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INTRODUCTION
This report describes the results of electromagnetic emissions testing on the

BURGHARDT INC.
BU-1000/173 DATA TRANSCEIVER,

The Equipment Under Test. The EUT was subjected to the following tests:

FCC PART 90, using emission mask “C” and
FCC PART 15, SUBPART B, CLASS B.

The tests and measurements included in the standards above are:
PART 15 TERMINAL DISTURBANCE VOLTAGE
(CONDUCTED EMISSIONS) ANALYSIS
RADIATED ELECTRIC FIELD EMISSIONS ANALYSIS
(PART 90 EFFECTIVE RADIATED POWER & SPURIOUS
EMISSIONS FROM ENCLOSURE, PART 15)
MODULATION CHARACTERISTICS
OCCUPIED BANDWIDTH

FREUENCY STABILITY DUE TO TEMPERATURE & POWER
VOLTAGE VARIATIONS

SPURIOUS EMISSIONS AT THE ANTENNA TERMINALS
TRANSIENT FREQUENCY RESPONSE w/1kHz MODULATION
The FCC ID of the BU-1000/173 DATA TRANSCEIVER is: OV2BU-1000

The results reported in this document relate only to the unit(s) tested.
All testing was performed at the facilities of

Global Certification Laboratories, Ltd.
East Haddam CT.

All test equipment calibration is N.I.S.T. traceable. This report contains detailed
descriptions of the test procedures, test data and a written summary of the results. The
report may not be reproduced, except in its entirety, without the permission of Global
Certification Laboratories. This report contains 40 numbered pages, plus Title, Signature
and Table of Contents Pages.
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PRODUCT IDENTIFICATION

EQUIPMENT UNDER TEST (EUT): BURGHARDT INC.

MODEL.:

BU-1000/173 DATA TRANSCEIVER
Three transceiver boards at the following
frequencies were examined:

1) 173.2030 MHz

2) 173.3125 MHz

3) 173.39625 MHz

SERIALS: NONE

DEVIATIONS FROM SPECIFICATIONS: NONE

EUT SUPPORT EQUIPMENT: METER ENCLOSURE:
Consisting of a GENERAL ELECTRIC
“Rr13%” power meter with a Meter Reading
Unit (MRU) and pulse initiator included
inside the main meter housing. The BU-
1000 is enclosed in a plastic enclosure
mounted on top of the meter housing.

EMCOU DIPOLE ANTENNA, s/n B-1

OMNI-PRO SOFTWARE (Madison SD)
This software is used to control the MRU,
which defines the test modulation.

The test modulation is representative of
actual operating conditions with the
exception that it is on continuously with
application of power.
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TECHNICAL DESCRIPTION
BURGHARDT INC.
BU-1000/173 DATA TRANSCEIVER

The BU-1000/173 DATA TRANSCEIVER is a low-power data transceiver board. It is
used to communicate the electrical power consumption of a home or other facility to the
local power company via a radio link. It uses the F2D emission type and is limited by
design to 250 milliwatts as measured with an RF power meter.

The BU-1000/173 is connected with two cables to a Meter Reading Unit or “MRU”
board. One cable supplies +12 VDC power, while the second cable carries interface
signals between the BU-1000/173 and MRU boards. The MRU is located within the
power meter housing. An encoder that reads the rotation of the power meter dial is used
to encode the meter movement to the MRU. The OMNI-PRO nonvolatile PROM code
controls the MRU and defines the modulation that is sent to the BU-1000/173.

The BU-1000/173 is normally in the receiving mode, where it has to meet FCC Class B
emission limits. The BU-1000/173 is directly powered by the building power. When the
local Power Company requires a meter reading, it transmits a wakeup signal to all the
BU-1000/173’s within a 2-kilometer radius.

When a BU-1000/173 receives this signal with the generic antenna, the MRU board
encodes the meter reading with the pulse initiator/encoder and passes this information to
the BU-1000/173. The BU-1000/173 then transmits the meter reading with the same
antenna. If a customer is further than 2 kilometers from the company, repeater stations
are used to relay the communications.

The BU-1000/173 will have a BNC connector provision for connecting generic antennas.
The BU-1000/173 does not have an audio low pass filter. There is no provision for the
user to alter the output power or the modulation characteristics. The BU-1000/173 is

powered by 12 VDC from the MRU board. The entire test vehicle is powered by 120
VAC, 60 Hz power.
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TECHNICAL DESCRIPTION
BURGHARDT INC.
BU-1000/173 DATA TRANSCEIVER, Continued

David Smith of BURGHARDT has supplied the following theory of operation:

**k*

RECEIVER SECTION

The receiver is a double conversion superhetrodyne design. When in receive mode, the
signal is allowed to pass to Q1 RF AMP where it is amplified and sent to U1 for the first
mix. X2 is a 3rd overtone crystal which is tripled by Q2 to produce the first mix
frequency. The first mixer is located in Ul and produces a 10.7MHZ first IF. X1
produces the 2nd mix frequency of 10.245MHZ. It is mixed in Ul to produce a 455KHz
2nd IF frequency. Receiver audio is then detected in U1 to produce RXA out.

TRANSMIT SECTION

Modulation is applied to D3 varactor and is used to shift the frequency of X201 to
produce FM modulation. X201 is a 3rd overtone crystal. Its’ frequency is tripled by
Q241 to give the appropriate output frequency. It is then amplified by the Q242 pre-
driver and Q243 final stages. It is passed through D440/441 switching when in the
transmit mode and from there applied to the antenna.

BU-1000/173 GENERAL SPECIFICATIONS:

FREQUENCY COVERAGE: 1 CHANNEL
(173.20375/173.21/173.2375/173.2625/173.2875/173.3125/173.3375/173.3625/173.39/
or 173.39625 MHz)

TX CURRENT DRAW: 250MA

RX CURRENT DRAW: 120MA

RECEIVER SENSITIVITY: 10DB SINAD AT .8uV
AUDIO OUTPUT LEVEL.: 2Vpp AT 3kHz DEVIATION
1ST IF FREQUENCY: 10.7 MHz

2ND IF FREQUENCY:: 455 kHz

TRANSMITTER POWER: 250

**k*
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TECHNICAL DESCRIPTION
BURGHARDT INC.
BU-1000/173 DATA TRANSCEIVER, Continued

A single BU-1000/173 can only be configured for a single frequency. The BU-1000/173
boards all use the same circuitry except for the tuning crystal. For this application,
testing was performed on the lowest, middle and highest frequencies of the nearly

200 kHz frequency range. The performance of the BU-1000/173 at the following test
frequencies is representative of what to expect for all versions:

1: 173.20300 MHz

2: 173.31250 MHz

3: 173.39625 MHz

BU-1000/173 INSTALLATION INSTRUCTIONS:

The BU-1000/173 has a 5 pin connector for hookup to the MRU (meter reading unit)
modem and a BNC connector for connection to a half wave dipole. The pinout of the
5-pin connector is as follows.

1) PTT (push to talk)

2) 12V (regulated 12 volt input)

3) Mod in (Modulation input; This is where external modulation signals are injected.)
4) RXA (receiver audio output)

5) GND (ground)
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TECHNICAL DESCRIPTION
BURGHARDT INC.
BU-1000/173 DATA TRANSCEIVER, Continued

The BU-1000/173 transmitter board has a two-pin connector to receive the +/-12 VDC
power signal from the MRU. For all tests and measurements in this report, a short length
of coax cable was soldered across the antenna terminals on the BU-1000/173 transmitter
board. The coax was used to directly measure the antenna signal with a spectrum
analyzer. The coax cable was also used for measuring spurious emissions from the
enclosure with a tuned dipole antenna. The impedance looking into the antenna port was
50 ohms. Therefore, no impedance matching network was needed for measurements
directly connected to 50 ohm instrumentation.

The 173.2030, 173.3125 and 173.39625 MHz boards underwent the same tests and
measurements. The measurements included effective radiated power of the carrier,
absolute field strength of spurious and unintentional emissions and occupied bandwidth.
Frequency stability under temperature & voltage variations and transient frequency
response measurements were performed on the 173.39625 MHz board only.

The EUT is used in the Private Land and Mobile Service rules specified by FCC Part 90.
The authorized bandwidth of the BU-1000/173 DATA TRANSCEIVER is 20kHz.

All spurious and intentional radiated emissions are to meet emission mask “C” limits of
FCC Part 90. All unintentional radiated emissions produced during the receive state are
to meet FCC Part 15, Class B.

The EUT uses a removable, generic antenna. A BNC connector is used to connect the
antenna to the BU-1000/173 transmitter board. When spurious emissions from the
enclosure are measured, a tuned dipole is to be connected to the coax. The BU-1000/173
is to be installed and maintained by authorized personnel only.

This report will show that the EUT meets the Part 90 radiated power requirements. It will
show that the EUT has a frequency stability of 5 ppm under temperature and power
variations, an acceptable transient frequency response with a 1 kHz test modulation
signal and has an occupied bandwidth of 20 kHz, when transmitting with the
representative modulation programmed into the MRU board.

The test modulation used for most measurements is an “AFSK”. This modulation

scheme consists of two FM modulated audio frequency tones that behave like a binary
(1’s & 0’s) system to form representative digital information.

The EUT is powered by 12 VDC from the MRU. The entire test vehicle is powered by
120 VAC at 60 Hz.
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COMPLIANCE STATEMENT
BURGHARDT INC.
BU-1000/173 DATA TRANSCEIVER

The BU-1000/173 DATA TRANSCEIVER complies with the requirements of FCC
PART 90, using Emission Mask “C,” and FCC PART 15 Subpart B, CLASS B for
conducted and radiated emissions, when configured with the following modifications:

1. Chip inductors L294 and L300 are changed to 1 uH and variable inductors L295 and
L.298 are re-aligned.

2. The BU-1000/173 transmitter board is installed inside an enclosure made of ABS
plastic, with its interior coated with a copper/nickel conductive coating. The MRU
may be in this enclosure or it may be in the meter enclosure, as was the case with the
testing described in this report. The MRU made no significant addition to emissions.

The measurements in this report represent the maximum levels of emissions from the
BU-1000/173 DATA TRANSCEIVER. The measurements and limits are discussed later
in the report. Calibration of all instrumentation used in this test program is N.1.S.T.
traceable.

The results reported in this document relate only to the unit(s) tested.
ANSI C63.4 and FCC Parts 2, 90 and 15 of the Code of Federal Regulations, Title 47

were consulted to insure the measurements are accurate and the test site correctly
configured.
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TEST INSTRUMENTATION

The following instrumentation is used in emissions measurements. All test equipment calibration is N.I1.S.T. traceable.

Model Serial Last Cal.
Cal. Due

ADVANTEST Spectrum Analyzer R3361A 91730394 1/20/00 1/20/01
ADVANTEST Preamplifier R14601 93120019 1/20/00 1/20/01
AILTECH Log Periodic Antenna 90005/3146 1095 11/11/99 11/11/00
ELECTROMETRICS Horn Antenna RGA-60 6139 N/A N/A
FLUKE Digital Multimeter 76 6540398 4/11/99 4/11/00
FLUKE Thermocouple Module 80TK 6698122 7/21/99 7/21/00
GLOBAL Laboratories N/A N/A 3/1/00 3/1/01
3 meter O.AT.S.
HEWLETT PACKARD 8569B 2607A03112 8/25/99 8/25/00
Spectrum Analyzer
MARCONI Signal Generator 2022C 52022-930X 4/26/99 4/26/00
OAKTON Thermal-hygrometer 35612-00 none 4/13/99 4/13/00
RAYPROOF Shielded Room 4536 N/A N/A
SCHWARZBECK NNLK 8121 8121245 1/4/00 1/4/01
50 Q Artificial Mains Network
SCHWARZBECK VHA-9103 “A” 11/6/99 11/6/00
Biconical Antenna
SCHWARZBECK RF Receiver VUME 1518 1518167 1/20/00 1/20/01
9KH to 30 MHz.
SCHWARZBECK RF Receiver VUME 1520 1520427 1/20/00 1/20/00
30 to 1000 MHz
STACO ENERGY PRODUCTS None H-214 N/A N/A

Variable Autotransformer
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FCC PART 15, SUBPART B
TERMINAL DISTURBANCE VOLTAGES (CONDUCTED EMISSIONS)

FCC PART 15 Terminal Disturbance Voltage Tests are normally performed in an
8’x10°x15’ shielded enclosure with filtered power supply lines. The EUT is configured
per FCC Part 15, Subpart B to maximize emissions. A Radio Frequency test receiver, in
accordance with CISPR 16 is used to measure disturbance voltages. An Artificial Mains
Network (AMN), also in accordance with CISPR 16, is used to isolate the EUT from any
interference on the power lines and to maintain a constant 50Q/50uH impedance across
the test bandwidth. Specific devices are noted on data pages.

The EUT is placed on a wooden table 0.8m high, located >0.4m from any wall of the
shielded room and at least 0.8m from the AMN. Floor-standing EUTSs are placed on a
horizontal ground plane, which is not in contact with the reference ground. The EUT is
connected to the AMN, which is supplied with the rated power of the EUT. If the EUT
supply cord is >1m in length, it is shortened by bundling in a coil no longer than 0.4m.
Ground wires are connected. Equipment with multiple power cords are connected per
CISPR 16 or tested separately.

The frequency spectrum for the test is from 0.45MHz to 30.00MHz. The neutral and all
phase lines are separately scanned for disturbance voltages.

The test spectrum is slowly scanned with the receiver in Quasi-Peak mode. When a
disturbance signal is detected, it is observed for a minimum of 5 seconds. Frequency and
amplitude are entered into an Excel spreadsheet, where the measurement is compared to
limits.

Limits for Terminal Disturbance Voltages are:

Freq. (MHz) dB (uV) Quasi-Peak

CLASS A 0.45-1.705 60
1.705-30.0 69.5
CLASS B 0.45-30.0 48
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DATA TABLE EXPLANATION
TERMINAL DISTURBANCE VOLTAGE TEST

The DATA TABLE PAGES contain the following information:

TITLE: indicating the test performed

EUT

PERSON WHO PERFORMED THE TEST
TEST STANDARD(S)

DATE OF TEST

TEST SITE

TEST INSTRUMENTATION

NOTES

THE LINE UNDER TEST

The DATA TABLE headings are as follows:

FREQ.

MHz the FREQUENCY, in megahertz, at which a signal is detected.

QUASI-P

dB(u1V) The QUASI-PEAK AMPLITUDE, in decibels per microvolt, of the signal.
LIMIT

QUASI-P

dB(nV) The LIMIT, in decibels per microvolt, or picowatt, for the above signal.
PASS? Is the signal acceptable under the standards? ("'YES" or "NO")

MARGIN

dB The MARGIN, in decibels per microvolt, by which the EUT passes or fails.
AMPL

AVER

dB(uV) The AVERAGE AMPLITUDE, in decibels per microvolt, of the signal.
LIMIT

AVER

dB(u1V) The LIMIT, in decibels per microvolt, for the above signal.

PASS? Is the signal acceptable under the standards? ("'YES" or "NO")

MARGIN

dB The MARGIN, in decibels, by which the EUT passes or fails.
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TERMINAL DISTURBANCE VOLTAGE DATA

TERMINAL DISTURBANCE VOLTAGES DETECTED FROM 0.45MHz - 30MHz
FOR FCC PART 15, SUBPART B, CLASS B.

FILE: BUR9901
EUT NAME: BU-1000 DATA TRANSCEIVER

THE EUT IS A 173 MHz TRANSCEIVER TO BE MOUNTED ON ELECTRIC POWER METERS.
THE BU-1000 WILL REPORT THE ELECTRICAL USAGE TO THE LOCAL ELECTRIC POWER
COMPANY VIA A 173 MHz RF LINK WHEN QUERIED.

THE EUT IS POWERED BY 120 VAC, 60 Hz.
THE EUT IS NOT SERIALIZED.

CUSTOMER REPRESENTATIVE: DAVE J. SMITH (not present)

MEASURED BY JACK ROGERS ON 12/08/99 & 2/5/00 TO FCC PART 15, SUBPART B, CLASS
B IN AN 8'x10'x15' SHIELDED ROOM UTILIZING A SCHWARZBECK ARTIFICIAL MAINS
NETWORK MODEL NNLK8121 AND A SCHWARZBECK INTERFERENCE RECEIVER MODEL
FMLK 1518.

In all the measurements below, the EUT is transmitting a modulated test signal programmed in the
MRU. Trial measurements showed that this represents the highest conducted emissions available
from the EUT.

Three BU-1000 boards have been made, they are each operating at one of the three frequencies.

Continued on next page.
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FCC PARTS 15, 90

TERMINAL DISTURBANCE VOLTAGE DATA

The 173.2030 MHz BU-1000 board is measured first.

TESTING NEUTRAL LINE :

AMPL | AMPL+ 1 iMIT
TEES) QUASIP | o | QUASI-P| PASS? MA:;'N
dB(uV) | deuv) | dB(uV)
0.45 | 320 | 32.11 48 YES 15.9
730 | 14.0 | 14.06 48 YES 33.9
14.30 | 180 | 18.61 48 YES 29.4
2400 | 180 | 20.30 48 YES 277
30.00| 5.0 8.05 48 YES 20.0
ALL OTHER FREQUENCIES BELOW LIMITS
TESTING LINEL:
AMPL | AMPL+ 1 iMIT
EEE‘% QuASP | | Siats [Quastp| pass? [MAREI
dB(uV) | auv) | dB(uV)
045 | 36.0 | 36.11 48 YES 11.9
020 | 350 | 35.11 48 YES 12.9
18.60 | 13.0 | 14.48 48 YES 33.5
ALL SIGNALS ARE BELOW 10 dBuV.
30.00 00 | 305 | 48 | YES | 45.0
ALL OTHER FREQUENCIES BELOW LIMITS

Continued on next page.
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TERMINAL DISTURBANCE VOLTAGE DATA

The 173.3125 MHz BU-1000 board is measured.

TESTING NEUTRAL LINE :

AMPL [ AMPL* 1 MIT
Z\F;ES) QUASI-P | | sants | QUASI-P| PASS? MA:;'N
dB(uV) [ dBuv) | dB(HV)
045 | 340 | 3411 | 48 | ves | 139
7.00 | 120 | 1206 | 48 | ves | 359
730 | 320 | 3206 | 48 | VES | 159
1225| 250 | 2561 | 48 | VES | 224
1431 330 | 336L] 48 | VES | 144
2000| 39.0 | 4067 | 48 | YES | 7.3
2800| 320 | 3340 | 48 | VES | 146
2880 | 320 | 3340 | 48 | VES | 146
2090| 130 | 1540 | 48 | YES | 326

ALL OTHER FREQUENCIES BELOW LIMITS

TESTING LINEL:

AMPL | AMPL+ L iMIT

FREQ. LISN MARGIN

QuAsI-P |  SSN | QUASIP| PASS?
MA2 “aBwv) | dsgy) | dBMY) a®
0.45 32.0 32.11 48 YES 15.9
8.00 30.0 30.06 48 YES 17.9
12.00| 27.0 | 27.61 48 YES 20.4
12.29 23.0 23.61 48 YES 24.4
14.32 34.0 34.61 48 YES 13.4
16.00 28.0 29.16 48 YES 18.8
19.00 30.0 31.67 48 YES 16.3
20.00 38.0 39.67 48 YES 8.3
30.00 12.0 15.05 48 YES 33.0

ALL OTHER FREQUENCIES BELOW LIMITS

Continued on next page.
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TERMINAL DISTURBANCE VOLTAGE DATA

The 173.39625 MHz BU-1000 board is measured.

TESTING NEUTRAL LINE :

AMPL | AMPL+ 1 MIT
TI\F;ES) QUASI-P | | gesrs | QUASI-P| PASS? MA;;'N
dBUV) | aBuv) | dBV)
045 | 270 | 2711 | 48 | ves | 209
7.00 | 100 | 1006 | 48 | ves | 379
730 | 00 | 006 | 48 | ves | 479
1225| 300 | 306L] 48 | VES | 17.4
1431 350 | 3561 | 48 | YES | 124
2000| 380 | 3967 | 48 | YES | 83
2800| 320 | 3340 48 | YES | 146
28680 120 | 1340 | 48 | YES | 346
2000 120 | 1440 | 48 | YES | 336

ALL OTHER FREQUENCIES BELOW LIMITS

TESTING LINE1L:

AMPL | AMPL+ 1 iMIT
FREQ. MARGIN
Q1 quasip |, SN [quask-p| pass? G

LOSSES
(MHz) dB(MV) | dB(uv) | 9B(UV) a8
0.45 23.0 23.11 48 YES 24.9
7.37 33.0 33.06 48 YES 14.9
12.00 26.0 26.61 48 YES 21.4
12.29 24.0 24.61 48 YES 23.4
14.32 34.0 34.61 48 YES 13.4
16.00 25.0 26.16 48 YES 21.8
19.00 28.0 29.67 48 YES 18.3
20.00 37.0 38.67 48 YES 9.3
30.00 11.0 14.05 48 YES 34.0

ALL OTHER FREQUENCIES BELOW LIMITS

THE BURGHARDT BU-1000 MEETS THE CONDUCTED EMISSION REQUIREMENT OF FCC
PART 15 FOR CLASS B WITHOUT MODIFICATIONS.

IT ACHIEVES THIS WHILE IT ISIN THE TRANSMITTING OR RECEIVING MODES.
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EMI TEST PROCEDURES
FCC PART 15, SUBPART B
UNINTENTIONAL RADIATED E-FIELD EMISSIONS

Unintentional emissions may be produced whenever the EUT is in the receive state.

FCC Part 15 is used to evaluate them. Part 15 radiated measurements are performed on
an open field test site with a metal ground plane, which conforms to specifications in
CISPR 16. At Global Laboratories, our 3 & 10m test site is sheltered with a pegged post-
and-beam wooden building. The EUT is positioned on a remotely controlled turntable to
permit emission measurements from all sides of the EUT. The EUT is configured per
FCC Part 15 to maximize emissions.

A Radio Frequency test receiver, in accordance with CISPR 16 is used to measure
radiated emissions. Antenna height is variable between 1 and 4 meters for maximum
signal reception. An antenna-to-EUT separation of 3 (Class B), or 10 (Class A) meters is
established. Broadband antennas are used in both horizontal and vertical attitudes for
maximum signal reception.

Emissions are first examined with a spectrum analyzer in Peak mode to isolate EUT-
generated signals from the ambient. Signals are then measured with a Quasi-Peak
receiver conforming to CISPR 16 and compared to limits. Antenna factors and cable loss
are calculated in a computer spreadsheet.

Limits for radiated emissions are:

Freq. (MH2z) dB(uV/m)

Quasi-Peak
Class A 30-88 39
(@ 10m) 88-216 43.5
216-960 46.4
960-1000 49.5
Class B 30-88 40
(@3m) 88-216 43.5
216-960 46
960-1000 54
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EMI TEST PROCEDURES
FCC PART 90
EFFECTIVE RADIATED POWER &
INTENTIONAL/SPURIOUS RADIATED EMISSION MEASUREMENTS

The effective radiated power (ERP) emission measurements use a substitution method.
The ERP measurements are used to determine the radiated power of the fundamental
carrier as well as the limit of any spurious emissions produced by the EUT whenever it is
transmitting. Spurious emissions are those emissions, other than the carrier, that appear
when the transmitter is operating.

Measurements are performed in the open area test site (OATS) normally used to measure
unintentional emission. The OATS uses a metal ground plane that conforms to
specifications in CISPR 16 and ANS C63. In most projects, the 1 and 3 meter test sites
are used. A frequency range of 9 kHz to the 10™ harmonic of the fundamental carrier
frequency is evaluated.

The EUT is positioned with the radiating element oriented normally and 1.5 meters above
a metal ground plane. The radiating element can be an integral or external antenna, used
to project the transmission signal. The test antenna is oriented to receive the maximum
level of the fundamental carrier signal. Horizontal and vertical antenna polarities are
used. The maximum carrier signal level is stored in a spectrum analyzer channel.

After this is done, the EUT is removed from the measurement site and replaced with a
reference dipole antenna. The reference antenna element lengths are adjusted for ¥2 wave
resonance at the carrier frequency. Then it is located in the former EUT position.

A signal generator and amplifier/preamplifier (if necessary) are used to inject a signal
into the dipole. Using the second channel of the spectrum analyzer, the signal generator
output is adjusted until the same emission level is produced from the dipole as what was
produced from the EUT.

The effective radiated power (ERP) produced by the EUT is calculated from the power

generated by the signal generator/amplifier/pre-amplifier and factoring in the cable losses
and antenna gain factors.
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EMI TEST PROCEDURES
FCC PART 90
EFFECTIVE RADIATED POWER EMISSION &
INTENTIONAL/SPURIOUS RADIATED EMISSION MEASUREMENTS

The limits all spurious emissions must meet are calculated from formulas stated in the
standard. The formulas depend on the type of emission (i.e. F3E), the carrier frequency
and the authorized bandwidth for the carrier. The limits are in terms of decibels below
the ERP of the carrier frequency. The limit formulae are called “emission masks.”

For example, emission mask “C” of Part 90 uses a limit formula of 43 + 10 log P, where
P is the effective radiated power of the EUT in watts. Any frequency more than 250%
removed from the authorized bandwidth is to be reduced in dB calculated with this
formula.

For convenience, the maximum allowable level of the spurious emissions calculated by
the emission mask formula is replicated with the same signal source/reference dipole
antenna combination that was used to measure the ERP.

The receiver reading obtained is converted to an absolute field strength value as
in conventional EMC measurements.

All spurious emissions measurements are performed with the carrier signal modulated.
The modulation is representative of actual EUT operation unless specifically defined in
the standard. The ERP calculation is based on measurements performed with an
unmodulated carrier signal.
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DATA TABLE EXPLANATION
RADIATED ELECTRIC EMISSIONS TESTS

The DATA TABLE PAGES contain the following information:

TITLE: indicating the test performed

EUT

PERSON WHO PERFORMED THE TEST
TEST STANDARD(S)

DATE OF TEST

TEST SITE

TEST INSTRUMENTATION

NOTES

The DATA TABLE headings are as follows:

FREQ.
MHz

AMPL
QUASI-P

dB(nV)

AMPL
PEAK
dBm

AZIMUTH
DEGREES

CABLE LOSS

ANTENNA
FACTORS
dB/m

TOTAL
FIELD
dB(uV/m)

EFFECTIVE
RADIATED
POWER
LIMIT
QUASI-P
dB(uVv/m)
PASS?

MARGIN

The FREQUENCY, in megahertz, at which a signal is detected.

The QUASI-PEAK AMPLITUDE, in decibels microvolt, of the signal.

The PEAK AMPLITUDE, in decibels milliwatt, of the signal.

Approximate turntable position with respect to the antenna (mostly for diagnostics).
Insertion loss due to the transmission line between the antenna and the measuring set.
Measured in dB.

Convert measured antenna voltage to units of field strength, also account

for antenna’s loss receiving the radiated signal.

the sum of the received signal at the measuring set, plus cable and antenna losses.

the power supplied to an antenna multiplied by the gain of the antenna in linear units.
The gain is added if dB units are used. The units may be indBm or mW.

the LIMIT, in decibel microvolt per meter, for the above signal

Is the signal acceptable under the standards? (“YES” or “NO”)

the MARGIN, in decibels, by which the EUT passes or fails.
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RADIATED EMISSIONS TEST DATA

RADIATED EMISSIONS DATA USING FCC PARTS 90 & 15 LIMITS FOR CLASS B
EQUIPMENT AT A 3METER EUT TO ANTENNA DISTANCE.

FILE: BUR9901
BU-1000: BU-1000 DATA TRANSCEIVER

THE EUT IS A 173 MHz TRANSCEIVER TO BE MOUNTED ON ELECTRIC POWER METERS.
THE BU-1000 WILL REPORT THE ELECTRICAL USAGE TO THE LOCAL ELECTRIC POWER
COMPANY VIA A 173 MHz RF LINK WHEN QUERIED.

THE EUT IS POWERED BY 120 VAC, 60 Hz.
THE EUT IS NOT SERIALIZED.
CUSTOMER REPRESENTATIVE: DAVE J. SMITH (not present)

MEASURED BY STEVE PETIX IN JANUARY 2000 TO FCC PARTS 90 & 15 FOR CLASS B
EQUIPMENT USING THE 3 AND 1 METER OPEN AREA TEST SITES, (OATS).

THE EUT MEASURING ANTENNAS ARE:

A SCHWARZBECK MODEL VHA9103 BICONICAL ANTENNA, (s/n: A) IS USED FOR 30 TO

300 MHz.

AN AILTECH MODEL 96005, (s/n 1095), LOG PERIODIC ANTENNA IS USED FOR 300 TO

1000 MHz.

AN EMCO MODEL 3115 s/n 2498 GUIDED RIDGE HORN ANTENNA IS USED FOR 1 TO 18 GHz.

THE SUBSTITUTION ANTENNAS ARE:
EMCO DIPOLE "B" FOR 40 TO 400 MHz.

THE ANTENNAS ARE FACING THE METER FACE IN ORDER TO OBTAIN FREQUENCIES OF
INTEREST. ONCE FOUND, THEY WILL BE MAXIMIZED BY ANTENNA HEIGHT SCANS.

A QUASI-PEAK RFI RECEIVER IS USED FOR MEASUREMENTS BELOW 1000 MHz.
A MICROWAVE SPECTRUM ANALYZER IN PEAK MODE IS USED FOR MEASUREMENTS
ABOVE 1000 MHz.

The BU-1000 is in a constant transmission mode for the Part 90 measurements.

The signal is unmodulated when the effective radiated power of the carrier frequency is measured.
The transmitter carrier is modulated by a representative modulating signal installed by the
manufacturer when the spurious emissions are measured.

The EUT is designed to use a 20 kHz channel bandwidth.

The EUT transmitter effective radiated power is measured with the 173.203 MHz board using a
substitution method. This calculation will be the basis for the radiated limits used for the spurious

emissions.

continued on next page
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FCC PARTS 15, 90

RADIATED EMISSIONS TEST DATA

The green jumper wire is removed so the BU-1000 is no longer transmitting. This is the normal state,
where it is always powered and waiting for an RF activation signal. The BU-1000 dipole is oriented
vertically and two meters off the ground plane. In practice, the antenna will be 2 meters above the
Earth and vertical. FCC Class B limits are used because of the domestic environment the EUT will
likely be used in.

THE 30 TO 300 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT

TSES) QUASI-P E’)*EZ(';'\QSE: Loss |FacTors| FIELD | Quasip | PAss? MA;;'N
dB (V) dB(uV) dB  |dBuv/im)| dB@uV)

5421 23 180 1.08 9.95 | 34.03 20 YES 5.97

108.44 25 180 2.02 11.03 | 33.05 135 YES 545

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

THE 30 TO 300 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT

TSE(ZQ) QUASI-P DAEZQQUETE: Loss |FacTors| FIELD | QuAsi-P | pass? MA;; N
dB (V) dB(uV) dB  |dBuvim)| dB(uV)

54.21 11 180 108 995 | 2203 40 YES 17.97

108.44 18 135 2.02 11.03 | 3L05 435 YES 1245

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

THE 300 TO 1000 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE [ANTENNA| TOTAL | LIMIT
Z\RAES) QUASI-P gég\gUETEg LOSS |FACTORS| FIELD | QUASI-P | PASS? MA;;'N
dB(uVv) dB(uVv) dB  |dB(uv/m)| dB(uv)

NO SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

THE 300 TO 1000 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT
Z\F;ES) QUASI-P gé(';'\ﬁgg LOSS |FAcTORs| FIELD | QuAsi-P | Pass? MA;; N
dB (V) dB(V) dB  |dBuvim)| dB(uV)
NO SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.
THE 1 to 18 GHz ANTENNA IS VERTICAL AND AT 3 METERS.
AMPL ANTENNA| TOTAL LIMIT
';I\F;ES) QUASI-P gég“’l';ég L(c:JAsBsL dEB FACTORS| FIELD | QUASIP | PAss? MA;; N
dB (V) dB  [dB(uv/m)| dB(uv/m)
NO SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.
THE 1 to 18 GHz ANTENNA IS HORIZONTAL AND AT 3 METERS.
FReQ. | AMPL 1 imuTh | caLe |ANTENNA| TOTAL | LIMIT MARGIN
iy | QUASHP [ oZdeire| | s g |FACTORS| FIELD | QUASLP | PASS? .
dB (V) dB  |dB(uVv/m)| dB(uv/im)

NO SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

continued on next page
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RADIATED EMISSIONS TEST DATA

Prior work showed that the following modification were needed when the BU-1000 is transmitting.
The modifications are needed to keep fundamental and spurious emissions under the Part 90 limits
defined by emission mask "C".

1) Chip inductors L294 and L300 have been changed to 1 uH and the variable inductors L295 and
L298 were re-aligned.

2) The loop antenna that was originally incorporated onto the BU-1000 circuit board has been found to
resonate at 692 MHz rather than the intended 173 MHz carrier. To correct this, the circuit trace that
made up the 1/4 wave loop antenna was cut at the first solder pad. The shorting link was also
removed. After this was done, a 173 MHz self-resonant dipole with 2 meters of coax cable was
soldered to the BU-1000 transmitter board, The dipole was mounted vertically two meters above the
OATS ground-plane using a non-conductive tower. The coaxial antenna cable exits the enclosure by
way of the mounting barrel. The BU-1000 and its enclosure are normally mounted on the power
meter housing.

3) The BU-1000 transmitter board is installed inside an enclosure made of ABS plastic that has been
sprayed with a copper/nickel conductive coating on the inner surfaces. The enclosure has an
elastomer gasket between the cover and circuit board.

The fundamental frequency of the first board studied is 173.203 MHz. Later measurements will use
the 173.3125 MHz and 173.39625 MHz circuit boards.

continued on next page
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RADIATED EMISSIONS TEST DATA

The substitution method is used to calculate the limit for signals that are removed from the
fundamental by 250% of the authorized bandwidth.

For this work, the substitution dipole antenna was oriented vertically with each aerial element 407mm
long (1/2 wave resonant at 173 MHz). A 10 meter RG-214 cable connected the signal

generator to the substitution dipole. An amplifier was needed to boost the signal from the signal
generator. The amplifier had a gain of 37dB. The "Matching Signal Generator Output" column
accounts for the amplifier gain in dB.

As seen in the first line of the table below, a 131dBuV matching signal generator output (which
includes the 37 dB amplifier gain) was needed for the reference antenna signal to match the EUT
signal. The first line of the table translates this power level into the EUT effective radiated power.

TOTAL LAB to OATS
FREQ. AERIAL | MATCHSIG | mATCHSIG | = o 0 DIPOLE EFFECTIVE EFFECTIVE
GEN OUTPUT| GEN OUTPUT ANTENNA. RADIATED RADIATED
(MHz) L'iNG;H (dBuv) (dBm) CA%;;}SS GAIN (dBi) | POWER (dBm)| POWER (mw)
mm
173.203 407.00 131 24 3.5 2.00 22.50 177.83
173.203 407.00 95 -12 3.5 2.00 -13.50 0.04

Spurious emissions need to have a radiated power 35.5 dB lower than the fundamental's radiated
power, or -13 dBm. The 35.5 dB requirement comes from the 43 + 10 X log P limit formula of
emission mask "C". From the table above, P = 0.17783 watts.

When the matching signal generator output was set at 95 dBuV, an effective radiated power of -13.5
dBm results, as seen in the second line of the table. This is the maximum radiated power spurious
emissions may produce and it is below the fundamental by 35.5 dB.

The Quasi-Peak receiver is used to measure the field produced by the 95 dBuV signal sent to the
reference dipole. The table below converts this into a field strength, after the addition of the receive
antenna factors, & cable losses.

THE 30 TO 300 MHz ANTENNA IS VERT. & @ 3m.
AMPL CABLE | ANTENNA| TOTAL
I:I\F;E(Zg) QUASI-P SSQQIJELZ LOSS |FACTORS| FIELD
dB(uV) dB(uV) dB dB(uVv/m)
173.203 60 180 3.44 16.93 80.37

The Emission Mask "C" limit in terms of a field strength is 80.37 dB(uV/m) for frequencies greater
than +/-100 kHz removed from the center frequency.

Because of the predictable field distribution around a dipole, no turntable rotations are needed.
Antenna height scans are used to obtain the maximum signal strength for all field strength
measurements that follow. The modulating signal supplied by the manufacturer is operational.

continued on next page
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RADIATED EMISSIONS TEST DATA

(Fundamental Carrier =173.203 MHz)

THE 30 TO 300 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT

':SES) QUASI-P Qéc';“"RUETEZ Loss |FacTors| FIELD | Quaskp | Pass? MA;; N

dB(uV) dB(uV) d8  |dB(uv/im)| dB(uV)

54.27 19 180 1.08 9.95 3003 | 80.37 YES 50.34

57.74 36 180 1.69 931 | 47.00 | 80.37 YES 33.37
115.47 50 180 250 11.41 | 6391 | 8037 YES 16.46
173.203 | 93 180 3.44 16.93 | 113.37 N/A N/A N/A
162.55 35 180 2.98 16.72 | 5470 | 8037 YES 25.67
180.41 31 180 3.44 1754 | 5198 | 8037 YES 28.39
183.92 34 180 3.44 17.86 | 5530 | 8037 YES 25.07
231.01 51 180 3.02 1860 | 7352 | 8037 YES 6.85
288.69 35 180 4.83 19.76 | 5959 | 80.37 YES 20.78

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND THIS RANGE
(Fundamental Carrier = 173.203 MHz)
THE 30 TO 300 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.
AMPL CABLE | ANTENNA| TOTAL | LIMIT

':SES) QUASI-P Qéc';“"RUETEZ Loss |FacTors| FIELD | Quaskp | Pass? MA;; N

dB(uV) dB(uV) a8 |dB@uvim)| dB(uV)

57.74 28 180 1.69 9.31 39.00 | 80.37 YES 4137
115.47 35 180 250 1141 | 4891 | 8037 YES 31.46
173.203 | _ 80 180 3.44 16.93 | 10037 N/A N/A N/A
176.86 23 180 3.44 17.08 | 4351 | 8037 YES 36.85
231.01 32 180 3.02 18.60 | 5452 | 8037 YES 2585
288.69 26 180 4.83 19.76 | 5059 | 80.37 YES 29.78

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND THIS RANGE

continued on next page
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RADIATED EMISSIONS TEST DATA

(Fundamental Carrier =173.203 MHz)

THE 300 TO 1000 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT
'Z\FZES) QUASI-P SEZé“gLéTEg Loss |FacTors| FIELD | Quaskp | pPass? MA;{BG'N
dB(uV) dBuv) | 4B |dB(uv/m)| dBuv/m)
335.76 22 180 514 | 17.36 | 4450 | 86.37 YES 410
346.41 43 180 514 | 16.88 | 6502 | 86.37 YES 213
40417 29 180 531 | 14.78 | 49.00 | 86.37 YES 37.3
461.92 42 180 6.19 | 1674 | 6493 | 86.37 YES 214
510.63 39 180 731 | 1826 | 6457 | 86.37 YES 518
577.36 39 180 731 | 1892 | 6523 | 86.37 YES 211
635.10 44 180 778 | 19.60 | 7138 | 86.37 YES 15.0
692.87 35 180 817 | 2035 | 6353 | 8637 YES 228
750.56 34 180 9.03 | 2036 | 6339 | 86.37 YES 23.0
808.30 31 180 9.84 | 2048 | 6133 | 86.37 YES 25.0
866.06 32 180 1131 | 22.72 | 66.08 | 86.37 YES 20.3

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

(Fundamental Carrier =173.203 MHz)

THE 300 TO 1000 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LMIT
Z\F;ES) Quastp | A2V L 0ss [ FacTors| FIELD | QuASLP | pass? MA(?BG'N
dB(uV) daBuv) | 9B |dB(uv/m)| dBuv/m)
346.41 47 180 514 | 1688 | 6902 | 8637 YES 17.3
404.17 24 180 531 | 1478 | 4409 | 8637 YES 423
510.63 39 180 731 | 1826 | 6457 | 8637 YES 21.8
577.36 31 180 731 | 1892 | 5723 | 8637 YES 20.1
635.10 20 180 778 | 1960 | 6738 | 8637 YES 19.0
692.87 38 180 817 | 2035 | 6653 | 8637 YES 10.8
750.56 28 180 9.03 | 2036 | 5739 | 8637 YES 29.0
808.30 27 180 984 | 2048 | 5733 | 8637 YES 29.0
866.06 31 180 1131 | 22.72 | 65.03 | 86.37 YES 71.3

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

continued on next page
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RADIATED EMISSIONS TEST DATA

(Fundamental Carrier = 173.203 MHz)

THE 1 to 18 GHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL AMPL ANTENNA| TOTAL LIMIT
Z\F;ﬁ(z?) PEAK PEAK LC(:)AéBsLoIIEB FACTORS| FIELD | QUASI-P PASS? MA(TBG N
dBm dB(uVv) dB dB(uV/m)| dB(uVv/m)
1040 -80 27 10.85 24.80 62.65 80.37 YES 17.72
1098 -82 25 10.85 24.80 60.65 80.37 YES 19.72
1155 -80 27 10.85 25.04 62.89 80.37 YES 17.48
1214 -84 23 13.39 25.28 61.67 80.37 YES 18.70
1329 -83 24 13.39 25.52 62.91 80.37 YES 17.46
NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND UP TO 2.6 GHz.
(Fundamental Carrier = 173.203 MHz)
THE 1to 18 GHz ANTENNA IS HORIZONTAL AND AT 3 METERS.
AMPL AMPL ANTENNA| TOTAL LIMIT
I:l\F\/I)E(z?) PEAK PEAK L((:)/_\SBSL dEB FACTORS| FIELD | QUASI-P PASS? MAEBG N
dBm dB(uVv) dB dB(uVv/m)| dB(uVv/m)
1040 -83 24 10.85 24.80 59.65 80.37 YES 20.72
1214 -84 23 13.39 25.28 61.67 80.37 YES 18.70
1329 -82 25 13.39 25.52 63.91 80.37 YES 16.46
1386 -83 24 16.60 25.52 66.12 80.37 YES 14.25

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND UP TO 2.6 GHz.

continued on next page
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RADIATED EMISSIONS TEST DATA

The transmitter board a.k.a. BU-1000 is changed to one that uses a specified fundamental carrier
frequency of 173.3125 MHz. The antenna measurements at 3 meters are repeated.

(Fundamental Carrier = 173.3125 MHz)

THE 30 TO 300 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT
Z\F;ES) QUASI-P SEQQSE: Loss |FacTors| FIELD | Quaskp | Pass? MA(T;'N
dB(uV) dB (V) dB  |dBuvim)| dB(Vv)

5424 | 325 180 1.08 995 | 4353 | 80.37 YES 36.84
57.77 20 180 1.60 931 51.00 | 8037 YES 29.37
86.66 1 180 2.02 7.70 5072 | 80.37 YES 29.65
108.43 27 180 2.02 11.03 | 2005 | 8037 YES 20.32
115.57 49 180 2.50 11.41 | 6291 | 8037 YES 17.46
144.44 44 180 2.98 13.10 | 60.09 | 8037 YES 20.28
173.203 | o1 180 3.44 16.03 | 11137 N/A N/A N/A

202.24 42 180 3.60 18.62 | 6422 | 8037 YES 16.15
231.16 47 180 3.02 18.60 | 6952 | 8037 YES 10.85
288.86 35 180 483 1076 | 5959 | 80.37 YES 20.78

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND THIS RANGE

(Fundamental Carrier =173.3125 MHz)

THE 30 TO 300 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT
Z\F;ES) Quasip | AZMVTHI 1 0ss [ FacTorRs| FIELD | QUASIP | pass? MA;;'N
dB (uV) dBv) | 9B |dBuvim)| dBGv)
54.24 27 180 1.08 995 | 3803 | 8037 YES 1234
57.77 31 180 1.60 931 | 4200 | 8037 YES 38.37
86.66 20 180 2.02 770 | 49.72 | 8037 YES 30.65
115.57 40 180 250 | 1141 | 5391 | 8037 YES 26.46
144.44 36 180 298 | 1310 | 5200 | 8037 YES 28.28
173.203 | 81 180 3.44 | 1693 | 101.37 N/A N/A N/A
202.24 a1 180 360 | 1862 | 6322 | 8037 YES 17.15
23116 20 180 392 | 1860 | 6252 | 8037 YES 17.85
288.86 26 180 283 | 19.76 | 5059 | 8037 YES 20.78

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND THIS RANGE

continued on next page
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BURGHARDT INC.

Global Certification Laboratories, Ltd.

4 Matthews Drive East Haddam CT 06423 ¢
BU-1000/173 TRANSCEIVER

860 873-1451 voice 860 873-1947 fax
FCC ID:0V2BU-1000/173  3/30/00

FCC PARTS 15, 90

RADIATED EMISSIONS TEST DATA

(Fundamental Carrier = 173.3125 MHz)

THE 300 TO 1000 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL [ LIMIT
Z\F;ES) QUASI-P SS'G'\&%TEHS Loss |racTtors| FIELD | Quasip| pass? MA:;'N
dB (V) dB (V) dB8  |dB(uv/im)| dB@V/M)
346.67 60 180 514 16.88 | 8202 | 8637 YES 43
375.56 40 180 531 1576 | 6108 | 86.37 YES 253
40444 33 180 531 1478 | 53.00 | 86.37 YES 33.3
433.30 34 180 531 1576 | 5507 | 86.37 YES 313
462.18 39 180 6.19 16.74 | 6193 | 86.37 YES 24.4
520.00 47 180 731 1830 | 7261 | 86.37 YES 13.8
548.87 43 180 731 1861 | 6892 | 8637 YES 174
577.77 45 180 731 1892 | 7123 | 86.37 YES 15.1
606.64 43 180 7.78 1902 | 7000 | 86.37 YES 16.4
635.51 45 180 7.78 1960 | 72.38 | 86.37 YES 14.0
664,44 35 180 8.17 1998 | 6315 | 86.37 YES 23.0
693.00 45 180 8.17 20.35 | 7353 | 86.37 YES 12.8
751.00 32 180 9.03 2036 | 6139 | 86.37 YES 25.0
779.94 30 180 9.03 2027 | 59.30 | 86.37 YES 7.1
808.83 30 180 9.84 20.48 | 60.33 | 86.37 YES 26.0
866.63 32 180 1131 | 2272 | 6603 | 86.37 YES 20.3
924.35 21 180 1131 | 2344 | 5575 | 86.37 YES 306
982.10 29 180 10.77 | 2170 | 6147 | 86.37 YES 24.9

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

(Fundamental Carrier = 173.3125 MHz)

THE 300 TO 1000 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL CABLE |[ANTENNA| TOTAL | LIMIT
Z\F;ES) QUASI-P gé';'\gf; LOSS |FacTors| FIELD | Quasi-pP | PAss? MA:ES'N
dB(uVv) dB(uVv) dB | dB(uv/m)| dB(uVv/m)
346.67 48 180 5.14 16.88 | 70.02 86.37 YES 16.3
375.56 36 180 5.31 15.76 | 57.08 86.37 YES 29.3
404.44 28 180 5.31 14.78 | 48.09 86.37 YES 38.3
520.00 42 180 7.31 18.30 | 67.61 86.37 YES 18.8
548.87 35 180 7.31 18.61 | 60.92 86.37 YES 25.4
577.77 38 180 7.31 18.92 | 64.23 86.37 YES 22.1
606.64 38 180 7.78 19.22 | 65.00 86.37 YES 21.4
635.51 32 180 7.78 19.60 | 59.38 86.37 YES 27.0
664.44 35 180 8.17 10.98 | 63.15 86.37 YES 23.2
693.00 46 180 8.17 20.35 | 74.53 86.37 YES 11.8
751.00 30 180 9.03 20.36 | 59.39 86.37 YES 27.0
779.94 28 180 9.03 20.27 | 57.30 86.37 YES 29.1
866.63 33 180 11.31 | 22.72 | 67.03 86.37 YES 19.3
982.10 30 180 10.77 | 21.70 | 62.47 86.37 YES 23.9

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

continued on next page
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BURGHARDT INC.

Global Certification Laboratories, Ltd.

4 Matthews Drive East Haddam CT 06423 ¢
BU-1000/173 TRANSCEIVER

860 873-1451 voice 860 873-1947 fax

FCC ID:OV2BU-1000/173 3/30/00 FCC PARTS 15,90

RADIATED EMISSIONS TEST DATA

(Fundamental Carrier = 173.3125 MHz)

THE 1 to 18 GHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL AMPL ANTENNA| TOTAL LIMIT

Z\F; E(z?) PEAK PEAK L((:)Aézl_ dEB FACTORS| FIELD | QUASI-P PASS? MA:; N
dBm dB(uVv) dB dB(uv/m)| dB(uVv/m)
1041 -79 28 10.85 24.80 63.65 80.37 YES 16.72
1127 -83 24 10.85 25.04 59.89 80.37 YES 20.48
1272 -79 28 13.39 25.28 66.67 80.37 YES 13.70
1388 -82 25 16.60 25.52 67.12 80.37 YES 13.25
1446 -80 27 16.60 25.76 69.36 80.37 YES 11.01
NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND UP TO 2.6 GHz.
(Fundamental Carrier =173.3125 MHz)

THE 1 to 18 GHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL AMPL ANTENNA| TOTAL LIMIT
':'\F; ES) PEAK PEAK L((:)Aézl_ dEB FACTORS| FIELD | QUASI-P PASS? MA:E? IN

dBm dB (V) dB dB(MV/m)| dB(uVv/m)

1041 -78 29 10.85 24.80 64.65 80.37 YES 15.72
1127 -86 21 10.85 25.04 56.89 80.37 YES 23.48
1156 -85 22 10.85 25.04 57.89 80.37 YES 22.48
1185 -83 24 13.39 25.04 62.43 80.37 YES 17.94
1214 -79 28 13.39 25.28 66.67 80.37 YES 13.70
1272 -77 30 13.39 25.28 68.67 80.37 YES 11.70
1301 -81 26 13.39 25.52 64.91 80.37 YES 15.46
1388 -82 25 16.60 25.52 67.12 80.37 YES 13.25
1446 -83 24 16.60 25.76 66.36 80.37 YES 14.01
1504 -84 23 16.60 26.00 65.60 80.37 YES 14.77
1620 -87 20 15.08 26.50 61.58 80.37 YES 18.79

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND UP TO 2.6 GHz.

continued on next page
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BURGHARDT INC.

Global Certification Laboratories, Ltd.

4 Matthews Drive East Haddam CT 06423 ¢
BU-1000/173 TRANSCEIVER

860 873-1451 voice 860 873-1947 fax

FCC ID:OV2BU-1000/173 3/30/00 FCC PARTS 15,90

RADIATED EMISSIONS TEST DATA

The transmitter board a.k.a. BU-1000 is changed to one that uses a specified fundamental carrier
frequency of 173.39625 MHz. The antenna measurements at 3 meters are repeated.

(Fundamental Carrier = 173.39625 MHz)

THE 30 TO 300 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE |[ANTENNA| TOTAL | LIMIT
Z\F;ES) QUASI-P [’;é';'\gLéTE: LOSS |FAacTOrRs| FIELD | QuAslp | PAss? MA:S'N
dB(uVv) dB(uVv) dB  |dB(uv/m)| dB(uV)

57.8 40 180 1.69 9.31 51.00 80.37 YES 29.37
108.43 21 180 2.02 11.03 | 34.05 80.37 YES 46.32
115.57 51 180 2.50 11.41 64.91 80.37 YES 15.46
168.04 36 180 3.44 16.83 | 56.27 80.37 YES 24.10
173.203 93 180 3.44 16.93 | 113.37 N/A N/A N/A

231.26 55 180 3.92 18.60 | 77.52 80.37 YES 2.85

288.86 38 180 4.83 10.76 | 62.59 80.37 YES 17.78

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND THIS RANGE

(Fundamental Carrier =173.39625 MHz)

THE 30 TO 300 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LIMIT

Z\F;ES) Quasip | AZMVTHI 1 0ss [ FacTorRs| FIELD | QUASIP | pass? MA;;'N
dB (uV) dBv) | 9B |dBuvim)| dBGv)

57.8 34 180 1.6 931 | 4500 | 8037 YES 35.37

115.57 20 180 250 | 1141 | 5391 | 8037 YES 26.46

173.203 | 85 180 344 | 1693 | 105.37 NIA NIA N/A

231.26 20 180 392 | 1860 | 6252 | 8037 YES 17.85

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND THIS RANGE

continued on next page
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BURGHARDT INC.

Global Certification Laboratories, Ltd.

4 Matthews Drive East Haddam CT 06423 ¢
BU-1000/173 TRANSCEIVER

860 873-1451 voice 860 873-1947 fax

FCC ID:OV2BU-1000/173 3/30/00 FCC PARTS 15,90

RADIATED EMISSIONS TEST DATA

(Fundamental Carrier =173.39625 MHz)

THE 300 TO 1000 MHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL CABLE |ANTENNA| TOTAL | LIMIT
':SES) QUASI-P SEZ(';MRLSEZ Loss |FacTors| FIELD | Quaskp | Pass? MA(?BG'N
dB(uV) dBuv) | 9B |dB(uv/m)| dBuv/m)
346.67 44 180 514 | 16.88 | 6602 | 86.37 YES 20.3
404.61 34 180 531 | 1478 | 5400 | 86.37 YES 32.3
462.18 40 180 6.19 | 16.74 | 6293 | 86.37 YES 23.4
520.19 48 180 731 | 1830 | 7361 | 8637 YES 12.8
578.00 41 180 731 | 1892 | 67.23 | 86.37 YES 19.1
635.80 43 180 778 | 19.60 | 7038 | 86.37 YES 16.0
693.61 40 180 8.17 | 2035 | 6853 | 86.37 YES 17.8
751.42 35 180 9.03 | 2036 | 6439 | 86.37 YES 22.0
808.83 39 180 9.84 | 2048 | 6933 | 86.37 YES 17.0
982.60 20 180 10.77 | 21.70 | 5247 | 86.37 YES 33.9

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

(Fundamental Carrier = 173.39625 MHz)

THE 300 TO 1000 MHz ANTENNA IS HORIZONTAL AND AT 3 METERS.

AMPL CABLE | ANTENNA| TOTAL | LMIT
Z\F;E'S) QuAstp | A2V 1 0ss [FacTors| FIELD | QUASIP | Pass? MA:;'N
dB(uV) dBuv) | 9B |dB(uv/m)| dBuv/m)
346.67 59 180 514 | 1688 | 8102 | 8637 YES 53
357.56 37 180 514 | 1640 | 5854 | 86.37 YES 27.8
204.61 38 180 531 | 1478 | 58.00 | 8637 YES 28.3
162.43 36 180 619 | 1674 | 5893 | 86.37 YES 27.4
520.10 47 180 731 | 1830 | 7261 | 86.37 YES 13.8
578.00 33 180 731 | 1892 | 5923 | 86.37 YES 271
635.80 76 180 778 | 1960 | 7338 | 86.37 YES 13.0
693.61 31 180 817 | 2035 | 5953 | 86.37 YES 26.8
751.42 27 180 9.03 | 2036 | 5639 | 86.37 YES 300
808.83 29 180 984 | 2048 | 5933 | 8637 YES 27.0
982.60 16 180 10.77 | 2070 | 48.47 | 86.37 YES 37.9

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND FOR THIS RANGE.

continued on next page

Page 32 of 40




Global Certification Laboratories, Ltd.
4 Matthews Drive East Haddam CT 06423 ¢ 860 873-1451 voice 860 873-1947 fax
BURGHARDT INC. BU-1000/173 TRANSCEIVER FCC ID:0OV2BU-1000/173 3/30/00 FCC PARTS 15,90

RADIATED EMISSIONS TEST DATA

(Fundamental Carrier = 173.39625 MHz)

THE 1 to 18 GHz ANTENNA IS VERTICAL AND AT 3 METERS.

AMPL AMPL ANTENNA| TOTAL LIMIT
Z\F;E'S) PEAK PEAK Lgpézl‘ dEB FACTORS| FIELD | QUASI-P | PASS? MAEBG N
dBm dB (V) dB dB(uv/m)| dB(uV/m)
1215 -82 25 13.39 25.28 63.67 80.37 YES 16.70
1389 -89 18 16.60 25.52 60.12 80.37 YES 20.25
1505 -88 19 16.60 26.00 61.60 80.37 YES 18.77
NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND UP TO 2.6 GHz.
(Fundamental Carrier = 173.39625 MHz)
THE 1 to 18 GHz ANTENNA IS HORIZONTAL AND AT 3 METERS.
AMPL AMPL ANTENNA| TOTAL LIMIT

Tl\ljlli(z?) PEAK PEAK LCO:giLdEB FACTORS| FIELD QUASI-P PASS? MA(;?BGIN

dBm dB(uv) dB dB(uv/m)| dB(uV/m)

1041.3 -82 25 10.85 24.80 60.65 80.37 YES 19.72
1099 -93 14 10.85 24.80 49.65 80.37 YES 30.72
1215 -82 25 13.39 25.28 63.67 80.37 YES 16.70
1389 -91 16 16.60 25.52 58.12 80.37 YES 22.25

NO OTHER SIGNIFICANT EUT GENERATED SIGNALS FOUND UP TO 2.6 GHz.

THE BURGHARDT MODEL BU-1000 DATA TRANSCEIVER BOARD MEETS THE RADIATED
EMISSIONS REQUIREMENTS OF FCC PART 90 AND PART 15 FOR CLASS B WITH THE
MODIFICATIONS REPEATED HERE:

1) Chip inductors L294 and L300 have been changed to 1 uH and the variable inductors L295
and L298 were re-aligned.

2) The loop antenna that was originally incorporated onto the BU-1000 circuit board has
been found to resonate at 692 MHz rather than the intended 173 MHz carrier. To correct this,
the circuit trace that made up the 1/4 wave loop antenna was cut at the first solder pad. The
shorting link was also removed. After this was done, a 173 MHz self-resonant dipole with 2
meters of coax cable was soldered to the BU-1000 transmitter board, The dipole was
mounted vertically two meters above the OATS ground-plane using a non-conductive tower.
The coaxial antenna cable exits the enclosure by way of the mounting barrel. The BU-1000
and its enclosure are normally mounted on the power meter housing.

3) The BU-1000 transmitter board is installed inside an enclosure made of ABS plastic that

has been sprayed with a copper/nickel conductive coating on the inner surfaces. The
enclosure has an elastomer gasket between the cover and circuit board.
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BURGHARDT INC. BU-1000/173 TRANSCEIVER FCC ID:0OV2BU-1000/173 3/30/00 FCC PARTS 15,90

EMI TEST PROCEDURES
FCC PART 90
MODULATION CHARACTERISTICS

Part 2, section 2.1047 of the FCC title 47 rules requires a description of the modulation
characteristics of the EUT. For equipment that is voice modulated, it is necessary to plot
the frequency response of the audio modulating circuit while using a modulation signal of
100 to 5000 Hz in discrete steps. For equipment that employs audio modulation limiting
circuitry, it is necessary to plot the frequency response of the audio modulating circuit as
a function of modulating signal voltage.

For equipment that uses internal modulation sources and limiting circuits, plots are not
absolutely necessary. But the report should describe the modulating signal and display an
oscilloscope trace of it.

For this project, a measurement of the RF output deviation as a function of modulation
signal voltage was performed by David Smith. The modulation signal is a digital
encoding of the meter reading that is formatted by the MRU board.

These measurements are typical of all versions the BU-1000/173, as well as future
versions of Burghardt’s BU-1000 transmitter board that operate in other frequency bands.

Modulation Deviation
(Volts Peak To Peak) (+/-kHz)
0.5 0.6
1 1
15 1.4
2 1.7
2.5 2
3 2.2
35 2.5
4 2.6
4.5 2.8
5 3

The deviation of the BU-1000/173 is limited to (+-) 3khz by deviation control circuitry
located in the MRU board.
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EMI TEST PROCEDURES
FCC PART 90
OCCUPIED BANDWIDTH MEASUREMENTS,

It is necessary to measure and submit the occupied bandwidth of the fundamental or
carrier transmitter signals according to Part 2, section 2.1049 and Part 90, section 90.209
of title 47 of the FCC rules. The occupied bandwidth is the frequency span, centered on
the fundamental frequency, where 99% of the radiated power exists. The FCC specifies
the occupied bandwidth i.e. “authorized bandwidth” for all relevant product families.

The occupied bandwidth measurements were obtained at the EUT antenna terminals.
A 50 ohm impedance match was achieved by simply connecting a 50 ohm coax to the
antenna output of the BU-1000/173 transmitter board.

The spectrum analyzer’s “Max Hold” and marker features were used to determine the
frequency bandwidth occupied by the transmitter signal. The occupied bandwidth
measurements were made with the carrier modulated by the modulation signal supplied
by Burghardt.

The modulated carrier bandwidth of all three test frequencies was within the 20 kHz limit
authorized in Part 90, section 90.209. The spectrum analyzer plots included in the
separate plot and photo section document the occupied bandwidth for all three transmitter
frequencies used by this EUT.
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EMI TEST PROCEDURES
FCC PART 90
SPURIOUS EMISSIONS AND RF POWER OUTPUT
AT THE ANTENNA TERMINALS

Part 2; section 2.1051 of the FCC title 47 rules requires a relative measurement of
spurious emissions at the antenna terminals of the EUT.

This measurement was performed using the same connection to the EUT as used in the
occupied bandwidth measurements. The spectrum analyzer was connected the EUT
board with a coaxial cable soldered to the antenna outputs.

The spectrum analyzer reference level was adjusted so the peak of the fundamental is at
the reference level. The spectrum is plotted up to the tenth harmonic of the fundamental
carrier frequency.

All spurious emissions are at least 20 dB below the carrier power level when measured in
this way. Spectrum analyzer plots of the relative level of spurious emissions for all three
test boards are included in the plot and photo section of this report.

Another function of these plots is the measurement of the RF power for each frequency

component. If the RF output was sent to an RF Wattmeter (or Bolometer), an RF power
of 250 milliwatts would be measured.
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BURGHARDT INC. BU-1000/173 TRANSCEIVER FCC ID:0OV2BU-1000/173 3/30/00 FCC PARTS 15,90

EMI TEST PROCEDURES
FCC PART 90
FREQUENCY STABILITY MEASUREMENTS

Part 2; section 2.1055 of the FCC title 47 rules requires a measurement of the carrier
frequency stability under temperature and power voltage variations. The same methods
of interfacing the EUT to the spectrum analyzer that were used for the occupied
bandwidth measurements are used for the frequency stability measurements.

A refrigerator partially loaded with dry ice is used to produce the coldest temperature. To
reach warmer temperatures, the refrigerator is vented of the sublimating dry ice, while
monitoring the EUT temperature as it is slowly warms. The EUT is not powered while it
is reaching thermal equilibrium at the different temperatures. Once the desired
temperature is reached, the EUT is powered up. The temperature compensating circuits
are allowed to stabilize and the carrier frequency measured.

The vents are closed and the refrigerator is allowed to again cool to the lowest
temperature for the remainder of the samples that are tested. It may be necessary to add
dry ice to complete tests on all samples. Typically, the transmitters are configured for the
upper, middle and lowest temperatures of the tuning range.

To get above room temperature (20°C), a portable heater is used. A thermocouple and its
multimeter-based measuring device as well as a thermohygrometer are used to observe
the temperatures of the EUT during all phases of the test for acceptable accuracy.
Typically one thermocouple will be mounted on the EUT transmitter board while it is
inside an ESD—safe bag while a second one will be suspended in the refrigerated cavity to
monitor the ambient temperature surrounding the EUT.

Measurements are taken every 10°C until the highest temperature of the test is reached.
The measurements are put into tabular form. The total frequency change tolerance
allowed by the standard is expressed in terms of parts-per-million. The unmodulated
carrier frequency is measured with the spectrum analyzer marker function operating over
a narrow enough frequency span that has precision to 0.000001 MHz.

Frequency stability is also measured in much the same way while varying the power
input voltage from 85% to 115% of nominal. An AC autotransformer is used to produce
a varying AC power voltage. A DC power supply is used to produce varying DC power
voltage for battery or DC powered equipment. Measurements are made at every 5%
change in power voltage.
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EMI TEST PROCEDURES
FCC PART 90
FREQUENCY STABILITY MEASUREMENT RESULTS

The BU-1000/173 frequency stability due to the -30°C to 50°C temperature and 80% to
115% power supply voltage variation for all tested boards is described by the tables
below. The board with a nominal carrier frequency of 173.39625 MHz is used:

Power Supply Voltage Variation:

Power Supply Measured Carrier
% Voltage Frequency, MHz
80%: 96 173.396223
85%: 102 173.396080
90%: 108 173.396087
95%: 114 173.396094
100%: 120 173.396051
105% 126 173.396058
110% 132 173.396050
115% 138 173.396094

Temperature Variation:

Temperature Measured Carrier
°C Frequency, MHz

-30 173.397030

-20 173.397104

-10 173.397100

0 173.397095

10 173.396516

20 173.396216

30 173.396635

40 173.396235

50 173.396449

For all measurements, FCC Rule 90.213 specifies a frequency stability of 5 p.p.m.

B X 10'6), which when multiplied by the carrier is +/- 0.000867 MHz, corresponding to:
High Limit 173.397117 MHz

Low Limit 173.395383 MHz

Over 1 minute was used to stabilize the BU-1000/173 at each temperature.

Because of the very small tuning/alignment range, the frequency stability behavior of the
173.203 MHz and 173.3125 MHz transmitter boards is expected to be comparable to the
example above. If frequency stability behavior measurements on the other two sample
boards are required, they will be supplied in another exhibit.
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EMI TEST PROCEDURES
FCC PART 90
TRANSIENT FREQUENCY BEHAVIOUR

Section 90.214 requires transmitters designed to operate in the 150-174 MHz and 421-
512 MHz bands to control transient frequency effects within defined time intervals and
frequency differences. The purpose is to measure the frequency difference between the
actual and assigned carrier transmitter frequency that is caused by keying the transmitter
on and off while using a 1kHz modulation test signal.

For this project, the modulation signal supplied by Burghardt was removed and replaced
with a 1 kHz test signal that was injected into pin three of the five-pin connector on the
BU-1000/173 board. A 0.1ufd capacitor was used between the coax center conductor and
pin 3 to block low frequency signals. The outer shield coax conductor was soldered to
the circuit ground plane. The test signal generator was set up to produce a square
waveform, one-volt signal level, (to better approximate digital modulation).

Measurements are taken by first recording in one spectrum analyzer channel the carrier
under the 1KHz modulation. The “key” wire is then disconnected from its post on the
MRU board. When the “key” signal is re-connected, the carrier frequency appears
briefly displaced from where it had been centered in the first spectrum analyzer channel.
Because power was never removed from the BU-1000/173 and the temperature never had
a chance to change, the frequency displacement is due to the capture of the 1 kHz
modulating test signal by the BU-1000/173.

The 173.2030 MHz BU-1000/173 board was used for this measurement. The
performance of the other boards will be identical because the compensation circuits are
identical for the carrier frequency range used by this version of the B-1000.

A plot of this effect is found in the plot and photographic section. The total frequency
change is within 1 kHz for all boards.

Page 39 of 40




Global Certification Laboratories, Ltd.
4 Matthews Drive East Haddam CT 06423 ¢ 860 873-1451 voice 860 873-1947 fax
BURGHARDT INC. BU-1000/173 TRANSCEIVER FCC ID:0OV2BU-1000/173 3/30/00 FCC PARTS 15,90

SUMMARY
BURGHARDT INC.
BU-1000/173 DATA TRANSCEIVER

The BU-1000/173 DATA TRANSCEIVER, the EUT, was tested for RF emissions in
accordance with the applicable agency rules and guidelines.

The EUT was subjected to a TERMINAL DISTURBANCE VOLTAGE
(CONDUCTED) EMISSIONS ANALYSIS.

The frequencies closest to the applicable limits are:

0.45 MHz, with an 11.9 dB margin on the LINE conductor for 173.2030 MHz.

20 MHz, with a 7.3 dB margin on the NEUTRAL conductor for 173.3125 MHz.
20 MHz, with an 8.3 dB margin on the NEUTRAL conductor for 173.39625 MHz.

The EUT was subjected to Part 15 RADIATED ELECTRIC FIELD ANALYSIS.
The frequency closest to the limits was 108.44 MHz, with a 5.45 dB margin.

The EUT was subjected to PART 90 RADIATED ELECTRIC FIELD ANALYSIS, using
emission Mask “C”. The enclosure based spurious emissions that were closest to the
applicable limits for each board were:

For the 173.203 MHz carrier; 231 MHz, with a 6.85 dB margin

For the 173.3125 MHz carrier; 346.67 MHz, with a 4.3 dB margin

For the 173.39625 MHz carrier; 231 MHz, with a 2.85 dB margin

The EUT occupied bandwidth was measured and found to be +/-20 kHz when it was
modulated by the supplied test signal for all three boards. The EUT has adequate
frequency stability during temperature and power voltage variations.

The EUT transient frequency response is within 1 kHz of nominal upon detecting a 1 kHz
test signal modulation.

The BURGHARDT INC. BU-1000/173 DATA TRANSCEIVER complies with the
requirements of Parts 90 and 15 with the following modifications:

1. Chip inductors L294 and L300 are changed to 1 uH and variable inductors L295 and
L298 re-aligned.

2. A 173 MHz self-resonant dipole is used for sending and receiving messages instead
of the original internal loop antenna.

3. The BU-1000/173 transmitter board is installed inside an enclosure made of ABS
plastic, with its interior coated with a copper/nickel conductive coating. The MRU
may be in this enclosure, or it may be in the meter enclosure, as was the case with the
testing described in this report. The MRU made no significant addition to emissions.
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