.

In some cases, the “x dB bandwidth” is required, which is defined as the frequency range between two points, one at the lowest frequency below
and one at the highest frequency above the carrier frequency, at which the maximum power level of the transmitted emission is attenuated x dB
below the maximum in-band power level of the modulated signal, where the two points are on the outskirts of the in-band emission.

The following conditions shall be observed for measuring the occupied bandwidth and x dB bandwidth:

The transmitter shall be operated at its maximum carrier power measured under normal test conditions.

The span of the spectrum analyzer shall be set large enough to capture all products of the modulation process, including the emission skirts, around
the carrier frequency, but small enough to avoid having other emissions (e.g. on adjacent channels) within the span.

The detector of the spectrum analyzer shall be set to “Sample”. However, a peak, or peak hold, may be used in place of the sampling detector since
this usually produces a wider bandwidth than the actual bandwidth (worst-case measurement). Use of a peak hold (or “Max Hold”) may be necessary
to determine the occupied / x dB bandwidth if the device is not transmitting continuously.

The resolution bandwidth (RBW) shall be in the range of 1% to 5% of the actual occupied / x dB bandwidth and the video bandwidth (VBW) shall not
be smaller than three times the RBW value. Video averaging is not permitted.

Note: It may be necessary to repeat the measurement a few times until the RBW and VBW are in compliance with the above requirement.

For the 99% emission bandwidth, the trace data points are recovered and directly summed in linear power level terms. The recovered amplitude
data points, beginning at the lowest frequency, are placed in a running sum until 0.5% of the total is reached, and that frequency recorded. The
process is repeated for the highest frequency data points (starting at the highest frequency, at the right side of the span, and going down in
frequency). This frequency is then recorded. The difference between the two recorded frequencies is the occupied bandwidth (or the 99% emission
bandwidth).

47 CFR § 15.215 - Additional provisions to the general radiated emission limitations.

c) Intentional radiators operating under the alternative provisions to the general emission limits, as contained in §§ 15.217 through 15.257 and in
subpart E of this part, must be designed to ensure that the 20 dB bandwidth of the emission, or whatever bandwidth may otherwise be specified in
the specific rule section under which the equipment operates, is contained within the frequency band designated in the rule section under which
the equipment is operated. In the case of intentional radiators operating under the provisions of subpart E, the emission bandwidth may span across
multiple contiguous frequency bands identified in that subpart. The requirement to contain the designated bandwidth of the emission within the
specified frequency band includes the effects from frequency sweeping, frequency hopping and other modulation techniques that may be employed
as well as the frequency stability of the transmitter over expected variations in temperature and supply voltage. If a frequency stability is not
specified in the regulations, it is recommended that the fundamental emission be kept within at least the central 80% of the permitted band in order
to minimize the possibility of out-of-band operation.

7.4.2 Notes
None
7.4.3 Test Summary
Test date March 23, 2022 Temperature 19°C
Test engineer Martha Espinoza, Wireless Test Engineer Air pressure 1001 mbar
Test location Wireless workbench Relative humidity 55 %
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Section 7
Test name
Specification

Testing data
Occupied Bandwidth: 99% OBW and 20 dB Bandwidth

7.4.4 Setup Details

FCC 47 CFR Part 15, Subpart C— §15.215(c) and RSS-Gen Issue 5, Section 6.7

@emko

Spectrum analyzer settings:

99% Occupied Bandwidth measurement

20 dB Bandwidth measurement

Resolution bandwidth 30 Hz 30 Hz
Video bandwidth 1 kHz 1 kHz
Frequency span 2 kHz 2 kHz
Detector mode Peak Peak
Trace mode Max Hold Max Hold
Table 7.4-1: Occupied bandwidth equipment list
Equipment Manufacturer Model no. Asset no. Cal cycle Next cal.
Signal and Spectrum Analyzer Rohde & Schwarz FSv40 E1120 2 years 12-09-2023
Active Loop H Field Antenna Hewlett-Packard 6502 E1267 2 years 12-04-2022
Notes: None
7.4.5 Test Data
99% OBW 20 dB OBW
937.771345876 Hz 729.4 Hz
Spectrum [? Spectrum E
Ref Level -17.00 dBrm @ RBW 30 Hz Ref Level -17.00 d&8m @ RBW 30 Hz
Att OdBE & SWT 63.3ms @ VBW 1kHz Mode AutoFFT Att 0dB @ SWT 63.3 ms @ VBW 1kHz Mode Auto FFT
SGL Count 2000,/2000 SGL Count 2000/2000
@ 1Pk May @ 1Pk Max
-20 dBm- M1[1] -42.50 dBm)| -20 Da[1] 20.36 dB|
13.55996820 MHz| 619.40 Hz|
-30 dem Occ Bw 937.771345876 H| 30 dBm- M1[1] -42.50 dBm|
13.55996820 MHz|
-40d K -40 dBm ML
-s0d - f -50 dBm /\ —
// =, / [ J \\
60 d — -60 d
L Y 7 ng ] 7 B
7ode = - - 70 dB - AN
. -~ Vs Al N S
-850 dBm: -90 dl
-100 d -100 dB
-110d -110 dB
GF 13.56 MHz 691 pts Span 2.0 kHz CF 13.56 MHz 691 pts Span 2.0 kHz
Marker Marker
Type | Ref | Tre | X-value | Y-value | Function | Function Result | Type | Ref | Tre | X-value [ ¥-value | Function Function Result |
M1 1 13.5599682 MHz -42.50 dBm M1 1 13,5509682 MHz -42.50 dBm
T1 1 13.55972793 MHz -68.06 dBm Oce Bw 937.771345876 Hz D2 M1 1 -110.0 Hz -20.36 dB
T2 1 13.5606657 MHz -67,44 dBm D3| M1 1 619.4 Hz -20.36 dg

Report reference ID: 460572-4TRFWL

Page 23 of 25



Section 8 Block diagrams of test setups

Section 8. Block diagrams of test setups

Nemko

8.1  Radiated emissions set-up

Test Configuration:

9k to 30MHz emissions:

Turntable

3m

\ EUT

0.8 m

il

/

Test
Receiver

Ground Plane

Coaxial Cable

Figure 8.1-1: Radiated Emissions Test Setup — 9 kHz to 30 MHz

30M to 1G emissions:

Turntable

EUT

Test
Recewver

0.8m

T

lmto 4m

|

Ground Plane

8.2  Conducted emissions set-up

Coaxial Cable :

Figure 8.1-2: Radiated Emissions Test Setup — 30 to 1000 MHz

Non-
conducting
Turntable

Vertical ground
plane 40 cm
from EUT

LISN

~

To test receiver

To power supply
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Section 8 Block diagrams of test setups
(Nemko

Figure 8.2-2: Conducted Emissions Test Setup — 150 kHz to 30 MHz
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