(&E]h()tt e e

Electromagnetic Emissions Test Report
and
Application for Grant of Equipment Authorization
pursuant to
FCC Part 15, Subpart C Specifications for an
Intentional Radiator on the
Savi Technology, Inc.
Model: ULD Reader

FCCID: KL7-SATS-V1
GRANTEE:  Savi Technology, Inc.
615 Tasman Drive
Sunnyvde, CA. 94089-1707
TEST SITE:  Hliott Laboratories, Inc.
684 W. Maude Avenue
Sunnyvae, CA 94086
REPORT DATE:  August 10, 2000

FINAL TEST DATE:  July 26, duly 27 and July 28, 2000

Goad) e

David W. Bare
Principal Engineer

AUTHORIZED SIGNATORY:

This report shall not be reproduced, except in its entirety, without the written approval of Elliott Laboratories, Inc.

File R38680
Page 1 of 15



Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

TABLE OF CONTENTS
COVER PAGE ... ottt et Rer e e R s 1
TABLE OF CONTENTS ..ottt e p e s 2
SCOPE ... R R R 4
OBUIECTIVE.... s bbb bbb bbb bbb 4
STATEMENT OF COMPLIANCE. ...ttt s bbb 4
EMISSION TEST RESULTS ..ottt s s s b b bbb 5
LIMITS OF CONDUCTED INTERFERENCE VOLTAGE. ... ssssesns 5
LIMITSOF INTENTIONAL AND SPURIOUS RADIATED EMISSION FIELD STRENGTH ..., 6
MEASUREMENT UNCERTAINTIES ...
EQUIPMENT UNDER TEST (EUT) DETAILS
GENERAL ...ttt
ENCLOSURE ..o
MODIFICATIONS.......coieiiirnee s
SUPPORT EQUIPMENT ...ttt b b bbb
EUT INTERFACE PORTS ..ot bbb b bbb
EUT OPERATION ...ttt bbb bbb b bbb
LIS LIS I =TSP ST 8
GENERAL INFORMATION. ..ottt sessse s esesssssasesse s e s s ssessss s s s ssssssssssssssassessssssssesesnesssssssssnssesesnes 8
CONDUCTED EMISSIONS CONSIDERATIONS........oooiciiieirriis e 8
RADIATED EMISSIONS CONSIDERATIONS........cotiiiiicsii s 9
MEASUREMENT INSTRUMENTATION......ciiirieiieinieitiesisss et ssss s sssssssssssssssssesnns 9
INSTRUMENT CONTROL COMPUTER.......cootiiiniririsiiie it sssssssnes
LINE IMPEDANCE STABILIZATION NETWORK (LISN)....cccccoerernemrerrerrernenns
POWER METER ...
FILTERSATTENUATORS.......ccoovtreeireeereeneisensiessisess s sese s sssssssesssssssssssessens
ANTENNAS ..o
ANTENNA MAST AND EQUIPMENT TURNTABLE..........ccooiic
INSTRUMENT CALIBRATION......oit s s bbb
TEST PROCEDURES ...ttt sss b s bbb 11
EUT AND CABLE PLACEMENT ..ottt s bbb 1
CONDUCTED EMISSIONS.........ocoiiiiiiiiiii it s s bbb bbb 1
RADIATED EMISSIONS

SPECIFICATION LIMITS AND SAMPLE CALCULATIONS ... ssessesessssssesssssenes
CONDUCTED EMISSIONS SPECIFICATION LIMITS, SECTION 15.207.......cciiieieireeerereeere e sseseesessesessenes
RADIATED EMISSIONS SPECIFICATION LIMITS, SECTION 15.209............
SAMPLE CALCULATIONS - CONDUCTED EMISSIONS..........cociviiiiiriieae
SAMPLE CALCULATIONS - RADIATED EMISSIONS.......cooiieieiniirisi e ssssesaes

File R38680 Page 2 of 15 pages



Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

TABLE OF CONTENTS (Continued)

EXHIBIT 1: Test Equipment Calibration Data
EXHIBIT 2: Test Data Log SNEELS........cvreerrecrieeneereessessessseeeseseeseeennssenns
EXHIBIT 3: Radiated Emissions Test Configuration Photographs............
EXHIBIT 4: Conducted Emissions Test Configuration Photographs
EXHIBIT 5: Proposed FCC ID Label & Label Location
EXHIBIT 6: Detailed PROtOgraphs OF ..ottt sssssesessssssesssssssnes
Savi Technology, Inc. Model ULD Reader Construction
EXHIBIT 7: Operator'S MaNUAI fOF .......covcieiriiirieirsesieisesesessisesssses s ssesessssssssesssssssssssssssssessssssssssssssesssssssessssssssnss
Savi Technology, Inc. Model ULD Reader
EXHIBIT 8: BIOCK Diagram Of..........ccoueeirreerneerneenesessersesessesssneeesesessssensssenns
Savi Technology, Inc. Model ULD Reader
EXHIBIT 9: Schematic Diagrams for........cccuveeeiensssssssee s ssssseesenenns
Savi Technology, Inc. Model ULD Reader ........coceeevveeecieirenseeseseesenneenns
EXHIBIT 10: Theory of Operation for..........ccoueevercenrenssieneseseeseseeseenens
Savi Technology, Inc. Model ULD Reader

File R38680 Page 3 of 15 pages



Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

SCOPE

An eectromagnetic emissions test has been performed on the Savi Technology, Inc. modd
ULD Reader pursuant to Subpat C of Pat 15 of FCC Rules for intentional radiators.
Conducted and radiated emissions data has been collected, reduced, and analyzed within this
report in accordance with measurement guiddines set forth in ANSI C63.4-1992 asoutlined in
Elliott Laboratories test procedures.

The intentiond radiator above has been tested in a Imulated typicd ingdlation to demondrate
compliance with the relevant FCC performance and procedural standards.

Find sysem data was gathered in a mode that tended to maximize emissons by varying
orientation of EUT, orientation of power and 1/0 cabling, antenna search height, and antenna
polarization.

Every practica effort was made to perform an impartid test using gppropriate test equipment of
known cdibration. All pertinent factors have been gpplied to reach the determination of
compliance.

The test results recorded herein are based on a single type test of the Savi Technology, Inc.
moddl ULD Reader and therefore gpply only to the tested sample. The sample was selected
and prepared by Eugene Schlindwein of Savi Technology, Inc.

OBJECTIVE

The primary objective of the manufacturer is compliance with Subpart C of Part 15 of FCC
Rules for the radiated and conducted emissions of intentiond radiators. Certification of these
devicesis required as a prerequisite to marketing as defined in Part 2 the FCC Rules.

Certification is a procedure where the manufacturer or a contracted laboratory makes
measurements and submits the test data and technical information to the FCC. The FCC issues
a grant of equipment authorization upon successful completion of their review of the submitted
documents. Once the equipment authorization has been obtained, the labe indicating
compliance must be attached to dl identica units which are subsequently manufactured.

STATEMENT OF COMPLIANCE

The tested sample of Savi Technology, Inc. mode ULD Reader complied with the requirements
of Subpart C of Part 15 of the FCC Rules for low power intentiona radiators.

Maintenance of FCC compliance is the responsbility of the manufacturer. Any modification of
the product which may result in increased emissions should be checked to ensure compliance
has been maintained (i.e, printed circuit board layout changes, different line filter, different
power supply, harnessing or 1/0 cable changes, €tc.).
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EMISSION TEST RESULTS

The following emissons tests were performed on the Savi Technology, Inc. modd ULD

Reader. The actud test results are contained in an exhibit of this report.

LIMITS OF CONDUCTED INTERFERENCE VOLTAGE

The EUT tested complied with the limits detailed in FCC Rules Part 15 Section 15.207.

The following measurement was extracted from the data recorded during the conducted
emissions scan and represents the highest amplitude emission reative to the specification limit.
The actual test data and any correction factors are contained in an exhibit of thisreport.

0.45 —30.00 MHz, 120V/ 60Hz

Frequency Level Power FCC 15.207 | FCC 15.207 Detector Comments
MHz dBuV Lead Limit Margin QP/Ave
0.5273 39.5 Neutral 48 -8.5 QP
File R38680 Page 5 of 15 pages
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LIMITS OF INTENTIONAL AND SPURIOUS RADIATED EMISSION FIELD STRENGTH
The EUT tested complies with the limits detailed in FCC Rules Part 15 Section 15.2009.

The following measurement was extracted from the data recorded during the radiated eectric
field emissons scan and represents the highest amplitude emission reldive to the specification
limit. The actud test data and any correction factors are contained in an exhibit of this report.
All readings were extrapolated to the specified distance.

Fundamental Fidd Strength

Tested in Mode 0
Frequency | Level | Antenna| Distance | Level FCC 15.209 Detector Height Comments
kHz  |dBuv/m| Dist. | Correction | dBuV/m Limit Margin Pk/QP/Avg | meters
125.0 78.7 | 30.0 -53.4 25.3 25.7 -04 PK 1.0 Open Loop
Tested in Mode 1
Frequency| Level [Antenna| Distance | Level FCC 15.209 Detector Height Comments
kHz dBuV/m| Dist. | Correction | dBuV/m Limit Margin Pk/QP/Avg | meters
125.0 774 1300 [ -545 22.9 25.7 -2.8 PK 1.0 Open Loop
Spurious Emissions
Tested in Mode 0
Frequency| Level | Antenna| Distance Level FCC 15.209 Detector | Height [Comments
kHz [dBuV/m| Dist. | Correction [ dBuV/m Limit Margin  |Pk/IQP/Avg| meters
1125.0 40.8 | 10.0 -19.1 21.7 26.6 -4.9 QP 1.0  |Open Loop - Ambient
Tested in Mode 1
Frequency| Level | Antenna| Distance Level FCC 15.209 Detector | Height [Comments
kHz [dBuV/m| Dist. | Corection [ dBuV/m Limit Margin  |Pk/IQP/Avg| meters
1125.0 | 425 | 10.0 -19.1 23.4 26.6 -3.2 QP 1.0  |Open Loop - Ambient

MEASUREMENT UNCERTAINTIES

ISO Guide 25 requires that an estimate of the measurement uncertainties associated with the
emissons test results be included in the report. The measurement uncertainties given below are
based on a 95% confidence level and were calculated in accordance with NAMAS document

NIS 81.
Measurement Type Frequency Range Cdculated Uncertainty
(MH2) (dB)
Conducted Emissons 0.15t0 30 +24
Radiated Emissions 30 to 1000 +32
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EQUIPMENT UNDER TEST (EUT) DETAILS

GENERAL

The Savi Technology, Inc. model ULD Reader is a RF tag reader/transmitter, which is desgned
to tranamit asignd a 125 KHz and receive a return Sgnd from a passve RF tag. Normaly,
the EUT would be placed under a palet conveyor. The EUT was, therefore, placed on a
tabletop emissons testing for convenience. The eectrical rating of the EUT is 115/230V, 50/60
Hz, 2 Amps.

The sample was received on July 26, 2000 and tested on July 26, July 27 and July 28, 2000.
The EUT conggted of the following component(s):

Manufacturer Model Description Seria Number
Savi Technology | ULD Reader/ SR-120R-ULD1 RFTag Prototype
Reader/Transmitter
ENCLOSURE

The EUT enclosureis primarily constructed of fabricated sheet duminum sted and plastic cover.
It measures approximately 255cm wide by 19cm deep by 14cm high.

MODIFICATIONS

The EUT did not require modifications during testing in order to comply with the emisson
specifications.
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SUPPORT EQUIPMENT

No support equipment was used during emissons testing.

EUT INTERFACE PORTS

The 1/O cabling configuration during emissions testing was as follows:

Cable(s)
Shielded or
EUT Port Connected To Description Unshielded Length (m)
Unterminated
RS-232 EUT Multicoductor Shidded 1.0

EUT OPERATION
The EUT was configured such that it congtantly transmitsin each mode.

TEST SITE
GENERAL INFORMATION

Find test measurements were taken on July 26, July 27 and July 28, 2000 a the Elliott
Laboratories Open Area Test Site #1 located at 684 West Maude Avenue, Sunnyvae,
Cdifornia. The test Site contains separate areas for radiated and conducted emissions testing.
Pursuant to section 2.948 of the Rules, congruction, cdibration, and equipment data has been
filed with the Commission.

The FCC recommends that ambient noise at the test site be at least 6 dB below the alowable
limits. Ambient levels are below this requirement with the exception of predictable loca TV,
radio, and mobile communications traffic. The test dte contains separate areas for radiated and
conducted emissions testing. Consderable engineering effort has been expended to ensure that
the facilities conform to al pertinent FCC requirements.

CONDUCTED EMISSIONS CONSIDERATIONS

Conducted emissons testing is peformed in conformance with ANS C63.4-1992.
Measurements are made with the EUT connected to the public power network through a
nomind, standardized RF impedance, which is provided by a line impedance stabilization
network, known asaLISN. A LISN isinserted in serieswith each current-carrying conductor
inthe EUT power cord.
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RADIATED EMISSIONS CONSIDERATIONS

The FCC has determined that radiation measurements made in a shilded enclosure are not
suitable for determining levels of radiated emissons. Radiated measurements are performed in
an open fidd environment. The test Ste is maintained free of conductive objects within the
CISPR defined dlipticd areaincorporated in ANSI C63.4 guiddines.

MEASUREMENT INSTRUMENTATION

RECEIVER SYSTEM

An EMI receiver as specified in CISPR 16-1 is used for emissons measurements. The
recaivers used can measure over the frequency range of 9 kHz up to 2000 MHz. These
receivers dlow both ease of measurement and high accuracy to be achieved. The receivers
have Peak, Average, and CISPR (Quasi-peak) detectors built into their design so no externd
adapters are necessary. The recaiver automaticaly sets the required bandwidth for the CISPR
detector used during measurements.

For measurements above the frequency range of the receivers, a spectrum analyzer is utilized
because it provides vishility of the entire spectrum dong with the precison and versatility
required to support engineering andyss. Average measurements above 1000MHz are
peformed on the spectrum analyzer usng the linear-average method with a resolution
bandwidth of 1 MHz and a video bandwidth of 10 Hz.

INSTRUMENT CONTROL COMPUTER

The receaivers utilize either a Rohde and Schwarz EZM Spectrum Monitor/Controller or contain
an internd Spectrum Monitor/Controller to view and convert the receiver measurements to the
field strength a an antenna or voltage developed at the LISN measurement port, which is then
compared directly with the gppropriate specification limit. This provides faster, more accurate
readings by performing the conversions described under Sample Caculations within the Test
Procedures section of this report. Results are printed in a graphic and/or tabular format, as
appropriate. A persona computer is used to record all measurements made with the receivers.

The Spectrum Monitor provides a visud display of the sgnd being measured. In addition, the
controller or a persona computer run automated data collection programs which control the
recaeivers. This provides added accuracy since dl Ste correction factors, such as cable loss and
antennafactors are added automatically.
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LINE IMPEDANCE STABILIZATION NETWORK (LISN)

Line conducted measurements utilize a fifty microhenry Line Impedance Stabilization Network
as the monitoring point. The LISN used adso contains a 250 uH CISPR adapter. This network
provides for cdibrated radio frequency noise measurements by the design of the internd low
pass and high pass filters on the EUT and measurement ports, respectively.

POWER METER

A power meter and thermister mount are used for al direct output power measurements from
transmitters as they provide a broadband indication of the power outpuit.

FILTERS/ATTENUATORS

Externd filters and precision attenuators are often connected between the recelving antenna or
LISN and the receiver. This diminates saturation effects and nonlinear operation due to high
amplitude trandent events.

ANTENNAS

A loop antenna is used to cover the frequency range from 10 KHz to 30MHz. A biconica
antenna is used to cover the range from 30 MHz to 300 MHz and a log periodic antenna is
utilized from 300 MHz to 1000 MHz. Narrowband tuned dipole antennas are used over the
entire 30 to 1000 MHz frequency range for precison measurements of field srength. Above
1000 MHz, a horn antennaiis used. The antenna cdibration factors are included in Ste factors,
which are programmed into the test receivers.

ANTENNA MAST AND EQUIPMENT TURNTABLE

The antennas used to measure the radiated eectric field srength are mounted on a non-
conductive antenna mast equipped with a motor-drive to vary the antenna height.

ANS C63.4 specifies that the test height above ground for table mounted devices shall be 80
centimeters.  FHoor mounted equipment shal be placed on the ground plane if the device is
normally used on a conductive floor or separated from the ground plane by insulating materia
from 3 to 12 mm if the device is normaly used on a non-conductive floor. During radiated
measurements, the EUT is podgtioned on a motorized turntable in conformance with this
requirement.
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INSTRUMENT CALIBRATION

All test equipment is regularly checked to ensure that performance is maintained in accordance
with the manufacturer's specifications. All antennas are cdibrated at regular intervas with
respect to tuned haf-wave dipoles. An exhibit of this report contains the list of test equipment
used and cdibration information.

TEST PROCEDURES
EUT AND CABLE PLACEMENT

The FCC requires that interconnecting cables be connected to the available ports of the unit and
that the placement of the unit and the attached cables smulate the worst case orientation that
can be expected from atypicd ingdlation, so far as practicable. To this end, the position of the
unit and associated cabling is varied within the guiddines of ANS C63.4, and the worst case
orientation is used for fina measurements.

CONDUCTED EMISSIONS

Conducted emissions are measured at the plug end of the power cord supplied with the EUT.
Excess power cord length is wrapped in a bundle between 30 and 40 centimetersin length near
the center of the cord. Preliminary measurements are made to determine the highest amplitude
emisson reldive to the specification limit for al the modes of operation. Placement of system
components and varying of cable positions are performed in each mode. A finad pesk mode
scan is then performed in the position and mode for which the highest emission was noted on dl
current carrying conductors of the power cord.
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RADIATED EMISSIONS

Radiated emissions measurements are performed in two phases aswell. A preliminary scan of

emissonsis conducted in which dl sgnificant EUT frequencies are identified with the sysem in a
nomind configuration. At least two scans are performed from 30 MHz up to the frequency

required by the regulation specified on page 1. One or more of these is with the antenna
polarized verticaly while the one or more of these is with the antenna polarized horizontally.

During the prdiminary scans, the EUT is rotated through 360°, the antenna height is varied and
cable positions are varied to determine the highest emission relative to the limit.

A spesker is provided in the recaiver to ad in discriminating between EUT and ambient
emissons. Other methods used during the preiminary scan for EUT emissons involve scanning
with near field magnetic loops, monitoring 1/0 cables with RF current clamps, and cycling
power to the EUT.

Find maximization is a phase in which the highest amplitude emissons identified in the spectral
search are viewed while the EUT azimuth angle is varied from O to 360 degrees reldive to the
recalving antenna.  The azimuth which results in the highest emisson is then maintained while
varying the antenna height from one to four meters. The result is the identification of the highest
amplitude for each of the highest peaks. Each recorded levd is corrected in the receiver using
appropriate factors for cables, connectors, antennas, and preamplifier gain. Emissons which
have values close to the specification limit may aso be measured with a tuned dipole antenna to
determine compliance.
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SPECIFICATION LIMITS AND SAMPLE CALCULATIONS

The limits for conducted emissions are given in units of microvolts, and the limits for radiated
emissons are given in units of microvolts per meter a a specified test distance. Daa is
measured in the logarithmic form of decibels relative to one microvolt, or dB microvalts (dBuV).
For radiated emissions, the measured data is converted to the field strength at the antennaiin dB
microvolts per meter (dBuV/m). The results are then converted to the linear forms of uVv and
uV/m for comparison to published specifications.

For reference, converting the specification limits from linear to decibel form is accomplished by
taking the base ten logarithm, then multiplying by 20. These limits in both linear and logarithmic
form are asfollows:

CONDUCTED EMISSIONS SPECIFICATION LIMITS, SECTION 15.207

Frequency
Range Limit Limit
(MH2) (uv) (dBuV)
0.450 to 30.000 250 48

RADIATED EMISSIONS SPECIFICATION LIMITS, SECTION 15.209

Frequency
Range Limit Limit
(MH2z) (W/m @ 3m) (dBuv/m @ 3m)
0.009-0.490 2400/Fi y, @ 300m  67.6-20*logyo(Fk H2) @ 300m
0.490-1.705 24000/Fk Hz @ 30m 87.6-20%10g1 o(Fk H2 @ 30m
1.705to 30 30 @ 30m 29.5 @ 30m
30to0 88 100 40
880216 150 435
216 to 960 200 46.0
Above 960 500 54.0
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SAMPLE CALCULATIONS - CONDUCTED EMISSIONS

Receiver readings are compared directly to the conducted emissions specification limit (decibel
form) asfollows

R-B=C
and

C-S=M
where:

Ry = Receiver Reading in dBuV

B = Broadband Correction Factor*
C =Corrected Reading in dBuv

S = Spedification Limitin dBuV

M = Margin to Specification in +/- dB

* Broadband Level - Per ANSI C63.4, 13 dB may be subtracted from the quasi-pesk leve if it
is determined that the emission is broadband in nature. If the sgnd leved in the average mode is
sx dB or more below the sgnd leve in the peak mode, the emission is classified as broadband.
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SAMPLE CALCULATIONS - RADIATED EMISSIONS

Receiver readings are compared directly to the specification limit (decibel form). The recaiver
internally corrects for cable loss, preamplifier gain, and antenna factor. The caculations are in
the reverse direction of the actua sgnd flow, thus cable loss is added and the amplifier gain is
subtracted. The Antenna Factor converts the voltage at the antenna coaxia connector to the
fidd drength a the antenna dements. A digtance factor, when used for dectric fidd
mesasurements, is calculated by using the following formula

Fg = 40*LOG10 (Dm/D9
where:
Fqg = DistanceFactorindB
Dm = Measurement Distance in meters

Ds = Specification Digancein meters
Measurement Distance is the distance at which the measurements were taken and Specification
Digance is the distance at which the specification limits are based. The antenna factor converts
the voltage at the antenna coaxia connector to the fidld strength at the antenna ements.

The margin of agiven emission pesk rative to the limit is cdculated as follows

Rr +Fd

Re

<
|

= Rc- Ls

where:
Rr = Recaver Readingin dBuv/m
Fqg = DigtanceFactorindB
Rc = Corrected Reading in dBuV/m
Ls = Spedfication LimitindBuVv/m

M = MarginindB Rdativeto Spec

File R38680 Page 15 of 15 pages



Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 1: Test Equipment Calibration Data
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@Eﬂi()tt EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: 738618
Proj Eng: Mark Briggs
Contact: Eugene Schlindwein
Emissions Spec: FCC 15.209 Class: A
Immunity Spec: Environment:

EMC Test Data

For The

Savi Technology
Model

ULD Reader

T-Log: T38618.xls, Rev 0.1 Cover Page 1 of 11



@Eﬂi()tt EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs

Contact: Eugene Schlindwein
Emissions Spec: FCC 15.209 Class: A
Immunity Spec: Environment:

EUT INFORMATION

General Description
The EUT is a RF tag reader/transmitter, which is designed to transmit a signal at 125 KHz and receive a return signal from a
passive RF tag. Normally, the EUT would be placed under a pallet conveyor. The EUT was, therefore, placed on a tabletop
emissions testing for convenience. The electrical rating of the EUT is 115/230V, 50/60 Hz, 2 Amps.

Equipment Under Test

Manufacturer Model Description Serial Number FCCID
Savi Technology ULD Reader/ SR-120R- |RF Tag Prototype KL7-SATS-V1
ULD1 Reader/Transmitter

EUT Enclosure
The EUT enclosure is primarily constructed of fabricated sheet aluminum steel and plastic cover . It measures approximately
255cm wide by 19c¢m deep by 14cm high.

Modification History

Mod. # Test Date Modificaiton

T-Log: T38618.xls, Rev 0.1 EUT Descrip Page 2 of 11
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EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: 738618
Proj Eng: Mark Briggs
Contact: Eugene Schlindwein
Emissions Spec: FCC 15.209 Class: A
Immunity Spec: Environment:
Test Configuration Information (1)
Local Support Equipment
Manufacturer Model Description Serial Number FCCID
None
Remote Support Equipment
Manufacturer Model Description Serial Number FCCID
None
EUT Interface Ports
Cable(s)
EUT Port Connected To Description Shielded or Unshielded Length(m)
Unterminated
RS-232 EUT Multiconductor Shielded 1.0
EUT Operation During Emissions
The EUT was configured such that it constantly transmits in each mode.
T-Log: T38618.xls, Rev 0.1 Test Config(1) Page 3 of 11



@EHIOtt EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs

Contact: Eugene Schlindwein
Spec: FCC 15.209 Class: A

Radiated Emissions

Test Specifics
Objective: The objective of this test session is to perform final qualification testing the EUT relative to the
specification defined above.

Date of Test: 07/27/2000 Config. Used: 1
Test Engineer: Mehran Birgani Config Change: None
Test Location: OATS #2 EUT Voltage: 230V/ 50Hz

General Test Configuration
The EUT was located on the turntable for radiated emissions testing.

For radiated emissions testing between 30 and 1000 MHz, the measurement antenna was located at 10 meters distance from
the EUT, unless otherwise noted. For testing above 1 GHz, the measurement antenna was located 3 meters from the EUT.

For the intentional portion testing between .009 to 30 MHz was peformed with the loop antenna placed at different distances
10, 20, and 30 Meters. The corrected readings were extrapolated to the specified distance.
Ambient Conditions: Temperature: 18°C

Rel. Humidity: 72%

Summary of Results

Run # Test Performed Limit Result Margin

1 RE, 30 - 1000MHz Preliminary FCCA Pass |-10.9 dB @ 448.05MHz
Emissions

2 RE, Maximized Emissions from FCCA Pass |-10.9 dB @ 448.05MHz

Runl

3 RE, Fundamental Frequency ( FCC 15.209 Pass | -0.4dB @ 125.00 kHz
Mode 0)

4 RE, Fundamental Frequency ( FCC 15.209 Pass | -2.8dB @ 125.00 kHz
Mode 1)

Modifications Made During Testing: None

T38618.xls Final (RE-1, 7.27.00) Page 4 of 11
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EMC Test Data

Client: Savi Technology

Model: ULD Reader

Contact: Eugene Schlindwein

Job Number: J38469

T-Log Number: T38618

Proj Eng: Mark Briggs

Spec: FCC 15.209 Class: A
Run #1: Preliminary Radiated Emissions, 30-1000 MHz
*Measured in OATS #2 at 10m and no extrapolation was used.
Frequency| Level Pol FCC Class A Detector | Azimuth Height |Comments
MHz | dBuVim| vih Limit Margin [Pk/QP/Avg| degrees meters
448.048| 35.5 v 46.4 -10.9 QP 155 1.0
128.848| 31.1 v 435 -12.4 QP 330 1.0
456.048| 334 V 46.4 -13.0 QP 153 1.0
128.010( 28.7 V 435 -14.8 QP 360 1.0
416.044| 31.3 V 46.4 -15.1 QP 153 1.0
119.988| 27.8 V 435 -15.7 QP 320 1.0
432.046| 30.3 V 46.4 -16.1 QP 153 1.0
464.050( 30.1 V 46.4 -16.3 QP 158 1.0
416.044| 28.3 H 46.4 -18.1 QP 71 4.0
112.010( 24.9 V 435 -18.6 QP 10 1.0
432.046| 26.6 H 46.4 -19.8 QP 71 4.0
448.048| 26.2 H 46.4 -20.2 QP 33 4.0
128.030( 20.1 H 435 -23.4 QP 15 4.0
Run #2: Maximized Readings from Run #1
Frequency| Level Pol FCC Class A Detector | Azimuth Height |Comments
MHz | dBuv/im| V/H Limit Margin [Pk/QP/Avg| degrees | meters
448.048| 35.5 V 46.4 -10.9 QP 155 1.0
128.848( 31.1 V 43.5 -12.4 QP 330 1.0
456.048| 334 V 46.4 -13.0 QP 153 1.0
128.010( 28.7 V 43.5 -14.8 QP 360 1.0
416.044| 31.3 V 46.4 -15.1 QP 153 1.0
119.988| 27.8 V 43.5 -15.7 QP 320 1.0
T38618.xls Final (RE-1, 7.27.00)
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@EHIOtt EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs
Contact: Eugene Schlindwein
Spec: FCC 15.209 Class: A

Run #3: Maximized Radiated Emissions, Fundamental Frequency (general device operating
under 15.209, Frequency in range 9kHz - 30MHz)
Notes - for frequencies below 30 MHz the extrapolation factor is 40Log (Dm/Ds) where Dm is measurement

distance and Ds is specification distance. For frequencies below 490kHz the measurement distance is 300m and
for frequencies between 490kHz and 30MHz the measurement distance is 30m.

Tested in Mode 0

Frequency| Level |Antenna Detector | Height [Comments
kHz | dBuv/im| Dist. Pk/QP/Avg[ meters
125.0/ 105.7 | 10.0 PK 1.0 | Open Loop
125.0/ 99.8 | 10.0 PK 1.0 | Close Loop

Tested in Mode 0

Frequency| Level |[Antenna Detector [ Height |Comments
kHz dBuV/m| Dist. Pk/QP/Avg| meters
125.0| 88.1 20.0 PK 1.0 Open Loop
125.0| 85.5 20.0 PK 1.0 Close Loop

Tested in Mode 0

Frequency| Level |Antenna| Distance | Level FCC 15.209 Detector | Height [Comments
kHz dBuV/m | Dist. | Correction | dBuV/m Limit Margin  [Pk/QP/Avg| meters

1250 78.7 | 30.0 -53.4 25.3 25.7 -0.4 PK 1.0 Open Loop

1250 76.7 | 30.0 -53.4 23.3 25.7 2.4 PK 1.0 Close Loop

Determining extrapolation factor for fundamentals below 490 kHz

Highest level at 10m  105.7 From 10 to 30, factoris:  -56.6
Highest level at 20m  88.1 From 20 to 30 the factoris:  -53.4
Highest level at 30m  78.7 From 10 to 20 the factoris:  -58.5

Worst case factor is: ‘ -53.4

If this factor is greater than 40 it should be used.

T38618.xls Final (RE-1, 7.27.00)
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@EHIOtt EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs
Contact: Eugene Schlindwein
Spec: FCC 15.209 Class: A

Run #4: Maximized Radiated Emissions, Fundamental Frequency (general device operating
under 15.209, Frequency in range 9kHz - 30MHz)
Notes - for frequencies below 30 MHz the extrapolation factor is 40Log (Dm/Ds) where Dm is measurement

distance and Ds is specification distance. For frequencies below 490kHz the measurement distance is 300m and
for frequencies between 490kHz and 30MHz the measurement distance is 30m.

Tested in Mode 1

Frequency| Level |Antenna Detector | Height [Comments
kHz | dBuv/im| Dist. Pk/QP/Avg[ meters
125.0/ 105.0 | 10.0 PK 1.0 | Open Loop
125.0/ 99.0 | 10.0 PK 1.0 | Close Loop

Tested in Mode 1

Frequency| Level |[Antenna Detector [ Height |Comments
kHz dBuV/m| Dist. Pk/QP/Avg| meters
125.0| 87.0 20.0 PK 1.0 Open Loop
125.0| 84.6 20.0 PK 1.0 Close Loop

Tested in Mode 1

Frequency| Level |Antenna| Distance | Level FCC 15.209 Detector | Height [Comments
kHz dBuV/m | Dist. | Correction | dBuV/m Limit Margin  [Pk/QP/Avg| meters
1250 774 | 30.0 -54.5 22.9 25.7 -2.8 PK 1.0 Open Loop
1250 76.1 | 30.0 -54.5 21.6 25.7 -4.1 PK 1.0 | Close Loop
Determining extrapolation factor for fundamentals below 490 kHz
Highest level at 10m  105.0 From 10 to 30, factoris:  -57.8
Highest level at 20m  87.0 From 20 to 30 the factoris:  -54.5
Highest level at 30m  77.4 From 10 to 20 the factoris:  -59.8
Worst case factor is: | -54.5

If this factor is greater than 40 it should be used.

T38618.xls Final (RE-1, 7.27.00)
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@EHIOtt EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs

Contact: Eugene Schlindwein
Spec: FCC 15.209 Class: A

Radiated Emissions
Objective: The objective of this test session is to perform final qualification testing the EUT relative to the
specification defined above.

Date of Test: 07/28/2000 Config. Used: 1
Test Engineer: Rafael Varelas Config Change: None
Test Location: OATS #1 EUT Voltage: 230V/ 50Hz

General Test Configuration
The EUT was located on the turntable for radiated emissions testing.

For the intentional portion testing between .009 to 30 MHz was peformed with the loop antenna placed at 10 Meters. The
reading was extrapolated to the specified distance.

Ambient Conditions: Temperature: 18°C
Rel. Humidity: 77%

Summary of Results

Run # Test Performed Limit Result Margin
1 RE, Spurious Emission FCC 15.209 Pass -4.9 @ 1125 KHz
125 - 1125 kHz (Mode 0)
2 RE, Spurious Emission FCC 15.209 Pass -3.2 @ 1125 KHz
125 - 1125 kHz ( Mode 1)

Modifications Made During Testing: Same as testing on 6/13/2000 at chamber #2.

T38618.xls RE 7.28.00 Page 8 of 11



@EHIOtt EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs
Contact: Eugene Schlindwein
Spec: FCC 15.209 Class: A

Run #1: Maximized Radiated Emissions of Spurious Emission 0.250 - 1.125 MHz

Notes - for frequencies below 30 MHz the extrapolation factor is 40Log (Dm/Ds) where Dm is measurement
distance and Ds is specification distance. For frequencies below 490kHz the measurement distance is 300m and
for frequencies between 490kHz and 30MHz the measurement distance is 30m.

Tested in Mode 0

Frequency| Level |Antenna| Distance | Level FCC 15.209 Detector | Height [Comments

kHz dBuV | Dist. | Correction | dBuV/m Limit Margin  [Pk/QP/Avg| meters

1125.0( 40.8 10.0 -19.1 21.7 26.6 -4.9 QP 1.0 |Open Loop - Ambient
875.0] 424 10.0 -19.1 23.3 28.8 5.4 QP 1.0 Open Loop-Partial ambient

1000.01 39.8 10.0 -19.1 20.7 27.6 -6.9 QP 1.0  [Open Loop-Partial ambient
750.0{ 40.2 10.0 -19.1 21.1 30.1 -9.0 QP 1.0 |Open Loop - Ambient
500.0( 42.0 10.0 -19.1 22.9 33.6 -10.7 QP 1.0  [Open Loop, note 1
625.0) 354 10.0 -19.1 16.3 317 -15.4 QP 1.0 |Open Loop - Ambient
250.0| 54.6 10.0 -78.9 -24.3 19.6 -43.9 PK 1.0 Open Loop
375.0[ 45.3 10.0 -78.9 -33.6 16.1 -49.7 PK 1.0 Open Loop

Note 1 |Signal below noise floor

Run #2: Maximized Radiated Emissions of Spurious Emission 0.250 - 1.125 MHz

Notes - for frequencies below 30 MHz the extrapolation factor is 40Log (Dm/Ds) where Dm is measurement
distance and Ds is specification distance. For frequencies below 490kHz the measurement distance is 300m and
for frequencies between 490kHz and 30MHz the measurement distance is 30m.

Tested in Mode 1

Frequency| Level |Antenna| Distance | Level | CC 15.209 Detector | Height [Comments

kHz dBuV | Dist. | Correction | dBuV/m Limit Margin  [Pk/IQP/Avg| meters

1125.0| 425 | 10.0 -19.1 23.4 26.6 -3.2 QP 1.0  |Open Loop - Ambient

1000.0{ 40.9 10.0 -19.1 21.8 27.6 -5.8 QP 1.0  |Open Loop-Partial ambient
750.0 425 | 10.0 -19.1 23.4 30.1 -6.7 QP 1.0  |Open Loop - Ambient
875.01 40.1 10.0 -19.1 21.0 28.8 1.7 QP 1.0 Open Loop-Partial ambient
500.0( 42.0 10.0 -19.1 22.9 33.6 -10.7 QP 1.0 [Open Loop - Note 1
625.0{ 388 | 10.0 -19.1 19.7 317 -12.0 QP 1.0  |Open Loop - Ambient
375.0] 55.6 | 10.0 -78.9 -23.3 16.1 -39.4 PK 1.0 Open Loop
250.0| 445 | 10.0 -78.9 -34.4 19.6 -54.0 PK 1.0 Open Loop

Note 1 |Signal below noise floor

T38618.xls RE 7.28.00
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ZElliott EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs

Contact: Eugene Schlindwein
Spec: FCC 15.209 Class: A

Conducted Emissions

Test Specifics

Objective: The objective of this test session is to perform final qualification testing the EUT relative to the
specification(s) defined above.

Date of Test: 07/27/2000 Config. Used: 1
Test Engineer: Rafael Varelas Config Change:
Test Location: SVOATS #1 EUT Voltage: 230V/50 Hz or 120V/60Hz

General Test Configuration

For tabletop equipment, the EUT was located on a wooden table, 40 cm from a vertical coupling plane. The LISN was located
80 cm from the EUT.

Ambient Conditions: Temperature: 20°C
Rel. Humidity: 76%

Summary of Results

Run # Test Performed Limit Result Margin
1 CE, AC Power 230V/50Hz EN55022 Class A Pass | -20.9dB @ .1753MHz
2 CE, AC Power 120V/60Hz EN55022 Class A Pass [ -21.5dB @ .2405MHz
3 CE, AC Power 120V/60Hz Fcc 15.207 Pass -8.5dB @ .5273 MHz

Modifications Made During Testing: None

T38618.xls CE 28-Jul-00 Page 10 of 11



ZElliott EMC Test Data

Client: Savi Technology Job Number: J38469
Model: ULD Reader T-Log Number: T38618
Proj Eng: Mark Briggs
Contact: Eugene Schlindwein
Spec: FCC 15.209 Class: A

Run #1: AC Power Port Conducted Emissions, 0.15 - 30 MHz 230 V / 50 Hz

Frequency| Level [ Power EN55022A Detector |Comments
MHz dBuV | Lead Limit Margin | QP/Ave
0.1753 58.1 [Neutral| 79.0 -20.9 QP
0.1507 585 | Linel 79.0 -20.5 QP
0.346 46.7 |[Neutral| 79.0 -32.3 QP
1.875 295 | Linel 60.0 -30.5 AV
0.2841 438 | Linel 79.0 -35.2 QP
13.1263 | 315 |Neutral| 60.0 -28.5 AV
1.8764 27.3 [Neutral| 60.0 -32.7 AV
13.2506 | 305 | Linel 60.0 -29.5 AV
13.1263 | 38.8 |[Neutral| 73.0 -34.2 QP
0.2841 256 | Linel 66.0 -40.4 AV
13.2506 | 32.2 | Linel 73.0 -40.8 QP
1.875 28 Line 1 73.0 -45.0 QP
0.346 204 |[Neutral| 66.0 -45.6 AV
1.8764 27.2 |Neutral| 73.0 -45.8 QP
0.1753 235 [Neutral| 66.0 -42.5 AV
0.1507 225 | Linel 66.0 -435 AV

Run #2: AC Power Port Conducted Emissions, 0.15 - 30 MHz 120 V / 60 Hz

Frequency| Level [ Power EN55022A Detector |Comments

MHz dBuV | Lead Limit Margin | QP/Ave

0.2405 575 | Linel 79.0 215 QP

0.2427 574 ([Neutral| 79.0 -21.6 QP
0.5273 39.5 |Neutral| 73.0 -335 QP
13.6284 32.3 |[Neutral| 60.0 -21.7 AV

0.569 341 | Linel 73.0 -38.9 QP

12.0033 | 26.2 | Linel 60.0 -33.8 AV

13.6284 36 |Neutral| 73.0 -37.0 QP
0.2427 26.4 |Neutral| 66.0 -39.6 AV

0.569 20.3 | Linel 60.0 -39.7 AV
0.5273 20.2 [Neutral| 60.0 -39.8 AV
0.2405 209 | Linel 66.0 -45.1 AV

12.0033 | 289 | Linel 73.0 -44.1 QP

T38618.xls CE 28-Jul-00
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 3: Radiated Emissions Test Configuration Photographs
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

APPENDIX 3: Radiated Emissions Test Configuration Photographs
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 4: Conducted Emissions Test Configuration Photographs
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 4: Conducted Emissions Test Configuration Photographs
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 5: Proposed FCC ID Label & Label Location
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 6: Detailed Photographs of
Savi Technology, Inc. Model ULD Reader Construction

5 Pages
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 7: Operator's Manual for
Savi Technology, Inc. Model ULD Reader

46 Pages
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 8: Block Diagram of
Savi Technology, Inc. Model ULD Reader

1 Page
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 9: Schematic Diagrams for
Savi Technology, Inc. Model ULD Reader

7 Pages
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Elliott Laboratories, Inc. -- EMC Department Test Report
Report Date: August 10, 2000

EXHIBIT 10: Theory of Operation for
Savi Technology, Inc. Model ULD Reader
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