University of Michigan Radiation Laboratory
FCC Part 15, IC RS5-210/Gen - Test Report No. 415031-355

The University of Michigan
Radiation Laboratory
3228 EECS Building

Ann Arbor, M1 48109-2122
Tel: (734) 764-0500

Measured Radio Frequency Emissions
From

Lear Corporation Transmitter
Model(s): UHR 222 272

Report No. 415031-355
March 3, 2007

Copyright © 2007

For:
Lear Corporation
5200 Auto Club Dr.
Dearborn, Ml 48126-9982

Contact:
Tom Tang
Tel: 313-593 - 9934
Fax: 313-593-9526

PO: Verbal
Tests supervised by: W é ? / D(/
M easurements made by: Report approved by: ' (/7&%
VadisV. Liepa VadisV.Liepa  \
Joseph D. Brunett Research Scientist

Summary

Tests for compliance with FCC Regulations Part 15, Subpart C and Industry Canada RSS-210/Gen were
performed on Lear Corporation model UHR 222 272. This device is subject to the Rules and

Regulations as a Transmitter.
In testing completed on March 2, 2007 the device tested in the worst case met the allowed

specifications for radiated emissions by 1.8 dB (see p. 7-9). Besides harmonics, there were no other
significant spurious emissions found; emissions from digital circuitry were negligible. Line
conducted emission tests do not apply since the device is powered from a 12 VDC system.
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1. Introduction

Lear Corporation model UHR 222_272was tested for compliance with FCC Regulations, Part 15, adopted
under Docket 87-389, April 18, 1989 as subsequently amended, and with Industry Canada RSS-210, Issue
6, September 2005. The tests were performed at the University of Michigan Radiation Laboratory
Willow Run Test Range following the procedures described in ANSI C63.4-2003 "Methods of
Measurement of Radio-Noise Emissions from Low-Voltage Electrical and Electronic Equipment in the
Range of 9 kHz to 40 GHz". The Site description and attenuation characteristics of the Open Site facility
are on file with FCC Laboratory, Columbia, Maryland (FCC Reg. No: 91050) and with Industry Canada,
Ottawa, ON (File Ref. No: IC 2057A-1).

2. Test Procedure and Equipment Used

The pertinent test equipment commonly used in our facility for measurementsislisted in Table 2.1 below.
The middle column identifies the specific equipment used in these tests.

Table2.1 Test Equipment.

Test |nstrument Eqpt. Used M anufacturer/M odel
Spectrum Analyzer (0.1-1500 MHz) Hewlett-Packard, 182T/8558B
Spectrum Analyzer (9kHz-22GHz) X Hewlett-Packard 8593A SN: 3107A01358
Spectrum Analyzer (9kHz-26GHz) X Hewlett-Packard 8593E, SN: 3412A01131
Spectrum Analyzer (9kHz-26GHz) Hewlett-Packard 8563E, SN: 3310A01174
Spectrum Analyzer (9kHz-40GHz) Hewlett-Packard 8564E, SN: 3745A01031
Power Meter Hewlett-Packard, 432A
Power Meter Anritsu, ML4803A/MP
Harmonic Mixer (26-40 GHz) Hewlett-Packard 11970A, SN: 3003A08327
Harmonic Mixer (40-60 GHz) Hewlett-Packard 11970U, SN: 2332A 00500
Harmonic Mixer (75-110 GHz) Hewlett-Packard 11970W, SN: 2521A00179
Harmonic Mixer (140-220 GHz) Pacific Millimeter Prod., GMA, SN: 26
S-Band Std. Gain Horn S/A, Model SGH-2.6
C-Band Std. Gain Horn University of Michigan, NRL design
XN-Band Std. Gain Horn University of Michigan, NRL design
X-Band Std. Gain Horn S/A, Model 12-8.2
X-band horn (8.2- 12.4 GHz) Narda 640
X-band horn (8.2- 12.4 GHz) Scientific Atlanta, 12-8.2, SN: 730
K-band horn (18-26.5 GHz) FXR, Inc., K638KF
Ka-band horn (26.5-40 GHz) FXR, Inc., U638A
U-band horn (40-60 GHz) Custom Microwave, HO19
W-band horn(75-110 GHz) Custom Microwave, HO10
G-band horn (140-220 GHz) Custom Microwave, HO5R
Bicone Antenna (30-250 MHz) X University of Michigan, RLBC-1
Bicone Antenna (200-1000 MHz) X University of Michigan, RLBC-2
Dipole Antenna Set (30-1000 MHz) X University of Michigan, RLDP-1,-2,-3
Dipole Antenna Set (30-1000 MHz) EMCO 2131C, SN: 992
Active Rod Antenna (30 Hz-50 MHz) EMCO 3301B, SN: 3223
Active Loop Antenna (30 Hz-50 MHz) EMCO 6502, SN:2855
Ridge-horn Antenna (300-5000 MHz) X University of Michigan
Amplifier (5-1000 MHz) X Avantek, A11-1, A25-1S
Amplifier (5-4500 MHz) X Avantak
Amplifier (4.5-13 GHz) Avantek, AFT-12665
Amplifier (6-16 GHz) Trek
Amplifier (16-26 GHz) Avantek
LISN Box University of Michigan
Signal Generator Hewlett-Packard 8657B
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3. Configuration and I dentification of Device Under Test

The DUT is a multi-frequency (8 frequencies total: 288MHz, 300MHz, 303MHz, 310MHz, 315MHz,
318MHz, 372MHz, and 390MHz) transmitter, 4 x 3 x 2 inches in size, designed to emulate existing
garage door openers. The antenna is mounted off the PCB. The DUT was designed and manufactured by
Lear Corporation, 5200 Auto Club Dr., Dearborn, Ml 48126-9982. It isidentified as:

Lear Corporation Transmitter

Model: UHR 222 _272

FCCID: KOBGTEO6A

IC: 3521A-GTEO6A

3.1 Modes of Operation

This transmitter has pre-programmed protocols selected by the user based upon garage door receiver
information. There are three buttons on the device so that the user may program a separate protocol to
each button. There exist 2 protocols wherein both 315 MHz and 390 MHz are used sequentially during a
single button press in normal operating mode; al other protocols transmit on only a single frequency in
this mode. In programming mode the device may transmit on up to 4 frequencies in a sequential manner
during a single button press. The details of these modes are outlined in the included documentation. The
output power of the DUT isinternally adjusted according to the RF frequency and data transmitted. Duty
factors are calculated in software for all fixed code transmissions. For rolling code transmissions, the duty
factor is computed for the worst case maximum on time.

Since the DUT is capable of transmitting alarge number of different protocols over 8 different
frequencies, the following test procedure has been followed. The lowest, middle, and highest frequencies
have been tested for the worst case duty cycle (least on timein 100 mswindow). Thisincludes the worst
case conditions for al protocolsin both programming and normal operating modes, and follows the
recommendations of the FCC. (See description of operation exhibit for more details.) 1n addition, we
have elected to include data for al three frequencies using reduced duty cycle protocols to demonstrate
correct output power adjustment by the DUT. Plots demonstrating turn off time in both programming and
normal modes are provided in Figure 6.4.

3.2Variants
Thereisonly asingle model/variant of this device.

3.3 Modifications Made

There were no modifications made to the DUT by thislaboratory. However, during product devel opment
this laboratory was used by the applicant to determine correct output power levels for the device over all
operating frequencies.

4. Emission Limits

The DUT tested fals under the category of an Intentional Radiator and a Digital Device. For FCC, itis
subject to Part 15, Subpart C, (Section 15.231), Subpart B, (Section 15.109), and Subpart A, (Section
15.33). For Industry Canadait is subject to RSS-210, (Section 2.6 and 2.7). The applicable testing
frequencies with corresponding emission limits are given in Tables 4.1 and 4.2 below. Asadigital device
the DUT isexempt, asit is made solely for use in avehicular application. However, digital emissions
were measured to fully characterize the device.
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4.1 Radiated Emission Limits

Table 4.1. Radiated Emission Limits (FCC: 15.33, 15.35, 15.109; IC: RSS-210, 2.7 Table 2).

(Digital Class B)
Freq. (MHz) Ejim (3m) uv/m Ejim dB(1V/m)
30-88 100 40.0
88-216 150 435
216-960 200 46.0
960-2000 500 54.0

Table 4.2. Radiated Emission Limits (FCC: 15.231(b), 15.205(a); IC: RSS-210; 2.7 Table 1).

Note:

Average readings apply above 1000 MHz (1 MHz BW)
Quasi-Peak readings apply to 1000 MHz (120 kHz BW)

(Transmitter)
Fundamental Spurious**
Frequency Ave. Ejim (3m) Ave. Ejim (3m)
(MH2) (UV/m) dB (uv/m) (Mv/m) dB (uVv/m)
260.0-470.0 3750-12500* 375-1250
322-335.4 _
Restricted
399.9-410 200 46.0
Bands
608-614
960-1240/1427(1C)
1300-1427
1435-1626.5 _
Restricted
1645.5-1646.5 (IC) 500 54.0
Bands
1660-1710
1718.9-1722.2
2200-2300

* Linear interpolation, formula: E = -7083 + 41.67*f (MH2z)
**  Measure up to tenth harmonic; 120 kHz BW up to 1 GHz, 1 MHz BW above 1 GHz

4.3 Line Conducted Emissions Limits

The line conducted emission limits and tests do not apply here, since the DUT is powered by a12 VDC
system.

4.4 Supply Voltage Variation (FCC 15.31(€))
For intentional radiators, measurements of the variation of the input power or the radiated signal level of
the fundamental frequency component of the emission, as appropriate, shall be performed with the supply
voltage varied between 85% and 115% of the nominal rated supply voltage. For battery operated
equipment, the equipment tests shall be performed using a new battery.
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5. Radiated Emission Tests and Results

5.1 Semi-Anechoic Chamber M easurements

To familiarize with the radiated emission behavior of the DUT, the DUT was first studied and measured
in a shielded semi-anechoic chamber. In the chamber thereis a set-up similar to that of an outdoor 3-
meter site, with aturntable, an antenna mast, and a ground plane. Instrumentation includes spectrum
analyzers and other equipment as needed.

In testing for radiated emissions, the transmitter was activated using the each of the three buttons
with arubber band. It was placed on the test table flat, onits side, or onitsend. In the chamber we
studied and recorded all the emissions using a Bicone antenna up to 300 MHz and aridged horn antenna
above 200 MHz. The measurements made in the chamber below 1 GHz are used for pre-test evaluation
only. The measurements made above 1 GHz are used in evaluation and in the final compliance
assessment. We note that for the horn antenna, the antenna pattern is directive and hence the
measurement is essentially that of free space (no ground reflection). Consequently it is not essential to
measure the DUT for both antenna polarizations, as long asthe DUT is measured on al three of its major
axis. In the chamber we also recorded the spectrum and modulation characteristics of the carrier. This
data is presented in subsequent sections. We also note that in scanning from 30 MHz to 4.5 GHz using
Bicone and the ridge horn antennas, there were no other significant spurious emissions observed.

5.2 Open Area Test Site Radiated Emission Tests

After the chamber measurements, the emission were measured on the outdoor 3-meter site at the
fundamental and harmonics up to 1 GHz using tuned dipoles and/or the high frequency Bicone.
Photographs included show the DUT on the Open Area Test Site (OATS).

5.3 Computations and Resultsfor Radiated Emissions
To convert the dBm's measured on the spectrum analyzer to dB(uV/m), we use expression

E3(dBuV/m) = 107 + Pr+ Ka - Kg

where Pr = power recorded on spectrum analyzer, dB, measured at 3m
Ka = antennafactor, dB/m
Kg = pre-amplifier gain, including cable loss, dB

When presenting the data, at each frequency the highest measured emission under al of the
possible orientations is given. Computations and results are given in Table 5.1. There we see that the
DUT meetsthe limit by 1.0 dB.

5.4 Conducted Emission Tests
These tests do not apply, since the DUT is powered from a12 V dc system.

6. Other Measurements
6.1 Correction for Pulse Operation
For the six representative protocols tested, the following duty cycle cal culations were performed based on

the protocol data collected. (Note: The protocols tested also include the worst case protocolsin the
programming mode.) See Figure 6.1.
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Table 6.1. Correction for Pulse Operation

Frequency | Duty Factor Duty Cycle Calculation Kg (dB)
88 Largest (18 x 0.613 ms)/100 ms = 0.1103 -19.2
Minimal (15 x 4.250 ms + 3 x 0.650 ms)/100 ms = 0.657 -3.7
318 Largest (18 x 0.625 ms)/100 ms = 0.1125 -19.0
Minimal (15 x 4.250 ms + 3 x 0.650 ms)/100 ms = 0.657 -3.7
390 Largest (12 x 0.200 ms + 67 x 0.400 ms)/100 ms = 0.292 -10.7
Minimal 51 us/ 100 us =0.51 -5.9
315 Largest (12 x 0.200 ms + 67 x 0.395 ms)/100 ms = 0.292 -10.7

6.2 Emission Spectrum
Using the ridge-horn antenna and DUT placed in its aperture, emission spectrum was recorded and is
shown in Figure 6.2.

6.3 Bandwidth of the Emission Spectrum

The measured emission bandwidth for a sample of the worst case signalsis shown in Figure 6.3. Table
6.2 below provides the emission bandwidth for all 8 frequencies. These measurements were made
utilizing the shortest pulse period protocols which demonstrated the widest bandwidth measurements.

Table 6.2. Emission Spectrum Bandwidth (RBW = 10 kHz)

Frequency | Measured Bandwidth | Frequency Measured Bandwidth
288 57.5kHz 315 60.0 kHz
300 60.0 kHz 318 60.0 kHz
303 60.0 kHz 372 75.0 kHz
310 57.5kHz 390 265 kHz
Cumulative Bandwidth 695.0 kHz

The alowed (-20 dB) bandwidth is 0.25% of the lowest operating frequency during a single button press.
If more than one frequency is transmitted, their bandwidths should be added (per FCC correspondence).
To demonstrate general compliance, the cumulative emission bandwidth including al frequenciesis
provided. The bandwidth islessthan 0.25% x 288 MHz = 720 kHz.

6.4 Effect of Supply Voltage Variation

The DUT has been designed to be powered by 12 VDC system. For thistest, the battery was replaced by
alaboratory variable power supply. Relative power radiated was measured at the fundamental as the
voltage was varied from 8 to 18 volts. The emission variation is shown in Figure 6.5.

6.5 Input Voltage at Battery Terminals

13.5VvDC
89.0 mADC

Voltage \%
Current
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Table5.1(a) Highest Emissions M easured

Radiated Emission - RF

aar UHR 222 272, FCC/IC

Freq. | Ant. | Ant. Pr Det. Ka | Kg E3* E3lim Pass

# | MHz | Used| Pol. | dBm | Used | dB/m| dB | dBuV/m| dBuV/m | dB Comments

1 [Duty Cycle: 11.0 mg/100 mswindow (18 PWM Pulses)

2| 288.0( Dip H -199 | Pk 176 | 23.2 62.3 73.8 11.6 |side

3| 288.0( Dip Y -235 | Pk 176 | 23.2 58.7 73.8 15.2 |end

4] 576.0| SBic| H 540 | Pk 23.7 | 20.3 37.1 53.8 16.7 (end

5 576.0 | SBic| V -50.7 | Pk 23.7 | 20.3 404 53.8 134 |flat

6| 864.0( SBic| H -553 | Pk | 278 | 184 41.9 53.8 11.9 |side

7| 864.0| SBic| V -60.7 | Pk | 278 | 184 36.5 53.8 17.3 |flat

8| 11520 [ Horn| H -42.8 | Pk 20.2 | 28.0 37.2 54.0 16.8 |max all

9| 14400 [ Horn| H -33.2 Pk 21.1 | 280 47.7 54.0 6.3 |max al
10| 1728.0 | Horn| H -426 | Pk 21.8 | 28.0 39.0 53.8 14.8 |max al
11| 2016.0 [ Horn| H 534 | Pk | 225 | 274 29.6 53.8 24.3 |max all
12| 23040 [ Horn| H -60.1 | Pk 233 | 26.7 24.2 53.8 29.6 [max al
13| 2592.0 [ Horn| H -46.9 | Pk 241 | 261 389 53.8 15.0 |max al
14| 2880.0 | Horn| H -60.5 | Pk 250 | 255 26.8 54.0 27.2 |max all
15
16 * Includes 19.2 dB duty factor
17 I . |
18 |Duty Cycle: 65.7ms/100ms window (18 PWM Pulses)
19| 288.0 | Dip H -309 | Pk 176 | 232 66.8 73.8 7.1 |side
20| 288.0 | Dip Y -34.4 | Pk 176 | 232 63.3 73.8 10.6 (end
21| 5760 ]| SBic| H -63.3 | Pk 23.7 | 20.3 43.3 53.8 10.5 |side
22| 576.0]| SBic| V -60.4 | Pk | 237 | 20.3 46.2 53.8 7.6 |flat
23| 8640 ]| SBic| H -61.1| Pk | 278 | 184 51.6 53.8 2.2 |side
24| 8640 | SBic| V -62.1 | Pk 278 | 184 50.6 53.8 3.2 |end
25] 11520 | Horn| H -62.4 | Pk 20.2 | 280 331 54.0 20.9 |max all
26| 14400 | Horn| H -61.5 | Pk 21.1 | 280 34.9 54.0 19.1 |max al
271 17280 | Horn| H -63.0 | Pk | 21.8 | 280 34.1 53.8 19.7 |max all
28| 2016.0 | Horn| H -62.0 | Pk 225 | 274 36.5 53.8 17.4 |max all
29| 23040 | Horn| H -61.4 | Pk 233 | 26.7 384 53.8 15.4 |max al
30| 25920 | Horn| H -539 | Pk 241 | 261 47.4 53.8 6.5 |max al
31] 28800 | Horn| H -60.8 | Pk | 25.0 | 255 42.0 54.0 12.0 |max all
32
33 * Includes 3.7 dB duty factor
34 I . | |
35 Digital emissions more than 20 dB below FCC/IC Class B Limit.
36
37
38
39
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Table5.1(b) Highest Emissions M easured

Radiated Emission - RF

Lear UHR 222 272, FCC/IC

Freq. | Ant. | Ant. Pr Det. Ka [ Kg E3* E3lim Pass

# | MHz | Used| Pol. | dBm | Used | dB/m| dB | dBuV/m| dBuV/m | dB Comments

1 [Duty Cycle: 11.3ms/100mswindow (18 PWM Pulses)

2| 3180 Dip H -20.1 | Pk 18.7 | 229 63.7 75.8 12.1 |side

3| 318.0( Dip Y 216 | Pk 18.7 | 229 62.2 75.8 13.6 |end

4| 636.0| SBic| H 573 | Pk 245 | 19.8 35.3 55.8 20.5 [side

5 636.0| SBic| V -55.0 | Pk 2451 19.8 37.6 55.8 18.2 |end

6| 9540 ( SBic| H -69.7 | Pk | 289 | 179 29.3 55.8 26.5 |end

7| 9540 SBic| V -71.7 | Pk | 289 | 179 27.3 55.8 285 |flat

8| 12720 { Horn| H -50.1 | Pk 20.7 | 28.0 21.6 54.0 32.4 |max all

9| 1590.0 [ Horn| H -56.4 Pk 215 | 280 25.1 54.0 28.9 |max all
10| 1908.0 [ Horn| H -60.9 | Pk 223 | 280 21.4 55.8 34.4 |max all
11| 2226.0 | Horn| H -623 | Pk | 231 | 269 21.8 54.0 32.2 [max all
12| 25440 | Horn| H -62.0 | Pk 239 | 26.2 23.7 55.8 32.1 [max all
13| 2862.0 [ Horn| H -61.3 | Pk 249 | 255 26.1 54.0 27.9 |max all
14| 3180.0 [ Horn| H -65.1 | Pk 259 | 249 24.0 55.8 31.8 |max all
15
16 * Includes 19.0 dB duty factor
17 [N R ER E R B |
18 |Duty Cycle: 65.5ms/100ms window (18 PWM Pulses)
19| 318.0 | Dip H -29.1 | Pk 18.7 | 229 70.0 75.8 5.8 |side
20| 318.0 | Dip Y -376 | Pk 18.7 | 229 61.5 75.8 14.3 |end
21| 636.0]| SBic| H -59.2 | Pk 2451 19.8 48.7 55.8 7.1 |side
22| 636.0]| SBic| V -620 | Pk | 245 | 198 45.9 55.8 9.9 |end
23| 9540 ]| SBic| H -73.1| Pk | 289 | 179 41.2 55.8 14.6 |flat
24 9540 | SBic| V -735 | Pk 289 | 17.9 40.8 55.8 15.0 [flat
251 12720 | Horn| H -56.3 | Pk 20.7 | 280 39.7 54.0 14.3 |max al
26| 15900 | Horn| H -56.9 | Pk 215 | 280 39.9 54.0 14.1 |max al
271 19080 | Horn| H -60.7 Pk | 223 | 280 36.9 55.8 18.9 |max all
28| 22260 | Horn| H -60.9 | Pk 231 | 26.9 385 54.0 15.5 |max all
29| 25440 | Horn| H -55.6 | Pk 239 | 26.2 454 55.8 10.4 |max al
30| 28620 | Horn| H -60.7 Pk 249 | 255 42.0 54.0 12.0 |max al
31] 31800 | Horn| H -65.7 Pk | 259 | 24.9 38.7 55.8 17.1 |max al
32
33 * Includes 3.7 dB duty factor
34 [ R E E R |
35 Digital emissions more than 20 dB below FCC/IC Class B Limit.
36
37
38
39
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Table5.1(c) Highest Emissions M easur ed

Radiated Emission - RF Lear UHR 222 272, FCC/IC

Freq. | Ant. | Ant. Pr Det. Ka Kg E3* E3lim Pass
# | MHz | Used | Pol. | dBm | Used | dB/m dB dBuv/m| dBuvV/m | dB Comments
1 [Duty Cycle: 29.2ms/100ms (12 Manchester, 67 PWM pulses)
2| 390.0| Dip H -20.4 Pk 20.6 221 744 79.2 4.8 |side
3| 390.0| Dip Y -22.0 Pk 20.6 221 72.8 79.2 6.4 |end
4] 780.0| SBic| H -62.7 Pk 26.5 18.8 41.3 59.2 18.0 |side
5| 780.0] SBic| V -64.3 Pk 26.5 18.8 39.7 59.2 19.6 |flat
6(1170.0| Horn| H -36.4 Pk 20.3 28.0 52.2 54.0 1.8 [max al
7{1560.0] Horn| H -38.7 Pk 21.4 28.0 51.0 54.0 3.0 [max all
8(1950.0/ Horn | H -58.6 Pk 22.4 28.0 321 59.2 27.2 |max all
9(2340.0/ Horn| H -60.0 Pk 234 26.7 33.0 54.0 21.0 |[max all
10| 2730.0) Horn| H -60.0 Pk 24.5 25.8 35.0 54.0 19.0 |max al
11 (3120.0) Horn| H -60.0 Pk 25.7 25.0 37.0 59.2 22.2 |max all
12 (3510.0/ Horn| H -60.0 Pk 27.0 24.2 39.1 59.2 20.1 [max all
13{3900.0| Horn| H -60.0 Pk 28.1 23.3 41.1 54.0 12.9 |max al
14
15 |Duty Cycle: 29.2ms/100ms (12 Manchester, 67 PWM pulses)
16| 315.0| SBic| H -19.9 Pk 18.6 22.8 72.2 75.6 34 [side
17| 315.0] SBic| V -36.4 Pk 18.6 22.8 55.7 75.6 19.9 |end
18
19 * Includes 10.7 dB duty factor
20 [ R T R | | |
21 |Duty Cycle: 51mg/100mswindow (Manchester)
22| 390.0| Dip H -22.2 Pk 20.6 221 774 79.2 1.8 [side
23| 390.0| Dip Y -23.3 Pk 20.6 221 76.3 79.2 29 |end
24| 780.0| SBic| H -62.1 Pk 26.5 18.8 46.7 59.2 12.6 |side
25| 780.0| SBic| V -65.1 Pk 26.5 18.8 43.7 59.2 15.6 |flat
26 11170.0| Horn| H -50.7 Pk 20.3 28.0 427 54.0 11.3 |max al
27 11560.0| Horn| H -50.7 Pk 21.4 28.0 438 54.0 10.2 |max all
28 (1950.0| Horn| H -62.3 Pk 22.4 28.0 33.2 59.2 26.1 |max all
29 (2340.0| Horn| H -62.0 Pk 234 26.7 35.8 54.0 18.2 |max al
3012730.0| Horn| H -61.7 Pk 24.5 25.8 38.1 54.0 15.9 |max al
3113120.0| Horn| H -62.0 Pk 25.7 25.0 39.8 59.2 19.4 |max all
32(3510.0| Horn| H -65.4 Pk 27.0 24.2 385 59.2 20.7 |max all
33(3900.0| Horn | H -65.7 Pk 28.1 23.3 40.2 54.0 13.8 |max al
34
35 * Includes 5.9 dB duty factor
36 [ R T | | | |
37 Digital emissions more than 20 dB below FCC/IC Class B Limit.
L 1L \
39

Mess. 1/12/2007-2/25/2007; U of Mich.
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1@:329:089 FEEB 21. 2887

1:24:081 FEEB 21. 2887 MER o 118 .00 msec
REF 18.8 dEBEm AT 18 dE PG -108.8 dE -.83 dE
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VA 5B

BC P B e e e

CORE

CEMTER Z882.000 MH=z SPAM B H=z
#EES BN 1.8 MH=z VEN 288 kH=z #S5WFP 200 msec

1@:39:27 FEB 21. Z@8@F7F

1@:24:29 FEEB 21. ZB8@7F MER o 4.80B8 msec
FREF 18.8 dBEm AT 18 dB PG -1@8.8 dB -.18 dE
FEAE
LOG
18
dE/

WAa SB
5C F5
CORE
CEHTER 288.888 MH=z SPAM B H=z
#EES BN 1.8 MH=z VEN 288 kH=z #SWFP 2B .8 msec
18:29:53 FEB 21. Z28arv

1B:24:56 FEEB 21. ZB8@YF MER o Bl2.580 psec
REF 18.8 dEm AT 18 dB PG -168.08 dB -408.77 dE
FEAK
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im
dEB.

VA 5B
5C F5
CORE
CEMTER Z882.000 MH=z SPAM B H=z
#EES BN 1.8 MH=z VEN 288 kH=z #S5WFP 5.00 msec
Figure 6.1(a). Transmissions modulation characteristics, 288 MHz:

(top) high duty complete transmission,
(center) expanded bit, (bottom) expanded period.
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CEMTER 318 .86808 MH=z SFPAH B H=z
#RES BMW 1.8 MH=z VEBW 288 kH=z #E5WF 288 msec

1@:4@:48 FEE 21, 2887

18:26:81 FEEB 21, Z2@8arv MER o 4.8888 msec
REF 18.8 dEm AT 18 dB PG -18.8 dE -.82 dB
FEAK
LOG
18
dB

.
VA SE
5C F5
CORRE
CEMTER 318 .86808 MH=z SFPAH B H=z
#RES BMW 1.8 MH=z VEBW 288 kH=z #E5WF 28.80 mzec
1@:41:85 FEB 21. Z28arv

1@:25:41 FEB 21, Z2@8arv MER o BZ5.88 psec
REF 16.d dEm AT 18 dB PG -16.8 dB .E5 dE
FERK
LOG
18
dB
VA SE
5C F5

CORE
CEMTER 318 .86808 MH=z SPAM B H=z
#RES BMW 1.8 MH=z VEBW 288 kH=z #5WFP 5.80 mzec
Figure 6.1(b). Transmissions modulation characteristics, 318 MHz:

(top) high duty complete transmission,
(center) expanded hit, (bottom) expanded period.
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l@:41:32 FEEB 21. 2887

1@:25:41 FEEB 21. Z@A7 1@:2°c MKR 758.88 msec
REF 18.8 dEm AT 18 dB PG -1@8.8 4B 2.89 dEBm
e : : : : ; : : : :

LOG . . . . ¢, . . . .

i R R R s R R s R R

VA SE

] O S P S S SO ST UUS SUUUUPON SUUPPRUS PP

CORR

CEMNTER 359.933 MH=z SPAM @ Hz
#RES EBW 1.8 MHz #VEW 3 MH=z #5WP 1.58 sec

1@:42:85 FEEB 21, Z2@A7

1@:25:41 FEEB 21. Z@A7 1@8:3¢ MER & 188.88 psec
REF 18.8 dEm AT 18 dB PG -1@8.8 4B .88 dE
PEAK
LOG
1m
dB

Vh B
SC FS
CORE

CENTER 289.3338 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z #VEKW 32 MH=z #SHFP 288 psec
lB:42:34 FEEB 21 . 2887
1@:25:41 FEEB 21, ZB@y 1@:3¢ MKR o 51.088 psec
REF 18.8 dBm AT 18 dB PG -16.8 dEB -2.41 dB
FERAK
LOG
]
=1:=2

Vh B
SC FS
CORE

CEMTER 329.93282 HMH=z SFPAH B H=z
#RES BMW 1.8 MH=z #WEBW 2 MH=z #5WF 288 psec
Figure 6.1(c). Transmissions modulation characteristics, 390 MHz:

(top) low duty complete transmission,
(center) expanded bit, (bottom) expanded period.
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11:16:19 FEE 21, Z@av
1@:25:41 FEB 21. 2887 1@8:2¢ MER & 213.F5 msec
REF 18.8 dEBm AT 18 dB PG -18.8 dB .88 dB

FEAK

Vh B
SC FS
CORE

CENTER 2i15.8808 MH=z SPAM B8 H=z
#RES EBMW 1.8 HMH=z #WVEMW 32 MH=z #SHFP 1.58 sec

11:17v:11 FEB 21. 28AT7
1A:25:41 FEB 21, 2887 1@8:2°< MKRE & 45.563 msec

EEF 18.8 dEm AT 18 dB PG -168.8 dEBE -28.95 dBE

FE&K - - - - -

LOG : : : : : : : : :

ia ......... [EEREREERE RREERREE [EEREREERE [EEREREERE [EEREREERE RREERREE [EEREREERE [EEREREERE [EEREREERE

Vh B
SC FS
CORE

CENTER 2i15.8808 MH=z SPAM B8 H=z
#RES EBMW 1.8 HMH=z #WVEMW 32 MH=z #SHFP FE.8 msec

11:21:686 FEE 21, Z@a@v
l@:25:41 FEEB 21, Z@@v¥ 1@:2¢ MER o 412.58 psec
REF 18.8 dBm AT 18 dB PG -16.8 dB -32.82 dB

FEAK

Vh B
SC FS
CORE

CENTER 2i15.8808 MH=z SPAM B8 H=z
#RES EBMW 1.8 HMH=z #WVEMW 32 MH=z #SHFP 5.88 msec

Figure 6.1(d). Transmissions modulation characteristics, 315 MHz:
(top) high duty complete transmission,
(center) expanded bit, (bottom) expanded period.

Page 13 of 22



University of Michigan Radiation Laboratory
FCC Part 15, IC RS5-210/Gen - Test Report No. 415031-355

11:@ry:22 FEEB 21. 2887
1@:24:81 FEB 21, ZB@ay 1@:4¢ MER o 118.88 msec
REF .8 dEm #AT B dB PG -18.8 dEBE .35 dB

FERAK

Vh B
SC FS
CORE

CENTER 288.880 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z VEW 388 kH=z #SHFP 288 msec

11:@7:55 FEEB 21. 2887
1p:24:29 FEEB 21, 2887 1@8:5@8:19 FEB 21. Z@av
REF 18.8 dBm AT 18 dB PG -16.8 dEB

FEAK

Vh B
SC FS
CORE

CENTER 288.880 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z VEW 388 kH=z #SHFP 188 msec

11:88:19 FEB 21. 2887
1A:24:29 FEB 21, 2ZB@AY 18:E5¢ MEKRE & 4.25688 msec

REF 18.8 dBEm AT 18 4dB PG -18.8 dBE -22.86 dBE

FEAK . . . . . . . .

LOG : : : : : : : : :

ia ......... ......... ......... ......... ......... ......... ......... ......... ......... .........

Vh B
SC FS
CORER

CENTER 288.880 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z VEW 388 kH=z #SHFP 28.8 msec

Figure 6.1(e). Transmissions modulation characteristics, 288 MHz:
(top) low duty complete transmission,
(center) expanded hit, (bottom) expanded period.
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11:@89:408 FEE 21. ZB@YF
1@8:26:28 FEB 21, ZB@ay 1@8:51 MER o 118.88 msec
REF 18.8 dBm AT 18 dB PG -16.8 dEB .87 dB

FERAK

Vh B
SC FS
CORE

CENTER 2i1&8.8808 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z VEW 388 kH=z #SHFP 288 msec

11:i@:087y FEEB 21. 2887

18:26:28 FEB 21, 28ey 1@8:52:19 FEEB Z21. ZBAT

REF 18.8 dEm AT 18 dB PG -18.8 dE

FEALK

LOG

i B ...................................................................................................

dB

VA SE

5C F5

CORRE

CEMTER 318 .86808 MH=z SFPAH B H=z
#RES BMW 1.8 MH=z VEBW 288 kH=z #E5WF 188 msec

11:1m@:48 FEEB 21. Z28a87
18126 :28 FEB 21, 28687 18:5: MER o 4.2588 msec

REF 16.d dEm AT 18 dB PG -16.8 dB -29.132 dE

FEAE

LOG

18

dB

VA SE

5C F5

CORE

CEMTER 318 .86808 MH=z SFPAH B H=z
#RES BMW 1.8 MH=z VEBW 288 kH=z #E5WF 28.80 mzec

Figure 6.1(f). Transmissions modulation characteristics, 318 MHz:

(top) low duty complete transmission,
(center) expanded hit, (bottom) expanded period.
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11:12:082 FEEB 21. Z2B8@7F

1@:25:41 FEB 21, 28687 18:2¢% MER o 2Z12.75 msec
REF 18.8 dEm AT 18 dB PG -18.8 dE .28 dB
FEAE
LOG
1m
dB
VA SE
SO F B

CORRE
CEMTER 329.93282 HMH=z SFPAH B H=z

#RES BMW 1.8 MH=z #WEBW 2 MH=z #5MWF 1.5@ SET

11:1=2:28 FEB 21. Z28arv

1@:25:41 FEB 21, 28687 18:2¢% MER o B.4875 msec
REF Z0.H dEm AT 280 dB PG -10.8 dB .HE dE
FERK
LOG
18
dB
VA SE
5C F5

CORE

CEMTER 329.93282 HMH=z SFPAH B H=z
#RES BMW 1.8 MH=z #WEBW 2 MH=z #E5WFP 15.0 mzec

11:15:85 FEB 21i. Z28arv

1@:25:41 FEB 21, 28687 18:2¢% MER o 480.88 psec
REF Z8.8 dEm AT 20 dB PG -18.8 dE -41 .89 dE
FERK
LOG
18
dB
VA SE
5C F5

CORRE
CEMTER 329.93282 HMH=z SPAM B H=z
#RES BMW 1.8 MH=z #WEBW 2 MH=z #5WF 5.80 mzec
Figure 6.1(g). Transmissions modulation characteristics, 390 MHz:

(top) low duty complete transmission,
(center) expanded hit, (bottom) expanded period.
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11:27:59 FEEB 21. Zz@ar
1A:25:41 FEEB 21, 2B@y 18:2°¢ MKR 298 MH=z

EEF -18.8 dEm #AT B dB -47 .23 dEm

FEAK

LOG : : : : : : : : :

i N AR e AR AR AR e AR AR AR

Vh B
SC FC
CORE

START @ H=z STOP 2.980 GH=
#RES BMW 1.8 HMH=z VEW 388 kH=z SHMP 52.8 msec

11:38:47 FEB 21. ZB@v
1@:25:41 FEB 21, ZB@ay 1@:2¢ MKRE 392 MH=z
REF -18.8 dEm #AT @ dB -28.51 dEm

FEAK

LOG : : : : : : : : :
ia ......... ......... ......... ......... ......... ......... ......... ......... ......... .........

Vh B
SC FC
CORE

START @ H=z STOP 2.980 GH=
#RES BMW 1.8 HMH=z VEW 388 kH=z SHMP 52.8 msec

11:26:49 FEB 21 . 2887

1A:25:41 FEEB 21, 2B@y 18:2°¢ MKR 292 MH=z
REF -18.8 dEm #AT @ dBE -25.27 dEBEm
FEAK
LOG : : : : : : : : :
ia ...................................................................................................
4B~ e T : : : : : : :

Vh B
SC FC
CORER

START @ H=z STOP 2.980 GH=
#RES BMW 1.8 HMH=z VEW 388 kH=z SHMP 52.8 msec

Figure 6.2. Emission spectrum of the DUT (pulsed emissions).
The amplitudes are only indicative (not calibrated).
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11:28:57 FEEB 21. Z2B8@7¥
1p:25:41 FEEB 21 . 2887 1@8:36:59 FEB 21. Z@av
.8 dB

REF .8 dEm BT 18 dE PG -i@
FEAK . . . . .

LOG -28.8dE FOIMTS: GS7.58 kHz : : :

ia ......... . ......... . ......... . ......... . ......... . ......... . ......... . ......... . ......... . .........

Vh B
SC FC
CORE

CENTER 287 .3908 MH=z SPAM 1.8808 MH=

#EES BN 18 kH=z #VEN 2 MH=z SWP 208.0 msec
B3:4E:123 MAR B2, 2E@7
REF 18.8 dBEm AT 28 dE
FEAK : : : : :
LOG -Z20.8dBE POIMTS: r5.08 kH=z
im
dEB.
MA 5B
5C FC
CORE
CEMTER 27v2.000 MH=z SPAM 1.800 MH=z
#EES BN 18 kH=z #VEN 2 MH=z SWP 208.0 msec
18:46:88 FEEB 21. Z28a7
1@:25:41 FEEB 21. Z2B887F 18:3¢ MER o 2BEE5 kH=z
REF 18.8 dBm AT 18 dB PG -16.8 dE .28 dB
FERK
LOG
im
dEB.
VA 5B
SCOFCL
CORE
CEMTER 289.98282 MH=z SPAM 1.800 MH=z
#EES BN 18 kH=z #VEN 2 MH=z SWP 208.0 msec
Figure 6.3. Worst case measured bandwidths at select frequencies.

(pulsed emission, highest data rate).

Page 18 of 22



University of Michigan Radiation Laboratory
FCC Part 15, IC RS5-210/Gen - Test Report No. 415031-355

1@n:42:59 FEB 21. 2887
1A:25:41 FEEB 21, 2B@yY 18:3:¢ MKE & 5.0808 sec

EEF 18.8 dEm AT 18 dB PG -168.8 dB -28.43 dBE

FEAK

LOG : : : : : : : : :

i N AR e AR AR AR e AR AR AR

Vh B
SC FS
CORE

CENTER 288.880 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z #VEMW 3 MH=z #SHFP 18.8 sec

l@:42:22 FEEB 21. 2887

1@:25:41 FEEB 21, ZB@y 1@8:3: MKR o 5.8088 sec
REF 18.68 dBm AT 18 dB PG -16.8 dBE -232.52 dB
FERAK
LOG
]
dB

VA SE

L O O D S RPN SRR SO S PRPONESUPPPRURSPPRR

CORE

CENTER S515.888 MHz SPAN @ Hz
#RES BW 1.8 MHz #VEN 3 MH=z #SWP 18.8 =ec

1@:43:47 FEEB 21. Z@@rv
1@:25:41 FEE 2Z1. 2@@7 1@:3: MER o 5.@8888 sec

REF 18.8 dEm AT 18 dB FG -1@8.8 dBE -37.87 dE

FEAK “

LOG

1@

dE

Vh B
SC FS
CORE

CENTER 289.3338 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z #VEMW 3 MH=z #SHFP 18.8 sec

Figure6.4(a).  Transmitter 5 sec. transmission limit verification.
(normal operating mode)
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BI:50:432 MAR B2, ZEBEYF
Ba:43:33 MAR B2, ZEBEYF MKR o 5.8088 sec
REF 18.8 dBm AT 28 dB -17 .88 dEBE

FEAK

LoG : : : : : : : : :
ia ......... ELGEEEEEEE EGEEEEELE ELGEEEEEEE ELGEEEEEEE ELGEEEEEEE EGEEEEELE ELGEEEEEEE ELGEEEEEEE ELGEEEEEEE

Wi B
SC FS
CORE

CENTER 288.880 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z #VEMW 3 MH=z #SHFP 18.8 sec

B3:58:14 MAR B2, ZBAOF
Ba:43:332 MAR B2, ZBEYF MKR o 5.8088 sec
REF .8 dEm AT 18 dB -41.58 dE

FERAK

LOG
]
dB

WA 5B
SC FS
CORE

CENTER 298.880 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z #VEMW 3 MH=z #SHFP 18.8 sec

Ba:5323:17 MAR B2, ZBBEF
Ba:43:332 MAR B2, ZBEYF MKR o £5.8088 sec
REF .8 dEm AT 18 dB -32.06 dEBE

FEAK

LOG
]
dB

Wi B
SC FS
CORE

CENTER 288.880 MH=z SPAM B8 H=z
#RES BMW 1.8 HMH=z #VEMW 3 MH=z #SHFP 18.8 sec

Figure6.4(b).  Transmitter 5 sec. transmission limit verification.
(top) 8 dip-switch programming mode
(middle) 9 dip-switch programming mode
(bottom) 10 dip-switch programming mode
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Ba:d48:10 MAR B2, ZBBEF
Ba:43:33 MAR B2, ZEBEYF
REF 18.8 dBm AT 28 dB
FERAK : - :
LOG
18
dB

MKR o E.0088
-38.37 dB

Vh B
SC FS
CORE

CENTER 298.880 MH=z

#RES BMW 1.8 HMH=z #VEMW 3 MH=z

Ba:47 50 MAR B2, ZBBEF
Ba:42:54 MAR B2, ZBAEYF
.8 dEBEm AT 18 dB

MER o 5.0B88 SEC

REF -432.81 dB

FERAK

LOG
]
dB

Vh B
SC FS
CORER

SPAM B8 H=z
#SHF 18.08

CENTER 2v2.8808 MH=z

#RES BMW 1.8 HMH=z #VEMW 3 MH=z

Figure 6.4(c).  Transmitter 5 sec. transmission limit verification.
(top) 12 dip-switch programming mode
(bottom) rolling code programming mode
2.00 ‘
000 { e e
g 200’/,_,_//% ***** ¢\ ******
R b
$ 60}
¥ |
2 sof
-10.00 ‘ ‘ ‘ 1 ‘ ‘
6.0 80 10.0 120 14.0 16.0 18.0 20.0
Voltage (V)
Figure 6.5. Relative emission at 318 MHz vs. supply voltage (pulsed emission).
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DUT on OATS

o z

" DUT on OATS (close-up)
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