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INDUSTRIES, INC.

RF 15E “CE” APPROVAL FILE
FROM: DAVE BETTS
DATE: October 20, 2004

CE regulations allow for self-certification when there is reasonable technical
basis for doing so.

The RF 15E is built using the same components, the same processor, the
same board and display, and the same housing as the PMAX15X. The
PMAX15X passed CE testing (EN50081-1: 1992 and EN50082-1: 1997) in
December of 2003 (Retlif Test Report R-10134, December 4, 2003). The RF
receiver uses the same components in the same location as the RF 10E
which passed ETSI EN 300 220-3 VV1.1.1(2000-09), ETSI EN 301 489-3
V1.4.1(2002-08) and R&TTE 99/5/EC (Retlif Test Reports R-9915-1, -2, -
3, July 2003)

The same microprocessor, operating at the same speed, is used in both
products. The software used in the RF 15E is essentially the same code as
used in PMAX15X.

Based on this information we certify that the RF15E meets CE requirements.

@M@éﬁ—

Dave Betts
R&D Manager
Techsonic Industries Inc.
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Test Program Summary

Job Number: R-10134
Customer: Techsonic Industries
P.O. Number: 343011
Test Sample: Fishfinder
Model Number: PMAX 15

Test Specifications:
The tests outlined in the table below were performed in accordance with the requirements of EN 55011:1998, EN 55022:1998,
EN 61000-6-1:2001and EN 61000-6-3:2001.

Mode of Operation:
The Fishfinder was powered by 12 VDC, with Depth Transducer in a 3' Column of water, showing the following readings on the
display; Depth: 3', Temperature: 72°F. All setting were defaulted to “Auto” mode.

Susceptibility Criteria:
Any change or loss of displayed information or any change in depth greater than +/- 1 foot was considered as a sign susceptibility.

Test Methods:
The following table lists the test methods that were performed on the Fishfinder and the corresponding test results:

Paragraph Standard Test Method Results
6.1 EN 55011 and EN 55022 Radiated Emissions, Class B Complied
6.2 EN 61000-4-2 Electrostatic Discharge Complied
6.3 EN 61000-4-3 Radiated Immunity Complied*

Electrical Fast Transient/Burst, .
6.4 EN 61000-4-4 Power and 1/O Leads Complied
65 EN 61000-4-6 Conducted Immunity, Complied*

Power and 1/0O Leads

*After the modifications described in paragraph 4.4 here were preformed, the Fishfinder was found to comply.
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Administrative Data

Retlif Testing Laboratories Test Report Number: R-10134

Test Specification: EN 55011
EN 61000-6-1:2001

EN 61000-6-3:1998

Customer: Techsonic Industries

5 Humminbird Lane

Eufaula, Alabama 36027

Test Sample: Fishfinder

Model Number: PMAX 15

Applicable Documents:  See Paragraph 2.0

Classification: Not Classified
Testing Dates: November 7, 2003 to November 17, 2003
Date of Report: December 4, 2003
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1.0 Scope
The purpose of this testing program was to determine the compliance of a Fishfinder, Fishfinder Model PMAX 15,
manufactured by Humminbird, as described in paragraphs 4.0 and 5.0 of this report, to the emissions and immunity
requirements of European Community Council Directive 89/336/EEC, the EMC Directive.

2.0 Applicable Documents
The following documents form a part of this test report to the extent specified herein:

RCM-001 - Retlif Testing Laboratories, Calibration Manual.

RQM-001 - Retlif Testing Laboratories, Quality Assurance Manual.

ANSI/NCSL Z-540: - Calibration Laboratories and Measuring and Test Equipment - General Requirements.
MIL-STD-45662A - Calibration System Requirements.

EN61000-6-1:2001 - Electromagnetic Compatibility - Generic Standards - Immunity for Residential, Commercial

and Light - Industrial Environments.

EN 61000-6-3:2001 - Electromagnetic Compatibility - Generic Standards - Emission for Residential, Commercial
and Light - Industrial Environments.

EN55011:1998 - Specification for Limits and Methods of Measurement of Radio Interference Characteristics
of Industrial, Scientific and Medical
(1ISM) Equipment.

EN 55022:1998 - Limits and methods of measurement of radio disturbance characteristics of information
technology equipment.

EN 61000-4-2:1995 - Electrostatic discharge immunity test.

EN 61000-4-3:1997 - Radiated, radio frequency, electromagnetic field immunity test.

EN 61000-4-4:1995 - Electrical fast transient burst immunity test.

EN 61000-4-6:1996 - Conducted disturbances induced by radio frequency fields, immunity test.
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3.0 General Requirements

3.1 Test Environment
All testing was performed at Retlif Testing Laboratories facility. Each test method was performed in the environment
specified within the test standard. Where the test environment deviated from that specified, it is noted in the applicable
test method.

3.1.1 Shielded Enclosures
All testing which required the use of a shielded enclosure was performed in a solid steel, double wall, modular
type. The attenuation characteristics of the enclosure were in accordance with MIL-STD-285. All input power
lines to the enclosure were filtered utilizing filters manufactured in accordance with MIL-F-15733F and tested
in accordance with MIL-STD-220A. The walls of the enclosure were treated with a combination of carbon
impregnated foam and ferrite tile. for EN 61000-4-3 and the floor between the Fishfinder and test antenna was
treated with tile and the enclosure met the field uniformity requirements contained therein.

3.1.2 Radiated Emissions
3.1.2.1 Preliminary
Preliminary radiated emissions measurements were performed in a shielded enclosure.

3.1.2.2 Formal
Formal radiated emissions testing was performed on an open area test site (OATS). The test site
measured 12M x 20M and was covered with a conducting ground plane constructed of one quarter
inch ground cloth. The equipment under test was placed in an RF transparent enclosure on top of a
1.2 Diameter, flush mounted, metallic turntable. An 80 cm high non-metallic table was mounted to
the turntable for placement of portable equipment. The test site met the test site attenuation
requirements specified in CISPR 16 throughout the range of measurement frequencies.

3.2 Test Instrumentation
A listing of all test instrumentation utilized is contained within each applicable test method. These listings indicate the
model, manufacturer, frequency range, last calibration date and calibration due date of all instrumentation utilized. All
instrumentation utilized was calibrated prior to use in accordance with the procedures set forth in Retlif Testing
Laboratories standard manuals RCM-001 and RQM-001 that are in accordance with the requirements of ANSI/NCSL
Z-540.

3.3 Detector Function
For the radiated emissions testing described herein a Quasi-Peak detector function was utilized as specified in CISPR16.
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4.0 Test Sample Description

4.1 General
The test sample was a Fishfinder, Fishfinder Model PMAX 15, manufactured by Humminbird. The test sample was
powered by 12 VDC. The Fishfinder measured 11cm x x14cm x 6¢cm and weighed 0.7kg. The Fishfinder consisted of

the following:
Description Manufacturer Model No. Part No.
Fishfinder Techsonic PMAX 15 N/A
Depth Transducer Techsonic XHS 9 20T 440278-1
Temperature Transducer Techsonic TSW 730000-1

4.2 Port Configurations and Input/output Cables
During testing the power and 1/0O ports of the Fishfinder were configured as follows:

Cable From Length | S/U! Cable Type Cable Routed to
Fishfinder, Power Input im U 2-Conductor Power 12 VDC Battery
Fishfinder, Depth Input 6m S Multi-Conductor Signal Power Dual Beam Transducer

Fishfinder, Temperature Input 6m U Multi-Conductor Signal Power | Speed, Temperature Transducer
'Shielded or Unshielded All ports not listed were unterminated

4.3 Leads Tested
The following leads of the Fishfinder's AC Adapter were tested during the course of this testing program as specified
in each applicable test method:

Power Input Leads:
- 12 VDC Hot
- 12 VDC Return
- Both

Input / Output Leads:
- Depth Transducer Cable
- Temperature, Speed Cable
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4.4 Modifications Made to Test Sample
The following modifications were made to the Fishfinder during the course of this testing program:
Radiated Immunity
Software change to disable (change to outputs) temperature A-D inputs during sonar receive.
Conducted Immunity
Improved circuit grounds in microprocessor area.

5.0 Test Sample Parameters
5.1 Mode of Operation
During all testing of the Fishfinder was powered by 12 VDC, with Depth Transducer in a 3' Column of water, showing

the following readings on the display; Depth: 3', Temperature: 72°F. All setting were defaulted to “Auto” mode.

5.1.1 Support Equipment
The Fishfinder utilized a 12 VDC Battery as support equipment for this testing program.

5.2 Performance Criteria
During all immunity testing, the Fishfinder was monitored for any change or loss of displayed information or any change

in depth greater than +/- 1 foot was considered as a sign susceptibility.
The following performance criteria, as outlined in EN 61000-6-1, were used to determine compliance:

EN 61000-4-2:1995 - Performance Criteria B
EN 61000-4-3:1997 - Performance Criteria A
EN 61000-4-4:1995 - Performance Criteria B
EN 61000-4-6:1996 - Performance Criteria A

Performance Criteria A:  The apparatus shall continue to operate as intended. No degradation of performance or loss
of function is allowed below a performance level specified by the manufacturer, when the apparatus is used as intended.
In some cases the performance level may be replaced by a permissible loss of performance. If the minimum performance
level or the permissible performance loss is not specified by the manufacturer then either of these may be derived from
the product description and documentation and what the user may reasonably expect from the apparatus if used as
intended.

Performance Criteria B:  The apparatus shall continue to operate as intended after the test. No degradation of
performance or loss of function is allowed below a performance level specified by the manufacturer, when the apparatus
is used as intended. In some cases the performance level may be replaced by a permissible loss of performance. During
the test, degradation of performance is however allowed. No change of actual operating state or stored data is allowed.
If the minimum performance level or the permissible performance loss is not specified by the manufacturer then either
of these may be derived from the product description and documentation and what the user may reasonably expect from
the apparatus if used as intended.
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Figure 1
Test Sample Block Diagram
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6.0 Test Methods Performed and Test Results

Test Method Summary

The tests outlined in the table below were performed in accordance with the requirements of EN 55011:1998, EN 61000-
6-1, EN 61000-6-3.

Paragraph Standard Test Method Results
6.1 EN 55011 and EN 55022 Radiated Emissions, Class B Complied
6.2 EN 61000-4-2 Electrostatic Discharge Complied
6.3 EN 61000-4-3 Radiated Immunity Complied*

Electrical Fast Transient/Burst, .
6.4 EN 61000-4-4 Power and 1/O Leads Complied
Conducted Immunity, -
6.5 EN 61000-4-6 Power and 1/O Leads Complied

*After the modifications described in paragraph 4.4 here were preformed, the Fishfinder was found to comply.

See individual test methods contained in paragraphs 6.1 through 6.5 of this test report for a full description of the test

procedures utilized and the results obtained.
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6.1 Radiated Emissions, EN 55022 and EN 55011, 150 kHz to 1 GHz

Purpose
The purpose of this test was to determine the magnitude of the radio frequency emissions emanating from the Fishfinder via
radiation from the enclosure and connected cabling in the frequency range of 150 kHz to 1 GHz.

Test Limits
The limits shown in the table below were used to determine compliance of the Fishfinder to the radiated emissions requirements
on EN 55011 and EN 55022;

Frequency Range Class B Quasi-Peak Limits @ 3 Meters
150.0 MHz to 30.0 MHz 39 - 3 dBpPA/m*
30.0 MHz to 230 MHz 40.5 dBuV/m

230 MHz to 1 GHz 47.5 dBuV/m

*Limit specified at 10M.

Test Setup

The Fishfinder was configured as shown in the attached photograph and detailed in Paragraph 4.2 herein. This configuration was
based on the test setup shown in Retlif Testing Laboratories Drawing No. CISPR22-RE. The Fishfinder was placed on an 80 cm
high wooden test stand above the ground plane of the shielded enclosure for preliminary measurements and the OATS (Open Area
Test Site) for final measurements. The rear of the Fishfinder, including support peripherals, was aligned and flush with the rear
of the test stand. The test stand was placed directly on the flush mounted turntable. The turntable positions were relative to the
Fishfinder as follows: When facing the Fishfinder the front is at 0°, the rear is at 180°, and the left side is at 270°. The test stand
was situated such that the boundary of the Fishfinder was located 3 meters from the measuring antenna. The Fishfinder was
arranged on the test stand as specified in Paragraph 4.2 herein. Care was taken during testing to relocate all system components
and cabling in an effort to maximize the emissions from the Fishfinder. Excess interface cable length was draped over the back
edge of the test stand. Draped cables closer than 40 cm to the conducting ground plane were bundled in the center in a serpentine
fashion using 40 cm lengths to maintain a 40 cm height above the ground plane. The AC power cables of the Fishfinder and non-
EUT equipment did not require bundling. The AC power cables were draped over the rear edge of the test stand and routed down
to the AC mains outlet located on top of the turntable. Excess power cable length was left on the surface of the turntable. The
antenna was located a distance of 3 meters from the envelope of the Fishfinder. The antenna was connected via coaxial cable to
a broadband pre-amplifier, which in turn was connected to a spectrum analyzer and/or a CISPR compliant receiver located in the
measurement equipment room. The spectrum analyzer display for each frequency range was recorded on a graphics plotter.

Test Procedure
With the test instrumentation and the Fishfinder configured as stated above, the following steps were performed:

1. The Fishfinder was arranged with cables terminated as specified in Paragraph 4.2 herein.

2. The spectrum analyzer was configured to display the frequency range of 30 MHz to 80 MHz.

3. With the test antenna horizontally polarized, the Fishfinder cabling was relocated in order to maximize the
radiated emissions.

4. The operating mode of the Fishfinder was varied in order to determine the operating mode which produced
maximum radiated emissions with respect to the limit.

5. Once the configuration, both cabling and operating mode, which produced maximum emissions was determined

the Fishfinder was maintained in this configuration for the duration of testing.
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Test Procedure (contd.)

10.
11.

12.
13.
14.
15.

Test Results

A max hold spectrum analyzer trace, trace A, was obtained with the Fishfinder operating.

The Fishfinder was powered off and a max hold spectrum analyzer trace, trace B, was obtained to denote the
ambient interference levels.

The two obtained traces were analyzed in order to determine which recorded emissions were produced by the
Fishfinder.

At each frequency upon which an emission was determined to be from the Fishfinder the following steps were
performed in order to further maximize the observed emissions:

a. The test antenna height was varied from 1 to 4 meters.
b. The test antenna polarization was varied from vertical to horizontal.
c. The Fishfinder was rotated 360° about its vertical axis.

The test antenna RF cable was connected to the CISPR compliant receiver.
For all emissions found to be within 20 dB of the specified limit, the following was recorded on the x-y plot:

a. Frequency of emission

b. Quasi-Peak detector receiver meter reading.

c. Correction factor consisting of antenna factor, cable loss and pre-amp gain.
d. Test antenna height and polarization.

e. Turntable position.

Steps 6through 11 above were repeated for the following frequency ranges: 80 to 130 MHz, 130 to 200 MHz,
200 to 500 MHz, 500 t0 750 MHz and 750 MHz to GHz.

The Biconilog antenna was replaced with the loop antenna mounted on a one (1) meter high tripod.

The spectrum analyzer was configured to display the frequency range of 150 kHz to 30 MHz.

Steps 6 through 11 were repeated with the loop antenna mounted on a one (1) meter high tripod.

The Fishfinder was found to comply with the requirements specified for this method. No emissions which exceeded the specified
Class B limits of EN 55022 and 55011 were observed. See the following single data sheet for a full presentation of the results

obtained.
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Test Setup Photograph
Radiated Emissions
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Figure RCISPR22-RE
General Test Setup Radiated Emissions
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EN
067
133
141
141A
141B
2068
543
767

Type

Open Area Test Site
Broadband Pre-Amplifier
Spectrum Analyzer
Graphics Plotter
Quasi-Peak Adaptor

6.0 dB Attenuator
Preamplifier

Biconilog

EQUIPMENT LIST

EN55022 Radiated Emissions, Class B, 30 MHz to 1 GHz

Manufacturer Description

Retlif 3 Meter
Electro-Metrics 10 kHz - 1 GHz, 26dB
Hewlett Packard 100 Hz - 40 GHz
Hewlett Packard N/A

Hewlett Packard 100 Hz - 1 GHz
Texscan 0-1.0GHz

Hewlett Packard 1.0 GHz - 26.5 GHz
EMCO 26 - 2000 MHz

Model No. Cal Date Due Date
RNY 10/01/2003  10/01/2006
BPA-1000 06/12/2003  06/12/2004
85668 07/23/2003  01/23/2004
7470A 03/05/2003  03/05/2004
85650A 07/23/2003  01/23/2004
FP-50 - 6 dB 06/12/2003  06/12/2004
84498 07/24/2003  07/24/2004
3142B 09/04/2003  09/04/2004
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6.2 Electrostatic Discharge, EN 61000-4-2

Purpose

The purpose of this test method was to determine the ability of the Fishfinder to withstand electrostatic discharges applied
directly to the Fishfinder and those applied to objects adjacent to the Fishfinder.

Test Parameters

The critical parameters of the electrostatic discharge generator and the applied voltage waveform are shown below:

Air:
Discharge Voltage:
Discharge Polarity:
Discharge Rate:
Rise Time:
Pulse Duration:
Storage Capacitor:
Discharge Resistor:

Contact:
Discharge Voltage:
Discharge Polarity:
Discharge Rate:
Rise Time:
Pulse Duration:
Storage Capacitor:
Discharge Resistor:

Test Setup

8.0kV
Positive/Negative
1PPS

0.7 to 1 nanosecond
20 nanoseconds
150 picofarads

330 Ohms

4.0kV
Positive/Negative

1 PPS

0.7 to 1 nanosecond
20 nanoseconds
150 picofarads

330 Ohms

The test instrumentation and Fishfinder were configured as shown in the attached photographs and detailed in Paragraph 4.2
herein. This configuration was based upon the general test setup shown in Retlif Testing Laboratories Drawing Number
RENG61000-4-2 and the requirements of EN 61000-4-2. The Fishfinder was placed on an 80 cm high wooden test stand above
the test enclosure floor. The Fishfinder was placed on an insulating support 0.5 mm in thickness. The insulating support was
placed on a horizontal coupling plane. The horizontal coupling plane was bonded to the earth reference plane by means of a
ground strap with two 470 kOhm series resistors, one at either end. The vertical coupling plane was connected to the ground
reference plane in the same manner. The Fishfinder was configured above the horizontal coupling plane as specified above.

Test Point Determination

The ESD generator was set to the continuous discharge mode. With the Fishfinder configured as stated above, all surfaces of
the equipment were probed at a discharge rate of approximately 1 PPS in order to determine areas on the equipment which
were susceptible. After this probing and/or an engineering evaluation the test points the test points specified on the following
data sheets on the Fishfinder were selected for formal testing.
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Test Procedure
With the Fishfinder and test instrumentation configured as stated above, the following steps were performed:

1. The ESD generator was configured to apply 2 kV contact discharges.
2. 10 positive contact discharges were then applied to each test point indicated in the contact discharge test
points indicated on the following data sheet at a repetition rate of 1.0 PPS.

3. The ESD generator was configured to apply negative discharges and step 2 was repeated.

4. The output of the ESD generator was increased to 4 kV and steps 2 and 3 were repeated.

5. The ESD generator was then configured to apply 2 kV air discharges.

6. 10 positive air discharges were then applied to each test point indicated in the contact discharge test points
indicated on the following data sheet at a repetition rate of 1.0 PPS.

7. The ESD generator was configured to apply negative discharges and step 6 was repeated.

8. The output of the ESD generator was increased to 4 kV and steps 6 and 7 were repeated.

9. The output of the ESD generator was then increased to 8 kV and steps 6 and 7 were repeated.

Test Results

The Fishfinder complied with the requirements specified for this test method. The test sample did not exhibit any
malfunction or degradation of performance beyond that allowed under performance criteria B when subjected to the
electrostatic discharges specified above. See the following two data sheets for a complete presentation of the results obtained.
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Test Setup Photographs
Electrostatic Discharge
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Figure R61000-4-2
General Test Setup Electrostatic Discharge
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EN
323
553

Type
Power Supply
ESD Gun

EQUIPMENT LIST
EN61000-4-2; 1995 Electrostatic Discharge

Manufacturer Description Model No. Cal Date Due
0-32vdc NFB 8/1/2003 8/1/2004
N/A NSG-435 3/15/2003  3/15/2004
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6.3 Radiated Immunity, EN 61000-4-3

Purpose

The purpose of this test method was to determine if the Fishfinder was so constructed as to have an adequate level of intrinsic
immunity to radiated electromagnetic fields in the frequency range of 80 MHz to 1000 MHz, enabling the Fishfinder to operate
as intended.

Test Parameters
The critical parameters of the applied electromagnetic field are as shown below:

Frequency Range 80 to 1000 MHz
Field Strength 3VIM

Modulation 1kHz, 80%, AM

Test Distance 2 Meters

Polarization of Applied Field Horizontal & Vertical

Test Setup

The test instrumentation and Fishfinder were configured as shown in the attached photographs and detailed in Paragraph 4.2
herein. This configuration was based upon the general test setup shown in Retlif Testing Laboratories Drawing Number
R61000-4-3 and the requirements of EN 61000-4-3. The Fishfinder was placed on an 80 cm high wooden test stand above the
test enclosure floor. The cabling of the Fishfinder was routed to the edge of the 1.5 by 1 meter test stand top, then directly to
the enclosure floor. If necessary, lossy ferrite tubes were placed around the Input/Output cables prior to entering the support
room, in order to absorb RF. The field strength generating antenna was placed at a distance of two meters from the periphery
of the Fishfinder and the associated cabling. An RF signal generator was connected to the input of the RF power amplifier.
The output of the RF power amplifier was connected to an RF coupler which in turn was connected to the test antenna. A
power meter was connected to the forward power port of the RF coupler. The RF signal generator and power meter were
connected to an automation computer in order to maintain the required field strength during testing. The test enclosure ceiling,
walls and portions of the floor were treated with a mixture of ferrite tile and carbon impregnated foam absorber. Prior to
testing, the field was calibrated as specified in paragraph 6.2 of EN61000-4-3;1997. A uniform area, 1.5 M x 1.5 M, 80 cm
above the ground plane, was established. Sixteen (16) evenly spaced calibration points were assigned within the 1.5 M x 1.5
M grid. The field was calibrated in both the Vertical and Horizontal polarizations in one percent steps in the frequency range
of 80 MHz to 1000 MHz. The field was considered uniform if 12 of 16 points (75%) were within - 0dB to + 6 dB of nominal.
Additionally, three percent of the frequencies were allowed to be within - 0 dB to + 10 dB of nominal. The following seven
frequencies were found to be within this three percent window for the vertical polarization: 97.62 MHz, 98.59 MHz, 99.58
MHz, 100.57 MHz, 101.58 MHz & 102.59 MHz, for the horizontal polarization: 136.92 MHz. All other frequencies met the -
0 dB to + 6 dB criteria.

Test Procedure
With the Fishfinder configured as described above, the following steps were performed:

The biconilog test antenna was horizontally polarized facing the front of the Fishfinder.

The signal generator was adjusted for a frequency of 80 MHz and 80 % AM 1 kHz modulation.

The output level of the generator was increased until the power meter measured 3 V/M.

The automation computer was programmed to incrementally sweep the frequency range of 80 to 1000 MHz
in step sizes not exceeding 1% of the fundamental.

5. The field strength, as measured on the power meter, was continuously adjusted as necessary by the
automation computer to maintain the test level at 3 V/M utilizing the power meter readings obtained during
calibration.

HPoppE

CONFIDENTIAI

Test Report Number R-10134

r'® Retlif Testing Laboratories

Pade 20 of 59




Test Procedure (contd.)

6. The Fishfinder was continuously monitored for degradation or malfunction as specified in paragraph 5.2.
7. The biconilog antenna was vertically polarized and steps 2 through 6 were repeated.
8. Steps 1 through 7 were repeated on each of the rear, top and bottom sides of the test sample.

Test Results

After the modifications described in paragraph 4.4 herein were performed, the Fishfinder complied with the requirements
specified for this test method. The test sample did not exhibit any malfunction or degradation of performance beyond that
allowed under performance Criteria A when subjected to the radiated electromagnetic energy specified above. See the
following single data sheet for a complete presentation of test results.
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Test Setup Photographs
Radiated Immunity
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Figure R61000-4-3
Radiated Immunity
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EN
224
224B
323
648
649
651
709
742
762
767

Type

Shielded Enc. (24x20x12)
Shielded Enc. (8x8x12)

Power Supply
Power Meter
Power Sensor

High Power Dir Coupler

Automation Computer
Amplifier

AM/FM Signal Generator

Biconilog

EQUIPMENT LIST

EN61000-4-3, Radiated Immunity, 80 MHz to 1 GHz

Manufacturer
Universal Shielding
Universal Shielding
Electro

Boonton Electronics
Boonton Electronics
Werlatone Inc.
ECS.Inc.

Amplifier Research
Marconi Instru.
EMCO

Description
100dB, 14kHz -
100dB, 14kHz -
0-32vdc

10 kHz - 100 GHz

10 kHz - 8 GHz
.01-1000 MHz/200W
150 MHz Pentium
80 - 1000 MHz/250W
10 kHz - 1.2 GHz

26 - 2000 MHz

Model No. Cal Date Due

1 3/31/2003  3/31/2004
1B 3/31/2003  3/31/2004
NFB 8/1/2003 8/1/2004
4232A 1/8/2003 1/8/2004
51011-EMC 11/25/2002  11/25/2003
C5571 10/28/2003  10/28/2004
11779023

250W1000 2/8/2003 2/8/2004
2023 7/29/2003  7/29/2004
3142B 9/4/2003 9/4/2004
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6.4 Electrical Fast Transient / Burst, EN 61000-4-4

Purpose

The purpose of this test method was to determine if the Fishfinder was so constructed as to have an adequate level of intrinsic
immunity to electrical fast transient bursts applied to input power and signal & control leads, enabling the Fishfinder sample to
operate as intended.

Test Parameters
The critical parameters of the electrical fast transient/burst generator and the applied waveform are shown below:

Transient VVoltage: Power Input Leads: 0.5 kV
I/0O Leads: 0.25 kV, 0.5 kV

Transient Polarity: Positive and Negative

Repetition Rate: 5 kHz

Rise Time of Pulse: 5ns + 30%

Pulse Duration: 50 ns + 30%

Burst Period: 300 ms

Burst Duration: 15 ms

The above parameters were verified prior to testing.

Leads Tested
The following leads of the Fishfinder were tested separately in order to demonstrate compliance:
Power Input Leads: Input / Output Leads:
- 12 VDC Hot - Depth Transducer Cable
- 12 VDC Return - Temperature, Speed Cable
- Both
Test Setup

The test instrumentation and Fishfinder were configured as shown in the attached photographs and detailed in Paragraph 4.2
herein. This configuration was based upon the general test setup shown in Retlif Testing Laboratories Drawing Numbers
R61000-4-4/P and R61000-4-410 and the requirements of EN 61000-4-4. The Fishfinder was placed on an 80 cm high
wooden test stand above the test enclosure floor. The test stand was situated such that it was at least 50 cm from the enclosure
wall. The cabling of the Fishfinder was routed to the edge of the 1.5 by 1 meter test stand top, then directly to the enclosure
floor. Power leads were routed through the internal coupler of the transient generator. Each 1/O cable was routed individually,
through the capacitive coupling clamp.

Test Procedure
After verification of the transient generator output parameters, the following steps were performed:

1. The AC input of the Fishfinder was routed through the coupling/decoupling network of the transient
generator.

2. The transient generator was configured to apply 500 volt transients.

3. Positive 500 volt transients were applied to the DC leads in the coupling modes specified on the test data
sheets for a period of 1 minute for each mode.

4, The Fishfinder was continuously monitored for malfunction or degradation as specified in Paragraph 5.2
herein.

5. The transient generator was configured to apply negative transient and steps 3 and 4 were repeated.

6. The first 1/0 Cable to be tested was then placed in the capacitive coupling clamp.

7. The transient generator output was connected to the clamp, at the side nearest the Fishfinder.
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Test Procedure (contd.)

8. The transient generator was configured to apply 250 volt transients.

9. Steps 3 through 5 were then repeated for the 1/0 Cable.

10. The test voltage was then increased to 500 volts and Step 9 was repeated.

11. Steps 7 through 10 were repeated for each additional 1/0 cable subjected to this requirement.

Test Results

The Fishfinder complied with the requirements specified for this test method. The test sample did not exhibit any malfunction
or degradation of performance beyond that allowed under performance Criteria B when subjected to the electrical fast
transients/bursts specified above. See the following five data sheets for a full presentation of the results obtained.
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Electrical Fast Transient/Burst
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General Setup Drawing - R61000-4-4P
Electrical Fast Transient Burst, Power Leads
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General Setup Drawing - R61000-4-410
Electrical Fast Transient Burst, 1/0 Leads
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EQUIPMENT LIST
ENG61000-4-4; 1995 Electrical Fast Transients

EN  Type Manufacturer Description Model No. Cal Date Due Date
027 Oscilloscope Tektronix DC - 500 MHz 2440 5/22/2003 5/22/2004
323 Power Supply Electro 0-32vdc NFB 8/1/2003 8/1/2004

424 Graphics Plotter Hewlett Packard N/A T470A 3/15/2003 3/15/2004
467 EFT/Burst Generator Schaffner 0-4.4KV NSG 2025-4 11/25/2002  11/25/2003
467A 200 Watt Attenuator Bird Electronics Dc to 500 MHz,60dB 8325 11/19/2002  11/19/2003
468 Capac. Coupling Clamp Retlif N/A RTLCC-01 4/8/2003 4/8/2004
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6.5 Conducted Immunity, EN 61000-4-6, 0.15 to 80 MHz

Purpose

The purpose of this test method was to determine if the Fishfinder was so constructed as to have an adequate level of intrinsic
immunity to radio frequency electromagnetic energy injected into input power and 1/O leads in the frequency range of 0.15 to
80 MHz, enabling the Fishfinder to operate as intended.

Test Parameters
The critical parameters of the applied electromagnetic energy for testing the power input leads were as shown below:

Frequency Range: 0.15 to 80 MHz
Applied Signal Level: 3Vrms
Modulation: 1 kHz, 80%, AM
Injection Method: Power Input Leads - Coupling Decoupling Network (CDN)
I/O Leads - Direct Injection
Leads Tested
The following leads of the Fishfinder were tested in order to demonstrate compliance:
Power Input Leads: Input / Output Leads:
- 12 VDC Hot - Depth Transducer Cable
- 12 VDC Return - Temperature, Speed Cable
- Both
Test Setup

The test instrumentation and Fishfinder were configured as shown in the attached photographs and detailed in Paragraph 4.2
herein. This configuration was based upon the general test setup shown in Retlif Testing Laboratories Drawing Numbers
R61000-4-6/P and R61000-4-6/10 and the requirements of EN 61000-4-6. The Fishfinder was placed on 10 cm high
insulating supports above a ground reference plane. A coupling / decoupling network was placed in the power input lead under
test. All power and 1/O leads were supported 5 cm above the ground reference. The signal generator was connected to the RF
power amplifier which in turn, was connected to the injection device. A directional coupler was placed between the injection
device and RF amplifier in order to monitor the level applied to the Fishfinder.

Test Procedure
With the test instrumentation and Fishfinder configured as stated above, the following steps were performed:

The Fishfinder was arranged with its cables terminated as specified in Paragraph 4.2 herein.

The injection device was connected to the lead under test.

The output of the directional coupler was connected to the injection device for the lead under test.

The Fishfinder was placed in the operating mode described in Paragraph 5.1 herein.

The signal generator was set for a frequency of 150 kHz and the level was adjusted for 3 Vrms.

The signal was then amplitude modulated 80% by a 1 kHz sine wave.

The frequency range was incrementally swept from 150 kHz to 80 MHz, while maintaining the required
forward power to the injection network.

8. The Fishfinder was continuously monitored as described in Paragraph 5.2 herein.

9. Steps 2 through 8 were repeated for each lead subjected to this requirement.

NogkrwdE

Test Results

After the modifications described in paragraph 4.4 herein were performed, the Fishfinder complied with the requirements
specified for this test method. The test sample did not exhibit any malfunction or degradation of performance beyond that
allowed under performance Criteria A when the input power leads and 1I/O leads were subjected to the conducted
electromagnetic energy specified above. See the following three data sheets for a complete presentation of test results.
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Test Setup Photographs
Conducted Immunity
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Test Setup Photographs
Conducted Immunity
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Test Setup Photographs
Conducted Immunity
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TEST AREA WALL J

General Setup Drawing - R61000-4-6/P
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TEST AREA WALL

General Setup Drawing - R61000-4-6/10
Conducted Immunity, 1/O Leads
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Test Setup Photographs
Conducted Immunity
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EQUIPMENT LIST
EN61000-4-6; 1996 Conducted Disturbances Induced by Radio-Frequency Fields (150 kHz to 80 MHz)

EN  Type Manufacturer Description Model No. Cal Date Due Date
043 Spectrum Analyzer Electro-Metrics 10kHz - 1 GHz ESA - 1000 1/15/2003 1/15/2004
333 Attenuator Narda DC - 11 GHz 768-10 7/28/2003 7/28/2004
518 Current Probe Solar Electronics 10 kHz - 500 MHz 9123-1 2/6/2003 2/6/2004

530 AM/FM Signal Generator Marconi Instru. 10 kHz - 1.2 GHz 2023 4/22/2003 4/22/2004
573 50-150 ohm Adapter Retlif N/A ENV 50141 6/10/2003 6/10/2004
651A  High Power Dir Coupler Werlatone Inc. .01-1000 MHz/200W  C5571 3/4/2003 3/4/2004

652 L.P. Filter Retlif 100 MHz LPF-RTL 12/27/2002  12/27/2003
7016  EMC Analyzer Hewlett Packard 9kHz - 1.8GHz 8591EM 7/1/2003 7/1/2004

748 Amplifier IFI .01 - 250 MHz/15W 5300 8/14/2003 8/14/2004
801 Coupling Decoupling FCC 150 kHz - 230 MHz FCC-801-M2-50A 6/10/2003 6/10/2004
854 Bulk Current Injection FCC 10 kHz - 400 MHz F-120-6A 7/25/2003 7/25/2004
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Appendix A
Labeling Information
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CE MARKING AS REQUIRED BY
THE EMC DIRECTIVE

[T 1]
= """*-._\
- =]
K
by h A
3 \
Fi i
v y /
A
e Hf’
-_-‘_,- -‘—'__.-
[ T[]

THE CE MARKING AS REQUIRED BY COUNCIL DIRECTIVE 89/336/EEC, THE EMC DIRECTIVE,
AMENDED BY COUNCIL DIRECTIVE 93/68/EEC

Genera
I Marking Requirements
The EMC Directive does not require that a date be placed with the mark. The CE Marking can be placed in any one of the
following locations:

a) on the device

b) on the packaging

c) in the instruction manual

d) on the warranty/guarantee certificate

The CE marking shall have a height of not less than 5 mm and shall maintain the proportions shown above.

NOTES:

1) By placing the CE marking on a product, the manufacturer is stating that the device complies with ALL applicable EC
directives. The test report in which this information is contained shows compliance of the device to the requirements
of the EMC directive only, other directives may or may not be applicable at this time.

2) The information shown above is valid as of the issue date of the test report in which it is contained.
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Appendix B
Declaration of Conformity
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CONTENTS OF THE DECLARATION OF
CONFORMITY AS REQUIRED BY
THE EMC DIRECTIVE

The EC Declaration of Conformity must contain the following information:
® A description of the apparatus to which it applies.
® Reference to the specifications under which conformity is declared , and where appropriate, to the national measures
implemented to ensure the conformity of the apparatus with the provisions of the Directive. (The specifications under which
conformity may be declared are located on the Certificate of Conformance issued with the test report in which this information

is contained.)

® |dentification of the signatory empowered to bind the manufacturer or his authorized representative.

NOTES:

1) A Declaration of Conformity must be issued for each Directive for which conformance is claimed.
2) The Declaration of Conformity must be on file at the point of entry into the European Community.
3) The information shown above is valid as of the issue date of the test report in which it is contained.
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Appendix C
Sample Declaration of Conformity
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DECLARATION OF CONFORMITY

APPLICATION OF COUNCIL DIRECTIVE(S):

ISSUED BY:

DATE OF ISSUE:

TYPE OF EQUIPMENT:

BRANDNAME:

MODEL NUMBER:

STANDARDS TO WHICH CONFORMITY IS DECLARED:

MANUFACTURER (IF NOT ISSUING AGENT):

I, THE UNDERSIGNED, HEREBY DECLARE THAT THE EQUIPMENT SPECIFIED ABOVE CONFORMS TO THE

DIRECTIVE(S) AND STANDARD(S) AS SPECIFIED.

SIGNATURE

TITLE

PRINT NAME

PLEASE NOTE THAT THIS INFORMATION IS PROVIDED AS A GUIDE AND YOU, OR YOUR
MANUFACTURER, ARE CAUTIONED THAT SPECIFIC REQUIREMENTS ARE CONTAINED WITHIN EACH

DIRECTIVE.

Pa
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Certification and Signatures

We certify that this report is a true representation of the results obtained from the tests of the equipment stated. We further
certify that the measurements shown in this report were made in accordance with the procedures indicated and vouch for the

qualifications of all Retlif Testing Laboratories personnel taking them.

W,Mw

Thomas J. Schneider
EMC Test Engineer (

= ==
= "

Richard Reitz
Laboratory Manager

NON-WARRANTY PROVISION

The testing services have been performed, findings obtained and reports prepared in accordance with generally accepted laboratory principles and practices.

This warranty is in lieu of all others, either expressed or implied.

NON-ENDORSEMENT

This test report contains only findings and results arrived at after employing the specific test procedures and standards listed herein. It is not intended to
constitute a recommendation, endorsement or certification of the product or material tested. This report must not be used by the client to claim product

endorsement by NVLAP or any other agency of the U.S. Government.
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Retlif Testing Laboratories Test Report Number:  R-9915-2

Test Specification:

Customer:

Test Sample:

Applicable Documents:

Classification:
Testing Dates:

Date of Report:

Administrative Data

ETSI-EN 301 489-3: V1.4.1 (2002-08)

Techsonic Industries

5 Humminbird Lane

Eufala, AL 36027

433.92 MHz Transmitter and Receiver (Smartcast)

Transmitter: Model Number, RF40E, Serial Number e

Receiver: Model Number RF10E, Serial Number 1

See Paragraph 2.0

Not Classified

May 21,2003 to June 30, 2003

July 7, 2003
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1.0 Scope

The purpose of this testing program was to determine the compliance of a 433.92 MHz Transmitter and Receiver
(Smartcast), manufactured by Techsonic Industries, as described in paragraphs 4.0 and 5.0 of this report, to the
emissions and immunity requirements of ETSI-EN 301 489-3: V1.4.1 (2002-08), in accordance with article 3.1(b) of
Directive 1999/5/EC, the R&TTE Directive.

2.0 Applicable Documents

The following documents form a part of this test report to the extent specified herein:

RCM-001
RQM-001
ANSI/NCSL Z-540
MIL-STD-45662A
ETSI-EN 301 489-3
V1.4.1(2002-08):

EN 55022:1998

EN 61000-4-2:1995

EN 61000-4-3:1997

- Retlif Testing Laboratories, Calibration Manual.

- Retlif Testing Laboratories, Quality Assurance Manual.

- Calibration Laboratories and Measuring and Test Equipment - General Requirements.

- Calibration System Requirements.

- Electromagnetic Compatibility and Radio Spectrum Matters (ERM);

Electromagnetic Compatibility (EMC) Standard for Radio Equipment and Services; Part 1:

Common Technical Requirements.

- Limits and methods of measurement of radio disturbance characteristics of information
technology equipment.

- Electrostatic discharge immunity test.

- Radiated, radio frequency, electromagnetic field immunity test.
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3.0 General Requirements

3.1 Test Environment
All testing was performed at Retlif Testing Laboratories facility. Each test method was performed in the environment
specified within the test standard. Where the test environment deviated from that specified, it is noted in the applicable
test method.

3.1.1 Shielded Enclosures

All testing which required the use of a shielded enclosure was performed in a solid steel, double wall, modular
type. The attenuation characteristics of the enclosure were in accordance with MIL-STD-285. All input
power lines to the enclosure were filtered utilizing filters manufactured in accordance with MIL-F-15733F
and tested in accordance with MIL-STD-220A. The enclosure was equipped with a 0.63 mm brass sheet with
an minimum area of 4 square meters, with the minimum dimension no less than 90 ¢cm. The ground planes
were continuously bonded to the enclosure wall with a DC bonding resistance of less than 2.5 milliohms. Test
methods requiring anechoic treatment were performed in a room treated with a combination of pyramidal
carbon impregnated foam absorber and ferrite tile.

3.1.2 Conducted Emissions
Not applicable.

3.1.3 Radiated Emissions
3.1.3.1 Preliminary
Preliminary radiated emissions measurements were performed in a shielded enclosure.

3.1.3.2 Formal
Formal radiated emissions testing was performed on an open area test site (OATS). The test site
measured 12M x 20M and was covered with a conducting ground plane constructed of one quarter
inch ground cloth. The equipment under test was placed in an RF transparent enclosure on top of
a 1.2 Diameter, flush mounted, metallic turntable. An 80 cm high non-metallic table was mounted
to the turntable for placement of portable equipment. The test site met the test site attenuation
requirements specified in CISPR 16 throughout the range of measurement frequencies.

3.2 Test Instrumentation
A listing of all test instrumentation utilized is contained within each applicable test method. These listings indicate the
model, manufacturer, frequency range, last calibration date and calibration due date of all instrumentation utilized. All
instrumentation utilized was calibrated prior to use in accordance with the procedures set forth in Retlif Testing
Laboratories standard manuals RCM-001 and RQM-001 which are in accordance with the requirements of ANSI/NCSL
Z-540.

3.3 Detector Function
For the radiated emissions testing described herein a Quasi-Peak detector function was utilized as specified in EN
55022:1998.
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4.0 Test Sample Description

4.1 General
The test sample was a 433.92 MHz Transmitter and Receiver (Smartcast), manufactured by Techsonic Industries. The
test sample was powered by internal DC Batteries. The 433.92 MHz Transmitter and Receiver (Smartcast) measured,
weighed and consisted of the following:

Description Manufacturer | Model No. | Serial No. Measurements
433.92 MHz Transmitter Techsonic RF40E 1 7em x 5cm x 4em, weight approximately 0.1kg
433.92 MHz Receiver Techsonic RF10E e 24cm x 16cm x 16cm, weight 0.4

4.2 Port Configurations and Input/output Cables
Not applicable.

4.3 Leads Tested
Not applicable.

4.4 Modifications Made to Test Sample
The following modifications were made to the 433.92 MHz Transmitter and Receiver (Smartcast) during the course

of this testing program:

EN 61000-4-3, Radiated Susceptibility
The software for the 433.92 MHz Receiver, Model RF10E was updated to set the "too many returns" algorithm from
25 to 60 (decimal). This algorithm prevents the display from scrolling if too many RF returns are detected.

5.0 Test Sample Parameters

5.1 Mode of Operation
During all testing of the 433.92 MHz Transmitter and Receiver the mode of operation was as follows:
Emissions
433.92 MHz Transmitter was continuously transmitting at 433.92 MHz.
433.92 MHz Receiver was continuously receiving at 433.92 MHz.
Immunity
433,92 MHz Transmitter was continuously transmitting at 433.92 MHz and in Stand By mode (out of water).
433.92 MHz Receiver was continuously receiving at 433.92 MHz.

5.1.1 Support Equipment
The 433.92 MHz Transmitter and Receiver (Smartcast) utilized no support equipment in order to achieve
the above operating state during the course of this testing program.
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5.2 Performance Criteria
During all immunity testing, the EUT was monitored for any interruption, loss or corruption of sent and received
data from the transducer (433.92 MHz Transmitter).
The following performance criteria, as outlined in ETSI-EN 301 489-3: V1.4.1 (2002-08), were used to determine
compliance with the requirements:

EN 61000-4-2:1995 - Paragraph 9.3.3
EN 61000-4-3:1997 - Paragraph 9.2.3

EN 61000-4-2:1995:

For transmitters the performance criteria for transient phenomena for transmitter shall apply (see clause 6 of the
relevant part of EN 301 489 dealing with the particular type of radio equipment). For receivers the performance
criteria for transient phenomena for receivers shall apply (see clause 6 of the relevant part of EN 301 489 dealing
with the particular type of radio equipment). For ancillary equipment the pass/failure criteria supplied by the
manufacturer (see clause 6.4) shall apply, unless the ancillary equipment is tested in connection with a receiver or
transmitter in which case the corresponding performance criteria above shall apply.

EN 61000-4-3:1997:

For transmitters the performance criteria for continuous phenomena for transmitters shall apply (see clause 6 of the
relevant part of EN 301 489 dealing with the particular type of radio equipment). For receivers the performance
criteria for continuous phenomena for receivers shall apply (see clause 6 of the relevant part of EN 301 489 dealing
with the particular type of radio equipment). For ancillary equipment the pass/failure criteria supplied by the
manufacturer (see clause 6.4) shall apply, unless the ancillary equipment is tested in connection with a receiver or
transmitter in which case the corresponding performance criteria above shall apply.

5.2.1 Monitoring Equipment
The 433.92 MHz Transmitter and Receiver (Smartcast) was visually monitored via the Receiver’s LCD

Display by test personnel.

CONECINDENTIAL

COITNT T TV NI Te

r.@ Retlif Testing Laboratories

Test Report Number R-9915-2

Page 4 of 29



Figure 1 - Test Sample Block Diagram

433.92 MHz TRANSMITTER BLOCK DIAGRAM
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6.0 Test Methods Performed and Test Results

6.1 Test Method Summary
The tests outlined in the table below were performed in accordance with the requirements of ETSI EN 300 386:2001-

09:

Paragraph Standard Test Method Results
6.2 EN 55022 Radiated Emissions, Class B Complied
6.3 EN 61000-4-2 Electrostatic Discharge Complied
6.4 EN 61000-4-3 Radiated Immunity Complied*

* After the modifications described in paragraph 4.4 herein were performed.

See individual test methods contained in paragraphs 6.2 through 6.4 of this test report for a full description of the test
procedures utilized and the results obtained.

COMNECIDENTIAL

CUITNT TULULTVN T IV

r.® Retlif Testing Laboratories

Test Report Number R-9915-2

Page 6 of 29



6.2 Radiated Emissions, EN 55022, Class B, 30 MHz TO 1 GHz

Purpose

The purpose of this test was to determine the magnitude of the radio frequency emissions emanating from the 433.92 MHz
Transmitter and Receiver (Smartcast) via radiation from the enclosure and connected cabling in the frequency range of 30
MHz to 1 GHz.

Test Limits
The limits shown in the table below were used to determine compliance of the 433.92 MHz Transmitter and Receiver
(Smartcast) to the radiated emissions requirements on EN 55022 and CISPR11:

Freauency Range Class B Quasi-peak Limits

quency Ralg [dB (WV/M)], @ 10 Meters
30.0MHz to 230.0MHz 30.0
230.0MHz to 1000.0MHz 37.0

Test Setup
The 433.92 MHz Transmitter and Receiver (Smartcast) was configured as shown in the attached photograph and detailed in

Paragraph 4.2 herein. This configuration was based on the test setup shown in Retlif Testing Laboratories Drawing No.
CISPR22-RE. The 433.92 MHz Transmitter and Receiver (Smartcast) was placed on an 80 cm high wooden test stand
above the ground plane of the shielded enclosure for preliminary measurements and the OATS (Open Area Test Site) for
final measurements. The rear of the 433.92 MHz Transmitter and Receiver (Smartcast), including support peripherals, was
aligned and flush with the rear of the test stand. The test stand was placed directly on the flush mounted turntable. The
turntable positions were relative to the 433.92 MHz Transmitter and Receiver (Smartcast) as follows:

When facing the 433.92 MHz Transmitter and Receiver (Smartcast) Name the front is at 0°, the rear is at 180°, and the left
side is at 270°. The test stand was situated such that the boundary of the 433.92 MHz Transmitter and Receiver (Smartcast)
was located 10 meters from the measuring antenna. The 433.92 MHz Transmitter and Receiver (Smartcast) was arranged on
the test stand as specified in Paragraph 4.2 herein. Care was taken during testing to relocate all system components and
cabling in an effort to maximize the emissions from the 433.92 MHz Transmitter and Receiver (Smartcast).

Excess interface cable length was draped over the back edge of the test stand. Draped cables closer than 40 ¢m to the
conducting ground plane were bundled in the center in a serpentine fashion using 40 cm lengths to maintain a 40cm height
above the ground plane.

The AC power cables of the 433.92 MHz Transmitter and Receiver (Smartcast) and non-EUT equipment did not require
bundling. The AC power cables were draped over the rear edge of the test stand and routed down to the AC mains outlet
located on top of the turntable. Excess power cable length was left on the surface of the turntable.

The antenna was located a distance of 3 Meters from the envelope of the 433.92 MHz Transmitter and Receiver (Smartcast).
The antenna was connected via coaxial cable to a broadband pre-amplifier, which in turn was connected to a spectrum
analyzer and/or CISPR compliant receiver located in the measurement equipment room. The spectrum analyzer display for
each frequency range was recorded on a graphics plotter.

Test Procedure
With the test instrumentation and the 433.92 MHz Transmitter and Receiver (Smartcast) configured as stated above, the

following steps were performed:

1. The 433.92 MHz Transmitter and Receiver (Smartcast) was arranged with cables terminated as specified
in Paragraph 4.2 herein.

2, The spectrum analyzer was configured to display the frequency range of 30 MHz to 80 MHz.

3 With the test antenna horizontally polarized, the 433.92 Mz Transmitter and Receiver (Smartcast)

cabling was relocated in order to maximize the radiated emissions.
4. The operating mode of the 433.92 MHz Transmitter and Receiver (Smartcast) was varied in order to
determine the operating mode which produced maximum radiated emissions with respect to the limit.
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Test Procedure (con’t.)

5.

10.
11.

12.

Test Results

Once the configuration, both cabling and operating mode, which produced maximum emissions was
determined the 433.92 MHz Transmitter and Receiver (Smartcast) was maintained in this configuration for
the duration of testing.

A max hold spectrum analyzer trace, trace A, was obtained with the 433.92 MHz Transmitter and
Receiver (Smartcast) operating.

The 433.92 MHz Transmitter and Receiver (Smartcast) was powered off and a max hold spectrum
analyzer trace, trace B, was obtained to denote the ambient interference levels.

The two obtained traces were analyzed in order to determine which recorded emissions were produced by
the 433.92 MHz Transmitter and Receiver (Smartcast).

At each frequency upon which an emission was determined to be from the 433.92 MHz Transmitter and
Receiver (Smartcast) the following steps were performed in order to further maximize the observed
€missions:

a. The test antenna height was varied from 1 to 4 meters.
b. The test antenna polarization was varied from vertical to horizontal.
c. The Test Sample Name was rotated 360° about its vertical axis.

The test antenna RF cable was connected to the CISPR compliant receiver.
For all emissions found to be within 20 dB of the specified limit, the following was recorded on the x-y
plot:
Frequency of emission
Quasi-Peak detector receiver meter reading.
Correction factor consisting of antenna factor, cable loss and pre-amp gain.
Test antenna height and polarization.
e. Turntable position.
Steps 6 through 11 above were repeated for the following frequency ranges: 80 to 130 MHz, 130 to 200
MHz, 200 to 500 MHz, 500 to 750 MHz and 750 MHz to 1 GHz.

po o

The 433.92 MHz Transmitter and Receiver (Smartcast) was found to comply with the requirements specified for this
method. No emissions which exceeded the specified Class B Limits of EN 55022 were observed. See the following two
data sheets for a full presentation of the results obtained. The fundamental transmit frequency (433.92 MHz) and second
harmonic (867.84 MHz) of the transmitter were exempt from the emissions requirements and are covered under the
requirements of ETST EN 300 220-3 under Retlif Test report #R-9915-3
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Test Setup Photographs
Radiated Emissions
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Test Setup Photographs
Radiated Emissions
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ANTENNA MAST

Figure RCISPR22-RE - General Test Setup Radiated Emissions
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EN Type

067 Open Area Test Site

133 Broadband Pre-Amplifier
141 Spectrum Analyzer
141A  Graphics Plotter

141B  Quasi-Peak Adaptor
206B 6.0 dB Attenuator

617 Interference Analyzer
767 Biconilog

Equipment List

EN55022 Class B Radiated Emissions, Transmitter

Manufacturer Description

Retlif 3 Meter
Electro-Metrics 10 kHz - 1 GHz, 26dB
Hewlett Packard 100 Hz - 40 GHz
Hewlett Packard N/A

Hewlett Packard 100 Hz - 1 GHz
Texscan 0-1.0GHz
Electro-Metrics 10 kHz - 1 GHz
EMCO 26 - 2000 MHz

Model No. Cal Date Due Date
RNY 09/20/2000  09/20/2003
BPA-1000 06/11/2002  06/11/2003
8566B 01/23/2003  07/23/2003
7470A 03/05/2003  03/05/2004
85650A 01/23/2003  07/23/2003
FP-50 -6 dB 06/11/2002  06/11/2003
EMC-30 08/23/2002  08/23/2003
3142B 09/03/2002  09/03/2003
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Test Method:

EN55022 Radiated Emissions, Class B, 30 MHz to 1 GHz

Customer: Techsonic Industries | Job No. | R-9915-2
Test Sample: 433.92MHz Transmitter (Smartcast)
Model No.: RF40E | serial No. | 1

Operating Mode

Continuously transmitting a pulsed 433.92MHz signal.

Test Specification

ETSI EN 301 489, Electromagnetic compatibility and Radio spectrum Matters (ERM);

Electromagnetic Compatibility (EMC) standard for radio equipment and services; Part 3. Specific conditions for

Short-Range Devices (SRD) operating og,jrﬂjencies between 9 kHz and 40 GHz.

Technician: | J. Kabacinski | Date: | May 22™ 2003
Notes: Test Distance: 3 Meters Temp: 12.0°C Humidity: 90.0%
Detector: Quasi-Peak All readings extrapolated to 10 Meters via 1/D
10 Meter 10
Antenna EUT Meter Correction Corrected Converted Meter
Test Freq. Pol /Height Orientation Reading Factor Reading Reading Limit
MHz (V/IH) / Meters Degrees dBuV dB dBuvV/M dBuV/M dBuv/M
30 30
I I
I I
I I
| |
| I
I | 1
[ [ <
230 30 E
230 37 o
[ =
| I L
i | P
O
I I @)
I I
I I
432.95 V1.0 23 22 +13.4 354 *24.9 I
434.89 V/1.0 23 22 +13.4 35.4 *24.9 I
I I
| I
I I
I |
I |
I I
I I
I l
1000 37
The frequency range was scanned from 30 MHz to 1 GHz.
The emissions observed from the EUT do not exceed the specified limits.
All emissions not recorded were more than 10dB below the specified limit.
*Band-edge measurements (tuned approximately 100kHz from band-edges)
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EN
133
141
141A
141B
160
206B
523
617
762
767

Type

Broadband Pre-Amplifier
Spectrum Analyzer
Graphics Plotter
Quasi-Peak Adaptor
Function Generator

6.0 dB Attenuator
Biconilog

Interference Analyzer
AM/FM Signal Generator
Biconilog

ENS55022 Class B Radiated Emissions, Receiver

Manufacturer
Electro-Metrics
Hewlett Packard
Hewlett Packard
Hewlett Packard
Hewlett Packard
Texscan
Electro-Mechanics
Electro-Metrics
Marconi Instru.
EMCO

Equipment List

Description

10 kHz - 1 GHz, 26dB
100 Hz - 40 GHz
N/A

100 Hz - | GHz
.0005 Hz - 5 MHz
0-1.0GHz

26 - 2000 MHz
10 kHz - 1 GHz
10kHz - 1.2 GHz
26-2000 MHz

Model No. Cal Date Due Date
BPA-1000 6/11/02 6/11/03
8566B 1/23/03 7/23/03
7470A 3/5/03 3/5/04
85650A 1/23/03 7/23/03
3310A 1/3/03 1/3/04
FP-50 -6 dB 6/11/02 6/11/03
3142B 9/20/02 9/20/03
EMC-30 8/23/02 8/23/03
2023 7/29/02 7/29/03
3142B 9/3/02 9/3/03
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Test Method: EN55022 Radiated Emissions, Class B, 30 MHz to 1 GHz

Customer: Techsonic Industries | Job No. | R-9915-2
Test Sample: 433.92 MHz Receiver (Smartcast)

Model No.: RF10E | serialNo. | e

Operating Mode

Continuously receiving a 433.92 MHz signal, pulse modulated with 100Hz at 50% duty cycle

Test Specification

ETSI EN 301 489, Electromagnetic compatibility and Radio spectrum Matters (ERM);

Electromagnetic Compatibility (EMC) standard for radio equipment and services; Part 3: Specific conditions for

Short-Range Devices (SRD) operating gryfy?equencies between 9 kHz and 40 GHz.

Technician: ’ J. Kabacinski W/ Date: | May 27th, 2003
Notes: Test Distance: 3 Meter Temp: 23.0°C Humidity: 52.0%
Detector: Quasi-Peak All readings extrapolated to 10 Meters via 1/D
f 10 Meter 10
Antenna EUT Meter Correction Corrected Converted Meter
Test Freq. Pol /Height Orientation Reading Factor Reading Reading Limit
MHz (V/H) / Meters Degrees dBuV dB dBuV/M dBuv/M dBuv/M
30 30
| |
| |
| |
183.5 V /1.0 180 10 8.1 18.1 7.6 |
| |
| _
| <
230 30 =
230 37 |5
| =
| | =
| 15
] E O
1 i
| ]
l l
E |
I |
| |
| |
I I
| I
| I
| |
| |
1000 37
The frequency range was scanned from 30 MHz to 1 GHz.
The emissions observed from the EUT do not exceed the specified limits.
The EUT was pre-scanned at a test distance of 1 Meter.
All emissions not recorded were more than 10dB below the specified limit.
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6.3 Electrostatic Discharge, EN 61000-4-2

Purpose

The purpose of this test method was to determine the ability of the 433.92 MHz Transmitter and Receiver (Smartcast) to
withstand electrostatic discharges applied directly to the 433.92 MHz Transmitter and Receiver (Smartcast) and those
applied to objects adjacent to the 433.92 MHz Transmitter and Receiver (Smartcast).

Test Parameters

The critical parameters of the electrostatic discharge generator and the applied voltage waveform are shown

below:
Adr:
Discharge Voltage: 2.0kV, 4.0kV, 8.0kV
Discharge Polarity: Positive/Negative
Discharge Rate: 1 PPS
Rise Time: 0.7 to 1 nanosecond
Pulse Duration: 20 nanoseconds
Storage Capacitor: 150 picofarads
Discharge Resistor: 330 Ohms
Contact:
Discharge Voltage: 2.0kV, 4.0kV
Discharge Polarity: Positive/Negative
Discharge Rate: 1PPS
Rise Time: 0.7 to 1 nanosecond
Pulse Duration: 20 nanoseconds
Storage Capacitor: 150 picofarads
Discharge Resistor: 330 Ohms
Test Setup

The test instrumentation and 433.92 MHz Transmitter and Receiver (Smartcast) were configured as shown in the attached
photographs and detailed in Paragraph 4.2 herein. This configuration was based upon the general test setup shown in Retlif
Testing Laboratories Drawing Number REN61000-4-2 and the requirements of EN 61000-4-2. The 433.92 MHz
Transmitter and Receiver (Smartcast) was placed on an 80 cm high wooden test stand above the test enclosure floor. The
433.92 MHz Transmitter and Receiver (Smartcast) was placed on an insulating support 0.5 mm in thickness. The insulating
support was placed on a horizontal coupling plane. The horizontal coupling plane was bonded to the earth reference plane
by means of a ground strap with two 470 kOhm series resistors, one at either end. The vertical coupling plane was
connected to the ground reference plane in the same manner. The 433.92 MHz Transmitter and Receiver (Smartcast) was
configured above the horizontal coupling plane as specified above.

Test Point Determination
The ESD generator was set to the continuous discharge mode. With the 433.92 MHz Transmitter and Receiver (Smartcast)
configured as stated above, all surfaces of the equipment were probed at a discharge rate of approximately 1 PPS in order to
determine areas on the equipment which were susceptible. After this probing and/or an engineering evaluation the test
points the test points specified on the following data sheets on the 433.92 MHz Transmitter and Receiver (Smartcast) were
selected for formal testing.

Test Procedure
With the 433.92 MHz Transmitter and Receiver {Smartcast) and test instrumentation configured as stated above, the
following steps were performed:
L. The ESD generator was configured to apply 2 kV contact discharges.
2. 10 positive contact discharges were then applied to each test point indicated in the contact discharge test
points indicated on the following data sheet at a repetition rate of 1.0 PPS.
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Test Procedure (con't.)

3. The ESD generator was configured to apply negative discharges and step 2 was repeated.
4. The output of the ESD generator was increased to 4 kV and steps 2 and 3 were repeated.
5. The ESD generator was then configured to apply 2 kV air discharges.
6. 10 positive air discharges were then applied to each test point indicated in the contact discharge test points
indicated on the following data sheet at a repetition rate of 1.0 PPS.
7. The ESD generator was configured to apply negative discharges and step 6 was repeated.
8. The output of the ESD generator was increased to 4 kV and steps 6 and 7 were repeated.
9. The output of the ESD generator was then increased to 8 kV and steps 6 and 7 were repeated.
Test Results

The 433.92 MHz Transmitter and Receiver (Smartcast) complied with the requirements specified for this test method. The
test sample did not exhibit any malfunction or degradation of performance beyond that allowed under performance criteria
specified in paragraph 9.3.3 of ETSI EN 301-489-3 when subjected to the electrostatic discharges specified above.
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Test Setup Photographs
Electrostatic Discharge
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Figure R61000-4-2 - General Test Setup Electrostatic Discharge
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EN Type
553 ESD Gun

Equipment List

EN61000-4-2; 1995 Electrostatic Discharge

Manufacturer

Schaffner

Description
N/A

Model No. Cal Date Due
NSG-435 3/15/2003 3/15/2004
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RETLIF TESTING LABORATORIES

SUSCEPTIBILITY TEST DATA SHEET

TEST METHCD |EN 61000-4-2:1995, Electrostatic Discharge
CUSTOMER [Techsonic | soB NG [Rg915-2
TEST 433,92 MHz Transmitter and Reciever (Smartcast)
SAMPLE:
MODEL No.: [Tx: RF40E_/ Rx:. RF10E | sERIALNo: [T 1/ Rx e
TEST ETSI EN 301 489-3 V1.4.1 (2002-08) Electromagnetic Compatibility and Radio Spectrum Matters (ERM),EMC Standard for radio equip.
SPECIFICATION & Services; Part 3: Short Rrange Devices between 9kHz and 40 GHz PARAGRAPH: 93
OPERATING Continuously recieving at 433.92 MHz
MODE =
S
TECHNICIAN: N. Dragottaf{*’.’--‘“ DATE: June 30, 2003
7y
NOTES The EUT was subjected to ten positive 2kV, & 4kV direct contact discharges at a rate of 1 pps at each of the test points listed below.
Temperature: 21°C Humidity: 45%
Repetition Threshold Level Test Point
Rate
PPS kv
A e 20740 Fishfinder:
| | | Receuver: (rear) -Cover mounting screws (4)
] | ]
| | | Base: -Battery compartment mounting screws (2)
I | |
| | | Transmitter: -Power contacls (2)
| | |
| | | Harizontal Coupling Plane, -Front side of EUT
| | | -Left side of EUT
| | | -Right side of EUT
| ] | -Rear side of EUT
I ] |
| | | Vertical Coupling Plane, -Front side of EUT
| | | -Left side of EUT
\ \ Vv -Right side of EUT
1.0 mmmmmrmmeaaaan 2.0/4.0 -Rear side of EUT

performance criteria of paragraph 9.3.3 of ETSI EN 301 489 V1.4.1 (2002-08), as defined by the manufacturer.

The test sample did not exhibit any malfunction or degradation of performance beyond the tolerances specified by

NOTE - All frequencies within the range of the test were scanned for malfunction or degradation of performance,

DATA SHEET

[1]or[2]
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======= RETLIF TESTING LABORATORIES

SUSCEPTIBILITY TEST DATA SHEET

AL

TEST METHOD |EN 61000-4-2:1995, Electrostatic Discharge |
CUSTOMER: [Techsanic | JOB No.: [R-9815-2 |
TEST 433.92 MHz Transmitter and Reciever (Smartcast)
SAMPLE:
MODEL No - [Tx RF40E 7 Rx: RF10E | SERIALNa: [Tx 1 / Rx e |
TEST ETSI EN 301 489-3 V1.4.1 (2002-08) Electromagnetic Compatibility and Radio Spectrum Matters (ERM);EMC Standard for radio equip.
SPECIFICATION & Services; Part 3: Short Rrange Devices between 9kHz and 40 GHz PARAGRAPH: 9.3
OPERATING Continuously recieving at 433.92 MHz
MODE
TECHNICIAN: N. Dragotta DATE: June 30, 2003
NOTES: The EUT was subjected to ten positive 2KV, & 4kV direct air discharges at a rate of 1 pps at each of the test points listed below.
Temperature: 21°C Humidity: 45%
Repetition Threshold Level Test Point
Rate
PPS kv
1.0 - 20/40 Fishfinder:
| | Receiver: -Cover seam ( 4 sides )
| | (front) -Display panel seam;_inner ( 4 sides )
| ] outer (4 sides)
| | -Buttons; Power/Menu
| I Scroll up
| | Scrall down
| | {rear) -Power input connector
] |
| | Base: -Swivel Jack knob
| | -Battery compartment seam
\ v \i
1.0 AR 2.0/ 4.0 Transmitter: -Cover seam

CONFDENT

The test sample did not exhibit_any malfunction or degradation of performance beyond the tolerances specified by

performance criteria of paragraph 9.3.3 of ETSI EN 301 489 V1.4.1 (2002-08), as defined by the manufacturer.

NOTE - All frequencies within the range of the test were scanned for malfunction or degradation of performance.

DATA SHEET OF : R-9915-2




6.4 Radiated Immunity, EN 61000-4-3

Purpose

The purpose of this test method was to determine if the 433.92 MHz Transmitter and Receiver (Smartcast) was so
constructed as to have an adequate level of intrinsic immunity to radiated electromagnetic fields in the frequency range of 80
to 1000 MHz, enabling the 433.92 MHz Transmitter and Receiver (Smartcast) to operate as intended.

Test Parameters
The critical parameters of the applied electromagnetic field are as shown below:

Frequency Range 80 to 1000 MHz 1.4 GHz to 2.0 GHz
Field Strength 3IV/IM 3V/M

Modulation 1kHz, 80%, AM 1kHz, 80%, AM

Test Distance 2 Meters 1 Meter

Polarization of Applied Field Horizontal & Vertical Horizontal & Vertical

Test Setup
The test instrumentation and 433.92 MHz Transmitter and Receiver (Smartcast) were configured as shown in the attached

photographs and detailed in Paragraph 4.2 herein. This configuration was based upon the general test setup shown in Retlif
Testing Laboratories Drawing Number R61000-4-3 and the requirements of EN 61000-4-3. The 433.92 MHz Transmitter
and Receiver (Smartcast) was placed on an 80 c¢m high wooden test stand above the test enclosure floor. The cabling of the
433.92 MHz Transmitter and Receiver (Smartcast) was routed to the edge of the 1.5 by 1 meter test stand top, then directly
to the enclosure floor. If necessary, lossy ferrite tubes were placed around the Input/Output cables prior to entering the
support room, in order to absorb RF. The field strength generating antenna was placed at a distance of two meters from the
periphery of the 433.92 MHz Transmitter and Receiver (Smartcast) and the associated cabling. An RF signal generator was
connected to the input of the RF power amplifier. The output of the RF power amplifier was connected to an RF coupler
which in turn was connected to the test antenna. A power meter was connected to the forward power port of the RF coupler.
The RF signal generator and power meter were connected to an automation computer in order to maintain the required field
strength during testing.

The test enclosure ceiling, walls and portions of the floor were treated with a mixture of ferrite tile and carbon impregnated
foam absorber.

Prior to testing, the field was calibrated as specified in paragraph 6.2 of EN61000-4-3;1997. A uniform area, 1.5 M x 1.5
M, 80 cm above the ground plane, was established. Sixteen (16) evenly spaced calibration points were assigned within the
1.5 M x 1.5 M grid. The field was calibrated in both the Vertical and Horizontal polarizations in one percent steps in the
frequency range of 80 MHz to 1000 MHz. The field was considered uniform if 12 of 16 points (75%) were within - 0dB to
+ 6 dB of nominal. Additionally, three percent of the frequencies were allowed to be within - 0 dB te + 10 dB of nominal.
The following seven frequencies were found to be within this three percent window for the vertical polarization: 97.62 MHz,
98.59 MHz, 99.58 MHz, 100.57 MHz, 101.58 MHz & 102.59 MHz, for the horizontal polarization: 136.92 MHz. All other
frequencies met the - 0 dB to + 6 dB criteria.

Test Procedure
With the 433.92 MHz Transmitter and Receiver (Smartcast) configured as described above, the following steps were

performed:
1. The biconilog test antenna was horizontally polarized facing the front of the 433.92 MHz Transmitter and
Receiver (Smartcast).
2. The signal generator was adjusted for a frequency of 80 MHz and 80 % AM 1 kHz modulation.
3. The output level of the generator was increased until the power meter measured 3 V/M.
4. The automation computer was programmed to incrementally sweep the frequency range of 80 to 1000

MHz in step sizes not exceeding 1% of the fundamental.
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Test Procedure (con't.)

5.

6.

7.
8.

9.

Test Results

The field strength, as measured on the power meter, was continuously adjusted as necessary by the
automation computer to maintain the test level at 3 V/M utilizing the power meter readings obtained
during calibration.

The 433.92 MHz Transmitter and Receiver (Smartcast) was continuously monitored for degradation or
malfunction as specified in paragraph 5.2.

The biconilog antenna was vertically polarized and steps 2 through 6 were repeated.

Steps 1 through 7 were repeated for the 1.4 GHz to 2.0 GHz range with the double ridge guide antenna at
3 VM.

Steps 1 through 8 were repeated on each of the rear, left and right sides of the test sample.

Throughout the test range, it was observed that the device indicated a “fish alarm” and the display showed fish on the
screen. However, this was deemed to be an acceptable response by the manufacturer. The frequency range of 419 MHz to
449MHz was considered to be the exclusion band (434 MHz +/- 15 MHz). Any responses which were experienced within
this band were not considered as sign of susceptibility.

After the modifications described in paragraph 4.4 herein were performed, the 433.92 MHz Transmitter and Receiver
(Smartcast) complied with the requirements specified for this test method. The test sample did not exhibit any malfunction
or degradation of performance beyond that allowed under performance criteria specified in paragraph 9.2.3 of ETSI EN
301-489-3 when subjected to the radiated electromagnetic energy specified above. See the following two data sheets for a

complete presentation of test results.
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Test Setup Photographs
Radiated Immunity
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Figure R61000-4-3 - Radiated Immunity
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EN
128
224
224A
224B
523
536
574
648
649
651A
709
711
742

750
794

Equipment List

EN61000-4-2; 1997, Radiated Susceptibility 80MHz to 1GHz, 1.4 GHz to 2 GHz

Type
Double Ridged Guide

Shielded Enc. (24x20x12)
Shielded Enc. (8x12x12)
Shielded Enc. (8x8x12)

Biconilog

Isotropic Field Monitor
AM/FM Signal Generator

Power Meter
Power Sensor

High Power Dir Coupler

Automation Computer
Microwave Sweeper
Amplifier

High Field Camera
Isotropic Field Probe

Manufacturer
Electro-Mechanics
Universal Shielding
Universal Shielding
Universal Shielding
Electro-Mechanics
Amplifier Research
Marconi Instru.
Boonton Electronics
Boonton Electronics
Werlatone Inc.
ECS.Inc.
Gigatronics
Amplifier Research

ASM Products
Amplifier Research

Description

1 GHz - 18 GHz
100dB, 14kHz -
1004B, 14kHz -
100dB, 14kHz -

26 - 2000 MHz

10 kHz - 100 GHz
9kHz-2.4 GHz

10 kHz - 100 GHz

10 kHz - 8 GHz
.01-1000 MHz/200W
150 MHz Pentium
500 MHz - 20 GHz
80 - 1000 MHz/250W

Video Camera
80 MHz - 40 GHz

Model No.
3105

1

1A

1B

3142B
FP2000

2024

4232A
51011-EMC
C5571
11779023
GT90008/.5-20
250W 1000

HFC-200
FP2080

Cal Date Due
6/13/2003 6/13/2004
3/31/2003 3/31/2004
3/31/2003 3/31/2004
3/31/2003 3/31/2004
9/20/2002 9/20/2003
3/10/2003 3/10/2004
7/22/2002 7/22/2003

1/8/2003 1/8/2004
11/25/20021/25/2003
3/4/2003 3/4/2004

10/17/20020/17/2003
2/8/2003 2/8/2004

3/31/2003 3/31/2004
4/29
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RETLIF TESTING LABORATORIES

SUSCEPTIBILITY TEST DATA SHEET

TEST METHOD: IEN 61000-4-3: 1997, Radiated [mmunity Retest (80 MHz to 1000 MHz)
CUSTOMER: [Techsonic | JOB No. |R-9915-2
TEST 433.92 MHz Reciever (Smartcast)
SAMPLE:
MODEL No.: [Tx RF40E / Rx RF1CE | SERIALNo: [T 1 / Rx e
TEST ETSI EN 301 489-3 V1.4.1 (2002-08) Electromagnetic Compatibility and Radio Spectrum Matters (ERM); Electromagnetic Compatibility
SPECIFICATION standard for radio equipment and services. PARAGRAPH: 9.1
OPERATING Continuously recieving a simulated transmission at 433.92 MHz
MODE e
e
TECHNICIAN: T.Schneider o Z g DATE June 19, 2003
i
NOTES: The indicatéd frequency range was stepped at a maximum rate of 1% of the fundamental frequency. The front & rear sides of the
EUT were tested facing the test antenna. Temperture: 24° C. Humidity: 44%
Test Threshold Limit Antenna Modulation
Frequency Polarization
MHz Volts/imeter
80.0 | -meeeemeemee 3 Vertical & Horizontal 1 kHz AM, 80%
| | | ]
| | | |
| | l |
| | I |
| | | |
| | | |
| | | ]
| | | |
| | I |
| | | |
| | | |
| | I |
] | | ]
| | | |
| | J |
| | ! |
| | | |
| | | |
| | | |
| | ! |
| | | |
l | | |
| | | |
| | | ]
| | | |
| | | |
| | | ]
| | | |
| | | |
| | ! |
| | | |
| | | |
| | I |
l | | ]
I | I |
| | I |
| | | !
I | | ]
I | ] |
v v \ v
1,000 3 Vertical & Horizontal 1 kHz AM, 80%
The test sample did not exhibit any malfunction or degradation of performance beyond the tolerances specified by |
performance criteria of paragraph 9.2.3 of ETSI EN 301 489 V1.4.1 (2002-08), as defined by the manufacturer.

NOTE - All frequencies within the range of the test were scanned for malfunction or degradation of performance.

DATA SHEET

[1]or[2]

R-9915-2

AT
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=== RETLIF TESTING LABORATORIES

TEST METHOD:

SUSCEPTIBILITY TEST DATA SHEET

IEN 61000-4-3: 1997, Radiated Immunity Retest {80 MHz to 1000 MHz)

L IL |

CUSTOMER: [Techsonic | soB No- |R-g915-2
TEST 433.92 MHz Reciever (Smartcast)
SAMPLE:
MODEL No.: [Tx: RF40E  / Rx: RF10E | SERIALNO: |1 / Rx e |
TEST ETSI EN 301 489-3 V1.4.1 (2002-08) Electromagnetic Compatibility and Radio Spectrum Matters (ERM); Electromagnetic Compatibility
SPECIFICATION: standard for radio equipment and services. PARAGRAPH: 9.1
OPERATING Continuously recieving a simulated transmission at 433,92 MHz
MODE:
TECHNICIAN: N. Dragotta DATE: June 30, 2003
NOTES The indicated frequency range was stepped at a maximum rate of 1% of the fundamental frequency. The front & rear sides of the
EUT were tested facing the test antenna. Temperture: 21° C. Humidity: 47%
Test Threshold Limit Antenna Modulation
Frequency Polarization
GHz Volts/meter
1.4 et 3 Vertical & Horizontal 1 kHz AM, 80%
| | ] | |
| | | | |
| ] ] | |
| | ] | !
| | ] | |
\ | I | |
| | | | |
I | | ] 1
I | | 1 ]
\ | | I !
| | | | |
L | | ] 1
| | | ! |
| | | ] ]
] | | | 1
| | | ] ]
| | | 1 ]
] | | ] ]
] | | | ]
| | l | ]
| | | | ]
] | | I ]
] | | I |
1 | | I ]
] | | | ]
| | | | |
v Y] Y vV v
I 3 Vertical & Horizontal 1 kHz AM, 80%

The test sample did not exhibit any malfunction or degradation of performance beyond the folerances specified by

performance criteria of paragraph 9.2.3 of ETSI EN 301 489 V1.4.1 (2002-08), as defined by the manufacturer.

NOTE - All frequencies within the range of the test were scanned for malfunction or degradation of performance.

DATA SHEET OF R-9915-2
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We certify that this report is a true report of the results obtained from the tests

ofthe equipment stated. We further certify

that the measurements shown in this report were made in accordance with the procedures indicated and vouch for the

qualifications of all Retlif Testing Laboratories personnel taking them.
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EMC Test Engineer
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The testing services have been performed, findings obtained, and reports prepared in accordance with generally accepted testing laboratory principles

and practices. This warranty is in lieu of all other warranties, either express or implied.

NON-ENDORSEMENT

This test report contains only findings and results arrived at after employing the specific test procedures and standards listed herein. Itis not intended
to constitute a recommendation, endorsement, or certification of the product or material tested. This report must not be used by the client to claim

product endorsement by NVLAP or any agency of the U.S. Government.
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1.0 Scope

This test report documents the methods used in measuring the emissions produced by a 433.92 MHz
Transmitter and Receiver (Smartcast), manufactured by Techsonic Industries. This report further serves to fully
record the details of the sample tested including all interconnecting cables and support equipment. The
objective of this test report is to demonstrate compliance of the 433.92 MHz Transmitter and Receiver
(Smartcast) to the requirements for a short range device as outlined in ETSI EN 300 220-3 V1.1.1(2000-09).

2.0 Applicable Documents

The following documents form a part of this test report to the extent specified herein:

RCMO01
RQMO001

ANSI/NCSL Z-540

MIL-STD-45662A

ETSI EN 300 220-1
V1.3.1 (2000-09)

ETSI EN 300 220-3
V1.1.1 (2000-09)

3.0 General Requirements

3.1 Test Environment

- Retlif Testing Laboratories Calibration Manual.
- Retlif Testing Laboratories Quality Assurance Manual.

- Calibration Laboratories and Measuring and Test Equipment - General
Requirements.

- Calibration System Requirements.

Electromagnetic compatibility and Radio spectrum Matters (ERM); Short Range
Devices (SRD); Radio equipment to be used in the 25 MHz to 1000 MHz
frequency range with power levels ranging up to 500 mW; Part 1. Technical
characteristics and test methods.

Electromagnetic compatibility and Radio spectrum Matters (ERM); Short Range
Devices (SRD); Radio equipment to be used in the 25 MHz to 1000 MHz
frequency range with power levels ranging up to 500 mW; Part 3: Harmonized EN
covering essential requirements under article 3.2 of the R&TTE Directive.

All testing was performed according to each methods individual requirements. Each test method outlined
herein describes the individual environment in which testing was performed. Both the conducted and radiated
emissions tests described herein were performed by Retlif Testing Laboratories which is a NIST/NVLAP
accredited facility. All radiated emissions testing was performed on a CISPR Compliant Open Area Test Site

(OATS).

3.1.1 Radiated Emissions

3.1.1.1 Preliminary
Preliminary radiated measurements were performed in a shielded enclosure.

3.1.2.2 Formal

Formal radiated emissions testing was performed on an open area test site (OATS). The test
site measured 12 m x 20 m and was covered with a conducting ground plane constructed of
one quarter inch ground cloth. The equipment under test was placed in an RF transparent
enclosure on top of a 1.2 meter diameter, flush mounted, metallic turntable. The test site
met the test site attenuation requirements specified in CISPR 16:1997 throughout the range
of measurement frequencies.
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3.2 Test Instrumentation
All test equipment utilized in determining compliance with the requirements specified herein was calibrated
prior to use in accordance with the procedures and standards set forth in Retlif Testing Laboratories standard
manuals RCM001, RQMO001 and in ANSI/NCSL Z-540. See each test method for a full listing of test
equipment utilized.

3.2.1 Grounding of Measuring Instrument
Interference measuring instruments were physically grounded with only one connection. When an
antenna was used, the measuring instrument was connected to ground with only the power ground cord
(green wire).

3.2.2 Measurement Accuracy
The accuracy of all measurements was as follows:
Frequency Accuracy: +/- 2% Amplitude Accuracy: +/- 2 dB
Temperature Accuracy: +2°C

3.3 Emissions Testing
3.3.1 Ambient Interference Levels

Ambient interference levels were at least 6 dB below the specified limit for conducted emissions. For

radiated emissions, the ambient levels were verified. If the ambient was within 6 dB of the specified

limit the following procedure was performed:

1. The device was pre-screened in a shielded enclosure to determine its spectral content.

2, When measuring on OATS, if the ambient interference level was less than 6 dB below the
limit, the measurement antenna was moved closer to the equipment under test. The
measurement was then taken and measurement was extrapolated out to the desired test
distance using a 1/D extrapolation factor.

3.3.2 Detector Function
For the conducted and radiated emissions testing described herein a Peak detector or Quasi-Peak
function was utilized as specified in ETSI EN 300 220-3 V1.1.1(2000-09).

3.3.3 Measurement Frequencies
The entire frequency range for each applicable test method was scanned. All frequencies with
emissions within 20 dB of the specified limit were recorded.

4.0 Test Sample Description

4.1 General

The EUT was a 433.92 MHz Transmitter and Receiver (Smartcast), manufactured by Techsonic Industries. The 433.92
MHz Transmitter was powered by 3 VDC derived from a lithium battery and the Receiver was powered by 12 VDC
derived from 8 “AA” batteries. The 433.92 MHz Transmitter and Receiver (Smartcast) measured, weighed and consisted
of the following:

Description Manufacturer Model No. | Serial No. Measurements
433.92 MHz Transmitter Techsonic RF40E 1 7em x Sem x 4em, weight 0.1
433.92 MHz Ash Receiver Techsonic RF10E e 24cm x 16cm x 15¢m, weight 0.4
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4.2 Port Configurations and Input/output Cables
Not applicable.

4.3 Modifications
No modifications were made to the 433.92 MHz Transmitter and Receiver (Smartcast) during the course of this
testing program in order to ensure its compliance.

5.0 Test Sample Parameters

3.1 Mode of Operation
During testing, the Transmitter was continuously transmitting as specified in each applicable test method.
During testing, the Receiver was continuously receiving a 100 Hz, Square Wave, 50% Duty Cycle pulsed signal
from a signal generator in order to lock up the Ash Receiver.

5.1.1 Support Equipment
The 433.92 MHz Transmitter and Receiver (Smartcast) utilized no support equipment in order to
achieve the above operating state during the course of this testing program.

CONEINENTIAL

COINTIIToDET Vv rirye

r.® Retlif Testing Laboratories

Test Report Number R-9915-3

Page 3 of 52



Figure 1
Block Diagram

433,92 MHz TRANSMITTER BLOCK DIAGRAM
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6.0 Test Methods Performed

6.1 Test Method Summary

The tests outlined in the table below were performed in accordance with the requirements of ETSI EN 300 220-

3 V1.1.1(2000-09):1995:

Retlif ETSI Test Method Frequency Range Results
Paragraph | Paragraph
6.2 4.1.1 Frequency Error, Transmitter 433.050 MHz- 434.070 MHz Catipiied
6.3 4.1.3 Effective Radiated Power (ERP),
Fundamental and Spurious Radiation 433.050 MHz - 434.790 MHz Complied
(EIRP), Emissions, Transmitter
6.4 4.1.9 Frequency Stability, Transmitter 433.050 MHz - 434.070 MHz Complied
6.5 4.1.10 Duty Cycle N/A N/A
6.6 42.1 Spurious Radiation, (EIRP), Receiver 25 MHz - 4.33 GHz Complied

See individual test methods contained in paragraphs 6.2 through 6.6 of this test report for a full description of
the test procedures utilized and the results obtained.
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6.2 Frequency Error Under Normal and Extreme Conditions, 433.050 MHz To 434.070 MHz, Transmitter

Purpose

The purpose of this test was to determine the magnitude of the radio frequency emissions emanating from the 433.92
MHz Transmitter (Smartcast) in the allowed frequency band of 433.050 MHz- 434.070 MHz at normal and extreme test
conditions.

Test Limits
The parameters shown in the table below were used to determine 433.92 MHz Transmitter (Smartcast) compliance.

Frequency Error Limit: + 100 ppm of Highest Frequency in Band = 100 ppm of 434.070 MHz = + 43.4 kHz.

Test Extremes

Temperature Battery Voltage
-10°C 3.0 VDC (Normal)
+55°C 2.55 VDC (85% Battery)

2.40 VDC (Manufacturer's
declared Battery end point)

Test Setup
The 433.92 MHz Transmitter (Smartcast) was configured as shown in the attached photograph. This configuration was

based on the test setup shown in Retlif Testing Laboratories Drawing No. R15107A-CE. The test sample was placed
in a temperature chamber and connected to a spectrum analyzer via an RF Probe. With the test sample configured as
stated above the following was performed:

L. The temperature chamber was lowered to lowest test extreme of -10°C with the EUT
battery set at normal level (3.0 VDC).
2. The spectrum analyzer was adjusted so that it displayed at least 1 MHz below the lowest frequency
and 1 MHz above the highest frequency of the assigned frequency band of 433.050 MHz to 434.070
MHz.
The spectrum analyzer was used to record the center transmit frequency.
Steps 2 and 3 were repeated with the EUT Battery set at 85% (2.55 VDC).
Steps 2 through 4 were repeated with the EUT Battery set to 2.4 VDC (Battery end point).
Steps 2 through 5 were repeated with the temperature adjusted to ambient conditions (23°C).
Steps 2 through 5 were repeated with the temperature adjusted to the highest extreme (+55°C).

oS B R

Test Results

The Frequency Error limits specified in ETSI EN 300 220-3 were not exceeded and the 433.92 MHz Transmitter
(Smartcast) was found to comply with the requirements specified for this method. See the following single data sheet
for a full presentation of the results obtained.
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Test Photograph
Frequency Error Under Normal and Extreme Conditions
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EN
159
520D
696
7016
810

Equipment List

Paragraph 4.1.1 Frequency Error Under Normal and Extreme Conditions

Type Manufacturer
Frequency Counter Leader
Digital Multimeter Wavetek

BK Precision
Hewlett Packard

DC Power Supply
EMC Analyzer

Temperature Chamber Tenney Engineering

Description
10 Hz - 1 GHz
N/A

30V/3A

9kHz - 1.8GHz
-40 t0 100 deg C

Model No. Cal Date Due Date
LDC-825 9/13/02 9/13/03
DM25XT 10/14/02 10/14/03
1730 8/2/02 8/2/03
8591EM 5/25/03 6/25/03
T5S-5 10/14/02 10/14/03
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RETLIF TESTING LABORATORIES

IAL

CONFDENT

TABULAR DATA SHEET
TEST METHOD lFrequency Error Under Normal and Extreme Conditions J
CUSTOMER: [Techsonic Industries | J0BNo [rRg915-3 ]
TEST 433.92 MHz Transmitter (Smartcast) '
SAMPLE _
MODEL No - [RF40E | sERIAL NG [cw |
TEST ETSI EN 300 220-3 V1.1.1 (2000-09) Electromagnetic compatibility and Radio spectrum matters(ERM); Short Range Devices(SRD),
SPECIFICATION Radio Equipment to be used in the 25 MHz to 1000 MHz. . . Part 2 PARAGRAPH: 411
OFPERATING Transmitter continuously transmitting a 433.9 MHz Continuous Wave signal.
MODE: ~
A
TECHNICIAN: T. Schneider 74" | DATE: June 5, 2003 |
Fi
NOTES Deviation Limitfis +/- 100 Parts Per Million (PPM) of the maximum frequency of the assigned band (434.070 MHz) for wideband
equipment; Uimit = +/- 43.407 kHz
r
Test Test Test Condition Transmitter Center Frequency Deviation Limit Test Result
Voltage Temperalure Frequency Deviation
vDC G Normal/Extreme MHz kHz kHz Pass/Fail
+-43.4
3.00 23.0 Normal T & 433.9608 0.0 | Pass
Normal V |
|
2.55* 23.0 Normal T & 433.9597 -1.1 | Pass
Low V |
|
2.40% 23.0 Normal T & 433.9593 -1.5 | Pass
Low V |
|
|
3.00 -10.0 Extreme Low 433.9426 -18.2 | Pass
T & Normal V |
|
2.55% -10.0 Extreme Low 433.9416 -19.2 | Pass
T&lLowV |
|
2.40% -10.0 Extreme Low 433.9408 -20.0 | Pass
T&LowV |
|
|
|
3.00 +55.0 Extreme High 433.9356 -25.2 | Pass
T & Normal V |
|
2.55* +55.0 Extreme High 433.9388 -22.0 | Pass
T&LowV |
|
2.40* +55.0 Extreme High 433.9403 -20.5 \ Pass
T&LowV +/- 43.4
*= This value is 0.85 multiplied by the nominal battery voltage (3.0 VDC) for lithium type batteries
**= | ower extreme hattery voltage as declared by the manufacturer

DATASHEET [ 1 ] OF R-9915-3




6.3 Effective Radiated Power, Fundamental and Spurious Case, Transmitter

Purpose
The purpose of this test was to determine the magnitude of the radio frequency emissions emanating from the 433.92
MHz Transmitter (Smartcast) via radiation from the antenna, the enclosure and connected cabling in the frequency

range of 150 kHz to 4 GHz.

Test Limits
The limits shown in the table below were used to determine 433.92 MHz Transmitter (Smartcast) compliance:

Paragraph 4.1.3: Fundamental Emissions
Transmit Frequency Limit
433.050 MHz to 434.790 MHz 10 milliwatts
Paragraph 4.1.8: Spurious Emissions
47 MHz to 74 MHz
State 87,5 MHz to 118 MHz Other frequencies Frequencies above
4 174 MHz to 230 MHz below 1,000 MHz 1,000 MHz
470 MHz to 862 MHz
Operating 4 nW 250 nW 1uW
Test Setup

The 433.92 MHz Transmitter (Smartcast) was configured as shown in the attached photograph. This configuration
was based on the test setup shown in Retlif Testing Laboratories Drawing No. R15109A-RE. The test sample was
placed on an 1.5 m high wooden test stand above the ground plane of the shielded enclosure for preliminary
measurements and the FCC listed OATS for final measurements. The rear of the test sample, including peripherals,
was aligned and flush with the rear of the test stand. The test stand was placed directly on the flush mounted turn
table. The turn table positions were relative to the test sample as follows: When facing the 433.92 MHz Transmitter
(Smartcast) the front is at 0°, the rear is at 180°, and the left side is at 270°. The test stand was situated such that the
boundary of the test sample was located 3 meters from the measuring antenna.

The 433.92 MHz Transmitter (Smartcast) was arranged on the test stand in accordance with the manufacturers
instructions. Care was taken during testing to relocate all system components and cabling in an effort to maximize
the emissions from the test sample. Excess interface cable length was draped over the back edge of the test stand.

If any draped cable extended closer than 40 cm to the conducting ground plane, the excess was bundled in the center
in a serpentine fashion using 40 cm lengths to maintain the 40 cm height. If the cable(s) could not be bundled due
to bulk, length, or stiffness, they were draped over the back edge of test stand unbundled, but in such a way that all
portions of the interface cable remained at least 40 cm from the horizontal conducting ground plane. The AC power
cable(s) were draped over the rear edge of the test stand and routed down to the AC mains.

Test Procedure
With the test instrumentation and the 433.92 MHz Transmitter (Smartcast) was configured as stated above, the

following steps were performed in accordance with ETSI EN 300 220-3(2001-09):

L. The 433.92 MHz Transmitter (Smartcast) was arranged with cables terminated as specified in
Paragraph 4.2 herein.

2 The spectrum analyzer was configured to display the frequency of 433.92 MHz.

3. With the test antenna vertically polarized, the 433.92 MHz Transmitter (Smartcast) cabling was

relocated in order to maximize the radiated emissions.
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Test Procedure (con’t.)

4.

5

10.
11.

12.

12.

Test Results

The operating mode of the 433.92 MHz Transmitter (Smartcast) was varied in order to determine
the operating mode which produced maximum radiated emissions with respect to the limit.

Once the configuration, both cabling and operating mode, which produced maximum emissions
was determined the 433.92 MHz Transmitter (Smartcast) was maintained in this configuration for
the duration of testing.

A max hold spectrum analyzer trace, trace A, was obtained with the 433.92 MHz Transmitter
(Smartcast) operating.

The 433.92 MHz Transmitter (Smartcast) was powered off and a max hold spectrum analyzer
trace, trace B, was obtained to denote the ambient interference levels.

The two obtained traces were analyzed in order to determine which recorded emissions were

produced by the 433.92 MHz Transmitter (Smartcast).
At each frequency upon which an emission was determined to be from the 433.92 MHz

Transmitter (Smartcast) the following steps were performed in order to further maximize the
observed emissions:

a. The test antenna height was varied from 1 to 4 meters.

b. The test antenna polarization was varied from vertical to horizontal.

E: The 433.92 MHz Transmitter (Smartcast) was rotated 360° about its vertical
axis.

The test antenna RF cable was connected to the CISPR compliant receiver.
For all emissions found to be within 20 dB of the specified limit, the following was recorded on

the x-y plot:
a. Frequency of emission
b. Peak detector receiver meter reading.
c. Correction factor consisting of antenna factor, cable loss and pre-amp gain.
d. Test antenna height and polarization.
e. Turntable position.
For each emission which was measured in steps 3 through 11 above, the following was performed:
a. The 433.92 MHz Transmitter (Smartcast) was replaced by a signal generator
and dipole antenna.
: Steps 9 through 11 were repeated.
c. Once maximized the signal generator level was changed until the meter reading
matched that of the 433.92 MHz Transmitter (Smartcast).
d. The output of the signal generator was recorded.
e. The level obtained in step d adjusted for any antenna gain/loss.
f. The effective radiated power was considered to be the result in step e above.

Steps 6 through 11 above were repeated for the following frequency ranges: 150 kHz to 25 MHz,
25 MHz to 80 MHz, 80 to 130 MHz, 130 to 200 MHz, 200 to 500 MHz, 500 to 750 MHz, 750
MHz to 1 GHz, 1 GHz to 2 GHz and 2 to GHz to 4.34.

No emissions which exceeded the specified Effective Radiated Power limits were observed and the 433.92 MHz
Transmitter (Smartcast) was found to comply with the requirements specified for this method. See the following
two data sheets for a full presentation of the results obtained.
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Test Photographs
Transmitter, Effective Radiated Power (ERP)
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ANTENNA MAST

Figure R15109A-RE
Radiated Emissions
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EN
067
133
141
141A
141B
206B
385
385A
385B
451A
451B
451C
617
654
767

ETSI EN 300 220-3 V1.1.1 Paragraph 4.1.3 Effective Radiated Power

Type
Open Area Test Site

Broadband Pre-Amplifier

Spectrum Analyzer
Graphics Plotter
Quasi-Peak Adaptor
6.0 dB Attenuator
Sweep Oscillator
Signal Generator
Signal Generator
Tuned Dipole Antenna
Tuned Dipole Antenna
Tuned Dipole Antenna
Interference Analyzer
Attenuator

Biconilog

Manufacturer
Retlif
Electro-Metrics
Hewlett Packard
Hewlett Packard
Hewlett Packard
Texscan
Hewlett Packard
Hewlett Packard
Hewlett Packard
Empire Devices
Empire Devices
Empire Devices
Electro-Metrics
Weinschel
EMCO

Equipment List

Description

3 Meter

10 kHz - 1 GHz, 26dBb
100 Hz - 40 GHz
N/A

100 Hz - | GHz
0-1.0GHz

1.0 - 18.0 GHz
2.0-18.6 GHz
.01-2.4GHz

30 - 140 MHz
140 - 400 MHz
400 - 1000 MHz
10 kHz - 1 GHz

26 -2000 MHz

Model No. Cal Date Due Date
RNY 9/20/00 9/20/03
BPA-1000 6/11/02 6/11/03
3566B 1/23/03 7/23/03
7470A 3/5/03 3/5/04
85650A 1/23/03 7/23/03
FP-50-6dB 6/11/02 6/11/03
8620C 3/31/03 3/31/04
86290B 3/31/03 3/31/04
86222B 3/31/03 3/31/04
DM-105-T1 8/8/00 8/8/03
DM-105-T2 8/8/00 8/8/03
DM-105-T3 8/8/00 8/8/03
EMC-30 8/23/02 8/23/03
AF117A-69-11 3/13/03 3/13/04
3142B 9/3/02 9/3/03
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Test Method: ETSI EN 300 220-3 V1.1.1, Paragraph 4.1.3 Effective Radiated Power
Customer: Techsonic Industries | Job No. | 9915-3
Test Sample: 433 92 MHz Transmitter (Smartcast)
Model Number: RF40E | Serial No. | 1

Operating Mode: Continuously transpitting a pulsed 433.92 MHz signal.
Technician: ], Kabacinski Date: [ May 22nd, 2003
Test Distance: 3 Meters / Temperature: 12.0°C
Detector Function: Peak Humidity: 90.0%
Antenna ; y Meter Signal Gain Above Converted -
Frequency Position Orientation Readings | Generator Isotropic ERP Readings Lty
MHz (V/H)/Meters Degrees dBuv dBm dBi dBm mWw mW
433.9 V/2.0 90 87.9 -10.2 +2.2 -8.0 0.160 10
433.9 H/1.8 248 74.1 -26.2 +2.2 -24.0 0.004 10

The EUT was placed on a tabletop, and the radiated output level was measured with a biconilog antenna.

After the level was maximized, the EUT was replaced with a dipole antenna and a signal generator.

The level of the generator was raised until it matched the recorded from the EUT and this plus the antenna gain

was considered the output power.

Data Sheet 1 of 1

CONFIDENTIAL

®
&

Retlif Testing Laboratories

Retlif Job No. R-9915-3




Test Method:
Customer:

Test Sample:
Model Number:
Operating Mode:
Technician:

ETSI EN 300 220-3 V1.1.1 Paragraph 4.1.8 Spurious Emissions 150kHz — 4GHz

Techsonic Industries j Job No. | R-9915-3
433,92 MHz Transmitter (Smartcast)
RF40E | Serial No. | 1

Continuously trangmitting a pulsed 433.92 MHz signal.

J. Kabacinski Cr‘/

Date:

| May 22nd, 2003

Test Distance: 3 Meters Temperature: 12.0°C
Detector Function: Peak Humidity: 90.0%
Antenna ; . Meter Signal Gain Above Converted | ., .. .
FregueEncy Position Orientation Readings | Generator Isotropic ERE Readings Limits
MHz (V/H)/ Meters Degrees dBuv dBm dBi dBm nW nW
0.15 250
| \
867.8 V1.0 135 48.0 -42.5 +2.2 -40.3 93.0 |
867.8 H/ L1 248 39.0 -49.5 +2.2 -47.3 19.0 |
l |
1000 250
1000 1000
| 1
1301.8 V/1.5 225 47.5 -62.0 +7.32 -54.7 3.4 |
1301.8 H/1.0 293 51.5 -57.0 +7.32 -49.7 10.7 |
1
1735.7 V/1.0 248 44.9 -62.0 +8.8 -53.2 4.8 |
1735.7 H/1.0 270 46.0 -62.0 +8.8 -53.2 4.8 |
1
2169.6 Vi1l 45 53.9 -52.0 +9.4 -40.6 *87:1 |
2169.6 H/1.0 180 43.0 -51.0 +9.4 -41.6 *69.2 |
|
2603.5 V/1.0 180 43.0 -51.0 +9.6 -41.4 *72.4 |
2603.5 H/1.0 180 43.0 -51.0 +9.6 -41.4 *72.4 |
|
3037.4 V/1.0 180 44.0 -51.0 +9.4 -41.6 *69.2 |
30374 H/1.0 180 44.0 -51.0 +9.4 -41.6 *69.2 |
|
3471.4 V/1.0 180 42.0 -51.0 +9.5 -41.5 *70.8 |
3471.4 H/1.0 180 42.0 -51.0 +9.5 -41.5 *70.8 |
|
3905.3 V/1.0 180 41.0 -51.0 +9.5 -41.5 *70.8 |
3905.3 H/1.0 180 41.0 -51.0 +9.5 -41.5 *70.8 |
l I
4000 1000
The EUT was placed on a tabletop, and the radiated output level was measured with a receiving antenna.
After the level was maximized, the EUT was replaced with a transmitting antenna and a signal generator.
The level of the generator was raised until it matched the recorded from the EUT and this plus the antenna gain
was considered the output power.
* Noise floor measurement (minimum system sensitivity)
#* See ETSI EN 300 220-1 V1.3.1 Table 13 for exclusion band limits.

Data Sheet 1 of 1
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6.4 Frequency Stability Under Low Voltage Conditions, 433.050 MHz To 434.070 MHz, Transmitter

Purpose
The purpose of this test was to determine the stability of the transmitters center frequency in the allowed frequency

band of 433.050 MHz to 434.070 MHz under low battery conditions.

Test Limits
The limits shown in the table below were used to determine 433.92 MHz Transmitter (Smartcast) compliance:

Temperature Battery Voltage
+13°0 3.0 VDC (Normal)
+23°C 2.55 VDC (85% Battery)

2.40 VDC (Manufacturers

e}
230 declared Battery end Point)

Test Setup
The 433.92 MHz Transmitter (Smartcast) was configured as shown in the attached photograph. This configuration

was based on the test setup shown in Retlif Testing Laboratories Drawing No. R15107A-CE. The test sample was
placed in a temperature chamber and connected to a spectrum analyzer via an RF Probe. With the test sample
configured as stated above the following was performed:

1. The spectrum analyzer was adjusted so that it displayed at least 1 MHz below the lowest frequency
and 1 MHz above the highest frequency of the assigned frequency band of 433.050 MHz to
434.070 MHz.

2. The spectrum analyzer was used to record the center transmit frequency.
3. Steps 1 and 2 were repeated with the EUT Battery set at 85% (2.55 VDC).
4. Steps 1 through 3 were repeated with the EUT Battery set to 2.4 VDC (Battery end point).
Test Results
Na_emissions which exceeded fhe specified ETSI EN 300 220-3 Frequency Stability limits were observed and the

433.92 MHz Transmitter (Smartcast) was found to comply with the requirements specified for this method. See the
following single data sheet for a full presentation of the results obtained.
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Test Photograph

Frequency Stability Under Low Voltage Conditions
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Equipment List
Paragraph 4.1.9 Frequency Stability Under Low Voltage Conditions

EN  Type Manufacturer Deseription Model No. Cal Date Due Date
159 Frequency Counter Leader 10 Hz - | GHz LDC-825 9/13/02 9/13/03
520D  Digital Multimeter Wavetek N/A DM25XT 10/14/02 10/14/03
696 DC Power Supply BK Precision 30V/3A 1730 8/2/02 8/2/03
7016 EMC Analyzer Hewlett Packard 9kHz - 1.8GHz 8591EM 5/25/03 6/25/03
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RETLIF TESTING LABORATORIES

TABULAR DATA SHEET
TEST METHOD |Frequency Stability Under Low Voltage Conditions I
CUSTOMER: [Techsonic Industries | JoB No [R-9915-3 |
TEST 433.92 MHz Transmitter (Smartcast)
SAMPLE
MODEL No - [RF40E | SERIALNG:  [cw -
TEST ETSI EN 300 220-3 V1.1.1 (2000-09) Electromagnetic compatibility and Radio spectrum matters(ERM); Short Range Devices(SRD),
SPECIFICATION Radio Equipment to be used in the 25 MHz to 1000 MHz. . . Part 3 PARAGRAPH:  4.1.9
OPERATING Transmitter continuously transmitting a 433.9 MHz Continuous Wave signal.
MODE A
. i
TECHNICIAN: T.Schneider 4 | paTE June 5, 2003
4
NOTES: Deviation Limit is +/- 100 Parts Per Million (PPM) of the maximum frequency of the assigned band (434.070 MHz) for wideband
equipment, Limit = +/- 43.407 kHz
Test Transmitter Center Frequency Deviation Limit Test Result
Voltage Frequency Deviation
VDC MHz kHz kHz Pass/Fail
+/-43.4
3.00 433.9608 0.0 | Pass
. |
2.55" 433.9597 -1.1 | Pass
\
2.40™ 433.9593 -1.5 +/-43.4 Pass L
) 1
E
*= Thisvalue is 0.85 multiplied by the nominal battery voltage (3.0 VDC) for lithium type batteries
**= | ower extreme battery voltage as declared by the manufacturer
DATA SHEET OF R-9915-3




6.5 Duty Cycle Determination

Purpose
The purpose of this test was to determine the duty cycle of the device and duty cycle class as outlined in paragraph

7.4 of ETSI EN 300 220-1(2001-09).

Test Limits
The limits shown in the table below were used to determine duty cycle class of the 433.92 MHz Transmitter

(Smartcast). The duty cycle class was determined over a one hour period.

Duty Cycle Class Duty Cycle Ratio
1 <0.1%
2 <1.0%
3 <10.0%
4 <100%

Test Setup
The 433.92 MHz Transmitter (Smartcast) was configured as shown in the figure 2. The test samples RF output was

coupled to the RF input of a spectrum analyzer via a 50 ohm coaxial cable. With the test sample configured as
stated above, the following was performed:

1. A 50 ohm coaxial cable was connected to the spectrum analyzer's video output.
2. The video output of the spectrum analyzer was connected to the input of an oscilloscope.
3. The 433.92 MHz Transmitter (Smartcast) was powered on and set to transit a continuous data
stream.
4, The spectrum analyzer's center frequency was adjusted to match the transmitter's center frequency.
5. The spectrum analyzer's span was set to 0 Hz.
6. The transmitter's pulse train was viewed and recorded on the spectrum analyzer.
Duty Cycle
Period: 250ms
Pulse Train; (1) 5ms pulse = 5.00

(5) 0.30mSec pulses = 1.50

(1) 0.25 mSec pulse = 0.25

6.75 mSec On Time

6.75
Duty Cycle= === =0.027=2.7%
uty Cycle .50 0.027 T%)

Test Result
The 433.92 MHz Transmitter's (Smartcast) Duty Cycle was measured to be 2.7%. Therefore, the 433.92 MHz

Transmitter (Smartcast) has a Class 3 Duty Cycle Class.
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Equipment List
Paragraph 4.1.10 Duty Cycle

EN Type Manufacturer Description Model No. Cal Date Due Date
763 Spectrum Analyzer Agilent 30 Hz - 13.2 GHz E4405B 7/26/02 7/26/03
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6.6 Radiated Emissions (EIRP), 25 MHz To 4.33 GHz, Receiver

Purpose

The purpose of this test was to determine the magnitude of the radio frequency emissions emanating from the 433.92
MHz Receiver (Smartcast) via radiation from the enclosure and connected cabling in the frequency range of 25 MHz
to 4.33 GHz.

Test Limits
The limits shown in the table below were used to determine 433.92 MHz Receiver (Smartcast) compliance:

Frequency Range Nanowatts
25 MHz - 1000 MHz 2.0
1 GHz - 25 GHz 20.0

Test Setup
The 433.92 MHz Receiver (Smartcast) was configured as shown in the attached photograph. This configuration

was based on the test setup shown in Retlif Testing Laboratories Drawing No. R15109A-RE. The test sample was
placed on an 1.5 m high wooden test stand above the ground plane of the shielded enclosure for preliminary
measurements and the FCC listed OATS for final measurements. The rear of the test sample, including peripherals,
was aligned and flush with the rear of the test stand. The test stand was placed directly on the flush mounted turn
table. The turn table positions were relative to the test sample as follows: When facing the 433.92 MHz Receiver
(Smartcast) the front is at 0°, the rear is at 180°, and the left side is at 270°. The test stand was situated such that the
boundary of the test sample was located 3 meters from the measuring antenna.

The 433.92 MHz Receiver (Smartcast) was arranged on the test stand in accordance with the manufacturers
instructions. Care was taken during testing to relocate all system components and cabling in an effort to maximize
the emissions from the test sample. Excess interface cable length was draped over the back edge of the test stand.

If any draped cable extended closer than 40 cm to the conducting ground plane, the excess was bundled in the center
in a serpentine fashion using 40 cm lengths to maintain the 40 cm height. If the cable(s) could not be bundled due
to bulk, length, or stiffiness, they were draped over the back edge of test stand unbundled, but in such a way that all
portions of the interface cable remained at least 40 cm from the horizontal conducting ground plane. The AC power
cable(s) were draped over the rear edge of the test stand and routed down to the AC mains.

Test Procedure
With the test instrumentation and the 433.92 MHz Receiver (Smartcast) configured as stated above, the following

steps were performed in accordance with ETSI EN 300 220-3 V1.1.1(2000-09):

1. The 433.92 MHz Receiver (Smartcast) was arranged with cables terminated as specified in
Paragraph 4.2 herein.

2. The spectrum analyzer was configured to display the frequency range of 25 to 80 MHz.

3. With the test antenna vertically polarized, the 433.92 MHz Receiver (Smartcast) cabling was
relocated in order to maximize the radiated emissions.

4. The operating mode of the 433.92 MHz Receiver (Smartcast) was varied in order to determine the
operating mode which produced maximum radiated emissions with respect to the limit.

5, Once the configuration, both cabling and operating mode, which produced maximum emissions

was determined the 433.92 MHz Receiver (Smartcast) was maintained in this configuration for the
duration of testing.
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Test Procedure (con't.)

6.

7.

10.
I1.

12.

13

Test Results

A max hold spectrum analyzer trace, trace A, was obtained with the 433.92 MHz Receiver
(Smartcast) operating.

The 433.92 MHz Receiver (Smartcast) was powered off and a max hold spectrum analyzer trace,
trace B, was obtained to denote the ambient interference levels.

The two obtained traces were analyzed in order to determine which recorded emissions were
produced by the 433.92 MHz Receiver (Smartcast).

At each frequency upon which an emission was determined to be from the 433.92 MHz Receiver
(Smartcast) the following steps were performed in order to further maximize the observed
emissions:

a. The test antenna height was varied from 1 to 4 meters.
b. The test antenna polarization was varied from vertical to horizontal.
c. The 433.92 MHz Receiver (Smartcast) was rotated 360° about its vertical axis.

The test antenna RF cable was connected to the CISPR compliant receiver.
For all emissions found to be within 20 dB of the specified limit, the following was recorded on

the x-y plot:
a. Frequency of emission
b. Peak detector receiver meter reading.
¢, Correction factor consisting of antenna factor, cable loss and pre-amp gain.
d. Test antenna height and polarization.
e. Turntable position.
For each emission which was measured in steps 3 through 11 above, the following was performed.
a. The 433.92 MHz Receiver (Smartcast) was replaced by a signal generator and
dipole antenna.
b. Steps 9 through 11 were repeated.
c. Once maximized the signal generator level changed until the meter reading
matched that of the 433.92 MHz Receiver (Smartcast).
d. The output of the signal generator was recorded.
e. The level obtained in step d adjusted for any antenna gain./loss.
f. The effective radiated power was considered to be the result in step e above.

Steps 6 through 11 above were repeated for the following frequency ranges: 80 to 130 MHz, 130
to 200 MHz, 200 to 500 MHz, 500 to 750 MHz and 750 MHz to 1 GHz, 1 GHz to 2 GHz and 2
GHz to 4.33 GHz.

No emissions which exceeded the specified Effective Radiated Power limits were observed and the 433.92 MHz
Receiver (Smartcast) was found to comply with the requirements specified for this method. See the following
single data sheet for a full presentation of the results obtained.
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Test Photographs
Receiver, Radiated Emissions
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ANTENNA MAST

Figure R15109A-RE
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EN

067
128
128C
133
141
141A
141B
206B
451A
451B
451C
523
543
574
617
767

Equipment List

ETSI EN 300 220-3 V1.1.1 Paragraph 4.2.1 Spurious Radiations

Type

Open Area Test Site
Double Ridged Guide
Double Ridge Guide
Broadband Pre-Amplifier
Spectrum Analyzer
Graphics Plotter
Quasi-Peak Adaptor

6.0 dB Attenuator

Tuned Dipole Antenna
Tuned Dipole Antenna
Tuned Dipole Antenna
Biconilog

Preamplifier

AM/FM Signal Generator
Interference Analyzer

Biconilog

Manufacturer

Retlif
Electro-Mechanics
Eaton Corporation
Electro-Metrics
Hewlett Packard
Hewlett Packard
Hewlett Packard
Texscan

Empire Devices
Empire Devices
Empire Devices
Electro-Mechanics
Hewlett Packard
Marconi Instru.
Electro-Metrics
EMCO

Description

3 Meter

1 GHz - 18 GHz

1 GHz - 18 GHz

10 kHz - 1 GHz, 26dB
100 Hz - 40 GHz
N/A

100 Hz - 1 GHz
0-1.0GHz

30 - 140 MHz

140 - 400 MHz

400 - 1000 MHz

26 - 2000 MHz

1.0 GHz - 26.5 GHz
9kHz - 2.4 GHz

10 kHz - 1 GHz

26 - 2000 MHz

Model No.

RNY

3105

96001
BPA-1000
8566B
7470A
85650A
FP-50 - 6 dB
DM-105-T1
DM-105-T2
DM-105-T3
3142B
8449B
2024
EMC-30
3142B

Cal Date

09/20/2000
06/07/2002

06/11/2002
01/23/2003
03/05/2003
01/23/2003
06/11/2002
08/08/2000
08/08/2000
08/08/2000
09/20/2002
07/11/2002
07/22/2002
08/23/2002
09/03/2002

Due Date

09/20/2003
06/07/2003

06/11/2003
07/23/2003
03/05/2004
07/23/2003
06/11/2003
08/08/2003
08/08/2003
08/08/2003
09/20/2003
07/11/2003
07/22/2003
08/23/2003
09/03/2003
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Test Method:

ETSI EN 300 220-3 V1.1.1 Paragraph 4.2.1 Spurious Radiations

Customer: Techsonic Industries I Job No. I R-9915-3
Test Sample: 433,92 MHz ASH Receiver (Smartcast)
Model Number: RF10E i I Serial No. I e
Operating Mode:  Continuously recgj)éng 2 433.92 MHz, with a 100 Hz 50% duty cycle pulse-modulated signal.
Technician: _J. Kabacinski 7/, Date: | May 29" 2003
Test Distance: 3 Meters / Temperature: 23.0°C
Detector Function: Peak ,/ Humidity: 52.0%
Antenna . . Meter Signal Gain Above Converted -
Frequency Position rientation Readings Genﬁrator Isotropic ERE Readings Lt
MHz (V/H)/Meters Degrees dBuv dBm dB1 dBm nW nW
25 2
I I
I I
I I
| I
I I
183.5 V /1.8 90 354 -71.2 +2.2 -69.0 0.1 |
183.5 H/3.0 90 32.7 -74.3 +2.2 ~72.1 0.1 |
| I
I I
I I
I |
I I
1000 2
1000 20
I I
| |
f I
I
| |
| |
| |
| |
| I
| |
| I
| I
| I
I I
4000 20

The EUT was placed on a tabletop, and the radiated output level was measured with a biconilog antenna.

After the level was maximized, the EUT was replaced with a tuned dipole antenna and a signal generator.

The level of the generator was raised until it matched the recorded from the EUT and this plus the antenna gain

was considered the output power.

Data Sheet 1 of 1
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Appendix A
Operators Guide
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Appendix B

Schematic/Parts List/Block Diagram/Theory of Operation
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Bill Of Materials for 413187 A.sch on Tue Jun 17 10:53:21 2003

PART NO. DESCRIPTION VALUE REF-DES. QTY.

405609-1 ANTENNA INT. XDUCER TBD ANT1 1

430015-1 HOLDER, BATTERY, COIN CELL, CR2032-3003 A100 1
CR2032-3003

440255-1 XDUCER, BFS BOBBER BFS Y101 1

640023-1 RESONATOR, SAW, 433.92 MHz 433,92 MHz Y100 1

660027-1 DIODE SOT-323 SWITCHING DUAL BAVOSWT1 D100 1

662046-1 XSTR SOT-323 BIPOLAR NPN UMT2222A Q100 Q104-105 3
662072-1 XSTR SOT-323 BIPOLAR NPN PMST5089LT1 Q101-103 3
662074-1 XSTR UHF WIDEBAND SOT-323 PRF957 Q106 1
664007-010 CAPACITOR, 5%, 50V, 0603 1pF Cl124 1
664007-022 CAPACITOR, 5%, 50V, 0603 2.2pF C125 1
664007-100 CAPACITOR, 5%, 50V, 0603 10pF C126 1
664007-NP CAP CER 0603 NP C127 1
664026-475 CAP CER 1206 Y5V 10V +80/-20% 4.70 C119 1
664027-104 CAP CER 0603 X7R 16V 10% 0.1U C100-101 C1056
Cl111C114
C117
664027-NP CAP CER 0603 X7R 16V 10% NP C132 1
664032-101 CAP CER 0603 X7R 50V 10% 100P R129 1
664032-102 CAP CER 0603 X7R 50V 10% 1000P C103 C106 7
Cl12 C115
C118 C129
C131
664032-103 CAP CER 0603 X7R 50V 10% 0.01U C102 C107 5
C109 C113
C116
664035-272 CAP CER 0805 COG 50V 5% 2700PF C108 1
664064-NP CAP CER 0603 NPO 50V +/-.25P NP C128 1
664097-107 CAP ALUM. ELEC 5.3 4V 20% 100uF C104 1
668004-4533 RES FILM 0603 62mW 1% 4.53K R101 R107 4
R112R118
668007-100 RES FILM 0603 62mW 5% 10 R102 1
668007-101 RES FILM 0603 62mW 5% 100 RIOORI22 2
668007-102 RES FILM 0603 62mW 5% 1K R108 R113 3
R120
668007-103 RES FILM 0603 62mW 5% 10K R104 R109 4
RI115R119
668007-106 RES FILM 0603 62mW 5% 10M RI26 R128 2
668007-224 RES FILM 0603 62mW 5% 220K RI106 R111 5
R116-117 R121
668007-241 RES FILM 0603 62mW 5% 240 R125 1
668007-304 RES FILM 0603 62mW 5% 300K R105R110 3
R114
668007-393 RES FILM 0603 62mW 5% 39K R103 R124 2
668007-470 RES FILM 0603 62mW 5% 47 R123 1
668007-NP RES 0603 NOT PLACED NP R127 1
670030-121 IND 1210 WWF 5% 120uH L100 1
670030-561 IND LQH32* 5% 1210 560uH L101 1
670057-220 IND 0603 WWF 10% 22NH L130 1
680333-1 IC, MICRO, CMOS, 8-BIT, SO-8 PIC12C508A U100 1
(208mil)

TP-.8/.4-TH TEST POINT VIA .80/.40 THRU TP102 TP105 2
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TP-3.8/2.05 TEST POINT VIA 3.8/2.05 THRU
-THRU

TP101 TP104 2
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Input File Name: 188-5_A.mat
*  Qutput File Name: 188-5 A.BOM

* Date: 17/6/2003

B Time: 12:8:16

PART # DESCRIPTION REFERENCE DES  QUAN
6620461  TRANSISTOR,UMT2222A Q506 I
662072-1 TRANSISTOR,PMBT5089,S0T323 Q505 1
664007-101 CAPACITOR,100PF,50V,5%,COG C517 1
664026-475 CAPACITOR, 4.7UF,10V,20%  C513 1
664027-104 CAPACITOR, 0.1UF, 16V,10% C514 C516 2
664068-105 CAP.,1UF,16V,10%,X7R,0805 C515 1
668004-1624  RES,16.2K OHM 1/16W,1%,0603 R527 1
668004-4534  RES,45.3K OHM 1/16W,1%,0603 R528 1
668007-102 RES, 1K OHM 1/16W,5%,0603 R529 1
668007-103 RES, 10K OHM 1/16W,5%,0603 R531 1
668007-104 RES, 100K OHM 1/16W,5%,0603 R525 1
668007-153 RES, 15K OHM 1/16W,5%,0603 R524 1

668007-304 RES, 300K OHM 1/16W,5%,0603 R522 R523 R526 R530 4

670056-221  IND, 220NH, LQW2BHNR22J01  L500 1
670057-56  IND, 56NH, LQGIS8HNS6NI00  L501 1
680358-1 IC, RECEIVER, 433.92MHZ, RX550U502 1
NP CAP 1206 NOT PLACED C505 C512 y
NP CAP 0603 NOT PLACED C500 C501 C503 C504 10
C506 C507 C508 C509
C510 C511
NP TRANSISTOR NOTPLACED Q501 Q502 Q503 Q504 4
NP CAP 0805 NOT PLACED C502 1
NP ANTENNA, FOR REFERENCE ONLY A500 1
NP DIODE SOT323 NOT PLACED D500 1
NP RES 0603 NOT PLACED R500 R501 R503 R504 17

R506 R508 R509 R510
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NP

NP

NP

NP

R511 R512 R513 R515
R517 R518 R519 R520

R521
TRANSFORMER, NOT PLACED

1C, NOT PLACED Us01

T500

1C, BA4116FV, NOT PLACED U500

TRANSISTOR NOT PLACED

Q500
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Smartcast Theory of Operation

The system is composed of a buoyant station having a sonar transmitter, a sonar receiver, a sonar to electric
signal transducer and a radio transmitter all controlled by a microprocessor; and a shore station that has a
radio receiver and signal display controlled by a shore station microprocessor. The buoyant station
microprocessor is programmed to generate sync pulses and to transmit both the sync pulses and transduced
sonar echo returns to the shore station. The shore station microprocessor is programmed to display only
those echo signals received after a sync pulse. Echoes can be fish, structure or bottom information along

with a digital depth of the water.
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Appendix C

Photographs (Transmitter and Receiver)
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Transmitter Photographs
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Receiver Photographs
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