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MTEHP“.'.AHE Technical Document

Date: 09/05/2002
Author: Plumier HL
Charge No:

Test Period: 09/12/2002 to 9/21/2002

Source Div:
SUBJ: FCC Part 15 EMC Test Report for the Transponder Reader Module, 218-
0404-01

Introduction:

The Transponder Reader Module, 218-0404-01 was tested at the Caterpillar EMC Test Facility
(FCC Registration # 99460), at the Pioneer Park building. The purpose of the test was to
demonstrate compliance with FCC EMC requirements

Ives:

The Transponder Reader Module, 218-0404-01 was tested at the Caterpillar EMC Test Facility at
the Pioneer Park building. The objectives of this report are to demonstrate compliance with FCC
EMC requirements, and to provide documentation of the test results.

Conclusions:

1. The Transponder Reader Module, 218-0404-01 met the requirements of FCC 15.209 &
FCC 15.108 for a Class A device. Since the device under test was battery operated,
FCC 15.207 was not required (see FCC15.207 (d))

Plumier HL
Div 726-05, EMC Test Facility, PPK
309-578-3244



Note:
Pages 20 — 23 were madified on 11/1/02 by the author in the following ways:
1) Graph titles were changed to reflect correct frequency range,
2) Graph titles were changed from *FCC Part 15B Intentional Radiator” to "FCC Part 15C
Intentional Radiator

These changes were requested by Bill Lusa in the e-mail shown on the next page.



1 Gregory H. Glpp
* I Howsrd L Plumier oo "Bl Lusa”, J Martin Hadank

HOM31/2002 08:00 AM
Subject Request to modify FOC for TRM (218-0404) - file #5740
Caterplllar Confidential Grean Retain Untl: 11202002 Ratentcn Category: GO0 - Infermalion and Reports

Howard,

| spoke with Bill vesterday and he said that the parson processing the FCC certificalion for TRM
requested that two changes (described below) be made to the FCC report thal you issued on the TRM.

Can you please lake a look at this request. If it makes sense could you make the requesied
madifications and send the report back to me and Bill?

Thanks,

Greg
4-4128

"Bill Lusa" <bill@w-app com:>

"Bill Lusa"
<bill @w-app.com:= Te: "Gregory H. Gipp

10/30/02 03.08 PM

Sutyect Tes! report
Caterpiller, Confidental Green Ratain Unbil 1 1/302002 Ratention Cateqory GAD - Infarmation and Reporta

Moles fram the reviewer of our file:

The intentional radiator plots say that they are "Far Field Radiated Emissions 30MHz to 1GHz."
However, the data is from 10kHz to 30MHz  Please correct the title of the plots to reflect the frequency
range of the emissions tesied.

The plots alzo state 158 intentional radlator. Please correct to state 15C intentianal radiator.
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MSS EMC Test Plan August 8, 2002 Greg Gipp
1 Device Under Test (DUT)

1.1 Description

1.1.1 Functional Description
L1, L1 Overview

The TRM (Transponder Reader Module) is an intelligent sensor which uses RFID (134.2
KHz) technology to communicate with a transponder that is embedded in the electronic
ignition kev via a separate exciter coil. The TRM communicates with a host ECM
(Electronic Control Module) via the CAN datalink using an encrypted J1939 protacol
Upon reception of a request for key ID from the host ECM, the TRM energizes the
exciter coil for 50 ms. then reads the 128 bit code that the key transmits. The TRM
checks the code to ensure that the received code 1s from a TIRIS Read-Only Low
Frequency transponder, It does not check to see 1l the key 15 authonized, but it daes
use error checking and CRC (Cyelic Redundancy Check) to make sure that the received
data is valid, and 1t checks the format of the signal to make surc that it 15 in the correct
form [or such a transponder

1f the received 1D is from a valid TTRIS Read-Only transpander, then the 64 bit [D is
encrypted and sent via J1939 back to the host computer. [fno transponder is present
when the key read sequence is initiated, or if a non-TIRIS, or a TIRIS ReadWrite
transponder is detected, a second attempt to read will be made. [ there still is no Read-
Only LF TIRIS chip present, then a third read attempr will be made, If there still 1s no
valid R/O LF TIRIS ransponder present, then the transponder sends a message 1o the
host ECM via 11939 indicating that it did not find a valid RO LF TIRIS chip It does
reeognize a R/O LF TIRTS chip, no matter which attempt, it will encrypt that value and
send it back to the host ECM via J1939  The TRM will then go back to the dormant
state until it receives another request to read the transponder,

1.1.1.2 Operating Modes
The TRM has only one aperating mode in normal operation, however given that the vast
majority of the time that 1t is powered it is in the “steady state”, or dormant mode, we
have artificially created twa “test” modes to facilitate testing of relevant functions and
parameters. These are:

1. Canstant Koy Read (CKR)
2 Consiant RF [(CRF)

In the Constant Key Read (CKR) mode the TRM does not accept requests from a host
ECM lor key reads. Instead it internally initiates a key read sequence every 300 ms. If

a valid LF R/O TIRIS transponder is detected, the 64 bit ID is gnerypted and sent via
11932 1o the host ECM  If nane 5 encountered. a second, and third (if needed) attempt

is made to read such a transponder. I none are detected, then a message is sent via J1939
that no vaiid key was encountered. This mode is used primarily for EMC susceptibility
Testing,
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MSS EMC Test Plan

Summarizing:

August 8, 2002 Greg Gipp
In the Constant RF (CRF) mode the TRM never actually reads a key. Instead the exciter
coil 13 constantly energized at 134.2 KHz  This is accomplished by physically grounding
pin I3 of the TTRIS rransceiver chip. No messages are sent, nor received on J1939, This
mode is primarily used for EMC emissions testing since it is considered to be the “worst-
case’ emissons state.

Note: All tests should be performed for both 2dv NSV and 12v NSV unless it
can he clearly shown that the severity of the test performed at one voliage
level adequately covers the other and therefore the test need not he
performed at the second voltage level. This is true not only on the “high”
side, but also on the “low™ side,

Steady State
Coil 15 ol
TRM is “listening” for request to read on J1939
TRM is not transmitting any data over J1939

Constant RF (CRF)
Coil has 134.2 KI{z applied continuously
11939 requests for key read arc ignored by TRM
No J1939 messages are generated

Constant Key Read (CKR)
Coil is excited at 134 2 KHz lor 50 ms every 0 5 seconds automatically
Key is read for 20 ms every 0.5 second automatically
Key read sequence may occur up to 3 times ta lnok for LF R/O TIRIS
114939 requests for key read are ignored by TRM
TRM generates encrvpled 11939 after cach key read attempt

Emissions testing will be conducted in Steady State and Constant RF modes.
Susceptibility testing will be conducted only in Constant Key Read modes.
Different pass/fail criteria will be used as described below;

— s 3
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MSS EMC Test Plan August 8, 2002 Grag Gipp
1.1.1.3 Pass/Fail Criteria
1.1.1.1.1 Steady State (emissions and transient)

In the Steady State mode there is no way to tell il the TRM is being affected by
Radiated EMC, therefore it does not make sense to test for susceptibility,

Although radiated emissions are expected to be very, very low in the steady state
mode, we nonetheless are required to test in this mode for FCC and CE
certification. A failure is noted 1t’

1} EC-1 levels are exceeded

2) FCC part 15 class A levels are exceeded

3) ETS1 EN300330 levels are exceeded
Voltage transient testing is only performed in the steady state mode because it is
believed that since the key read occurs prior to starting the engine, it is nol
possible for high voltage (except for 80 volt jump-start) to be present while
attempts are being made lo read the keys. Therefore transient testing is to be
conducted on the TRM in the steady-state mode while powered-up, and a failure
is noted if the TRM fails to function properly after being exposed (o these
transients

1.1.1.1.2 Constant RF (emissions)
This mode is a test mode specifically designed for radiated emissions tesling,
This mode will not be used during transient testing, nor during susceptibility
testing,

Power the TRM with 27 0 volts  This will provide the maximum current going
through the coil and therefore will provide the highest levels of emissions. No
testing will be performed at 9, 12, 15, 18, or 24 volts because this1s a lenothy
test

Emissions testing is ta be performed in accordance with.
1) EC-1
2) FCC part 15 (class A)
3) ETSI EN300330

A failure iz noted if any of the applicable limits of the above are exceeded.
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MSS EMC Test Plan August 8, 2002 Greg Gipp
1.1.1.1.3 Constant Key Read (susceptibility and 80 volt jump start)
This is a special test mode constructed specifically for susceptibility testing such
that the 500 ms read freguency ensures that with a 2 second dwell at each EMI
frequency thar at feast 3 reads will be observed at each frequency.

Connect a lzptop computer with Canalyzer, or a similar means to monitor the
message being transmitted from the TRM during this test. Be sure to properly
terminate the 11939 cables using two 120 ohm resistors inside the test cell and
glectrically before the EMC filters in the cell

The message being transmitted by the TRM should be monitored using the
Canalyzer throughout the enlirg sweep  Experience has shown us that the
two 120 ohm terminating resistors must be mounted inside the chamber
hecouse if they are in the control room they will he electrically separated
from the TRM by the filters used by the EMC facility, thereby causing
communications problems. Any {fequencies or frequency ranges at which
the TRM fails 10 send a key TD, or sends an incorrect key ID should be noted,
along with the number of bad reads at that frequency, the frequency range at
which these oceurred, and the EMC level (v/m) at which this occurs. We
acknowledge that there are some lower [requency ranges where this system
may only pass 60 v/m and there will be a region in the vicinity of its
pperating frequency (134 KHz) where it definitely won't pass any level of
radiation since its intended purpose is as an antenna. Therefore logging
invalid key reads will not necessarily be considered to be a failure of the test.
Dietermination of whether this 1s a failure will depend on the number of
invalid reads. the level. the frequency, and the width of the frequency range
irt which failures gecur. NOTE: Communications errors, seen as *Error
Erame' on the Canalyzer screen, are not considered Lo be Failures,
although it is acknowledged that if the communications fails for 2
uninterrupted seconds then it will be impossible to verify that the
correct [D was read at that frequency (since we only dwell at each
frequency for 2 seconds), so if this should happen we’'ll need to stop the
test and try to improve the communications.

Test Ragort Paga W-i—“'jj—
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MSS EMC Test Plan August 82002
1.1.2 Part Numbers of DUT
TRM 2180404 chg 02
Exciter Coil 205-8257
Electronic Key 206-5162
Keyswitch 9G-7641
Software Special Test Sofiware

1.1.3 Block Diagram of DUT
see attached

Greg Gipp

(D58 mrm_Fre teat wid

< — lLSmeters

9G-7641
keyswitch 18 ga.
. i
2 pin 2 pin , TRM - Ub'l;
conm, commn., (‘- 18-04 ﬂ"ﬂ T
.'_'_" 1 § meters >
twisted pai
< 2.[?.' ft asted pair .
Twisted o CAN+
8 ai CAN.
205-8257 ga pair
Cuail i{——

1.1.4 Technical Information
1.1.4.1 Oscillator / Clock Fregquencies
16.0 MHz system crystal
134 2 kHz nominal RFID frequency
17 1776 MHz RFID erystal
1.1.4.2 Input Circuils
Exciter Coil
Excner Coil Retum
1.1.4.3 Qutput Circuits
Exciter Coll
Exciter Coil Retum
1.1.4.4 Data Links
CAN (J193%)

.-"’-F

¢ Temminuting

Resslors

Test Haperl Cuga w_l'o_nfﬁg
hastror__ sl g e B

Crate ?Ifjaz'

&, e it i —

RFIID communications hetween the TIRIS transponder and transceiver

1.1.4.5 Power Supply 'O

™o external power supplies. Unit may be driven from 12 or 24 NSY battery

Page 6
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1.2 Functional Performance Status Classification of DUT

1.2.1 Functional Status Classification (SAE J1113/1 Jul 95)
1.2.1.1 Selection
Class C — Continuous Kev Read (other modes not tested for susceptibility)
NOTE" At frequencies below 20 MTz we will only need to pass 55 vim. See
justification in 1.2.1.2 for further discussion

1.2.1.2 Justification
In accordance with EU standards for automaobile immobilizers ISO13766 Susceptibility 15
only tested between 20 MHz and 1 Glz (and only to 60 v/m for that range}. Although
we will test in accordance with EC-1 levels (15 KHz to | GHz at 100 v/m) we recognize
that we will he susceptible at frequencies near and harmonics ol the fundamental RF
frequency for which this device attempts to read data fram the transponder because in this
frequency range we are an intentional receiver, Therefore below 5 MHz we expect that
we will only meet about 50 v/m, however to be judged acceptable we will consider the
European range (>20 MHz) to be the range where we will need to meet 100 v/m. Below
20 MI1z we will only require that this device be capable of reading a key in the presence
of a 55 v/m field

This device is not tested in the Steady State mode because while in that mode it is not
performing any operation other than listening 1oy a request to read, and it is not
controlling any functions on the machine

This device 15 not tested in the Constant BF mode because this 15 an artificial mode lor
Enussions testing only.

It should be noted that nearly all of the time that the deviee is in eperation it will be in
the Steady State mode except for 70 ms when the keyswitch is turned to the “on”
position, therefore this device will be essentially & 100 v/m device for all operation. It
will be 100 v/m lor all operation above 20 MHz and it will only be 33 v/m tor very few
specific frequencies below 20 MHz (and at that this will only be true when 80% 1K1Iz
modulation 15 used).

1.2.2 Performance Regions (SAL J1113/1 Jul 95)
1.2.2,1 Selection
Region | = The ECM shall operate as designed during and following exposure to
disturbance.

1.2.2.2 Justification
see 1212

e —
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MSS EMC Test Plan August 8, 2002 Greg Gipp
2 Test Initialization

2.1 DUT Initialization

2.1.1 Software Part Numbers
Code Nashed into TRM Special test code which automatically reads the key every
200 ms without a request from the host ECM.
NOTE: The actual production application code (220-7153 chg 00) will not be tested here
but will be tested ar the subsystem level hy Mike Staub

2.1.2 Hardware Initialization
Unless otherwise specified, all tests will be exccuted with the following hardwarecanfiguration:

I} The power and ground leads will be |.5 meters in length, 1§ ga. wire. For testing
performed in the SAC these wires will go through the filter box

2) The CAN= and C AN- wires shall be | 5 meters and will be made of twisted pair
22 ga. wire For tests in the SAC the two terminating resistors (both 120 ohms)
shall be inside the 1est cell and electrically precede the EMC filters in the cell.

3} The exciter coil shall be connected 1o the TRM using a 2.0 ft. length of 18 ga, wire,
This 2.0 1 is the measured distance between the 2-pin Deutsch connector for the
205-8257 (exciter coil) and the 8-pin Deutsch connector which connects to the TRM,
The coil must be mounted to a 9G-7641 keyswitch,

4) Connect the laptop (inside the control room) with Canalyzer software 1o the CAN bus
Connect a power supply capable of supply 27 volts and | amp 1o the power and ground
leads. Connect an ammeter (Fluke 87 or similar) on the power line to monitor average
current draw for some tests,

3) Insert a 206-5162 Cat Electronic Key fully into the 9G-7641 keyswiteh. Apply pawer
to the TRM  Verify that the carreer 11215 being displayed and updated (every 300 ms)
on the laptop with the Canalvzer. Remove the key. Verify that the Canalyzer now
receives the message ((Ixdeadbeef) Reinsert the key

&) Connect an oscilloscope using spoens Lo the exciter coil 1o verify that the exciter
frequency is 134 KHz and that the peak-to-peak voltage at the coil is approximately 25
volts (can ke as low as 15 or as high as 40). Remove the scope and begin running the
lest,

2.1.3 Software Initialization

1) Flash the special Test Soltware into the DUT using the 6-pin BDM connector on the
baoard aszembly,

2) With the clectronic key inserted into the kayswitch power up Canalyzer software on
laptop inside control reom

3) Venfy that the TRM is transmithng correct key ID 1o Canalyzer.

4) Remove the key from kevswitch and verily that the message received by the Canalyzer
changes 10 “deadbeef”.

5) Reinsert the key and verify that the TRM once again transmits the correct key TD

(Toat Recort Page humonr_{ Z- of 25
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MSS EMC Test Plan August 8, 2002 rep Gipp

2.2 Procedure for Monitoring Data
2.2.1 Emissions Testing
2.2.1.1 Constant Coil Excitation
Since it is not permitted to have an oscilloscope in the test cell during this test, we
can only test the peak-to-peak voltage supplied at the coil before and after each test
run. Use an oscilloscepe to measure this voltage at the connector with “spoons”™.

2.2.2 Susceptibility Testing
2.2.2.1 Constant Key Read
Continuously monitor the message transmitted by the TRM using the laptop and
Canalyzer. A failure 1s noted if 3 consecutive “Oxdeadbeel” messages appear at any
point in the test. A single “Oxdeadbeel" does not constitute a failure because in
application the TRM software will automarically attempt a second, and even a third key
read if the first attempted key read does not return & valid, LF, TIRIS R/Q key [D.
2.2.3 Fast Transient Testing
2.2.3.1 Steady State
Manitar the current being supplied to the TRM. At no point should the supplied
current exceed 50 mA (DC)
2.2.3.2 Constant Key Read (80 volt jump start only)
Manitor the transmitted CAN message using the Canalyzer software. There must not
be any set of 3 consecutive “Oxdeadbeef” messages.

2.3 Procedure for Beginning Test
To begin a test, arrange test setup as shown in 1.1.3 and initalize as described in sections 2.1.2 and
2.1.3. Insert Electronic Key into keyswirch and apply power to the TRM.

2.4 Monitoring of Inputs and Diagnostics
Monitoring depends on the test being run. For emissions we only monitor pk-pk voltage to coil before
and after test For susceptibility and 80 volt jump start we monitor the CAN messages. For most tests
we also monitor the current being supplied 1o the TRM.

2.5 Monitoring of Qutputs
The only “outpur” is coil excitation. For emissions testing (constant RF) we only test the peak-to-peak
voltage before and atier the Lesi is run. Na monitoring takes place during test exgcution.

2.6 Monitoring of Datalinks
CAN operation will be verified using a lapiop with Canalyzer. As noted earlier we will not consider
a failed transmission (Error Frame) to be a failure unless a solid stream of error frames blocks us from
being able to verify system functionality when exposed 10 a given frequency during suscepribility
testing,

2.7 Pass / Fail Criteria
Please refer to section 1.1 1.3,

Tost Ropart Page wmber_1.3_of 37 |
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3  EMC Tests

3.1 Radiated Immunity (ISO/DIS 13766)

3.1.1 15 KHz - 150 Mliz, SAC / Strip Line
3.1.1.1 Operational Maodes to be tested
> Constant Key Read at both 12 and 24 volt NSV
3.1.1.2 Post Test Evaluation of DUT
Verify that the DUT functions properly
3.1.2 100 MHz - 1 GHz SAC
3.1.2.1 Operational Modes to be tested
> Constant Key Read at both 12 and 24 volt NSV
3.2.1.2 Post Test Evaluation of DUT
Verify that the DUT functions properly
3.2 Electrical Fast Transients (150 7637-1)
3.2.1 Test Pulse 1 (Inductive Kickback)
3.2.1.1 Operational Modes to be tested
Steady State operation only (inductive kickback cannot occur until atter machine is
started). DUT should function properly after each pulse. Both 12 and 24 NSV,
3.2.1.2 Post Test Evaluation of DUT
Verify that the DUT functions properly

3.2.2 Test Pulse 2a (Interruption of Series Current)
3.2.2.1 Operationnl modes to be tested
Steady State operation only (inductive kickback cannot occur until afler machine is
started). DUT should function properly afier each pulse Both 12 and 24 NSV
3.2.2.2 Pust Test Evaluation of DUT
Verify that the DUT functions properly

3.2.3 Test Pulse 2b (Ignition off transients)
3.2.3.1 Operational modes to be tested
Steady Stale operation only (inductive kickhack cannot occur until after machine is
started). DUT should function properly alter each pulse. Bath 12 and 24 NSV
3.2.3.2 Post Test Evaluation of DUT
Verify that the DUT functions properly

3.2.4 Test Pulse 3a (Negative Spikes)
3.2.4.1 Operational Modes to be tested
Steady State operation only (inductive kickback cannot occur until after machine is
started). DUT should Function properly after each pulse. Both 12 and 24 NSV,
3,2.4.2 Post Test Evaluation of DU'T
Verify that the DUT functions properly

Tast Fepoct F"_;q-l hmb-rr A nlﬁ
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MSS EMC Test Plan August 8, 2002 Greg Gipp
3.2.5 Test Pulse 3b (Positive Spikes)
3.2.5.1 Operational Modes to be tested
Steady State operation enly (inductive kickback cannot oceur until after machine is
started). DUT should function properly after each pulse. Both 12 and 24 NSY.
3.2.5.2 Post Test Evaluation of DUT
Verify that the DUT functions properly

3.2.6 Test Pulse 4 {Cranking)
3.2.6.1 Operational Modes to be tested
Steady State operation only (inductive kickback cannot occur until after machine is
started). DUT should function properly after each pulse. Both 12 and 24 NSV,
3.2,6.2 Post Test Evaluation of DUT
Verify that the DUT funclions properly
3.2.7 Test Pulse 5 (Voltage Mode Load Dump)
3.2.7.1 Operational Modes to be tested
Steady State operation only (inductive kickback cannot occur until after machine is
started). DUT should function properly after each pulse. Both 12 and 24 NSV.
3.2.7.2 Post Test Evaluation of DUT
Verify that the DUT functions properly

3.3 Electrostatic Discharge (ISO TR 10605/E)
3.3.1 Handling and Packaging Test
3.3.1.1 Post Test Evaluation of DUT
Apply the ESD pulse to all pins and verify functionality afler each set. Upon completion
of the test venty the lunctionality of the entire DUT
3.3.2 Operational Test
This test is not required. The DUT will not be accassible to the operator during machine
aperation.

3.4 Emissions (ISO/DIS 13766)

3.4.1 Near Field Radiated Emissions, 150 Kz — 108 Mliz
3.4.1.1 Operational Modes to be tested
Constant RT ar 24 NSV ONLY
3.4.2 Near Field Radiated Emissions, 30 MHz — 1 GHz
3,4.2,1 Operational Modes ta be tested
Constant BF at 24 NSV ONLY
3.4.3 Far Field Radiated Emissions, 30 MHz -1 GHz
3.4.3.1 Operational Modes to be tested
Constant RF at 24 NSV ONLY.
3.5 EMC and Radio Spectrum (EN 300 330)

This testing wili be performed at an outside house authorized by the Notified Body

3.6 FCC part 15
Perform this testing in accordance with FCC part 15 for emissions in both Steady State and Constant RF
modes. Tt is onlv necessary to perform this for 24 NSV since emissions will be worst for this condition.
Pass/Fail criteria is to meet standards for Tvpe A control

[‘:I'nt Saport Pwga h'-"“h"'_-.—-'fﬁ- of.._g'j'_

RaEH NPT, 2

vee 74 S5 102 |




Electromagnetic
Compatibility
Test

Results

Author, Howard Plumier Page (b of 33 Date ? ¢ 5 02




FCCPart15B & C
Test Results

DUT Description: ﬁam,spgmdef Keade, /frfczoﬂ:f/ra

Part Number: £/ &- o4 o4 - ©f

Individual Test Results,

Test: o | Pass | Fail [ Not
Req.
| Radiated Emissions Testing
Unintentional Radiator - Part 15 109 Subpart B |
Class A — Commercial, Industrial | % '
' Class B - Residential X
|
| Intentional Radiaror - Part 15 209, Subpart €
9K Hz — 3UMHz X
F0MHz — =960NVHz | 3
Conducted Emissions Testing |
Intentional Radiator - Part 13207 |

EMC Engineer: 44z d B 7 ?M

Date;: -5 ~02

Author: IToward Plumier Page. /'] of 3 5 Dﬁlﬂ-__? / 5;-’ o 2_'



Radiated

Emissions

Test Results

FCC Part 15C, Class A
Intentional Radiator
Section 15.209

9KHz - 30MHz

Author, Howard Plurmier Page /& of 33 Date. _?_.*’_ _.f;—f o



Radiated Emissions Sheet: of
- Low Frequency

EC-1,0591.1.2  EC-1059251_ T 74 Raie! f,,‘f_ N
EC-1,0611.1.63  EC-1,0611.2:63_ Other Frc f./ /o f TARa- T2 #k
Temperature (“C): 2/ Tumidity (%): 477 Atmospheric Pressure (in. Hg): 225

DUT Classification ~ LimitLevel

EUT Part #:_2./8- A 407~/ Filet: 577 Date: 5 //Flez

,

o 4 rad W . I s (= = r
rre At o S o 2O P VAL E [ W ¥ "'('.T":_"_J'..._L.A_Z__" et i £
o el

EUT Descnption: 7

_ Narrowband and Broadband Broadband Only
Peak Detector Method:
_ Peaks found above the Narrowband Limit
A7 No Peaks lound above the Narrowband Limit
Average Detector Method:
__ Points lound with Peak - Average 2 6 dB (Broadband).
Points found with Peak - Average < 6 dB (Narmowband)
Narrowband Pass/Fail:
_ Fail (Narrowband found above Marrowband Limit. )
_ Pass (No Narrowband found above Narrowband Limit.)
Broadband Pass/Fail:
Fail (Broadband found above Broadband Limil.)
__Pass (No Broadband found above Broadband Limit.)

Test Results: - Pass _ Pass w/dev. Fail

Testing Purpose: _~ Component Certification ___System Certification __ Enginecring Studies

Testing Customer: & Internal _ External
Test Conducted By P L M
EMC Enginger
Monitored By

oA Date: 5 [/ &gz
Dase: /5102
Date; J /73 fo2—

Test Repuort Page = /9 of 53

Author. Howard Plumier Date: iﬁ »5_."32'
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Radiated Emissions @ 3 Meters
OkHz - 30MHz
FCC Intentional Radiator

Tost Rogor Page tsaier 2% o133 )
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Emissions Calibration Report

Technician: 7 ﬁ@, é’; Test Date:_» //% /2 =
Test Spec.: £ FopfJofE Fkitte=Zout- Flle#: 677
Equipment Used:
Check Description: T IRIS # Last 5 Next
if Calibration Calibration
Used: )
| Antenna — Bilog  (8/N 2087) | 54386 )
(S/N 2076) | 54388 -
§ A.ntenna_ - Bicr:_n nTc_al . 151 15 For Reference Only | For Reference Only
| = " | 54130 | For Reference Ounly For Reference Only
. | Antcnna - Active Rod ] 64665 iy ) ]
| . _Antcnnn'fh-’[':;gnetip Lut}p_ - 81412 ﬁf/g. z/1z - Gz T
| v EMI Receiver _ 53327 ;7//@ 0z = },;;/2‘3;
¥ | EMI Receiver Filter Section | 53326 | 7/j4 /nz. | 7//4/e%
, Spectrum Analyzer | 68945
] LISN 29101 | Calibration Not Req.
& | Solar LISN 64226 | Calibration | Not Req.
¥ | Selar LISN Calibration Not Req.

| 75950

Author: Howard Plumier

Date: 1 /3 / oL

Page £S5 of

335




Radiated

Emissions

Test Results

FCC Part 15B
Class A — Commercial, Industrial
Unintentional Radiator
Section 15.109
30MHz - >960MHz

Author: Howard Plumier Page 26 of 33 Date: 7 5— /! 03;



Radiated Emissions Sheet: ___of

- High Frequency Near Fieid

BEC-1,059.142_ EC-1059252 i - At
: AlH *‘F*.’Fﬂ E.H‘W ,::r:rr'-r-' g

EC-1,06 11.1.64___EC-1,0611.264_ Other o font r5 /T % bt — oy

Temperature (°C). 2 / Humidity (%) & 7 Atmospheric Pressure (In, Hg_}, 2 TaF

DUT Classification Limit Level. ISO 137

EUT Part #. 2. /8~ 0¥~/ File#: (7 ¢ Date: §//7/6=

EUT Description: 7z Tl -'4’:"..; Koo & .-H""r.f T el d GRS i s 3l .’fé'.rf?_f' LR K'f
~ Narrowband and Broadband __ Broadband Only EF el

Horizontal Antenna Polarity:
Peak Detector Method:
__ Peaks found above the Narrowband Limit
» Wo Peaks found above the Narrowband Limit
Average Detector Method:
__ Pounts found with Peak - Average = 6 dB (Broadband).
__ Pants found with Peak - Average < ¢ dB (Narrowband)
Narrowband Pass/Fail:
Fail (Narrowband found within 2dB of NB Limit.)
" Pass (No Narrowband Tound within 2dB of NB Limit.)
Ouiasi-Peak Detector Method:
Fail (Broadband Quasi Peak Levels wathin 2dB of Broadband Quasi Peak Limit)
E Pass {Broadband Quasi Peak Levels at least 2dB less than Broadband Quast Peak Limit)

Vertical Antenna Polarity:
Peak Detector Method:
_ Peaks found above the Narrowband Lamit.
¥ No Peaks found above the Narrowband Limit
Average Detector Method:
__ Pouwts found with Peak - Average 2 6 dB (Broadband)
Points found with Peak - Averge < 6 dB (Narrowband).
Narrowband PassiFail:
__ Faul {Narrowband found within 2dB of NB Limit for ISO 137686 )
5 Pass (No Narrowband found within 2dB of NB Limit for 150 137660.)
Duasi-Peak Detector Method:
__ Fail (Breadband Quasi Peak Levels within 2dB of Broadband Quasi Peak Limit)
S Pass {Broadband Quasi Peak Levels at least 2dB less than Broadhand Quasi Peak Linut)

Test Results: ~ Pass Pass w/dev. Fail

Testing Purpose: X Component Certification ___ System Certification ___Fngineering Studies
Testing Custuvmer: v Internal [-"tternal

Test Conducted By s ,,,-gfﬁ‘:, v , .. Date: § [/ 282
EMC Engincer AT Date: 7/ 5 /62
Monitored By i —;Q— ;r/ / Date: ¥ K202~

Author; Howard Plunner Test Report Page # ¢ E of 33 Date: _iﬂ'ifiz’
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Radiated Emissions @ 3 Meters
30MHz - 1 GHz
FCC Unintentional Radiator
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Technician: 7.5 ﬁﬁ/

Emissions Calibration Report

Test Date: ‘?’H‘.? oz

Test Spec.: _Fe gm,_,‘[{gg 3 pagse—lette Fle#: £ 7¢

Equipment Used:
Check  Description: F IRIS # Last Next
. Calibration Calibration
Used: :
Antenna — Bilog  (S/N2087) | 54386 |
& B (SIN2076) |54388 | [/ys/ez | p/rg/es |
Antenna - I;III[}I;;‘I_{EEI _ 1 3 1 lq “For Refervnce Only | For Reference Only

e - . 154130 | For Reference Only For Reference Only

[ e epivis .

| | Antenna - Active Rod l64665 | )

- Antenna — Magnetic Loop [ 81412 = i B
% | EMI Receiver 153327 | > Jjajnz | 7/16/os
X | EMI Receiver Filter Section | 83326 | 7//z /pz 2/ 153

' 'Spectrum Analvzer 68945 il

S . |

LISN 129101 | Calibration | Not Req.

X Solar LISN 64226 | Calibration Not Req.

¥ Solar LISN ' 75950 | Calibration Not Req.
Author: Howard Plumier  Date: 719502 Page _jf-?__cuf 33




